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1. Bevezetés

Az, hogy egy iránýıtatlan gráf mikor tartalmaz páros, ill. páratlan hosszú kört,

könnyen karakterizálható. Páratlan kör hiánya ekvivalens azzal, hogy a gráf pá-

ros. Páros kör pedig pontosan akkor nincs a gráfban, ha annak minden blokkja

(2-pontösszefüggő komponense) páratlan kör vagy egyetlen él. Ezek jó jellemzések

olyan értelemben, hogy algoritmust szolgáltatnak az adott paritású kör létezésének

eldöntésére. Természetesen adódik a kérdés, hogy mi a helyzet az iránýıtott gráfok-

kal.

Meggondolható, hogy egy digráfban pontosan akkor nem létezik páratlan hosszú

kör, ha minden erősen összefüggő komponens (iránýıtatlan értelemben véve) pá-

ros gráf. A páros hosszú kör létezésének karakterizációja viszont hosszú évtizedeken

keresztül nyitott volt. Így az is kérdéses volt sokáig, hogy egyáltalán van-e az el-

döntésére polinomiális algoritmus. Nemcsak saját jogán övezte érdeklődés a témát,

ugyanis számos másik feladatról kiderült, hogy azok algoritmikusan ekvivalensek a

páros iránýıtott kör létezésének problémájával. Például : igaz-e egy adott digráfra,

hogy bárhogy is osztjuk fel az éleket, mindenképpen lesz a kapott digráfban páros

hosszú kör? (Az ilyen tulajdonságú digráfok neve: even digráfok.) További ekviva-

lens problémák: páros gráfok Pfaff-iránýıthatósága, Pólya permanens-problémája [6],

mátrixok előjel-nemszingularitása [13], vagy az, hogy igaz-e egy hipergráfra, hogy mi-

nimálisan nem páros [11]. (A pontos álĺıtásokat és az itt emĺıtett fogalmak defińıcióit

ld. később.)

Az even gráfokkal kapcsolatban Seymour és Thomassen találtak NP-jellemzést

[10]. Eszerint egy digráf pontosan akkor even, ha tartalmaz részgráfként gyenge

C2k+1
∗-ot valamilyen k ≥ 1 egészre. Hasonló jellemzést a Pfaff-iránýıtások nyelvén

Little [7] fogalmazott meg: egy páros gráf pontosan akkor nem Pfaff-iránýıtható, ha

tartalmaz párosan felosztott centrális K3,3-at.

Co-NP-jellemzést először Robertson, Seymour és Thomas [9] talált. Megmutat-

ták, hogy a nem even digráfok bizonyos elemi alkotórészekből adott módon
”
össze-

varrhatóak”. Egy ilyen előálĺıtás polinomiális időben ellenőrizhető bizonýıték arra,

hogy egy digráf nem even. Cikkükben egyben polinomiális algoritmust is adtak an-

nak eldöntésére, hogy egy erősen 2-összefüggő digráf even-e. Ha ezt más korábbi

eredményekkel összevetjük, egy polinomális algoritmust kapunk, amely eldönti, hogy

tetszőleges iránýıtott gráfban van-e páros hosszú kör, és ha van, akkor talál is egy

ilyet.

Ez a szakdolgozat a megfelelő fejezetben kitér arra is, hogy a Robertson-Seymour-

Thomas-féle algoritmus léırásában a jeles szerzők egy apró hibát vétettek, amely
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könnyen jav́ıtható. A kijav́ıtott algoritmust—tudomásom szerint elsőként—imple-

mentáltam C++-ban. Erről az implementációról is ejtek pár szót az adott fejezetben.

Érdekes, hogy Robertson, Seymour és Thomas karakterizációja a digráfok nyel-

vén elmondva nehézkesebb, mint a Pfaff-iránýıtásokén. Ez és Little tétele is azt mu-

tatja, hogy—meglepő módon—valamilyen értelemben az igazán
”
természetes” prob-

léma a Pfaff-iránýıtás keresése, és nem az even tulajdonság eldöntése, végképp nem

pedig a páros iránýıtott kör keresése.

A páros körök témakörében kevés a jó összefoglaló ı́rás, különösen a magyar

nyelvű. A témakör egy részét M. Brundage már összefoglalta MSc-szakdolgozatában

(1996) [3], ebben azonban az újabb eredmények—mint például a Pfaff-iránýıtható

páros gráfok feléṕıtési tétele, illetve a polinomiális algoritmus—nincsenek benne.

Szakdolgozatommal ezt a hiányt szeretném pótolni.
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2. Even digráfok

Ebben a fejezetben rögtön átfogalmazzuk a problémát, ami által könnyebben tudjuk

majd kezelni. Egy algoritmikusan ekvivalens feladatot mutatunk, amely első látásra

komplexebbnek tűnhet, mint a páros kör létezésének eldöntése. A szakasz nagy része

Seymour és Thomassen [10] [14] eredményeire támaszkodik. A gráfelméleti alapfo-

galmak a Függelékben kerülnek tisztázásra.

2.1. Algoritmikus ekvivalencia

Tekintsük a következő digráf–tulajdonságot.

2.1.1. Defińıció. Egy digráf akkor és csak akkor even, ha minden felosztása tartal-

maz páros hosszú iránýıtott kört.

Ekvivalens tulajdonság az, hogy minden egész élsúlyozásra létezik olyan iránýı-

tott kör a digráfban, mely az adott súlyozás szerint páros súlyú. Ezt persze elég csak

a 0-1 értékű súlyozásokra megkövetelni.

Megjegyzendő, hogy ha van egy algoritmusunk, amely eldönti a páros kör létezé-

sét súlyozatlan digráfokban, akkor ez működik tetszőleges egész élsúlyozásra is, csak

fel kell osztanunk (egyszer) azokat az éleket, melyekre páros szám van ı́rva.

A polinomiális visszavezetés alapgondolata a következő lesz: ha van egy gráfunk,

amelyről el akarjuk dönteni, hogy even-e, akkor ügyesen választhatunk egy olyan

súlyozást polinom időben, amely elárulja, ha a gráf nem even—ekkor ugyanis nem

lesz páros kör a kapott súlyozásban, különben persze igen. Így a pároskör-kereső

algoritmust lefuttatva készen vagyunk. Ford́ıtva, ha a páros kör létezését akarjuk

eldönteni, akkor ügyesen választva bizonyos köröket, vagy lesz ezek között páros

hosszú, vagy az lesz igaz, hogy a gráfban pontosan akkor van páros kör, ha minden

felosztásában található páros kör.

Ebben a szakaszban legyen D = (V,A) tetszőleges erősen összefüggő digráf, U

pedig az A → F2 vektorok tere. U elemei a 0-1 élsúlyozások, de élhalmazokként

is fogunk rájuk gondolni, egy 0-1 élvektorhoz hozzárendelve azoknak az éleknek a

halmazát, amelyekre 1 van ı́rva. Jelölje C ≤ U az iránýıtatlan értelemben vett D-

beli körök karakterisztikus vektorai által generált alteret. A C alteret D körterének

nevezzük. (Vegyük észre, hogy C elemei éppen az iránýıtatlan értelemben vett Euler-

részgráfok.) Egy B ⊂ C halmazt körbázisnak h́ıvunk, ha B bázisa C-nek, és B elemei

iránýıtott értelemben vett D-beli körök karakterisztikus vektorai.
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2.1.2. Tétel. D-nek létezik körbázisa.

Bizonýıtás. D erősen összefüggő digráf, tehát létezik iránýıtott fülfelbontása. Ve-

gyük a következő B halmazt: a felbontás minden P elemére (beleértve az alapkört

és a füleket is) vegyünk egy őt tartalmazó KP iránýıtott kört, mely nem használ-

ja a későbbi fülekkel feléṕıtendő éleket. (Ez megtehető, mert a fülfelbontás során

mindvégig erősen összefüggő digráfunk van.) Megmutatjuk, hogy B egy körbázis.

Valóban, nyilván B ⊂ C. Legyen most K ∈ C ; belátjuk, hogy K ∈ spanB.

K = ∅ esetén ez triviális, egyébként pedig tekintsük azt a legutoljára hozzávett

fület, mely tartalmaz K-beli élet. Ez a fül legyen P . K szükségszerűen tartalmazza

P minden élét, mert része a P hozzávételekor keletkező digráfnak, melyben P belső

pontjai 2-fokúak, K pedig iránýıtatlan értelemben Euler. Tehát K +KP csak P -nél

korábbi fülek éleit tartalmazza. Indukciót alkalmazva készen vagyunk.

A bizonýıtásban léırt módon megkonstruált körbázisra polinom időben talál-

hatunk olyan 0-1 súlyozást, melyre nézve minden báziskör páratlan súlyú. Persze,

hiszen minden következő báziskör használ olyan élet, amelyet az előzőek még nem;

tehát elég, ha az új élek súlyát úgy választjuk meg, hogy az új báziskör is páratlan

súlyú legyen.

Az alábbi tétel szerint egy ilyen súlyozás mindig leleplezi a nem even digráfokat.

2.1.3. Tétel. Legyen B körbázis, w ∈ U pedig egy 0-1 súlyozás, melyre nézve B

minden eleme páratlan súlyú. Ekkor D-ben pontosan akkor van w-re nézve páros

súlyú kör, ha D even.

Bizonýıtás. Ha D even, akkor, speciálisan, w-re nézve is van páros súlyú köre. For-

d́ıtva, tegyük fel, hogy K egy páros súlyú kör. K ∈ C, tehát K előáll
∑k

i=1Ki

alakban, ahol minden i-re Ki ∈ B. B elemei páratlan súlyúak, viszont K páros

súlyú, tehát k biztosan páros. Megmutatjuk, hogy D even. Legyen ehhez w2 ∈ U

egy tetszőleges 0-1 súlyozás. Ha valamelyik Ki súlya w2 szerint páros, akkor készen

vagyunk. Egyébként pedig K súlya lesz páros.

2.1.4. Tétel. Az even tulajdonság eldöntése algoritmikusan ekvivalens a páros irá-

nýıtott kör létezésének eldöntésével.

Bizonýıtás. Egy digráf pontosan akkor even, ha legalább az egyik erősen összefüg-

gő komponense even. Feltehetjük tehát, hogy a bemenetként kapott D gráf erősen

összefüggő.

8



Tegyük fel, hogy el tudjuk dönteni a páros kör létezését. Vegyünk polinom időben

egy körbázist, és egy súlyozást, mely szerint a báziskörök páratlan súlyúak. Az előző

tétel szerint D pontosan akkor even, ha erre a súlyozásra nézve van benne páros kör.

Ezzel visszavezettük a feladatot a páros kör létezésére.

Másrészt, tegyük fel, hogy el tudjuk dönteni, hogy egy digráf even-e, és páros

iránýıtott kör létezését szeretnénk eldönteni. Ismét vegyünk egy körbázist. Ha ennek

valamelyik tagja páros súlyú, akkor készen vagyunk. Egyébként, ismét az előző tételt

alkalmazva, elég eldönteni, hogy a gráf even-e.

A későbbiekben egy even tulajdonságot eldöntő polinomiális algoritmust (Ro-

bertson-Seymour-Thomas) fogunk majd látni. Az előző bizonýıtás alapján ebből

következik, hogy páros kör egzisztenciáját is el tudjuk dönteni. Egy egyszerű trükk

seǵıtségével azt is meg tudjuk mondani, hol is található ez a kör. Csak el kell hagy-

nunk a gráfból az összes élet, melyet elhagyva még van a maradékban páros kör. A

végén kapunk egy konkrét páros kört.

2.2. Az élelhagyásra minimális even digráfok

2.2.1. Defińıció. Jelölje Ck azt az iránýıtatlan gráfot, mely egyetlen k-hosszú körből

áll. Ha H egy iránýıtatlan gráf, legyen H∗ az az iránýıtott gráf, amelyben minden

H-beli élet oda-vissza behúzunk. Ck
∗ neve: k-hosszú dupla kör.

2.2.2. Defińıció. Legyen D egy digráf. Azt mondjuk, hogy a D2 digráf egy gyenge

D, ha megkapható D-ből élek és csúcsok felosztásával. Egy él felosztása azt jelenti,

hogy egy új pont felvétele seǵıtségével az élet egy 2-hosszú útra cseréljük. Egy v csúcs

felosztása azt jelenti, hogy v-t kicseréljük egy v1 és v2 csúcsra, a v-be menő éleket

v1-be iránýıtjuk, a v-t elhagyó éleket v2-ből ind́ıtjuk, és behúzunk még egy v1v2 élet.

Az alábbi ábrán egy gyenge 3-hosszú dupla kör látható. A példában minden

eredeti csúcsot felosztottunk, de persze ez nincs mindig ı́gy.
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Legyen mostD tetszőleges digráf, ésD2 egy gyenge D. Vegyük azt a P leképezést,

mely minden v ∈ V (D) csúcsnak megfelelteti D2-ben a csúcsból a felosztás során

keletkező Pv (esetleg 0-hosszú) utat. Ugyańıgy, minden e ∈ A(D) élnek feleltesse

meg P D2-ben az él felosztásával keletkező Pe (legalább 1-hosszú) utat. Innentől

P -re útleképezés néven fogunk hivatkozni. A defińıció alapján P képhalmaza D2

élhalmazának egy utakból álló part́ıcióját alkotja.

2.2.3. Álĺıtás. Ha D even, akkor minden gyenge D is even.

Bizonýıtás. Legyen D2 egy gyenge D, és w2 egy tetszőleges 0-1 súlyozása. Vegyük

D-n a következő w súlyozást : w(uv) := w2(Puv) + w2(Pv). D even, tehát van ben-

ne w-re nézve páros súlyú K kör. Legyen K2 ⊂ A(D) az az élhalmaz, amelyet

az útleképezés által nyerünk K pontjaiból és éleiből. Ez egy iránýıtott kör D2-

ben. Ráadásul páros súlyú, mert w2(K2) =
∑

uv∈E(K)w2(Puv) +
∑

x∈V (K)w2(Px) =

=
∑

uv∈E(K) (w2(Puv) + w2(Pv)) =
∑

e∈E(K)w(e) = w(K), és w(K) páros. Készen

vagyunk.

2.2.4. Álĺıtás. Ha k ≥ 3 páratlan, akkor minden gyenge Ck
∗ even.

Bizonýıtás. Az előző álĺıtás alapján elég megmutatni, hogy Ck
∗ even. Írjunk tetsző-

legesen 0-1 súlyokat az élekre! Ha valamelyik 2-élű kör páros súlyú, akkor készen

vagyunk. Egyébként az egész digráf súlya páratlan, mert élhalmaza páratlan sok

páratlan súlyú kör diszjunkt uniója. Másrészt Ck
∗ élei felbomlanak két (ellentétes

irányú) körre, tehát ezek közül az egyik páros súlyú lesz.

Könnyen látható, hogy ha k ≥ 3 páratlan, akkor minden gyenge Ck
∗ élelhagyásra

minimális even. Az alábbi tétel alapján nincs más ilyen tulajdonságú digráf :

2.2.5. Tétel. (Seymour-Thomassen) Egy digráf pontosan akkor even, ha tartalmaz

részgráfként gyenge páratlan dupla kört.
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Persze ha az even tulajdonságot el tudjuk dönteni, akkor egy konkrét gyenge

páratlan dupla kört is tudunk találni, amely mindenki számára könnyen ellenőrizhető

bizonýıték. Sorban minden élre meg kell néznünk, hogy elhagyható-e anélkül, hogy

az even tulajdonság sérülne. Így elő tudunk álĺıtani egy élelhagyásra minimális even

digráfot, amely a 2.2.5 Tétel szerint nem lehet más, mint egy gyenge páratlan dupla

kör.

Az even tulajdonságot eldöntő szubrutint ehhez nagyságrendben annyiszor kell

megh́ıvnunk, ahány éle van a gráfnak. Ez rossz esetben a csúcsok számában négyze-

tes számú h́ıvás. Azonban az alábbi saját eredmény alapján ennél kevesebb is elég

(legrosszabb esetben O(n log n) h́ıvás).

2.2.6. Tétel. Tegyük fel, hogy D egy even digráf, melyben minden csúcsból indul

ki él. Ekkor O(n + n log(m/n)) h́ıvással tudunk D-ben gyenge páratlan dupla kört

keresni, ahol n = |V (D)|, m = |E(D)|.

Bizonýıtás. Rögźıtsünk egy v csúcsot. Egy h́ıvással eldönthető, hogy az innen kiin-

duló összes él egyszerre elhagyható-e. Ha nem, akkor legyen A a v-ből kiinduló élek

halmaza, B pedig üres. Végig fenntartjuk majd azt a tulajdonságot, hogy A és B

sem hagyható el, de az összes többi v-ből jövő él egyszerre elhagyható.

Ha |A| ≤ 1 és |B| ≤ 1, akkor készen vagyunk. Ilyenkor ugyanis egyszerűen

elhagyjuk a többi élt, és továbbmegyünk a következő csúcsra. Feltehetjük tehát, hogy

|A| ≥ |B| ≥ 2. Legyenek A1 és A2 olyanok, hogy A1∪̇A2 = A, és ||A1|−|A2|| ≤ 1. Ha

A1 elhagyható, akkor hagyjuk el őt a gráfból, és legyen A := A2. Ellenkező esetben A1

és A2 sem hagyható el. Ekkor B = ∅, különben lenne 3 diszjunkt élhalmaz, melyek

v-ből indulnak ki, és egyik se felesleges. (Ilyen nem lehet, mert gyenge páratlan

dupla körben minden kifok legfeljebb 2.) Ebben az esetben tehát legyen B := A2 és

A := A1.

Tehát (konstans számú lépés kivételével) minden lépésben a v-ből kiinduló élek-

nek legalább 1
4

részét ki tudjuk dobni. Ezért O(1 + log δ(v)) lépés után mehetünk

a következő csúcsra. (Itt használjuk, hogy δ(v) > 0.) Vagyis a számtani-mértani

közép közötti egyenlőtlenség felhasználásával az összes h́ıvás száma nagyságrendben

legfeljebb

∑
v∈V (D)
δ(v)>0

1 + log δ(v) = n+ log
∏

v∈V (D)
δ(v)>0

δ(v) ≤ n+ log

(∑
v∈V (D) δ(v)

n

)n

= n+ n log
m

n
.
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A fent léırt algoritmus új, gyors módszert ad arra is, hogy egy konkrét páros

kört keressünk egy digráfban. A 2.1.4 tétel bizonýıtása alapján ugyanis elég, ha

csak az even digráfokban tudunk páros kört keresni (ha a digráf nem even, akkor

az egyik báziskör jó lesz). Egy ilyen digráfban pedig a fenti módon hatékonyan

találhatunk egy gyenge páratlan dupla kört, amely már csak lineárisan sok kört

tartalmaz, ezekről pedig egymás után ellenőrizhetjük, hogy párosak-e.

A 2.2.5 tétel következményeként adódik az alábbi érdekes eredmény (multiunió

alatt multihalmazokon vett uniót értünk):

2.2.7. Tétel. (Manber-Shao) Egy digráf pontosan akkor even, ha tartalmaz olyan

zárt sétát, mely előáll páros sok kör multiuniójaként és páratlan sok kör multiunió-

jaként is.

Bizonýıtás. Legyen D a digráf. Ha van ilyen séta, akkor D even. Legyen ugyanis

w tetszőleges egész súlyozás. Ha most a séta kétféle felbontásában szereplő összes

kör súlya páratlan lenne, akkor a séta éleinek (multiplicitással számolt) összsúlya

egyrészt páros, másrészt páratlan lenne.

Másrészt tegyük fel, hogy D even. Ekkor tartalmaz részgráfként gyenge páratlan

dupla kört, melyben van a feltételeknek megfelelő séta. Ugyanis vegyünk a páratlan

dupla körben egy Euler-körsétát, és ennek az útleképezés általi képét. Ez a séta előáll

mint páratlan sok kör multiuniója (a körök az eredeti dupla kör 2-hosszú köreinek

P általi képei) és páros sok kör multiuniója (a körök az eredeti dupla kör k-hosszú

köreinek képei).

2.3. Kapcsolat az összefüggőséggel és a fokszámokkal

Láttuk, hogy az even tulajdonság ekvivalens azzal, hogy a digráfban jelen van va-

lamilyen struktúra. Adódik a kérdés, hogy biztośıtva van-e a struktúra jelenléte a

gráfban azzal, ha elég nagy alsó korlátokat teszünk az erős összefüggőségi számra, ill.

a minimális fokszámra? Mi van akkor, ha kikötjük, hogy a digráf direguláris legyen

(azaz minden csúcs befoka és kifoka ugyanaz a szám)? Másképpen,

2.3.1. Kérdés. Igaz-e, hogy ha a D digráfban minden kifok legalább 100 és minden

befok legalább 100, akkor D even?

2.3.2. Kérdés. Igaz-e, hogy ha a D digráf erősen 100-összefüggő, akkor D even?

2.3.3. Kérdés. Igaz-e, hogy ha a D digráf k-direguláris, ahol k ≥ 100, akkor D

even?
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Kanyarodjunk vissza kicsit a páros kör létezéséhez! Hasonló kérdéseket tehetünk

fel itt is. Thomassen [12] megmutatta, hogy léteznek nagy fokú digráfok, melyekben

nincsen páros kör.

2.3.4. Tétel. (Thomassen) Minden k-ra létezik olyan Dk digráf, mely nem tartal-

maz páros kört, de minden pont kifoka pontosan k.

Bizonýıtás. Legyen D1 a 3-hosszú iránýıtott kör. A következőképpen kapjuk Dk+1-et

Dk-ból : minden v ∈ V (Dk)-ra felveszünk egy új av csúcsot és egy k + 1 új csúcsból

álló Av halmazt. Húzzuk be a következő új éleket: v-ből av-be, av-ből Av minden

elemébe, és Av minden eleméből v-be és minden olyan csúcsba, melybe v-ből vezet

él. Ez a gráf jó lesz, mert ha lenne benne páros kör, akkor Dk-ban is lett volna.

2.3.5. Következmény. (Thomassen) Minden k-ra létezik olyan Dk
′ digráf, mely

nem tartalmaz páros kört, de minden pont kifoka és befoka is legalább k. Speciálisan,

Dk
′ nem even.

Bizonýıtás. Vegyük a Dk∪̇
←−
Dk diszjunkt uniót, ahol

←−
Dk az a digráf, amelyet Dk éle-

inek megford́ıtásával kapunk. Ezután minden u ∈ V (
←−
Dk) csúcsból húzzunk élet

minden v ∈ V (Dk) csúcsba. Mivel |V (Dk)| ≥ k, ezért a konstrukció jó lesz.

Láthatjuk, hogy összefüggőségi feltétel kimondása nélkül nem adhatunk meg elég

nagy minimális fokszámot, amely garantálná, hogy a gráf even. Thomassen [14] az

alábbi tételeket bizonýıtotta az összefüggőség, a fokszámok és az even tulajdonság

kapcsolatáról. A bizonýıtások viszonylag komplikáltak.

2.3.6. Tétel. (Thomassen) Ha a D digráf erősen 2-összefüggő, és legfeljebb 3 kivé-

tellel minden pont kifoka legalább 3, akkor D even.

Bizonýıtás. A tételnek egy általánośıtása következik Robertson, Seymour és Thomas

nagyszabású struktúratételéből 6.2.1 6.2.3 , melyet később tárgyalunk.

2.3.7. Tétel. (Thomassen) Ha a D digráf erősen összefüggő, és minden pont befoka

és kifoka is legalább 3, akkor D even.

A fentiek alapján:

2.3.8. Következmény. (Thomassen) Minden erősen 3-összefüggő digráf even. Spe-

ciálisan, tartalmaz páros hosszú kört.

2.3.9. Következmény. (Thomassen) Minden k-direguláris digráf even, ha k ≥ 3.

13



Bizonýıtás. Legyen D k-direguláris digráf. Feltehető, hogy D összefüggő. D Euler,

mert minden csúcs befoka egyenlő a kifokával. Tehát spec. D erősen összefüggő.

Mivel minden befok és kifok legalább 3, ezért 2.3.7 alapján készen vagyunk.

A fentiek alapján a 2.3.1 kérdésre tehát
”
nem”, a 2.3.2 és 2.3.3 kérdésekre viszont

”
igen” a válasz.
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3. L-mátrixok

Ebben a fejezetben egy elméleti közgazdaságtani problémát mutatunk be [2], amely-

től aztán kiderül, hogy kapcsolatban áll a páros körök problémájával [13].

3.1. Motiváció

Adott egy termék, pl. legyen ez a banán. Tegyük fel, hogy a termék népszerűsége

időben változó, és jelölje α azt, hogy jelenleg mennyire kedvelik az emberek a banánt.

A megtermelt banánmennyiség az ár függvénye, viszont az emberek által keresett

banánmennyiség függ az ártól és a kedveltségi szinttől is. A keresletet ı́gy tehát egy

D(p, α), a ḱınálatot pedig egy S(p) függvény ı́rja le. Egyensúlyi ár esetén a kereslet

és a ḱınálat is egyenlő valami x egyensúlyi mennyiséggel, vagyis

D(p, α)− x = 0 (3.1.1)

S(p)− x = 0 (3.1.2)

Józan eszünkre támaszkodva kijelenthetjük, hogy ∂S
∂p

> 0, ∂D
∂p

< 0 és ∂D
∂α

> 0.

Kérdés, hogy ha α növekszik, akkor az egyensúlyi mennyiség és az egyensúlyi ár

hogyan változnak. Egyáltalán meg tudjuk-e határozni az eddigi kvalitat́ıv feltevése-

inkből kiindulva ∂x
∂α

és ∂p
∂α

előjelét? Vagy esetleg ismernünk kellene a konkrét S, D

függvényeket ahhoz, hogy ezeket az előjeleket meg tudjuk mondani?

Deriváljuk le a 3.1.1 és 3.1.2 egyenleteket α szerint. Ekkor a következőt kapjuk:

∂D

∂p

∂p

∂α
+
∂D

∂α
− ∂x

∂α
= 0 (3.1.3)

∂S

∂p

∂p

∂α
− ∂x

∂α
= 0 (3.1.4)

Vagyis,

(
∂D
∂p
−1

∂S
∂p
−1

)(
∂p
∂α
∂x
∂α

)
=

(
−∂D

∂α

0

)
.

A fenti Ay = b lineáris egyenletrendszerben szereplő A mátrix és b vektor elemeit

nem tudjuk, csupán az elemek előjelét. Arra vagyunk tehát ḱıváncsiak, hogy minden

15



ilyen előjelmintájú A mátrixra és b vektorra ugyanolyan előjelmintájú y vektorok

felelnek-e meg az Ay = b feltételnek.

3.1.1. Defińıció. Ha X egy mátrix vagy vektor, akkor [X] jelölje azon mátrixok/-

vektorok halmazát, melyek elemeinek előjelei megegyeznek X megfelelő elemeinek

előjeleivel.

Persze [X] mindig egy konvex halmaz.

3.1.2. Defińıció. Az Ay = b lineáris egyenletrendszer előjel-megoldható, ha léte-

zik olyan z, hogy minden A2 ∈ [A] és b2 ∈ [b]-re az A2y = b2 egyenletrendszer

megoldható, és minden y megoldásra y ∈ [z].

Ha tehát a következő rendszer előjel-megoldható, akkor ∂x
∂α

és ∂p
∂α

előjele megha-

tározható anélkül, hogy ismernénk a konkrét keresleti és ḱınálati függvényeket:

(
− −
+ −

)
y =

(
−
0

)
.

3.1.3. Defińıció. Egy A mátrixot L-mátrixnak h́ıvunk, ha minden A2 ∈ [A] mát-

rixra A2 sorai lineárisan függetlenek.

3.1.4. Defińıció. Egy négyzetes A mátrixot előjeles determinánsúnak h́ıvunk, ha

minden A2 ∈ [A] mátrixra sgn detA2 = sgn detA.

Könnyen látható, hogy A pontosan akkor előjeles determinánsú, ha vagy L-

mátrix, vagy determinánsának minden kifejtési tagja 0. (Megjegyezzük, hogy az,

hogy egy mátrix determinánsának minden kifejtési tagja 0, eldönthető polinom idő-

ben, ugyanis ekvivalens azzal, hogy egy bizonyos páros gráfban nincs teljes párośı-

tás.)

Látni fogjuk, hogy a négyzetes L-mátrixok szoros kapcsolatban állnak a páros

iránýıtott körökkel. Konkrétan, egy négyzetes mátrixról eldönteni, hogy L-mátrix-

e, ekvivalens azzal, hogy egy iránýıtott gráfban eldöntsük, hogy van-e benne páros

kör. Ha tehát a páros kör eldöntésére van egy polinomiális algoritmusunk, akkor az

alábbi tétel alapján négyzetes együtthatómátrix esetén el tudjuk dönteni az előjel-

megoldhatóságot:

3.1.5. Tétel. Legyen A ∈ Rn×n és b ∈ Rn. Jelölje A(i : b) azt a mátrixot, melyet

A-ból kapunk úgy, hogy az i. oszlop helyére behelyetteśıtjük a b vektort. Ekkor Ay = b

pontosan akkor előjel-megoldható, ha A L-mátrix, és minden i-re A(i : b) előjeles

determinánsú.
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Bizonýıtás. Az odafelé irány bizonýıtásához először tegyük fel, hogy A nem L-

mátrix. Ekkor létezik A2 ∈ [A] szinguláris mátrix. Legyen z olyan nemnulla vektor,

melyre A2z = 0. Mivel Ay = b előjel-megoldható, ezért létezik y2, melyre A2y2 = b.

De ekkor az y2 + Rz egyenes minden eleme is megoldás, másrészt egy egyenes ele-

mei nem tartoznak egy előjelosztályba. Ez ellentmond az előjel-megoldhatóságnak.

Vagyis A L-mátrix.

Emiatt minden A2 ∈ [A] és b2 ∈ [b] esetén A2y = b2 egyértelműen oldható meg,

és a megoldást a Cramer-szabállyal kaphatjuk meg, vagyis yi = detA2(i:b2)
detA2

. Mivel

A L-mátrix, ezért sgn detA2 = sgn detA. Az előjel-megoldhatóság miatt yi előjele

bármely A2, b2-re ugyanaz, tehát detA2(i : b2) előjele is mindig ugyanaz, vagyis

A(i : b) előjeles determinánsú.

A visszafelé irány egyszerűen következik a Cramer-szabályból.

A fenti tétel miatt a 3.1 egyenletrendszer pontosan akkor előjel-megoldható, ha

( − −+ − ) L-mátrix, valamint
( − −
+ 0

)
és
( − −

0 −
)

előjeles determinánsúak. Ezek a tulajdon-

ságok elég könnyen ellenőrizhetőek, de ha egy komplexebb közgazdaságtani problé-

mát vázoltunk volna fel, akkor a következő szakasz alapján digráfok rajzolgatása és

páros kör keresése lenne a megoldás.

3.2. Kapcsolat a páros körökkel

Az alábbi tétel fontos jellemzését adja az L-mátrixoknak.

3.2.1. Tétel. A ∈ Rn×n pontosan akkor L-mátrix, ha a determinánsában van nem-

nulla kifejtési tag, és minden nemnulla kifejtési tag előjele megegyezik.

Bizonýıtás. A feltétel nyilvánvalóan elégséges, mivel ha A minden nemnulla kifejtési

tagja ugyanolyan előjelű, és van ilyen tag, akkor minden B ∈ [A] esetén sgn detB =

= sgn detA 6= 0.

Másrészt, tegyük fel, hogy detA-ban szerepel negat́ıv és pozit́ıv kifejtési tag is.

Megmutatjuk, hogy ekkor létezik olyan B ∈ [A], mely szinguláris, tehát ekkor A

nem L-mátrix. Tegyük fel az általánosság megszoŕıtása nélkül, hogy detA > 0.

Ekkor vegyünk egy negat́ıv kifejtési tagot, és jelölje Nε ∈ [A] azt a mátrixot, ahol

a kijelölt tagban szereplő mátrixelemek abszolút értéke 1, a többi nemnulla elemé

pedig ε. Elég kicsi ε > 0-ra detNε < 0. Az A-t és Nε-t összekötő szakaszon ekkor

létezik olyan B ∈ [A], melyre detB = 0.
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Legyen most B ∈ {0,±1}n×n egy előjelmátrix. Késźıtsünk el egy páros gráfot,

melynek egyik sźınosztálya B oszlopainak felel meg, a másik B sorainak, és két csúcs

össze van kötve, ha az adott mátrixelem nem nulla. Keressünk teljes párośıtást eb-

ben a gráfban (pl. folyamalgoritmussal) ! Ha ilyen nincs, akkor a fenti tétel alapján

B determinánsában nincsen nemnulla kifejtési tag, tehát B biztosan nem L-mátrix.

Egyébként vegyünk egy teljes párośıtást, és permutáljuk meg úgy B sorait és oszlo-

pait, hogy a párośıtásnak megfelelő kifejtési tag a főátlóba kerüljön; majd szorozzuk

meg azokat a sorokat -1-gyel, amelyeknek megfelelő főátlóbeli elemek negat́ıvak.

(Ezen transzformációk nyilvánvalóan nem változtatnak az L-tulajdonságon.)

A fenti gondolatmenet alapján tehát feltehetjük, hogy a szóban forgó mátrix

főátlója csupa 1-esből áll. Feleltessünk meg most B-nek egy 0-1 súlyozással ellátott

DB digráfot a következőképpen. A gráf csúcsai legyenek az 1, ...n számok, és minden

nemnulla Bij elemhez húzzuk be az ij élt. Ennek az élnek a súlya legyen 1 ill. 0,

ha Bij = 1 ill. −1. Az alábbi tétel alapján a négyzetes mátrixok L-mátrixságának

eldöntése algoritmikusan ekvivalens a páros iránýıtott kör létezésének eldöntésével.

3.2.2. Tétel. B pontosan akkor L-mátrix, ha DB-ben nincs páros súlyú iránýıtott

kör.

Bizonýıtás. B főátlójának egy pozit́ıv tag felel meg a determinánsban. Tegyük fel

most, hogy DB-ben van egy {x1, ...xk} csúcsok által meghatározott w súlyú kör, ahol

w páros szám. Legyen xk+1 := x1. Vegyük a következő π permutációt : minden 1 ≤
≤ i ≤ k-ra π(xi) := xi+1, a többi elem pedig fixpontja π-nek. Ekkor a π-hez tartozó

kifejtési tag negat́ıv lesz. Valóban, a π-hez tartozó kifejtési tag előjele :

(−1)k+1

k∏
i=1

Bxixi+1
= (−1)k+11w(−1)k−w = (−1)w+1 = −1.

Ha tehát DB-ben van páros súlyú kör, akkor B nem lehet L-mátrix.

Ford́ıtva, tegyük fel, hogy B nem L-mátrix, vagyis van olyan π permutáció, mely-

hez negat́ıv kifejtési tag tartozik. Léteznek olyan π1, π2, ...π` nemtriviális ciklusok,

melyeknek szorzata π, és melyek páronként különböző elemeket mozgatnak. Ekkor

viszont a π-hez tartozó kifejtési tag is szorzata a πj ciklusokhoz tartozó kifejtési ta-

goknak, mert az előjel szorzódik, és a mátrix főátlója csupa 1-es. Mivel π-hez negat́ıv

kifejtési tag tartozik, ezért tehát van olyan πj, melyhez szintén negat́ıv tartozik. Fel-

tehetjük tehát, hogy π egyetlen ciklusból áll. Ekkor π-nek megfelel egy DB-beli kör.

A fentihez hasonló számolással belátható, hogy ha a kör páratlan súlyú lenne, akkor

π-hez pozit́ıv kifejtési tag tartozna.
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3.2.3. Következmény. Egy digráfban pontosan akkor van páros kör, ha det(I +

+ A) 6= per (I + A), ahol A az adjacencia-mátrix.

Bizonýıtás. Mivel I+A egy 0-1 mátrix, ezért det(I+A) ≤ per (I+A), és egyenlőség

pontosan akkor, ha I +A L-mátrix. Ez pedig pontosan akkor teljesül, ha DI+A-ban

nincs páros kör. DI+A pedig éppen az eredeti digráf a csupa 1 súlyozással.

3.2.4. Következmény. Ha 0-1 mátrixokra el tudjuk dönteni az L-mátrixságot, ak-

kor minden mátrixra.

Bizonýıtás. Az álĺıtással ekvivalens, hogy ha súlyozatlan digráfokra el tudjuk dönteni

páros kör létezését, akkor minden 0-1 súlyozású digráfra is. Ez persze triviális, csak

fel kell osztanunk a 0-súlyú éleket.

A fentiek seǵıtségével már könnyen bebizonýıtható Friedland [4] eredménye. Ez

gyengébb, mint a 2.3.9 tétel, de nagy előnye, hogy nem használja fel Thomassen [14]

terjedelmes bizonýıtást igénylő tételeit.

3.2.5. Tétel. (Friedland) Minden k-direguláris digráf tartalmaz páros kört, ha k ≥
≥ 7.

Bizonýıtás. 3.2.3 alapján elég, ha det(I + A) 6= per (I + A). Esetünkben I + A

minden sorában és oszlopában k+1 egyes szerepel, tehát I+A
k+1

duplán sztochasztikus

mátrix, melynek permanense a van der Waerden–
”
sejtés”miatt legalább e−n. Emiatt

per (I +A) ≥ (k+ 1)ne−n. Másrészt a mátrix minden sorvektorának hossza
√
k + 1,

tehát | det(I + A)| ≤
√
k + 1

n
. Mivel k ≥ 7 > e2 − 1, ezért

√
k + 1

n
< (k + 1)ne−n,

tehát | det(I + A)| < per (I + A).

Digráfok seǵıtségével könnyebben kezelhetőek az L-mátrixok. Nevezzünk egy

mátrixelemet feleslegesnek, ha az az előjelmátrixnak nincsen benne nemnulla ki-

fejtési tagjában.

3.2.6. Álĺıtás. Egy L-mátrixban pontosan akkor nincsen felesleges elem, ha a meg-

felelő digráf minden komponense erősen összefüggő.

Bizonýıtás. Ha egy elem felesleges, akkor nem a főátlóban van, tehát neki megfelel

egy él a gráfban. Minden kifejtési taghoz diszjunkt körök tartoznak a digráfban.

Így az adott mátrixelem pontosan akkor felesleges, ha az őhozzá tartozó él nincsen

benne körben. Ebből azonnal adódik az álĺıtás.

Az alábbi tételek alapján egy L-mátrixban nem lehet túl sok nemnulla elem.
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3.2.7. Tétel. Ha egy L-mátrixban nincsen felesleges elem, akkor van olyan sor vagy

oszlop, melyben legfeljebb 3 nemnulla elem szerepel.

Bizonýıtás. Tegyük fel, hogy B minden sorában és oszlopában legalább 4 nemnulla

elem van. Ekkor a DB digráfban minden kifok és befok legalább 3. Továbbá DB

minden komponense erősen összefüggő, mert nincsen felesleges elem. A 2.3.7 tétel

alkalmazásával kapjuk, hogy DB minden komponense even, spec. DB-ben van páros

súlyú kör. Ekkor viszont B nem lehet L-mátrix.

Az alábbi tételt bizonýıtás nélkül közöljük.

3.2.8. Tétel. (Thomassen) Minden B ∈ Rn×n L-mátrixnak legalább
(
n−1
2

)
eleme 0.
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4. Pfaff-iránýıtások

Ebben a fejezetben egy olyan problémát fogunk látni, mely algoritmikusan ekvivalens

az even tulajdonság eldöntésével. Az elején még meglepőnek tűnhet az a kijelentés,

hogy a páros gráfok Pfaff-iránýıthatósága bizonyos értelemben könnyebben kezelhető

átfogalmazás, mint az even tulajdonság. Azonban Little tételén és majd a Robertson-

Seymour-Thomas-algoritmuson keresztül is látni fogjuk, hogy igazából ez egy eléggé

természetes
”
nyelv”a probléma léırására. A fejezet nagy része Lovász és Plummer [5]

könyvén alapszik.

4.1. A teljes párośıtások száma

Tegyük fel, hogy az A adjacenciamátrixszal adott egy páros gráf, melynek mind-

két sźınosztálya n csúcsot tartalmaz. Szeretnénk megszámolni a teljes párośıtásokat,

vagyis ḱıváncsiak vagyunk perA értékére. Sajnos a permanens kiszámolására valósźı-

nűleg nem létezik polinomiális algoritmus. De bizonyos tulajdonságú páros gráfokra

perA mégis kiszámolható.

Ehhez vezessük be először a Pfaff-polinomot. Legyen B ∈ R2n×2n antiszimmet-

rikus mátrix. Jelölje K2n azt a teljes gráfot, melynek csúcsai az 1, ...2n számok.

Legyen M egy teljes párośıtás K2n-ben, vagyis M = {{i1, j1}, {i2, j2}, ...{in, jn}},
ahol {i1, ...in, j1, ...jn} = {1, ...2n}. Legyen π az (i1, j1...in, jn) permutáció (π-t az M

halmaz nem határozza meg egyértelműen!), és bM := sgnπ
∏n

x=1Bixjx .

4.1.1. Álĺıtás. bM jóldefiniált, vagyis nem függ a π permutáció választásától.

Bizonýıtás. Elég belátni, hogy bM értékét nem változtatja meg két párośıtásél fel-

cserélése, és az sem, ha egy élen belül a két csúcsot felcseréljük. Két él cseréje két

transzpoźıciónak felel meg, tehát ezzel sgnπ nem változik, másrészt
∏n

x=1Bixjx sem.

Ha pedig egy élen belül cserélünk, akkor sgnπ és
∏n

x=1Bixjx is -1-szeresére vált, hi-

szen B antiszimmetrikus.

4.1.2. Defińıció. A
∑

M bM értéket a B antiszimmetrikus mátrix Pfaff-polinomjának

nevezzük, és pf B-vel jelöljük. (Az összegzés az összes M ⊂ E(K2n) teljes párośıtásra

megy.)

Az alábbi tétel kapcsolatot teremt a determináns és a Pfaff-polinom között.

4.1.3. Tétel. (Cayley) Minden B antiszimmetrikus mátrixra detB = (pf B)2.
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Legyen most G = (V,E) egy tetszőleges egyszerű gráf, melynek 2n csúcsa van.

A legyen G adjacencia-mátrixa, ~G = (V, ~E) pedig G egy tetszőleges iránýıtása.

Definiáljuk az ~A iránýıtott adjacencia-mátrixot a következőképpen: ~Aij értéke legyen

1, ha ij ∈ ~E ; -1, ha ji ∈ ~E ; és 0 egyébként.

~A antiszimmetrikus, tehát pf ~A értelmes. Ráadásul pf ~A átćımkézésre invariáns,

vagyis értéke nem függ attól, hogy az A mátrixban melyik sor/oszlop melyik csúcshoz

tartozott. Ezért beszélhetünk magának az iránýıtásnak a Pfaff-polinomjáról.

Mivel ~A ∈ {0,±1}2n×2n, ezért a Pfaff-polinomban minden nemnulla tag ±1.

pf ~A tagjai pedig megfelelnek G teljes párośıtásainak, tehát értelmezhető egy teljes

párośıtás előjele (amit a ~G iránýıtás határoz meg). Ha most Φ(G) jelöli G teljes

párośıtásainak a számát, akkor tehát |pf ~A| ≤ Φ(G), és egyenlőség pontosan akkor

áll, ha minden teljes párośıtás előjele megegyezik.

4.1.4. Defińıció. Egy ~G iránýıtást Pfaff-iránýıtásnak nevezünk, ha őrá nézve min-

den teljes párośıtás ugyanolyan előjelű. G Pfaff-iránýıtható, ha létezik Pfaff-iránýıtása.

Tegyük fel, hogy az érdekel minket, hogy hány teljes párośıtás van G-ben. Ha

találunk egy ~G Pfaff-iránýıtást, akkor erre nézve minden teljes párośıtás előjele meg-

egyezik, vagyis Φ(G) = |pf ~A| =
√

det ~A. Tehát elég egy determináns négyzetgyökét

kiszámolnunk, és megkapjuk a teljes párośıtások számát.

Most legyen ~G tetszőleges iránýıtás, és vegyünk két teljes párośıtást, ezek legye-

nek M1 és M2. Mikor lesznek ezek ~G szerint ugyanolyan előjelűek?

Tekintsük az M1∆M2 szimmetrikus differenciát, amely G-ben páros hosszú kö-

rökből áll. Ha K egy páros hosszú kör G-ben, akkor definiálhatjuk ~G-re nézve az

sgnK előjelet a következőképpen. Vegyük G-nek egy olyan ~G2 iránýıtását, melyre

nézve K egy iránýıtott kör. Ha most K mentén k db élre igaz az, hogy az az él
~G szerint és ~G2 szerint ugyanúgy van iránýıtva, akkor legyen sgnK := (−1)k+1.

Mivel K hossza páros, ezért sgnK jóldefiniált. sgnK = −1 esetén a kör párosan,

sgnK = 1 esetén pedig páratlanul van iránýıtva.

4.1.5. Tétel. Ha az M1∆M2 körrendszer a K1, K2, ...Km körökből áll, akkor

sgnM1 · sgnM2 =
m∏
i=1

sgnKi.

Vagyis M1 és M2 pontosan akkor ugyanolyan előjelű, ha a szimmetrikus diffe-

renciában páros sok párosan iránýıtott kör van.
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Bizonýıtás. Vegyük észre, hogy ha egy iránýıtásra igaz a fenti álĺıtás, akkor mind-

egyikre igaz. Ugyanis egy e élet megford́ıtva vagy egyik oldal sem változik, vagy

mindegyik ellentettjére vált (ez akkor van, ha e ∈M1∆M2). Feltehetjük tehát, hogy

M1∆M2 minden köre iránýıtott kör ~G-ben.

Továbbá, ha átćımkézzük a gráfot, nem változnak meg az Mi teljes párośıtások

előjelei. Feltehetjük tehát, hogy az M1 ∩M2 párośıtás minden éle egy csúcsból az

eggyel nagyobb indexű csúcsba mutat. Továbbá azt is, hogy minden Kj ⊂ M1∆M2

körre igaz, hogy az iránýıtás mentén a kör csúcsai egymást követő indexűek, és a

növekvő számozás egy M1-beli él kezdőpontjával kezdődik.

Ekkor az M1-hez és M2-höz tartozó Pfaff-tagban is 1 a mátrixelemek szorzata.

Továbbá, sgnM1 = 1, mert úgy számoztuk meg a csúcsokat, hogy M1-hez az iden-

tikus permutáció tartozzon. M2-höz pedig egy olyan permutáció tartozik, amelyben

a Kj körök felelnek meg a páros hosszú ciklusoknak. Tehát sgnM2 = (−1)m, mert

minden páros hosszú ciklus páratlan permutáció. Másrészt itt minden j-re sgnKj =

= −1. Mindezt összevetve adódik az álĺıtás.

Nevezzünk egy G-beli K kört szépnek, ha páros hosszú, és a G− V (K) gráfban

van teljes párośıtás. A fenti tételből adódnak a Pfaff-iránýıtások alábbi jellemzései.

4.1.6. Következmény. ~G pontosan akkor Pfaff-iránýıtás, ha minden szép kör pá-

ratlanul van iránýıtva.

4.1.7. Következmény. ~G pontosan akkor Pfaff-iránýıtás, ha vagy nincs G-ben tel-

jes párośıtás, vagy létezik olyan M ⊂ E(G) teljes párośıtás, melyre minden M-

alternáló kör páratlanul van iránýıtva.
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4.2. Kasteleyn algoritmusa śıkgráfokra

P. W. Kasteleyn bebizonýıtotta, hogy minden śıkgráfnak létezik Pfaff-iránýıtása,

ráadásul egy ilyen iránýıtás polinom időben megkereshető. Ebből speciálisan az

is következik, hogy egy śıkgráf teljes párośıtásainak a száma polinom időben ki-

számolható. A páros iránýıtott körök szempontjából azonban nem ezért érdekes a

Kasteleyn-algoritmus, hanem azért, mert azt a digráfok even tulajdonságát eldöntő

Robertson-Seymour-Thomas-algoritmus szubrutinként használja!

Legyen tehát G tetszőleges egyszerű śıkgráf. Ha G valamelyik komponense nem

egy blokkból áll, akkor vegyük annak a blokk-elvágópont-fáját, és annak egy levelét,

mely egy B blokk. Legyen a B-hez tartozó elvágó pont v, és a v-re illeszkedő élek

halmaza Ev. |V (B)| paritásától függően v párja vagy minden teljes párośıtásban B-

beli, vagy egyikben sem az. Az első esetben töröljük a gráfból az Ev\E(B)-beli éleket,

a második esetben az Ev∩E(B)-beli éleket. Így csupa olyan élt töröltünk, mely nincs

benne teljes párośıtásban. A törölt élek emiatt tetszőlegesen iránýıthatóak. Előbb-

utóbb a redukciós lépések véget érnek, mert véges sok él van.

Ekkor G minden komponense izolált él vagy 2-összefüggő. Az izolált éleket tetsző-

legesen iránýıthatjuk, mert minden teljes párośıtásban benne vannak. Azaz innentől

feltehetjük, hogy G 2-összefüggő. Lapjait tehát körök határolják, és minden éle két

lapnak a határán van rajta.

Vegyünk egy ~G iránýıtást. Nevezzünk egy G-beli kört jónak (saját elnevezés),

ha a pozit́ıv körüljárás szerint iránýıtott éleinek száma ellentétes paritású a kör

belsejében lévő pontok számával. Vegyünk G-ben egy szép kört! Mivel a kör komp-

lementerének pontjai összepárośıthatóak, ezért a kör belsejében mindenképpen páros

számú pont van. Tehát ha ez a kör nemcsak szép, hanem jó is, akkor ő páratlanul

iránýıtott. Vagyis ha a gráf összes köre jó, akkor spec. minden szép kör páratlanul

iránýıtott, tehát az iránýıtás Pfaff-iránýıtás.

Az alábbi lemma szerint elég a jóságot a véges laphatárokra megkövetelni.

4.2.1. Lemma. Ha ~G-re nézve minden véges lap határköre jó, akkor ~G-re nézve G

összes köre jó. Speciálisan, ekkor ~G Pfaff-iránýıtás.

Bizonýıtás. Vegyünk egy C ⊂ E(G) kört, és tekintsük a C által határolt véges

tartományt. Ezen belül f lap, v csúcs és e él van (C csúcsait és éleit nem számoljuk

bele). Ha C hossza `, akkor az Euler-formula szerint (f + 1) + (v + `)− (e+ `) = 2,

vagyis v − 1 = e− f .

Jelölje ci (1 ≤ i ≤ f) az i-edik C-beli lap határkörén szereplő élek közül a

pozit́ıvan iránýıtottak számát. Minden ci páratlan, tehát
∑f

i=1 ci ≡ f (mod 2).
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Másrészt, ha c jelöli azt, hogy C határán hány él van pozit́ıvan iránýıtva, akkor∑
ci = c + e. Ugyanis a belső élek az egyik szomszédos lapra nézve pozit́ıvak, a

másikra nézve negat́ıvak. Mindebből, c+ e ≡ f , vagyis c ≡ f − e ≡ v−1. Ezt kellett

igazolnunk.

Az algoritmus innentől már egyszerű. Ha G egyetlen körből áll, akkor triviáli-

san elérhető, hogy ez a kör jó legyen. Egyébként pedig vegyünk egy F lapot, mely

szomszédos a végtelen lappal, majd legyen P az F -et és a végtelen lapot elhatároló

út. A 2-összefüggő G−P gráfnak indukcióval megkereshetjük egy Pfaff-iránýıtását,

majd a P utat olyan iránýıtásokkal illesztjük be a gráfba, hogy a P -vel szomszédos

véges lap határköre jó legyen. Így megkapjuk G-nek egy Pfaff-iránýıtását.

Az első fázis O(m2) időben könnyen megoldható, mert egy gráf blokkfáját él-

számnyi időben meg lehet találni, és max. annyi törlési lépés van, ahány élű a gráf.

A második fázis már teljesen lineáris, O(m) időben megy. Egy śıkgráfnak csak O(n)

éle van, tehát a futásidő O(n2).

Kasteleyn eredetileg fizikus volt. Az algoritmus kifejlesztésekor tudomásunk sze-

rint főleg az motiválta, hogy szerette volna megoldani a fizikai alkalmazásokkal ren-

delkező dimérproblémát, vagyis azt akarta kiszámolni, hogy egy n×m-es sakktáblát

(nm páros) hányféleképpen lehet dominókkal lefedni. Ez a szám éppen Φ(L(n,m)),

vagyis az L(n,m) rácsgráf teljes párośıtásainak száma. Mivel a rácsgráf śıkgráf, ezért

könnyen megtalálható egy Pfaff-iránýıtása, és a megfelelő determináns négyzetgyöke

megadja a teljes párośıtások számát. A teljes párośıtások számára ezzel a módszerrel

a következő szép képlet adódik:

Φ(L(n,m)) =
√

2
nm

n∏
k=1

m∏
l=1

(
cos2

πk

n+ 1
+ cos2

πl

m+ 1

)1/4

.

4.3. Kapcsolat az even tulajdonsággal

A szakasz hátralevő részében páros gráf alatt négyzetes páros gráfot értünk, vagy-

is olyat, amelynek a két sźınosztálya ugyanakkora. A nem négyzetes páros gráfok

nem túl izgalmasak, ugyanis nincs bennük teljes párośıtás, tehát mindannyian Pfaff-

iránýıthatóak, sőt bármely iránýıtásuk megfelel.

Legyen tehát G = (S, T,E) egy páros gráf, és M egy teljes párośıtása. A (G,M)

párnak megfeleltethetünk egy D(G,M) digráfot a következőképpen: a digráf pontjai

M élei, és u, v ∈ M esetén u-ból v-be pontosan akkor mutasson D-beli él, ha (u ∩
∩S, v∩T ) ∈ E. Ford́ıva, ha van egy digráfunk, akkor—a konstrukció megford́ıtásával—

megfelel neki egy páros gráf és abban egy teljes párośıtás.
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Az alábbi ábrán a Heawood-gráf példáján illusztráljuk a megfeleltetést. A Hea-

wood-gráf a Fano-śık pont-egyenes incidenciagráfja, vagyis egy 14-pontú páros gráf.

Ebben a speciális gráfban akárhogy választunk egy teljes párośıtást, a kapottD(G,M)

digráf izomorfizmus erejéig mindig ugyanaz lesz.

A következő tétel teremti meg a kapcsolatot az even tulajdonság és a Pfaff-

iránýıtások között.

4.3.1. Tétel. G pontosan akkor Pfaff-iránýıtható, ha D(G,M) nem even.

Bizonýıtás. Feleltessük meg egymásnak G iránýıtásait és a D(G,M)-en értelmezett

0-1 élfüggvényeket a következőképpen. Ha egy e élt a ~G iránýıtás S-ből T -be irá-

nýıtja, akkor az e-nek megfelelő D(G,M) élre ı́rjunk 0-t, egyébként 1-et.

A 4.1.7 következmény miatt ~G pontosan akkor Pfaff-iránýıtás, ha minden M -

alternáló kör páratlanul iránýıtott. Az M -alternáló körök pedig éppen D(G,M)

iránýıtott köreinek felelnek meg, és egy M -alternáló kör pontosan akkor páratlanul

iránýıtott, ha a neki megfelelő D(G,M)-beli iránýıtott kör súlya páratlan.

Tehát ~G pontosan akkor Pfaff-iránýıtás, ha a neki megfelelő 0-1 élfüggvényre

nézve nincsen páros súlyú iránýıtott kör D(G,M)-ben. Vagyis G pontosan akkor

Pfaff-iránýıtható, ha D(G,M) nem even.

4.3.2. Következmény. A Heawood-gráf Pfaff-iránýıtható.

Bizonýıtás. Könnyen ellenőrizhető, hogy a Heawood-gráfnak megfeleltetett iránýı-

tott gráfban nincsen páros kör. Speciálisan, ez a digráf nem even.
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Azt mondjuk, hogy a H ′ gráf egy párosan felosztott H, ha H ′-t úgy kapjuk H-ból,

hogy annak minden élét páros sok osztóponttal felosztjuk. (Speciálisan, az is lehet,

hogy egy élet egyáltalán nem osztunk fel.) Az alábbi egy saját elnevezés.

4.3.3. Defińıció. G-ben lakik H, ha G-nek van olyan H ′ részgráfja, mely egy pá-

rosan felosztott H, és amely szép részgráf, azaz melyre G − V (H ′) tartalmaz teljes

párośıtást.

A Pfaff-iránýıtható páros gráfokat Little jellemezte a K3,3 gráf seǵıtségével.

4.3.4. Tétel. (Little) Pontosan azok a teljes párośıtással rendelkező páros gráfok

Pfaff-iránýıthatóak, melyekben nem lakik K3,3.

Bizonýıtás. Tegyük fel először, hogy G-ben lakik K3,3. Jelölje ezt a részgráfot H.

Ekkor van olyan M párośıtás G-ben, melyre M ∩E(H) párośıtás H-ban. (K3,3 teljes

párośıtásai egy-egyértelműen megfelelnek H teljes párośıtásainak, tehát H-ban van

teljes párośıtás, a maradékban pedig azért, mert H szép.)

Vegyük a D(G,M) digráfot. Ebben a D(H,M) részgráf éppen egy gyenge C3
∗

lesz. Ugyanis ha N teljes párośıtás K3,3-ban, akkor D(K3,3, N) egy C3
∗, és K3,3 páros

felosztása annak felel meg, hogy C3
∗-ban felosztjuk az éleket, ill. csúcsokat. Vagyis

D(G,M) even, mert tartalmaz gyenge páratlan dupla kört. Emiatt pedig G nem

Pfaff-iránýıtható.

A másik irányt önmagában is be lehetne bizonýıtani [7], azonban ez hosszadal-

mas. Ehelyett megmutatjuk, hogy ez az irány a Seymour-Thomassen tételből (2.2.5)

következik. Tegyük fel ugyanis, hogy G nem Pfaff-iránýıtható. Minden olyan gráf

Pfaff-iránýıtható, mely nem tartalmaz teljes párośıtást, tehát G-ben van egy M

teljes párośıtás.

A D(G,M) digráf even, tehát a Seymour-Thomassen tétel miatt van benne egy

D2 gyenge páratlan dupla kör. Legyen ez egy gyenge Ck
∗. Ha most k = 3, akkor a

D2 digráfot visszahúzva G-be, kapunk egy G-ben lakozó K3,3-at. Feltehetjük tehát,

hogy k > 3. Megmutatjuk, hogy ekkor van olyan M ′ teljes párośıtás G-ben, melyre

D(G,M ′)-ben van gyenge Ck−2
∗. Ekkor indukcióval készen vagyunk.

Legyen most D tetszőleges digráf, és K egy iránýıtott köre. v ∈ V (K) esetén

v∗ jelölje v megelőzőjét, vagyis azt az u ∈ V (K) pontot, melyre uv ∈ A(K). De-

finiáljuk D-nek a K-ra vonatkozó átford́ıtását a következőképpen: Első lépésként a

K kör iránýıtását megford́ıtjuk. Majd minden uv ∈ A élre, melyre v ∈ K, az uv

élet kicseréljük az uv∗ élre (vagyis a végpontot eggyel hátrébb léptetjük az eredeti

iránýıtású kör mentén).
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Ha most D(G,M)-nek vesszük egy K körét, az meghatároz egy MK teljes pá-

rośıtást G-ben. Valóban, MK az a teljes párośıtás, melyre M∆MK egyetlen körből

áll, ami pedig a K kör ősképe G-ben. Könnyen látható, hogy D(G,M)-nek a K-ra

vonatkozó átford́ıtása éppen a D(G,MK) digráf.

Vegyünk most D2-nek egy olyan körét, mely egy Ck
∗-beli 2-hosszú kör képe az

útleképezés által. Ford́ıtsuk át D(G,M)-et ementén a kör mentén. Az alábbi ábra

szemlélteti, hogy a kapott digráfnak ekkor lesz egy gyenge Ck−2
∗ részgráfja (a nyilak

itt utakat jelölnek). Indukcióval készen vagyunk.

4.4. A Pólya-probléma

A szakasz befejezéseként megemĺıtünk egy Pólya György által felvetett feladatot [8].

Adott egy A ∈ {0, 1}n×n mátrix. Nevezzünk egy B ∈ {0,±1}n×n mátrixot A egy

módośıtásának, ha suppB = suppA, vagyis B-ben pontosan azok az elemek nullák,

amik A-ban is. Egy B módośıtást akkor nevezünk jónak, ha | detB| = perA. Kérdés,

hogy mely A mátrixoknak létezik jó módośıtása. Másrészt, ha van jó módośıtás, ak-

kor az megkereshető-e polinomiális időben. Ugyanis ha igen, akkor ezekre a speciális

0-1 mátrixokra a permanens polinom időben kiszámolható.

Feleltessünk meg A-nak egy G = (S, T,E) páros gráfot, melyre |S| = |T | =

= n, és G adjacenciamátrixa
(

0 A
A> 0

)
. Ekkor a G-beli teljes párośıtások száma perA.

Másrészt, G pontosan akkor Pfaff-iránýıtható, ha A-nak létezik olyan B módośıtása,

melyre det
(

0 B
B> 0

)
= Φ2(G). Ez pedig azzal ekvivalens, hogy létezik B módośıtás,

melyre det2B = per 2A, vagyis B A-nak egy jó módośıtása. A Pólya-probléma tehát

algoritmikusan ekvivalens a páros gráfok Pfaff-iránýıthatóságával.
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5. Hipergráfok 2-sźınezése

Bemutatunk még egy utolsó kapcsolódó témát, ez pedig a hipergráfok 2-sźınezése.

Egy hipergráfot 2-sźınezhetőnek avagy párosnak nevezünk, ha a csúcsait meg tudjuk

úgy sźınezni két sźınnel, hogy ne legyen egysźınű él. A mi defińıciónk szerint tehát

a nulla- vagy egypontú éleket tartalmazó hipergráfok nem 2-sźınezhetőek. Ismert,

hogy hipergráfok 2-sźınezhetősége
”
nehezen eldönthető”:

5.0.1. Tétel. A hipergráfok 2-sźınezhetősége NP-teljes.

Bizonýıtás. Vissza fogjuk vezetni a konjukt́ıv normálformák kieléǵıthetőségét a hi-

pergráfok 2-sźınezhetőségére. Legyen ϕ egy CNF, és az abban szereplő változók le-

gyenek x1, ...xn. Konstruáljunk egy hipergráfot, melynek csúcsai a változók és azok

komplementerei, továbbá még egy f nevű csúcsot is vegyünk fel. (f jelképezi a kons-

tans hamis értéket.) Minden xi-re húzzunk be egy {xi, xi} élt. Nevezzük ezeket az

éleket egyszerű éleknek! Ezután a normálforma minden monomjára is adjuk hozzá a

hipergráfhoz egy olyat élt, mely a diszjunkció tagjait és f -et tartalmazza. Belátjuk,

hogy a kapott hipergráf pontosan akkor 2-sźınezhető, ha ϕ kieléǵıthető.

Ugyanis ha ϕ kieléǵıthető, akkor sźınezzük ki az igaz változókat/változónegálta-

kat pirosra, a többi csúcsot (beleértve f -et is) pedig kékre. A diszjunkciókhoz tartozó

élek jól lesznek sźınezve, mert tartalmaznak piros (igaz) változót/változónegáltat,

és tartalmazzák f -et is, ami pedig kék. Az egyszerű élek pedig triviálisan jól lesznek

sźınezve.

Ford́ıtva, ha van a hipergráfnak egy jó 2-sźınezése, akkor feltehetjük, hogy itt f

kék. A piros változókat igazra, a kékeket pedig hamisra álĺıtva, megkapjuk ϕ egy

kieléǵıtését.

Bizonyos speciális hipergráfokra viszont egyszerűbb lesz a helyzetünk. Nevez-

zünk egy hipergráfot négyzetesnek, ha ugyanannyi csúcsa van, mint éle. Egy hiper-

gráf Hall-tulajdonságú, ha az incidenciagráfjában van teljes párośıtás. Persze minden

Hall-hipergráf négyzetes. Innentől csak a Hall-hipergráfokkal fogunk foglalkozni.

Jelölje egy H hipergráfra GH az incidenciagráfot. Ha a H hipergráf Hall, és

az incidenciagráfban M egy teljes párośıtás, akkor a már tárgyalt konstrukcióval

elkésźıthetjük a D(GH ,M) digráfot, amit a bizonýıtásokban D-vel fogunk jelölni.

Ez a digráf éppen annak felel meg, hogy minden v ∈ V (H) csúcsból az M által

őhozzá rendelt hiperél többi elemébe iránýıtott éleket húzunk. A következő tételek

alapján H párossága szorosan összefügg azzal, hogy D(GH ,M)-ben létezik-e páros

kör.
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5.0.2. Tétel. Ha H 2-sźınezhető, akkor D(GH ,M)-ben létezik páros kör.

Bizonýıtás. Vegyük H-nak egy 2-sźınezését. Minden v ∈ V csúcshoz rendeljünk

hozzá egy D-beli, v-ből kilépő élet, melynek két végpontja különböző sźınű. Ilyen

van, mert H 2-sźınezhető, és a v-ből kilépő élek végpontjai v-vel együtt a hipergráf

egy élét alkotják, történetesen azt az élét, amelyhez M a v csúcsot párośıtja. Így

kapjuk a D2 ⊂ D részgráfot. Ha D2-ben elindulunk egy csúcsból, akkor előbb-utóbb

beérünk egy már meglátogatott csúcsba. A D2-beli élek választása miatt a keletkező

kör H-ban alternálóan van sźınezve, tehát páros hosszú.

5.0.3. Tétel. Ha D(GH ,M) erősen összefüggő, és létezik benne páros kör, akkor H

2-sźınezhető.

Bizonýıtás. Vegyünk egy K páros kört, és a V (K) csúcshalmazból ind́ıtsunk a
←−
D

ford́ıtott digráfban egy mélységi bejárást. A mélységi bejárással kapott erdő és K

uniója egy olyan D2 részgráfja lesz D-nek, mely iránýıtatlan értelemben páros.

Sźınezzük ki most D2 csúcsait két sźınnel. Így H-nak egy jó 2-sźınezését kapjuk.

Valóban, mivel D2-ben minden csúcs kifoka 1, ezért ez egy olyan sźınezés, melyre

minden csúcsból indul ki olyan D-beli él, melynek végpontjának más a sźıne, mint

a kezdőpontjának.

Vegyük egy D digráf erősen összefüggő komponensei közül a magokat, és ne-

vezzük ezeket a digráf végkomponenseinek. Ha veszünk egy magot D(GH ,M)-ben,

akkor a magbeli csúcsok és az azokhoz M által rendelt hiperélek egy Hall-hipergráfot

alkotnak a mag csúcshalmazán. Ezt h́ıvjuk a mag által meghatározott hipergráfnak.

5.0.4. Tétel. H pontosan akkor 2-sźınezhető, ha D(GH ,M) minden végkomponense

által meghatározott hipergráf 2-sźınezhető.

Bizonýıtás. Az odafelé irány nyilvánvaló. Ford́ıtva tegyük fel, hogy minden végkom-

ponens hipergráfja páros. Sźınezzük ki jól D végkomponenseit, majd ind́ıtsunk a már

kisźınezett csúcsokból egy mélységi bejárást a
←−
D ford́ıtott digráfban. A bejárással

kapott erdőre kiterjeszthető a 2-sźınezés, és ı́gy megkapjuk az egész hipergráfnak

egy jó sźınezését.

Mivel páros kör keresésére van polinomiális algoritmus, ezért

5.0.5. Tétel. Hall-hipergráfokra a 2-sźınezhetőség polinom időben eldönthető ; és ha

van, akkor konkrét 2-sźınezést is meg tudunk adni.
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Bizonýıtás. Vegyünk egy M teljes párośıtást, és tekintsük D(GH ,M) végkompo-

nenseit. A fenti tételek miatt elég eldönteni, hogy minden végkomponensben van-e

páros kör, ugyanis pontosan ekkor lesz H 2-sźınezhető. Konkrét 2-sźınezést pedig a

páros körökből ind́ıtott ford́ıtott irányú mélységi bejárással tudunk találni.

Nevezzünk egy hipergráfot minimálisan nem párosnak (MNP), ha nem 2-sźınezhető,

viszont bármely élét elhagyva, a maradék részhipergráf már 2-sźınezhető. Seymo-

ur [11] alábbi tétele kapcsolatot teremt az MNP hipergráfok és a páros körök közt.

5.0.6. Tétel. (Seymour) H pontosan akkor MNP, ha D(GH ,M) erősen összefüggő

és pároskör-mentes.

Bizonýıtás. Legyen először H egy MNP hipergráf. Tegyük fel, hogy D nem erősen

összefüggő. Ekkor D minden végkomponense által meghatározott hipergráf valódi

része H-nak, tehát az MNP tulajdonság miatt 2-sźınezhető. Ekkor viszont az egyik

előző tétel miatt H is 2-sźınezhető, ami ellentmondás. Tehát D mégis erősen össze-

függő, ekkor pedig a korábbi tétel miatt nem létezhet benne páros kör.

Ford́ıtva, tegyük fel, hogy D erősen összefüggő, de nincs benne páros kör. Ekkor

persze H nem 2-sźınezhető, mert különben lenne D-ben páros kör. Másrészt, minden

részhipergráf viszont 2-sźınezhető. Ugyanis vegyünk egy v ∈ V (H) csúcsot, és D-

ben egy v gyökerű befenyőt. Ha a befenyőt – mint gráfot – jól 2-sźınezzük, akkor

ezzel megkaptunk egy olyan csúcssźınezést, melyre az összes olyan hiperél jól van

sźınezve, amely különbözik a v-hez M által rendelt hiperéltől. Vagyis a v-hez rendelt

hiperél elhagyásával 2-sźınezhető hipergráfot kapunk. v pedig tetszőleges volt.

5.0.7. Következmény. Erősen összefüggő D(GH ,M) esetén: ha van D(GH ,M)-

ben páros kör, akkor H 2-sźınezhető, egyébként viszont MNP.

Befejezésül megemĺıtjük a 2.3.9 tétel egy szép hipergráfos következményét.

5.0.8. Tétel. (Thomassen) Minden k-reguláris és k-uniform hipergráf 2-sźınezhető,

ha k ≥ 4.

Bizonýıtás. Ha H k-reguláris és k-uniform, akkor persze négyzetes hipergráf, sőt a

Hall-feltétel ellenőrzésével kapjuk, hogy H Hall is. A regularitás miatt D-ben minden

pont befoka k− 1, az uniformitás miatt pedig minden kifok is k− 1. D tehát erősen

összefüggő, és a 2.3.9 tétel miatt even, speciálisan van benne páros kör. Tehát H

2-sźınezhető.
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6. Algoritmus

Hosszú éveken át nyitott volt, hogy vajon van-e polinomiális algoritmus a páros

iránýıtott kör keresésére. A dolog kétesélyesnek látszott, ugyanis egyrészt vannak

rokon problémák, melyekre létezik gyors algoritmus, másrészt olyanok is vannak,

amelyek NP-teljesek. A teljesség igénye nélkül, illusztrációként párat felsorolunk:

– Könnyű (P-beli) problémák:

• Iránýıtatlan gráfban van-e páratlan kör?

• Iránýıtatlan gráfban van-e páros kör?

• Iránýıtott gráfban van-e páratlan kör?

– Nehéz (NP-teljes) problémák:

• Iránýıtott gráfban van-e adott élt tartalmazó páratlan kör? [12]

• Iránýıtott gráfban van-e adott élt tartalmazó páros kör? [12]

• Fix k-ra, az m(n) := n + bn1/kc jelöléssel élve: egy m(n) × n-es mátrix

L-mátrix-e? [13]

• 2-sźınezhető-e egy adott hipergráf?

Szintén rossz h́ır, hogy nem tudjuk, hogy a Pfaff-iránýıthatóság tetszőleges (azaz

nem feltétlenül páros) egyszerű gráfokra egyáltalán NP-ben van-e [5]. Ugyanis az,

hogy egy tetszőleges gráf adott iránýıtása Pfaff-iránýıtás-e, szintén kérdéses, hogy

NP-ben van-e. (Persze co-NP-ben van, hiszen elég mutatni egy teljes párośıtást, és

egy párosan iránýıtott alternáló kört.)

Thomassen [15] 1993-ban publikált egy algoritmust, amely śıkgráfokra megoldja

a páros kör problémáját. Azonban az algoritmus komplikált és lassú (O(n6) időben

fut). A teljes megoldásig még pár évet várni kellett.

6.1. Visszavezetés kapcsokra

6.1.1. Tétel. Elég, ha az even tulajdonságot erősen 2-összefüggő digráfokra el tudjuk

dönteni.

Bizonýıtás. Seymour és Thomassen [10] gondolatmenete alapján bizonýıtunk. Le-

gyen D az a digráf, amelyről el akarjuk dönteni, hogy even-e. Feltehetjük, hogy D

erősen összefüggő. Ekkor minden blokkja is erősen összefüggő.
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Ha most D minden blokkja erősen 2-összefüggő, akkor készen vagyunk. Ugyanis

minden kör benne van egy blokkban, tehát elég külön-külön a blokkokat megnézni.

Tegyük fel hát, hogy D-nek van olyan H blokkja, mely nem erősen 2-összefüggő,

azaz létezik olyan v ∈ V (H), melyre H− v nem erősen összefüggő. Ekkor H− v-ben

létezik nemtriviális mag, legyen egy ilyen mag által fesźıtett részgráf H2, és legyen

H1 := H − v − V (H2). Legyen B a H1-ből H2-be menő élek halmaza. Mivel H

(iránýıtatlan értelemben) 2-összefüggő, ezért B nemüres.

Végezzük el a következő redukciós lépést : minden xy ∈ B élet cseréljünk ki egy

xvy iránýıtott útra. Így kapjuk H-ból a H ′ digráfot, amely szintén erősen összefüggő,

viszont – H-val ellentétben – van elvágó pontja. Legyen H1
′ := H ′ − V (H2) és H2

′ :

:= H ′−V (H1). Két dolgot kell belátnunk: egyrészt azt, hogy a redukciós lépésekkel

polinom időben elérjük, hogy minden blokk erősen 2-összefüggő legyen. Másrészt

azt, hogy a redukció megőrzi az even tulajdonságot, azaz H pontosan akkor even,

ha H ′ even.

A polinomiális futásidő bizonýıtásához vegyük észre, hogy minden redukciós lépés

növeli a blokkok számát D-ben, és legfeljebb csak pontszámnyi blokk lehet. Tehát,

valóban, legfeljebb |V (D)| redukciós lépés után végzünk.

Az even tulajdonság megőrződésének bizonýıtásához minden xy ∈ B élhez ren-

deljünk hozzá egy xy ∈ Cxy ⊂ A(H) kört. Ez a kör persze átmegy v-n. Jelölje a kör

v és x közti szakaszát Pxy, ekkor Pxy egy H − V (H2)-beli út. Hasonlóan Qxy (az y

és v közti szakasz) egy H − V (H1)-beli út.

Tegyük fel, hogy H nem even. Legyen w : A(H) → {0, 1} olyan súlyfüggvény,

melyre nézve H-ban nincs páros súlyú kör. Rendeljük hozzá w-hez a w′ : A(H ′) →
{0, 1} súlyfüggvényt a következőképpen. Az eredeti éleken legyen w′ := w. A B-ből

felemelt xv alakú éleken legyen w′(xv) := w(xy)+w(Qxy), a B-ből felemelt vy alakú

éleken pedig legyen w′(vy) := w(xy) + w(Pxy). Ekkor w′ bizonýıtja, hogy H ′ sem

even. Valóban, ha lenne pl. H1
′-ben egy w′-re nézve páros súlyú kör, akkor ez egy

felemelt xv élet használva átmenne v-n, de azt az élet a neki megfelelő xy∪Qxy útra

cserélve H-ban kapnánk egy w szerint páros súlyú kört.

Másrészt, tegyük fel, hogy H ′ nem even. Vegyük rajta a pároskör-mentes w′

élfüggvényt. Ennek az eredeti éleken felvett értékeit húzzuk vissza az eredeti gráfra,

ı́gy kapjuk a w : A(H)− B → {0,1} élfüggvényt. w-t terjesszük ki B-re is : xy ∈ B
esetén w(xy) legyen olyan, hogy Cxy w-súlya páratlan legyen.

Belátjuk, hogy H-ban nincs páros w-súlyú kör. Ha lenne ilyen C kör, akkor az

(w′ pároskör-mentessége miatt) használna B-beli élt és átmenne v-n. Legyen P :=

= C|[v,x] és Q := C|[y,v] a két megfelelő szakasza a körnek. Mivel C és Cxy különböző
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w-paritású, ezért feltehető, hogy pl. Q és Qxy különböző w-paritású. Ekkor Q ∪ vy
és Qxy ∪ vy megad két különböző w′-paritású kört H ′-ben, tehát ezek közül az egyik

páros súlyú, ami ellentmondás.

Feltehetjük tehát, hogy az inputgráf erősen 2-összefüggő. Térjünk most át a

négyzetes páros gráfok nyelvére. Nevezzünk egy páros gráfot k-kiterjeszthetőnek, ha

bármely legfeljebb k-élű párośıtása kibőv́ıthető teljes párośıtássá. A 2-kiterjeszthető

páros gráfok neve legyen kapocs (angolul : brace).

6.1.2. Tétel. Legyen G páros gráf, M egy teljes párośıtása, és tegyük fel, hogy

|V (G)| ≥ 2(k + 1). Ekkor G pontosan akkor összefüggő és k-kiterjeszthető, ha D :=

= D(G,M) erősen k-összefüggő.

Bizonýıtás. k = 1-re a tétel triviális, feltehetjük tehát, hogy k > 1. Egy digráf

pontosan akkor erősen k-összefüggő, ha legalább k + 1-pontú, és bármely k − 1

csúcs elhagyásával erősen összefüggő marad. Vagyis az kell, hogy 1) iránýıtatlan

értelemben k-összefüggő, és 2) bárhogy választunk k − 1 csúcsot és egy rájuk nem

illeszkedő e élet, mindig lesz e-n átmenő, de a kiválasztott csúcsokon nem átmenő

kör.

Tegyük fel, hogy G összefüggő és k-kiterjeszthető. Ekkor a 2) feltétel teljesül,

ugyanis csak vennünk kell az adott csúcsoknak és az egyetlen élnek megfelelő G-beli

k-elemű párośıtást, és azt kibőv́ıtve teljes párośıtássá, kapunk egy e-n átmenő, a

csúcsokat nem tartalmazó D-beli kört. Az 1) feltétel teljesüléséhez indirekt legyen

X ⊂ V (D) olyan elvágó ponthalmaz, melyre |X| < k. Ekkor |X| = k− 1, mert k-ra

indukciót alkalmazva látszik, hogy D erősen k − 1-összefüggő.

Legyen S ⊂ V (D) \X élnélküli vágás D \X-ben, T := V (D)−X −S, és legyen

y ∈ X tetszőleges. Az erősen k− 1-összefüggőség miatt X \ y elhagyásával D erősen

összefüggő marad, melynek y elvágó pontja. S tehát itt nem mag, vagyis létezik xy

él, ahol x ∈ S. Ugyańıgy létezik yz él, ahol z ∈ T . Vegyük most az xy és yz éleket,

továbbá X \ y pontjait. Az ezeknek megfelelő k db G-beli él egészülhet ki teljes

párośıtássá, mert az xyz út nincs benne olyan körben, mely nem megy át X \ y-beli

ponton.

A visszafelé irányhoz legyen N egy k-elemű G-beli párośıtás. Vegyük az N -nek

D-ben megfelelő csúcsokat és éleket. Ha N∩M nemüres, azaz van csúcs, akkor ezt D-

ből elhagyva a kapott digráf erősen k−1-összefüggő, tehát indukciót alkalmazhatunk

k-ra. Tehát feltehetjük, hogy N diszjunkt M -től, vagyis N D-ben k db élnek felel

meg. Legyen ez a k él x1y1, ...xkyk ∈ A(D).
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Legyen most X ⊂ V (D) olyan csúcshalmaz, mely nem tartalmazza egyik xi-t

sem. Ekkor az X-ből élen elérhető nem X-beli csúcsok száma legalább k. Ugyan-

is ha kevesebb ilyen csúcs lenne, akkor azokat elhagyva X nemtriviális mag lenne.

(Nemtriviális, mert X nemüres, és komplementere legalább k-elemű.) Ez pedig el-

lentmondana az erősen k-összefüggőségnek.

Mindenesetre tehát igaz az, hogy azon csúcsok száma, amelyek nem egyenlőek

valamely yi-vel, továbbá vagy X-beliek, vagy X-ből élen elérhetőek, legalább |X|.
Ezzel pedig pontosan azt fogalmaztuk meg az iránýıtott gráf nyelvén, hogy G −
− V (N)-ben teljesül a Hall-feltétel. Vagyis N kiegészül teljes párośıtássá.

6.1.3. Következmény. G (|V (G)| ≥ 6) pontosan akkor összefüggő kapocs, ha

D(G,M) erősen 2-összefüggő.

6.1.4. Következmény. Elég, ha a páros gráfok Pfaff-iránýıthatóságát az összefüggő

kapcsokra el tudjuk dönteni.

6.2. A nem even digráfok struktúrája

Ebben a részben látni fogjuk, hogy a nem even digráfok, azaz a Pfaff-iránýıtható

páros gráfok csak nagyon speciálisak lehetnek. A léırtak nagy része Robertson, Sey-

mour és Thomas [9] cikkén alapul.

Szoŕıtkozzunk innentől csak a kapcsokra. Kasteleyn algoritmusa (4.2) alapján a

śıkkapcsok Pfaff-iránýıthatóak. Ezenḱıvül ellenőrizhető, hogy a Heawood-gráf (4.3)

is Pfaff-iránýıtható kapocs, noha nem śıkgráf.

Vezessünk most be egy ragasztási műveletet! LegyenekG1, ...Gk legalább 5 csúcsú

egyszerű gráfok, amelyek rendre tartalmazzák a Ci 4-hosszú szép köröket. A Ci körök

mentén ragasszuk össze a gráfokat, vagyis bizonyos ϕi : Ci → C1 gráfizomorfiák

seǵıtségével azonośıtsuk egymással a köröket. Majd a kapott gráfból töröljük a varrat

(4-hosszú kör) néhány (esetleg 0) élét, ı́gy kapunk valami G gráfot.

Tegyük fel, hogy G-t a Gi Pfaff-iránýıtható páros gráfokból ragasztottuk össze.

Persze ekkor G is páros gráf. Vegyük minden Gi-nek egy Pfaff-iránýıtását ! Ha egy

Pfaff-iránýıtásban az egy pontra illeszkedő összes él iránýıtását megford́ıtjuk, ak-

kor továbbra is Pfaff-iránýıtásunk lesz, ugyanis minden párośıtás előjelet vált. Ci

szép kör Gi-ben, tehát páratlanul van iránýıtva. Ezek alapján feltehetjük, hogy a

ϕi : Ci → C1 gráfizomorfiák megtartják az élek iránýıtását. (Ha nem, akkor megfor-

d́ıtási múveleteket alkalmazunk addig, amı́g a Ci körök ugyanúgy lesznek iránýıtva.)

Vegyük most G-nek azt az iránýıtását, amit a Gi gráfok Pfaff-iránýıtásainak

összekombinálásával kapunk. Robertson, Seymour és Thomas megmutatták, hogy
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ez az iránýıtás G-nek egy Pfaff-iránýıtása lesz. (Elég persze csak k = 2-re megmu-

tatni, aztán nagyobb k-ra indukcióval.) Ebből következik, hogy egy gráf valahány

śıkkapocs összeragasztásával megkapható, akkor ő Pfaff-iránýıtható. A következő té-

tel alapján az eddig emĺıtetteken ḱıvül nincs más Pfaff-iránýıtható kapocs. Sőt, az

összeragasztásokat hármasával is elvégezhetjük.

6.2.1. Tétel. (Robertson-Seymour-Thomas-struktúratétel) Egy G kapocs pontosan

akkor Pfaff-iránýıtható, ha vagy izomorf a Heawood-gráffal, vagy śıkkapcsokból elő-

álĺıtható a ragasztási művelet ismételt alkalmazásával úgy, hogy egy művelet során

mindig pontosan három gráfot ragasztunk össze.

Bizonýıtás. (vázlat) A bizonýıtás nagyon komplikált, egy majdnem 60 oldalas cikk

nagy részét kitölti. Lényegében arról van szó, hogy a szerzők tekintenek egy nem

śıkbeli kapcsot. Ebben ekkor van felosztott K5 vagy K3,3. Ezeket a részgráfokat

a kapocs-tulajdonság felhasználásával különböző módszerekkel
”
növeszteni” lehet,

vagyis megmutatható, hogy ekkor K3,3, a Heawood-gráf, és egy Rotunda nevű gráf

közül legalább az egyik benne lakik (4.3.3) a gráfban. Ha most egy nem śıkbeli kapocs

Pfaff-iránýıtható, akkor Little tétele 4.3.4 miatt nem lakhat benne K3,3. Másrészt

ha lakik benne Heawood-gráf, akkor izomorf azzal. Ha pedig lakik benne Rotunda,

akkor a Rotunda gráf bizonyos struktúrája mentén a gráfunk előáll három kisebb

gráf összeragasztásaként, melyekre indukciót alkalmazhatunk.

6.2.2. Következmény. Ha a G kapocsnak legalább 3 csúcsa és több mint 2|V (G)|−4

éle van, akkor nem lehet Pfaff-iránýıtható.

Bizonýıtás. Az, hogy az élek száma legfeljebb 2|V (G)|−4, teljesül a Heawood-gráfra

és a páros śıkgráfokra is. Továbbá, ha két gráfra igaz, akkor összeragasztásukra is.

Emiatt indukcióval készen vagyunk.

Térjünk át egy kicsit az even digráfok nyelvére! A fenti következmény itt ı́gy

hangzik:

6.2.3. Következmény. Ha a D erősen 2-összefüggő digráfnak legalább 2 csúcsa és

több mint 3|V (D)| − 4 éle van, akkor even.

Vegyük észre, hogy ebből azonnal következik Thomassen 2.3.6 tétele.

A struktúratétel felhasználásával algoritmust adhatunk páros gráf Pfaff-iránýıt-

hatóságának eldöntésére. Nevezzünk egy 4-elemű X csúcshalmazt triszektornak, ha

G \ X legalább három komponensű. Meg kell jegyezni, hogy Robertson, Seymour

és Thomas [9] 8.4-es lemmájának bizonýıtása szerint ha egy összefüggő kapocsban
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X triszektor, akkor X két-két csúcsot tartalmaz mindkét sźınosztályból. Ez saj-

nos nem igaz, ellenpélda a C6
∗ iránýıtott gráfnak megfelelő páros gráf. Viszont ha

ezt a feltevést beéṕıtjük a triszektor defińıciójába, akkor már helytállóak a [9] cikk

megállaṕıtásai. A defińıció tehát helyesen:

6.2.4. Defińıció. Egy 4-elemű X csúcshalmazt triszektornak nevezünk, ha mindkét

sźınosztályból 2-2 csúcsot tartalmaz, továbbá G \X legalább három komponensű.

Triviális, hogy ha X triszektor, akkor G felbomlik X mentén három kisebb

összefüggő gráf összeragasztására. Belátható [9], hogy bárhogy választjuk a három

összeragasztott gráfot, ezek kapcsok lesznek, és ha G Pfaff-iránýıtható, akkor Pfaff-

iránýıthatóak lesznek. Ez alapján a következő algoritmust nyerjük az összefüggő

kapcsok Pfaff-iránýıthatóságának eldöntésére:

– Ha G izomorf a Heawood-gráffal, akkor kiadjuk annak egy Pfaff-iránýıtását.

– Ha G śıkgráf, akkor a Kasteleyn-algoritmust alkalmazva kiadunk egy Pfaff-

iránýıtást.

– Egyébként keresünk G-ben egy X triszektort.

– Vesszük azokat a G1, G2, G3 gráfokat, amelyekből X mentén G összeragaszt-

ható. Ezek a fentiek alapján összefüggő kapcsok. Rekurźıvan eldöntjük, hogy

G1, G2, G3 Pfaff-iránýıtható-e.

– Ha igen, összekombináljuk az iránýıtásokat, és ı́gy megkapjuk G-nek egy Pfaff-

iránýıtását.

– Ha nem, akkor G nem lehet Pfaff-iránýıtható.

6.3. Az algoritmus optimalizálása

Az algoritmus sajnos még elég lassú. Naiv megvalóśıtással Θ(n6) ideig is eltarthat,

amı́g egyetlen triszektort találunk (ha minden csúcsnégyest végignézünk, és a ma-

radékon mindig egy gráfbejárást futtatunk a komponensszám ellenőrzésére, amely

sok él esetén n2 ideig is eltarthat). Az alábbi trükkel azonban seǵıthetünk a lassú

futásidőn.

6.3.1. Tétel. (Robertson-Seymour-Thomas) Legyen G Pfaff-iránýıtható összefüggő

kapocs, mely a G1, G2, G3 gráfoknak a C négypontú halmaz mentén történő össze-

ragasztásával áll elő. Ha most X 6= C egy csúcshalmaz, akkor X pontosan akkor

triszektor G-ben, ha triszektor G1, G2, G3 valamelyikében.
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6.3.2. Következmény. Ha G Pfaff-iránýıtható összefüggő kapocs, melyre |V (G)| ≥
≥ 5, akkor G-ben legfeljebb |V (G)| − 5 triszektor van.

Bizonýıtás. Ha nincs triszektor, akkor az álĺıtás triviális. Egyébként G összeragaszt-

ható G1, G2, G3-ból. Ekkor az előző tétel alapján, indukció alkalmazásával adódik,

hogy a triszektorok száma legfeljebb 1 + |V (G1)| − 5 + |V (G2)| − 5 + |V (G3)| − 5 <

< |V (G)| − 5.

Ezek a megfigyelések több ponton is seǵıtenek. Először is, G1, G2, G3-ra nem

kell külön-külön megkeresni az összes triszektort. Elég az algoritmus legelején G

triszektorait megkeresni és eltárolni, és a rekurzió során ezeket felhasználhatjuk.

Másrészt, ha G triszektorainak keresése közben többet találunk, mint |V (G)| − 5,

akkor azonnal megállhatunk, hiszen ekkor G nem lehet Pfaff-iránýıtható.

Még egy gyorśıtási trükköt bevethetünk. A struktúratétel miatt ha a G össze-

függő kapocsnak legalább 3 csúcsa és több mint 2|V (G)| − 4 éle van, akkor azonnal

kíırhatjuk, hogy G nem Pfaff-iránýıtható. Tehát ha triszektorokat kell keresnünk,

akkor a gráfnak nagyságrendileg csak csúcsszámnyi éle lehet. Ráadásul ha a tri-

szektorokat ügyesen keressük, akkor kihasználhatjuk az SPQR-fákkal [1] kapcsolatos

eredményeket. Emiatt pedig

6.3.3. Tétel. A triszektorok keresésével O(n3) időben végzünk.

Bizonýıtás. Csak a nagyságrend érdekel minket, tehát feltehetjük, hogy n := |V (G)| ≥
≥ 8. (n < 7 esetén egyébként egyáltalán nincs is triszektor.) Legyen u, v tetszőleges

pontja a gráfnak, és keressük csak azokat a triszektorokat, melyek ezt a két pontot

tartalmazzák. Ehhez végezzünk el egy mélységi bejárást a G \ {u, v} gráfon, amely

a kevés él miatt O(n) időben lefut. A bejárás seǵıtségével éṕıtsük fel az összefüggő

komponenseket, és azokon belül a blokk-elvágópont-fákat.

Tegyük fel, hogy legalább 3 komponens van. Ekkor majdnem minden maradék

pontpár u, v-vel együtt triszektort alkot. Csak azok a pontpárok lehetnek rosszak,

amikor vagy egy kétpontú komponens két pontját választottuk ki, vagy az egyik

kiválasztott pont egypontú komponenst alkot. Ilyen pontpárból legfeljebb 3 + 2(n−
− 4) lehet. Tehát legalább

(
n−2
2

)
− 2(n − 4) − 3 triszektor van, ami n ≥ 8 miatt

nagyobb, mint n− 5. Így 3 komponens esetén egyből kiadhatjuk, hogy G nem Pfaff-

iránýıtható, mert túl sok triszektora van.

Tegyük fel, hogy 2 komponens van. Tegyük fel először, hogy a pontpár két pont-

ját különböző komponensekből választjuk. Ha az egyik komponens egypontú, akkor

azokat választhatjuk hozzá, amik a blokk-elvágópont-fában legalább harmadfokúak.
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Ha mindegyik komponens legalább kétpontú, akkor pedig pontosan azokat a pont-

párokat választhatjuk, melyekből legalább az egyik pont elvágó. Viszont ha a két

pontot ugyanabból a komponensből választjuk, akkor az a feltétel, hogy ők ketten a

komponensnek egy kétpontú elvágó ponthalmazát alkossák. Ehhez éṕıtsük fel a kom-

ponens blokkjaihoz tartozó SPQR-fákat lineáris időben, majd soroljuk fel ezeknek

seǵıtségével az összes kétpontú elvágó halmazt, persze csak legfeljebb n− 5-öt.

Végül tegyük fel, hogy csak 1 komponens van. Ekkor az a feladat, hogy megke-

ressük azokat a kétpontú elvágó halmazokat, melyek legalább három részre vágják

a komponenst. Szintén azt kell tennünk, hogy minden blokkra feléṕıtjük az SPQR-

fát. Az SPQR-fa tulajdonságai miatt pontosan azok a pontpárok lesznek jók, amik

valamelyik blokk SPQR-fájában egy olyan P-pontot alkotnak, melynek legalább 3

virtuális éle van.

6.3.4. Megjegyzés. Ha nem akarunk az SPQR-fa implementálásával bajlódni, ak-

kor egy n-es szorzót vesźıtve egyszerűśıthetünk az algoritmuson. Ugyanis az elvágó

pontpárokat és a legalább három részre vágó pontpárokat O(n) helyett (ezt adná

az SPQR-fa) O(n2)-ben megkereshetjük csak a blokk-elvágópont-fák használatával.

Ugyanis elég, ha minden v csúcsra feléṕıtjük a v elhagyásával keletkező komponen-

sekben a blokk-elvágópont-fákat (ez O(n2) idő), majd hasonló diszkussziót alkalma-

zunk, mint az előző bizonýıtásban.

A módośıtott, igazán hatékony algoritmus tehát a következő :

– Ha a G összefüggő kapocs izomorf a Heawood-gráffal, akkor kiadjuk annak egy

Pfaff-iránýıtását.

– Ha G-nek legalább 3 csúcsa és több mint 2|V (G)| − 4 éle van, akkor kíırjuk,

hogy G nem Pfaff-iránýıtható.

– G-nek megkeressük a triszektorait. Ha többet találnánk, mint |V (G)|−5, akkor

kíırjuk, hogy G nem Pfaff-iránýıtható.

– Eldöntjük, hogy G śıkbarajzolható-e. Ha igen, akkor a Kasteleyn-algoritmust

használva készen vagyunk.

– Veszünk egy X triszektort, és azokat a G1, G2, G3 gráfokat, amelyekből X

mentén G összeragasztható. A maradék triszektorokat szétosztjuk a gráfok

között, és (az előző lépéstől indulva) rekurźıvan eldöntjük, hogy G1, G2, G3

Pfaff-iránýıtható-e.

39



– Ha igen, összekombináljuk az iránýıtásokat, és ı́gy megkapjuk G-nek egy Pfaff-

iránýıtását.

– Ha nem, akkor G nem lehet Pfaff-iránýıtható.

Azt, hogy egy gráf śıkgráf-e, lineáris időben tesztelni tudjuk, és lineáris időben

meg is tudunk adni egy śıkbarajzolást. Ezután a Kasteleyn-algoritmus négyzetes

időben lefut. Mindezt nagyságrendileg annyiszor kell megtennünk, ahány gráfból

van összeragasztva az eredeti gráf, ez pedig n-ben lineáris. Tehát az egész algorit-

mus megvalóśıtható O(n3) időben, amiből O(n3) a triszektorok keresése, O(n2) a

śıkbarajzolás, és O(n3) a Kasteleyn-algoritmus futtatása.

Végül szeretnénk rámutatni, hogy nem mindegy, hogy a Heawood-gráffal való

izomorfiát hogyan teszteljük. Ha mind a 14! lehetséges megfeleltetést kipróbáljuk a

csúcsok között, az több, mint 87 milliárd műveletet igényel, és ez bár konstans idő,

de a gyakorlatban nagyon lassú. Ennél valójában sokkal gyorsabban eldönthető a

dolog, ugyanis

6.3.5. Tétel. A Heawood-gráf izomorfia erejéig az egyetlen olyan 3-reguláris össze-

függő páros gráf, melynek két sźınosztálya 7–7 csúcsból áll, és bármely két egysźınű

pontnak pontosan egy közös szomszédja van.

Bizonýıtás. Ha egy gráf a fenti tulajdonságokat teljeśıti, akkor ő egy másodrendű

projekt́ıv śık incidenciagráfja. És csak egyetlen másodrendű projekt́ıv śık van, a

Fano-śık.

A fenti tulajdonságok már nagyon gyorsan ellenőrizhetőek.

40



7. Program

Az előzőekben léırt Robertson-Seymour-Thomas-féle algoritmust tudomásom szerint

még nem valóśıtották meg semmilyen programnyelven. Ezért a LEMON (Library

for Efficient Modeling and Optimization in Networks) gráfos programkönyvtárat

felhasználva késźıtettem egy C++-implementációt. A megvalóśıtásnál az egyetlen cél

az volt, hogy egy működő programot hozzak létre, ami alkalmas az even tulajdonság

eldöntésére. A program még ḱısérleti stádiumban van. Főleg a ḱıváncsiság vezérelt,

szerettem volna működés közben látni az algoritmust.

A kódban előforduló főbb osztályok és szerepük:

– ConnectedBracePfaffian – annak eldöntése, hogy egy összefüggő kapocs Pfaff-

iránýıtható-e. Ez lényegében a Robertson-Seymour-Thomas [9] cikkben léırt

algoritmus megvalóśıtása.

– DigraphEven – annak eldöntése, hogy egy digráf even-e. Ez az osztály először

erősen 2-összefüggő részekre redukálja az eredeti gráfot az előző fejezetben

léırt redukciós lépések seǵıtségével, majd azokra egyenként használja a Con-

nectedBracePfaffian osztályt.

– DigraphStretcher – egy D digráfhoz létrehoz egy olyan G páros gráfot, mely-

nek egy megfelelő M teljes párośıtására D(G,M) = D.

– DoubleCycle – dupla kör generálása

– Heawood – a Heawood-gráffal való izomorfizmus eldöntése

– Testing – a többi osztály tesztelése

– Trisectors – triszektorok keresése

A főprogram (main()) jelenleg mindössze annyit csinál, hogy leteszteli a főbb

programkomponenseket a Testing osztály seǵıtségével. Néhány speciális digráfra és

sok különböző méretű dupla körre megh́ıvja az even tulajdonságot eldöntő algorit-

must, majd az eredmény helyességét ellenőrzi.

Az összecsomagolt programkód (src.7z) bele van ágyazva ennek a szakdolgozat-

nak az elektronikus (PDF) verziójába, és az alábbi ikonra kattintva érhető el. (Nem

minden PDF-megjeleńıtő jeleńıti meg az ikont.) A forráskódra (kivétel : LEMON) a

GNU LGPL v3 licenc vonatkozik.
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lemon/adaptors.h

/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2010
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_ADAPTORS_H
#define LEMON_ADAPTORS_H

/// \ingroup graph_adaptors
/// \file
/// \brief Adaptor classes for digraphs and graphs
///
/// This file contains several useful adaptors for digraphs and graphs.

#include <lemon/core.h>
#include <lemon/maps.h>
#include <lemon/bits/variant.h>

#include <lemon/bits/graph_adaptor_extender.h>
#include <lemon/bits/map_extender.h>
#include <lemon/tolerance.h>

#include <algorithm>

namespace lemon {

#ifdef _MSC_VER
#define LEMON_SCOPE_FIX(OUTER, NESTED) OUTER::NESTED
#else
#define LEMON_SCOPE_FIX(OUTER, NESTED) typename OUTER::template NESTED
#endif

  template<typename DGR>
  class DigraphAdaptorBase {
  public:
    typedef DGR Digraph;
    typedef DigraphAdaptorBase Adaptor;

  protected:
    DGR* _digraph;
    DigraphAdaptorBase() : _digraph(0) { }
    void initialize(DGR& digraph) { _digraph = &digraph; }

  public:
    DigraphAdaptorBase(DGR& digraph) : _digraph(&digraph) { }

    typedef typename DGR::Node Node;
    typedef typename DGR::Arc Arc;

    void first(Node& i) const { _digraph->first(i); }
    void first(Arc& i) const { _digraph->first(i); }
    void firstIn(Arc& i, const Node& n) const { _digraph->firstIn(i, n); }
    void firstOut(Arc& i, const Node& n ) const { _digraph->firstOut(i, n); }

    void next(Node& i) const { _digraph->next(i); }
    void next(Arc& i) const { _digraph->next(i); }
    void nextIn(Arc& i) const { _digraph->nextIn(i); }
    void nextOut(Arc& i) const { _digraph->nextOut(i); }

    Node source(const Arc& a) const { return _digraph->source(a); }
    Node target(const Arc& a) const { return _digraph->target(a); }

    typedef NodeNumTagIndicator<DGR> NodeNumTag;
    int nodeNum() const { return _digraph->nodeNum(); }

    typedef ArcNumTagIndicator<DGR> ArcNumTag;
    int arcNum() const { return _digraph->arcNum(); }

    typedef FindArcTagIndicator<DGR> FindArcTag;
    Arc findArc(const Node& u, const Node& v, const Arc& prev = INVALID) const {
      return _digraph->findArc(u, v, prev);
    }

    Node addNode() { return _digraph->addNode(); }
    Arc addArc(const Node& u, const Node& v) { return _digraph->addArc(u, v); }

    void erase(const Node& n) { _digraph->erase(n); }
    void erase(const Arc& a) { _digraph->erase(a); }

    void clear() { _digraph->clear(); }

    int id(const Node& n) const { return _digraph->id(n); }
    int id(const Arc& a) const { return _digraph->id(a); }

    Node nodeFromId(int ix) const { return _digraph->nodeFromId(ix); }
    Arc arcFromId(int ix) const { return _digraph->arcFromId(ix); }

    int maxNodeId() const { return _digraph->maxNodeId(); }
    int maxArcId() const { return _digraph->maxArcId(); }

    typedef typename ItemSetTraits<DGR, Node>::ItemNotifier NodeNotifier;
    NodeNotifier& notifier(Node) const { return _digraph->notifier(Node()); }

    typedef typename ItemSetTraits<DGR, Arc>::ItemNotifier ArcNotifier;
    ArcNotifier& notifier(Arc) const { return _digraph->notifier(Arc()); }

    template <typename V>
    class NodeMap : public DGR::template NodeMap<V> {
      typedef typename DGR::template NodeMap<V> Parent;

    public:
      explicit NodeMap(const Adaptor& adaptor)
        : Parent(*adaptor._digraph) {}
      NodeMap(const Adaptor& adaptor, const V& value)
        : Parent(*adaptor._digraph, value) { }

    private:
      NodeMap& operator=(const NodeMap& cmap) {
        return operator=<NodeMap>(cmap);
      }

      template <typename CMap>
      NodeMap& operator=(const CMap& cmap) {
        Parent::operator=(cmap);
        return *this;
      }

    };

    template <typename V>
    class ArcMap : public DGR::template ArcMap<V> {
      typedef typename DGR::template ArcMap<V> Parent;

    public:
      explicit ArcMap(const DigraphAdaptorBase<DGR>& adaptor)
        : Parent(*adaptor._digraph) {}
      ArcMap(const DigraphAdaptorBase<DGR>& adaptor, const V& value)
        : Parent(*adaptor._digraph, value) {}

    private:
      ArcMap& operator=(const ArcMap& cmap) {
        return operator=<ArcMap>(cmap);
      }

      template <typename CMap>
      ArcMap& operator=(const CMap& cmap) {
        Parent::operator=(cmap);
        return *this;
      }

    };

  };

  template<typename GR>
  class GraphAdaptorBase {
  public:
    typedef GR Graph;

  protected:
    GR* _graph;

    GraphAdaptorBase() : _graph(0) {}

    void initialize(GR& graph) { _graph = &graph; }

  public:
    GraphAdaptorBase(GR& graph) : _graph(&graph) {}

    typedef typename GR::Node Node;
    typedef typename GR::Arc Arc;
    typedef typename GR::Edge Edge;

    void first(Node& i) const { _graph->first(i); }
    void first(Arc& i) const { _graph->first(i); }
    void first(Edge& i) const { _graph->first(i); }
    void firstIn(Arc& i, const Node& n) const { _graph->firstIn(i, n); }
    void firstOut(Arc& i, const Node& n ) const { _graph->firstOut(i, n); }
    void firstInc(Edge &i, bool &d, const Node &n) const {
      _graph->firstInc(i, d, n);
    }

    void next(Node& i) const { _graph->next(i); }
    void next(Arc& i) const { _graph->next(i); }
    void next(Edge& i) const { _graph->next(i); }
    void nextIn(Arc& i) const { _graph->nextIn(i); }
    void nextOut(Arc& i) const { _graph->nextOut(i); }
    void nextInc(Edge &i, bool &d) const { _graph->nextInc(i, d); }

    Node u(const Edge& e) const { return _graph->u(e); }
    Node v(const Edge& e) const { return _graph->v(e); }

    Node source(const Arc& a) const { return _graph->source(a); }
    Node target(const Arc& a) const { return _graph->target(a); }

    typedef NodeNumTagIndicator<Graph> NodeNumTag;
    int nodeNum() const { return _graph->nodeNum(); }

    typedef ArcNumTagIndicator<Graph> ArcNumTag;
    int arcNum() const { return _graph->arcNum(); }

    typedef EdgeNumTagIndicator<Graph> EdgeNumTag;
    int edgeNum() const { return _graph->edgeNum(); }

    typedef FindArcTagIndicator<Graph> FindArcTag;
    Arc findArc(const Node& u, const Node& v,
                const Arc& prev = INVALID) const {
      return _graph->findArc(u, v, prev);
    }

    typedef FindEdgeTagIndicator<Graph> FindEdgeTag;
    Edge findEdge(const Node& u, const Node& v,
                  const Edge& prev = INVALID) const {
      return _graph->findEdge(u, v, prev);
    }

    Node addNode() { return _graph->addNode(); }
    Edge addEdge(const Node& u, const Node& v) { return _graph->addEdge(u, v); }

    void erase(const Node& i) { _graph->erase(i); }
    void erase(const Edge& i) { _graph->erase(i); }

    void clear() { _graph->clear(); }

    bool direction(const Arc& a) const { return _graph->direction(a); }
    Arc direct(const Edge& e, bool d) const { return _graph->direct(e, d); }

    int id(const Node& v) const { return _graph->id(v); }
    int id(const Arc& a) const { return _graph->id(a); }
    int id(const Edge& e) const { return _graph->id(e); }

    Node nodeFromId(int ix) const { return _graph->nodeFromId(ix); }
    Arc arcFromId(int ix) const { return _graph->arcFromId(ix); }
    Edge edgeFromId(int ix) const { return _graph->edgeFromId(ix); }

    int maxNodeId() const { return _graph->maxNodeId(); }
    int maxArcId() const { return _graph->maxArcId(); }
    int maxEdgeId() const { return _graph->maxEdgeId(); }

    typedef typename ItemSetTraits<GR, Node>::ItemNotifier NodeNotifier;
    NodeNotifier& notifier(Node) const { return _graph->notifier(Node()); }

    typedef typename ItemSetTraits<GR, Arc>::ItemNotifier ArcNotifier;
    ArcNotifier& notifier(Arc) const { return _graph->notifier(Arc()); }

    typedef typename ItemSetTraits<GR, Edge>::ItemNotifier EdgeNotifier;
    EdgeNotifier& notifier(Edge) const { return _graph->notifier(Edge()); }

    template <typename V>
    class NodeMap : public GR::template NodeMap<V> {
      typedef typename GR::template NodeMap<V> Parent;

    public:
      explicit NodeMap(const GraphAdaptorBase<GR>& adapter)
        : Parent(*adapter._graph) {}
      NodeMap(const GraphAdaptorBase<GR>& adapter, const V& value)
        : Parent(*adapter._graph, value) {}

    private:
      NodeMap& operator=(const NodeMap& cmap) {
        return operator=<NodeMap>(cmap);
      }

      template <typename CMap>
      NodeMap& operator=(const CMap& cmap) {
        Parent::operator=(cmap);
        return *this;
      }

    };

    template <typename V>
    class ArcMap : public GR::template ArcMap<V> {
      typedef typename GR::template ArcMap<V> Parent;

    public:
      explicit ArcMap(const GraphAdaptorBase<GR>& adapter)
        : Parent(*adapter._graph) {}
      ArcMap(const GraphAdaptorBase<GR>& adapter, const V& value)
        : Parent(*adapter._graph, value) {}

    private:
      ArcMap& operator=(const ArcMap& cmap) {
        return operator=<ArcMap>(cmap);
      }

      template <typename CMap>
      ArcMap& operator=(const CMap& cmap) {
        Parent::operator=(cmap);
        return *this;
      }
    };

    template <typename V>
    class EdgeMap : public GR::template EdgeMap<V> {
      typedef typename GR::template EdgeMap<V> Parent;

    public:
      explicit EdgeMap(const GraphAdaptorBase<GR>& adapter)
        : Parent(*adapter._graph) {}
      EdgeMap(const GraphAdaptorBase<GR>& adapter, const V& value)
        : Parent(*adapter._graph, value) {}

    private:
      EdgeMap& operator=(const EdgeMap& cmap) {
        return operator=<EdgeMap>(cmap);
      }

      template <typename CMap>
      EdgeMap& operator=(const CMap& cmap) {
        Parent::operator=(cmap);
        return *this;
      }
    };

  };

  template <typename DGR>
  class ReverseDigraphBase : public DigraphAdaptorBase<DGR> {
    typedef DigraphAdaptorBase<DGR> Parent;
  public:
    typedef DGR Digraph;
  protected:
    ReverseDigraphBase() : Parent() { }
  public:
    typedef typename Parent::Node Node;
    typedef typename Parent::Arc Arc;

    void firstIn(Arc& a, const Node& n) const { Parent::firstOut(a, n); }
    void firstOut(Arc& a, const Node& n ) const { Parent::firstIn(a, n); }

    void nextIn(Arc& a) const { Parent::nextOut(a); }
    void nextOut(Arc& a) const { Parent::nextIn(a); }

    Node source(const Arc& a) const { return Parent::target(a); }
    Node target(const Arc& a) const { return Parent::source(a); }

    Arc addArc(const Node& u, const Node& v) { return Parent::addArc(v, u); }

    typedef FindArcTagIndicator<DGR> FindArcTag;
    Arc findArc(const Node& u, const Node& v,
                const Arc& prev = INVALID) const {
      return Parent::findArc(v, u, prev);
    }

  };

  /// \ingroup graph_adaptors
  ///
  /// \brief Adaptor class for reversing the orientation of the arcs in
  /// a digraph.
  ///
  /// ReverseDigraph can be used for reversing the arcs in a digraph.
  /// It conforms to the \ref concepts::Digraph "Digraph" concept.
  ///
  /// The adapted digraph can also be modified through this adaptor
  /// by adding or removing nodes or arcs, unless the \c GR template
  /// parameter is set to be \c const.
  ///
  /// This class provides item counting in the same time as the adapted
  /// digraph structure.
  ///
  /// \tparam DGR The type of the adapted digraph.
  /// It must conform to the \ref concepts::Digraph "Digraph" concept.
  /// It can also be specified to be \c const.
  ///
  /// \note The \c Node and \c Arc types of this adaptor and the adapted
  /// digraph are convertible to each other.
  template<typename DGR>
#ifdef DOXYGEN
  class ReverseDigraph {
#else
  class ReverseDigraph :
    public DigraphAdaptorExtender<ReverseDigraphBase<DGR> > {
#endif
    typedef DigraphAdaptorExtender<ReverseDigraphBase<DGR> > Parent;
  public:
    /// The type of the adapted digraph.
    typedef DGR Digraph;
  protected:
    ReverseDigraph() { }
  public:

    /// \brief Constructor
    ///
    /// Creates a reverse digraph adaptor for the given digraph.
    explicit ReverseDigraph(DGR& digraph) {
      Parent::initialize(digraph);
    }
  };

  /// \brief Returns a read-only ReverseDigraph adaptor
  ///
  /// This function just returns a read-only \ref ReverseDigraph adaptor.
  /// \ingroup graph_adaptors
  /// \relates ReverseDigraph
  template<typename DGR>
  ReverseDigraph<const DGR> reverseDigraph(const DGR& digraph) {
    return ReverseDigraph<const DGR>(digraph);
  }


  template <typename DGR, typename NF, typename AF, bool ch = true>
  class SubDigraphBase : public DigraphAdaptorBase<DGR> {
    typedef DigraphAdaptorBase<DGR> Parent;
  public:
    typedef DGR Digraph;
    typedef NF NodeFilterMap;
    typedef AF ArcFilterMap;

    typedef SubDigraphBase Adaptor;
  protected:
    NF* _node_filter;
    AF* _arc_filter;
    SubDigraphBase()
      : Parent(), _node_filter(0), _arc_filter(0) { }

    void initialize(DGR& digraph, NF& node_filter, AF& arc_filter) {
      Parent::initialize(digraph);
      _node_filter = &node_filter;
      _arc_filter = &arc_filter;
    }

  public:

    typedef typename Parent::Node Node;
    typedef typename Parent::Arc Arc;

    void first(Node& i) const {
      Parent::first(i);
      while (i != INVALID && !(*_node_filter)[i]) Parent::next(i);
    }

    void first(Arc& i) const {
      Parent::first(i);
      while (i != INVALID && (!(*_arc_filter)[i]
                              || !(*_node_filter)[Parent::source(i)]
                              || !(*_node_filter)[Parent::target(i)]))
        Parent::next(i);
    }

    void firstIn(Arc& i, const Node& n) const {
      Parent::firstIn(i, n);
      while (i != INVALID && (!(*_arc_filter)[i]
                              || !(*_node_filter)[Parent::source(i)]))
        Parent::nextIn(i);
    }

    void firstOut(Arc& i, const Node& n) const {
      Parent::firstOut(i, n);
      while (i != INVALID && (!(*_arc_filter)[i]
                              || !(*_node_filter)[Parent::target(i)]))
        Parent::nextOut(i);
    }

    void next(Node& i) const {
      Parent::next(i);
      while (i != INVALID && !(*_node_filter)[i]) Parent::next(i);
    }

    void next(Arc& i) const {
      Parent::next(i);
      while (i != INVALID && (!(*_arc_filter)[i]
                              || !(*_node_filter)[Parent::source(i)]
                              || !(*_node_filter)[Parent::target(i)]))
        Parent::next(i);
    }

    void nextIn(Arc& i) const {
      Parent::nextIn(i);
      while (i != INVALID && (!(*_arc_filter)[i]
                              || !(*_node_filter)[Parent::source(i)]))
        Parent::nextIn(i);
    }

    void nextOut(Arc& i) const {
      Parent::nextOut(i);
      while (i != INVALID && (!(*_arc_filter)[i]
                              || !(*_node_filter)[Parent::target(i)]))
        Parent::nextOut(i);
    }

    void status(const Node& n, bool v) const { _node_filter->set(n, v); }
    void status(const Arc& a, bool v) const { _arc_filter->set(a, v); }

    bool status(const Node& n) const { return (*_node_filter)[n]; }
    bool status(const Arc& a) const { return (*_arc_filter)[a]; }

    typedef False NodeNumTag;
    typedef False ArcNumTag;

    typedef FindArcTagIndicator<DGR> FindArcTag;
    Arc findArc(const Node& source, const Node& target,
                const Arc& prev = INVALID) const {
      if (!(*_node_filter)[source] || !(*_node_filter)[target]) {
        return INVALID;
      }
      Arc arc = Parent::findArc(source, target, prev);
      while (arc != INVALID && !(*_arc_filter)[arc]) {
        arc = Parent::findArc(source, target, arc);
      }
      return arc;
    }

  public:

    template <typename V>
    class NodeMap
      : public SubMapExtender<SubDigraphBase<DGR, NF, AF, ch>,
              LEMON_SCOPE_FIX(DigraphAdaptorBase<DGR>, NodeMap<V>)> {
      typedef SubMapExtender<SubDigraphBase<DGR, NF, AF, ch>,
        LEMON_SCOPE_FIX(DigraphAdaptorBase<DGR>, NodeMap<V>)> Parent;

    public:
      typedef V Value;

      NodeMap(const SubDigraphBase<DGR, NF, AF, ch>& adaptor)
        : Parent(adaptor) {}
      NodeMap(const SubDigraphBase<DGR, NF, AF, ch>& adaptor, const V& value)
        : Parent(adaptor, value) {}

    private:
      NodeMap& operator=(const NodeMap& cmap) {
        return operator=<NodeMap>(cmap);
      }

      template <typename CMap>
      NodeMap& operator=(const CMap& cmap) {
        Parent::operator=(cmap);
        return *this;
      }
    };

    template <typename V>
    class ArcMap
      : public SubMapExtender<SubDigraphBase<DGR, NF, AF, ch>,
              LEMON_SCOPE_FIX(DigraphAdaptorBase<DGR>, ArcMap<V>)> {
      typedef SubMapExtender<SubDigraphBase<DGR, NF, AF, ch>,
        LEMON_SCOPE_FIX(DigraphAdaptorBase<DGR>, ArcMap<V>)> Parent;

    public:
      typedef V Value;

      ArcMap(const SubDigraphBase<DGR, NF, AF, ch>& adaptor)
        : Parent(adaptor) {}
      ArcMap(const SubDigraphBase<DGR, NF, AF, ch>& adaptor, const V& value)
        : Parent(adaptor, value) {}

    private:
      ArcMap& operator=(const ArcMap& cmap) {
        return operator=<ArcMap>(cmap);
      }

      template <typename CMap>
      ArcMap& operator=(const CMap& cmap) {
        Parent::operator=(cmap);
        return *this;
      }
    };

  };

  template <typename DGR, typename NF, typename AF>
  class SubDigraphBase<DGR, NF, AF, false>
    : public DigraphAdaptorBase<DGR> {
    typedef DigraphAdaptorBase<DGR> Parent;
  public:
    typedef DGR Digraph;
    typedef NF NodeFilterMap;
    typedef AF ArcFilterMap;

    typedef SubDigraphBase Adaptor;
  protected:
    NF* _node_filter;
    AF* _arc_filter;
    SubDigraphBase()
      : Parent(), _node_filter(0), _arc_filter(0) { }

    void initialize(DGR& digraph, NF& node_filter, AF& arc_filter) {
      Parent::initialize(digraph);
      _node_filter = &node_filter;
      _arc_filter = &arc_filter;
    }

  public:

    typedef typename Parent::Node Node;
    typedef typename Parent::Arc Arc;

    void first(Node& i) const {
      Parent::first(i);
      while (i!=INVALID && !(*_node_filter)[i]) Parent::next(i);
    }

    void first(Arc& i) const {
      Parent::first(i);
      while (i!=INVALID && !(*_arc_filter)[i]) Parent::next(i);
    }

    void firstIn(Arc& i, const Node& n) const {
      Parent::firstIn(i, n);
      while (i!=INVALID && !(*_arc_filter)[i]) Parent::nextIn(i);
    }

    void firstOut(Arc& i, const Node& n) const {
      Parent::firstOut(i, n);
      while (i!=INVALID && !(*_arc_filter)[i]) Parent::nextOut(i);
    }

    void next(Node& i) const {
      Parent::next(i);
      while (i!=INVALID && !(*_node_filter)[i]) Parent::next(i);
    }
    void next(Arc& i) const {
      Parent::next(i);
      while (i!=INVALID && !(*_arc_filter)[i]) Parent::next(i);
    }
    void nextIn(Arc& i) const {
      Parent::nextIn(i);
      while (i!=INVALID && !(*_arc_filter)[i]) Parent::nextIn(i);
    }

    void nextOut(Arc& i) const {
      Parent::nextOut(i);
      while (i!=INVALID && !(*_arc_filter)[i]) Parent::nextOut(i);
    }

    void status(const Node& n, bool v) const { _node_filter->set(n, v); }
    void status(const Arc& a, bool v) const { _arc_filter->set(a, v); }

    bool status(const Node& n) const { return (*_node_filter)[n]; }
    bool status(const Arc& a) const { return (*_arc_filter)[a]; }

    typedef False NodeNumTag;
    typedef False ArcNumTag;

    typedef FindArcTagIndicator<DGR> FindArcTag;
    Arc findArc(const Node& source, const Node& target,
                const Arc& prev = INVALID) const {
      if (!(*_node_filter)[source] || !(*_node_filter)[target]) {
        return INVALID;
      }
      Arc arc = Parent::findArc(source, target, prev);
      while (arc != INVALID && !(*_arc_filter)[arc]) {
        arc = Parent::findArc(source, target, arc);
      }
      return arc;
    }

    template <typename V>
    class NodeMap
      : public SubMapExtender<SubDigraphBase<DGR, NF, AF, false>,
          LEMON_SCOPE_FIX(DigraphAdaptorBase<DGR>, NodeMap<V>)> {
      typedef SubMapExtender<SubDigraphBase<DGR, NF, AF, false>,
        LEMON_SCOPE_FIX(DigraphAdaptorBase<DGR>, NodeMap<V>)> Parent;

    public:
      typedef V Value;

      NodeMap(const SubDigraphBase<DGR, NF, AF, false>& adaptor)
        : Parent(adaptor) {}
      NodeMap(const SubDigraphBase<DGR, NF, AF, false>& adaptor, const V& value)
        : Parent(adaptor, value) {}

    private:
      NodeMap& operator=(const NodeMap& cmap) {
        return operator=<NodeMap>(cmap);
      }

      template <typename CMap>
      NodeMap& operator=(const CMap& cmap) {
        Parent::operator=(cmap);
        return *this;
      }
    };

    template <typename V>
    class ArcMap
      : public SubMapExtender<SubDigraphBase<DGR, NF, AF, false>,
          LEMON_SCOPE_FIX(DigraphAdaptorBase<DGR>, ArcMap<V>)> {
      typedef SubMapExtender<SubDigraphBase<DGR, NF, AF, false>,
        LEMON_SCOPE_FIX(DigraphAdaptorBase<DGR>, ArcMap<V>)> Parent;

    public:
      typedef V Value;

      ArcMap(const SubDigraphBase<DGR, NF, AF, false>& adaptor)
        : Parent(adaptor) {}
      ArcMap(const SubDigraphBase<DGR, NF, AF, false>& adaptor, const V& value)
        : Parent(adaptor, value) {}

    private:
      ArcMap& operator=(const ArcMap& cmap) {
        return operator=<ArcMap>(cmap);
      }

      template <typename CMap>
      ArcMap& operator=(const CMap& cmap) {
        Parent::operator=(cmap);
        return *this;
      }
    };

  };

  /// \ingroup graph_adaptors
  ///
  /// \brief Adaptor class for hiding nodes and arcs in a digraph
  ///
  /// SubDigraph can be used for hiding nodes and arcs in a digraph.
  /// A \c bool node map and a \c bool arc map must be specified, which
  /// define the filters for nodes and arcs.
  /// Only the nodes and arcs with \c true filter value are
  /// shown in the subdigraph. The arcs that are incident to hidden
  /// nodes are also filtered out.
  /// This adaptor conforms to the \ref concepts::Digraph "Digraph" concept.
  ///
  /// The adapted digraph can also be modified through this adaptor
  /// by adding or removing nodes or arcs, unless the \c GR template
  /// parameter is set to be \c const.
  ///
  /// This class provides only linear time counting for nodes and arcs.
  ///
  /// \tparam DGR The type of the adapted digraph.
  /// It must conform to the \ref concepts::Digraph "Digraph" concept.
  /// It can also be specified to be \c const.
  /// \tparam NF The type of the node filter map.
  /// It must be a \c bool (or convertible) node map of the
  /// adapted digraph. The default type is
  /// \ref concepts::Digraph::NodeMap "DGR::NodeMap<bool>".
  /// \tparam AF The type of the arc filter map.
  /// It must be \c bool (or convertible) arc map of the
  /// adapted digraph. The default type is
  /// \ref concepts::Digraph::ArcMap "DGR::ArcMap<bool>".
  ///
  /// \note The \c Node and \c Arc types of this adaptor and the adapted
  /// digraph are convertible to each other.
  ///
  /// \see FilterNodes
  /// \see FilterArcs
#ifdef DOXYGEN
  template<typename DGR, typename NF, typename AF>
  class SubDigraph {
#else
  template<typename DGR,
           typename NF = typename DGR::template NodeMap<bool>,
           typename AF = typename DGR::template ArcMap<bool> >
  class SubDigraph :
    public DigraphAdaptorExtender<SubDigraphBase<DGR, NF, AF, true> > {
#endif
  public:
    /// The type of the adapted digraph.
    typedef DGR Digraph;
    /// The type of the node filter map.
    typedef NF NodeFilterMap;
    /// The type of the arc filter map.
    typedef AF ArcFilterMap;

    typedef DigraphAdaptorExtender<SubDigraphBase<DGR, NF, AF, true> >
      Parent;

    typedef typename Parent::Node Node;
    typedef typename Parent::Arc Arc;

  protected:
    SubDigraph() { }
  public:

    /// \brief Constructor
    ///
    /// Creates a subdigraph for the given digraph with the
    /// given node and arc filter maps.
    SubDigraph(DGR& digraph, NF& node_filter, AF& arc_filter) {
      Parent::initialize(digraph, node_filter, arc_filter);
    }

    /// \brief Sets the status of the given node
    ///
    /// This function sets the status of the given node.
    /// It is done by simply setting the assigned value of \c n
    /// to \c v in the node filter map.
    void status(const Node& n, bool v) const { Parent::status(n, v); }

    /// \brief Sets the status of the given arc
    ///
    /// This function sets the status of the given arc.
    /// It is done by simply setting the assigned value of \c a
    /// to \c v in the arc filter map.
    void status(const Arc& a, bool v) const { Parent::status(a, v); }

    /// \brief Returns the status of the given node
    ///
    /// This function returns the status of the given node.
    /// It is \c true if the given node is enabled (i.e. not hidden).
    bool status(const Node& n) const { return Parent::status(n); }

    /// \brief Returns the status of the given arc
    ///
    /// This function returns the status of the given arc.
    /// It is \c true if the given arc is enabled (i.e. not hidden).
    bool status(const Arc& a) const { return Parent::status(a); }

    /// \brief Disables the given node
    ///
    /// This function disables the given node in the subdigraph,
    /// so the iteration jumps over it.
    /// It is the same as \ref status() "status(n, false)".
    void disable(const Node& n) const { Parent::status(n, false); }

    /// \brief Disables the given arc
    ///
    /// This function disables the given arc in the subdigraph,
    /// so the iteration jumps over it.
    /// It is the same as \ref status() "status(a, false)".
    void disable(const Arc& a) const { Parent::status(a, false); }

    /// \brief Enables the given node
    ///
    /// This function enables the given node in the subdigraph.
    /// It is the same as \ref status() "status(n, true)".
    void enable(const Node& n) const { Parent::status(n, true); }

    /// \brief Enables the given arc
    ///
    /// This function enables the given arc in the subdigraph.
    /// It is the same as \ref status() "status(a, true)".
    void enable(const Arc& a) const { Parent::status(a, true); }

  };

  /// \brief Returns a read-only SubDigraph adaptor
  ///
  /// This function just returns a read-only \ref SubDigraph adaptor.
  /// \ingroup graph_adaptors
  /// \relates SubDigraph
  template<typename DGR, typename NF, typename AF>
  SubDigraph<const DGR, NF, AF>
  subDigraph(const DGR& digraph,
             NF& node_filter, AF& arc_filter) {
    return SubDigraph<const DGR, NF, AF>
      (digraph, node_filter, arc_filter);
  }

  template<typename DGR, typename NF, typename AF>
  SubDigraph<const DGR, const NF, AF>
  subDigraph(const DGR& digraph,
             const NF& node_filter, AF& arc_filter) {
    return SubDigraph<const DGR, const NF, AF>
      (digraph, node_filter, arc_filter);
  }

  template<typename DGR, typename NF, typename AF>
  SubDigraph<const DGR, NF, const AF>
  subDigraph(const DGR& digraph,
             NF& node_filter, const AF& arc_filter) {
    return SubDigraph<const DGR, NF, const AF>
      (digraph, node_filter, arc_filter);
  }

  template<typename DGR, typename NF, typename AF>
  SubDigraph<const DGR, const NF, const AF>
  subDigraph(const DGR& digraph,
             const NF& node_filter, const AF& arc_filter) {
    return SubDigraph<const DGR, const NF, const AF>
      (digraph, node_filter, arc_filter);
  }


  template <typename GR, typename NF, typename EF, bool ch = true>
  class SubGraphBase : public GraphAdaptorBase<GR> {
    typedef GraphAdaptorBase<GR> Parent;
  public:
    typedef GR Graph;
    typedef NF NodeFilterMap;
    typedef EF EdgeFilterMap;

    typedef SubGraphBase Adaptor;
  protected:

    NF* _node_filter;
    EF* _edge_filter;

    SubGraphBase()
      : Parent(), _node_filter(0), _edge_filter(0) { }

    void initialize(GR& graph, NF& node_filter, EF& edge_filter) {
      Parent::initialize(graph);
      _node_filter = &node_filter;
      _edge_filter = &edge_filter;
    }

  public:

    typedef typename Parent::Node Node;
    typedef typename Parent::Arc Arc;
    typedef typename Parent::Edge Edge;

    void first(Node& i) const {
      Parent::first(i);
      while (i!=INVALID && !(*_node_filter)[i]) Parent::next(i);
    }

    void first(Arc& i) const {
      Parent::first(i);
      while (i!=INVALID && (!(*_edge_filter)[i]
                            || !(*_node_filter)[Parent::source(i)]
                            || !(*_node_filter)[Parent::target(i)]))
        Parent::next(i);
    }

    void first(Edge& i) const {
      Parent::first(i);
      while (i!=INVALID && (!(*_edge_filter)[i]
                            || !(*_node_filter)[Parent::u(i)]
                            || !(*_node_filter)[Parent::v(i)]))
        Parent::next(i);
    }

    void firstIn(Arc& i, const Node& n) const {
      Parent::firstIn(i, n);
      while (i!=INVALID && (!(*_edge_filter)[i]
                            || !(*_node_filter)[Parent::source(i)]))
        Parent::nextIn(i);
    }

    void firstOut(Arc& i, const Node& n) const {
      Parent::firstOut(i, n);
      while (i!=INVALID && (!(*_edge_filter)[i]
                            || !(*_node_filter)[Parent::target(i)]))
        Parent::nextOut(i);
    }

    void firstInc(Edge& i, bool& d, const Node& n) const {
      Parent::firstInc(i, d, n);
      while (i!=INVALID && (!(*_edge_filter)[i]
                            || !(*_node_filter)[Parent::u(i)]
                            || !(*_node_filter)[Parent::v(i)]))
        Parent::nextInc(i, d);
    }

    void next(Node& i) const {
      Parent::next(i);
      while (i!=INVALID && !(*_node_filter)[i]) Parent::next(i);
    }

    void next(Arc& i) const {
      Parent::next(i);
      while (i!=INVALID && (!(*_edge_filter)[i]
                            || !(*_node_filter)[Parent::source(i)]
                            || !(*_node_filter)[Parent::target(i)]))
        Parent::next(i);
    }

    void next(Edge& i) const {
      Parent::next(i);
      while (i!=INVALID && (!(*_edge_filter)[i]
                            || !(*_node_filter)[Parent::u(i)]
                            || !(*_node_filter)[Parent::v(i)]))
        Parent::next(i);
    }

    void nextIn(Arc& i) const {
      Parent::nextIn(i);
      while (i!=INVALID && (!(*_edge_filter)[i]
                            || !(*_node_filter)[Parent::source(i)]))
        Parent::nextIn(i);
    }

    void nextOut(Arc& i) const {
      Parent::nextOut(i);
      while (i!=INVALID && (!(*_edge_filter)[i]
                            || !(*_node_filter)[Parent::target(i)]))
        Parent::nextOut(i);
    }

    void nextInc(Edge& i, bool& d) const {
      Parent::nextInc(i, d);
      while (i!=INVALID && (!(*_edge_filter)[i]
                            || !(*_node_filter)[Parent::u(i)]
                            || !(*_node_filter)[Parent::v(i)]))
        Parent::nextInc(i, d);
    }

    void status(const Node& n, bool v) const { _node_filter->set(n, v); }
    void status(const Edge& e, bool v) const { _edge_filter->set(e, v); }

    bool status(const Node& n) const { return (*_node_filter)[n]; }
    bool status(const Edge& e) const { return (*_edge_filter)[e]; }

    typedef False NodeNumTag;
    typedef False ArcNumTag;
    typedef False EdgeNumTag;

    typedef FindArcTagIndicator<Graph> FindArcTag;
    Arc findArc(const Node& u, const Node& v,
                const Arc& prev = INVALID) const {
      if (!(*_node_filter)[u] || !(*_node_filter)[v]) {
        return INVALID;
      }
      Arc arc = Parent::findArc(u, v, prev);
      while (arc != INVALID && !(*_edge_filter)[arc]) {
        arc = Parent::findArc(u, v, arc);
      }
      return arc;
    }

    typedef FindEdgeTagIndicator<Graph> FindEdgeTag;
    Edge findEdge(const Node& u, const Node& v,
                  const Edge& prev = INVALID) const {
      if (!(*_node_filter)[u] || !(*_node_filter)[v]) {
        return INVALID;
      }
      Edge edge = Parent::findEdge(u, v, prev);
      while (edge != INVALID && !(*_edge_filter)[edge]) {
        edge = Parent::findEdge(u, v, edge);
      }
      return edge;
    }

    template <typename V>
    class NodeMap
      : public SubMapExtender<SubGraphBase<GR, NF, EF, ch>,
          LEMON_SCOPE_FIX(GraphAdaptorBase<GR>, NodeMap<V>)> {
      typedef SubMapExtender<SubGraphBase<GR, NF, EF, ch>,
        LEMON_SCOPE_FIX(GraphAdaptorBase<GR>, NodeMap<V>)> Parent;

    public:
      typedef V Value;

      NodeMap(const SubGraphBase<GR, NF, EF, ch>& adaptor)
        : Parent(adaptor) {}
      NodeMap(const SubGraphBase<GR, NF, EF, ch>& adaptor, const V& value)
        : Parent(adaptor, value) {}

    private:
      NodeMap& operator=(const NodeMap& cmap) {
        return operator=<NodeMap>(cmap);
      }

      template <typename CMap>
      NodeMap& operator=(const CMap& cmap) {
        Parent::operator=(cmap);
        return *this;
      }
    };

    template <typename V>
    class ArcMap
      : public SubMapExtender<SubGraphBase<GR, NF, EF, ch>,
          LEMON_SCOPE_FIX(GraphAdaptorBase<GR>, ArcMap<V>)> {
      typedef SubMapExtender<SubGraphBase<GR, NF, EF, ch>,
        LEMON_SCOPE_FIX(GraphAdaptorBase<GR>, ArcMap<V>)> Parent;

    public:
      typedef V Value;

      ArcMap(const SubGraphBase<GR, NF, EF, ch>& adaptor)
        : Parent(adaptor) {}
      ArcMap(const SubGraphBase<GR, NF, EF, ch>& adaptor, const V& value)
        : Parent(adaptor, value) {}

    private:
      ArcMap& operator=(const ArcMap& cmap) {
        return operator=<ArcMap>(cmap);
      }

      template <typename CMap>
      ArcMap& operator=(const CMap& cmap) {
        Parent::operator=(cmap);
        return *this;
      }
    };

    template <typename V>
    class EdgeMap
      : public SubMapExtender<SubGraphBase<GR, NF, EF, ch>,
        LEMON_SCOPE_FIX(GraphAdaptorBase<GR>, EdgeMap<V>)> {
      typedef SubMapExtender<SubGraphBase<GR, NF, EF, ch>,
        LEMON_SCOPE_FIX(GraphAdaptorBase<GR>, EdgeMap<V>)> Parent;

    public:
      typedef V Value;

      EdgeMap(const SubGraphBase<GR, NF, EF, ch>& adaptor)
        : Parent(adaptor) {}

      EdgeMap(const SubGraphBase<GR, NF, EF, ch>& adaptor, const V& value)
        : Parent(adaptor, value) {}

    private:
      EdgeMap& operator=(const EdgeMap& cmap) {
        return operator=<EdgeMap>(cmap);
      }

      template <typename CMap>
      EdgeMap& operator=(const CMap& cmap) {
        Parent::operator=(cmap);
        return *this;
      }
    };

  };

  template <typename GR, typename NF, typename EF>
  class SubGraphBase<GR, NF, EF, false>
    : public GraphAdaptorBase<GR> {
    typedef GraphAdaptorBase<GR> Parent;
  public:
    typedef GR Graph;
    typedef NF NodeFilterMap;
    typedef EF EdgeFilterMap;

    typedef SubGraphBase Adaptor;
  protected:
    NF* _node_filter;
    EF* _edge_filter;
    SubGraphBase()
          : Parent(), _node_filter(0), _edge_filter(0) { }

    void initialize(GR& graph, NF& node_filter, EF& edge_filter) {
      Parent::initialize(graph);
      _node_filter = &node_filter;
      _edge_filter = &edge_filter;
    }

  public:

    typedef typename Parent::Node Node;
    typedef typename Parent::Arc Arc;
    typedef typename Parent::Edge Edge;

    void first(Node& i) const {
      Parent::first(i);
      while (i!=INVALID && !(*_node_filter)[i]) Parent::next(i);
    }

    void first(Arc& i) const {
      Parent::first(i);
      while (i!=INVALID && !(*_edge_filter)[i]) Parent::next(i);
    }

    void first(Edge& i) const {
      Parent::first(i);
      while (i!=INVALID && !(*_edge_filter)[i]) Parent::next(i);
    }

    void firstIn(Arc& i, const Node& n) const {
      Parent::firstIn(i, n);
      while (i!=INVALID && !(*_edge_filter)[i]) Parent::nextIn(i);
    }

    void firstOut(Arc& i, const Node& n) const {
      Parent::firstOut(i, n);
      while (i!=INVALID && !(*_edge_filter)[i]) Parent::nextOut(i);
    }

    void firstInc(Edge& i, bool& d, const Node& n) const {
      Parent::firstInc(i, d, n);
      while (i!=INVALID && !(*_edge_filter)[i]) Parent::nextInc(i, d);
    }

    void next(Node& i) const {
      Parent::next(i);
      while (i!=INVALID && !(*_node_filter)[i]) Parent::next(i);
    }
    void next(Arc& i) const {
      Parent::next(i);
      while (i!=INVALID && !(*_edge_filter)[i]) Parent::next(i);
    }
    void next(Edge& i) const {
      Parent::next(i);
      while (i!=INVALID && !(*_edge_filter)[i]) Parent::next(i);
    }
    void nextIn(Arc& i) const {
      Parent::nextIn(i);
      while (i!=INVALID && !(*_edge_filter)[i]) Parent::nextIn(i);
    }

    void nextOut(Arc& i) const {
      Parent::nextOut(i);
      while (i!=INVALID && !(*_edge_filter)[i]) Parent::nextOut(i);
    }
    void nextInc(Edge& i, bool& d) const {
      Parent::nextInc(i, d);
      while (i!=INVALID && !(*_edge_filter)[i]) Parent::nextInc(i, d);
    }

    void status(const Node& n, bool v) const { _node_filter->set(n, v); }
    void status(const Edge& e, bool v) const { _edge_filter->set(e, v); }

    bool status(const Node& n) const { return (*_node_filter)[n]; }
    bool status(const Edge& e) const { return (*_edge_filter)[e]; }

    typedef False NodeNumTag;
    typedef False ArcNumTag;
    typedef False EdgeNumTag;

    typedef FindArcTagIndicator<Graph> FindArcTag;
    Arc findArc(const Node& u, const Node& v,
                const Arc& prev = INVALID) const {
      Arc arc = Parent::findArc(u, v, prev);
      while (arc != INVALID && !(*_edge_filter)[arc]) {
        arc = Parent::findArc(u, v, arc);
      }
      return arc;
    }

    typedef FindEdgeTagIndicator<Graph> FindEdgeTag;
    Edge findEdge(const Node& u, const Node& v,
                  const Edge& prev = INVALID) const {
      Edge edge = Parent::findEdge(u, v, prev);
      while (edge != INVALID && !(*_edge_filter)[edge]) {
        edge = Parent::findEdge(u, v, edge);
      }
      return edge;
    }

    template <typename V>
    class NodeMap
      : public SubMapExtender<SubGraphBase<GR, NF, EF, false>,
          LEMON_SCOPE_FIX(GraphAdaptorBase<GR>, NodeMap<V>)> {
      typedef SubMapExtender<SubGraphBase<GR, NF, EF, false>,
        LEMON_SCOPE_FIX(GraphAdaptorBase<GR>, NodeMap<V>)> Parent;

    public:
      typedef V Value;

      NodeMap(const SubGraphBase<GR, NF, EF, false>& adaptor)
        : Parent(adaptor) {}
      NodeMap(const SubGraphBase<GR, NF, EF, false>& adaptor, const V& value)
        : Parent(adaptor, value) {}

    private:
      NodeMap& operator=(const NodeMap& cmap) {
        return operator=<NodeMap>(cmap);
      }

      template <typename CMap>
      NodeMap& operator=(const CMap& cmap) {
        Parent::operator=(cmap);
        return *this;
      }
    };

    template <typename V>
    class ArcMap
      : public SubMapExtender<SubGraphBase<GR, NF, EF, false>,
          LEMON_SCOPE_FIX(GraphAdaptorBase<GR>, ArcMap<V>)> {
      typedef SubMapExtender<SubGraphBase<GR, NF, EF, false>,
        LEMON_SCOPE_FIX(GraphAdaptorBase<GR>, ArcMap<V>)> Parent;

    public:
      typedef V Value;

      ArcMap(const SubGraphBase<GR, NF, EF, false>& adaptor)
        : Parent(adaptor) {}
      ArcMap(const SubGraphBase<GR, NF, EF, false>& adaptor, const V& value)
        : Parent(adaptor, value) {}

    private:
      ArcMap& operator=(const ArcMap& cmap) {
        return operator=<ArcMap>(cmap);
      }

      template <typename CMap>
      ArcMap& operator=(const CMap& cmap) {
        Parent::operator=(cmap);
        return *this;
      }
    };

    template <typename V>
    class EdgeMap
      : public SubMapExtender<SubGraphBase<GR, NF, EF, false>,
        LEMON_SCOPE_FIX(GraphAdaptorBase<GR>, EdgeMap<V>)> {
      typedef SubMapExtender<SubGraphBase<GR, NF, EF, false>,
        LEMON_SCOPE_FIX(GraphAdaptorBase<GR>, EdgeMap<V>)> Parent;

    public:
      typedef V Value;

      EdgeMap(const SubGraphBase<GR, NF, EF, false>& adaptor)
        : Parent(adaptor) {}

      EdgeMap(const SubGraphBase<GR, NF, EF, false>& adaptor, const V& value)
        : Parent(adaptor, value) {}

    private:
      EdgeMap& operator=(const EdgeMap& cmap) {
        return operator=<EdgeMap>(cmap);
      }

      template <typename CMap>
      EdgeMap& operator=(const CMap& cmap) {
        Parent::operator=(cmap);
        return *this;
      }
    };

  };

  /// \ingroup graph_adaptors
  ///
  /// \brief Adaptor class for hiding nodes and edges in an undirected
  /// graph.
  ///
  /// SubGraph can be used for hiding nodes and edges in a graph.
  /// A \c bool node map and a \c bool edge map must be specified, which
  /// define the filters for nodes and edges.
  /// Only the nodes and edges with \c true filter value are
  /// shown in the subgraph. The edges that are incident to hidden
  /// nodes are also filtered out.
  /// This adaptor conforms to the \ref concepts::Graph "Graph" concept.
  ///
  /// The adapted graph can also be modified through this adaptor
  /// by adding or removing nodes or edges, unless the \c GR template
  /// parameter is set to be \c const.
  ///
  /// This class provides only linear time counting for nodes, edges and arcs.
  ///
  /// \tparam GR The type of the adapted graph.
  /// It must conform to the \ref concepts::Graph "Graph" concept.
  /// It can also be specified to be \c const.
  /// \tparam NF The type of the node filter map.
  /// It must be a \c bool (or convertible) node map of the
  /// adapted graph. The default type is
  /// \ref concepts::Graph::NodeMap "GR::NodeMap<bool>".
  /// \tparam EF The type of the edge filter map.
  /// It must be a \c bool (or convertible) edge map of the
  /// adapted graph. The default type is
  /// \ref concepts::Graph::EdgeMap "GR::EdgeMap<bool>".
  ///
  /// \note The \c Node, \c Edge and \c Arc types of this adaptor and the
  /// adapted graph are convertible to each other.
  ///
  /// \see FilterNodes
  /// \see FilterEdges
#ifdef DOXYGEN
  template<typename GR, typename NF, typename EF>
  class SubGraph {
#else
  template<typename GR,
           typename NF = typename GR::template NodeMap<bool>,
           typename EF = typename GR::template EdgeMap<bool> >
  class SubGraph :
    public GraphAdaptorExtender<SubGraphBase<GR, NF, EF, true> > {
#endif
  public:
    /// The type of the adapted graph.
    typedef GR Graph;
    /// The type of the node filter map.
    typedef NF NodeFilterMap;
    /// The type of the edge filter map.
    typedef EF EdgeFilterMap;

    typedef GraphAdaptorExtender<SubGraphBase<GR, NF, EF, true> >
      Parent;

    typedef typename Parent::Node Node;
    typedef typename Parent::Edge Edge;

  protected:
    SubGraph() { }
  public:

    /// \brief Constructor
    ///
    /// Creates a subgraph for the given graph with the given node
    /// and edge filter maps.
    SubGraph(GR& graph, NF& node_filter, EF& edge_filter) {
      this->initialize(graph, node_filter, edge_filter);
    }

    /// \brief Sets the status of the given node
    ///
    /// This function sets the status of the given node.
    /// It is done by simply setting the assigned value of \c n
    /// to \c v in the node filter map.
    void status(const Node& n, bool v) const { Parent::status(n, v); }

    /// \brief Sets the status of the given edge
    ///
    /// This function sets the status of the given edge.
    /// It is done by simply setting the assigned value of \c e
    /// to \c v in the edge filter map.
    void status(const Edge& e, bool v) const { Parent::status(e, v); }

    /// \brief Returns the status of the given node
    ///
    /// This function returns the status of the given node.
    /// It is \c true if the given node is enabled (i.e. not hidden).
    bool status(const Node& n) const { return Parent::status(n); }

    /// \brief Returns the status of the given edge
    ///
    /// This function returns the status of the given edge.
    /// It is \c true if the given edge is enabled (i.e. not hidden).
    bool status(const Edge& e) const { return Parent::status(e); }

    /// \brief Disables the given node
    ///
    /// This function disables the given node in the subdigraph,
    /// so the iteration jumps over it.
    /// It is the same as \ref status() "status(n, false)".
    void disable(const Node& n) const { Parent::status(n, false); }

    /// \brief Disables the given edge
    ///
    /// This function disables the given edge in the subgraph,
    /// so the iteration jumps over it.
    /// It is the same as \ref status() "status(e, false)".
    void disable(const Edge& e) const { Parent::status(e, false); }

    /// \brief Enables the given node
    ///
    /// This function enables the given node in the subdigraph.
    /// It is the same as \ref status() "status(n, true)".
    void enable(const Node& n) const { Parent::status(n, true); }

    /// \brief Enables the given edge
    ///
    /// This function enables the given edge in the subgraph.
    /// It is the same as \ref status() "status(e, true)".
    void enable(const Edge& e) const { Parent::status(e, true); }

  };

  /// \brief Returns a read-only SubGraph adaptor
  ///
  /// This function just returns a read-only \ref SubGraph adaptor.
  /// \ingroup graph_adaptors
  /// \relates SubGraph
  template<typename GR, typename NF, typename EF>
  SubGraph<const GR, NF, EF>
  subGraph(const GR& graph, NF& node_filter, EF& edge_filter) {
    return SubGraph<const GR, NF, EF>
      (graph, node_filter, edge_filter);
  }

  template<typename GR, typename NF, typename EF>
  SubGraph<const GR, const NF, EF>
  subGraph(const GR& graph, const NF& node_filter, EF& edge_filter) {
    return SubGraph<const GR, const NF, EF>
      (graph, node_filter, edge_filter);
  }

  template<typename GR, typename NF, typename EF>
  SubGraph<const GR, NF, const EF>
  subGraph(const GR& graph, NF& node_filter, const EF& edge_filter) {
    return SubGraph<const GR, NF, const EF>
      (graph, node_filter, edge_filter);
  }

  template<typename GR, typename NF, typename EF>
  SubGraph<const GR, const NF, const EF>
  subGraph(const GR& graph, const NF& node_filter, const EF& edge_filter) {
    return SubGraph<const GR, const NF, const EF>
      (graph, node_filter, edge_filter);
  }


  /// \ingroup graph_adaptors
  ///
  /// \brief Adaptor class for hiding nodes in a digraph or a graph.
  ///
  /// FilterNodes adaptor can be used for hiding nodes in a digraph or a
  /// graph. A \c bool node map must be specified, which defines the filter
  /// for the nodes. Only the nodes with \c true filter value and the
  /// arcs/edges incident to nodes both with \c true filter value are shown
  /// in the subgraph. This adaptor conforms to the \ref concepts::Digraph
  /// "Digraph" concept or the \ref concepts::Graph "Graph" concept
  /// depending on the \c GR template parameter.
  ///
  /// The adapted (di)graph can also be modified through this adaptor
  /// by adding or removing nodes or arcs/edges, unless the \c GR template
  /// parameter is set to be \c const.
  ///
  /// This class provides only linear time item counting.
  ///
  /// \tparam GR The type of the adapted digraph or graph.
  /// It must conform to the \ref concepts::Digraph "Digraph" concept
  /// or the \ref concepts::Graph "Graph" concept.
  /// It can also be specified to be \c const.
  /// \tparam NF The type of the node filter map.
  /// It must be a \c bool (or convertible) node map of the
  /// adapted (di)graph. The default type is
  /// \ref concepts::Graph::NodeMap "GR::NodeMap<bool>".
  ///
  /// \note The \c Node and <tt>Arc/Edge</tt> types of this adaptor and the
  /// adapted (di)graph are convertible to each other.
#ifdef DOXYGEN
  template<typename GR, typename NF>
  class FilterNodes {
#else
  template<typename GR,
           typename NF = typename GR::template NodeMap<bool>,
           typename Enable = void>
  class FilterNodes :
    public DigraphAdaptorExtender<
      SubDigraphBase<GR, NF, ConstMap<typename GR::Arc, Const<bool, true> >,
                     true> > {
#endif
    typedef DigraphAdaptorExtender<
      SubDigraphBase<GR, NF, ConstMap<typename GR::Arc, Const<bool, true> >,
                     true> > Parent;

  public:

    typedef GR Digraph;
    typedef NF NodeFilterMap;

    typedef typename Parent::Node Node;

  protected:
    ConstMap<typename Digraph::Arc, Const<bool, true> > const_true_map;

    FilterNodes() : const_true_map() {}

  public:

    /// \brief Constructor
    ///
    /// Creates a subgraph for the given digraph or graph with the
    /// given node filter map.
    FilterNodes(GR& graph, NF& node_filter)
      : Parent(), const_true_map()
    {
      Parent::initialize(graph, node_filter, const_true_map);
    }

    /// \brief Sets the status of the given node
    ///
    /// This function sets the status of the given node.
    /// It is done by simply setting the assigned value of \c n
    /// to \c v in the node filter map.
    void status(const Node& n, bool v) const { Parent::status(n, v); }

    /// \brief Returns the status of the given node
    ///
    /// This function returns the status of the given node.
    /// It is \c true if the given node is enabled (i.e. not hidden).
    bool status(const Node& n) const { return Parent::status(n); }

    /// \brief Disables the given node
    ///
    /// This function disables the given node, so the iteration
    /// jumps over it.
    /// It is the same as \ref status() "status(n, false)".
    void disable(const Node& n) const { Parent::status(n, false); }

    /// \brief Enables the given node
    ///
    /// This function enables the given node.
    /// It is the same as \ref status() "status(n, true)".
    void enable(const Node& n) const { Parent::status(n, true); }

  };

  template<typename GR, typename NF>
  class FilterNodes<GR, NF,
                    typename enable_if<UndirectedTagIndicator<GR> >::type> :
    public GraphAdaptorExtender<
      SubGraphBase<GR, NF, ConstMap<typename GR::Edge, Const<bool, true> >,
                   true> > {

    typedef GraphAdaptorExtender<
      SubGraphBase<GR, NF, ConstMap<typename GR::Edge, Const<bool, true> >,
                   true> > Parent;

  public:

    typedef GR Graph;
    typedef NF NodeFilterMap;

    typedef typename Parent::Node Node;

  protected:
    ConstMap<typename GR::Edge, Const<bool, true> > const_true_map;

    FilterNodes() : const_true_map() {}

  public:

    FilterNodes(GR& graph, NodeFilterMap& node_filter) :
      Parent(), const_true_map() {
      Parent::initialize(graph, node_filter, const_true_map);
    }

    void status(const Node& n, bool v) const { Parent::status(n, v); }
    bool status(const Node& n) const { return Parent::status(n); }
    void disable(const Node& n) const { Parent::status(n, false); }
    void enable(const Node& n) const { Parent::status(n, true); }

  };


  /// \brief Returns a read-only FilterNodes adaptor
  ///
  /// This function just returns a read-only \ref FilterNodes adaptor.
  /// \ingroup graph_adaptors
  /// \relates FilterNodes
  template<typename GR, typename NF>
  FilterNodes<const GR, NF>
  filterNodes(const GR& graph, NF& node_filter) {
    return FilterNodes<const GR, NF>(graph, node_filter);
  }

  template<typename GR, typename NF>
  FilterNodes<const GR, const NF>
  filterNodes(const GR& graph, const NF& node_filter) {
    return FilterNodes<const GR, const NF>(graph, node_filter);
  }

  /// \ingroup graph_adaptors
  ///
  /// \brief Adaptor class for hiding arcs in a digraph.
  ///
  /// FilterArcs adaptor can be used for hiding arcs in a digraph.
  /// A \c bool arc map must be specified, which defines the filter for
  /// the arcs. Only the arcs with \c true filter value are shown in the
  /// subdigraph. This adaptor conforms to the \ref concepts::Digraph
  /// "Digraph" concept.
  ///
  /// The adapted digraph can also be modified through this adaptor
  /// by adding or removing nodes or arcs, unless the \c GR template
  /// parameter is set to be \c const.
  ///
  /// This class provides only linear time counting for nodes and arcs.
  ///
  /// \tparam DGR The type of the adapted digraph.
  /// It must conform to the \ref concepts::Digraph "Digraph" concept.
  /// It can also be specified to be \c const.
  /// \tparam AF The type of the arc filter map.
  /// It must be a \c bool (or convertible) arc map of the
  /// adapted digraph. The default type is
  /// \ref concepts::Digraph::ArcMap "DGR::ArcMap<bool>".
  ///
  /// \note The \c Node and \c Arc types of this adaptor and the adapted
  /// digraph are convertible to each other.
#ifdef DOXYGEN
  template<typename DGR,
           typename AF>
  class FilterArcs {
#else
  template<typename DGR,
           typename AF = typename DGR::template ArcMap<bool> >
  class FilterArcs :
    public DigraphAdaptorExtender<
      SubDigraphBase<DGR, ConstMap<typename DGR::Node, Const<bool, true> >,
                     AF, false> > {
#endif
    typedef DigraphAdaptorExtender<
      SubDigraphBase<DGR, ConstMap<typename DGR::Node, Const<bool, true> >,
                     AF, false> > Parent;

  public:

    /// The type of the adapted digraph.
    typedef DGR Digraph;
    /// The type of the arc filter map.
    typedef AF ArcFilterMap;

    typedef typename Parent::Arc Arc;

  protected:
    ConstMap<typename DGR::Node, Const<bool, true> > const_true_map;

    FilterArcs() : const_true_map() {}

  public:

    /// \brief Constructor
    ///
    /// Creates a subdigraph for the given digraph with the given arc
    /// filter map.
    FilterArcs(DGR& digraph, ArcFilterMap& arc_filter)
      : Parent(), const_true_map() {
      Parent::initialize(digraph, const_true_map, arc_filter);
    }

    /// \brief Sets the status of the given arc
    ///
    /// This function sets the status of the given arc.
    /// It is done by simply setting the assigned value of \c a
    /// to \c v in the arc filter map.
    void status(const Arc& a, bool v) const { Parent::status(a, v); }

    /// \brief Returns the status of the given arc
    ///
    /// This function returns the status of the given arc.
    /// It is \c true if the given arc is enabled (i.e. not hidden).
    bool status(const Arc& a) const { return Parent::status(a); }

    /// \brief Disables the given arc
    ///
    /// This function disables the given arc in the subdigraph,
    /// so the iteration jumps over it.
    /// It is the same as \ref status() "status(a, false)".
    void disable(const Arc& a) const { Parent::status(a, false); }

    /// \brief Enables the given arc
    ///
    /// This function enables the given arc in the subdigraph.
    /// It is the same as \ref status() "status(a, true)".
    void enable(const Arc& a) const { Parent::status(a, true); }

  };

  /// \brief Returns a read-only FilterArcs adaptor
  ///
  /// This function just returns a read-only \ref FilterArcs adaptor.
  /// \ingroup graph_adaptors
  /// \relates FilterArcs
  template<typename DGR, typename AF>
  FilterArcs<const DGR, AF>
  filterArcs(const DGR& digraph, AF& arc_filter) {
    return FilterArcs<const DGR, AF>(digraph, arc_filter);
  }

  template<typename DGR, typename AF>
  FilterArcs<const DGR, const AF>
  filterArcs(const DGR& digraph, const AF& arc_filter) {
    return FilterArcs<const DGR, const AF>(digraph, arc_filter);
  }

  /// \ingroup graph_adaptors
  ///
  /// \brief Adaptor class for hiding edges in a graph.
  ///
  /// FilterEdges adaptor can be used for hiding edges in a graph.
  /// A \c bool edge map must be specified, which defines the filter for
  /// the edges. Only the edges with \c true filter value are shown in the
  /// subgraph. This adaptor conforms to the \ref concepts::Graph
  /// "Graph" concept.
  ///
  /// The adapted graph can also be modified through this adaptor
  /// by adding or removing nodes or edges, unless the \c GR template
  /// parameter is set to be \c const.
  ///
  /// This class provides only linear time counting for nodes, edges and arcs.
  ///
  /// \tparam GR The type of the adapted graph.
  /// It must conform to the \ref concepts::Graph "Graph" concept.
  /// It can also be specified to be \c const.
  /// \tparam EF The type of the edge filter map.
  /// It must be a \c bool (or convertible) edge map of the
  /// adapted graph. The default type is
  /// \ref concepts::Graph::EdgeMap "GR::EdgeMap<bool>".
  ///
  /// \note The \c Node, \c Edge and \c Arc types of this adaptor and the
  /// adapted graph are convertible to each other.
#ifdef DOXYGEN
  template<typename GR,
           typename EF>
  class FilterEdges {
#else
  template<typename GR,
           typename EF = typename GR::template EdgeMap<bool> >
  class FilterEdges :
    public GraphAdaptorExtender<
      SubGraphBase<GR, ConstMap<typename GR::Node, Const<bool, true> >,
                   EF, false> > {
#endif
    typedef GraphAdaptorExtender<
      SubGraphBase<GR, ConstMap<typename GR::Node, Const<bool, true > >,
                   EF, false> > Parent;

  public:

    /// The type of the adapted graph.
    typedef GR Graph;
    /// The type of the edge filter map.
    typedef EF EdgeFilterMap;

    typedef typename Parent::Edge Edge;

  protected:
    ConstMap<typename GR::Node, Const<bool, true> > const_true_map;

    FilterEdges() : const_true_map(true) {
      Parent::setNodeFilterMap(const_true_map);
    }

  public:

    /// \brief Constructor
    ///
    /// Creates a subgraph for the given graph with the given edge
    /// filter map.
    FilterEdges(GR& graph, EF& edge_filter)
      : Parent(), const_true_map() {
      Parent::initialize(graph, const_true_map, edge_filter);
    }

    /// \brief Sets the status of the given edge
    ///
    /// This function sets the status of the given edge.
    /// It is done by simply setting the assigned value of \c e
    /// to \c v in the edge filter map.
    void status(const Edge& e, bool v) const { Parent::status(e, v); }

    /// \brief Returns the status of the given edge
    ///
    /// This function returns the status of the given edge.
    /// It is \c true if the given edge is enabled (i.e. not hidden).
    bool status(const Edge& e) const { return Parent::status(e); }

    /// \brief Disables the given edge
    ///
    /// This function disables the given edge in the subgraph,
    /// so the iteration jumps over it.
    /// It is the same as \ref status() "status(e, false)".
    void disable(const Edge& e) const { Parent::status(e, false); }

    /// \brief Enables the given edge
    ///
    /// This function enables the given edge in the subgraph.
    /// It is the same as \ref status() "status(e, true)".
    void enable(const Edge& e) const { Parent::status(e, true); }

  };

  /// \brief Returns a read-only FilterEdges adaptor
  ///
  /// This function just returns a read-only \ref FilterEdges adaptor.
  /// \ingroup graph_adaptors
  /// \relates FilterEdges
  template<typename GR, typename EF>
  FilterEdges<const GR, EF>
  filterEdges(const GR& graph, EF& edge_filter) {
    return FilterEdges<const GR, EF>(graph, edge_filter);
  }

  template<typename GR, typename EF>
  FilterEdges<const GR, const EF>
  filterEdges(const GR& graph, const EF& edge_filter) {
    return FilterEdges<const GR, const EF>(graph, edge_filter);
  }


  template <typename DGR>
  class UndirectorBase {
  public:
    typedef DGR Digraph;
    typedef UndirectorBase Adaptor;

    typedef True UndirectedTag;

    typedef typename Digraph::Arc Edge;
    typedef typename Digraph::Node Node;

    class Arc {
      friend class UndirectorBase;
    protected:
      Edge _edge;
      bool _forward;

      Arc(const Edge& edge, bool forward)
        : _edge(edge), _forward(forward) {}

    public:
      Arc() {}

      Arc(Invalid) : _edge(INVALID), _forward(true) {}

      operator const Edge&() const { return _edge; }

      bool operator==(const Arc &other) const {
        return _forward == other._forward && _edge == other._edge;
      }
      bool operator!=(const Arc &other) const {
        return _forward != other._forward || _edge != other._edge;
      }
      bool operator<(const Arc &other) const {
        return _forward < other._forward ||
          (_forward == other._forward && _edge < other._edge);
      }
    };

    void first(Node& n) const {
      _digraph->first(n);
    }

    void next(Node& n) const {
      _digraph->next(n);
    }

    void first(Arc& a) const {
      _digraph->first(a._edge);
      a._forward = true;
    }

    void next(Arc& a) const {
      if (a._forward) {
        a._forward = false;
      } else {
        _digraph->next(a._edge);
        a._forward = true;
      }
    }

    void first(Edge& e) const {
      _digraph->first(e);
    }

    void next(Edge& e) const {
      _digraph->next(e);
    }

    void firstOut(Arc& a, const Node& n) const {
      _digraph->firstIn(a._edge, n);
      if (a._edge != INVALID ) {
        a._forward = false;
      } else {
        _digraph->firstOut(a._edge, n);
        a._forward = true;
      }
    }
    void nextOut(Arc &a) const {
      if (!a._forward) {
        Node n = _digraph->target(a._edge);
        _digraph->nextIn(a._edge);
        if (a._edge == INVALID) {
          _digraph->firstOut(a._edge, n);
          a._forward = true;
        }
      }
      else {
        _digraph->nextOut(a._edge);
      }
    }

    void firstIn(Arc &a, const Node &n) const {
      _digraph->firstOut(a._edge, n);
      if (a._edge != INVALID ) {
        a._forward = false;
      } else {
        _digraph->firstIn(a._edge, n);
        a._forward = true;
      }
    }
    void nextIn(Arc &a) const {
      if (!a._forward) {
        Node n = _digraph->source(a._edge);
        _digraph->nextOut(a._edge);
        if (a._edge == INVALID ) {
          _digraph->firstIn(a._edge, n);
          a._forward = true;
        }
      }
      else {
        _digraph->nextIn(a._edge);
      }
    }

    void firstInc(Edge &e, bool &d, const Node &n) const {
      d = true;
      _digraph->firstOut(e, n);
      if (e != INVALID) return;
      d = false;
      _digraph->firstIn(e, n);
    }

    void nextInc(Edge &e, bool &d) const {
      if (d) {
        Node s = _digraph->source(e);
        _digraph->nextOut(e);
        if (e != INVALID) return;
        d = false;
        _digraph->firstIn(e, s);
      } else {
        _digraph->nextIn(e);
      }
    }

    Node u(const Edge& e) const {
      return _digraph->source(e);
    }

    Node v(const Edge& e) const {
      return _digraph->target(e);
    }

    Node source(const Arc &a) const {
      return a._forward ? _digraph->source(a._edge) : _digraph->target(a._edge);
    }

    Node target(const Arc &a) const {
      return a._forward ? _digraph->target(a._edge) : _digraph->source(a._edge);
    }

    static Arc direct(const Edge &e, bool d) {
      return Arc(e, d);
    }

    static bool direction(const Arc &a) { return a._forward; }

    Node nodeFromId(int ix) const { return _digraph->nodeFromId(ix); }
    Arc arcFromId(int ix) const {
      return direct(_digraph->arcFromId(ix >> 1), bool(ix & 1));
    }
    Edge edgeFromId(int ix) const { return _digraph->arcFromId(ix); }

    int id(const Node &n) const { return _digraph->id(n); }
    int id(const Arc &a) const {
      return  (_digraph->id(a) << 1) | (a._forward ? 1 : 0);
    }
    int id(const Edge &e) const { return _digraph->id(e); }

    int maxNodeId() const { return _digraph->maxNodeId(); }
    int maxArcId() const { return (_digraph->maxArcId() << 1) | 1; }
    int maxEdgeId() const { return _digraph->maxArcId(); }

    Node addNode() { return _digraph->addNode(); }
    Edge addEdge(const Node& u, const Node& v) {
      return _digraph->addArc(u, v);
    }

    void erase(const Node& i) { _digraph->erase(i); }
    void erase(const Edge& i) { _digraph->erase(i); }

    void clear() { _digraph->clear(); }

    typedef NodeNumTagIndicator<Digraph> NodeNumTag;
    int nodeNum() const { return _digraph->nodeNum(); }

    typedef ArcNumTagIndicator<Digraph> ArcNumTag;
    int arcNum() const { return 2 * _digraph->arcNum(); }

    typedef ArcNumTag EdgeNumTag;
    int edgeNum() const { return _digraph->arcNum(); }

    typedef FindArcTagIndicator<Digraph> FindArcTag;
    Arc findArc(Node s, Node t, Arc p = INVALID) const {
      if (p == INVALID) {
        Edge arc = _digraph->findArc(s, t);
        if (arc != INVALID) return direct(arc, true);
        arc = _digraph->findArc(t, s);
        if (arc != INVALID) return direct(arc, false);
      } else if (direction(p)) {
        Edge arc = _digraph->findArc(s, t, p);
        if (arc != INVALID) return direct(arc, true);
        arc = _digraph->findArc(t, s);
        if (arc != INVALID) return direct(arc, false);
      } else {
        Edge arc = _digraph->findArc(t, s, p);
        if (arc != INVALID) return direct(arc, false);
      }
      return INVALID;
    }

    typedef FindArcTag FindEdgeTag;
    Edge findEdge(Node s, Node t, Edge p = INVALID) const {
      if (s != t) {
        if (p == INVALID) {
          Edge arc = _digraph->findArc(s, t);
          if (arc != INVALID) return arc;
          arc = _digraph->findArc(t, s);
          if (arc != INVALID) return arc;
        } else if (_digraph->source(p) == s) {
          Edge arc = _digraph->findArc(s, t, p);
          if (arc != INVALID) return arc;
          arc = _digraph->findArc(t, s);
          if (arc != INVALID) return arc;
        } else {
          Edge arc = _digraph->findArc(t, s, p);
          if (arc != INVALID) return arc;
        }
      } else {
        return _digraph->findArc(s, t, p);
      }
      return INVALID;
    }

  private:

    template <typename V>
    class ArcMapBase {
    private:

      typedef typename DGR::template ArcMap<V> MapImpl;

    public:

      typedef typename MapTraits<MapImpl>::ReferenceMapTag ReferenceMapTag;

      typedef V Value;
      typedef Arc Key;
      typedef typename MapTraits<MapImpl>::ConstReturnValue ConstReturnValue;
      typedef typename MapTraits<MapImpl>::ReturnValue ReturnValue;
      typedef typename MapTraits<MapImpl>::ConstReturnValue ConstReference;
      typedef typename MapTraits<MapImpl>::ReturnValue Reference;

      ArcMapBase(const UndirectorBase<DGR>& adaptor) :
        _forward(*adaptor._digraph), _backward(*adaptor._digraph) {}

      ArcMapBase(const UndirectorBase<DGR>& adaptor, const V& value)
        : _forward(*adaptor._digraph, value),
          _backward(*adaptor._digraph, value) {}

      void set(const Arc& a, const V& value) {
        if (direction(a)) {
          _forward.set(a, value);
        } else {
          _backward.set(a, value);
        }
      }

      ConstReturnValue operator[](const Arc& a) const {
        if (direction(a)) {
          return _forward[a];
        } else {
          return _backward[a];
        }
      }

      ReturnValue operator[](const Arc& a) {
        if (direction(a)) {
          return _forward[a];
        } else {
          return _backward[a];
        }
      }

    protected:

      MapImpl _forward, _backward;

    };

  public:

    template <typename V>
    class NodeMap : public DGR::template NodeMap<V> {
      typedef typename DGR::template NodeMap<V> Parent;

    public:
      typedef V Value;

      explicit NodeMap(const UndirectorBase<DGR>& adaptor)
        : Parent(*adaptor._digraph) {}

      NodeMap(const UndirectorBase<DGR>& adaptor, const V& value)
        : Parent(*adaptor._digraph, value) { }

    private:
      NodeMap& operator=(const NodeMap& cmap) {
        return operator=<NodeMap>(cmap);
      }

      template <typename CMap>
      NodeMap& operator=(const CMap& cmap) {
        Parent::operator=(cmap);
        return *this;
      }

    };

    template <typename V>
    class ArcMap
      : public SubMapExtender<UndirectorBase<DGR>, ArcMapBase<V> > {
      typedef SubMapExtender<UndirectorBase<DGR>, ArcMapBase<V> > Parent;

    public:
      typedef V Value;

      explicit ArcMap(const UndirectorBase<DGR>& adaptor)
        : Parent(adaptor) {}

      ArcMap(const UndirectorBase<DGR>& adaptor, const V& value)
        : Parent(adaptor, value) {}

    private:
      ArcMap& operator=(const ArcMap& cmap) {
        return operator=<ArcMap>(cmap);
      }

      template <typename CMap>
      ArcMap& operator=(const CMap& cmap) {
        Parent::operator=(cmap);
        return *this;
      }
    };

    template <typename V>
    class EdgeMap : public Digraph::template ArcMap<V> {
      typedef typename Digraph::template ArcMap<V> Parent;

    public:
      typedef V Value;

      explicit EdgeMap(const UndirectorBase<DGR>& adaptor)
        : Parent(*adaptor._digraph) {}

      EdgeMap(const UndirectorBase<DGR>& adaptor, const V& value)
        : Parent(*adaptor._digraph, value) {}

    private:
      EdgeMap& operator=(const EdgeMap& cmap) {
        return operator=<EdgeMap>(cmap);
      }

      template <typename CMap>
      EdgeMap& operator=(const CMap& cmap) {
        Parent::operator=(cmap);
        return *this;
      }

    };

    typedef typename ItemSetTraits<DGR, Node>::ItemNotifier NodeNotifier;
    NodeNotifier& notifier(Node) const { return _digraph->notifier(Node()); }

    typedef typename ItemSetTraits<DGR, Edge>::ItemNotifier EdgeNotifier;
    EdgeNotifier& notifier(Edge) const { return _digraph->notifier(Edge()); }

    typedef EdgeNotifier ArcNotifier;
    ArcNotifier& notifier(Arc) const { return _digraph->notifier(Edge()); }

  protected:

    UndirectorBase() : _digraph(0) {}

    DGR* _digraph;

    void initialize(DGR& digraph) {
      _digraph = &digraph;
    }

  };

  /// \ingroup graph_adaptors
  ///
  /// \brief Adaptor class for viewing a digraph as an undirected graph.
  ///
  /// Undirector adaptor can be used for viewing a digraph as an undirected
  /// graph. All arcs of the underlying digraph are showed in the
  /// adaptor as an edge (and also as a pair of arcs, of course).
  /// This adaptor conforms to the \ref concepts::Graph "Graph" concept.
  ///
  /// The adapted digraph can also be modified through this adaptor
  /// by adding or removing nodes or edges, unless the \c GR template
  /// parameter is set to be \c const.
  ///
  /// This class provides item counting in the same time as the adapted
  /// digraph structure.
  ///
  /// \tparam DGR The type of the adapted digraph.
  /// It must conform to the \ref concepts::Digraph "Digraph" concept.
  /// It can also be specified to be \c const.
  ///
  /// \note The \c Node type of this adaptor and the adapted digraph are
  /// convertible to each other, moreover the \c Edge type of the adaptor
  /// and the \c Arc type of the adapted digraph are also convertible to
  /// each other.
  /// (Thus the \c Arc type of the adaptor is convertible to the \c Arc type
  /// of the adapted digraph.)
  template<typename DGR>
#ifdef DOXYGEN
  class Undirector {
#else
  class Undirector :
    public GraphAdaptorExtender<UndirectorBase<DGR> > {
#endif
    typedef GraphAdaptorExtender<UndirectorBase<DGR> > Parent;
  public:
    /// The type of the adapted digraph.
    typedef DGR Digraph;
  protected:
    Undirector() { }
  public:

    /// \brief Constructor
    ///
    /// Creates an undirected graph from the given digraph.
    Undirector(DGR& digraph) {
      this->initialize(digraph);
    }

    /// \brief Arc map combined from two original arc maps
    ///
    /// This map adaptor class adapts two arc maps of the underlying
    /// digraph to get an arc map of the undirected graph.
    /// Its value type is inherited from the first arc map type (\c FW).
    /// \tparam FW The type of the "foward" arc map.
    /// \tparam BK The type of the "backward" arc map.
    template <typename FW, typename BK>
    class CombinedArcMap {
    public:

      /// The key type of the map
      typedef typename Parent::Arc Key;
      /// The value type of the map
      typedef typename FW::Value Value;

      typedef typename MapTraits<FW>::ReferenceMapTag ReferenceMapTag;

      typedef typename MapTraits<FW>::ReturnValue ReturnValue;
      typedef typename MapTraits<FW>::ConstReturnValue ConstReturnValue;
      typedef typename MapTraits<FW>::ReturnValue Reference;
      typedef typename MapTraits<FW>::ConstReturnValue ConstReference;

      /// Constructor
      CombinedArcMap(FW& forward, BK& backward)
        : _forward(&forward), _backward(&backward) {}

      /// Sets the value associated with the given key.
      void set(const Key& e, const Value& a) {
        if (Parent::direction(e)) {
          _forward->set(e, a);
        } else {
          _backward->set(e, a);
        }
      }

      /// Returns the value associated with the given key.
      ConstReturnValue operator[](const Key& e) const {
        if (Parent::direction(e)) {
          return (*_forward)[e];
        } else {
          return (*_backward)[e];
        }
      }

      /// Returns a reference to the value associated with the given key.
      ReturnValue operator[](const Key& e) {
        if (Parent::direction(e)) {
          return (*_forward)[e];
        } else {
          return (*_backward)[e];
        }
      }

    protected:

      FW* _forward;
      BK* _backward;

    };

    /// \brief Returns a combined arc map
    ///
    /// This function just returns a combined arc map.
    template <typename FW, typename BK>
    static CombinedArcMap<FW, BK>
    combinedArcMap(FW& forward, BK& backward) {
      return CombinedArcMap<FW, BK>(forward, backward);
    }

    template <typename FW, typename BK>
    static CombinedArcMap<const FW, BK>
    combinedArcMap(const FW& forward, BK& backward) {
      return CombinedArcMap<const FW, BK>(forward, backward);
    }

    template <typename FW, typename BK>
    static CombinedArcMap<FW, const BK>
    combinedArcMap(FW& forward, const BK& backward) {
      return CombinedArcMap<FW, const BK>(forward, backward);
    }

    template <typename FW, typename BK>
    static CombinedArcMap<const FW, const BK>
    combinedArcMap(const FW& forward, const BK& backward) {
      return CombinedArcMap<const FW, const BK>(forward, backward);
    }

  };

  /// \brief Returns a read-only Undirector adaptor
  ///
  /// This function just returns a read-only \ref Undirector adaptor.
  /// \ingroup graph_adaptors
  /// \relates Undirector
  template<typename DGR>
  Undirector<const DGR> undirector(const DGR& digraph) {
    return Undirector<const DGR>(digraph);
  }


  template <typename GR, typename DM>
  class OrienterBase {
  public:

    typedef GR Graph;
    typedef DM DirectionMap;

    typedef typename GR::Node Node;
    typedef typename GR::Edge Arc;

    void reverseArc(const Arc& arc) {
      _direction->set(arc, !(*_direction)[arc]);
    }

    void first(Node& i) const { _graph->first(i); }
    void first(Arc& i) const { _graph->first(i); }
    void firstIn(Arc& i, const Node& n) const {
      bool d = true;
      _graph->firstInc(i, d, n);
      while (i != INVALID && d == (*_direction)[i]) _graph->nextInc(i, d);
    }
    void firstOut(Arc& i, const Node& n ) const {
      bool d = true;
      _graph->firstInc(i, d, n);
      while (i != INVALID && d != (*_direction)[i]) _graph->nextInc(i, d);
    }

    void next(Node& i) const { _graph->next(i); }
    void next(Arc& i) const { _graph->next(i); }
    void nextIn(Arc& i) const {
      bool d = !(*_direction)[i];
      _graph->nextInc(i, d);
      while (i != INVALID && d == (*_direction)[i]) _graph->nextInc(i, d);
    }
    void nextOut(Arc& i) const {
      bool d = (*_direction)[i];
      _graph->nextInc(i, d);
      while (i != INVALID && d != (*_direction)[i]) _graph->nextInc(i, d);
    }

    Node source(const Arc& e) const {
      return (*_direction)[e] ? _graph->u(e) : _graph->v(e);
    }
    Node target(const Arc& e) const {
      return (*_direction)[e] ? _graph->v(e) : _graph->u(e);
    }

    typedef NodeNumTagIndicator<Graph> NodeNumTag;
    int nodeNum() const { return _graph->nodeNum(); }

    typedef EdgeNumTagIndicator<Graph> ArcNumTag;
    int arcNum() const { return _graph->edgeNum(); }

    typedef FindEdgeTagIndicator<Graph> FindArcTag;
    Arc findArc(const Node& u, const Node& v,
                const Arc& prev = INVALID) const {
      Arc arc = _graph->findEdge(u, v, prev);
      while (arc != INVALID && source(arc) != u) {
        arc = _graph->findEdge(u, v, arc);
      }
      return arc;
    }

    Node addNode() {
      return Node(_graph->addNode());
    }

    Arc addArc(const Node& u, const Node& v) {
      Arc arc = _graph->addEdge(u, v);
      _direction->set(arc, _graph->u(arc) == u);
      return arc;
    }

    void erase(const Node& i) { _graph->erase(i); }
    void erase(const Arc& i) { _graph->erase(i); }

    void clear() { _graph->clear(); }

    int id(const Node& v) const { return _graph->id(v); }
    int id(const Arc& e) const { return _graph->id(e); }

    Node nodeFromId(int idx) const { return _graph->nodeFromId(idx); }
    Arc arcFromId(int idx) const { return _graph->edgeFromId(idx); }

    int maxNodeId() const { return _graph->maxNodeId(); }
    int maxArcId() const { return _graph->maxEdgeId(); }

    typedef typename ItemSetTraits<GR, Node>::ItemNotifier NodeNotifier;
    NodeNotifier& notifier(Node) const { return _graph->notifier(Node()); }

    typedef typename ItemSetTraits<GR, Arc>::ItemNotifier ArcNotifier;
    ArcNotifier& notifier(Arc) const { return _graph->notifier(Arc()); }

    template <typename V>
    class NodeMap : public GR::template NodeMap<V> {
      typedef typename GR::template NodeMap<V> Parent;

    public:

      explicit NodeMap(const OrienterBase<GR, DM>& adapter)
        : Parent(*adapter._graph) {}

      NodeMap(const OrienterBase<GR, DM>& adapter, const V& value)
        : Parent(*adapter._graph, value) {}

    private:
      NodeMap& operator=(const NodeMap& cmap) {
        return operator=<NodeMap>(cmap);
      }

      template <typename CMap>
      NodeMap& operator=(const CMap& cmap) {
        Parent::operator=(cmap);
        return *this;
      }

    };

    template <typename V>
    class ArcMap : public GR::template EdgeMap<V> {
      typedef typename Graph::template EdgeMap<V> Parent;

    public:

      explicit ArcMap(const OrienterBase<GR, DM>& adapter)
        : Parent(*adapter._graph) { }

      ArcMap(const OrienterBase<GR, DM>& adapter, const V& value)
        : Parent(*adapter._graph, value) { }

    private:
      ArcMap& operator=(const ArcMap& cmap) {
        return operator=<ArcMap>(cmap);
      }

      template <typename CMap>
      ArcMap& operator=(const CMap& cmap) {
        Parent::operator=(cmap);
        return *this;
      }
    };



  protected:
    Graph* _graph;
    DM* _direction;

    void initialize(GR& graph, DM& direction) {
      _graph = &graph;
      _direction = &direction;
    }

  };

  /// \ingroup graph_adaptors
  ///
  /// \brief Adaptor class for orienting the edges of a graph to get a digraph
  ///
  /// Orienter adaptor can be used for orienting the edges of a graph to
  /// get a digraph. A \c bool edge map of the underlying graph must be
  /// specified, which define the direction of the arcs in the adaptor.
  /// The arcs can be easily reversed by the \c reverseArc() member function
  /// of the adaptor.
  /// This class conforms to the \ref concepts::Digraph "Digraph" concept.
  ///
  /// The adapted graph can also be modified through this adaptor
  /// by adding or removing nodes or arcs, unless the \c GR template
  /// parameter is set to be \c const.
  ///
  /// This class provides item counting in the same time as the adapted
  /// graph structure.
  ///
  /// \tparam GR The type of the adapted graph.
  /// It must conform to the \ref concepts::Graph "Graph" concept.
  /// It can also be specified to be \c const.
  /// \tparam DM The type of the direction map.
  /// It must be a \c bool (or convertible) edge map of the
  /// adapted graph. The default type is
  /// \ref concepts::Graph::EdgeMap "GR::EdgeMap<bool>".
  ///
  /// \note The \c Node type of this adaptor and the adapted graph are
  /// convertible to each other, moreover the \c Arc type of the adaptor
  /// and the \c Edge type of the adapted graph are also convertible to
  /// each other.
#ifdef DOXYGEN
  template<typename GR,
           typename DM>
  class Orienter {
#else
  template<typename GR,
           typename DM = typename GR::template EdgeMap<bool> >
  class Orienter :
    public DigraphAdaptorExtender<OrienterBase<GR, DM> > {
#endif
    typedef DigraphAdaptorExtender<OrienterBase<GR, DM> > Parent;
  public:

    /// The type of the adapted graph.
    typedef GR Graph;
    /// The type of the direction edge map.
    typedef DM DirectionMap;

    typedef typename Parent::Arc Arc;

  protected:
    Orienter() { }

  public:

    /// \brief Constructor
    ///
    /// Constructor of the adaptor.
    Orienter(GR& graph, DM& direction) {
      Parent::initialize(graph, direction);
    }

    /// \brief Reverses the given arc
    ///
    /// This function reverses the given arc.
    /// It is done by simply negate the assigned value of \c a
    /// in the direction map.
    void reverseArc(const Arc& a) {
      Parent::reverseArc(a);
    }
  };

  /// \brief Returns a read-only Orienter adaptor
  ///
  /// This function just returns a read-only \ref Orienter adaptor.
  /// \ingroup graph_adaptors
  /// \relates Orienter
  template<typename GR, typename DM>
  Orienter<const GR, DM>
  orienter(const GR& graph, DM& direction) {
    return Orienter<const GR, DM>(graph, direction);
  }

  template<typename GR, typename DM>
  Orienter<const GR, const DM>
  orienter(const GR& graph, const DM& direction) {
    return Orienter<const GR, const DM>(graph, direction);
  }

  namespace _adaptor_bits {

    template <typename DGR, typename CM, typename FM, typename TL>
    class ResForwardFilter {
    public:

      typedef typename DGR::Arc Key;
      typedef bool Value;

    private:

      const CM* _capacity;
      const FM* _flow;
      TL _tolerance;

    public:

      ResForwardFilter(const CM& capacity, const FM& flow,
                       const TL& tolerance = TL())
        : _capacity(&capacity), _flow(&flow), _tolerance(tolerance) { }

      bool operator[](const typename DGR::Arc& a) const {
        return _tolerance.positive((*_capacity)[a] - (*_flow)[a]);
      }
    };

    template<typename DGR,typename CM, typename FM, typename TL>
    class ResBackwardFilter {
    public:

      typedef typename DGR::Arc Key;
      typedef bool Value;

    private:

      const CM* _capacity;
      const FM* _flow;
      TL _tolerance;

    public:

      ResBackwardFilter(const CM& capacity, const FM& flow,
                        const TL& tolerance = TL())
        : _capacity(&capacity), _flow(&flow), _tolerance(tolerance) { }

      bool operator[](const typename DGR::Arc& a) const {
        return _tolerance.positive((*_flow)[a]);
      }
    };

  }

  /// \ingroup graph_adaptors
  ///
  /// \brief Adaptor class for composing the residual digraph for directed
  /// flow and circulation problems.
  ///
  /// ResidualDigraph can be used for composing the \e residual digraph
  /// for directed flow and circulation problems. Let \f$ G=(V, A) \f$
  /// be a directed graph and let \f$ F \f$ be a number type.
  /// Let \f$ flow, cap: A\to F \f$ be functions on the arcs.
  /// This adaptor implements a digraph structure with node set \f$ V \f$
  /// and arc set \f$ A_{forward}\cup A_{backward} \f$,
  /// where \f$ A_{forward}=\{uv : uv\in A, flow(uv)<cap(uv)\} \f$ and
  /// \f$ A_{backward}=\{vu : uv\in A, flow(uv)>0\} \f$, i.e. the so
  /// called residual digraph.
  /// When the union \f$ A_{forward}\cup A_{backward} \f$ is taken,
  /// multiplicities are counted, i.e. the adaptor has exactly
  /// \f$ |A_{forward}| + |A_{backward}|\f$ arcs (it may have parallel
  /// arcs).
  /// This class conforms to the \ref concepts::Digraph "Digraph" concept.
  ///
  /// This class provides only linear time counting for nodes and arcs.
  ///
  /// \tparam DGR The type of the adapted digraph.
  /// It must conform to the \ref concepts::Digraph "Digraph" concept.
  /// It is implicitly \c const.
  /// \tparam CM The type of the capacity map.
  /// It must be an arc map of some numerical type, which defines
  /// the capacities in the flow problem. It is implicitly \c const.
  /// The default type is
  /// \ref concepts::Digraph::ArcMap "GR::ArcMap<int>".
  /// \tparam FM The type of the flow map.
  /// It must be an arc map of some numerical type, which defines
  /// the flow values in the flow problem. The default type is \c CM.
  /// \tparam TL The tolerance type for handling inexact computation.
  /// The default tolerance type depends on the value type of the
  /// capacity map.
  ///
  /// \note This adaptor is implemented using Undirector and FilterArcs
  /// adaptors.
  ///
  /// \note The \c Node type of this adaptor and the adapted digraph are
  /// convertible to each other, moreover the \c Arc type of the adaptor
  /// is convertible to the \c Arc type of the adapted digraph.
#ifdef DOXYGEN
  template<typename DGR, typename CM, typename FM, typename TL>
  class ResidualDigraph
#else
  template<typename DGR,
           typename CM = typename DGR::template ArcMap<int>,
           typename FM = CM,
           typename TL = Tolerance<typename CM::Value> >
  class ResidualDigraph
    : public SubDigraph<
        Undirector<const DGR>,
        ConstMap<typename DGR::Node, Const<bool, true> >,
        typename Undirector<const DGR>::template CombinedArcMap<
          _adaptor_bits::ResForwardFilter<const DGR, CM, FM, TL>,
          _adaptor_bits::ResBackwardFilter<const DGR, CM, FM, TL> > >
#endif
  {
  public:

    /// The type of the underlying digraph.
    typedef DGR Digraph;
    /// The type of the capacity map.
    typedef CM CapacityMap;
    /// The type of the flow map.
    typedef FM FlowMap;
    /// The tolerance type.
    typedef TL Tolerance;

    typedef typename CapacityMap::Value Value;
    typedef ResidualDigraph Adaptor;

  protected:

    typedef Undirector<const Digraph> Undirected;

    typedef ConstMap<typename DGR::Node, Const<bool, true> > NodeFilter;

    typedef _adaptor_bits::ResForwardFilter<const DGR, CM,
                                            FM, TL> ForwardFilter;

    typedef _adaptor_bits::ResBackwardFilter<const DGR, CM,
                                             FM, TL> BackwardFilter;

    typedef typename Undirected::
      template CombinedArcMap<ForwardFilter, BackwardFilter> ArcFilter;

    typedef SubDigraph<Undirected, NodeFilter, ArcFilter> Parent;

    const CapacityMap* _capacity;
    FlowMap* _flow;

    Undirected _graph;
    NodeFilter _node_filter;
    ForwardFilter _forward_filter;
    BackwardFilter _backward_filter;
    ArcFilter _arc_filter;

  public:

    /// \brief Constructor
    ///
    /// Constructor of the residual digraph adaptor. The parameters are the
    /// digraph, the capacity map, the flow map, and a tolerance object.
    ResidualDigraph(const DGR& digraph, const CM& capacity,
                    FM& flow, const TL& tolerance = Tolerance())
      : Parent(), _capacity(&capacity), _flow(&flow),
        _graph(digraph), _node_filter(),
        _forward_filter(capacity, flow, tolerance),
        _backward_filter(capacity, flow, tolerance),
        _arc_filter(_forward_filter, _backward_filter)
    {
      Parent::initialize(_graph, _node_filter, _arc_filter);
    }

    typedef typename Parent::Arc Arc;

    /// \brief Returns the residual capacity of the given arc.
    ///
    /// Returns the residual capacity of the given arc.
    Value residualCapacity(const Arc& a) const {
      if (Undirected::direction(a)) {
        return (*_capacity)[a] - (*_flow)[a];
      } else {
        return (*_flow)[a];
      }
    }

    /// \brief Augments on the given arc in the residual digraph.
    ///
    /// Augments on the given arc in the residual digraph. It increases
    /// or decreases the flow value on the original arc according to the
    /// direction of the residual arc.
    void augment(const Arc& a, const Value& v) const {
      if (Undirected::direction(a)) {
        _flow->set(a, (*_flow)[a] + v);
      } else {
        _flow->set(a, (*_flow)[a] - v);
      }
    }

    /// \brief Returns \c true if the given residual arc is a forward arc.
    ///
    /// Returns \c true if the given residual arc has the same orientation
    /// as the original arc, i.e. it is a so called forward arc.
    static bool forward(const Arc& a) {
      return Undirected::direction(a);
    }

    /// \brief Returns \c true if the given residual arc is a backward arc.
    ///
    /// Returns \c true if the given residual arc has the opposite orientation
    /// than the original arc, i.e. it is a so called backward arc.
    static bool backward(const Arc& a) {
      return !Undirected::direction(a);
    }

    /// \brief Returns the forward oriented residual arc.
    ///
    /// Returns the forward oriented residual arc related to the given
    /// arc of the underlying digraph.
    static Arc forward(const typename Digraph::Arc& a) {
      return Undirected::direct(a, true);
    }

    /// \brief Returns the backward oriented residual arc.
    ///
    /// Returns the backward oriented residual arc related to the given
    /// arc of the underlying digraph.
    static Arc backward(const typename Digraph::Arc& a) {
      return Undirected::direct(a, false);
    }

    /// \brief Residual capacity map.
    ///
    /// This map adaptor class can be used for obtaining the residual
    /// capacities as an arc map of the residual digraph.
    /// Its value type is inherited from the capacity map.
    class ResidualCapacity {
    protected:
      const Adaptor* _adaptor;
    public:
      /// The key type of the map
      typedef Arc Key;
      /// The value type of the map
      typedef typename CapacityMap::Value Value;

      /// Constructor
      ResidualCapacity(const ResidualDigraph<DGR, CM, FM, TL>& adaptor)
        : _adaptor(&adaptor) {}

      /// Returns the value associated with the given residual arc
      Value operator[](const Arc& a) const {
        return _adaptor->residualCapacity(a);
      }

    };

    /// \brief Returns a residual capacity map
    ///
    /// This function just returns a residual capacity map.
    ResidualCapacity residualCapacity() const {
      return ResidualCapacity(*this);
    }

  };

  /// \brief Returns a (read-only) Residual adaptor
  ///
  /// This function just returns a (read-only) \ref ResidualDigraph adaptor.
  /// \ingroup graph_adaptors
  /// \relates ResidualDigraph
    template<typename DGR, typename CM, typename FM>
  ResidualDigraph<DGR, CM, FM>
  residualDigraph(const DGR& digraph, const CM& capacity_map, FM& flow_map) {
    return ResidualDigraph<DGR, CM, FM> (digraph, capacity_map, flow_map);
  }


  template <typename DGR>
  class SplitNodesBase {
    typedef DigraphAdaptorBase<const DGR> Parent;

  public:

    typedef DGR Digraph;
    typedef SplitNodesBase Adaptor;

    typedef typename DGR::Node DigraphNode;
    typedef typename DGR::Arc DigraphArc;

    class Node;
    class Arc;

  private:

    template <typename T> class NodeMapBase;
    template <typename T> class ArcMapBase;

  public:

    class Node : public DigraphNode {
      friend class SplitNodesBase;
      template <typename T> friend class NodeMapBase;
    private:

      bool _in;
      Node(DigraphNode node, bool in)
        : DigraphNode(node), _in(in) {}

    public:

      Node() {}
      Node(Invalid) : DigraphNode(INVALID), _in(true) {}

      bool operator==(const Node& node) const {
        return DigraphNode::operator==(node) && _in == node._in;
      }

      bool operator!=(const Node& node) const {
        return !(*this == node);
      }

      bool operator<(const Node& node) const {
        return DigraphNode::operator<(node) ||
          (DigraphNode::operator==(node) && _in < node._in);
      }
    };

    class Arc {
      friend class SplitNodesBase;
      template <typename T> friend class ArcMapBase;
    private:
      typedef BiVariant<DigraphArc, DigraphNode> ArcImpl;

      explicit Arc(const DigraphArc& arc) : _item(arc) {}
      explicit Arc(const DigraphNode& node) : _item(node) {}

      ArcImpl _item;

    public:
      Arc() {}
      Arc(Invalid) : _item(DigraphArc(INVALID)) {}

      bool operator==(const Arc& arc) const {
        if (_item.firstState()) {
          if (arc._item.firstState()) {
            return _item.first() == arc._item.first();
          }
        } else {
          if (arc._item.secondState()) {
            return _item.second() == arc._item.second();
          }
        }
        return false;
      }

      bool operator!=(const Arc& arc) const {
        return !(*this == arc);
      }

      bool operator<(const Arc& arc) const {
        if (_item.firstState()) {
          if (arc._item.firstState()) {
            return _item.first() < arc._item.first();
          }
          return false;
        } else {
          if (arc._item.secondState()) {
            return _item.second() < arc._item.second();
          }
          return true;
        }
      }

      operator DigraphArc() const { return _item.first(); }
      operator DigraphNode() const { return _item.second(); }

    };

    void first(Node& n) const {
      _digraph->first(n);
      n._in = true;
    }

    void next(Node& n) const {
      if (n._in) {
        n._in = false;
      } else {
        n._in = true;
        _digraph->next(n);
      }
    }

    void first(Arc& e) const {
      e._item.setSecond();
      _digraph->first(e._item.second());
      if (e._item.second() == INVALID) {
        e._item.setFirst();
        _digraph->first(e._item.first());
      }
    }

    void next(Arc& e) const {
      if (e._item.secondState()) {
        _digraph->next(e._item.second());
        if (e._item.second() == INVALID) {
          e._item.setFirst();
          _digraph->first(e._item.first());
        }
      } else {
        _digraph->next(e._item.first());
      }
    }

    void firstOut(Arc& e, const Node& n) const {
      if (n._in) {
        e._item.setSecond(n);
      } else {
        e._item.setFirst();
        _digraph->firstOut(e._item.first(), n);
      }
    }

    void nextOut(Arc& e) const {
      if (!e._item.firstState()) {
        e._item.setFirst(INVALID);
      } else {
        _digraph->nextOut(e._item.first());
      }
    }

    void firstIn(Arc& e, const Node& n) const {
      if (!n._in) {
        e._item.setSecond(n);
      } else {
        e._item.setFirst();
        _digraph->firstIn(e._item.first(), n);
      }
    }

    void nextIn(Arc& e) const {
      if (!e._item.firstState()) {
        e._item.setFirst(INVALID);
      } else {
        _digraph->nextIn(e._item.first());
      }
    }

    Node source(const Arc& e) const {
      if (e._item.firstState()) {
        return Node(_digraph->source(e._item.first()), false);
      } else {
        return Node(e._item.second(), true);
      }
    }

    Node target(const Arc& e) const {
      if (e._item.firstState()) {
        return Node(_digraph->target(e._item.first()), true);
      } else {
        return Node(e._item.second(), false);
      }
    }

    int id(const Node& n) const {
      return (_digraph->id(n) << 1) | (n._in ? 0 : 1);
    }
    Node nodeFromId(int ix) const {
      return Node(_digraph->nodeFromId(ix >> 1), (ix & 1) == 0);
    }
    int maxNodeId() const {
      return 2 * _digraph->maxNodeId() + 1;
    }

    int id(const Arc& e) const {
      if (e._item.firstState()) {
        return _digraph->id(e._item.first()) << 1;
      } else {
        return (_digraph->id(e._item.second()) << 1) | 1;
      }
    }
    Arc arcFromId(int ix) const {
      if ((ix & 1) == 0) {
        return Arc(_digraph->arcFromId(ix >> 1));
      } else {
        return Arc(_digraph->nodeFromId(ix >> 1));
      }
    }
    int maxArcId() const {
      return std::max(_digraph->maxNodeId() << 1,
                      (_digraph->maxArcId() << 1) | 1);
    }

    static bool inNode(const Node& n) {
      return n._in;
    }

    static bool outNode(const Node& n) {
      return !n._in;
    }

    static bool origArc(const Arc& e) {
      return e._item.firstState();
    }

    static bool bindArc(const Arc& e) {
      return e._item.secondState();
    }

    static Node inNode(const DigraphNode& n) {
      return Node(n, true);
    }

    static Node outNode(const DigraphNode& n) {
      return Node(n, false);
    }

    static Arc arc(const DigraphNode& n) {
      return Arc(n);
    }

    static Arc arc(const DigraphArc& e) {
      return Arc(e);
    }

    typedef True NodeNumTag;
    int nodeNum() const {
      return  2 * countNodes(*_digraph);
    }

    typedef True ArcNumTag;
    int arcNum() const {
      return countArcs(*_digraph) + countNodes(*_digraph);
    }

    typedef True FindArcTag;
    Arc findArc(const Node& u, const Node& v,
                const Arc& prev = INVALID) const {
      if (inNode(u) && outNode(v)) {
        if (static_cast<const DigraphNode&>(u) ==
            static_cast<const DigraphNode&>(v) && prev == INVALID) {
          return Arc(u);
        }
      }
      else if (outNode(u) && inNode(v)) {
        return Arc(::lemon::findArc(*_digraph, u, v, prev));
      }
      return INVALID;
    }

  private:

    template <typename V>
    class NodeMapBase
      : public MapTraits<typename Parent::template NodeMap<V> > {
      typedef typename Parent::template NodeMap<V> NodeImpl;
    public:
      typedef Node Key;
      typedef V Value;
      typedef typename MapTraits<NodeImpl>::ReferenceMapTag ReferenceMapTag;
      typedef typename MapTraits<NodeImpl>::ReturnValue ReturnValue;
      typedef typename MapTraits<NodeImpl>::ConstReturnValue ConstReturnValue;
      typedef typename MapTraits<NodeImpl>::ReturnValue Reference;
      typedef typename MapTraits<NodeImpl>::ConstReturnValue ConstReference;

      NodeMapBase(const SplitNodesBase<DGR>& adaptor)
        : _in_map(*adaptor._digraph), _out_map(*adaptor._digraph) {}
      NodeMapBase(const SplitNodesBase<DGR>& adaptor, const V& value)
        : _in_map(*adaptor._digraph, value),
          _out_map(*adaptor._digraph, value) {}

      void set(const Node& key, const V& val) {
        if (SplitNodesBase<DGR>::inNode(key)) { _in_map.set(key, val); }
        else {_out_map.set(key, val); }
      }

      ReturnValue operator[](const Node& key) {
        if (SplitNodesBase<DGR>::inNode(key)) { return _in_map[key]; }
        else { return _out_map[key]; }
      }

      ConstReturnValue operator[](const Node& key) const {
        if (Adaptor::inNode(key)) { return _in_map[key]; }
        else { return _out_map[key]; }
      }

    private:
      NodeImpl _in_map, _out_map;
    };

    template <typename V>
    class ArcMapBase
      : public MapTraits<typename Parent::template ArcMap<V> > {
      typedef typename Parent::template ArcMap<V> ArcImpl;
      typedef typename Parent::template NodeMap<V> NodeImpl;
    public:
      typedef Arc Key;
      typedef V Value;
      typedef typename MapTraits<ArcImpl>::ReferenceMapTag ReferenceMapTag;
      typedef typename MapTraits<ArcImpl>::ReturnValue ReturnValue;
      typedef typename MapTraits<ArcImpl>::ConstReturnValue ConstReturnValue;
      typedef typename MapTraits<ArcImpl>::ReturnValue Reference;
      typedef typename MapTraits<ArcImpl>::ConstReturnValue ConstReference;

      ArcMapBase(const SplitNodesBase<DGR>& adaptor)
        : _arc_map(*adaptor._digraph), _node_map(*adaptor._digraph) {}
      ArcMapBase(const SplitNodesBase<DGR>& adaptor, const V& value)
        : _arc_map(*adaptor._digraph, value),
          _node_map(*adaptor._digraph, value) {}

      void set(const Arc& key, const V& val) {
        if (SplitNodesBase<DGR>::origArc(key)) {
          _arc_map.set(static_cast<const DigraphArc&>(key), val);
        } else {
          _node_map.set(static_cast<const DigraphNode&>(key), val);
        }
      }

      ReturnValue operator[](const Arc& key) {
        if (SplitNodesBase<DGR>::origArc(key)) {
          return _arc_map[static_cast<const DigraphArc&>(key)];
        } else {
          return _node_map[static_cast<const DigraphNode&>(key)];
        }
      }

      ConstReturnValue operator[](const Arc& key) const {
        if (SplitNodesBase<DGR>::origArc(key)) {
          return _arc_map[static_cast<const DigraphArc&>(key)];
        } else {
          return _node_map[static_cast<const DigraphNode&>(key)];
        }
      }

    private:
      ArcImpl _arc_map;
      NodeImpl _node_map;
    };

  public:

    template <typename V>
    class NodeMap
      : public SubMapExtender<SplitNodesBase<DGR>, NodeMapBase<V> > {
      typedef SubMapExtender<SplitNodesBase<DGR>, NodeMapBase<V> > Parent;

    public:
      typedef V Value;

      NodeMap(const SplitNodesBase<DGR>& adaptor)
        : Parent(adaptor) {}

      NodeMap(const SplitNodesBase<DGR>& adaptor, const V& value)
        : Parent(adaptor, value) {}

    private:
      NodeMap& operator=(const NodeMap& cmap) {
        return operator=<NodeMap>(cmap);
      }

      template <typename CMap>
      NodeMap& operator=(const CMap& cmap) {
        Parent::operator=(cmap);
        return *this;
      }
    };

    template <typename V>
    class ArcMap
      : public SubMapExtender<SplitNodesBase<DGR>, ArcMapBase<V> > {
      typedef SubMapExtender<SplitNodesBase<DGR>, ArcMapBase<V> > Parent;

    public:
      typedef V Value;

      ArcMap(const SplitNodesBase<DGR>& adaptor)
        : Parent(adaptor) {}

      ArcMap(const SplitNodesBase<DGR>& adaptor, const V& value)
        : Parent(adaptor, value) {}

    private:
      ArcMap& operator=(const ArcMap& cmap) {
        return operator=<ArcMap>(cmap);
      }

      template <typename CMap>
      ArcMap& operator=(const CMap& cmap) {
        Parent::operator=(cmap);
        return *this;
      }
    };

  protected:

    SplitNodesBase() : _digraph(0) {}

    DGR* _digraph;

    void initialize(Digraph& digraph) {
      _digraph = &digraph;
    }

  };

  /// \ingroup graph_adaptors
  ///
  /// \brief Adaptor class for splitting the nodes of a digraph.
  ///
  /// SplitNodes adaptor can be used for splitting each node into an
  /// \e in-node and an \e out-node in a digraph. Formaly, the adaptor
  /// replaces each node \f$ u \f$ in the digraph with two nodes,
  /// namely node \f$ u_{in} \f$ and node \f$ u_{out} \f$.
  /// If there is a \f$ (v, u) \f$ arc in the original digraph, then the
  /// new target of the arc will be \f$ u_{in} \f$ and similarly the
  /// source of each original \f$ (u, v) \f$ arc will be \f$ u_{out} \f$.
  /// The adaptor adds an additional \e bind \e arc from \f$ u_{in} \f$
  /// to \f$ u_{out} \f$ for each node \f$ u \f$ of the original digraph.
  ///
  /// The aim of this class is running an algorithm with respect to node
  /// costs or capacities if the algorithm considers only arc costs or
  /// capacities directly.
  /// In this case you can use \c SplitNodes adaptor, and set the node
  /// costs/capacities of the original digraph to the \e bind \e arcs
  /// in the adaptor.
  ///
  /// This class provides item counting in the same time as the adapted
  /// digraph structure.
  ///
  /// \tparam DGR The type of the adapted digraph.
  /// It must conform to the \ref concepts::Digraph "Digraph" concept.
  /// It is implicitly \c const.
  ///
  /// \note The \c Node type of this adaptor is converible to the \c Node
  /// type of the adapted digraph.
  template <typename DGR>
#ifdef DOXYGEN
  class SplitNodes {
#else
  class SplitNodes
    : public DigraphAdaptorExtender<SplitNodesBase<const DGR> > {
#endif
    typedef DigraphAdaptorExtender<SplitNodesBase<const DGR> > Parent;

  public:
    typedef DGR Digraph;

    typedef typename DGR::Node DigraphNode;
    typedef typename DGR::Arc DigraphArc;

    typedef typename Parent::Node Node;
    typedef typename Parent::Arc Arc;

    /// \brief Constructor
    ///
    /// Constructor of the adaptor.
    SplitNodes(const DGR& g) {
      Parent::initialize(g);
    }

    /// \brief Returns \c true if the given node is an in-node.
    ///
    /// Returns \c true if the given node is an in-node.
    static bool inNode(const Node& n) {
      return Parent::inNode(n);
    }

    /// \brief Returns \c true if the given node is an out-node.
    ///
    /// Returns \c true if the given node is an out-node.
    static bool outNode(const Node& n) {
      return Parent::outNode(n);
    }

    /// \brief Returns \c true if the given arc is an original arc.
    ///
    /// Returns \c true if the given arc is one of the arcs in the
    /// original digraph.
    static bool origArc(const Arc& a) {
      return Parent::origArc(a);
    }

    /// \brief Returns \c true if the given arc is a bind arc.
    ///
    /// Returns \c true if the given arc is a bind arc, i.e. it connects
    /// an in-node and an out-node.
    static bool bindArc(const Arc& a) {
      return Parent::bindArc(a);
    }

    /// \brief Returns the in-node created from the given original node.
    ///
    /// Returns the in-node created from the given original node.
    static Node inNode(const DigraphNode& n) {
      return Parent::inNode(n);
    }

    /// \brief Returns the out-node created from the given original node.
    ///
    /// Returns the out-node created from the given original node.
    static Node outNode(const DigraphNode& n) {
      return Parent::outNode(n);
    }

    /// \brief Returns the bind arc that corresponds to the given
    /// original node.
    ///
    /// Returns the bind arc in the adaptor that corresponds to the given
    /// original node, i.e. the arc connecting the in-node and out-node
    /// of \c n.
    static Arc arc(const DigraphNode& n) {
      return Parent::arc(n);
    }

    /// \brief Returns the arc that corresponds to the given original arc.
    ///
    /// Returns the arc in the adaptor that corresponds to the given
    /// original arc.
    static Arc arc(const DigraphArc& a) {
      return Parent::arc(a);
    }

    /// \brief Node map combined from two original node maps
    ///
    /// This map adaptor class adapts two node maps of the original digraph
    /// to get a node map of the split digraph.
    /// Its value type is inherited from the first node map type (\c IN).
    /// \tparam IN The type of the node map for the in-nodes.
    /// \tparam OUT The type of the node map for the out-nodes.
    template <typename IN, typename OUT>
    class CombinedNodeMap {
    public:

      /// The key type of the map
      typedef Node Key;
      /// The value type of the map
      typedef typename IN::Value Value;

      typedef typename MapTraits<IN>::ReferenceMapTag ReferenceMapTag;
      typedef typename MapTraits<IN>::ReturnValue ReturnValue;
      typedef typename MapTraits<IN>::ConstReturnValue ConstReturnValue;
      typedef typename MapTraits<IN>::ReturnValue Reference;
      typedef typename MapTraits<IN>::ConstReturnValue ConstReference;

      /// Constructor
      CombinedNodeMap(IN& in_map, OUT& out_map)
        : _in_map(in_map), _out_map(out_map) {}

      /// Returns the value associated with the given key.
      Value operator[](const Key& key) const {
        if (SplitNodesBase<const DGR>::inNode(key)) {
          return _in_map[key];
        } else {
          return _out_map[key];
        }
      }

      /// Returns a reference to the value associated with the given key.
      Value& operator[](const Key& key) {
        if (SplitNodesBase<const DGR>::inNode(key)) {
          return _in_map[key];
        } else {
          return _out_map[key];
        }
      }

      /// Sets the value associated with the given key.
      void set(const Key& key, const Value& value) {
        if (SplitNodesBase<const DGR>::inNode(key)) {
          _in_map.set(key, value);
        } else {
          _out_map.set(key, value);
        }
      }

    private:

      IN& _in_map;
      OUT& _out_map;

    };


    /// \brief Returns a combined node map
    ///
    /// This function just returns a combined node map.
    template <typename IN, typename OUT>
    static CombinedNodeMap<IN, OUT>
    combinedNodeMap(IN& in_map, OUT& out_map) {
      return CombinedNodeMap<IN, OUT>(in_map, out_map);
    }

    template <typename IN, typename OUT>
    static CombinedNodeMap<const IN, OUT>
    combinedNodeMap(const IN& in_map, OUT& out_map) {
      return CombinedNodeMap<const IN, OUT>(in_map, out_map);
    }

    template <typename IN, typename OUT>
    static CombinedNodeMap<IN, const OUT>
    combinedNodeMap(IN& in_map, const OUT& out_map) {
      return CombinedNodeMap<IN, const OUT>(in_map, out_map);
    }

    template <typename IN, typename OUT>
    static CombinedNodeMap<const IN, const OUT>
    combinedNodeMap(const IN& in_map, const OUT& out_map) {
      return CombinedNodeMap<const IN, const OUT>(in_map, out_map);
    }

    /// \brief Arc map combined from an arc map and a node map of the
    /// original digraph.
    ///
    /// This map adaptor class adapts an arc map and a node map of the
    /// original digraph to get an arc map of the split digraph.
    /// Its value type is inherited from the original arc map type (\c AM).
    /// \tparam AM The type of the arc map.
    /// \tparam NM the type of the node map.
    template <typename AM, typename NM>
    class CombinedArcMap {
    public:

      /// The key type of the map
      typedef Arc Key;
      /// The value type of the map
      typedef typename AM::Value Value;

      typedef typename MapTraits<AM>::ReferenceMapTag ReferenceMapTag;
      typedef typename MapTraits<AM>::ReturnValue ReturnValue;
      typedef typename MapTraits<AM>::ConstReturnValue ConstReturnValue;
      typedef typename MapTraits<AM>::ReturnValue Reference;
      typedef typename MapTraits<AM>::ConstReturnValue ConstReference;

      /// Constructor
      CombinedArcMap(AM& arc_map, NM& node_map)
        : _arc_map(arc_map), _node_map(node_map) {}

      /// Returns the value associated with the given key.
      Value operator[](const Key& arc) const {
        if (SplitNodesBase<const DGR>::origArc(arc)) {
          return _arc_map[arc];
        } else {
          return _node_map[arc];
        }
      }

      /// Returns a reference to the value associated with the given key.
      Value& operator[](const Key& arc) {
        if (SplitNodesBase<const DGR>::origArc(arc)) {
          return _arc_map[arc];
        } else {
          return _node_map[arc];
        }
      }

      /// Sets the value associated with the given key.
      void set(const Arc& arc, const Value& val) {
        if (SplitNodesBase<const DGR>::origArc(arc)) {
          _arc_map.set(arc, val);
        } else {
          _node_map.set(arc, val);
        }
      }

    private:

      AM& _arc_map;
      NM& _node_map;

    };

    /// \brief Returns a combined arc map
    ///
    /// This function just returns a combined arc map.
    template <typename ArcMap, typename NodeMap>
    static CombinedArcMap<ArcMap, NodeMap>
    combinedArcMap(ArcMap& arc_map, NodeMap& node_map) {
      return CombinedArcMap<ArcMap, NodeMap>(arc_map, node_map);
    }

    template <typename ArcMap, typename NodeMap>
    static CombinedArcMap<const ArcMap, NodeMap>
    combinedArcMap(const ArcMap& arc_map, NodeMap& node_map) {
      return CombinedArcMap<const ArcMap, NodeMap>(arc_map, node_map);
    }

    template <typename ArcMap, typename NodeMap>
    static CombinedArcMap<ArcMap, const NodeMap>
    combinedArcMap(ArcMap& arc_map, const NodeMap& node_map) {
      return CombinedArcMap<ArcMap, const NodeMap>(arc_map, node_map);
    }

    template <typename ArcMap, typename NodeMap>
    static CombinedArcMap<const ArcMap, const NodeMap>
    combinedArcMap(const ArcMap& arc_map, const NodeMap& node_map) {
      return CombinedArcMap<const ArcMap, const NodeMap>(arc_map, node_map);
    }

  };

  /// \brief Returns a (read-only) SplitNodes adaptor
  ///
  /// This function just returns a (read-only) \ref SplitNodes adaptor.
  /// \ingroup graph_adaptors
  /// \relates SplitNodes
  template<typename DGR>
  SplitNodes<DGR>
  splitNodes(const DGR& digraph) {
    return SplitNodes<DGR>(digraph);
  }

#undef LEMON_SCOPE_FIX

} //namespace lemon

#endif //LEMON_ADAPTORS_H







lemon/bits/alteration_notifier.h

/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2009
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_BITS_ALTERATION_NOTIFIER_H
#define LEMON_BITS_ALTERATION_NOTIFIER_H

#include <vector>
#include <list>

#include <lemon/core.h>

//\ingroup graphbits
//\file
//\brief Observer notifier for graph alteration observers.

namespace lemon {

  // \ingroup graphbits
  //
  // \brief Notifier class to notify observes about alterations in
  // a container.
  //
  // The simple graphs can be refered as two containers: a node container
  // and an edge container. But they do not store values directly, they
  // are just key continars for more value containers, which are the
  // node and edge maps.
  //
  // The node and edge sets of the graphs can be changed as we add or erase
  // nodes and edges in the graph. LEMON would like to handle easily
  // that the node and edge maps should contain values for all nodes or
  // edges. If we want to check on every indicing if the map contains
  // the current indicing key that cause a drawback in the performance
  // in the library. We use another solution: we notify all maps about
  // an alteration in the graph, which cause only drawback on the
  // alteration of the graph.
  //
  // This class provides an interface to a node or edge container.
  // The first() and next() member functions make possible
  // to iterate on the keys of the container.
  // The id() function returns an integer id for each key.
  // The maxId() function gives back an upper bound of the ids.
  //
  // For the proper functonality of this class, we should notify it
  // about each alteration in the container. The alterations have four type:
  // add(), erase(), build() and clear(). The add() and
  // erase() signal that only one or few items added or erased to or
  // from the graph. If all items are erased from the graph or if a new graph
  // is built from an empty graph, then it can be signaled with the
  // clear() and build() members. Important rule that if we erase items
  // from graphs we should first signal the alteration and after that erase
  // them from the container, on the other way on item addition we should
  // first extend the container and just after that signal the alteration.
  //
  // The alteration can be observed with a class inherited from the
  // ObserverBase nested class. The signals can be handled with
  // overriding the virtual functions defined in the base class.  The
  // observer base can be attached to the notifier with the
  // attach() member and can be detached with detach() function. The
  // alteration handlers should not call any function which signals
  // an other alteration in the same notifier and should not
  // detach any observer from the notifier.
  //
  // Alteration observers try to be exception safe. If an add() or
  // a clear() function throws an exception then the remaining
  // observeres will not be notified and the fulfilled additions will
  // be rolled back by calling the erase() or clear() functions.
  // Hence erase() and clear() should not throw exception.
  // Actullay, they can throw only \ref ImmediateDetach exception,
  // which detach the observer from the notifier.
  //
  // There are some cases, when the alteration observing is not completly
  // reliable. If we want to carry out the node degree in the graph
  // as in the \ref InDegMap and we use the reverseArc(), then it cause
  // unreliable functionality. Because the alteration observing signals
  // only erasing and adding but not the reversing, it will stores bad
  // degrees. Apart form that the subgraph adaptors cannot even signal
  // the alterations because just a setting in the filter map can modify
  // the graph and this cannot be watched in any way.
  //
  // \param _Container The container which is observed.
  // \param _Item The item type which is obserbved.

  template <typename _Container, typename _Item>
  class AlterationNotifier {
  public:

    typedef True Notifier;

    typedef _Container Container;
    typedef _Item Item;

    // \brief Exception which can be called from clear() and
    // erase().
    //
    // From the clear() and erase() function only this
    // exception is allowed to throw. The exception immediatly
    // detaches the current observer from the notifier. Because the
    // clear() and erase() should not throw other exceptions
    // it can be used to invalidate the observer.
    struct ImmediateDetach {};

    // \brief ObserverBase is the base class for the observers.
    //
    // ObserverBase is the abstract base class for the observers.
    // It will be notified about an item was inserted into or
    // erased from the graph.
    //
    // The observer interface contains some pure virtual functions
    // to override. The add() and erase() functions are
    // to notify the oberver when one item is added or erased.
    //
    // The build() and clear() members are to notify the observer
    // about the container is built from an empty container or
    // is cleared to an empty container.
    class ObserverBase {
    protected:
      typedef AlterationNotifier Notifier;

      friend class AlterationNotifier;

      // \brief Default constructor.
      //
      // Default constructor for ObserverBase.
      ObserverBase() : _notifier(0) {}

      // \brief Constructor which attach the observer into notifier.
      //
      // Constructor which attach the observer into notifier.
      ObserverBase(AlterationNotifier& nf) {
        attach(nf);
      }

      // \brief Constructor which attach the obserever to the same notifier.
      //
      // Constructor which attach the obserever to the same notifier as
      // the other observer is attached to.
      ObserverBase(const ObserverBase& copy) {
        if (copy.attached()) {
          attach(*copy.notifier());
        }
      }

      // \brief Destructor
      virtual ~ObserverBase() {
        if (attached()) {
          detach();
        }
      }

      // \brief Attaches the observer into an AlterationNotifier.
      //
      // This member attaches the observer into an AlterationNotifier.
      void attach(AlterationNotifier& nf) {
        nf.attach(*this);
      }

      // \brief Detaches the observer into an AlterationNotifier.
      //
      // This member detaches the observer from an AlterationNotifier.
      void detach() {
        _notifier->detach(*this);
      }

      // \brief Gives back a pointer to the notifier which the map
      // attached into.
      //
      // This function gives back a pointer to the notifier which the map
      // attached into.
      Notifier* notifier() const { return const_cast<Notifier*>(_notifier); }

      // Gives back true when the observer is attached into a notifier.
      bool attached() const { return _notifier != 0; }

    private:

      ObserverBase& operator=(const ObserverBase& copy);

    protected:

      Notifier* _notifier;
      typename std::list<ObserverBase*>::iterator _index;

      // \brief The member function to notificate the observer about an
      // item is added to the container.
      //
      // The add() member function notificates the observer about an item
      // is added to the container. It have to be overrided in the
      // subclasses.
      virtual void add(const Item&) = 0;

      // \brief The member function to notificate the observer about
      // more item is added to the container.
      //
      // The add() member function notificates the observer about more item
      // is added to the container. It have to be overrided in the
      // subclasses.
      virtual void add(const std::vector<Item>& items) = 0;

      // \brief The member function to notificate the observer about an
      // item is erased from the container.
      //
      // The erase() member function notificates the observer about an
      // item is erased from the container. It have to be overrided in
      // the subclasses.
      virtual void erase(const Item&) = 0;

      // \brief The member function to notificate the observer about
      // more item is erased from the container.
      //
      // The erase() member function notificates the observer about more item
      // is erased from the container. It have to be overrided in the
      // subclasses.
      virtual void erase(const std::vector<Item>& items) = 0;

      // \brief The member function to notificate the observer about the
      // container is built.
      //
      // The build() member function notificates the observer about the
      // container is built from an empty container. It have to be
      // overrided in the subclasses.
      virtual void build() = 0;

      // \brief The member function to notificate the observer about all
      // items are erased from the container.
      //
      // The clear() member function notificates the observer about all
      // items are erased from the container. It have to be overrided in
      // the subclasses.
      virtual void clear() = 0;

    };

  protected:

    const Container* container;

    typedef std::list<ObserverBase*> Observers;
    Observers _observers;


  public:

    // \brief Default constructor.
    //
    // The default constructor of the AlterationNotifier.
    // It creates an empty notifier.
    AlterationNotifier()
      : container(0) {}

    // \brief Constructor.
    //
    // Constructor with the observed container parameter.
    AlterationNotifier(const Container& _container)
      : container(&_container) {}

    // \brief Copy Constructor of the AlterationNotifier.
    //
    // Copy constructor of the AlterationNotifier.
    // It creates only an empty notifier because the copiable
    // notifier's observers have to be registered still into that notifier.
    AlterationNotifier(const AlterationNotifier& _notifier)
      : container(_notifier.container) {}

    // \brief Destructor.
    //
    // Destructor of the AlterationNotifier.
    ~AlterationNotifier() {
      typename Observers::iterator it;
      for (it = _observers.begin(); it != _observers.end(); ++it) {
        (*it)->_notifier = 0;
      }
    }

    // \brief Sets the container.
    //
    // Sets the container.
    void setContainer(const Container& _container) {
      container = &_container;
    }

  protected:

    AlterationNotifier& operator=(const AlterationNotifier&);

  public:

    // \brief First item in the container.
    //
    // Returns the first item in the container. It is
    // for start the iteration on the container.
    void first(Item& item) const {
      container->first(item);
    }

    // \brief Next item in the container.
    //
    // Returns the next item in the container. It is
    // for iterate on the container.
    void next(Item& item) const {
      container->next(item);
    }

    // \brief Returns the id of the item.
    //
    // Returns the id of the item provided by the container.
    int id(const Item& item) const {
      return container->id(item);
    }

    // \brief Returns the maximum id of the container.
    //
    // Returns the maximum id of the container.
    int maxId() const {
      return container->maxId(Item());
    }

  protected:

    void attach(ObserverBase& observer) {
      observer._index = _observers.insert(_observers.begin(), &observer);
      observer._notifier = this;
    }

    void detach(ObserverBase& observer) {
      _observers.erase(observer._index);
      observer._index = _observers.end();
      observer._notifier = 0;
    }

  public:

    // \brief Notifies all the registed observers about an item added to
    // the container.
    //
    // It notifies all the registed observers about an item added to
    // the container.
    void add(const Item& item) {
      typename Observers::reverse_iterator it;
      try {
        for (it = _observers.rbegin(); it != _observers.rend(); ++it) {
          (*it)->add(item);
        }
      } catch (...) {
        typename Observers::iterator jt;
        for (jt = it.base(); jt != _observers.end(); ++jt) {
          (*jt)->erase(item);
        }
        throw;
      }
    }

    // \brief Notifies all the registed observers about more item added to
    // the container.
    //
    // It notifies all the registed observers about more item added to
    // the container.
    void add(const std::vector<Item>& items) {
      typename Observers::reverse_iterator it;
      try {
        for (it = _observers.rbegin(); it != _observers.rend(); ++it) {
          (*it)->add(items);
        }
      } catch (...) {
        typename Observers::iterator jt;
        for (jt = it.base(); jt != _observers.end(); ++jt) {
          (*jt)->erase(items);
        }
        throw;
      }
    }

    // \brief Notifies all the registed observers about an item erased from
    // the container.
    //
    // It notifies all the registed observers about an item erased from
    // the container.
    void erase(const Item& item) throw() {
      typename Observers::iterator it = _observers.begin();
      while (it != _observers.end()) {
        try {
          (*it)->erase(item);
          ++it;
        } catch (const ImmediateDetach&) {
          (*it)->_index = _observers.end();
          (*it)->_notifier = 0;
          it = _observers.erase(it);
        }
      }
    }

    // \brief Notifies all the registed observers about more item erased
    // from the container.
    //
    // It notifies all the registed observers about more item erased from
    // the container.
    void erase(const std::vector<Item>& items) {
      typename Observers::iterator it = _observers.begin();
      while (it != _observers.end()) {
        try {
          (*it)->erase(items);
          ++it;
        } catch (const ImmediateDetach&) {
          (*it)->_index = _observers.end();
          (*it)->_notifier = 0;
          it = _observers.erase(it);
        }
      }
    }

    // \brief Notifies all the registed observers about the container is
    // built.
    //
    // Notifies all the registed observers about the container is built
    // from an empty container.
    void build() {
      typename Observers::reverse_iterator it;
      try {
        for (it = _observers.rbegin(); it != _observers.rend(); ++it) {
          (*it)->build();
        }
      } catch (...) {
        typename Observers::iterator jt;
        for (jt = it.base(); jt != _observers.end(); ++jt) {
          (*jt)->clear();
        }
        throw;
      }
    }

    // \brief Notifies all the registed observers about all items are
    // erased.
    //
    // Notifies all the registed observers about all items are erased
    // from the container.
    void clear() {
      typename Observers::iterator it = _observers.begin();
      while (it != _observers.end()) {
        try {
          (*it)->clear();
          ++it;
        } catch (const ImmediateDetach&) {
          (*it)->_index = _observers.end();
          (*it)->_notifier = 0;
          it = _observers.erase(it);
        }
      }
    }
  };

}

#endif







lemon/arg_parser.h

/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2010
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_ARG_PARSER_H
#define LEMON_ARG_PARSER_H

#include <vector>
#include <map>
#include <list>
#include <string>
#include <iostream>
#include <sstream>
#include <algorithm>
#include <lemon/assert.h>

///\ingroup misc
///\file
///\brief A tool to parse command line arguments.

namespace lemon {

  ///Exception used by ArgParser

  ///Exception used by ArgParser.
  ///
  class ArgParserException : public Exception {
  public:
    /// Reasons for failure

    /// Reasons for failure.
    ///
    enum Reason {
      HELP,         ///< <tt>--help</tt> option was given.
      UNKNOWN_OPT,  ///< Unknown option was given.
      INVALID_OPT   ///< Invalid combination of options.
    };

  private:
    Reason _reason;

  public:
    ///Constructor
    ArgParserException(Reason r) throw() : _reason(r) {}
    ///Virtual destructor
    virtual ~ArgParserException() throw() {}
    ///A short description of the exception
    virtual const char* what() const throw() {
      switch(_reason)
        {
        case HELP:
          return "lemon::ArgParseException: ask for help";
          break;
        case UNKNOWN_OPT:
          return "lemon::ArgParseException: unknown option";
          break;
        case INVALID_OPT:
          return "lemon::ArgParseException: invalid combination of options";
          break;
        }
      return "";
    }
    ///Return the reason for the failure
    Reason reason() const {return _reason; }
  };


  ///Command line arguments parser

  ///\ingroup misc
  ///Command line arguments parser.
  ///
  ///For a complete example see the \ref arg_parser_demo.cc demo file.
  class ArgParser {

    static void _showHelp(void *p);
  protected:

    int _argc;
    const char * const *_argv;

    enum OptType { UNKNOWN=0, BOOL=1, STRING=2, DOUBLE=3, INTEGER=4, FUNC=5 };

    class ParData {
    public:
      union {
        bool *bool_p;
        int *int_p;
        double *double_p;
        std::string *string_p;
        struct {
          void (*p)(void *);
          void *data;
        } func_p;

      };
      std::string help;
      bool mandatory;
      OptType type;
      bool set;
      bool ingroup;
      bool has_syn;
      bool syn;
      bool self_delete;
      ParData() : mandatory(false), type(UNKNOWN), set(false), ingroup(false),
                  has_syn(false), syn(false), self_delete(false) {}
    };

    typedef std::map<std::string,ParData> Opts;
    Opts _opts;

    class GroupData
    {
    public:
      typedef std::list<std::string> Opts;
      Opts opts;
      bool only_one;
      bool mandatory;
      GroupData() :only_one(false), mandatory(false) {}
    };

    typedef std::map<std::string,GroupData> Groups;
    Groups _groups;

    struct OtherArg
    {
      std::string name;
      std::string help;
      OtherArg(std::string n, std::string h) :name(n), help(h) {}

    };

    std::vector<OtherArg> _others_help;
    std::vector<std::string> _file_args;
    std::string _command_name;


  private:
    //Bind a function to an option.

    //\param name The name of the option. The leading '-' must be omitted.
    //\param help A help string.
    //\retval func The function to be called when the option is given. It
    //  must be of type "void f(void *)"
    //\param data Data to be passed to \c func
    ArgParser &funcOption(const std::string &name,
                    const std::string &help,
                    void (*func)(void *),void *data);

    bool _exit_on_problems;

    void _terminate(ArgParserException::Reason reason) const;

  public:

    ///Constructor
    ArgParser(int argc, const char * const *argv);

    ~ArgParser();

    ///\name Options
    ///

    ///@{

    ///Add a new integer type option

    ///Add a new integer type option.
    ///\param name The name of the option. The leading '-' must be omitted.
    ///\param help A help string.
    ///\param value A default value for the option.
    ///\param obl Indicate if the option is mandatory.
    ArgParser &intOption(const std::string &name,
                    const std::string &help,
                    int value=0, bool obl=false);

    ///Add a new floating point type option

    ///Add a new floating point type option.
    ///\param name The name of the option. The leading '-' must be omitted.
    ///\param help A help string.
    ///\param value A default value for the option.
    ///\param obl Indicate if the option is mandatory.
    ArgParser &doubleOption(const std::string &name,
                      const std::string &help,
                      double value=0, bool obl=false);

    ///Add a new bool type option

    ///Add a new bool type option.
    ///\param name The name of the option. The leading '-' must be omitted.
    ///\param help A help string.
    ///\param value A default value for the option.
    ///\param obl Indicate if the option is mandatory.
    ///\note A mandatory bool obtion is of very little use.
    ArgParser &boolOption(const std::string &name,
                      const std::string &help,
                      bool value=false, bool obl=false);

    ///Add a new string type option

    ///Add a new string type option.
    ///\param name The name of the option. The leading '-' must be omitted.
    ///\param help A help string.
    ///\param value A default value for the option.
    ///\param obl Indicate if the option is mandatory.
    ArgParser &stringOption(const std::string &name,
                      const std::string &help,
                      std::string value="", bool obl=false);

    ///Give help string for non-parsed arguments.

    ///With this function you can give help string for non-parsed arguments.
    ///The parameter \c name will be printed in the short usage line, while
    ///\c help gives a more detailed description.
    ArgParser &other(const std::string &name,
                     const std::string &help="");

    ///@}

    ///\name Options with External Storage
    ///Using this functions, the value of the option will be directly written
    ///into a variable once the option appears in the command line.

    ///@{

    ///Add a new integer type option with a storage reference

    ///Add a new integer type option with a storage reference.
    ///\param name The name of the option. The leading '-' must be omitted.
    ///\param help A help string.
    ///\param obl Indicate if the option is mandatory.
    ///\retval ref The value of the argument will be written to this variable.
    ArgParser &refOption(const std::string &name,
                    const std::string &help,
                    int &ref, bool obl=false);

    ///Add a new floating type option with a storage reference

    ///Add a new floating type option with a storage reference.
    ///\param name The name of the option. The leading '-' must be omitted.
    ///\param help A help string.
    ///\param obl Indicate if the option is mandatory.
    ///\retval ref The value of the argument will be written to this variable.
    ArgParser &refOption(const std::string &name,
                      const std::string &help,
                      double &ref, bool obl=false);

    ///Add a new bool type option with a storage reference

    ///Add a new bool type option with a storage reference.
    ///\param name The name of the option. The leading '-' must be omitted.
    ///\param help A help string.
    ///\param obl Indicate if the option is mandatory.
    ///\retval ref The value of the argument will be written to this variable.
    ///\note A mandatory bool obtion is of very little use.
    ArgParser &refOption(const std::string &name,
                      const std::string &help,
                      bool &ref, bool obl=false);

    ///Add a new string type option with a storage reference

    ///Add a new string type option with a storage reference.
    ///\param name The name of the option. The leading '-' must be omitted.
    ///\param help A help string.
    ///\param obl Indicate if the option is mandatory.
    ///\retval ref The value of the argument will be written to this variable.
    ArgParser &refOption(const std::string &name,
                      const std::string &help,
                      std::string &ref, bool obl=false);

    ///@}

    ///\name Option Groups and Synonyms
    ///

    ///@{

    ///Bundle some options into a group

    /// You can group some option by calling this function repeatedly for each
    /// option to be grouped with the same groupname.
    ///\param group The group name.
    ///\param opt The option name.
    ArgParser &optionGroup(const std::string &group,
                           const std::string &opt);

    ///Make the members of a group exclusive

    ///If you call this function for a group, than at most one of them can be
    ///given at the same time.
    ArgParser &onlyOneGroup(const std::string &group);

    ///Make a group mandatory

    ///Using this function, at least one of the members of \c group
    ///must be given.
    ArgParser &mandatoryGroup(const std::string &group);

    ///Create synonym to an option

    ///With this function you can create a synonym \c syn of the
    ///option \c opt.
    ArgParser &synonym(const std::string &syn,
                           const std::string &opt);

    ///@}

  private:
    void show(std::ostream &os,Opts::const_iterator i) const;
    void show(std::ostream &os,Groups::const_iterator i) const;
    void showHelp(Opts::const_iterator i) const;
    void showHelp(std::vector<OtherArg>::const_iterator i) const;

    void unknownOpt(std::string arg) const;

    void requiresValue(std::string arg, OptType t) const;
    void checkMandatories() const;

    void shortHelp() const;
    void showHelp() const;
  public:

    ///Start the parsing process
    ArgParser &parse();

    /// Synonym for parse()
    ArgParser &run()
    {
      return parse();
    }

    ///Give back the command name (the 0th argument)
    const std::string &commandName() const { return _command_name; }

    ///Check if an opion has been given to the command.
    bool given(std::string op) const
    {
      Opts::const_iterator i = _opts.find(op);
      return i!=_opts.end()?i->second.set:false;
    }


    ///Magic type for operator[]

    ///This is the type of the return value of ArgParser::operator[]().
    ///It automatically converts to \c int, \c double, \c bool or
    ///\c std::string if the type of the option matches, which is checked
    ///with an \ref LEMON_ASSERT "assertion" (i.e. it performs runtime
    ///type checking).
    class RefType
    {
      const ArgParser &_parser;
      std::string _name;
    public:
      ///\e
      RefType(const ArgParser &p,const std::string &n) :_parser(p),_name(n) {}
      ///\e
      operator bool()
      {
        Opts::const_iterator i = _parser._opts.find(_name);
        LEMON_ASSERT(i!=_parser._opts.end(),
                     std::string()+"Unkown option: '"+_name+"'");
        LEMON_ASSERT(i->second.type==ArgParser::BOOL,
                     std::string()+"'"+_name+"' is a bool option");
        return *(i->second.bool_p);
      }
      ///\e
      operator std::string()
      {
        Opts::const_iterator i = _parser._opts.find(_name);
        LEMON_ASSERT(i!=_parser._opts.end(),
                     std::string()+"Unkown option: '"+_name+"'");
        LEMON_ASSERT(i->second.type==ArgParser::STRING,
                     std::string()+"'"+_name+"' is a string option");
        return *(i->second.string_p);
      }
      ///\e
      operator double()
      {
        Opts::const_iterator i = _parser._opts.find(_name);
        LEMON_ASSERT(i!=_parser._opts.end(),
                     std::string()+"Unkown option: '"+_name+"'");
        LEMON_ASSERT(i->second.type==ArgParser::DOUBLE ||
                     i->second.type==ArgParser::INTEGER,
                     std::string()+"'"+_name+"' is a floating point option");
        return i->second.type==ArgParser::DOUBLE ?
          *(i->second.double_p) : *(i->second.int_p);
      }
      ///\e
      operator int()
      {
        Opts::const_iterator i = _parser._opts.find(_name);
        LEMON_ASSERT(i!=_parser._opts.end(),
                     std::string()+"Unkown option: '"+_name+"'");
        LEMON_ASSERT(i->second.type==ArgParser::INTEGER,
                     std::string()+"'"+_name+"' is an integer option");
        return *(i->second.int_p);
      }

    };

    ///Give back the value of an option

    ///Give back the value of an option.
    ///\sa RefType
    RefType operator[](const std::string &n) const
    {
      return RefType(*this, n);
    }

    ///Give back the non-option type arguments.

    ///Give back a reference to a vector consisting of the program arguments
    ///not starting with a '-' character.
    const std::vector<std::string> &files() const { return _file_args; }

    ///Throw instead of exit in case of problems
    void throwOnProblems()
    {
      _exit_on_problems=false;
    }
  };
}

#endif // LEMON_ARG_PARSER_H







lemon/bits/array_map.h

/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2010
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_BITS_ARRAY_MAP_H
#define LEMON_BITS_ARRAY_MAP_H

#include <memory>

#include <lemon/bits/traits.h>
#include <lemon/bits/alteration_notifier.h>
#include <lemon/concept_check.h>
#include <lemon/concepts/maps.h>

// \ingroup graphbits
// \file
// \brief Graph map based on the array storage.

namespace lemon {

  // \ingroup graphbits
  //
  // \brief Graph map based on the array storage.
  //
  // The ArrayMap template class is graph map structure that automatically
  // updates the map when a key is added to or erased from the graph.
  // This map uses the allocators to implement the container functionality.
  //
  // The template parameters are the Graph, the current Item type and
  // the Value type of the map.
  template <typename _Graph, typename _Item, typename _Value>
  class ArrayMap
    : public ItemSetTraits<_Graph, _Item>::ItemNotifier::ObserverBase {
  public:
    // The graph type.
    typedef _Graph GraphType;
    // The item type.
    typedef _Item Item;
    // The reference map tag.
    typedef True ReferenceMapTag;

    // The key type of the map.
    typedef _Item Key;
    // The value type of the map.
    typedef _Value Value;

    // The const reference type of the map.
    typedef const _Value& ConstReference;
    // The reference type of the map.
    typedef _Value& Reference;

    // The map type.
    typedef ArrayMap Map;

    // The notifier type.
    typedef typename ItemSetTraits<_Graph, _Item>::ItemNotifier Notifier;

  private:

    // The MapBase of the Map which imlements the core regisitry function.
    typedef typename Notifier::ObserverBase Parent;

    typedef std::allocator<Value> Allocator;

  public:

    // \brief Graph initialized map constructor.
    //
    // Graph initialized map constructor.
    explicit ArrayMap(const GraphType& graph) {
      Parent::attach(graph.notifier(Item()));
      allocate_memory();
      Notifier* nf = Parent::notifier();
      Item it;
      for (nf->first(it); it != INVALID; nf->next(it)) {
        int id = nf->id(it);;
        allocator.construct(&(values[id]), Value());
      }
    }

    // \brief Constructor to use default value to initialize the map.
    //
    // It constructs a map and initialize all of the the map.
    ArrayMap(const GraphType& graph, const Value& value) {
      Parent::attach(graph.notifier(Item()));
      allocate_memory();
      Notifier* nf = Parent::notifier();
      Item it;
      for (nf->first(it); it != INVALID; nf->next(it)) {
        int id = nf->id(it);;
        allocator.construct(&(values[id]), value);
      }
    }

  private:
    // \brief Constructor to copy a map of the same map type.
    //
    // Constructor to copy a map of the same map type.
    ArrayMap(const ArrayMap& copy) : Parent() {
      if (copy.attached()) {
        attach(*copy.notifier());
      }
      capacity = copy.capacity;
      if (capacity == 0) return;
      values = allocator.allocate(capacity);
      Notifier* nf = Parent::notifier();
      Item it;
      for (nf->first(it); it != INVALID; nf->next(it)) {
        int id = nf->id(it);;
        allocator.construct(&(values[id]), copy.values[id]);
      }
    }

    // \brief Assign operator.
    //
    // This operator assigns for each item in the map the
    // value mapped to the same item in the copied map.
    // The parameter map should be indiced with the same
    // itemset because this assign operator does not change
    // the container of the map.
    ArrayMap& operator=(const ArrayMap& cmap) {
      return operator=<ArrayMap>(cmap);
    }


    // \brief Template assign operator.
    //
    // The given parameter should conform to the ReadMap
    // concecpt and could be indiced by the current item set of
    // the NodeMap. In this case the value for each item
    // is assigned by the value of the given ReadMap.
    template <typename CMap>
    ArrayMap& operator=(const CMap& cmap) {
      checkConcept<concepts::ReadMap<Key, _Value>, CMap>();
      const typename Parent::Notifier* nf = Parent::notifier();
      Item it;
      for (nf->first(it); it != INVALID; nf->next(it)) {
        set(it, cmap[it]);
      }
      return *this;
    }

  public:
    // \brief The destructor of the map.
    //
    // The destructor of the map.
    virtual ~ArrayMap() {
      if (attached()) {
        clear();
        detach();
      }
    }

  protected:

    using Parent::attach;
    using Parent::detach;
    using Parent::attached;

  public:

    // \brief The subscript operator.
    //
    // The subscript operator. The map can be subscripted by the
    // actual keys of the graph.
    Value& operator[](const Key& key) {
      int id = Parent::notifier()->id(key);
      return values[id];
    }

    // \brief The const subscript operator.
    //
    // The const subscript operator. The map can be subscripted by the
    // actual keys of the graph.
    const Value& operator[](const Key& key) const {
      int id = Parent::notifier()->id(key);
      return values[id];
    }

    // \brief Setter function of the map.
    //
    // Setter function of the map. Equivalent with map[key] = val.
    // This is a compatibility feature with the not dereferable maps.
    void set(const Key& key, const Value& val) {
      (*this)[key] = val;
    }

  protected:

    // \brief Adds a new key to the map.
    //
    // It adds a new key to the map. It is called by the observer notifier
    // and it overrides the add() member function of the observer base.
    virtual void add(const Key& key) {
      Notifier* nf = Parent::notifier();
      int id = nf->id(key);
      if (id >= capacity) {
        int new_capacity = (capacity == 0 ? 1 : capacity);
        while (new_capacity <= id) {
          new_capacity <<= 1;
        }
        Value* new_values = allocator.allocate(new_capacity);
        Item it;
        for (nf->first(it); it != INVALID; nf->next(it)) {
          int jd = nf->id(it);;
          if (id != jd) {
            allocator.construct(&(new_values[jd]), values[jd]);
            allocator.destroy(&(values[jd]));
          }
        }
        if (capacity != 0) allocator.deallocate(values, capacity);
        values = new_values;
        capacity = new_capacity;
      }
      allocator.construct(&(values[id]), Value());
    }

    // \brief Adds more new keys to the map.
    //
    // It adds more new keys to the map. It is called by the observer notifier
    // and it overrides the add() member function of the observer base.
    virtual void add(const std::vector<Key>& keys) {
      Notifier* nf = Parent::notifier();
      int max_id = -1;
      for (int i = 0; i < int(keys.size()); ++i) {
        int id = nf->id(keys[i]);
        if (id > max_id) {
          max_id = id;
        }
      }
      if (max_id >= capacity) {
        int new_capacity = (capacity == 0 ? 1 : capacity);
        while (new_capacity <= max_id) {
          new_capacity <<= 1;
        }
        Value* new_values = allocator.allocate(new_capacity);
        Item it;
        for (nf->first(it); it != INVALID; nf->next(it)) {
          int id = nf->id(it);
          bool found = false;
          for (int i = 0; i < int(keys.size()); ++i) {
            int jd = nf->id(keys[i]);
            if (id == jd) {
              found = true;
              break;
            }
          }
          if (found) continue;
          allocator.construct(&(new_values[id]), values[id]);
          allocator.destroy(&(values[id]));
        }
        if (capacity != 0) allocator.deallocate(values, capacity);
        values = new_values;
        capacity = new_capacity;
      }
      for (int i = 0; i < int(keys.size()); ++i) {
        int id = nf->id(keys[i]);
        allocator.construct(&(values[id]), Value());
      }
    }

    // \brief Erase a key from the map.
    //
    // Erase a key from the map. It is called by the observer notifier
    // and it overrides the erase() member function of the observer base.
    virtual void erase(const Key& key) {
      int id = Parent::notifier()->id(key);
      allocator.destroy(&(values[id]));
    }

    // \brief Erase more keys from the map.
    //
    // Erase more keys from the map. It is called by the observer notifier
    // and it overrides the erase() member function of the observer base.
    virtual void erase(const std::vector<Key>& keys) {
      for (int i = 0; i < int(keys.size()); ++i) {
        int id = Parent::notifier()->id(keys[i]);
        allocator.destroy(&(values[id]));
      }
    }

    // \brief Builds the map.
    //
    // It builds the map. It is called by the observer notifier
    // and it overrides the build() member function of the observer base.
    virtual void build() {
      Notifier* nf = Parent::notifier();
      allocate_memory();
      Item it;
      for (nf->first(it); it != INVALID; nf->next(it)) {
        int id = nf->id(it);;
        allocator.construct(&(values[id]), Value());
      }
    }

    // \brief Clear the map.
    //
    // It erase all items from the map. It is called by the observer notifier
    // and it overrides the clear() member function of the observer base.
    virtual void clear() {
      Notifier* nf = Parent::notifier();
      if (capacity != 0) {
        Item it;
        for (nf->first(it); it != INVALID; nf->next(it)) {
          int id = nf->id(it);
          allocator.destroy(&(values[id]));
        }
        allocator.deallocate(values, capacity);
        capacity = 0;
      }
    }

  private:

    void allocate_memory() {
      int max_id = Parent::notifier()->maxId();
      if (max_id == -1) {
        capacity = 0;
        values = 0;
        return;
      }
      capacity = 1;
      while (capacity <= max_id) {
        capacity <<= 1;
      }
      values = allocator.allocate(capacity);
    }

    int capacity;
    Value* values;
    Allocator allocator;

  };

}

#endif







lemon/assert.h

/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2009
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_ASSERT_H
#define LEMON_ASSERT_H

/// \ingroup exceptions
/// \file
/// \brief Extended assertion handling

#include <lemon/error.h>

namespace lemon {

  inline void assert_fail_abort(const char *file, int line,
                                const char *function, const char* message,
                                const char *assertion)
  {
    std::cerr << file << ":" << line << ": ";
    if (function)
      std::cerr << function << ": ";
    std::cerr << message;
    if (assertion)
      std::cerr << " (assertion '" << assertion << "' failed)";
    std::cerr << std::endl;
    std::abort();
  }

  namespace _assert_bits {


    inline const char* cstringify(const std::string& str) {
      return str.c_str();
    }

    inline const char* cstringify(const char* str) {
      return str;
    }
  }
}

#endif // LEMON_ASSERT_H

#undef LEMON_ASSERT
#undef LEMON_DEBUG

#if (defined(LEMON_ASSERT_ABORT) ? 1 : 0) +               \
  (defined(LEMON_ASSERT_CUSTOM) ? 1 : 0) > 1
#error "LEMON assertion system is not set properly"
#endif

#if ((defined(LEMON_ASSERT_ABORT) ? 1 : 0) +            \
     (defined(LEMON_ASSERT_CUSTOM) ? 1 : 0) == 1 ||     \
     defined(LEMON_ENABLE_ASSERTS)) &&                  \
  (defined(LEMON_DISABLE_ASSERTS) ||                    \
   defined(NDEBUG))
#error "LEMON assertion system is not set properly"
#endif


#if defined LEMON_ASSERT_ABORT
#  undef LEMON_ASSERT_HANDLER
#  define LEMON_ASSERT_HANDLER ::lemon::assert_fail_abort
#elif defined LEMON_ASSERT_CUSTOM
#  undef LEMON_ASSERT_HANDLER
#  ifndef LEMON_CUSTOM_ASSERT_HANDLER
#    error "LEMON_CUSTOM_ASSERT_HANDLER is not set"
#  endif
#  define LEMON_ASSERT_HANDLER LEMON_CUSTOM_ASSERT_HANDLER
#elif defined LEMON_DISABLE_ASSERTS
#  undef LEMON_ASSERT_HANDLER
#elif defined NDEBUG
#  undef LEMON_ASSERT_HANDLER
#else
#  define LEMON_ASSERT_HANDLER ::lemon::assert_fail_abort
#endif

#ifndef LEMON_FUNCTION_NAME
#  if defined __GNUC__
#    define LEMON_FUNCTION_NAME (__PRETTY_FUNCTION__)
#  elif defined _MSC_VER
#    define LEMON_FUNCTION_NAME (__FUNCSIG__)
#  elif __STDC_VERSION__ >= 199901L
#    define LEMON_FUNCTION_NAME (__func__)
#  else
#    define LEMON_FUNCTION_NAME ("<unknown>")
#  endif
#endif

#ifdef DOXYGEN

/// \ingroup exceptions
///
/// \brief Macro for assertion with customizable message
///
/// Macro for assertion with customizable message.
/// \param exp An expression that must be convertible to \c bool.  If it is \c
/// false, then an assertion is raised. The concrete behaviour depends on the
/// settings of the assertion system.
/// \param msg A <tt>const char*</tt> parameter, which can be used to provide
/// information about the circumstances of the failed assertion.
///
/// The assertions are enabled in the default behaviour.
/// You can disable them with the following code:
/// \code
/// #define LEMON_DISABLE_ASSERTS
/// \endcode
/// or with compilation parameters:
/// \code
/// g++ -DLEMON_DISABLE_ASSERTS
/// make CXXFLAGS='-DLEMON_DISABLE_ASSERTS'
/// \endcode
/// The checking is also disabled when the standard macro \c NDEBUG is defined.
///
/// As a default behaviour the failed assertion prints a short log message to
/// the standard error and aborts the execution.
///
/// However, the following modes can be used in the assertion system:
/// - \c LEMON_ASSERT_ABORT The failed assertion prints a short log message to
///   the standard error and aborts the program. It is the default behaviour.
/// - \c LEMON_ASSERT_CUSTOM The user can define own assertion handler
///   function.
///   \code
///     void custom_assert_handler(const char* file, int line,
///                                const char* function, const char* message,
///                                const char* assertion);
///   \endcode
///   The name of the function should be defined as the \c
///   LEMON_CUSTOM_ASSERT_HANDLER macro name.
///   \code
///     #define LEMON_CUSTOM_ASSERT_HANDLER custom_assert_handler
///   \endcode
///   Whenever an assertion is occured, the custom assertion
///   handler is called with appropiate parameters.
///
/// The assertion mode can also be changed within one compilation unit.
/// If the macros are redefined with other settings and the
/// \ref lemon/assert.h "assert.h" file is reincluded, then the
/// behaviour is changed appropiately to the new settings.
#  define LEMON_ASSERT(exp, msg)                                        \
  (static_cast<void> (!!(exp) ? 0 : (                                   \
    LEMON_ASSERT_HANDLER(__FILE__, __LINE__,                            \
                         LEMON_FUNCTION_NAME,                           \
                         ::lemon::_assert_bits::cstringify(msg), #exp), 0)))

/// \ingroup exceptions
///
/// \brief Macro for internal assertions
///
/// Macro for internal assertions, it is used in the library to check
/// the consistency of results of algorithms, several pre- and
/// postconditions and invariants. The checking is disabled by
/// default, but it can be turned on with the macro \c
/// LEMON_ENABLE_DEBUG.
/// \code
/// #define LEMON_ENABLE_DEBUG
/// \endcode
/// or with compilation parameters:
/// \code
/// g++ -DLEMON_ENABLE_DEBUG
/// make CXXFLAGS='-DLEMON_ENABLE_DEBUG'
/// \endcode
///
/// This macro works like the \c LEMON_ASSERT macro, therefore the
/// current behaviour depends on the settings of \c LEMON_ASSERT
/// macro.
///
/// \see LEMON_ASSERT
#  define LEMON_DEBUG(exp, msg)                                         \
  (static_cast<void> (!!(exp) ? 0 : (                                   \
    LEMON_ASSERT_HANDLER(__FILE__, __LINE__,                            \
                         LEMON_FUNCTION_NAME,                           \
                         ::lemon::_assert_bits::cstringify(msg), #exp), 0)))

#else

#  ifndef LEMON_ASSERT_HANDLER
#    define LEMON_ASSERT(exp, msg)  (static_cast<void>(0))
#    define LEMON_DEBUG(exp, msg) (static_cast<void>(0))
#  else
#    define LEMON_ASSERT(exp, msg)                                      \
       (static_cast<void> (!!(exp) ? 0 : (                              \
        LEMON_ASSERT_HANDLER(__FILE__, __LINE__,                        \
                             LEMON_FUNCTION_NAME,                       \
                             ::lemon::_assert_bits::cstringify(msg),    \
                             #exp), 0)))
#    if LEMON_ENABLE_DEBUG
#      define LEMON_DEBUG(exp, msg)                                     \
         (static_cast<void> (!!(exp) ? 0 : (                            \
           LEMON_ASSERT_HANDLER(__FILE__, __LINE__,                     \
                                LEMON_FUNCTION_NAME,                    \
                                ::lemon::_assert_bits::cstringify(msg), \
                                #exp), 0)))
#    else
#      define LEMON_DEBUG(exp, msg) (static_cast<void>(0))
#    endif
#  endif

#endif







lemon/bellman_ford.h

/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2010
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_BELLMAN_FORD_H
#define LEMON_BELLMAN_FORD_H

/// \ingroup shortest_path
/// \file
/// \brief Bellman-Ford algorithm.

#include <lemon/list_graph.h>
#include <lemon/bits/path_dump.h>
#include <lemon/core.h>
#include <lemon/error.h>
#include <lemon/maps.h>
#include <lemon/path.h>

#include <limits>

namespace lemon {

  /// \brief Default OperationTraits for the BellmanFord algorithm class.
  ///
  /// This operation traits class defines all computational operations
  /// and constants that are used in the Bellman-Ford algorithm.
  /// The default implementation is based on the \c numeric_limits class.
  /// If the numeric type does not have infinity value, then the maximum
  /// value is used as extremal infinity value.
  template <
    typename V,
    bool has_inf = std::numeric_limits<V>::has_infinity>
  struct BellmanFordDefaultOperationTraits {
    /// \e
    typedef V Value;
    /// \brief Gives back the zero value of the type.
    static Value zero() {
      return static_cast<Value>(0);
    }
    /// \brief Gives back the positive infinity value of the type.
    static Value infinity() {
      return std::numeric_limits<Value>::infinity();
    }
    /// \brief Gives back the sum of the given two elements.
    static Value plus(const Value& left, const Value& right) {
      return left + right;
    }
    /// \brief Gives back \c true only if the first value is less than
    /// the second.
    static bool less(const Value& left, const Value& right) {
      return left < right;
    }
  };

  template <typename V>
  struct BellmanFordDefaultOperationTraits<V, false> {
    typedef V Value;
    static Value zero() {
      return static_cast<Value>(0);
    }
    static Value infinity() {
      return std::numeric_limits<Value>::max();
    }
    static Value plus(const Value& left, const Value& right) {
      if (left == infinity() || right == infinity()) return infinity();
      return left + right;
    }
    static bool less(const Value& left, const Value& right) {
      return left < right;
    }
  };

  /// \brief Default traits class of BellmanFord class.
  ///
  /// Default traits class of BellmanFord class.
  /// \param GR The type of the digraph.
  /// \param LEN The type of the length map.
  template<typename GR, typename LEN>
  struct BellmanFordDefaultTraits {
    /// The type of the digraph the algorithm runs on.
    typedef GR Digraph;

    /// \brief The type of the map that stores the arc lengths.
    ///
    /// The type of the map that stores the arc lengths.
    /// It must conform to the \ref concepts::ReadMap "ReadMap" concept.
    typedef LEN LengthMap;

    /// The type of the arc lengths.
    typedef typename LEN::Value Value;

    /// \brief Operation traits for Bellman-Ford algorithm.
    ///
    /// It defines the used operations and the infinity value for the
    /// given \c Value type.
    /// \see BellmanFordDefaultOperationTraits
    typedef BellmanFordDefaultOperationTraits<Value> OperationTraits;

    /// \brief The type of the map that stores the last arcs of the
    /// shortest paths.
    ///
    /// The type of the map that stores the last
    /// arcs of the shortest paths.
    /// It must conform to the \ref concepts::WriteMap "WriteMap" concept.
    typedef typename GR::template NodeMap<typename GR::Arc> PredMap;

    /// \brief Instantiates a \c PredMap.
    ///
    /// This function instantiates a \ref PredMap.
    /// \param g is the digraph to which we would like to define the
    /// \ref PredMap.
    static PredMap *createPredMap(const GR& g) {
      return new PredMap(g);
    }

    /// \brief The type of the map that stores the distances of the nodes.
    ///
    /// The type of the map that stores the distances of the nodes.
    /// It must conform to the \ref concepts::WriteMap "WriteMap" concept.
    typedef typename GR::template NodeMap<typename LEN::Value> DistMap;

    /// \brief Instantiates a \c DistMap.
    ///
    /// This function instantiates a \ref DistMap.
    /// \param g is the digraph to which we would like to define the
    /// \ref DistMap.
    static DistMap *createDistMap(const GR& g) {
      return new DistMap(g);
    }

  };

  /// \brief %BellmanFord algorithm class.
  ///
  /// \ingroup shortest_path
  /// This class provides an efficient implementation of the Bellman-Ford
  /// algorithm. The maximum time complexity of the algorithm is
  /// <tt>O(ne)</tt>.
  ///
  /// The Bellman-Ford algorithm solves the single-source shortest path
  /// problem when the arcs can have negative lengths, but the digraph
  /// should not contain directed cycles with negative total length.
  /// If all arc costs are non-negative, consider to use the Dijkstra
  /// algorithm instead, since it is more efficient.
  ///
  /// The arc lengths are passed to the algorithm using a
  /// \ref concepts::ReadMap "ReadMap", so it is easy to change it to any
  /// kind of length. The type of the length values is determined by the
  /// \ref concepts::ReadMap::Value "Value" type of the length map.
  ///
  /// There is also a \ref bellmanFord() "function-type interface" for the
  /// Bellman-Ford algorithm, which is convenient in the simplier cases and
  /// it can be used easier.
  ///
  /// \tparam GR The type of the digraph the algorithm runs on.
  /// The default type is \ref ListDigraph.
  /// \tparam LEN A \ref concepts::ReadMap "readable" arc map that specifies
  /// the lengths of the arcs. The default map type is
  /// \ref concepts::Digraph::ArcMap "GR::ArcMap<int>".
  /// \tparam TR The traits class that defines various types used by the
  /// algorithm. By default, it is \ref BellmanFordDefaultTraits
  /// "BellmanFordDefaultTraits<GR, LEN>".
  /// In most cases, this parameter should not be set directly,
  /// consider to use the named template parameters instead.
#ifdef DOXYGEN
  template <typename GR, typename LEN, typename TR>
#else
  template <typename GR=ListDigraph,
            typename LEN=typename GR::template ArcMap<int>,
            typename TR=BellmanFordDefaultTraits<GR,LEN> >
#endif
  class BellmanFord {
  public:

    ///The type of the underlying digraph.
    typedef typename TR::Digraph Digraph;

    /// \brief The type of the arc lengths.
    typedef typename TR::LengthMap::Value Value;
    /// \brief The type of the map that stores the arc lengths.
    typedef typename TR::LengthMap LengthMap;
    /// \brief The type of the map that stores the last
    /// arcs of the shortest paths.
    typedef typename TR::PredMap PredMap;
    /// \brief The type of the map that stores the distances of the nodes.
    typedef typename TR::DistMap DistMap;
    /// The type of the paths.
    typedef PredMapPath<Digraph, PredMap> Path;
    ///\brief The \ref BellmanFordDefaultOperationTraits
    /// "operation traits class" of the algorithm.
    typedef typename TR::OperationTraits OperationTraits;

    ///The \ref BellmanFordDefaultTraits "traits class" of the algorithm.
    typedef TR Traits;

  private:

    typedef typename Digraph::Node Node;
    typedef typename Digraph::NodeIt NodeIt;
    typedef typename Digraph::Arc Arc;
    typedef typename Digraph::OutArcIt OutArcIt;

    // Pointer to the underlying digraph.
    const Digraph *_gr;
    // Pointer to the length map
    const LengthMap *_length;
    // Pointer to the map of predecessors arcs.
    PredMap *_pred;
    // Indicates if _pred is locally allocated (true) or not.
    bool _local_pred;
    // Pointer to the map of distances.
    DistMap *_dist;
    // Indicates if _dist is locally allocated (true) or not.
    bool _local_dist;

    typedef typename Digraph::template NodeMap<bool> MaskMap;
    MaskMap *_mask;

    std::vector<Node> _process;

    // Creates the maps if necessary.
    void create_maps() {
      if(!_pred) {
        _local_pred = true;
        _pred = Traits::createPredMap(*_gr);
      }
      if(!_dist) {
        _local_dist = true;
        _dist = Traits::createDistMap(*_gr);
      }
      if(!_mask) {
        _mask = new MaskMap(*_gr);
      }
    }

  public :

    typedef BellmanFord Create;

    /// \name Named Template Parameters

    ///@{

    template <class T>
    struct SetPredMapTraits : public Traits {
      typedef T PredMap;
      static PredMap *createPredMap(const Digraph&) {
        LEMON_ASSERT(false, "PredMap is not initialized");
        return 0; // ignore warnings
      }
    };

    /// \brief \ref named-templ-param "Named parameter" for setting
    /// \c PredMap type.
    ///
    /// \ref named-templ-param "Named parameter" for setting
    /// \c PredMap type.
    /// It must conform to the \ref concepts::WriteMap "WriteMap" concept.
    template <class T>
    struct SetPredMap
      : public BellmanFord< Digraph, LengthMap, SetPredMapTraits<T> > {
      typedef BellmanFord< Digraph, LengthMap, SetPredMapTraits<T> > Create;
    };

    template <class T>
    struct SetDistMapTraits : public Traits {
      typedef T DistMap;
      static DistMap *createDistMap(const Digraph&) {
        LEMON_ASSERT(false, "DistMap is not initialized");
        return 0; // ignore warnings
      }
    };

    /// \brief \ref named-templ-param "Named parameter" for setting
    /// \c DistMap type.
    ///
    /// \ref named-templ-param "Named parameter" for setting
    /// \c DistMap type.
    /// It must conform to the \ref concepts::WriteMap "WriteMap" concept.
    template <class T>
    struct SetDistMap
      : public BellmanFord< Digraph, LengthMap, SetDistMapTraits<T> > {
      typedef BellmanFord< Digraph, LengthMap, SetDistMapTraits<T> > Create;
    };

    template <class T>
    struct SetOperationTraitsTraits : public Traits {
      typedef T OperationTraits;
    };

    /// \brief \ref named-templ-param "Named parameter" for setting
    /// \c OperationTraits type.
    ///
    /// \ref named-templ-param "Named parameter" for setting
    /// \c OperationTraits type.
    /// For more information, see \ref BellmanFordDefaultOperationTraits.
    template <class T>
    struct SetOperationTraits
      : public BellmanFord< Digraph, LengthMap, SetOperationTraitsTraits<T> > {
      typedef BellmanFord< Digraph, LengthMap, SetOperationTraitsTraits<T> >
      Create;
    };

    ///@}

  protected:

    BellmanFord() {}

  public:

    /// \brief Constructor.
    ///
    /// Constructor.
    /// \param g The digraph the algorithm runs on.
    /// \param length The length map used by the algorithm.
    BellmanFord(const Digraph& g, const LengthMap& length) :
      _gr(&g), _length(&length),
      _pred(0), _local_pred(false),
      _dist(0), _local_dist(false), _mask(0) {}

    ///Destructor.
    ~BellmanFord() {
      if(_local_pred) delete _pred;
      if(_local_dist) delete _dist;
      if(_mask) delete _mask;
    }

    /// \brief Sets the length map.
    ///
    /// Sets the length map.
    /// \return <tt>(*this)</tt>
    BellmanFord &lengthMap(const LengthMap &map) {
      _length = &map;
      return *this;
    }

    /// \brief Sets the map that stores the predecessor arcs.
    ///
    /// Sets the map that stores the predecessor arcs.
    /// If you don't use this function before calling \ref run()
    /// or \ref init(), an instance will be allocated automatically.
    /// The destructor deallocates this automatically allocated map,
    /// of course.
    /// \return <tt>(*this)</tt>
    BellmanFord &predMap(PredMap &map) {
      if(_local_pred) {
        delete _pred;
        _local_pred=false;
      }
      _pred = &map;
      return *this;
    }

    /// \brief Sets the map that stores the distances of the nodes.
    ///
    /// Sets the map that stores the distances of the nodes calculated
    /// by the algorithm.
    /// If you don't use this function before calling \ref run()
    /// or \ref init(), an instance will be allocated automatically.
    /// The destructor deallocates this automatically allocated map,
    /// of course.
    /// \return <tt>(*this)</tt>
    BellmanFord &distMap(DistMap &map) {
      if(_local_dist) {
        delete _dist;
        _local_dist=false;
      }
      _dist = &map;
      return *this;
    }

    /// \name Execution Control
    /// The simplest way to execute the Bellman-Ford algorithm is to use
    /// one of the member functions called \ref run().\n
    /// If you need better control on the execution, you have to call
    /// \ref init() first, then you can add several source nodes
    /// with \ref addSource(). Finally the actual path computation can be
    /// performed with \ref start(), \ref checkedStart() or
    /// \ref limitedStart().

    ///@{

    /// \brief Initializes the internal data structures.
    ///
    /// Initializes the internal data structures. The optional parameter
    /// is the initial distance of each node.
    void init(const Value value = OperationTraits::infinity()) {
      create_maps();
      for (NodeIt it(*_gr); it != INVALID; ++it) {
        _pred->set(it, INVALID);
        _dist->set(it, value);
      }
      _process.clear();
      if (OperationTraits::less(value, OperationTraits::infinity())) {
        for (NodeIt it(*_gr); it != INVALID; ++it) {
          _process.push_back(it);
          _mask->set(it, true);
        }
      } else {
        for (NodeIt it(*_gr); it != INVALID; ++it) {
          _mask->set(it, false);
        }
      }
    }

    /// \brief Adds a new source node.
    ///
    /// This function adds a new source node. The optional second parameter
    /// is the initial distance of the node.
    void addSource(Node source, Value dst = OperationTraits::zero()) {
      _dist->set(source, dst);
      if (!(*_mask)[source]) {
        _process.push_back(source);
        _mask->set(source, true);
      }
    }

    /// \brief Executes one round from the Bellman-Ford algorithm.
    ///
    /// If the algoritm calculated the distances in the previous round
    /// exactly for the paths of at most \c k arcs, then this function
    /// will calculate the distances exactly for the paths of at most
    /// <tt>k+1</tt> arcs. Performing \c k iterations using this function
    /// calculates the shortest path distances exactly for the paths
    /// consisting of at most \c k arcs.
    ///
    /// \warning The paths with limited arc number cannot be retrieved
    /// easily with \ref path() or \ref predArc() functions. If you also
    /// need the shortest paths and not only the distances, you should
    /// store the \ref predMap() "predecessor map" after each iteration
    /// and build the path manually.
    ///
    /// \return \c true when the algorithm have not found more shorter
    /// paths.
    ///
    /// \see ActiveIt
    bool processNextRound() {
      for (int i = 0; i < int(_process.size()); ++i) {
        _mask->set(_process[i], false);
      }
      std::vector<Node> nextProcess;
      std::vector<Value> values(_process.size());
      for (int i = 0; i < int(_process.size()); ++i) {
        values[i] = (*_dist)[_process[i]];
      }
      for (int i = 0; i < int(_process.size()); ++i) {
        for (OutArcIt it(*_gr, _process[i]); it != INVALID; ++it) {
          Node target = _gr->target(it);
          Value relaxed = OperationTraits::plus(values[i], (*_length)[it]);
          if (OperationTraits::less(relaxed, (*_dist)[target])) {
            _pred->set(target, it);
            _dist->set(target, relaxed);
            if (!(*_mask)[target]) {
              _mask->set(target, true);
              nextProcess.push_back(target);
            }
          }
        }
      }
      _process.swap(nextProcess);
      return _process.empty();
    }

    /// \brief Executes one weak round from the Bellman-Ford algorithm.
    ///
    /// If the algorithm calculated the distances in the previous round
    /// at least for the paths of at most \c k arcs, then this function
    /// will calculate the distances at least for the paths of at most
    /// <tt>k+1</tt> arcs.
    /// This function does not make it possible to calculate the shortest
    /// path distances exactly for paths consisting of at most \c k arcs,
    /// this is why it is called weak round.
    ///
    /// \return \c true when the algorithm have not found more shorter
    /// paths.
    ///
    /// \see ActiveIt
    bool processNextWeakRound() {
      for (int i = 0; i < int(_process.size()); ++i) {
        _mask->set(_process[i], false);
      }
      std::vector<Node> nextProcess;
      for (int i = 0; i < int(_process.size()); ++i) {
        for (OutArcIt it(*_gr, _process[i]); it != INVALID; ++it) {
          Node target = _gr->target(it);
          Value relaxed =
            OperationTraits::plus((*_dist)[_process[i]], (*_length)[it]);
          if (OperationTraits::less(relaxed, (*_dist)[target])) {
            _pred->set(target, it);
            _dist->set(target, relaxed);
            if (!(*_mask)[target]) {
              _mask->set(target, true);
              nextProcess.push_back(target);
            }
          }
        }
      }
      _process.swap(nextProcess);
      return _process.empty();
    }

    /// \brief Executes the algorithm.
    ///
    /// Executes the algorithm.
    ///
    /// This method runs the Bellman-Ford algorithm from the root node(s)
    /// in order to compute the shortest path to each node.
    ///
    /// The algorithm computes
    /// - the shortest path tree (forest),
    /// - the distance of each node from the root(s).
    ///
    /// \pre init() must be called and at least one root node should be
    /// added with addSource() before using this function.
    void start() {
      int num = countNodes(*_gr) - 1;
      for (int i = 0; i < num; ++i) {
        if (processNextWeakRound()) break;
      }
    }

    /// \brief Executes the algorithm and checks the negative cycles.
    ///
    /// Executes the algorithm and checks the negative cycles.
    ///
    /// This method runs the Bellman-Ford algorithm from the root node(s)
    /// in order to compute the shortest path to each node and also checks
    /// if the digraph contains cycles with negative total length.
    ///
    /// The algorithm computes
    /// - the shortest path tree (forest),
    /// - the distance of each node from the root(s).
    ///
    /// \return \c false if there is a negative cycle in the digraph.
    ///
    /// \pre init() must be called and at least one root node should be
    /// added with addSource() before using this function.
    bool checkedStart() {
      int num = countNodes(*_gr);
      for (int i = 0; i < num; ++i) {
        if (processNextWeakRound()) return true;
      }
      return _process.empty();
    }

    /// \brief Executes the algorithm with arc number limit.
    ///
    /// Executes the algorithm with arc number limit.
    ///
    /// This method runs the Bellman-Ford algorithm from the root node(s)
    /// in order to compute the shortest path distance for each node
    /// using only the paths consisting of at most \c num arcs.
    ///
    /// The algorithm computes
    /// - the limited distance of each node from the root(s),
    /// - the predecessor arc for each node.
    ///
    /// \warning The paths with limited arc number cannot be retrieved
    /// easily with \ref path() or \ref predArc() functions. If you also
    /// need the shortest paths and not only the distances, you should
    /// store the \ref predMap() "predecessor map" after each iteration
    /// and build the path manually.
    ///
    /// \pre init() must be called and at least one root node should be
    /// added with addSource() before using this function.
    void limitedStart(int num) {
      for (int i = 0; i < num; ++i) {
        if (processNextRound()) break;
      }
    }

    /// \brief Runs the algorithm from the given root node.
    ///
    /// This method runs the Bellman-Ford algorithm from the given root
    /// node \c s in order to compute the shortest path to each node.
    ///
    /// The algorithm computes
    /// - the shortest path tree (forest),
    /// - the distance of each node from the root(s).
    ///
    /// \note bf.run(s) is just a shortcut of the following code.
    /// \code
    ///   bf.init();
    ///   bf.addSource(s);
    ///   bf.start();
    /// \endcode
    void run(Node s) {
      init();
      addSource(s);
      start();
    }

    /// \brief Runs the algorithm from the given root node with arc
    /// number limit.
    ///
    /// This method runs the Bellman-Ford algorithm from the given root
    /// node \c s in order to compute the shortest path distance for each
    /// node using only the paths consisting of at most \c num arcs.
    ///
    /// The algorithm computes
    /// - the limited distance of each node from the root(s),
    /// - the predecessor arc for each node.
    ///
    /// \warning The paths with limited arc number cannot be retrieved
    /// easily with \ref path() or \ref predArc() functions. If you also
    /// need the shortest paths and not only the distances, you should
    /// store the \ref predMap() "predecessor map" after each iteration
    /// and build the path manually.
    ///
    /// \note bf.run(s, num) is just a shortcut of the following code.
    /// \code
    ///   bf.init();
    ///   bf.addSource(s);
    ///   bf.limitedStart(num);
    /// \endcode
    void run(Node s, int num) {
      init();
      addSource(s);
      limitedStart(num);
    }

    ///@}

    /// \brief LEMON iterator for getting the active nodes.
    ///
    /// This class provides a common style LEMON iterator that traverses
    /// the active nodes of the Bellman-Ford algorithm after the last
    /// phase. These nodes should be checked in the next phase to
    /// find augmenting arcs outgoing from them.
    class ActiveIt {
    public:

      /// \brief Constructor.
      ///
      /// Constructor for getting the active nodes of the given BellmanFord
      /// instance.
      ActiveIt(const BellmanFord& algorithm) : _algorithm(&algorithm)
      {
        _index = _algorithm->_process.size() - 1;
      }

      /// \brief Invalid constructor.
      ///
      /// Invalid constructor.
      ActiveIt(Invalid) : _algorithm(0), _index(-1) {}

      /// \brief Conversion to \c Node.
      ///
      /// Conversion to \c Node.
      operator Node() const {
        return _index >= 0 ? _algorithm->_process[_index] : INVALID;
      }

      /// \brief Increment operator.
      ///
      /// Increment operator.
      ActiveIt& operator++() {
        --_index;
        return *this;
      }

      bool operator==(const ActiveIt& it) const {
        return static_cast<Node>(*this) == static_cast<Node>(it);
      }
      bool operator!=(const ActiveIt& it) const {
        return static_cast<Node>(*this) != static_cast<Node>(it);
      }
      bool operator<(const ActiveIt& it) const {
        return static_cast<Node>(*this) < static_cast<Node>(it);
      }

    private:
      const BellmanFord* _algorithm;
      int _index;
    };

    /// \name Query Functions
    /// The result of the Bellman-Ford algorithm can be obtained using these
    /// functions.\n
    /// Either \ref run() or \ref init() should be called before using them.

    ///@{

    /// \brief The shortest path to the given node.
    ///
    /// Gives back the shortest path to the given node from the root(s).
    ///
    /// \warning \c t should be reached from the root(s).
    ///
    /// \pre Either \ref run() or \ref init() must be called before
    /// using this function.
    Path path(Node t) const
    {
      return Path(*_gr, *_pred, t);
    }

    /// \brief The distance of the given node from the root(s).
    ///
    /// Returns the distance of the given node from the root(s).
    ///
    /// \warning If node \c v is not reached from the root(s), then
    /// the return value of this function is undefined.
    ///
    /// \pre Either \ref run() or \ref init() must be called before
    /// using this function.
    Value dist(Node v) const { return (*_dist)[v]; }

    /// \brief Returns the 'previous arc' of the shortest path tree for
    /// the given node.
    ///
    /// This function returns the 'previous arc' of the shortest path
    /// tree for node \c v, i.e. it returns the last arc of a
    /// shortest path from a root to \c v. It is \c INVALID if \c v
    /// is not reached from the root(s) or if \c v is a root.
    ///
    /// The shortest path tree used here is equal to the shortest path
    /// tree used in \ref predNode() and \ref predMap().
    ///
    /// \pre Either \ref run() or \ref init() must be called before
    /// using this function.
    Arc predArc(Node v) const { return (*_pred)[v]; }

    /// \brief Returns the 'previous node' of the shortest path tree for
    /// the given node.
    ///
    /// This function returns the 'previous node' of the shortest path
    /// tree for node \c v, i.e. it returns the last but one node of
    /// a shortest path from a root to \c v. It is \c INVALID if \c v
    /// is not reached from the root(s) or if \c v is a root.
    ///
    /// The shortest path tree used here is equal to the shortest path
    /// tree used in \ref predArc() and \ref predMap().
    ///
    /// \pre Either \ref run() or \ref init() must be called before
    /// using this function.
    Node predNode(Node v) const {
      return (*_pred)[v] == INVALID ? INVALID : _gr->source((*_pred)[v]);
    }

    /// \brief Returns a const reference to the node map that stores the
    /// distances of the nodes.
    ///
    /// Returns a const reference to the node map that stores the distances
    /// of the nodes calculated by the algorithm.
    ///
    /// \pre Either \ref run() or \ref init() must be called before
    /// using this function.
    const DistMap &distMap() const { return *_dist;}

    /// \brief Returns a const reference to the node map that stores the
    /// predecessor arcs.
    ///
    /// Returns a const reference to the node map that stores the predecessor
    /// arcs, which form the shortest path tree (forest).
    ///
    /// \pre Either \ref run() or \ref init() must be called before
    /// using this function.
    const PredMap &predMap() const { return *_pred; }

    /// \brief Checks if a node is reached from the root(s).
    ///
    /// Returns \c true if \c v is reached from the root(s).
    ///
    /// \pre Either \ref run() or \ref init() must be called before
    /// using this function.
    bool reached(Node v) const {
      return (*_dist)[v] != OperationTraits::infinity();
    }

    /// \brief Gives back a negative cycle.
    ///
    /// This function gives back a directed cycle with negative total
    /// length if the algorithm has already found one.
    /// Otherwise it gives back an empty path.
    lemon::Path<Digraph> negativeCycle() const {
      typename Digraph::template NodeMap<int> state(*_gr, -1);
      lemon::Path<Digraph> cycle;
      for (int i = 0; i < int(_process.size()); ++i) {
        if (state[_process[i]] != -1) continue;
        for (Node v = _process[i]; (*_pred)[v] != INVALID;
             v = _gr->source((*_pred)[v])) {
          if (state[v] == i) {
            cycle.addFront((*_pred)[v]);
            for (Node u = _gr->source((*_pred)[v]); u != v;
                 u = _gr->source((*_pred)[u])) {
              cycle.addFront((*_pred)[u]);
            }
            return cycle;
          }
          else if (state[v] >= 0) {
            break;
          }
          state[v] = i;
        }
      }
      return cycle;
    }

    ///@}
  };

  /// \brief Default traits class of bellmanFord() function.
  ///
  /// Default traits class of bellmanFord() function.
  /// \tparam GR The type of the digraph.
  /// \tparam LEN The type of the length map.
  template <typename GR, typename LEN>
  struct BellmanFordWizardDefaultTraits {
    /// The type of the digraph the algorithm runs on.
    typedef GR Digraph;

    /// \brief The type of the map that stores the arc lengths.
    ///
    /// The type of the map that stores the arc lengths.
    /// It must meet the \ref concepts::ReadMap "ReadMap" concept.
    typedef LEN LengthMap;

    /// The type of the arc lengths.
    typedef typename LEN::Value Value;

    /// \brief Operation traits for Bellman-Ford algorithm.
    ///
    /// It defines the used operations and the infinity value for the
    /// given \c Value type.
    /// \see BellmanFordDefaultOperationTraits
    typedef BellmanFordDefaultOperationTraits<Value> OperationTraits;

    /// \brief The type of the map that stores the last
    /// arcs of the shortest paths.
    ///
    /// The type of the map that stores the last arcs of the shortest paths.
    /// It must conform to the \ref concepts::WriteMap "WriteMap" concept.
    typedef typename GR::template NodeMap<typename GR::Arc> PredMap;

    /// \brief Instantiates a \c PredMap.
    ///
    /// This function instantiates a \ref PredMap.
    /// \param g is the digraph to which we would like to define the
    /// \ref PredMap.
    static PredMap *createPredMap(const GR &g) {
      return new PredMap(g);
    }

    /// \brief The type of the map that stores the distances of the nodes.
    ///
    /// The type of the map that stores the distances of the nodes.
    /// It must conform to the \ref concepts::WriteMap "WriteMap" concept.
    typedef typename GR::template NodeMap<Value> DistMap;

    /// \brief Instantiates a \c DistMap.
    ///
    /// This function instantiates a \ref DistMap.
    /// \param g is the digraph to which we would like to define the
    /// \ref DistMap.
    static DistMap *createDistMap(const GR &g) {
      return new DistMap(g);
    }

    ///The type of the shortest paths.

    ///The type of the shortest paths.
    ///It must meet the \ref concepts::Path "Path" concept.
    typedef lemon::Path<Digraph> Path;
  };

  /// \brief Default traits class used by BellmanFordWizard.
  ///
  /// Default traits class used by BellmanFordWizard.
  /// \tparam GR The type of the digraph.
  /// \tparam LEN The type of the length map.
  template <typename GR, typename LEN>
  class BellmanFordWizardBase
    : public BellmanFordWizardDefaultTraits<GR, LEN> {

    typedef BellmanFordWizardDefaultTraits<GR, LEN> Base;
  protected:
    // Type of the nodes in the digraph.
    typedef typename Base::Digraph::Node Node;

    // Pointer to the underlying digraph.
    void *_graph;
    // Pointer to the length map
    void *_length;
    // Pointer to the map of predecessors arcs.
    void *_pred;
    // Pointer to the map of distances.
    void *_dist;
    //Pointer to the shortest path to the target node.
    void *_path;
    //Pointer to the distance of the target node.
    void *_di;

    public:
    /// Constructor.

    /// This constructor does not require parameters, it initiates
    /// all of the attributes to default values \c 0.
    BellmanFordWizardBase() :
      _graph(0), _length(0), _pred(0), _dist(0), _path(0), _di(0) {}

    /// Constructor.

    /// This constructor requires two parameters,
    /// others are initiated to \c 0.
    /// \param gr The digraph the algorithm runs on.
    /// \param len The length map.
    BellmanFordWizardBase(const GR& gr,
                          const LEN& len) :
      _graph(reinterpret_cast<void*>(const_cast<GR*>(&gr))),
      _length(reinterpret_cast<void*>(const_cast<LEN*>(&len))),
      _pred(0), _dist(0), _path(0), _di(0) {}

  };

  /// \brief Auxiliary class for the function-type interface of the
  /// \ref BellmanFord "Bellman-Ford" algorithm.
  ///
  /// This auxiliary class is created to implement the
  /// \ref bellmanFord() "function-type interface" of the
  /// \ref BellmanFord "Bellman-Ford" algorithm.
  /// It does not have own \ref run() method, it uses the
  /// functions and features of the plain \ref BellmanFord.
  ///
  /// This class should only be used through the \ref bellmanFord()
  /// function, which makes it easier to use the algorithm.
  ///
  /// \tparam TR The traits class that defines various types used by the
  /// algorithm.
  template<class TR>
  class BellmanFordWizard : public TR {
    typedef TR Base;

    typedef typename TR::Digraph Digraph;

    typedef typename Digraph::Node Node;
    typedef typename Digraph::NodeIt NodeIt;
    typedef typename Digraph::Arc Arc;
    typedef typename Digraph::OutArcIt ArcIt;

    typedef typename TR::LengthMap LengthMap;
    typedef typename LengthMap::Value Value;
    typedef typename TR::PredMap PredMap;
    typedef typename TR::DistMap DistMap;
    typedef typename TR::Path Path;

  public:
    /// Constructor.
    BellmanFordWizard() : TR() {}

    /// \brief Constructor that requires parameters.
    ///
    /// Constructor that requires parameters.
    /// These parameters will be the default values for the traits class.
    /// \param gr The digraph the algorithm runs on.
    /// \param len The length map.
    BellmanFordWizard(const Digraph& gr, const LengthMap& len)
      : TR(gr, len) {}

    /// \brief Copy constructor
    BellmanFordWizard(const TR &b) : TR(b) {}

    ~BellmanFordWizard() {}

    /// \brief Runs the Bellman-Ford algorithm from the given source node.
    ///
    /// This method runs the Bellman-Ford algorithm from the given source
    /// node in order to compute the shortest path to each node.
    void run(Node s) {
      BellmanFord<Digraph,LengthMap,TR>
        bf(*reinterpret_cast<const Digraph*>(Base::_graph),
           *reinterpret_cast<const LengthMap*>(Base::_length));
      if (Base::_pred) bf.predMap(*reinterpret_cast<PredMap*>(Base::_pred));
      if (Base::_dist) bf.distMap(*reinterpret_cast<DistMap*>(Base::_dist));
      bf.run(s);
    }

    /// \brief Runs the Bellman-Ford algorithm to find the shortest path
    /// between \c s and \c t.
    ///
    /// This method runs the Bellman-Ford algorithm from node \c s
    /// in order to compute the shortest path to node \c t.
    /// Actually, it computes the shortest path to each node, but using
    /// this function you can retrieve the distance and the shortest path
    /// for a single target node easier.
    ///
    /// \return \c true if \c t is reachable form \c s.
    bool run(Node s, Node t) {
      BellmanFord<Digraph,LengthMap,TR>
        bf(*reinterpret_cast<const Digraph*>(Base::_graph),
           *reinterpret_cast<const LengthMap*>(Base::_length));
      if (Base::_pred) bf.predMap(*reinterpret_cast<PredMap*>(Base::_pred));
      if (Base::_dist) bf.distMap(*reinterpret_cast<DistMap*>(Base::_dist));
      bf.run(s);
      if (Base::_path) *reinterpret_cast<Path*>(Base::_path) = bf.path(t);
      if (Base::_di) *reinterpret_cast<Value*>(Base::_di) = bf.dist(t);
      return bf.reached(t);
    }

    template<class T>
    struct SetPredMapBase : public Base {
      typedef T PredMap;
      static PredMap *createPredMap(const Digraph &) { return 0; };
      SetPredMapBase(const TR &b) : TR(b) {}
    };

    /// \brief \ref named-templ-param "Named parameter" for setting
    /// the predecessor map.
    ///
    /// \ref named-templ-param "Named parameter" for setting
    /// the map that stores the predecessor arcs of the nodes.
    template<class T>
    BellmanFordWizard<SetPredMapBase<T> > predMap(const T &t) {
      Base::_pred=reinterpret_cast<void*>(const_cast<T*>(&t));
      return BellmanFordWizard<SetPredMapBase<T> >(*this);
    }

    template<class T>
    struct SetDistMapBase : public Base {
      typedef T DistMap;
      static DistMap *createDistMap(const Digraph &) { return 0; };
      SetDistMapBase(const TR &b) : TR(b) {}
    };

    /// \brief \ref named-templ-param "Named parameter" for setting
    /// the distance map.
    ///
    /// \ref named-templ-param "Named parameter" for setting
    /// the map that stores the distances of the nodes calculated
    /// by the algorithm.
    template<class T>
    BellmanFordWizard<SetDistMapBase<T> > distMap(const T &t) {
      Base::_dist=reinterpret_cast<void*>(const_cast<T*>(&t));
      return BellmanFordWizard<SetDistMapBase<T> >(*this);
    }

    template<class T>
    struct SetPathBase : public Base {
      typedef T Path;
      SetPathBase(const TR &b) : TR(b) {}
    };

    /// \brief \ref named-func-param "Named parameter" for getting
    /// the shortest path to the target node.
    ///
    /// \ref named-func-param "Named parameter" for getting
    /// the shortest path to the target node.
    template<class T>
    BellmanFordWizard<SetPathBase<T> > path(const T &t)
    {
      Base::_path=reinterpret_cast<void*>(const_cast<T*>(&t));
      return BellmanFordWizard<SetPathBase<T> >(*this);
    }

    /// \brief \ref named-func-param "Named parameter" for getting
    /// the distance of the target node.
    ///
    /// \ref named-func-param "Named parameter" for getting
    /// the distance of the target node.
    BellmanFordWizard dist(const Value &d)
    {
      Base::_di=reinterpret_cast<void*>(const_cast<Value*>(&d));
      return *this;
    }

  };

  /// \brief Function type interface for the \ref BellmanFord "Bellman-Ford"
  /// algorithm.
  ///
  /// \ingroup shortest_path
  /// Function type interface for the \ref BellmanFord "Bellman-Ford"
  /// algorithm.
  ///
  /// This function also has several \ref named-templ-func-param
  /// "named parameters", they are declared as the members of class
  /// \ref BellmanFordWizard.
  /// The following examples show how to use these parameters.
  /// \code
  ///   // Compute shortest path from node s to each node
  ///   bellmanFord(g,length).predMap(preds).distMap(dists).run(s);
  ///
  ///   // Compute shortest path from s to t
  ///   bool reached = bellmanFord(g,length).path(p).dist(d).run(s,t);
  /// \endcode
  /// \warning Don't forget to put the \ref BellmanFordWizard::run() "run()"
  /// to the end of the parameter list.
  /// \sa BellmanFordWizard
  /// \sa BellmanFord
  template<typename GR, typename LEN>
  BellmanFordWizard<BellmanFordWizardBase<GR,LEN> >
  bellmanFord(const GR& digraph,
              const LEN& length)
  {
    return BellmanFordWizard<BellmanFordWizardBase<GR,LEN> >(digraph, length);
  }

} //END OF NAMESPACE LEMON

#endif








lemon/bits/bezier.h

/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2009
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_BEZIER_H
#define LEMON_BEZIER_H

//\ingroup misc
//\file
//\brief Classes to compute with Bezier curves.
//
//Up to now this file is used internally by \ref graph_to_eps.h

#include<lemon/dim2.h>

namespace lemon {
  namespace dim2 {

class BezierBase {
public:
  typedef lemon::dim2::Point<double> Point;
protected:
  static Point conv(Point x,Point y,double t) {return (1-t)*x+t*y;}
};

class Bezier1 : public BezierBase
{
public:
  Point p1,p2;

  Bezier1() {}
  Bezier1(Point _p1, Point _p2) :p1(_p1), p2(_p2) {}

  Point operator()(double t) const
  {
    //    return conv(conv(p1,p2,t),conv(p2,p3,t),t);
    return conv(p1,p2,t);
  }
  Bezier1 before(double t) const
  {
    return Bezier1(p1,conv(p1,p2,t));
  }

  Bezier1 after(double t) const
  {
    return Bezier1(conv(p1,p2,t),p2);
  }

  Bezier1 revert() const { return Bezier1(p2,p1);}
  Bezier1 operator()(double a,double b) const { return before(b).after(a/b); }
  Point grad() const { return p2-p1; }
  Point norm() const { return rot90(p2-p1); }
  Point grad(double) const { return grad(); }
  Point norm(double t) const { return rot90(grad(t)); }
};

class Bezier2 : public BezierBase
{
public:
  Point p1,p2,p3;

  Bezier2() {}
  Bezier2(Point _p1, Point _p2, Point _p3) :p1(_p1), p2(_p2), p3(_p3) {}
  Bezier2(const Bezier1 &b) : p1(b.p1), p2(conv(b.p1,b.p2,.5)), p3(b.p2) {}
  Point operator()(double t) const
  {
    //    return conv(conv(p1,p2,t),conv(p2,p3,t),t);
    return ((1-t)*(1-t))*p1+(2*(1-t)*t)*p2+(t*t)*p3;
  }
  Bezier2 before(double t) const
  {
    Point q(conv(p1,p2,t));
    Point r(conv(p2,p3,t));
    return Bezier2(p1,q,conv(q,r,t));
  }

  Bezier2 after(double t) const
  {
    Point q(conv(p1,p2,t));
    Point r(conv(p2,p3,t));
    return Bezier2(conv(q,r,t),r,p3);
  }
  Bezier2 revert() const { return Bezier2(p3,p2,p1);}
  Bezier2 operator()(double a,double b) const { return before(b).after(a/b); }
  Bezier1 grad() const { return Bezier1(2.0*(p2-p1),2.0*(p3-p2)); }
  Bezier1 norm() const { return Bezier1(2.0*rot90(p2-p1),2.0*rot90(p3-p2)); }
  Point grad(double t) const { return grad()(t); }
  Point norm(double t) const { return rot90(grad(t)); }
};

class Bezier3 : public BezierBase
{
public:
  Point p1,p2,p3,p4;

  Bezier3() {}
  Bezier3(Point _p1, Point _p2, Point _p3, Point _p4)
    : p1(_p1), p2(_p2), p3(_p3), p4(_p4) {}
  Bezier3(const Bezier1 &b) : p1(b.p1), p2(conv(b.p1,b.p2,1.0/3.0)),
                              p3(conv(b.p1,b.p2,2.0/3.0)), p4(b.p2) {}
  Bezier3(const Bezier2 &b) : p1(b.p1), p2(conv(b.p1,b.p2,2.0/3.0)),
                              p3(conv(b.p2,b.p3,1.0/3.0)), p4(b.p3) {}

  Point operator()(double t) const
    {
      //    return Bezier2(conv(p1,p2,t),conv(p2,p3,t),conv(p3,p4,t))(t);
      return ((1-t)*(1-t)*(1-t))*p1+(3*t*(1-t)*(1-t))*p2+
        (3*t*t*(1-t))*p3+(t*t*t)*p4;
    }
  Bezier3 before(double t) const
    {
      Point p(conv(p1,p2,t));
      Point q(conv(p2,p3,t));
      Point r(conv(p3,p4,t));
      Point a(conv(p,q,t));
      Point b(conv(q,r,t));
      Point c(conv(a,b,t));
      return Bezier3(p1,p,a,c);
    }

  Bezier3 after(double t) const
    {
      Point p(conv(p1,p2,t));
      Point q(conv(p2,p3,t));
      Point r(conv(p3,p4,t));
      Point a(conv(p,q,t));
      Point b(conv(q,r,t));
      Point c(conv(a,b,t));
      return Bezier3(c,b,r,p4);
    }
  Bezier3 revert() const { return Bezier3(p4,p3,p2,p1);}
  Bezier3 operator()(double a,double b) const { return before(b).after(a/b); }
  Bezier2 grad() const { return Bezier2(3.0*(p2-p1),3.0*(p3-p2),3.0*(p4-p3)); }
  Bezier2 norm() const { return Bezier2(3.0*rot90(p2-p1),
                                  3.0*rot90(p3-p2),
                                  3.0*rot90(p4-p3)); }
  Point grad(double t) const { return grad()(t); }
  Point norm(double t) const { return rot90(grad(t)); }

  template<class R,class F,class S,class D>
  R recSplit(F &_f,const S &_s,D _d) const
  {
    const Point a=(p1+p2)/2;
    const Point b=(p2+p3)/2;
    const Point c=(p3+p4)/2;
    const Point d=(a+b)/2;
    const Point e=(b+c)/2;
    const Point f=(d+e)/2;
    R f1=_f(Bezier3(p1,a,d,e),_d);
    R f2=_f(Bezier3(e,d,c,p4),_d);
    return _s(f1,f2);
  }

};


} //END OF NAMESPACE dim2
} //END OF NAMESPACE lemon

#endif // LEMON_BEZIER_H







lemon/bfs.h

/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2010
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_BFS_H
#define LEMON_BFS_H

///\ingroup search
///\file
///\brief BFS algorithm.

#include <lemon/list_graph.h>
#include <lemon/bits/path_dump.h>
#include <lemon/core.h>
#include <lemon/error.h>
#include <lemon/maps.h>
#include <lemon/path.h>

namespace lemon {

  ///Default traits class of Bfs class.

  ///Default traits class of Bfs class.
  ///\tparam GR Digraph type.
  template<class GR>
  struct BfsDefaultTraits
  {
    ///The type of the digraph the algorithm runs on.
    typedef GR Digraph;

    ///\brief The type of the map that stores the predecessor
    ///arcs of the shortest paths.
    ///
    ///The type of the map that stores the predecessor
    ///arcs of the shortest paths.
    ///It must conform to the \ref concepts::WriteMap "WriteMap" concept.
    typedef typename Digraph::template NodeMap<typename Digraph::Arc> PredMap;
    ///Instantiates a \c PredMap.

    ///This function instantiates a \ref PredMap.
    ///\param g is the digraph, to which we would like to define the
    ///\ref PredMap.
    static PredMap *createPredMap(const Digraph &g)
    {
      return new PredMap(g);
    }

    ///The type of the map that indicates which nodes are processed.

    ///The type of the map that indicates which nodes are processed.
    ///It must conform to the \ref concepts::WriteMap "WriteMap" concept.
    ///By default, it is a NullMap.
    typedef NullMap<typename Digraph::Node,bool> ProcessedMap;
    ///Instantiates a \c ProcessedMap.

    ///This function instantiates a \ref ProcessedMap.
    ///\param g is the digraph, to which
    ///we would like to define the \ref ProcessedMap
#ifdef DOXYGEN
    static ProcessedMap *createProcessedMap(const Digraph &g)
#else
    static ProcessedMap *createProcessedMap(const Digraph &)
#endif
    {
      return new ProcessedMap();
    }

    ///The type of the map that indicates which nodes are reached.

    ///The type of the map that indicates which nodes are reached.
    ///It must conform to
    ///the \ref concepts::ReadWriteMap "ReadWriteMap" concept.
    typedef typename Digraph::template NodeMap<bool> ReachedMap;
    ///Instantiates a \c ReachedMap.

    ///This function instantiates a \ref ReachedMap.
    ///\param g is the digraph, to which
    ///we would like to define the \ref ReachedMap.
    static ReachedMap *createReachedMap(const Digraph &g)
    {
      return new ReachedMap(g);
    }

    ///The type of the map that stores the distances of the nodes.

    ///The type of the map that stores the distances of the nodes.
    ///It must conform to the \ref concepts::WriteMap "WriteMap" concept.
    typedef typename Digraph::template NodeMap<int> DistMap;
    ///Instantiates a \c DistMap.

    ///This function instantiates a \ref DistMap.
    ///\param g is the digraph, to which we would like to define the
    ///\ref DistMap.
    static DistMap *createDistMap(const Digraph &g)
    {
      return new DistMap(g);
    }
  };

  ///%BFS algorithm class.

  ///\ingroup search
  ///This class provides an efficient implementation of the %BFS algorithm.
  ///
  ///There is also a \ref bfs() "function-type interface" for the BFS
  ///algorithm, which is convenient in the simplier cases and it can be
  ///used easier.
  ///
  ///\tparam GR The type of the digraph the algorithm runs on.
  ///The default type is \ref ListDigraph.
  ///\tparam TR The traits class that defines various types used by the
  ///algorithm. By default, it is \ref BfsDefaultTraits
  ///"BfsDefaultTraits<GR>".
  ///In most cases, this parameter should not be set directly,
  ///consider to use the named template parameters instead.
#ifdef DOXYGEN
  template <typename GR,
            typename TR>
#else
  template <typename GR=ListDigraph,
            typename TR=BfsDefaultTraits<GR> >
#endif
  class Bfs {
  public:

    ///The type of the digraph the algorithm runs on.
    typedef typename TR::Digraph Digraph;

    ///\brief The type of the map that stores the predecessor arcs of the
    ///shortest paths.
    typedef typename TR::PredMap PredMap;
    ///The type of the map that stores the distances of the nodes.
    typedef typename TR::DistMap DistMap;
    ///The type of the map that indicates which nodes are reached.
    typedef typename TR::ReachedMap ReachedMap;
    ///The type of the map that indicates which nodes are processed.
    typedef typename TR::ProcessedMap ProcessedMap;
    ///The type of the paths.
    typedef PredMapPath<Digraph, PredMap> Path;

    ///The \ref BfsDefaultTraits "traits class" of the algorithm.
    typedef TR Traits;

  private:

    typedef typename Digraph::Node Node;
    typedef typename Digraph::NodeIt NodeIt;
    typedef typename Digraph::Arc Arc;
    typedef typename Digraph::OutArcIt OutArcIt;

    //Pointer to the underlying digraph.
    const Digraph *G;
    //Pointer to the map of predecessor arcs.
    PredMap *_pred;
    //Indicates if _pred is locally allocated (true) or not.
    bool local_pred;
    //Pointer to the map of distances.
    DistMap *_dist;
    //Indicates if _dist is locally allocated (true) or not.
    bool local_dist;
    //Pointer to the map of reached status of the nodes.
    ReachedMap *_reached;
    //Indicates if _reached is locally allocated (true) or not.
    bool local_reached;
    //Pointer to the map of processed status of the nodes.
    ProcessedMap *_processed;
    //Indicates if _processed is locally allocated (true) or not.
    bool local_processed;

    std::vector<typename Digraph::Node> _queue;
    int _queue_head,_queue_tail,_queue_next_dist;
    int _curr_dist;

    //Creates the maps if necessary.
    void create_maps()
    {
      if(!_pred) {
        local_pred = true;
        _pred = Traits::createPredMap(*G);
      }
      if(!_dist) {
        local_dist = true;
        _dist = Traits::createDistMap(*G);
      }
      if(!_reached) {
        local_reached = true;
        _reached = Traits::createReachedMap(*G);
      }
      if(!_processed) {
        local_processed = true;
        _processed = Traits::createProcessedMap(*G);
      }
    }

  protected:

    Bfs() {}

  public:

    typedef Bfs Create;

    ///\name Named Template Parameters

    ///@{

    template <class T>
    struct SetPredMapTraits : public Traits {
      typedef T PredMap;
      static PredMap *createPredMap(const Digraph &)
      {
        LEMON_ASSERT(false, "PredMap is not initialized");
        return 0; // ignore warnings
      }
    };
    ///\brief \ref named-templ-param "Named parameter" for setting
    ///\c PredMap type.
    ///
    ///\ref named-templ-param "Named parameter" for setting
    ///\c PredMap type.
    ///It must conform to the \ref concepts::WriteMap "WriteMap" concept.
    template <class T>
    struct SetPredMap : public Bfs< Digraph, SetPredMapTraits<T> > {
      typedef Bfs< Digraph, SetPredMapTraits<T> > Create;
    };

    template <class T>
    struct SetDistMapTraits : public Traits {
      typedef T DistMap;
      static DistMap *createDistMap(const Digraph &)
      {
        LEMON_ASSERT(false, "DistMap is not initialized");
        return 0; // ignore warnings
      }
    };
    ///\brief \ref named-templ-param "Named parameter" for setting
    ///\c DistMap type.
    ///
    ///\ref named-templ-param "Named parameter" for setting
    ///\c DistMap type.
    ///It must conform to the \ref concepts::WriteMap "WriteMap" concept.
    template <class T>
    struct SetDistMap : public Bfs< Digraph, SetDistMapTraits<T> > {
      typedef Bfs< Digraph, SetDistMapTraits<T> > Create;
    };

    template <class T>
    struct SetReachedMapTraits : public Traits {
      typedef T ReachedMap;
      static ReachedMap *createReachedMap(const Digraph &)
      {
        LEMON_ASSERT(false, "ReachedMap is not initialized");
        return 0; // ignore warnings
      }
    };
    ///\brief \ref named-templ-param "Named parameter" for setting
    ///\c ReachedMap type.
    ///
    ///\ref named-templ-param "Named parameter" for setting
    ///\c ReachedMap type.
    ///It must conform to
    ///the \ref concepts::ReadWriteMap "ReadWriteMap" concept.
    template <class T>
    struct SetReachedMap : public Bfs< Digraph, SetReachedMapTraits<T> > {
      typedef Bfs< Digraph, SetReachedMapTraits<T> > Create;
    };

    template <class T>
    struct SetProcessedMapTraits : public Traits {
      typedef T ProcessedMap;
      static ProcessedMap *createProcessedMap(const Digraph &)
      {
        LEMON_ASSERT(false, "ProcessedMap is not initialized");
        return 0; // ignore warnings
      }
    };
    ///\brief \ref named-templ-param "Named parameter" for setting
    ///\c ProcessedMap type.
    ///
    ///\ref named-templ-param "Named parameter" for setting
    ///\c ProcessedMap type.
    ///It must conform to the \ref concepts::WriteMap "WriteMap" concept.
    template <class T>
    struct SetProcessedMap : public Bfs< Digraph, SetProcessedMapTraits<T> > {
      typedef Bfs< Digraph, SetProcessedMapTraits<T> > Create;
    };

    struct SetStandardProcessedMapTraits : public Traits {
      typedef typename Digraph::template NodeMap<bool> ProcessedMap;
      static ProcessedMap *createProcessedMap(const Digraph &g)
      {
        return new ProcessedMap(g);
        return 0; // ignore warnings
      }
    };
    ///\brief \ref named-templ-param "Named parameter" for setting
    ///\c ProcessedMap type to be <tt>Digraph::NodeMap<bool></tt>.
    ///
    ///\ref named-templ-param "Named parameter" for setting
    ///\c ProcessedMap type to be <tt>Digraph::NodeMap<bool></tt>.
    ///If you don't set it explicitly, it will be automatically allocated.
    struct SetStandardProcessedMap :
      public Bfs< Digraph, SetStandardProcessedMapTraits > {
      typedef Bfs< Digraph, SetStandardProcessedMapTraits > Create;
    };

    ///@}

  public:

    ///Constructor.

    ///Constructor.
    ///\param g The digraph the algorithm runs on.
    Bfs(const Digraph &g) :
      G(&g),
      _pred(NULL), local_pred(false),
      _dist(NULL), local_dist(false),
      _reached(NULL), local_reached(false),
      _processed(NULL), local_processed(false)
    { }

    ///Destructor.
    ~Bfs()
    {
      if(local_pred) delete _pred;
      if(local_dist) delete _dist;
      if(local_reached) delete _reached;
      if(local_processed) delete _processed;
    }

    ///Sets the map that stores the predecessor arcs.

    ///Sets the map that stores the predecessor arcs.
    ///If you don't use this function before calling \ref run(Node) "run()"
    ///or \ref init(), an instance will be allocated automatically.
    ///The destructor deallocates this automatically allocated map,
    ///of course.
    ///\return <tt> (*this) </tt>
    Bfs &predMap(PredMap &m)
    {
      if(local_pred) {
        delete _pred;
        local_pred=false;
      }
      _pred = &m;
      return *this;
    }

    ///Sets the map that indicates which nodes are reached.

    ///Sets the map that indicates which nodes are reached.
    ///If you don't use this function before calling \ref run(Node) "run()"
    ///or \ref init(), an instance will be allocated automatically.
    ///The destructor deallocates this automatically allocated map,
    ///of course.
    ///\return <tt> (*this) </tt>
    Bfs &reachedMap(ReachedMap &m)
    {
      if(local_reached) {
        delete _reached;
        local_reached=false;
      }
      _reached = &m;
      return *this;
    }

    ///Sets the map that indicates which nodes are processed.

    ///Sets the map that indicates which nodes are processed.
    ///If you don't use this function before calling \ref run(Node) "run()"
    ///or \ref init(), an instance will be allocated automatically.
    ///The destructor deallocates this automatically allocated map,
    ///of course.
    ///\return <tt> (*this) </tt>
    Bfs &processedMap(ProcessedMap &m)
    {
      if(local_processed) {
        delete _processed;
        local_processed=false;
      }
      _processed = &m;
      return *this;
    }

    ///Sets the map that stores the distances of the nodes.

    ///Sets the map that stores the distances of the nodes calculated by
    ///the algorithm.
    ///If you don't use this function before calling \ref run(Node) "run()"
    ///or \ref init(), an instance will be allocated automatically.
    ///The destructor deallocates this automatically allocated map,
    ///of course.
    ///\return <tt> (*this) </tt>
    Bfs &distMap(DistMap &m)
    {
      if(local_dist) {
        delete _dist;
        local_dist=false;
      }
      _dist = &m;
      return *this;
    }

  public:

    ///\name Execution Control
    ///The simplest way to execute the BFS algorithm is to use one of the
    ///member functions called \ref run(Node) "run()".\n
    ///If you need better control on the execution, you have to call
    ///\ref init() first, then you can add several source nodes with
    ///\ref addSource(). Finally the actual path computation can be
    ///performed with one of the \ref start() functions.

    ///@{

    ///\brief Initializes the internal data structures.
    ///
    ///Initializes the internal data structures.
    void init()
    {
      create_maps();
      _queue.resize(countNodes(*G));
      _queue_head=_queue_tail=0;
      _curr_dist=1;
      for ( NodeIt u(*G) ; u!=INVALID ; ++u ) {
        _pred->set(u,INVALID);
        _reached->set(u,false);
        _processed->set(u,false);
      }
    }

    ///Adds a new source node.

    ///Adds a new source node to the set of nodes to be processed.
    ///
    void addSource(Node s)
    {
      if(!(*_reached)[s])
        {
          _reached->set(s,true);
          _pred->set(s,INVALID);
          _dist->set(s,0);
          _queue[_queue_head++]=s;
          _queue_next_dist=_queue_head;
        }
    }

    ///Processes the next node.

    ///Processes the next node.
    ///
    ///\return The processed node.
    ///
    ///\pre The queue must not be empty.
    Node processNextNode()
    {
      if(_queue_tail==_queue_next_dist) {
        _curr_dist++;
        _queue_next_dist=_queue_head;
      }
      Node n=_queue[_queue_tail++];
      _processed->set(n,true);
      Node m;
      for(OutArcIt e(*G,n);e!=INVALID;++e)
        if(!(*_reached)[m=G->target(e)]) {
          _queue[_queue_head++]=m;
          _reached->set(m,true);
          _pred->set(m,e);
          _dist->set(m,_curr_dist);
        }
      return n;
    }

    ///Processes the next node.

    ///Processes the next node and checks if the given target node
    ///is reached. If the target node is reachable from the processed
    ///node, then the \c reach parameter will be set to \c true.
    ///
    ///\param target The target node.
    ///\retval reach Indicates if the target node is reached.
    ///It should be initially \c false.
    ///
    ///\return The processed node.
    ///
    ///\pre The queue must not be empty.
    Node processNextNode(Node target, bool& reach)
    {
      if(_queue_tail==_queue_next_dist) {
        _curr_dist++;
        _queue_next_dist=_queue_head;
      }
      Node n=_queue[_queue_tail++];
      _processed->set(n,true);
      Node m;
      for(OutArcIt e(*G,n);e!=INVALID;++e)
        if(!(*_reached)[m=G->target(e)]) {
          _queue[_queue_head++]=m;
          _reached->set(m,true);
          _pred->set(m,e);
          _dist->set(m,_curr_dist);
          reach = reach || (target == m);
        }
      return n;
    }

    ///Processes the next node.

    ///Processes the next node and checks if at least one of reached
    ///nodes has \c true value in the \c nm node map. If one node
    ///with \c true value is reachable from the processed node, then the
    ///\c rnode parameter will be set to the first of such nodes.
    ///
    ///\param nm A \c bool (or convertible) node map that indicates the
    ///possible targets.
    ///\retval rnode The reached target node.
    ///It should be initially \c INVALID.
    ///
    ///\return The processed node.
    ///
    ///\pre The queue must not be empty.
    template<class NM>
    Node processNextNode(const NM& nm, Node& rnode)
    {
      if(_queue_tail==_queue_next_dist) {
        _curr_dist++;
        _queue_next_dist=_queue_head;
      }
      Node n=_queue[_queue_tail++];
      _processed->set(n,true);
      Node m;
      for(OutArcIt e(*G,n);e!=INVALID;++e)
        if(!(*_reached)[m=G->target(e)]) {
          _queue[_queue_head++]=m;
          _reached->set(m,true);
          _pred->set(m,e);
          _dist->set(m,_curr_dist);
          if (nm[m] && rnode == INVALID) rnode = m;
        }
      return n;
    }

    ///The next node to be processed.

    ///Returns the next node to be processed or \c INVALID if the queue
    ///is empty.
    Node nextNode() const
    {
      return _queue_tail<_queue_head?_queue[_queue_tail]:INVALID;
    }

    ///Returns \c false if there are nodes to be processed.

    ///Returns \c false if there are nodes to be processed
    ///in the queue.
    bool emptyQueue() const { return _queue_tail==_queue_head; }

    ///Returns the number of the nodes to be processed.

    ///Returns the number of the nodes to be processed
    ///in the queue.
    int queueSize() const { return _queue_head-_queue_tail; }

    ///Executes the algorithm.

    ///Executes the algorithm.
    ///
    ///This method runs the %BFS algorithm from the root node(s)
    ///in order to compute the shortest path to each node.
    ///
    ///The algorithm computes
    ///- the shortest path tree (forest),
    ///- the distance of each node from the root(s).
    ///
    ///\pre init() must be called and at least one root node should be
    ///added with addSource() before using this function.
    ///
    ///\note <tt>b.start()</tt> is just a shortcut of the following code.
    ///\code
    ///  while ( !b.emptyQueue() ) {
    ///    b.processNextNode();
    ///  }
    ///\endcode
    void start()
    {
      while ( !emptyQueue() ) processNextNode();
    }

    ///Executes the algorithm until the given target node is reached.

    ///Executes the algorithm until the given target node is reached.
    ///
    ///This method runs the %BFS algorithm from the root node(s)
    ///in order to compute the shortest path to \c t.
    ///
    ///The algorithm computes
    ///- the shortest path to \c t,
    ///- the distance of \c t from the root(s).
    ///
    ///\pre init() must be called and at least one root node should be
    ///added with addSource() before using this function.
    ///
    ///\note <tt>b.start(t)</tt> is just a shortcut of the following code.
    ///\code
    ///  bool reach = false;
    ///  while ( !b.emptyQueue() && !reach ) {
    ///    b.processNextNode(t, reach);
    ///  }
    ///\endcode
    void start(Node t)
    {
      bool reach = false;
      while ( !emptyQueue() && !reach ) processNextNode(t, reach);
    }

    ///Executes the algorithm until a condition is met.

    ///Executes the algorithm until a condition is met.
    ///
    ///This method runs the %BFS algorithm from the root node(s) in
    ///order to compute the shortest path to a node \c v with
    /// <tt>nm[v]</tt> true, if such a node can be found.
    ///
    ///\param nm A \c bool (or convertible) node map. The algorithm
    ///will stop when it reaches a node \c v with <tt>nm[v]</tt> true.
    ///
    ///\return The reached node \c v with <tt>nm[v]</tt> true or
    ///\c INVALID if no such node was found.
    ///
    ///\pre init() must be called and at least one root node should be
    ///added with addSource() before using this function.
    ///
    ///\note <tt>b.start(nm)</tt> is just a shortcut of the following code.
    ///\code
    ///  Node rnode = INVALID;
    ///  while ( !b.emptyQueue() && rnode == INVALID ) {
    ///    b.processNextNode(nm, rnode);
    ///  }
    ///  return rnode;
    ///\endcode
    template<class NodeBoolMap>
    Node start(const NodeBoolMap &nm)
    {
      Node rnode = INVALID;
      while ( !emptyQueue() && rnode == INVALID ) {
        processNextNode(nm, rnode);
      }
      return rnode;
    }

    ///Runs the algorithm from the given source node.

    ///This method runs the %BFS algorithm from node \c s
    ///in order to compute the shortest path to each node.
    ///
    ///The algorithm computes
    ///- the shortest path tree,
    ///- the distance of each node from the root.
    ///
    ///\note <tt>b.run(s)</tt> is just a shortcut of the following code.
    ///\code
    ///  b.init();
    ///  b.addSource(s);
    ///  b.start();
    ///\endcode
    void run(Node s) {
      init();
      addSource(s);
      start();
    }

    ///Finds the shortest path between \c s and \c t.

    ///This method runs the %BFS algorithm from node \c s
    ///in order to compute the shortest path to node \c t
    ///(it stops searching when \c t is processed).
    ///
    ///\return \c true if \c t is reachable form \c s.
    ///
    ///\note Apart from the return value, <tt>b.run(s,t)</tt> is just a
    ///shortcut of the following code.
    ///\code
    ///  b.init();
    ///  b.addSource(s);
    ///  b.start(t);
    ///\endcode
    bool run(Node s,Node t) {
      init();
      addSource(s);
      start(t);
      return reached(t);
    }

    ///Runs the algorithm to visit all nodes in the digraph.

    ///This method runs the %BFS algorithm in order to visit all nodes
    ///in the digraph.
    ///
    ///\note <tt>b.run(s)</tt> is just a shortcut of the following code.
    ///\code
    ///  b.init();
    ///  for (NodeIt n(gr); n != INVALID; ++n) {
    ///    if (!b.reached(n)) {
    ///      b.addSource(n);
    ///      b.start();
    ///    }
    ///  }
    ///\endcode
    void run() {
      init();
      for (NodeIt n(*G); n != INVALID; ++n) {
        if (!reached(n)) {
          addSource(n);
          start();
        }
      }
    }

    ///@}

    ///\name Query Functions
    ///The results of the BFS algorithm can be obtained using these
    ///functions.\n
    ///Either \ref run(Node) "run()" or \ref start() should be called
    ///before using them.

    ///@{

    ///The shortest path to the given node.

    ///Returns the shortest path to the given node from the root(s).
    ///
    ///\warning \c t should be reached from the root(s).
    ///
    ///\pre Either \ref run(Node) "run()" or \ref init()
    ///must be called before using this function.
    Path path(Node t) const { return Path(*G, *_pred, t); }

    ///The distance of the given node from the root(s).

    ///Returns the distance of the given node from the root(s).
    ///
    ///\warning If node \c v is not reached from the root(s), then
    ///the return value of this function is undefined.
    ///
    ///\pre Either \ref run(Node) "run()" or \ref init()
    ///must be called before using this function.
    int dist(Node v) const { return (*_dist)[v]; }

    ///\brief Returns the 'previous arc' of the shortest path tree for
    ///the given node.
    ///
    ///This function returns the 'previous arc' of the shortest path
    ///tree for the node \c v, i.e. it returns the last arc of a
    ///shortest path from a root to \c v. It is \c INVALID if \c v
    ///is not reached from the root(s) or if \c v is a root.
    ///
    ///The shortest path tree used here is equal to the shortest path
    ///tree used in \ref predNode() and \ref predMap().
    ///
    ///\pre Either \ref run(Node) "run()" or \ref init()
    ///must be called before using this function.
    Arc predArc(Node v) const { return (*_pred)[v];}

    ///\brief Returns the 'previous node' of the shortest path tree for
    ///the given node.
    ///
    ///This function returns the 'previous node' of the shortest path
    ///tree for the node \c v, i.e. it returns the last but one node
    ///of a shortest path from a root to \c v. It is \c INVALID
    ///if \c v is not reached from the root(s) or if \c v is a root.
    ///
    ///The shortest path tree used here is equal to the shortest path
    ///tree used in \ref predArc() and \ref predMap().
    ///
    ///\pre Either \ref run(Node) "run()" or \ref init()
    ///must be called before using this function.
    Node predNode(Node v) const { return (*_pred)[v]==INVALID ? INVALID:
                                  G->source((*_pred)[v]); }

    ///\brief Returns a const reference to the node map that stores the
    /// distances of the nodes.
    ///
    ///Returns a const reference to the node map that stores the distances
    ///of the nodes calculated by the algorithm.
    ///
    ///\pre Either \ref run(Node) "run()" or \ref init()
    ///must be called before using this function.
    const DistMap &distMap() const { return *_dist;}

    ///\brief Returns a const reference to the node map that stores the
    ///predecessor arcs.
    ///
    ///Returns a const reference to the node map that stores the predecessor
    ///arcs, which form the shortest path tree (forest).
    ///
    ///\pre Either \ref run(Node) "run()" or \ref init()
    ///must be called before using this function.
    const PredMap &predMap() const { return *_pred;}

    ///Checks if the given node is reached from the root(s).

    ///Returns \c true if \c v is reached from the root(s).
    ///
    ///\pre Either \ref run(Node) "run()" or \ref init()
    ///must be called before using this function.
    bool reached(Node v) const { return (*_reached)[v]; }

    ///@}
  };

  ///Default traits class of bfs() function.

  ///Default traits class of bfs() function.
  ///\tparam GR Digraph type.
  template<class GR>
  struct BfsWizardDefaultTraits
  {
    ///The type of the digraph the algorithm runs on.
    typedef GR Digraph;

    ///\brief The type of the map that stores the predecessor
    ///arcs of the shortest paths.
    ///
    ///The type of the map that stores the predecessor
    ///arcs of the shortest paths.
    ///It must conform to the \ref concepts::WriteMap "WriteMap" concept.
    typedef typename Digraph::template NodeMap<typename Digraph::Arc> PredMap;
    ///Instantiates a PredMap.

    ///This function instantiates a PredMap.
    ///\param g is the digraph, to which we would like to define the
    ///PredMap.
    static PredMap *createPredMap(const Digraph &g)
    {
      return new PredMap(g);
    }

    ///The type of the map that indicates which nodes are processed.

    ///The type of the map that indicates which nodes are processed.
    ///It must conform to the \ref concepts::WriteMap "WriteMap" concept.
    ///By default, it is a NullMap.
    typedef NullMap<typename Digraph::Node,bool> ProcessedMap;
    ///Instantiates a ProcessedMap.

    ///This function instantiates a ProcessedMap.
    ///\param g is the digraph, to which
    ///we would like to define the ProcessedMap.
#ifdef DOXYGEN
    static ProcessedMap *createProcessedMap(const Digraph &g)
#else
    static ProcessedMap *createProcessedMap(const Digraph &)
#endif
    {
      return new ProcessedMap();
    }

    ///The type of the map that indicates which nodes are reached.

    ///The type of the map that indicates which nodes are reached.
    ///It must conform to
    ///the \ref concepts::ReadWriteMap "ReadWriteMap" concept.
    typedef typename Digraph::template NodeMap<bool> ReachedMap;
    ///Instantiates a ReachedMap.

    ///This function instantiates a ReachedMap.
    ///\param g is the digraph, to which
    ///we would like to define the ReachedMap.
    static ReachedMap *createReachedMap(const Digraph &g)
    {
      return new ReachedMap(g);
    }

    ///The type of the map that stores the distances of the nodes.

    ///The type of the map that stores the distances of the nodes.
    ///It must conform to the \ref concepts::WriteMap "WriteMap" concept.
    typedef typename Digraph::template NodeMap<int> DistMap;
    ///Instantiates a DistMap.

    ///This function instantiates a DistMap.
    ///\param g is the digraph, to which we would like to define
    ///the DistMap
    static DistMap *createDistMap(const Digraph &g)
    {
      return new DistMap(g);
    }

    ///The type of the shortest paths.

    ///The type of the shortest paths.
    ///It must conform to the \ref concepts::Path "Path" concept.
    typedef lemon::Path<Digraph> Path;
  };

  /// Default traits class used by BfsWizard

  /// Default traits class used by BfsWizard.
  /// \tparam GR The type of the digraph.
  template<class GR>
  class BfsWizardBase : public BfsWizardDefaultTraits<GR>
  {

    typedef BfsWizardDefaultTraits<GR> Base;
  protected:
    //The type of the nodes in the digraph.
    typedef typename Base::Digraph::Node Node;

    //Pointer to the digraph the algorithm runs on.
    void *_g;
    //Pointer to the map of reached nodes.
    void *_reached;
    //Pointer to the map of processed nodes.
    void *_processed;
    //Pointer to the map of predecessors arcs.
    void *_pred;
    //Pointer to the map of distances.
    void *_dist;
    //Pointer to the shortest path to the target node.
    void *_path;
    //Pointer to the distance of the target node.
    int *_di;

    public:
    /// Constructor.

    /// This constructor does not require parameters, it initiates
    /// all of the attributes to \c 0.
    BfsWizardBase() : _g(0), _reached(0), _processed(0), _pred(0),
                      _dist(0), _path(0), _di(0) {}

    /// Constructor.

    /// This constructor requires one parameter,
    /// others are initiated to \c 0.
    /// \param g The digraph the algorithm runs on.
    BfsWizardBase(const GR &g) :
      _g(reinterpret_cast<void*>(const_cast<GR*>(&g))),
      _reached(0), _processed(0), _pred(0), _dist(0),  _path(0), _di(0) {}

  };

  /// Auxiliary class for the function-type interface of BFS algorithm.

  /// This auxiliary class is created to implement the
  /// \ref bfs() "function-type interface" of \ref Bfs algorithm.
  /// It does not have own \ref run(Node) "run()" method, it uses the
  /// functions and features of the plain \ref Bfs.
  ///
  /// This class should only be used through the \ref bfs() function,
  /// which makes it easier to use the algorithm.
  ///
  /// \tparam TR The traits class that defines various types used by the
  /// algorithm.
  template<class TR>
  class BfsWizard : public TR
  {
    typedef TR Base;

    typedef typename TR::Digraph Digraph;

    typedef typename Digraph::Node Node;
    typedef typename Digraph::NodeIt NodeIt;
    typedef typename Digraph::Arc Arc;
    typedef typename Digraph::OutArcIt OutArcIt;

    typedef typename TR::PredMap PredMap;
    typedef typename TR::DistMap DistMap;
    typedef typename TR::ReachedMap ReachedMap;
    typedef typename TR::ProcessedMap ProcessedMap;
    typedef typename TR::Path Path;

  public:

    /// Constructor.
    BfsWizard() : TR() {}

    /// Constructor that requires parameters.

    /// Constructor that requires parameters.
    /// These parameters will be the default values for the traits class.
    /// \param g The digraph the algorithm runs on.
    BfsWizard(const Digraph &g) :
      TR(g) {}

    ///Copy constructor
    BfsWizard(const TR &b) : TR(b) {}

    ~BfsWizard() {}

    ///Runs BFS algorithm from the given source node.

    ///This method runs BFS algorithm from node \c s
    ///in order to compute the shortest path to each node.
    void run(Node s)
    {
      Bfs<Digraph,TR> alg(*reinterpret_cast<const Digraph*>(Base::_g));
      if (Base::_pred)
        alg.predMap(*reinterpret_cast<PredMap*>(Base::_pred));
      if (Base::_dist)
        alg.distMap(*reinterpret_cast<DistMap*>(Base::_dist));
      if (Base::_reached)
        alg.reachedMap(*reinterpret_cast<ReachedMap*>(Base::_reached));
      if (Base::_processed)
        alg.processedMap(*reinterpret_cast<ProcessedMap*>(Base::_processed));
      if (s!=INVALID)
        alg.run(s);
      else
        alg.run();
    }

    ///Finds the shortest path between \c s and \c t.

    ///This method runs BFS algorithm from node \c s
    ///in order to compute the shortest path to node \c t
    ///(it stops searching when \c t is processed).
    ///
    ///\return \c true if \c t is reachable form \c s.
    bool run(Node s, Node t)
    {
      Bfs<Digraph,TR> alg(*reinterpret_cast<const Digraph*>(Base::_g));
      if (Base::_pred)
        alg.predMap(*reinterpret_cast<PredMap*>(Base::_pred));
      if (Base::_dist)
        alg.distMap(*reinterpret_cast<DistMap*>(Base::_dist));
      if (Base::_reached)
        alg.reachedMap(*reinterpret_cast<ReachedMap*>(Base::_reached));
      if (Base::_processed)
        alg.processedMap(*reinterpret_cast<ProcessedMap*>(Base::_processed));
      alg.run(s,t);
      if (Base::_path)
        *reinterpret_cast<Path*>(Base::_path) = alg.path(t);
      if (Base::_di)
        *Base::_di = alg.dist(t);
      return alg.reached(t);
    }

    ///Runs BFS algorithm to visit all nodes in the digraph.

    ///This method runs BFS algorithm in order to visit all nodes
    ///in the digraph.
    void run()
    {
      run(INVALID);
    }

    template<class T>
    struct SetPredMapBase : public Base {
      typedef T PredMap;
      static PredMap *createPredMap(const Digraph &) { return 0; };
      SetPredMapBase(const TR &b) : TR(b) {}
    };

    ///\brief \ref named-templ-param "Named parameter" for setting
    ///the predecessor map.
    ///
    ///\ref named-templ-param "Named parameter" function for setting
    ///the map that stores the predecessor arcs of the nodes.
    template<class T>
    BfsWizard<SetPredMapBase<T> > predMap(const T &t)
    {
      Base::_pred=reinterpret_cast<void*>(const_cast<T*>(&t));
      return BfsWizard<SetPredMapBase<T> >(*this);
    }

    template<class T>
    struct SetReachedMapBase : public Base {
      typedef T ReachedMap;
      static ReachedMap *createReachedMap(const Digraph &) { return 0; };
      SetReachedMapBase(const TR &b) : TR(b) {}
    };

    ///\brief \ref named-templ-param "Named parameter" for setting
    ///the reached map.
    ///
    ///\ref named-templ-param "Named parameter" function for setting
    ///the map that indicates which nodes are reached.
    template<class T>
    BfsWizard<SetReachedMapBase<T> > reachedMap(const T &t)
    {
      Base::_reached=reinterpret_cast<void*>(const_cast<T*>(&t));
      return BfsWizard<SetReachedMapBase<T> >(*this);
    }

    template<class T>
    struct SetDistMapBase : public Base {
      typedef T DistMap;
      static DistMap *createDistMap(const Digraph &) { return 0; };
      SetDistMapBase(const TR &b) : TR(b) {}
    };

    ///\brief \ref named-templ-param "Named parameter" for setting
    ///the distance map.
    ///
    ///\ref named-templ-param "Named parameter" function for setting
    ///the map that stores the distances of the nodes calculated
    ///by the algorithm.
    template<class T>
    BfsWizard<SetDistMapBase<T> > distMap(const T &t)
    {
      Base::_dist=reinterpret_cast<void*>(const_cast<T*>(&t));
      return BfsWizard<SetDistMapBase<T> >(*this);
    }

    template<class T>
    struct SetProcessedMapBase : public Base {
      typedef T ProcessedMap;
      static ProcessedMap *createProcessedMap(const Digraph &) { return 0; };
      SetProcessedMapBase(const TR &b) : TR(b) {}
    };

    ///\brief \ref named-func-param "Named parameter" for setting
    ///the processed map.
    ///
    ///\ref named-templ-param "Named parameter" function for setting
    ///the map that indicates which nodes are processed.
    template<class T>
    BfsWizard<SetProcessedMapBase<T> > processedMap(const T &t)
    {
      Base::_processed=reinterpret_cast<void*>(const_cast<T*>(&t));
      return BfsWizard<SetProcessedMapBase<T> >(*this);
    }

    template<class T>
    struct SetPathBase : public Base {
      typedef T Path;
      SetPathBase(const TR &b) : TR(b) {}
    };
    ///\brief \ref named-func-param "Named parameter"
    ///for getting the shortest path to the target node.
    ///
    ///\ref named-func-param "Named parameter"
    ///for getting the shortest path to the target node.
    template<class T>
    BfsWizard<SetPathBase<T> > path(const T &t)
    {
      Base::_path=reinterpret_cast<void*>(const_cast<T*>(&t));
      return BfsWizard<SetPathBase<T> >(*this);
    }

    ///\brief \ref named-func-param "Named parameter"
    ///for getting the distance of the target node.
    ///
    ///\ref named-func-param "Named parameter"
    ///for getting the distance of the target node.
    BfsWizard dist(const int &d)
    {
      Base::_di=const_cast<int*>(&d);
      return *this;
    }

  };

  ///Function-type interface for BFS algorithm.

  /// \ingroup search
  ///Function-type interface for BFS algorithm.
  ///
  ///This function also has several \ref named-func-param "named parameters",
  ///they are declared as the members of class \ref BfsWizard.
  ///The following examples show how to use these parameters.
  ///\code
  ///  // Compute shortest path from node s to each node
  ///  bfs(g).predMap(preds).distMap(dists).run(s);
  ///
  ///  // Compute shortest path from s to t
  ///  bool reached = bfs(g).path(p).dist(d).run(s,t);
  ///\endcode
  ///\warning Don't forget to put the \ref BfsWizard::run(Node) "run()"
  ///to the end of the parameter list.
  ///\sa BfsWizard
  ///\sa Bfs
  template<class GR>
  BfsWizard<BfsWizardBase<GR> >
  bfs(const GR &digraph)
  {
    return BfsWizard<BfsWizardBase<GR> >(digraph);
  }

#ifdef DOXYGEN
  /// \brief Visitor class for BFS.
  ///
  /// This class defines the interface of the BfsVisit events, and
  /// it could be the base of a real visitor class.
  template <typename GR>
  struct BfsVisitor {
    typedef GR Digraph;
    typedef typename Digraph::Arc Arc;
    typedef typename Digraph::Node Node;
    /// \brief Called for the source node(s) of the BFS.
    ///
    /// This function is called for the source node(s) of the BFS.
    void start(const Node& node) {}
    /// \brief Called when a node is reached first time.
    ///
    /// This function is called when a node is reached first time.
    void reach(const Node& node) {}
    /// \brief Called when a node is processed.
    ///
    /// This function is called when a node is processed.
    void process(const Node& node) {}
    /// \brief Called when an arc reaches a new node.
    ///
    /// This function is called when the BFS finds an arc whose target node
    /// is not reached yet.
    void discover(const Arc& arc) {}
    /// \brief Called when an arc is examined but its target node is
    /// already discovered.
    ///
    /// This function is called when an arc is examined but its target node is
    /// already discovered.
    void examine(const Arc& arc) {}
  };
#else
  template <typename GR>
  struct BfsVisitor {
    typedef GR Digraph;
    typedef typename Digraph::Arc Arc;
    typedef typename Digraph::Node Node;
    void start(const Node&) {}
    void reach(const Node&) {}
    void process(const Node&) {}
    void discover(const Arc&) {}
    void examine(const Arc&) {}

    template <typename _Visitor>
    struct Constraints {
      void constraints() {
        Arc arc;
        Node node;
        visitor.start(node);
        visitor.reach(node);
        visitor.process(node);
        visitor.discover(arc);
        visitor.examine(arc);
      }
      _Visitor& visitor;
    };
  };
#endif

  /// \brief Default traits class of BfsVisit class.
  ///
  /// Default traits class of BfsVisit class.
  /// \tparam GR The type of the digraph the algorithm runs on.
  template<class GR>
  struct BfsVisitDefaultTraits {

    /// \brief The type of the digraph the algorithm runs on.
    typedef GR Digraph;

    /// \brief The type of the map that indicates which nodes are reached.
    ///
    /// The type of the map that indicates which nodes are reached.
    /// It must conform to
    ///the \ref concepts::ReadWriteMap "ReadWriteMap" concept.
    typedef typename Digraph::template NodeMap<bool> ReachedMap;

    /// \brief Instantiates a ReachedMap.
    ///
    /// This function instantiates a ReachedMap.
    /// \param digraph is the digraph, to which
    /// we would like to define the ReachedMap.
    static ReachedMap *createReachedMap(const Digraph &digraph) {
      return new ReachedMap(digraph);
    }

  };

  /// \ingroup search
  ///
  /// \brief BFS algorithm class with visitor interface.
  ///
  /// This class provides an efficient implementation of the BFS algorithm
  /// with visitor interface.
  ///
  /// The BfsVisit class provides an alternative interface to the Bfs
  /// class. It works with callback mechanism, the BfsVisit object calls
  /// the member functions of the \c Visitor class on every BFS event.
  ///
  /// This interface of the BFS algorithm should be used in special cases
  /// when extra actions have to be performed in connection with certain
  /// events of the BFS algorithm. Otherwise consider to use Bfs or bfs()
  /// instead.
  ///
  /// \tparam GR The type of the digraph the algorithm runs on.
  /// The default type is \ref ListDigraph.
  /// The value of GR is not used directly by \ref BfsVisit,
  /// it is only passed to \ref BfsVisitDefaultTraits.
  /// \tparam VS The Visitor type that is used by the algorithm.
  /// \ref BfsVisitor "BfsVisitor<GR>" is an empty visitor, which
  /// does not observe the BFS events. If you want to observe the BFS
  /// events, you should implement your own visitor class.
  /// \tparam TR The traits class that defines various types used by the
  /// algorithm. By default, it is \ref BfsVisitDefaultTraits
  /// "BfsVisitDefaultTraits<GR>".
  /// In most cases, this parameter should not be set directly,
  /// consider to use the named template parameters instead.
#ifdef DOXYGEN
  template <typename GR, typename VS, typename TR>
#else
  template <typename GR = ListDigraph,
            typename VS = BfsVisitor<GR>,
            typename TR = BfsVisitDefaultTraits<GR> >
#endif
  class BfsVisit {
  public:

    ///The traits class.
    typedef TR Traits;

    ///The type of the digraph the algorithm runs on.
    typedef typename Traits::Digraph Digraph;

    ///The visitor type used by the algorithm.
    typedef VS Visitor;

    ///The type of the map that indicates which nodes are reached.
    typedef typename Traits::ReachedMap ReachedMap;

  private:

    typedef typename Digraph::Node Node;
    typedef typename Digraph::NodeIt NodeIt;
    typedef typename Digraph::Arc Arc;
    typedef typename Digraph::OutArcIt OutArcIt;

    //Pointer to the underlying digraph.
    const Digraph *_digraph;
    //Pointer to the visitor object.
    Visitor *_visitor;
    //Pointer to the map of reached status of the nodes.
    ReachedMap *_reached;
    //Indicates if _reached is locally allocated (true) or not.
    bool local_reached;

    std::vector<typename Digraph::Node> _list;
    int _list_front, _list_back;

    //Creates the maps if necessary.
    void create_maps() {
      if(!_reached) {
        local_reached = true;
        _reached = Traits::createReachedMap(*_digraph);
      }
    }

  protected:

    BfsVisit() {}

  public:

    typedef BfsVisit Create;

    /// \name Named Template Parameters

    ///@{
    template <class T>
    struct SetReachedMapTraits : public Traits {
      typedef T ReachedMap;
      static ReachedMap *createReachedMap(const Digraph &digraph) {
        LEMON_ASSERT(false, "ReachedMap is not initialized");
        return 0; // ignore warnings
      }
    };
    /// \brief \ref named-templ-param "Named parameter" for setting
    /// ReachedMap type.
    ///
    /// \ref named-templ-param "Named parameter" for setting ReachedMap type.
    template <class T>
    struct SetReachedMap : public BfsVisit< Digraph, Visitor,
                                            SetReachedMapTraits<T> > {
      typedef BfsVisit< Digraph, Visitor, SetReachedMapTraits<T> > Create;
    };
    ///@}

  public:

    /// \brief Constructor.
    ///
    /// Constructor.
    ///
    /// \param digraph The digraph the algorithm runs on.
    /// \param visitor The visitor object of the algorithm.
    BfsVisit(const Digraph& digraph, Visitor& visitor)
      : _digraph(&digraph), _visitor(&visitor),
        _reached(0), local_reached(false) {}

    /// \brief Destructor.
    ~BfsVisit() {
      if(local_reached) delete _reached;
    }

    /// \brief Sets the map that indicates which nodes are reached.
    ///
    /// Sets the map that indicates which nodes are reached.
    /// If you don't use this function before calling \ref run(Node) "run()"
    /// or \ref init(), an instance will be allocated automatically.
    /// The destructor deallocates this automatically allocated map,
    /// of course.
    /// \return <tt> (*this) </tt>
    BfsVisit &reachedMap(ReachedMap &m) {
      if(local_reached) {
        delete _reached;
        local_reached = false;
      }
      _reached = &m;
      return *this;
    }

  public:

    /// \name Execution Control
    /// The simplest way to execute the BFS algorithm is to use one of the
    /// member functions called \ref run(Node) "run()".\n
    /// If you need better control on the execution, you have to call
    /// \ref init() first, then you can add several source nodes with
    /// \ref addSource(). Finally the actual path computation can be
    /// performed with one of the \ref start() functions.

    /// @{

    /// \brief Initializes the internal data structures.
    ///
    /// Initializes the internal data structures.
    void init() {
      create_maps();
      _list.resize(countNodes(*_digraph));
      _list_front = _list_back = -1;
      for (NodeIt u(*_digraph) ; u != INVALID ; ++u) {
        _reached->set(u, false);
      }
    }

    /// \brief Adds a new source node.
    ///
    /// Adds a new source node to the set of nodes to be processed.
    void addSource(Node s) {
      if(!(*_reached)[s]) {
          _reached->set(s,true);
          _visitor->start(s);
          _visitor->reach(s);
          _list[++_list_back] = s;
        }
    }

    /// \brief Processes the next node.
    ///
    /// Processes the next node.
    ///
    /// \return The processed node.
    ///
    /// \pre The queue must not be empty.
    Node processNextNode() {
      Node n = _list[++_list_front];
      _visitor->process(n);
      Arc e;
      for (_digraph->firstOut(e, n); e != INVALID; _digraph->nextOut(e)) {
        Node m = _digraph->target(e);
        if (!(*_reached)[m]) {
          _visitor->discover(e);
          _visitor->reach(m);
          _reached->set(m, true);
          _list[++_list_back] = m;
        } else {
          _visitor->examine(e);
        }
      }
      return n;
    }

    /// \brief Processes the next node.
    ///
    /// Processes the next node and checks if the given target node
    /// is reached. If the target node is reachable from the processed
    /// node, then the \c reach parameter will be set to \c true.
    ///
    /// \param target The target node.
    /// \retval reach Indicates if the target node is reached.
    /// It should be initially \c false.
    ///
    /// \return The processed node.
    ///
    /// \pre The queue must not be empty.
    Node processNextNode(Node target, bool& reach) {
      Node n = _list[++_list_front];
      _visitor->process(n);
      Arc e;
      for (_digraph->firstOut(e, n); e != INVALID; _digraph->nextOut(e)) {
        Node m = _digraph->target(e);
        if (!(*_reached)[m]) {
          _visitor->discover(e);
          _visitor->reach(m);
          _reached->set(m, true);
          _list[++_list_back] = m;
          reach = reach || (target == m);
        } else {
          _visitor->examine(e);
        }
      }
      return n;
    }

    /// \brief Processes the next node.
    ///
    /// Processes the next node and checks if at least one of reached
    /// nodes has \c true value in the \c nm node map. If one node
    /// with \c true value is reachable from the processed node, then the
    /// \c rnode parameter will be set to the first of such nodes.
    ///
    /// \param nm A \c bool (or convertible) node map that indicates the
    /// possible targets.
    /// \retval rnode The reached target node.
    /// It should be initially \c INVALID.
    ///
    /// \return The processed node.
    ///
    /// \pre The queue must not be empty.
    template <typename NM>
    Node processNextNode(const NM& nm, Node& rnode) {
      Node n = _list[++_list_front];
      _visitor->process(n);
      Arc e;
      for (_digraph->firstOut(e, n); e != INVALID; _digraph->nextOut(e)) {
        Node m = _digraph->target(e);
        if (!(*_reached)[m]) {
          _visitor->discover(e);
          _visitor->reach(m);
          _reached->set(m, true);
          _list[++_list_back] = m;
          if (nm[m] && rnode == INVALID) rnode = m;
        } else {
          _visitor->examine(e);
        }
      }
      return n;
    }

    /// \brief The next node to be processed.
    ///
    /// Returns the next node to be processed or \c INVALID if the queue
    /// is empty.
    Node nextNode() const {
      return _list_front != _list_back ? _list[_list_front + 1] : INVALID;
    }

    /// \brief Returns \c false if there are nodes
    /// to be processed.
    ///
    /// Returns \c false if there are nodes
    /// to be processed in the queue.
    bool emptyQueue() const { return _list_front == _list_back; }

    /// \brief Returns the number of the nodes to be processed.
    ///
    /// Returns the number of the nodes to be processed in the queue.
    int queueSize() const { return _list_back - _list_front; }

    /// \brief Executes the algorithm.
    ///
    /// Executes the algorithm.
    ///
    /// This method runs the %BFS algorithm from the root node(s)
    /// in order to compute the shortest path to each node.
    ///
    /// The algorithm computes
    /// - the shortest path tree (forest),
    /// - the distance of each node from the root(s).
    ///
    /// \pre init() must be called and at least one root node should be added
    /// with addSource() before using this function.
    ///
    /// \note <tt>b.start()</tt> is just a shortcut of the following code.
    /// \code
    ///   while ( !b.emptyQueue() ) {
    ///     b.processNextNode();
    ///   }
    /// \endcode
    void start() {
      while ( !emptyQueue() ) processNextNode();
    }

    /// \brief Executes the algorithm until the given target node is reached.
    ///
    /// Executes the algorithm until the given target node is reached.
    ///
    /// This method runs the %BFS algorithm from the root node(s)
    /// in order to compute the shortest path to \c t.
    ///
    /// The algorithm computes
    /// - the shortest path to \c t,
    /// - the distance of \c t from the root(s).
    ///
    /// \pre init() must be called and at least one root node should be
    /// added with addSource() before using this function.
    ///
    /// \note <tt>b.start(t)</tt> is just a shortcut of the following code.
    /// \code
    ///   bool reach = false;
    ///   while ( !b.emptyQueue() && !reach ) {
    ///     b.processNextNode(t, reach);
    ///   }
    /// \endcode
    void start(Node t) {
      bool reach = false;
      while ( !emptyQueue() && !reach ) processNextNode(t, reach);
    }

    /// \brief Executes the algorithm until a condition is met.
    ///
    /// Executes the algorithm until a condition is met.
    ///
    /// This method runs the %BFS algorithm from the root node(s) in
    /// order to compute the shortest path to a node \c v with
    /// <tt>nm[v]</tt> true, if such a node can be found.
    ///
    /// \param nm must be a bool (or convertible) node map. The
    /// algorithm will stop when it reaches a node \c v with
    /// <tt>nm[v]</tt> true.
    ///
    /// \return The reached node \c v with <tt>nm[v]</tt> true or
    /// \c INVALID if no such node was found.
    ///
    /// \pre init() must be called and at least one root node should be
    /// added with addSource() before using this function.
    ///
    /// \note <tt>b.start(nm)</tt> is just a shortcut of the following code.
    /// \code
    ///   Node rnode = INVALID;
    ///   while ( !b.emptyQueue() && rnode == INVALID ) {
    ///     b.processNextNode(nm, rnode);
    ///   }
    ///   return rnode;
    /// \endcode
    template <typename NM>
    Node start(const NM &nm) {
      Node rnode = INVALID;
      while ( !emptyQueue() && rnode == INVALID ) {
        processNextNode(nm, rnode);
      }
      return rnode;
    }

    /// \brief Runs the algorithm from the given source node.
    ///
    /// This method runs the %BFS algorithm from node \c s
    /// in order to compute the shortest path to each node.
    ///
    /// The algorithm computes
    /// - the shortest path tree,
    /// - the distance of each node from the root.
    ///
    /// \note <tt>b.run(s)</tt> is just a shortcut of the following code.
    ///\code
    ///   b.init();
    ///   b.addSource(s);
    ///   b.start();
    ///\endcode
    void run(Node s) {
      init();
      addSource(s);
      start();
    }

    /// \brief Finds the shortest path between \c s and \c t.
    ///
    /// This method runs the %BFS algorithm from node \c s
    /// in order to compute the shortest path to node \c t
    /// (it stops searching when \c t is processed).
    ///
    /// \return \c true if \c t is reachable form \c s.
    ///
    /// \note Apart from the return value, <tt>b.run(s,t)</tt> is just a
    /// shortcut of the following code.
    ///\code
    ///   b.init();
    ///   b.addSource(s);
    ///   b.start(t);
    ///\endcode
    bool run(Node s,Node t) {
      init();
      addSource(s);
      start(t);
      return reached(t);
    }

    /// \brief Runs the algorithm to visit all nodes in the digraph.
    ///
    /// This method runs the %BFS algorithm in order to visit all nodes
    /// in the digraph.
    ///
    /// \note <tt>b.run(s)</tt> is just a shortcut of the following code.
    ///\code
    ///  b.init();
    ///  for (NodeIt n(gr); n != INVALID; ++n) {
    ///    if (!b.reached(n)) {
    ///      b.addSource(n);
    ///      b.start();
    ///    }
    ///  }
    ///\endcode
    void run() {
      init();
      for (NodeIt it(*_digraph); it != INVALID; ++it) {
        if (!reached(it)) {
          addSource(it);
          start();
        }
      }
    }

    ///@}

    /// \name Query Functions
    /// The results of the BFS algorithm can be obtained using these
    /// functions.\n
    /// Either \ref run(Node) "run()" or \ref start() should be called
    /// before using them.

    ///@{

    /// \brief Checks if the given node is reached from the root(s).
    ///
    /// Returns \c true if \c v is reached from the root(s).
    ///
    /// \pre Either \ref run(Node) "run()" or \ref init()
    /// must be called before using this function.
    bool reached(Node v) const { return (*_reached)[v]; }

    ///@}

  };

} //END OF NAMESPACE LEMON

#endif
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/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2010
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_BINOMIAL_HEAP_H
#define LEMON_BINOMIAL_HEAP_H

///\file
///\ingroup heaps
///\brief Binomial Heap implementation.

#include <vector>
#include <utility>
#include <functional>
#include <lemon/math.h>
#include <lemon/counter.h>

namespace lemon {

  /// \ingroup heaps
  ///
  ///\brief Binomial heap data structure.
  ///
  /// This class implements the \e binomial \e heap data structure.
  /// It fully conforms to the \ref concepts::Heap "heap concept".
  ///
  /// The methods \ref increase() and \ref erase() are not efficient
  /// in a binomial heap. In case of many calls of these operations,
  /// it is better to use other heap structure, e.g. \ref BinHeap
  /// "binary heap".
  ///
  /// \tparam PR Type of the priorities of the items.
  /// \tparam IM A read-writable item map with \c int values, used
  /// internally to handle the cross references.
  /// \tparam CMP A functor class for comparing the priorities.
  /// The default is \c std::less<PR>.
#ifdef DOXYGEN
  template <typename PR, typename IM, typename CMP>
#else
  template <typename PR, typename IM, typename CMP = std::less<PR> >
#endif
  class BinomialHeap {
  public:
    /// Type of the item-int map.
    typedef IM ItemIntMap;
    /// Type of the priorities.
    typedef PR Prio;
    /// Type of the items stored in the heap.
    typedef typename ItemIntMap::Key Item;
    /// Functor type for comparing the priorities.
    typedef CMP Compare;

    /// \brief Type to represent the states of the items.
    ///
    /// Each item has a state associated to it. It can be "in heap",
    /// "pre-heap" or "post-heap". The latter two are indifferent from the
    /// heap's point of view, but may be useful to the user.
    ///
    /// The item-int map must be initialized in such way that it assigns
    /// \c PRE_HEAP (<tt>-1</tt>) to any element to be put in the heap.
    enum State {
      IN_HEAP = 0,    ///< = 0.
      PRE_HEAP = -1,  ///< = -1.
      POST_HEAP = -2  ///< = -2.
    };

  private:
    class Store;

    std::vector<Store> _data;
    int _min, _head;
    ItemIntMap &_iim;
    Compare _comp;
    int _num_items;

  public:
    /// \brief Constructor.
    ///
    /// Constructor.
    /// \param map A map that assigns \c int values to the items.
    /// It is used internally to handle the cross references.
    /// The assigned value must be \c PRE_HEAP (<tt>-1</tt>) for each item.
    explicit BinomialHeap(ItemIntMap &map)
      : _min(0), _head(-1), _iim(map), _num_items(0) {}

    /// \brief Constructor.
    ///
    /// Constructor.
    /// \param map A map that assigns \c int values to the items.
    /// It is used internally to handle the cross references.
    /// The assigned value must be \c PRE_HEAP (<tt>-1</tt>) for each item.
    /// \param comp The function object used for comparing the priorities.
    BinomialHeap(ItemIntMap &map, const Compare &comp)
      : _min(0), _head(-1), _iim(map), _comp(comp), _num_items(0) {}

    /// \brief The number of items stored in the heap.
    ///
    /// This function returns the number of items stored in the heap.
    int size() const { return _num_items; }

    /// \brief Check if the heap is empty.
    ///
    /// This function returns \c true if the heap is empty.
    bool empty() const { return _num_items==0; }

    /// \brief Make the heap empty.
    ///
    /// This functon makes the heap empty.
    /// It does not change the cross reference map. If you want to reuse
    /// a heap that is not surely empty, you should first clear it and
    /// then you should set the cross reference map to \c PRE_HEAP
    /// for each item.
    void clear() {
      _data.clear(); _min=0; _num_items=0; _head=-1;
    }

    /// \brief Set the priority of an item or insert it, if it is
    /// not stored in the heap.
    ///
    /// This method sets the priority of the given item if it is
    /// already stored in the heap. Otherwise it inserts the given
    /// item into the heap with the given priority.
    /// \param item The item.
    /// \param value The priority.
    void set (const Item& item, const Prio& value) {
      int i=_iim[item];
      if ( i >= 0 && _data[i].in ) {
        if ( _comp(value, _data[i].prio) ) decrease(item, value);
        if ( _comp(_data[i].prio, value) ) increase(item, value);
      } else push(item, value);
    }

    /// \brief Insert an item into the heap with the given priority.
    ///
    /// This function inserts the given item into the heap with the
    /// given priority.
    /// \param item The item to insert.
    /// \param value The priority of the item.
    /// \pre \e item must not be stored in the heap.
    void push (const Item& item, const Prio& value) {
      int i=_iim[item];
      if ( i<0 ) {
        int s=_data.size();
        _iim.set( item,s );
        Store st;
        st.name=item;
        st.prio=value;
        _data.push_back(st);
        i=s;
      }
      else {
        _data[i].parent=_data[i].right_neighbor=_data[i].child=-1;
        _data[i].degree=0;
        _data[i].in=true;
        _data[i].prio=value;
      }

      if( 0==_num_items ) {
        _head=i;
        _min=i;
      } else {
        merge(i);
        if( _comp(_data[i].prio, _data[_min].prio) ) _min=i;
      }
      ++_num_items;
    }

    /// \brief Return the item having minimum priority.
    ///
    /// This function returns the item having minimum priority.
    /// \pre The heap must be non-empty.
    Item top() const { return _data[_min].name; }

    /// \brief The minimum priority.
    ///
    /// This function returns the minimum priority.
    /// \pre The heap must be non-empty.
    Prio prio() const { return _data[_min].prio; }

    /// \brief The priority of the given item.
    ///
    /// This function returns the priority of the given item.
    /// \param item The item.
    /// \pre \e item must be in the heap.
    const Prio& operator[](const Item& item) const {
      return _data[_iim[item]].prio;
    }

    /// \brief Remove the item having minimum priority.
    ///
    /// This function removes the item having minimum priority.
    /// \pre The heap must be non-empty.
    void pop() {
      _data[_min].in=false;

      int head_child=-1;
      if ( _data[_min].child!=-1 ) {
        int child=_data[_min].child;
        int neighb;
        while( child!=-1 ) {
          neighb=_data[child].right_neighbor;
          _data[child].parent=-1;
          _data[child].right_neighbor=head_child;
          head_child=child;
          child=neighb;
        }
      }

      if ( _data[_head].right_neighbor==-1 ) {
        // there was only one root
        _head=head_child;
      }
      else {
        // there were more roots
        if( _head!=_min )  { unlace(_min); }
        else { _head=_data[_head].right_neighbor; }
        merge(head_child);
      }
      _min=findMin();
      --_num_items;
    }

    /// \brief Remove the given item from the heap.
    ///
    /// This function removes the given item from the heap if it is
    /// already stored.
    /// \param item The item to delete.
    /// \pre \e item must be in the heap.
    void erase (const Item& item) {
      int i=_iim[item];
      if ( i >= 0 && _data[i].in ) {
        decrease( item, _data[_min].prio-1 );
        pop();
      }
    }

    /// \brief Decrease the priority of an item to the given value.
    ///
    /// This function decreases the priority of an item to the given value.
    /// \param item The item.
    /// \param value The priority.
    /// \pre \e item must be stored in the heap with priority at least \e value.
    void decrease (Item item, const Prio& value) {
      int i=_iim[item];
      int p=_data[i].parent;
      _data[i].prio=value;

      while( p!=-1 && _comp(value, _data[p].prio) ) {
        _data[i].name=_data[p].name;
        _data[i].prio=_data[p].prio;
        _data[p].name=item;
        _data[p].prio=value;
        _iim[_data[i].name]=i;
        i=p;
        p=_data[p].parent;
      }
      _iim[item]=i;
      if ( _comp(value, _data[_min].prio) ) _min=i;
    }

    /// \brief Increase the priority of an item to the given value.
    ///
    /// This function increases the priority of an item to the given value.
    /// \param item The item.
    /// \param value The priority.
    /// \pre \e item must be stored in the heap with priority at most \e value.
    void increase (Item item, const Prio& value) {
      erase(item);
      push(item, value);
    }

    /// \brief Return the state of an item.
    ///
    /// This method returns \c PRE_HEAP if the given item has never
    /// been in the heap, \c IN_HEAP if it is in the heap at the moment,
    /// and \c POST_HEAP otherwise.
    /// In the latter case it is possible that the item will get back
    /// to the heap again.
    /// \param item The item.
    State state(const Item &item) const {
      int i=_iim[item];
      if( i>=0 ) {
        if ( _data[i].in ) i=0;
        else i=-2;
      }
      return State(i);
    }

    /// \brief Set the state of an item in the heap.
    ///
    /// This function sets the state of the given item in the heap.
    /// It can be used to manually clear the heap when it is important
    /// to achive better time complexity.
    /// \param i The item.
    /// \param st The state. It should not be \c IN_HEAP.
    void state(const Item& i, State st) {
      switch (st) {
      case POST_HEAP:
      case PRE_HEAP:
        if (state(i) == IN_HEAP) {
          erase(i);
        }
        _iim[i] = st;
        break;
      case IN_HEAP:
        break;
      }
    }

  private:

    // Find the minimum of the roots
    int findMin() {
      if( _head!=-1 ) {
        int min_loc=_head, min_val=_data[_head].prio;
        for( int x=_data[_head].right_neighbor; x!=-1;
             x=_data[x].right_neighbor ) {
          if( _comp( _data[x].prio,min_val ) ) {
            min_val=_data[x].prio;
            min_loc=x;
          }
        }
        return min_loc;
      }
      else return -1;
    }

    // Merge the heap with another heap starting at the given position
    void merge(int a) {
      if( _head==-1 || a==-1 ) return;
      if( _data[a].right_neighbor==-1 &&
          _data[a].degree<=_data[_head].degree ) {
        _data[a].right_neighbor=_head;
        _head=a;
      } else {
        interleave(a);
      }
      if( _data[_head].right_neighbor==-1 ) return;

      int x=_head;
      int x_prev=-1, x_next=_data[x].right_neighbor;
      while( x_next!=-1 ) {
        if( _data[x].degree!=_data[x_next].degree ||
            ( _data[x_next].right_neighbor!=-1 &&
              _data[_data[x_next].right_neighbor].degree==_data[x].degree ) ) {
          x_prev=x;
          x=x_next;
        }
        else {
          if( _comp(_data[x_next].prio,_data[x].prio) ) {
            if( x_prev==-1 ) {
              _head=x_next;
            } else {
              _data[x_prev].right_neighbor=x_next;
            }
            fuse(x,x_next);
            x=x_next;
          }
          else {
            _data[x].right_neighbor=_data[x_next].right_neighbor;
            fuse(x_next,x);
          }
        }
        x_next=_data[x].right_neighbor;
      }
    }

    // Interleave the elements of the given list into the list of the roots
    void interleave(int a) {
      int p=_head, q=a;
      int curr=_data.size();
      _data.push_back(Store());

      while( p!=-1 || q!=-1 ) {
        if( q==-1 || ( p!=-1 && _data[p].degree<_data[q].degree ) ) {
          _data[curr].right_neighbor=p;
          curr=p;
          p=_data[p].right_neighbor;
        }
        else {
          _data[curr].right_neighbor=q;
          curr=q;
          q=_data[q].right_neighbor;
        }
      }

      _head=_data.back().right_neighbor;
      _data.pop_back();
    }

    // Lace node a under node b
    void fuse(int a, int b) {
      _data[a].parent=b;
      _data[a].right_neighbor=_data[b].child;
      _data[b].child=a;

      ++_data[b].degree;
    }

    // Unlace node a (if it has siblings)
    void unlace(int a) {
      int neighb=_data[a].right_neighbor;
      int other=_head;

      while( _data[other].right_neighbor!=a )
        other=_data[other].right_neighbor;
      _data[other].right_neighbor=neighb;
    }

  private:

    class Store {
      friend class BinomialHeap;

      Item name;
      int parent;
      int right_neighbor;
      int child;
      int degree;
      bool in;
      Prio prio;

      Store() : parent(-1), right_neighbor(-1), child(-1), degree(0),
        in(true) {}
    };
  };

} //namespace lemon

#endif //LEMON_BINOMIAL_HEAP_H








lemon/bin_heap.h

/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2009
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_BIN_HEAP_H
#define LEMON_BIN_HEAP_H

///\ingroup heaps
///\file
///\brief Binary heap implementation.

#include <vector>
#include <utility>
#include <functional>

namespace lemon {

  /// \ingroup heaps
  ///
  /// \brief Binary heap data structure.
  ///
  /// This class implements the \e binary \e heap data structure.
  /// It fully conforms to the \ref concepts::Heap "heap concept".
  ///
  /// \tparam PR Type of the priorities of the items.
  /// \tparam IM A read-writable item map with \c int values, used
  /// internally to handle the cross references.
  /// \tparam CMP A functor class for comparing the priorities.
  /// The default is \c std::less<PR>.
#ifdef DOXYGEN
  template <typename PR, typename IM, typename CMP>
#else
  template <typename PR, typename IM, typename CMP = std::less<PR> >
#endif
  class BinHeap {
  public:

    /// Type of the item-int map.
    typedef IM ItemIntMap;
    /// Type of the priorities.
    typedef PR Prio;
    /// Type of the items stored in the heap.
    typedef typename ItemIntMap::Key Item;
    /// Type of the item-priority pairs.
    typedef std::pair<Item,Prio> Pair;
    /// Functor type for comparing the priorities.
    typedef CMP Compare;

    /// \brief Type to represent the states of the items.
    ///
    /// Each item has a state associated to it. It can be "in heap",
    /// "pre-heap" or "post-heap". The latter two are indifferent from the
    /// heap's point of view, but may be useful to the user.
    ///
    /// The item-int map must be initialized in such way that it assigns
    /// \c PRE_HEAP (<tt>-1</tt>) to any element to be put in the heap.
    enum State {
      IN_HEAP = 0,    ///< = 0.
      PRE_HEAP = -1,  ///< = -1.
      POST_HEAP = -2  ///< = -2.
    };

  private:
    std::vector<Pair> _data;
    Compare _comp;
    ItemIntMap &_iim;

  public:

    /// \brief Constructor.
    ///
    /// Constructor.
    /// \param map A map that assigns \c int values to the items.
    /// It is used internally to handle the cross references.
    /// The assigned value must be \c PRE_HEAP (<tt>-1</tt>) for each item.
    explicit BinHeap(ItemIntMap &map) : _iim(map) {}

    /// \brief Constructor.
    ///
    /// Constructor.
    /// \param map A map that assigns \c int values to the items.
    /// It is used internally to handle the cross references.
    /// The assigned value must be \c PRE_HEAP (<tt>-1</tt>) for each item.
    /// \param comp The function object used for comparing the priorities.
    BinHeap(ItemIntMap &map, const Compare &comp)
      : _iim(map), _comp(comp) {}


    /// \brief The number of items stored in the heap.
    ///
    /// This function returns the number of items stored in the heap.
    int size() const { return _data.size(); }

    /// \brief Check if the heap is empty.
    ///
    /// This function returns \c true if the heap is empty.
    bool empty() const { return _data.empty(); }

    /// \brief Make the heap empty.
    ///
    /// This functon makes the heap empty.
    /// It does not change the cross reference map. If you want to reuse
    /// a heap that is not surely empty, you should first clear it and
    /// then you should set the cross reference map to \c PRE_HEAP
    /// for each item.
    void clear() {
      _data.clear();
    }

  private:
    static int parent(int i) { return (i-1)/2; }

    static int secondChild(int i) { return 2*i+2; }
    bool less(const Pair &p1, const Pair &p2) const {
      return _comp(p1.second, p2.second);
    }

    int bubbleUp(int hole, Pair p) {
      int par = parent(hole);
      while( hole>0 && less(p,_data[par]) ) {
        move(_data[par],hole);
        hole = par;
        par = parent(hole);
      }
      move(p, hole);
      return hole;
    }

    int bubbleDown(int hole, Pair p, int length) {
      int child = secondChild(hole);
      while(child < length) {
        if( less(_data[child-1], _data[child]) ) {
          --child;
        }
        if( !less(_data[child], p) )
          goto ok;
        move(_data[child], hole);
        hole = child;
        child = secondChild(hole);
      }
      child--;
      if( child<length && less(_data[child], p) ) {
        move(_data[child], hole);
        hole=child;
      }
    ok:
      move(p, hole);
      return hole;
    }

    void move(const Pair &p, int i) {
      _data[i] = p;
      _iim.set(p.first, i);
    }

  public:

    /// \brief Insert a pair of item and priority into the heap.
    ///
    /// This function inserts \c p.first to the heap with priority
    /// \c p.second.
    /// \param p The pair to insert.
    /// \pre \c p.first must not be stored in the heap.
    void push(const Pair &p) {
      int n = _data.size();
      _data.resize(n+1);
      bubbleUp(n, p);
    }

    /// \brief Insert an item into the heap with the given priority.
    ///
    /// This function inserts the given item into the heap with the
    /// given priority.
    /// \param i The item to insert.
    /// \param p The priority of the item.
    /// \pre \e i must not be stored in the heap.
    void push(const Item &i, const Prio &p) { push(Pair(i,p)); }

    /// \brief Return the item having minimum priority.
    ///
    /// This function returns the item having minimum priority.
    /// \pre The heap must be non-empty.
    Item top() const {
      return _data[0].first;
    }

    /// \brief The minimum priority.
    ///
    /// This function returns the minimum priority.
    /// \pre The heap must be non-empty.
    Prio prio() const {
      return _data[0].second;
    }

    /// \brief Remove the item having minimum priority.
    ///
    /// This function removes the item having minimum priority.
    /// \pre The heap must be non-empty.
    void pop() {
      int n = _data.size()-1;
      _iim.set(_data[0].first, POST_HEAP);
      if (n > 0) {
        bubbleDown(0, _data[n], n);
      }
      _data.pop_back();
    }

    /// \brief Remove the given item from the heap.
    ///
    /// This function removes the given item from the heap if it is
    /// already stored.
    /// \param i The item to delete.
    /// \pre \e i must be in the heap.
    void erase(const Item &i) {
      int h = _iim[i];
      int n = _data.size()-1;
      _iim.set(_data[h].first, POST_HEAP);
      if( h < n ) {
        if ( bubbleUp(h, _data[n]) == h) {
          bubbleDown(h, _data[n], n);
        }
      }
      _data.pop_back();
    }

    /// \brief The priority of the given item.
    ///
    /// This function returns the priority of the given item.
    /// \param i The item.
    /// \pre \e i must be in the heap.
    Prio operator[](const Item &i) const {
      int idx = _iim[i];
      return _data[idx].second;
    }

    /// \brief Set the priority of an item or insert it, if it is
    /// not stored in the heap.
    ///
    /// This method sets the priority of the given item if it is
    /// already stored in the heap. Otherwise it inserts the given
    /// item into the heap with the given priority.
    /// \param i The item.
    /// \param p The priority.
    void set(const Item &i, const Prio &p) {
      int idx = _iim[i];
      if( idx < 0 ) {
        push(i,p);
      }
      else if( _comp(p, _data[idx].second) ) {
        bubbleUp(idx, Pair(i,p));
      }
      else {
        bubbleDown(idx, Pair(i,p), _data.size());
      }
    }

    /// \brief Decrease the priority of an item to the given value.
    ///
    /// This function decreases the priority of an item to the given value.
    /// \param i The item.
    /// \param p The priority.
    /// \pre \e i must be stored in the heap with priority at least \e p.
    void decrease(const Item &i, const Prio &p) {
      int idx = _iim[i];
      bubbleUp(idx, Pair(i,p));
    }

    /// \brief Increase the priority of an item to the given value.
    ///
    /// This function increases the priority of an item to the given value.
    /// \param i The item.
    /// \param p The priority.
    /// \pre \e i must be stored in the heap with priority at most \e p.
    void increase(const Item &i, const Prio &p) {
      int idx = _iim[i];
      bubbleDown(idx, Pair(i,p), _data.size());
    }

    /// \brief Return the state of an item.
    ///
    /// This method returns \c PRE_HEAP if the given item has never
    /// been in the heap, \c IN_HEAP if it is in the heap at the moment,
    /// and \c POST_HEAP otherwise.
    /// In the latter case it is possible that the item will get back
    /// to the heap again.
    /// \param i The item.
    State state(const Item &i) const {
      int s = _iim[i];
      if( s>=0 )
        s=0;
      return State(s);
    }

    /// \brief Set the state of an item in the heap.
    ///
    /// This function sets the state of the given item in the heap.
    /// It can be used to manually clear the heap when it is important
    /// to achive better time complexity.
    /// \param i The item.
    /// \param st The state. It should not be \c IN_HEAP.
    void state(const Item& i, State st) {
      switch (st) {
      case POST_HEAP:
      case PRE_HEAP:
        if (state(i) == IN_HEAP) {
          erase(i);
        }
        _iim[i] = st;
        break;
      case IN_HEAP:
        break;
      }
    }

    /// \brief Replace an item in the heap.
    ///
    /// This function replaces item \c i with item \c j.
    /// Item \c i must be in the heap, while \c j must be out of the heap.
    /// After calling this method, item \c i will be out of the
    /// heap and \c j will be in the heap with the same prioriority
    /// as item \c i had before.
    void replace(const Item& i, const Item& j) {
      int idx = _iim[i];
      _iim.set(i, _iim[j]);
      _iim.set(j, idx);
      _data[idx].first = j;
    }

  }; // class BinHeap

} // namespace lemon

#endif // LEMON_BIN_HEAP_H







lemon/bucket_heap.h

/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2010
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_BUCKET_HEAP_H
#define LEMON_BUCKET_HEAP_H

///\ingroup heaps
///\file
///\brief Bucket heap implementation.

#include <vector>
#include <utility>
#include <functional>

namespace lemon {

  namespace _bucket_heap_bits {

    template <bool MIN>
    struct DirectionTraits {
      static bool less(int left, int right) {
        return left < right;
      }
      static void increase(int& value) {
        ++value;
      }
    };

    template <>
    struct DirectionTraits<false> {
      static bool less(int left, int right) {
        return left > right;
      }
      static void increase(int& value) {
        --value;
      }
    };

  }

  /// \ingroup heaps
  ///
  /// \brief Bucket heap data structure.
  ///
  /// This class implements the \e bucket \e heap data structure.
  /// It practically conforms to the \ref concepts::Heap "heap concept",
  /// but it has some limitations.
  ///
  /// The bucket heap is a very simple structure. It can store only
  /// \c int priorities and it maintains a list of items for each priority
  /// in the range <tt>[0..C)</tt>. So it should only be used when the
  /// priorities are small. It is not intended to use as a Dijkstra heap.
  ///
  /// \tparam IM A read-writable item map with \c int values, used
  /// internally to handle the cross references.
  /// \tparam MIN Indicate if the heap is a \e min-heap or a \e max-heap.
  /// The default is \e min-heap. If this parameter is set to \c false,
  /// then the comparison is reversed, so the top(), prio() and pop()
  /// functions deal with the item having maximum priority instead of the
  /// minimum.
  ///
  /// \sa SimpleBucketHeap
  template <typename IM, bool MIN = true>
  class BucketHeap {

  public:

    /// Type of the item-int map.
    typedef IM ItemIntMap;
    /// Type of the priorities.
    typedef int Prio;
    /// Type of the items stored in the heap.
    typedef typename ItemIntMap::Key Item;
    /// Type of the item-priority pairs.
    typedef std::pair<Item,Prio> Pair;

  private:

    typedef _bucket_heap_bits::DirectionTraits<MIN> Direction;

  public:

    /// \brief Type to represent the states of the items.
    ///
    /// Each item has a state associated to it. It can be "in heap",
    /// "pre-heap" or "post-heap". The latter two are indifferent from the
    /// heap's point of view, but may be useful to the user.
    ///
    /// The item-int map must be initialized in such way that it assigns
    /// \c PRE_HEAP (<tt>-1</tt>) to any element to be put in the heap.
    enum State {
      IN_HEAP = 0,    ///< = 0.
      PRE_HEAP = -1,  ///< = -1.
      POST_HEAP = -2  ///< = -2.
    };

  public:

    /// \brief Constructor.
    ///
    /// Constructor.
    /// \param map A map that assigns \c int values to the items.
    /// It is used internally to handle the cross references.
    /// The assigned value must be \c PRE_HEAP (<tt>-1</tt>) for each item.
    explicit BucketHeap(ItemIntMap &map) : _iim(map), _minimum(0) {}

    /// \brief The number of items stored in the heap.
    ///
    /// This function returns the number of items stored in the heap.
    int size() const { return _data.size(); }

    /// \brief Check if the heap is empty.
    ///
    /// This function returns \c true if the heap is empty.
    bool empty() const { return _data.empty(); }

    /// \brief Make the heap empty.
    ///
    /// This functon makes the heap empty.
    /// It does not change the cross reference map. If you want to reuse
    /// a heap that is not surely empty, you should first clear it and
    /// then you should set the cross reference map to \c PRE_HEAP
    /// for each item.
    void clear() {
      _data.clear(); _first.clear(); _minimum = 0;
    }

  private:

    void relocateLast(int idx) {
      if (idx + 1 < int(_data.size())) {
        _data[idx] = _data.back();
        if (_data[idx].prev != -1) {
          _data[_data[idx].prev].next = idx;
        } else {
          _first[_data[idx].value] = idx;
        }
        if (_data[idx].next != -1) {
          _data[_data[idx].next].prev = idx;
        }
        _iim[_data[idx].item] = idx;
      }
      _data.pop_back();
    }

    void unlace(int idx) {
      if (_data[idx].prev != -1) {
        _data[_data[idx].prev].next = _data[idx].next;
      } else {
        _first[_data[idx].value] = _data[idx].next;
      }
      if (_data[idx].next != -1) {
        _data[_data[idx].next].prev = _data[idx].prev;
      }
    }

    void lace(int idx) {
      if (int(_first.size()) <= _data[idx].value) {
        _first.resize(_data[idx].value + 1, -1);
      }
      _data[idx].next = _first[_data[idx].value];
      if (_data[idx].next != -1) {
        _data[_data[idx].next].prev = idx;
      }
      _first[_data[idx].value] = idx;
      _data[idx].prev = -1;
    }

  public:

    /// \brief Insert a pair of item and priority into the heap.
    ///
    /// This function inserts \c p.first to the heap with priority
    /// \c p.second.
    /// \param p The pair to insert.
    /// \pre \c p.first must not be stored in the heap.
    void push(const Pair& p) {
      push(p.first, p.second);
    }

    /// \brief Insert an item into the heap with the given priority.
    ///
    /// This function inserts the given item into the heap with the
    /// given priority.
    /// \param i The item to insert.
    /// \param p The priority of the item.
    /// \pre \e i must not be stored in the heap.
    void push(const Item &i, const Prio &p) {
      int idx = _data.size();
      _iim[i] = idx;
      _data.push_back(BucketItem(i, p));
      lace(idx);
      if (Direction::less(p, _minimum)) {
        _minimum = p;
      }
    }

    /// \brief Return the item having minimum priority.
    ///
    /// This function returns the item having minimum priority.
    /// \pre The heap must be non-empty.
    Item top() const {
      while (_first[_minimum] == -1) {
        Direction::increase(_minimum);
      }
      return _data[_first[_minimum]].item;
    }

    /// \brief The minimum priority.
    ///
    /// This function returns the minimum priority.
    /// \pre The heap must be non-empty.
    Prio prio() const {
      while (_first[_minimum] == -1) {
        Direction::increase(_minimum);
      }
      return _minimum;
    }

    /// \brief Remove the item having minimum priority.
    ///
    /// This function removes the item having minimum priority.
    /// \pre The heap must be non-empty.
    void pop() {
      while (_first[_minimum] == -1) {
        Direction::increase(_minimum);
      }
      int idx = _first[_minimum];
      _iim[_data[idx].item] = -2;
      unlace(idx);
      relocateLast(idx);
    }

    /// \brief Remove the given item from the heap.
    ///
    /// This function removes the given item from the heap if it is
    /// already stored.
    /// \param i The item to delete.
    /// \pre \e i must be in the heap.
    void erase(const Item &i) {
      int idx = _iim[i];
      _iim[_data[idx].item] = -2;
      unlace(idx);
      relocateLast(idx);
    }

    /// \brief The priority of the given item.
    ///
    /// This function returns the priority of the given item.
    /// \param i The item.
    /// \pre \e i must be in the heap.
    Prio operator[](const Item &i) const {
      int idx = _iim[i];
      return _data[idx].value;
    }

    /// \brief Set the priority of an item or insert it, if it is
    /// not stored in the heap.
    ///
    /// This method sets the priority of the given item if it is
    /// already stored in the heap. Otherwise it inserts the given
    /// item into the heap with the given priority.
    /// \param i The item.
    /// \param p The priority.
    void set(const Item &i, const Prio &p) {
      int idx = _iim[i];
      if (idx < 0) {
        push(i, p);
      } else if (Direction::less(p, _data[idx].value)) {
        decrease(i, p);
      } else {
        increase(i, p);
      }
    }

    /// \brief Decrease the priority of an item to the given value.
    ///
    /// This function decreases the priority of an item to the given value.
    /// \param i The item.
    /// \param p The priority.
    /// \pre \e i must be stored in the heap with priority at least \e p.
    void decrease(const Item &i, const Prio &p) {
      int idx = _iim[i];
      unlace(idx);
      _data[idx].value = p;
      if (Direction::less(p, _minimum)) {
        _minimum = p;
      }
      lace(idx);
    }

    /// \brief Increase the priority of an item to the given value.
    ///
    /// This function increases the priority of an item to the given value.
    /// \param i The item.
    /// \param p The priority.
    /// \pre \e i must be stored in the heap with priority at most \e p.
    void increase(const Item &i, const Prio &p) {
      int idx = _iim[i];
      unlace(idx);
      _data[idx].value = p;
      lace(idx);
    }

    /// \brief Return the state of an item.
    ///
    /// This method returns \c PRE_HEAP if the given item has never
    /// been in the heap, \c IN_HEAP if it is in the heap at the moment,
    /// and \c POST_HEAP otherwise.
    /// In the latter case it is possible that the item will get back
    /// to the heap again.
    /// \param i The item.
    State state(const Item &i) const {
      int idx = _iim[i];
      if (idx >= 0) idx = 0;
      return State(idx);
    }

    /// \brief Set the state of an item in the heap.
    ///
    /// This function sets the state of the given item in the heap.
    /// It can be used to manually clear the heap when it is important
    /// to achive better time complexity.
    /// \param i The item.
    /// \param st The state. It should not be \c IN_HEAP.
    void state(const Item& i, State st) {
      switch (st) {
      case POST_HEAP:
      case PRE_HEAP:
        if (state(i) == IN_HEAP) {
          erase(i);
        }
        _iim[i] = st;
        break;
      case IN_HEAP:
        break;
      }
    }

  private:

    struct BucketItem {
      BucketItem(const Item& _item, int _value)
        : item(_item), value(_value) {}

      Item item;
      int value;

      int prev, next;
    };

    ItemIntMap& _iim;
    std::vector<int> _first;
    std::vector<BucketItem> _data;
    mutable int _minimum;

  }; // class BucketHeap

  /// \ingroup heaps
  ///
  /// \brief Simplified bucket heap data structure.
  ///
  /// This class implements a simplified \e bucket \e heap data
  /// structure. It does not provide some functionality, but it is
  /// faster and simpler than BucketHeap. The main difference is
  /// that BucketHeap stores a doubly-linked list for each key while
  /// this class stores only simply-linked lists. It supports erasing
  /// only for the item having minimum priority and it does not support
  /// key increasing and decreasing.
  ///
  /// Note that this implementation does not conform to the
  /// \ref concepts::Heap "heap concept" due to the lack of some
  /// functionality.
  ///
  /// \tparam IM A read-writable item map with \c int values, used
  /// internally to handle the cross references.
  /// \tparam MIN Indicate if the heap is a \e min-heap or a \e max-heap.
  /// The default is \e min-heap. If this parameter is set to \c false,
  /// then the comparison is reversed, so the top(), prio() and pop()
  /// functions deal with the item having maximum priority instead of the
  /// minimum.
  ///
  /// \sa BucketHeap
  template <typename IM, bool MIN = true >
  class SimpleBucketHeap {

  public:

    /// Type of the item-int map.
    typedef IM ItemIntMap;
    /// Type of the priorities.
    typedef int Prio;
    /// Type of the items stored in the heap.
    typedef typename ItemIntMap::Key Item;
    /// Type of the item-priority pairs.
    typedef std::pair<Item,Prio> Pair;

  private:

    typedef _bucket_heap_bits::DirectionTraits<MIN> Direction;

  public:

    /// \brief Type to represent the states of the items.
    ///
    /// Each item has a state associated to it. It can be "in heap",
    /// "pre-heap" or "post-heap". The latter two are indifferent from the
    /// heap's point of view, but may be useful to the user.
    ///
    /// The item-int map must be initialized in such way that it assigns
    /// \c PRE_HEAP (<tt>-1</tt>) to any element to be put in the heap.
    enum State {
      IN_HEAP = 0,    ///< = 0.
      PRE_HEAP = -1,  ///< = -1.
      POST_HEAP = -2  ///< = -2.
    };

  public:

    /// \brief Constructor.
    ///
    /// Constructor.
    /// \param map A map that assigns \c int values to the items.
    /// It is used internally to handle the cross references.
    /// The assigned value must be \c PRE_HEAP (<tt>-1</tt>) for each item.
    explicit SimpleBucketHeap(ItemIntMap &map)
      : _iim(map), _free(-1), _num(0), _minimum(0) {}

    /// \brief The number of items stored in the heap.
    ///
    /// This function returns the number of items stored in the heap.
    int size() const { return _num; }

    /// \brief Check if the heap is empty.
    ///
    /// This function returns \c true if the heap is empty.
    bool empty() const { return _num == 0; }

    /// \brief Make the heap empty.
    ///
    /// This functon makes the heap empty.
    /// It does not change the cross reference map. If you want to reuse
    /// a heap that is not surely empty, you should first clear it and
    /// then you should set the cross reference map to \c PRE_HEAP
    /// for each item.
    void clear() {
      _data.clear(); _first.clear(); _free = -1; _num = 0; _minimum = 0;
    }

    /// \brief Insert a pair of item and priority into the heap.
    ///
    /// This function inserts \c p.first to the heap with priority
    /// \c p.second.
    /// \param p The pair to insert.
    /// \pre \c p.first must not be stored in the heap.
    void push(const Pair& p) {
      push(p.first, p.second);
    }

    /// \brief Insert an item into the heap with the given priority.
    ///
    /// This function inserts the given item into the heap with the
    /// given priority.
    /// \param i The item to insert.
    /// \param p The priority of the item.
    /// \pre \e i must not be stored in the heap.
    void push(const Item &i, const Prio &p) {
      int idx;
      if (_free == -1) {
        idx = _data.size();
        _data.push_back(BucketItem(i));
      } else {
        idx = _free;
        _free = _data[idx].next;
        _data[idx].item = i;
      }
      _iim[i] = idx;
      if (p >= int(_first.size())) _first.resize(p + 1, -1);
      _data[idx].next = _first[p];
      _first[p] = idx;
      if (Direction::less(p, _minimum)) {
        _minimum = p;
      }
      ++_num;
    }

    /// \brief Return the item having minimum priority.
    ///
    /// This function returns the item having minimum priority.
    /// \pre The heap must be non-empty.
    Item top() const {
      while (_first[_minimum] == -1) {
        Direction::increase(_minimum);
      }
      return _data[_first[_minimum]].item;
    }

    /// \brief The minimum priority.
    ///
    /// This function returns the minimum priority.
    /// \pre The heap must be non-empty.
    Prio prio() const {
      while (_first[_minimum] == -1) {
        Direction::increase(_minimum);
      }
      return _minimum;
    }

    /// \brief Remove the item having minimum priority.
    ///
    /// This function removes the item having minimum priority.
    /// \pre The heap must be non-empty.
    void pop() {
      while (_first[_minimum] == -1) {
        Direction::increase(_minimum);
      }
      int idx = _first[_minimum];
      _iim[_data[idx].item] = -2;
      _first[_minimum] = _data[idx].next;
      _data[idx].next = _free;
      _free = idx;
      --_num;
    }

    /// \brief The priority of the given item.
    ///
    /// This function returns the priority of the given item.
    /// \param i The item.
    /// \pre \e i must be in the heap.
    /// \warning This operator is not a constant time function because
    /// it scans the whole data structure to find the proper value.
    Prio operator[](const Item &i) const {
      for (int k = 0; k < int(_first.size()); ++k) {
        int idx = _first[k];
        while (idx != -1) {
          if (_data[idx].item == i) {
            return k;
          }
          idx = _data[idx].next;
        }
      }
      return -1;
    }

    /// \brief Return the state of an item.
    ///
    /// This method returns \c PRE_HEAP if the given item has never
    /// been in the heap, \c IN_HEAP if it is in the heap at the moment,
    /// and \c POST_HEAP otherwise.
    /// In the latter case it is possible that the item will get back
    /// to the heap again.
    /// \param i The item.
    State state(const Item &i) const {
      int idx = _iim[i];
      if (idx >= 0) idx = 0;
      return State(idx);
    }

  private:

    struct BucketItem {
      BucketItem(const Item& _item)
        : item(_item) {}

      Item item;
      int next;
    };

    ItemIntMap& _iim;
    std::vector<int> _first;
    std::vector<BucketItem> _data;
    int _free, _num;
    mutable int _minimum;

  }; // class SimpleBucketHeap

}

#endif
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#ifndef LEMON_CAPACITY_SCALING_H
#define LEMON_CAPACITY_SCALING_H

/// \ingroup min_cost_flow_algs
///
/// \file
/// \brief Capacity Scaling algorithm for finding a minimum cost flow.

#include <vector>
#include <limits>
#include <lemon/core.h>
#include <lemon/bin_heap.h>

namespace lemon {

  /// \brief Default traits class of CapacityScaling algorithm.
  ///
  /// Default traits class of CapacityScaling algorithm.
  /// \tparam GR Digraph type.
  /// \tparam V The number type used for flow amounts, capacity bounds
  /// and supply values. By default it is \c int.
  /// \tparam C The number type used for costs and potentials.
  /// By default it is the same as \c V.
  template <typename GR, typename V = int, typename C = V>
  struct CapacityScalingDefaultTraits
  {
    /// The type of the digraph
    typedef GR Digraph;
    /// The type of the flow amounts, capacity bounds and supply values
    typedef V Value;
    /// The type of the arc costs
    typedef C Cost;

    /// \brief The type of the heap used for internal Dijkstra computations.
    ///
    /// The type of the heap used for internal Dijkstra computations.
    /// It must conform to the \ref lemon::concepts::Heap "Heap" concept,
    /// its priority type must be \c Cost and its cross reference type
    /// must be \ref RangeMap "RangeMap<int>".
    typedef BinHeap<Cost, RangeMap<int> > Heap;
  };

  /// \addtogroup min_cost_flow_algs
  /// @{

  /// \brief Implementation of the Capacity Scaling algorithm for
  /// finding a \ref min_cost_flow "minimum cost flow".
  ///
  /// \ref CapacityScaling implements the capacity scaling version
  /// of the successive shortest path algorithm for finding a
  /// \ref min_cost_flow "minimum cost flow" \ref amo93networkflows,
  /// \ref edmondskarp72theoretical. It is an efficient dual
  /// solution method.
  ///
  /// Most of the parameters of the problem (except for the digraph)
  /// can be given using separate functions, and the algorithm can be
  /// executed using the \ref run() function. If some parameters are not
  /// specified, then default values will be used.
  ///
  /// \tparam GR The digraph type the algorithm runs on.
  /// \tparam V The number type used for flow amounts, capacity bounds
  /// and supply values in the algorithm. By default, it is \c int.
  /// \tparam C The number type used for costs and potentials in the
  /// algorithm. By default, it is the same as \c V.
  /// \tparam TR The traits class that defines various types used by the
  /// algorithm. By default, it is \ref CapacityScalingDefaultTraits
  /// "CapacityScalingDefaultTraits<GR, V, C>".
  /// In most cases, this parameter should not be set directly,
  /// consider to use the named template parameters instead.
  ///
  /// \warning Both number types must be signed and all input data must
  /// be integer.
  /// \warning This algorithm does not support negative costs for such
  /// arcs that have infinite upper bound.
#ifdef DOXYGEN
  template <typename GR, typename V, typename C, typename TR>
#else
  template < typename GR, typename V = int, typename C = V,
             typename TR = CapacityScalingDefaultTraits<GR, V, C> >
#endif
  class CapacityScaling
  {
  public:

    /// The type of the digraph
    typedef typename TR::Digraph Digraph;
    /// The type of the flow amounts, capacity bounds and supply values
    typedef typename TR::Value Value;
    /// The type of the arc costs
    typedef typename TR::Cost Cost;

    /// The type of the heap used for internal Dijkstra computations
    typedef typename TR::Heap Heap;

    /// The \ref CapacityScalingDefaultTraits "traits class" of the algorithm
    typedef TR Traits;

  public:

    /// \brief Problem type constants for the \c run() function.
    ///
    /// Enum type containing the problem type constants that can be
    /// returned by the \ref run() function of the algorithm.
    enum ProblemType {
      /// The problem has no feasible solution (flow).
      INFEASIBLE,
      /// The problem has optimal solution (i.e. it is feasible and
      /// bounded), and the algorithm has found optimal flow and node
      /// potentials (primal and dual solutions).
      OPTIMAL,
      /// The digraph contains an arc of negative cost and infinite
      /// upper bound. It means that the objective function is unbounded
      /// on that arc, however, note that it could actually be bounded
      /// over the feasible flows, but this algroithm cannot handle
      /// these cases.
      UNBOUNDED
    };

  private:

    TEMPLATE_DIGRAPH_TYPEDEFS(GR);

    typedef std::vector<int> IntVector;
    typedef std::vector<Value> ValueVector;
    typedef std::vector<Cost> CostVector;
    typedef std::vector<char> BoolVector;
    // Note: vector<char> is used instead of vector<bool> for efficiency reasons

  private:

    // Data related to the underlying digraph
    const GR &_graph;
    int _node_num;
    int _arc_num;
    int _res_arc_num;
    int _root;

    // Parameters of the problem
    bool _have_lower;
    Value _sum_supply;

    // Data structures for storing the digraph
    IntNodeMap _node_id;
    IntArcMap _arc_idf;
    IntArcMap _arc_idb;
    IntVector _first_out;
    BoolVector _forward;
    IntVector _source;
    IntVector _target;
    IntVector _reverse;

    // Node and arc data
    ValueVector _lower;
    ValueVector _upper;
    CostVector _cost;
    ValueVector _supply;

    ValueVector _res_cap;
    CostVector _pi;
    ValueVector _excess;
    IntVector _excess_nodes;
    IntVector _deficit_nodes;

    Value _delta;
    int _factor;
    IntVector _pred;

  public:

    /// \brief Constant for infinite upper bounds (capacities).
    ///
    /// Constant for infinite upper bounds (capacities).
    /// It is \c std::numeric_limits<Value>::infinity() if available,
    /// \c std::numeric_limits<Value>::max() otherwise.
    const Value INF;

  private:

    // Special implementation of the Dijkstra algorithm for finding
    // shortest paths in the residual network of the digraph with
    // respect to the reduced arc costs and modifying the node
    // potentials according to the found distance labels.
    class ResidualDijkstra
    {
    private:

      int _node_num;
      bool _geq;
      const IntVector &_first_out;
      const IntVector &_target;
      const CostVector &_cost;
      const ValueVector &_res_cap;
      const ValueVector &_excess;
      CostVector &_pi;
      IntVector &_pred;

      IntVector _proc_nodes;
      CostVector _dist;

    public:

      ResidualDijkstra(CapacityScaling& cs) :
        _node_num(cs._node_num), _geq(cs._sum_supply < 0),
        _first_out(cs._first_out), _target(cs._target), _cost(cs._cost),
        _res_cap(cs._res_cap), _excess(cs._excess), _pi(cs._pi),
        _pred(cs._pred), _dist(cs._node_num)
      {}

      int run(int s, Value delta = 1) {
        RangeMap<int> heap_cross_ref(_node_num, Heap::PRE_HEAP);
        Heap heap(heap_cross_ref);
        heap.push(s, 0);
        _pred[s] = -1;
        _proc_nodes.clear();

        // Process nodes
        while (!heap.empty() && _excess[heap.top()] > -delta) {
          int u = heap.top(), v;
          Cost d = heap.prio() + _pi[u], dn;
          _dist[u] = heap.prio();
          _proc_nodes.push_back(u);
          heap.pop();

          // Traverse outgoing residual arcs
          int last_out = _geq ? _first_out[u+1] : _first_out[u+1] - 1;
          for (int a = _first_out[u]; a != last_out; ++a) {
            if (_res_cap[a] < delta) continue;
            v = _target[a];
            switch (heap.state(v)) {
              case Heap::PRE_HEAP:
                heap.push(v, d + _cost[a] - _pi[v]);
                _pred[v] = a;
                break;
              case Heap::IN_HEAP:
                dn = d + _cost[a] - _pi[v];
                if (dn < heap[v]) {
                  heap.decrease(v, dn);
                  _pred[v] = a;
                }
                break;
              case Heap::POST_HEAP:
                break;
            }
          }
        }
        if (heap.empty()) return -1;

        // Update potentials of processed nodes
        int t = heap.top();
        Cost dt = heap.prio();
        for (int i = 0; i < int(_proc_nodes.size()); ++i) {
          _pi[_proc_nodes[i]] += _dist[_proc_nodes[i]] - dt;
        }

        return t;
      }

    }; //class ResidualDijkstra

  public:

    /// \name Named Template Parameters
    /// @{

    template <typename T>
    struct SetHeapTraits : public Traits {
      typedef T Heap;
    };

    /// \brief \ref named-templ-param "Named parameter" for setting
    /// \c Heap type.
    ///
    /// \ref named-templ-param "Named parameter" for setting \c Heap
    /// type, which is used for internal Dijkstra computations.
    /// It must conform to the \ref lemon::concepts::Heap "Heap" concept,
    /// its priority type must be \c Cost and its cross reference type
    /// must be \ref RangeMap "RangeMap<int>".
    template <typename T>
    struct SetHeap
      : public CapacityScaling<GR, V, C, SetHeapTraits<T> > {
      typedef  CapacityScaling<GR, V, C, SetHeapTraits<T> > Create;
    };

    /// @}

  protected:

    CapacityScaling() {}

  public:

    /// \brief Constructor.
    ///
    /// The constructor of the class.
    ///
    /// \param graph The digraph the algorithm runs on.
    CapacityScaling(const GR& graph) :
      _graph(graph), _node_id(graph), _arc_idf(graph), _arc_idb(graph),
      INF(std::numeric_limits<Value>::has_infinity ?
          std::numeric_limits<Value>::infinity() :
          std::numeric_limits<Value>::max())
    {
      // Check the number types
      LEMON_ASSERT(std::numeric_limits<Value>::is_signed,
        "The flow type of CapacityScaling must be signed");
      LEMON_ASSERT(std::numeric_limits<Cost>::is_signed,
        "The cost type of CapacityScaling must be signed");

      // Reset data structures
      reset();
    }

    /// \name Parameters
    /// The parameters of the algorithm can be specified using these
    /// functions.

    /// @{

    /// \brief Set the lower bounds on the arcs.
    ///
    /// This function sets the lower bounds on the arcs.
    /// If it is not used before calling \ref run(), the lower bounds
    /// will be set to zero on all arcs.
    ///
    /// \param map An arc map storing the lower bounds.
    /// Its \c Value type must be convertible to the \c Value type
    /// of the algorithm.
    ///
    /// \return <tt>(*this)</tt>
    template <typename LowerMap>
    CapacityScaling& lowerMap(const LowerMap& map) {
      _have_lower = true;
      for (ArcIt a(_graph); a != INVALID; ++a) {
        _lower[_arc_idf[a]] = map[a];
        _lower[_arc_idb[a]] = map[a];
      }
      return *this;
    }

    /// \brief Set the upper bounds (capacities) on the arcs.
    ///
    /// This function sets the upper bounds (capacities) on the arcs.
    /// If it is not used before calling \ref run(), the upper bounds
    /// will be set to \ref INF on all arcs (i.e. the flow value will be
    /// unbounded from above).
    ///
    /// \param map An arc map storing the upper bounds.
    /// Its \c Value type must be convertible to the \c Value type
    /// of the algorithm.
    ///
    /// \return <tt>(*this)</tt>
    template<typename UpperMap>
    CapacityScaling& upperMap(const UpperMap& map) {
      for (ArcIt a(_graph); a != INVALID; ++a) {
        _upper[_arc_idf[a]] = map[a];
      }
      return *this;
    }

    /// \brief Set the costs of the arcs.
    ///
    /// This function sets the costs of the arcs.
    /// If it is not used before calling \ref run(), the costs
    /// will be set to \c 1 on all arcs.
    ///
    /// \param map An arc map storing the costs.
    /// Its \c Value type must be convertible to the \c Cost type
    /// of the algorithm.
    ///
    /// \return <tt>(*this)</tt>
    template<typename CostMap>
    CapacityScaling& costMap(const CostMap& map) {
      for (ArcIt a(_graph); a != INVALID; ++a) {
        _cost[_arc_idf[a]] =  map[a];
        _cost[_arc_idb[a]] = -map[a];
      }
      return *this;
    }

    /// \brief Set the supply values of the nodes.
    ///
    /// This function sets the supply values of the nodes.
    /// If neither this function nor \ref stSupply() is used before
    /// calling \ref run(), the supply of each node will be set to zero.
    ///
    /// \param map A node map storing the supply values.
    /// Its \c Value type must be convertible to the \c Value type
    /// of the algorithm.
    ///
    /// \return <tt>(*this)</tt>
    template<typename SupplyMap>
    CapacityScaling& supplyMap(const SupplyMap& map) {
      for (NodeIt n(_graph); n != INVALID; ++n) {
        _supply[_node_id[n]] = map[n];
      }
      return *this;
    }

    /// \brief Set single source and target nodes and a supply value.
    ///
    /// This function sets a single source node and a single target node
    /// and the required flow value.
    /// If neither this function nor \ref supplyMap() is used before
    /// calling \ref run(), the supply of each node will be set to zero.
    ///
    /// Using this function has the same effect as using \ref supplyMap()
    /// with such a map in which \c k is assigned to \c s, \c -k is
    /// assigned to \c t and all other nodes have zero supply value.
    ///
    /// \param s The source node.
    /// \param t The target node.
    /// \param k The required amount of flow from node \c s to node \c t
    /// (i.e. the supply of \c s and the demand of \c t).
    ///
    /// \return <tt>(*this)</tt>
    CapacityScaling& stSupply(const Node& s, const Node& t, Value k) {
      for (int i = 0; i != _node_num; ++i) {
        _supply[i] = 0;
      }
      _supply[_node_id[s]] =  k;
      _supply[_node_id[t]] = -k;
      return *this;
    }

    /// @}

    /// \name Execution control
    /// The algorithm can be executed using \ref run().

    /// @{

    /// \brief Run the algorithm.
    ///
    /// This function runs the algorithm.
    /// The paramters can be specified using functions \ref lowerMap(),
    /// \ref upperMap(), \ref costMap(), \ref supplyMap(), \ref stSupply().
    /// For example,
    /// \code
    ///   CapacityScaling<ListDigraph> cs(graph);
    ///   cs.lowerMap(lower).upperMap(upper).costMap(cost)
    ///     .supplyMap(sup).run();
    /// \endcode
    ///
    /// This function can be called more than once. All the given parameters
    /// are kept for the next call, unless \ref resetParams() or \ref reset()
    /// is used, thus only the modified parameters have to be set again.
    /// If the underlying digraph was also modified after the construction
    /// of the class (or the last \ref reset() call), then the \ref reset()
    /// function must be called.
    ///
    /// \param factor The capacity scaling factor. It must be larger than
    /// one to use scaling. If it is less or equal to one, then scaling
    /// will be disabled.
    ///
    /// \return \c INFEASIBLE if no feasible flow exists,
    /// \n \c OPTIMAL if the problem has optimal solution
    /// (i.e. it is feasible and bounded), and the algorithm has found
    /// optimal flow and node potentials (primal and dual solutions),
    /// \n \c UNBOUNDED if the digraph contains an arc of negative cost
    /// and infinite upper bound. It means that the objective function
    /// is unbounded on that arc, however, note that it could actually be
    /// bounded over the feasible flows, but this algroithm cannot handle
    /// these cases.
    ///
    /// \see ProblemType
    /// \see resetParams(), reset()
    ProblemType run(int factor = 4) {
      _factor = factor;
      ProblemType pt = init();
      if (pt != OPTIMAL) return pt;
      return start();
    }

    /// \brief Reset all the parameters that have been given before.
    ///
    /// This function resets all the paramaters that have been given
    /// before using functions \ref lowerMap(), \ref upperMap(),
    /// \ref costMap(), \ref supplyMap(), \ref stSupply().
    ///
    /// It is useful for multiple \ref run() calls. Basically, all the given
    /// parameters are kept for the next \ref run() call, unless
    /// \ref resetParams() or \ref reset() is used.
    /// If the underlying digraph was also modified after the construction
    /// of the class or the last \ref reset() call, then the \ref reset()
    /// function must be used, otherwise \ref resetParams() is sufficient.
    ///
    /// For example,
    /// \code
    ///   CapacityScaling<ListDigraph> cs(graph);
    ///
    ///   // First run
    ///   cs.lowerMap(lower).upperMap(upper).costMap(cost)
    ///     .supplyMap(sup).run();
    ///
    ///   // Run again with modified cost map (resetParams() is not called,
    ///   // so only the cost map have to be set again)
    ///   cost[e] += 100;
    ///   cs.costMap(cost).run();
    ///
    ///   // Run again from scratch using resetParams()
    ///   // (the lower bounds will be set to zero on all arcs)
    ///   cs.resetParams();
    ///   cs.upperMap(capacity).costMap(cost)
    ///     .supplyMap(sup).run();
    /// \endcode
    ///
    /// \return <tt>(*this)</tt>
    ///
    /// \see reset(), run()
    CapacityScaling& resetParams() {
      for (int i = 0; i != _node_num; ++i) {
        _supply[i] = 0;
      }
      for (int j = 0; j != _res_arc_num; ++j) {
        _lower[j] = 0;
        _upper[j] = INF;
        _cost[j] = _forward[j] ? 1 : -1;
      }
      _have_lower = false;
      return *this;
    }

    /// \brief Reset the internal data structures and all the parameters
    /// that have been given before.
    ///
    /// This function resets the internal data structures and all the
    /// paramaters that have been given before using functions \ref lowerMap(),
    /// \ref upperMap(), \ref costMap(), \ref supplyMap(), \ref stSupply().
    ///
    /// It is useful for multiple \ref run() calls. Basically, all the given
    /// parameters are kept for the next \ref run() call, unless
    /// \ref resetParams() or \ref reset() is used.
    /// If the underlying digraph was also modified after the construction
    /// of the class or the last \ref reset() call, then the \ref reset()
    /// function must be used, otherwise \ref resetParams() is sufficient.
    ///
    /// See \ref resetParams() for examples.
    ///
    /// \return <tt>(*this)</tt>
    ///
    /// \see resetParams(), run()
    CapacityScaling& reset() {
      // Resize vectors
      _node_num = countNodes(_graph);
      _arc_num = countArcs(_graph);
      _res_arc_num = 2 * (_arc_num + _node_num);
      _root = _node_num;
      ++_node_num;

      _first_out.resize(_node_num + 1);
      _forward.resize(_res_arc_num);
      _source.resize(_res_arc_num);
      _target.resize(_res_arc_num);
      _reverse.resize(_res_arc_num);

      _lower.resize(_res_arc_num);
      _upper.resize(_res_arc_num);
      _cost.resize(_res_arc_num);
      _supply.resize(_node_num);

      _res_cap.resize(_res_arc_num);
      _pi.resize(_node_num);
      _excess.resize(_node_num);
      _pred.resize(_node_num);

      // Copy the graph
      int i = 0, j = 0, k = 2 * _arc_num + _node_num - 1;
      for (NodeIt n(_graph); n != INVALID; ++n, ++i) {
        _node_id[n] = i;
      }
      i = 0;
      for (NodeIt n(_graph); n != INVALID; ++n, ++i) {
        _first_out[i] = j;
        for (OutArcIt a(_graph, n); a != INVALID; ++a, ++j) {
          _arc_idf[a] = j;
          _forward[j] = true;
          _source[j] = i;
          _target[j] = _node_id[_graph.runningNode(a)];
        }
        for (InArcIt a(_graph, n); a != INVALID; ++a, ++j) {
          _arc_idb[a] = j;
          _forward[j] = false;
          _source[j] = i;
          _target[j] = _node_id[_graph.runningNode(a)];
        }
        _forward[j] = false;
        _source[j] = i;
        _target[j] = _root;
        _reverse[j] = k;
        _forward[k] = true;
        _source[k] = _root;
        _target[k] = i;
        _reverse[k] = j;
        ++j; ++k;
      }
      _first_out[i] = j;
      _first_out[_node_num] = k;
      for (ArcIt a(_graph); a != INVALID; ++a) {
        int fi = _arc_idf[a];
        int bi = _arc_idb[a];
        _reverse[fi] = bi;
        _reverse[bi] = fi;
      }

      // Reset parameters
      resetParams();
      return *this;
    }

    /// @}

    /// \name Query Functions
    /// The results of the algorithm can be obtained using these
    /// functions.\n
    /// The \ref run() function must be called before using them.

    /// @{

    /// \brief Return the total cost of the found flow.
    ///
    /// This function returns the total cost of the found flow.
    /// Its complexity is O(e).
    ///
    /// \note The return type of the function can be specified as a
    /// template parameter. For example,
    /// \code
    ///   cs.totalCost<double>();
    /// \endcode
    /// It is useful if the total cost cannot be stored in the \c Cost
    /// type of the algorithm, which is the default return type of the
    /// function.
    ///
    /// \pre \ref run() must be called before using this function.
    template <typename Number>
    Number totalCost() const {
      Number c = 0;
      for (ArcIt a(_graph); a != INVALID; ++a) {
        int i = _arc_idb[a];
        c += static_cast<Number>(_res_cap[i]) *
             (-static_cast<Number>(_cost[i]));
      }
      return c;
    }

#ifndef DOXYGEN
    Cost totalCost() const {
      return totalCost<Cost>();
    }
#endif

    /// \brief Return the flow on the given arc.
    ///
    /// This function returns the flow on the given arc.
    ///
    /// \pre \ref run() must be called before using this function.
    Value flow(const Arc& a) const {
      return _res_cap[_arc_idb[a]];
    }

    /// \brief Return the flow map (the primal solution).
    ///
    /// This function copies the flow value on each arc into the given
    /// map. The \c Value type of the algorithm must be convertible to
    /// the \c Value type of the map.
    ///
    /// \pre \ref run() must be called before using this function.
    template <typename FlowMap>
    void flowMap(FlowMap &map) const {
      for (ArcIt a(_graph); a != INVALID; ++a) {
        map.set(a, _res_cap[_arc_idb[a]]);
      }
    }

    /// \brief Return the potential (dual value) of the given node.
    ///
    /// This function returns the potential (dual value) of the
    /// given node.
    ///
    /// \pre \ref run() must be called before using this function.
    Cost potential(const Node& n) const {
      return _pi[_node_id[n]];
    }

    /// \brief Return the potential map (the dual solution).
    ///
    /// This function copies the potential (dual value) of each node
    /// into the given map.
    /// The \c Cost type of the algorithm must be convertible to the
    /// \c Value type of the map.
    ///
    /// \pre \ref run() must be called before using this function.
    template <typename PotentialMap>
    void potentialMap(PotentialMap &map) const {
      for (NodeIt n(_graph); n != INVALID; ++n) {
        map.set(n, _pi[_node_id[n]]);
      }
    }

    /// @}

  private:

    // Initialize the algorithm
    ProblemType init() {
      if (_node_num <= 1) return INFEASIBLE;

      // Check the sum of supply values
      _sum_supply = 0;
      for (int i = 0; i != _root; ++i) {
        _sum_supply += _supply[i];
      }
      if (_sum_supply > 0) return INFEASIBLE;

      // Initialize vectors
      for (int i = 0; i != _root; ++i) {
        _pi[i] = 0;
        _excess[i] = _supply[i];
      }

      // Remove non-zero lower bounds
      const Value MAX = std::numeric_limits<Value>::max();
      int last_out;
      if (_have_lower) {
        for (int i = 0; i != _root; ++i) {
          last_out = _first_out[i+1];
          for (int j = _first_out[i]; j != last_out; ++j) {
            if (_forward[j]) {
              Value c = _lower[j];
              if (c >= 0) {
                _res_cap[j] = _upper[j] < MAX ? _upper[j] - c : INF;
              } else {
                _res_cap[j] = _upper[j] < MAX + c ? _upper[j] - c : INF;
              }
              _excess[i] -= c;
              _excess[_target[j]] += c;
            } else {
              _res_cap[j] = 0;
            }
          }
        }
      } else {
        for (int j = 0; j != _res_arc_num; ++j) {
          _res_cap[j] = _forward[j] ? _upper[j] : 0;
        }
      }

      // Handle negative costs
      for (int i = 0; i != _root; ++i) {
        last_out = _first_out[i+1] - 1;
        for (int j = _first_out[i]; j != last_out; ++j) {
          Value rc = _res_cap[j];
          if (_cost[j] < 0 && rc > 0) {
            if (rc >= MAX) return UNBOUNDED;
            _excess[i] -= rc;
            _excess[_target[j]] += rc;
            _res_cap[j] = 0;
            _res_cap[_reverse[j]] += rc;
          }
        }
      }

      // Handle GEQ supply type
      if (_sum_supply < 0) {
        _pi[_root] = 0;
        _excess[_root] = -_sum_supply;
        for (int a = _first_out[_root]; a != _res_arc_num; ++a) {
          int ra = _reverse[a];
          _res_cap[a] = -_sum_supply + 1;
          _res_cap[ra] = 0;
          _cost[a] = 0;
          _cost[ra] = 0;
        }
      } else {
        _pi[_root] = 0;
        _excess[_root] = 0;
        for (int a = _first_out[_root]; a != _res_arc_num; ++a) {
          int ra = _reverse[a];
          _res_cap[a] = 1;
          _res_cap[ra] = 0;
          _cost[a] = 0;
          _cost[ra] = 0;
        }
      }

      // Initialize delta value
      if (_factor > 1) {
        // With scaling
        Value max_sup = 0, max_dem = 0, max_cap = 0;
        for (int i = 0; i != _root; ++i) {
          Value ex = _excess[i];
          if ( ex > max_sup) max_sup =  ex;
          if (-ex > max_dem) max_dem = -ex;
          int last_out = _first_out[i+1] - 1;
          for (int j = _first_out[i]; j != last_out; ++j) {
            if (_res_cap[j] > max_cap) max_cap = _res_cap[j];
          }
        }
        max_sup = std::min(std::min(max_sup, max_dem), max_cap);
        for (_delta = 1; 2 * _delta <= max_sup; _delta *= 2) ;
      } else {
        // Without scaling
        _delta = 1;
      }

      return OPTIMAL;
    }

    ProblemType start() {
      // Execute the algorithm
      ProblemType pt;
      if (_delta > 1)
        pt = startWithScaling();
      else
        pt = startWithoutScaling();

      // Handle non-zero lower bounds
      if (_have_lower) {
        int limit = _first_out[_root];
        for (int j = 0; j != limit; ++j) {
          if (!_forward[j]) _res_cap[j] += _lower[j];
        }
      }

      // Shift potentials if necessary
      Cost pr = _pi[_root];
      if (_sum_supply < 0 || pr > 0) {
        for (int i = 0; i != _node_num; ++i) {
          _pi[i] -= pr;
        }
      }

      return pt;
    }

    // Execute the capacity scaling algorithm
    ProblemType startWithScaling() {
      // Perform capacity scaling phases
      int s, t;
      ResidualDijkstra _dijkstra(*this);
      while (true) {
        // Saturate all arcs not satisfying the optimality condition
        int last_out;
        for (int u = 0; u != _node_num; ++u) {
          last_out = _sum_supply < 0 ?
            _first_out[u+1] : _first_out[u+1] - 1;
          for (int a = _first_out[u]; a != last_out; ++a) {
            int v = _target[a];
            Cost c = _cost[a] + _pi[u] - _pi[v];
            Value rc = _res_cap[a];
            if (c < 0 && rc >= _delta) {
              _excess[u] -= rc;
              _excess[v] += rc;
              _res_cap[a] = 0;
              _res_cap[_reverse[a]] += rc;
            }
          }
        }

        // Find excess nodes and deficit nodes
        _excess_nodes.clear();
        _deficit_nodes.clear();
        for (int u = 0; u != _node_num; ++u) {
          Value ex = _excess[u];
          if (ex >=  _delta) _excess_nodes.push_back(u);
          if (ex <= -_delta) _deficit_nodes.push_back(u);
        }
        int next_node = 0, next_def_node = 0;

        // Find augmenting shortest paths
        while (next_node < int(_excess_nodes.size())) {
          // Check deficit nodes
          if (_delta > 1) {
            bool delta_deficit = false;
            for ( ; next_def_node < int(_deficit_nodes.size());
                    ++next_def_node ) {
              if (_excess[_deficit_nodes[next_def_node]] <= -_delta) {
                delta_deficit = true;
                break;
              }
            }
            if (!delta_deficit) break;
          }

          // Run Dijkstra in the residual network
          s = _excess_nodes[next_node];
          if ((t = _dijkstra.run(s, _delta)) == -1) {
            if (_delta > 1) {
              ++next_node;
              continue;
            }
            return INFEASIBLE;
          }

          // Augment along a shortest path from s to t
          Value d = std::min(_excess[s], -_excess[t]);
          int u = t;
          int a;
          if (d > _delta) {
            while ((a = _pred[u]) != -1) {
              if (_res_cap[a] < d) d = _res_cap[a];
              u = _source[a];
            }
          }
          u = t;
          while ((a = _pred[u]) != -1) {
            _res_cap[a] -= d;
            _res_cap[_reverse[a]] += d;
            u = _source[a];
          }
          _excess[s] -= d;
          _excess[t] += d;

          if (_excess[s] < _delta) ++next_node;
        }

        if (_delta == 1) break;
        _delta = _delta <= _factor ? 1 : _delta / _factor;
      }

      return OPTIMAL;
    }

    // Execute the successive shortest path algorithm
    ProblemType startWithoutScaling() {
      // Find excess nodes
      _excess_nodes.clear();
      for (int i = 0; i != _node_num; ++i) {
        if (_excess[i] > 0) _excess_nodes.push_back(i);
      }
      if (_excess_nodes.size() == 0) return OPTIMAL;
      int next_node = 0;

      // Find shortest paths
      int s, t;
      ResidualDijkstra _dijkstra(*this);
      while ( _excess[_excess_nodes[next_node]] > 0 ||
              ++next_node < int(_excess_nodes.size()) )
      {
        // Run Dijkstra in the residual network
        s = _excess_nodes[next_node];
        if ((t = _dijkstra.run(s)) == -1) return INFEASIBLE;

        // Augment along a shortest path from s to t
        Value d = std::min(_excess[s], -_excess[t]);
        int u = t;
        int a;
        if (d > 1) {
          while ((a = _pred[u]) != -1) {
            if (_res_cap[a] < d) d = _res_cap[a];
            u = _source[a];
          }
        }
        u = t;
        while ((a = _pred[u]) != -1) {
          _res_cap[a] -= d;
          _res_cap[_reverse[a]] += d;
          u = _source[a];
        }
        _excess[s] -= d;
        _excess[t] += d;
      }

      return OPTIMAL;
    }

  }; //class CapacityScaling

  ///@}

} //namespace lemon

#endif //LEMON_CAPACITY_SCALING_H







lemon/cbc.h

/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2010
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

// -*- C++ -*-
#ifndef LEMON_CBC_H
#define LEMON_CBC_H

///\file
///\brief Header of the LEMON-CBC mip solver interface.
///\ingroup lp_group

#include <lemon/lp_base.h>

class CoinModel;
class OsiSolverInterface;
class CbcModel;

namespace lemon {

  /// \brief Interface for the CBC MIP solver
  ///
  /// This class implements an interface for the CBC MIP solver.
  ///\ingroup lp_group
  class CbcMip : public MipSolver {
  protected:

    CoinModel *_prob;
    OsiSolverInterface *_osi_solver;
    CbcModel *_cbc_model;

  public:

    /// \e
    CbcMip();
    /// \e
    CbcMip(const CbcMip&);
    /// \e
    ~CbcMip();
    /// \e
    virtual CbcMip* newSolver() const;
    /// \e
    virtual CbcMip* cloneSolver() const;

  protected:

    virtual const char* _solverName() const;

    virtual int _addCol();
    virtual int _addRow();
    virtual int _addRow(Value l, ExprIterator b, ExprIterator e, Value u);

    virtual void _eraseCol(int i);
    virtual void _eraseRow(int i);

    virtual void _eraseColId(int i);
    virtual void _eraseRowId(int i);

    virtual void _getColName(int col, std::string& name) const;
    virtual void _setColName(int col, const std::string& name);
    virtual int _colByName(const std::string& name) const;

    virtual void _getRowName(int row, std::string& name) const;
    virtual void _setRowName(int row, const std::string& name);
    virtual int _rowByName(const std::string& name) const;

    virtual void _setRowCoeffs(int i, ExprIterator b, ExprIterator e);
    virtual void _getRowCoeffs(int i, InsertIterator b) const;

    virtual void _setColCoeffs(int i, ExprIterator b, ExprIterator e);
    virtual void _getColCoeffs(int i, InsertIterator b) const;

    virtual void _setCoeff(int row, int col, Value value);
    virtual Value _getCoeff(int row, int col) const;

    virtual void _setColLowerBound(int i, Value value);
    virtual Value _getColLowerBound(int i) const;
    virtual void _setColUpperBound(int i, Value value);
    virtual Value _getColUpperBound(int i) const;

    virtual void _setRowLowerBound(int i, Value value);
    virtual Value _getRowLowerBound(int i) const;
    virtual void _setRowUpperBound(int i, Value value);
    virtual Value _getRowUpperBound(int i) const;

    virtual void _setObjCoeffs(ExprIterator b, ExprIterator e);
    virtual void _getObjCoeffs(InsertIterator b) const;

    virtual void _setObjCoeff(int i, Value obj_coef);
    virtual Value _getObjCoeff(int i) const;

    virtual void _setSense(Sense sense);
    virtual Sense _getSense() const;

    virtual ColTypes _getColType(int col) const;
    virtual void _setColType(int col, ColTypes col_type);

    virtual SolveExitStatus _solve();
    virtual ProblemType _getType() const;
    virtual Value _getSol(int i) const;
    virtual Value _getSolValue() const;

    virtual void _clear();

    virtual void _messageLevel(MessageLevel level);
    void _applyMessageLevel();

    int _message_level;



  };

}

#endif







lemon/circulation.h

/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2010
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_CIRCULATION_H
#define LEMON_CIRCULATION_H

#include <lemon/tolerance.h>
#include <lemon/elevator.h>
#include <limits>

///\ingroup max_flow
///\file
///\brief Push-relabel algorithm for finding a feasible circulation.
///
namespace lemon {

  /// \brief Default traits class of Circulation class.
  ///
  /// Default traits class of Circulation class.
  ///
  /// \tparam GR Type of the digraph the algorithm runs on.
  /// \tparam LM The type of the lower bound map.
  /// \tparam UM The type of the upper bound (capacity) map.
  /// \tparam SM The type of the supply map.
  template <typename GR, typename LM,
            typename UM, typename SM>
  struct CirculationDefaultTraits {

    /// \brief The type of the digraph the algorithm runs on.
    typedef GR Digraph;

    /// \brief The type of the lower bound map.
    ///
    /// The type of the map that stores the lower bounds on the arcs.
    /// It must conform to the \ref concepts::ReadMap "ReadMap" concept.
    typedef LM LowerMap;

    /// \brief The type of the upper bound (capacity) map.
    ///
    /// The type of the map that stores the upper bounds (capacities)
    /// on the arcs.
    /// It must conform to the \ref concepts::ReadMap "ReadMap" concept.
    typedef UM UpperMap;

    /// \brief The type of supply map.
    ///
    /// The type of the map that stores the signed supply values of the
    /// nodes.
    /// It must conform to the \ref concepts::ReadMap "ReadMap" concept.
    typedef SM SupplyMap;

    /// \brief The type of the flow and supply values.
    typedef typename SupplyMap::Value Value;

    /// \brief The type of the map that stores the flow values.
    ///
    /// The type of the map that stores the flow values.
    /// It must conform to the \ref concepts::ReadWriteMap "ReadWriteMap"
    /// concept.
#ifdef DOXYGEN
    typedef GR::ArcMap<Value> FlowMap;
#else
    typedef typename Digraph::template ArcMap<Value> FlowMap;
#endif

    /// \brief Instantiates a FlowMap.
    ///
    /// This function instantiates a \ref FlowMap.
    /// \param digraph The digraph for which we would like to define
    /// the flow map.
    static FlowMap* createFlowMap(const Digraph& digraph) {
      return new FlowMap(digraph);
    }

    /// \brief The elevator type used by the algorithm.
    ///
    /// The elevator type used by the algorithm.
    ///
    /// \sa Elevator, LinkedElevator
#ifdef DOXYGEN
    typedef lemon::Elevator<GR, GR::Node> Elevator;
#else
    typedef lemon::Elevator<Digraph, typename Digraph::Node> Elevator;
#endif

    /// \brief Instantiates an Elevator.
    ///
    /// This function instantiates an \ref Elevator.
    /// \param digraph The digraph for which we would like to define
    /// the elevator.
    /// \param max_level The maximum level of the elevator.
    static Elevator* createElevator(const Digraph& digraph, int max_level) {
      return new Elevator(digraph, max_level);
    }

    /// \brief The tolerance used by the algorithm
    ///
    /// The tolerance used by the algorithm to handle inexact computation.
    typedef lemon::Tolerance<Value> Tolerance;

  };

  /**
     \brief Push-relabel algorithm for the network circulation problem.

     \ingroup max_flow
     This class implements a push-relabel algorithm for the \e network
     \e circulation problem.
     It is to find a feasible circulation when lower and upper bounds
     are given for the flow values on the arcs and lower bounds are
     given for the difference between the outgoing and incoming flow
     at the nodes.

     The exact formulation of this problem is the following.
     Let \f$G=(V,A)\f$ be a digraph, \f$lower: A\rightarrow\mathbf{R}\f$
     \f$upper: A\rightarrow\mathbf{R}\cup\{\infty\}\f$ denote the lower and
     upper bounds on the arcs, for which \f$lower(uv) \leq upper(uv)\f$
     holds for all \f$uv\in A\f$, and \f$sup: V\rightarrow\mathbf{R}\f$
     denotes the signed supply values of the nodes.
     If \f$sup(u)>0\f$, then \f$u\f$ is a supply node with \f$sup(u)\f$
     supply, if \f$sup(u)<0\f$, then \f$u\f$ is a demand node with
     \f$-sup(u)\f$ demand.
     A feasible circulation is an \f$f: A\rightarrow\mathbf{R}\f$
     solution of the following problem.

     \f[ \sum_{uv\in A} f(uv) - \sum_{vu\in A} f(vu)
     \geq sup(u) \quad \forall u\in V, \f]
     \f[ lower(uv) \leq f(uv) \leq upper(uv) \quad \forall uv\in A. \f]

     The sum of the supply values, i.e. \f$\sum_{u\in V} sup(u)\f$ must be
     zero or negative in order to have a feasible solution (since the sum
     of the expressions on the left-hand side of the inequalities is zero).
     It means that the total demand must be greater or equal to the total
     supply and all the supplies have to be carried out from the supply nodes,
     but there could be demands that are not satisfied.
     If \f$\sum_{u\in V} sup(u)\f$ is zero, then all the supply/demand
     constraints have to be satisfied with equality, i.e. all demands
     have to be satisfied and all supplies have to be used.

     If you need the opposite inequalities in the supply/demand constraints
     (i.e. the total demand is less than the total supply and all the demands
     have to be satisfied while there could be supplies that are not used),
     then you could easily transform the problem to the above form by reversing
     the direction of the arcs and taking the negative of the supply values
     (e.g. using \ref ReverseDigraph and \ref NegMap adaptors).

     This algorithm either calculates a feasible circulation, or provides
     a \ref barrier() "barrier", which prooves that a feasible soultion
     cannot exist.

     Note that this algorithm also provides a feasible solution for the
     \ref min_cost_flow "minimum cost flow problem".

     \tparam GR The type of the digraph the algorithm runs on.
     \tparam LM The type of the lower bound map. The default
     map type is \ref concepts::Digraph::ArcMap "GR::ArcMap<int>".
     \tparam UM The type of the upper bound (capacity) map.
     The default map type is \c LM.
     \tparam SM The type of the supply map. The default map type is
     \ref concepts::Digraph::NodeMap "GR::NodeMap<UM::Value>".
     \tparam TR The traits class that defines various types used by the
     algorithm. By default, it is \ref CirculationDefaultTraits
     "CirculationDefaultTraits<GR, LM, UM, SM>".
     In most cases, this parameter should not be set directly,
     consider to use the named template parameters instead.
  */
#ifdef DOXYGEN
template< typename GR,
          typename LM,
          typename UM,
          typename SM,
          typename TR >
#else
template< typename GR,
          typename LM = typename GR::template ArcMap<int>,
          typename UM = LM,
          typename SM = typename GR::template NodeMap<typename UM::Value>,
          typename TR = CirculationDefaultTraits<GR, LM, UM, SM> >
#endif
  class Circulation {
  public:

    ///The \ref CirculationDefaultTraits "traits class" of the algorithm.
    typedef TR Traits;
    ///The type of the digraph the algorithm runs on.
    typedef typename Traits::Digraph Digraph;
    ///The type of the flow and supply values.
    typedef typename Traits::Value Value;

    ///The type of the lower bound map.
    typedef typename Traits::LowerMap LowerMap;
    ///The type of the upper bound (capacity) map.
    typedef typename Traits::UpperMap UpperMap;
    ///The type of the supply map.
    typedef typename Traits::SupplyMap SupplyMap;
    ///The type of the flow map.
    typedef typename Traits::FlowMap FlowMap;

    ///The type of the elevator.
    typedef typename Traits::Elevator Elevator;
    ///The type of the tolerance.
    typedef typename Traits::Tolerance Tolerance;

  private:

    TEMPLATE_DIGRAPH_TYPEDEFS(Digraph);

    const Digraph &_g;
    int _node_num;

    const LowerMap *_lo;
    const UpperMap *_up;
    const SupplyMap *_supply;

    FlowMap *_flow;
    bool _local_flow;

    Elevator* _level;
    bool _local_level;

    typedef typename Digraph::template NodeMap<Value> ExcessMap;
    ExcessMap* _excess;

    Tolerance _tol;
    int _el;

  public:

    typedef Circulation Create;

    ///\name Named Template Parameters

    ///@{

    template <typename T>
    struct SetFlowMapTraits : public Traits {
      typedef T FlowMap;
      static FlowMap *createFlowMap(const Digraph&) {
        LEMON_ASSERT(false, "FlowMap is not initialized");
        return 0; // ignore warnings
      }
    };

    /// \brief \ref named-templ-param "Named parameter" for setting
    /// FlowMap type
    ///
    /// \ref named-templ-param "Named parameter" for setting FlowMap
    /// type.
    template <typename T>
    struct SetFlowMap
      : public Circulation<Digraph, LowerMap, UpperMap, SupplyMap,
                           SetFlowMapTraits<T> > {
      typedef Circulation<Digraph, LowerMap, UpperMap, SupplyMap,
                          SetFlowMapTraits<T> > Create;
    };

    template <typename T>
    struct SetElevatorTraits : public Traits {
      typedef T Elevator;
      static Elevator *createElevator(const Digraph&, int) {
        LEMON_ASSERT(false, "Elevator is not initialized");
        return 0; // ignore warnings
      }
    };

    /// \brief \ref named-templ-param "Named parameter" for setting
    /// Elevator type
    ///
    /// \ref named-templ-param "Named parameter" for setting Elevator
    /// type. If this named parameter is used, then an external
    /// elevator object must be passed to the algorithm using the
    /// \ref elevator(Elevator&) "elevator()" function before calling
    /// \ref run() or \ref init().
    /// \sa SetStandardElevator
    template <typename T>
    struct SetElevator
      : public Circulation<Digraph, LowerMap, UpperMap, SupplyMap,
                           SetElevatorTraits<T> > {
      typedef Circulation<Digraph, LowerMap, UpperMap, SupplyMap,
                          SetElevatorTraits<T> > Create;
    };

    template <typename T>
    struct SetStandardElevatorTraits : public Traits {
      typedef T Elevator;
      static Elevator *createElevator(const Digraph& digraph, int max_level) {
        return new Elevator(digraph, max_level);
      }
    };

    /// \brief \ref named-templ-param "Named parameter" for setting
    /// Elevator type with automatic allocation
    ///
    /// \ref named-templ-param "Named parameter" for setting Elevator
    /// type with automatic allocation.
    /// The Elevator should have standard constructor interface to be
    /// able to automatically created by the algorithm (i.e. the
    /// digraph and the maximum level should be passed to it).
    /// However, an external elevator object could also be passed to the
    /// algorithm with the \ref elevator(Elevator&) "elevator()" function
    /// before calling \ref run() or \ref init().
    /// \sa SetElevator
    template <typename T>
    struct SetStandardElevator
      : public Circulation<Digraph, LowerMap, UpperMap, SupplyMap,
                       SetStandardElevatorTraits<T> > {
      typedef Circulation<Digraph, LowerMap, UpperMap, SupplyMap,
                      SetStandardElevatorTraits<T> > Create;
    };

    /// @}

  protected:

    Circulation() {}

  public:

    /// Constructor.

    /// The constructor of the class.
    ///
    /// \param graph The digraph the algorithm runs on.
    /// \param lower The lower bounds for the flow values on the arcs.
    /// \param upper The upper bounds (capacities) for the flow values
    /// on the arcs.
    /// \param supply The signed supply values of the nodes.
    Circulation(const Digraph &graph, const LowerMap &lower,
                const UpperMap &upper, const SupplyMap &supply)
      : _g(graph), _lo(&lower), _up(&upper), _supply(&supply),
        _flow(NULL), _local_flow(false), _level(NULL), _local_level(false),
        _excess(NULL) {}

    /// Destructor.
    ~Circulation() {
      destroyStructures();
    }


  private:

    bool checkBoundMaps() {
      for (ArcIt e(_g);e!=INVALID;++e) {
        if (_tol.less((*_up)[e], (*_lo)[e])) return false;
      }
      return true;
    }

    void createStructures() {
      _node_num = _el = countNodes(_g);

      if (!_flow) {
        _flow = Traits::createFlowMap(_g);
        _local_flow = true;
      }
      if (!_level) {
        _level = Traits::createElevator(_g, _node_num);
        _local_level = true;
      }
      if (!_excess) {
        _excess = new ExcessMap(_g);
      }
    }

    void destroyStructures() {
      if (_local_flow) {
        delete _flow;
      }
      if (_local_level) {
        delete _level;
      }
      if (_excess) {
        delete _excess;
      }
    }

  public:

    /// Sets the lower bound map.

    /// Sets the lower bound map.
    /// \return <tt>(*this)</tt>
    Circulation& lowerMap(const LowerMap& map) {
      _lo = &map;
      return *this;
    }

    /// Sets the upper bound (capacity) map.

    /// Sets the upper bound (capacity) map.
    /// \return <tt>(*this)</tt>
    Circulation& upperMap(const UpperMap& map) {
      _up = &map;
      return *this;
    }

    /// Sets the supply map.

    /// Sets the supply map.
    /// \return <tt>(*this)</tt>
    Circulation& supplyMap(const SupplyMap& map) {
      _supply = &map;
      return *this;
    }

    /// \brief Sets the flow map.
    ///
    /// Sets the flow map.
    /// If you don't use this function before calling \ref run() or
    /// \ref init(), an instance will be allocated automatically.
    /// The destructor deallocates this automatically allocated map,
    /// of course.
    /// \return <tt>(*this)</tt>
    Circulation& flowMap(FlowMap& map) {
      if (_local_flow) {
        delete _flow;
        _local_flow = false;
      }
      _flow = &map;
      return *this;
    }

    /// \brief Sets the elevator used by algorithm.
    ///
    /// Sets the elevator used by algorithm.
    /// If you don't use this function before calling \ref run() or
    /// \ref init(), an instance will be allocated automatically.
    /// The destructor deallocates this automatically allocated elevator,
    /// of course.
    /// \return <tt>(*this)</tt>
    Circulation& elevator(Elevator& elevator) {
      if (_local_level) {
        delete _level;
        _local_level = false;
      }
      _level = &elevator;
      return *this;
    }

    /// \brief Returns a const reference to the elevator.
    ///
    /// Returns a const reference to the elevator.
    ///
    /// \pre Either \ref run() or \ref init() must be called before
    /// using this function.
    const Elevator& elevator() const {
      return *_level;
    }

    /// \brief Sets the tolerance used by the algorithm.
    ///
    /// Sets the tolerance object used by the algorithm.
    /// \return <tt>(*this)</tt>
    Circulation& tolerance(const Tolerance& tolerance) {
      _tol = tolerance;
      return *this;
    }

    /// \brief Returns a const reference to the tolerance.
    ///
    /// Returns a const reference to the tolerance object used by
    /// the algorithm.
    const Tolerance& tolerance() const {
      return _tol;
    }

    /// \name Execution Control
    /// The simplest way to execute the algorithm is to call \ref run().\n
    /// If you need better control on the initial solution or the execution,
    /// you have to call one of the \ref init() functions first, then
    /// the \ref start() function.

    ///@{

    /// Initializes the internal data structures.

    /// Initializes the internal data structures and sets all flow values
    /// to the lower bound.
    void init()
    {
      LEMON_DEBUG(checkBoundMaps(),
        "Upper bounds must be greater or equal to the lower bounds");

      createStructures();

      for(NodeIt n(_g);n!=INVALID;++n) {
        (*_excess)[n] = (*_supply)[n];
      }

      for (ArcIt e(_g);e!=INVALID;++e) {
        _flow->set(e, (*_lo)[e]);
        (*_excess)[_g.target(e)] += (*_flow)[e];
        (*_excess)[_g.source(e)] -= (*_flow)[e];
      }

      // global relabeling tested, but in general case it provides
      // worse performance for random digraphs
      _level->initStart();
      for(NodeIt n(_g);n!=INVALID;++n)
        _level->initAddItem(n);
      _level->initFinish();
      for(NodeIt n(_g);n!=INVALID;++n)
        if(_tol.positive((*_excess)[n]))
          _level->activate(n);
    }

    /// Initializes the internal data structures using a greedy approach.

    /// Initializes the internal data structures using a greedy approach
    /// to construct the initial solution.
    void greedyInit()
    {
      LEMON_DEBUG(checkBoundMaps(),
        "Upper bounds must be greater or equal to the lower bounds");

      createStructures();

      for(NodeIt n(_g);n!=INVALID;++n) {
        (*_excess)[n] = (*_supply)[n];
      }

      for (ArcIt e(_g);e!=INVALID;++e) {
        if (!_tol.less(-(*_excess)[_g.target(e)], (*_up)[e])) {
          _flow->set(e, (*_up)[e]);
          (*_excess)[_g.target(e)] += (*_up)[e];
          (*_excess)[_g.source(e)] -= (*_up)[e];
        } else if (_tol.less(-(*_excess)[_g.target(e)], (*_lo)[e])) {
          _flow->set(e, (*_lo)[e]);
          (*_excess)[_g.target(e)] += (*_lo)[e];
          (*_excess)[_g.source(e)] -= (*_lo)[e];
        } else {
          Value fc = -(*_excess)[_g.target(e)];
          _flow->set(e, fc);
          (*_excess)[_g.target(e)] = 0;
          (*_excess)[_g.source(e)] -= fc;
        }
      }

      _level->initStart();
      for(NodeIt n(_g);n!=INVALID;++n)
        _level->initAddItem(n);
      _level->initFinish();
      for(NodeIt n(_g);n!=INVALID;++n)
        if(_tol.positive((*_excess)[n]))
          _level->activate(n);
    }

    ///Executes the algorithm

    ///This function executes the algorithm.
    ///
    ///\return \c true if a feasible circulation is found.
    ///
    ///\sa barrier()
    ///\sa barrierMap()
    bool start()
    {

      Node act;
      Node bact=INVALID;
      Node last_activated=INVALID;
      while((act=_level->highestActive())!=INVALID) {
        int actlevel=(*_level)[act];
        int mlevel=_node_num;
        Value exc=(*_excess)[act];

        for(OutArcIt e(_g,act);e!=INVALID; ++e) {
          Node v = _g.target(e);
          Value fc=(*_up)[e]-(*_flow)[e];
          if(!_tol.positive(fc)) continue;
          if((*_level)[v]<actlevel) {
            if(!_tol.less(fc, exc)) {
              _flow->set(e, (*_flow)[e] + exc);
              (*_excess)[v] += exc;
              if(!_level->active(v) && _tol.positive((*_excess)[v]))
                _level->activate(v);
              (*_excess)[act] = 0;
              _level->deactivate(act);
              goto next_l;
            }
            else {
              _flow->set(e, (*_up)[e]);
              (*_excess)[v] += fc;
              if(!_level->active(v) && _tol.positive((*_excess)[v]))
                _level->activate(v);
              exc-=fc;
            }
          }
          else if((*_level)[v]<mlevel) mlevel=(*_level)[v];
        }
        for(InArcIt e(_g,act);e!=INVALID; ++e) {
          Node v = _g.source(e);
          Value fc=(*_flow)[e]-(*_lo)[e];
          if(!_tol.positive(fc)) continue;
          if((*_level)[v]<actlevel) {
            if(!_tol.less(fc, exc)) {
              _flow->set(e, (*_flow)[e] - exc);
              (*_excess)[v] += exc;
              if(!_level->active(v) && _tol.positive((*_excess)[v]))
                _level->activate(v);
              (*_excess)[act] = 0;
              _level->deactivate(act);
              goto next_l;
            }
            else {
              _flow->set(e, (*_lo)[e]);
              (*_excess)[v] += fc;
              if(!_level->active(v) && _tol.positive((*_excess)[v]))
                _level->activate(v);
              exc-=fc;
            }
          }
          else if((*_level)[v]<mlevel) mlevel=(*_level)[v];
        }

        (*_excess)[act] = exc;
        if(!_tol.positive(exc)) _level->deactivate(act);
        else if(mlevel==_node_num) {
          _level->liftHighestActiveToTop();
          _el = _node_num;
          return false;
        }
        else {
          _level->liftHighestActive(mlevel+1);
          if(_level->onLevel(actlevel)==0) {
            _el = actlevel;
            return false;
          }
        }
      next_l:
        ;
      }
      return true;
    }

    /// Runs the algorithm.

    /// This function runs the algorithm.
    ///
    /// \return \c true if a feasible circulation is found.
    ///
    /// \note Apart from the return value, c.run() is just a shortcut of
    /// the following code.
    /// \code
    ///   c.greedyInit();
    ///   c.start();
    /// \endcode
    bool run() {
      greedyInit();
      return start();
    }

    /// @}

    /// \name Query Functions
    /// The results of the circulation algorithm can be obtained using
    /// these functions.\n
    /// Either \ref run() or \ref start() should be called before
    /// using them.

    ///@{

    /// \brief Returns the flow value on the given arc.
    ///
    /// Returns the flow value on the given arc.
    ///
    /// \pre Either \ref run() or \ref init() must be called before
    /// using this function.
    Value flow(const Arc& arc) const {
      return (*_flow)[arc];
    }

    /// \brief Returns a const reference to the flow map.
    ///
    /// Returns a const reference to the arc map storing the found flow.
    ///
    /// \pre Either \ref run() or \ref init() must be called before
    /// using this function.
    const FlowMap& flowMap() const {
      return *_flow;
    }

    /**
       \brief Returns \c true if the given node is in a barrier.

       Barrier is a set \e B of nodes for which

       \f[ \sum_{uv\in A: u\in B} upper(uv) -
           \sum_{uv\in A: v\in B} lower(uv) < \sum_{v\in B} sup(v) \f]

       holds. The existence of a set with this property prooves that a
       feasible circualtion cannot exist.

       This function returns \c true if the given node is in the found
       barrier. If a feasible circulation is found, the function
       gives back \c false for every node.

       \pre Either \ref run() or \ref init() must be called before
       using this function.

       \sa barrierMap()
       \sa checkBarrier()
    */
    bool barrier(const Node& node) const
    {
      return (*_level)[node] >= _el;
    }

    /// \brief Gives back a barrier.
    ///
    /// This function sets \c bar to the characteristic vector of the
    /// found barrier. \c bar should be a \ref concepts::WriteMap "writable"
    /// node map with \c bool (or convertible) value type.
    ///
    /// If a feasible circulation is found, the function gives back an
    /// empty set, so \c bar[v] will be \c false for all nodes \c v.
    ///
    /// \note This function calls \ref barrier() for each node,
    /// so it runs in O(n) time.
    ///
    /// \pre Either \ref run() or \ref init() must be called before
    /// using this function.
    ///
    /// \sa barrier()
    /// \sa checkBarrier()
    template<class BarrierMap>
    void barrierMap(BarrierMap &bar) const
    {
      for(NodeIt n(_g);n!=INVALID;++n)
        bar.set(n, (*_level)[n] >= _el);
    }

    /// @}

    /// \name Checker Functions
    /// The feasibility of the results can be checked using
    /// these functions.\n
    /// Either \ref run() or \ref start() should be called before
    /// using them.

    ///@{

    ///Check if the found flow is a feasible circulation

    ///Check if the found flow is a feasible circulation,
    ///
    bool checkFlow() const {
      for(ArcIt e(_g);e!=INVALID;++e)
        if((*_flow)[e]<(*_lo)[e]||(*_flow)[e]>(*_up)[e]) return false;
      for(NodeIt n(_g);n!=INVALID;++n)
        {
          Value dif=-(*_supply)[n];
          for(InArcIt e(_g,n);e!=INVALID;++e) dif-=(*_flow)[e];
          for(OutArcIt e(_g,n);e!=INVALID;++e) dif+=(*_flow)[e];
          if(_tol.negative(dif)) return false;
        }
      return true;
    }

    ///Check whether or not the last execution provides a barrier

    ///Check whether or not the last execution provides a barrier.
    ///\sa barrier()
    ///\sa barrierMap()
    bool checkBarrier() const
    {
      Value delta=0;
      Value inf_cap = std::numeric_limits<Value>::has_infinity ?
        std::numeric_limits<Value>::infinity() :
        std::numeric_limits<Value>::max();
      for(NodeIt n(_g);n!=INVALID;++n)
        if(barrier(n))
          delta-=(*_supply)[n];
      for(ArcIt e(_g);e!=INVALID;++e)
        {
          Node s=_g.source(e);
          Node t=_g.target(e);
          if(barrier(s)&&!barrier(t)) {
            if (_tol.less(inf_cap - (*_up)[e], delta)) return false;
            delta+=(*_up)[e];
          }
          else if(barrier(t)&&!barrier(s)) delta-=(*_lo)[e];
        }
      return _tol.negative(delta);
    }

    /// @}

  };

}

#endif







lemon/clp.h

/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2010
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_CLP_H
#define LEMON_CLP_H

///\file
///\brief Header of the LEMON-CLP lp solver interface.

#include <vector>
#include <string>

#include <lemon/lp_base.h>

class ClpSimplex;

namespace lemon {

  /// \ingroup lp_group
  ///
  /// \brief Interface for the CLP solver
  ///
  /// This class implements an interface for the Clp LP solver.  The
  /// Clp library is an object oriented lp solver library developed at
  /// the IBM. The CLP is part of the COIN-OR package and it can be
  /// used with Common Public License.
  class ClpLp : public LpSolver {
  protected:

    ClpSimplex* _prob;

    std::map<std::string, int> _col_names_ref;
    std::map<std::string, int> _row_names_ref;

  public:

    /// \e
    ClpLp();
    /// \e
    ClpLp(const ClpLp&);
    /// \e
    ~ClpLp();

    /// \e
    virtual ClpLp* newSolver() const;
    /// \e
    virtual ClpLp* cloneSolver() const;

  protected:

    mutable double* _primal_ray;
    mutable double* _dual_ray;

    void _init_temporals();
    void _clear_temporals();

  protected:

    virtual const char* _solverName() const;

    virtual int _addCol();
    virtual int _addRow();
    virtual int _addRow(Value l, ExprIterator b, ExprIterator e, Value u);

    virtual void _eraseCol(int i);
    virtual void _eraseRow(int i);

    virtual void _eraseColId(int i);
    virtual void _eraseRowId(int i);

    virtual void _getColName(int col, std::string& name) const;
    virtual void _setColName(int col, const std::string& name);
    virtual int _colByName(const std::string& name) const;

    virtual void _getRowName(int row, std::string& name) const;
    virtual void _setRowName(int row, const std::string& name);
    virtual int _rowByName(const std::string& name) const;

    virtual void _setRowCoeffs(int i, ExprIterator b, ExprIterator e);
    virtual void _getRowCoeffs(int i, InsertIterator b) const;

    virtual void _setColCoeffs(int i, ExprIterator b, ExprIterator e);
    virtual void _getColCoeffs(int i, InsertIterator b) const;

    virtual void _setCoeff(int row, int col, Value value);
    virtual Value _getCoeff(int row, int col) const;

    virtual void _setColLowerBound(int i, Value value);
    virtual Value _getColLowerBound(int i) const;
    virtual void _setColUpperBound(int i, Value value);
    virtual Value _getColUpperBound(int i) const;

    virtual void _setRowLowerBound(int i, Value value);
    virtual Value _getRowLowerBound(int i) const;
    virtual void _setRowUpperBound(int i, Value value);
    virtual Value _getRowUpperBound(int i) const;

    virtual void _setObjCoeffs(ExprIterator, ExprIterator);
    virtual void _getObjCoeffs(InsertIterator) const;

    virtual void _setObjCoeff(int i, Value obj_coef);
    virtual Value _getObjCoeff(int i) const;

    virtual void _setSense(Sense sense);
    virtual Sense _getSense() const;

    virtual SolveExitStatus _solve();

    virtual Value _getPrimal(int i) const;
    virtual Value _getDual(int i) const;

    virtual Value _getPrimalValue() const;

    virtual Value _getPrimalRay(int i) const;
    virtual Value _getDualRay(int i) const;

    virtual VarStatus _getColStatus(int i) const;
    virtual VarStatus _getRowStatus(int i) const;

    virtual ProblemType _getPrimalType() const;
    virtual ProblemType _getDualType() const;

    virtual void _clear();

    virtual void _messageLevel(MessageLevel);

  public:

    ///Solves LP with primal simplex method.
    SolveExitStatus solvePrimal();

    ///Solves LP with dual simplex method.
    SolveExitStatus solveDual();

    ///Solves LP with barrier method.
    SolveExitStatus solveBarrier();

    ///Returns the constraint identifier understood by CLP.
    int clpRow(Row r) const { return rows(id(r)); }

    ///Returns the variable identifier understood by CLP.
    int clpCol(Col c) const { return cols(id(c)); }

  };

} //END OF NAMESPACE LEMON

#endif //LEMON_CLP_H








lemon/color.h

/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2009
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_COLOR_H
#define LEMON_COLOR_H

#include<vector>
#include<lemon/math.h>
#include<lemon/maps.h>


///\ingroup misc
///\file
///\brief Tools to manage RGB colors.

namespace lemon {


  /// \addtogroup misc
  /// @{

  ///Data structure representing RGB colors.

  ///Data structure representing RGB colors.
  class Color
  {
    double _r,_g,_b;
  public:
    ///Default constructor
    Color() {}
    ///Constructor
    Color(double r,double g,double b) :_r(r),_g(g),_b(b) {};
    ///Set the red component
    double & red() {return _r;}
    ///Return the red component
    const double & red() const {return _r;}
    ///Set the green component
    double & green() {return _g;}
    ///Return the green component
    const double & green() const {return _g;}
    ///Set the blue component
    double & blue() {return _b;}
    ///Return the blue component
    const double & blue() const {return _b;}
    ///Set the color components
    void set(double r,double g,double b) { _r=r;_g=g;_b=b; };
  };

  /// White color constant
  extern const Color WHITE;
  /// Black color constant
  extern const Color BLACK;
  /// Red color constant
  extern const Color RED;
  /// Green color constant
  extern const Color GREEN;
  /// Blue color constant
  extern const Color BLUE;
  /// Yellow color constant
  extern const Color YELLOW;
  /// Magenta color constant
  extern const Color MAGENTA;
  /// Cyan color constant
  extern const Color CYAN;
  /// Grey color constant
  extern const Color GREY;
  /// Dark red color constant
  extern const Color DARK_RED;
  /// Dark green color constant
  extern const Color DARK_GREEN;
  /// Drak blue color constant
  extern const Color DARK_BLUE;
  /// Dark yellow color constant
  extern const Color DARK_YELLOW;
  /// Dark magenta color constant
  extern const Color DARK_MAGENTA;
  /// Dark cyan color constant
  extern const Color DARK_CYAN;

  ///Map <tt>int</tt>s to different <tt>Color</tt>s

  ///This map assigns one of the predefined \ref Color "Color"s to
  ///each <tt>int</tt>. It is possible to change the colors as well as
  ///their number. The integer range is cyclically mapped to the
  ///provided set of colors.
  ///
  ///This is a true \ref concepts::ReferenceMap "reference map", so
  ///you can also change the actual colors.

  class Palette : public MapBase<int,Color>
  {
    std::vector<Color> colors;
  public:
    ///Constructor

    ///Constructor.
    ///\param have_white Indicates whether white is among the
    ///provided initial colors (\c true) or not (\c false). If it is true,
    ///white will be assigned to \c 0.
    ///\param num The number of the allocated colors. If it is \c -1,
    ///the default color configuration is set up (26 color plus optionaly the
    ///white).  If \c num is less then 26/27 then the default color
    ///list is cut. Otherwise the color list is filled repeatedly with
    ///the default color list.  (The colors can be changed later on.)
    Palette(bool have_white=false,int num=-1)
    {
      if (num==0) return;
      do {
        if(have_white) colors.push_back(Color(1,1,1));

        colors.push_back(Color(0,0,0));
        colors.push_back(Color(1,0,0));
        colors.push_back(Color(0,1,0));
        colors.push_back(Color(0,0,1));
        colors.push_back(Color(1,1,0));
        colors.push_back(Color(1,0,1));
        colors.push_back(Color(0,1,1));

        colors.push_back(Color(.5,0,0));
        colors.push_back(Color(0,.5,0));
        colors.push_back(Color(0,0,.5));
        colors.push_back(Color(.5,.5,0));
        colors.push_back(Color(.5,0,.5));
        colors.push_back(Color(0,.5,.5));

        colors.push_back(Color(.5,.5,.5));
        colors.push_back(Color(1,.5,.5));
        colors.push_back(Color(.5,1,.5));
        colors.push_back(Color(.5,.5,1));
        colors.push_back(Color(1,1,.5));
        colors.push_back(Color(1,.5,1));
        colors.push_back(Color(.5,1,1));

        colors.push_back(Color(1,.5,0));
        colors.push_back(Color(.5,1,0));
        colors.push_back(Color(1,0,.5));
        colors.push_back(Color(0,1,.5));
        colors.push_back(Color(0,.5,1));
        colors.push_back(Color(.5,0,1));
      } while(int(colors.size())<num);
      if(num>=0) colors.resize(num);
    }
    ///\e
    Color &operator[](int i)
    {
      return colors[i%colors.size()];
    }
    ///\e
    const Color &operator[](int i) const
    {
      return colors[i%colors.size()];
    }
    ///\e
    void set(int i,const Color &c)
    {
      colors[i%colors.size()]=c;
    }
    ///Adds a new color to the end of the color list.
    void add(const Color &c)
    {
      colors.push_back(c);
    }

    ///Sets the number of the existing colors.
    void resize(int s) { colors.resize(s);}
    ///Returns the number of the existing colors.
    int size() const { return int(colors.size());}
  };

  ///Returns a visibly distinct \ref Color

  ///Returns a \ref Color which is as different from the given parameter
  ///as it is possible.
  inline Color distantColor(const Color &c)
  {
    return Color(c.red()<.5?1:0,c.green()<.5?1:0,c.blue()<.5?1:0);
  }
  ///Returns black for light colors and white for the dark ones.

  ///Returns black for light colors and white for the dark ones.
  inline Color distantBW(const Color &c){
    return (.2125*c.red()+.7154*c.green()+.0721*c.blue())<.5 ? WHITE : BLACK;
  }

  /// @}

} //END OF NAMESPACE LEMON

#endif // LEMON_COLOR_H







lemon/concept_check.h

/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2009
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

// The contents of this file was inspired by the concept checking
// utility of the BOOST library (http://www.boost.org).

///\file
///\brief Basic utilities for concept checking.
///

#ifndef LEMON_CONCEPT_CHECK_H
#define LEMON_CONCEPT_CHECK_H

namespace lemon {

  /*
    "inline" is used for ignore_unused_variable_warning()
    and function_requires() to make sure there is no
    overtarget with g++.
  */

  template <class T> inline void ignore_unused_variable_warning(const T&) { }

  ///\e
  template <class Concept>
  inline void function_requires()
  {
#if !defined(NDEBUG)
    void (Concept::*x)() = & Concept::constraints;
    ignore_unused_variable_warning(x);
#endif
  }

  ///\e
  template <typename Concept, typename Type>
  inline void checkConcept() {
#if !defined(NDEBUG)
    typedef typename Concept::template Constraints<Type> ConceptCheck;
    void (ConceptCheck::*x)() = & ConceptCheck::constraints;
    ignore_unused_variable_warning(x);
#endif
  }

} // namespace lemon

#endif // LEMON_CONCEPT_CHECK_H







lemon/config.h

/* The version string */
#define LEMON_VERSION "1.2.3"

/* Define to 1 if you have long long */
#define LEMON_HAVE_LONG_LONG 1

/* Define to 1 if you have any LP solver. */
#undef LEMON_HAVE_LP

/* Define to 1 if you have any MIP solver. */
#undef LEMON_HAVE_MIP

/* Define to 1 if you have CPLEX. */
#undef LEMON_HAVE_CPLEX

/* Define to 1 if you have GLPK. */
#undef LEMON_HAVE_GLPK

/* Define to 1 if you have SOPLEX */
#undef LEMON_HAVE_SOPLEX

/* Define to 1 if you have CLP */
#undef LEMON_HAVE_CLP

/* Define to 1 if you have CBC */
#undef LEMON_HAVE_CBC







connectedbracepfaffian.h

//Implementation of the Robertson-Seymour-Thomas Pfaffian algorithm

//Copyright (C) 2013 B. Szalkai



//This program is free software: you can redistribute it and/or modify

//it under the terms of the GNU Lesser General Public License as published by

//the Free Software Foundation, either version 3 of the License, or

//(at your option) any later version.



//This program is distributed in the hope that it will be useful,

//but WITHOUT ANY WARRANTY; without even the implied warranty of

//MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the

//GNU Lesser General Public License for more details.



//You should have received a copy of the GNU Lesser General Public License

//along with this program.  If not, see <http://www.gnu.org/licenses/>.



#ifndef BRACEPFAFFIAN_H

#define BRACEPFAFFIAN_H



#include <heawood.h>

#include <iostream>

#include <lemon/adaptors.h>

#include <lemon/connectivity.h>

#include <lemon/planarity.h>

#include <set>

#include <trisectors.h>



//#define VERBOSE



using namespace lemon;



// Decides whether a given brace is Pfaffian

template <class G>

class ConnectedBracePfaffian

{

    private: typedef typename G::Node Node;

    private: typedef typename G::Edge Edge;

    private: typedef typename G::NodeIt NodeIt;

    private: typedef typename G::EdgeIt EdgeIt;

    private: typedef typename G::IncEdgeIt IncEdgeIt;

    private: typedef typename G::template NodeMap<bool> NodeSet;

    private: typedef typename G::template EdgeMap<bool> EdgeSet;

    private: typedef typename G::template NodeMap<int> NodeMapInt;



    // Values for .result

    public: enum

    {

        // Graph is Pfaffian

        PFAFFIAN,

        // Why the graph is not Pfaffian

        TOO_MANY_EDGES,

        TOO_MANY_TRISECTORS,

        NO_TRISECTORS, // no trisectors, not planar and not Heawood

        OTHER_REASON

    };

    public: int result;



    private: G &g;

    private: NodeSet &bipartition;

    private: std::vector<Node> nodes;

    private: Trisectors<G> *trisectors;



    private: inline bool tooManyEdges(int n, int m)

    {

        return n >= 3 && m > 2*n - 4;

    }



    private: void moveTrisectorToBeginning(Trisector<G> &trisector, int nodeStart, int nodeEnd)

    {

        int count = 0;

        for (int i = nodeStart; i <= nodeEnd; i++)

        {

            if (trisector.contains(nodes[i]))

            {

                if (i != nodeStart+count) std::swap(nodes[nodeStart+count], nodes[i]);

                count++;

                if (count == 4) break;

            }

        }

    }



    private: class RecursivePfaffianNodeCompare

    {

        private: NodeMapInt &compMap;



        public: RecursivePfaffianNodeCompare(NodeMapInt &_compMap)

            : compMap(_compMap) {}



        public: bool operator()(const Node& a, const Node& b)

        {

            return compMap[a] < compMap[b];

        }

    };



    protected: static int maxIndex(const NodeMapInt &m, const Trisector<G>& trisector)

    {

        int result = -1;

        for (int i = 0; i < 4; i++) result = std::max(result, m[trisector.nodes[i]]);

        return result;

    }



    private: class RecursivePfaffianTrisectorCompare

    {

        private: NodeMapInt &compMap;



        public: RecursivePfaffianTrisectorCompare(NodeMapInt &_compMap)

            : compMap(_compMap) {}



        public: bool operator()(const Trisector<G>& a, const Trisector<G>& b)

        {

            return maxIndex(compMap, a) < maxIndex(compMap, b);

        }

    };



    // Runs the Pfaffianness algorithm recursively for a spanned subgraph

    // The subgraph is defined by a node interval [nodeStart..nodeEnd]

    // The trisectors of the subgraph are given as parameters (an interval [triStart..triEnd] in this.trisectors)

    // The generator trisector of the subgraph is also given

    private: int recursivePfaffian(int nodeStart, int nodeEnd, int triStart, int triEnd, Trisector<G> *generatorTrisector)

    {

        int n = nodeEnd-nodeStart+1;



        #ifdef VERBOSE

        std::cout << "Starting recursion for spanned subgraph: ";

        for (int i = nodeStart; i <= nodeEnd; i++) std::cout << getid(nodes[i]) << " ";

        std::cout << std::endl;

        #endif



        if (n <= 4) return PFAFFIAN;



        #ifdef VERBOSE

        std::cout << "Trisectors:" << std::endl;

        for (int i = triStart; i <= triEnd; i++) trisectors->items[i].dump();

        #endif



        // Too many trisectors?

        int nTrisectors = triEnd - triStart + 1;

        if (nTrisectors > n - 5)

        {

            #ifdef VERBOSE

            std::cout << "Too many trisectors, not Pfaffian" << std::endl;

            #endif

            return TOO_MANY_TRISECTORS;

        }



        // Create subgraph

        NodeSet subgraphNodes(g, false);

        EdgeSet subgraphEdges(g, true);

        for (int i = nodeStart; i <= nodeEnd; i++) subgraphNodes[nodes[i]] = true;

        SubGraph<G> subgraph(g, subgraphNodes, subgraphEdges);



        // Too many edges?

        int m = countEdges(subgraph);

        if (tooManyEdges(n, m)) return TOO_MANY_EDGES;

        #ifdef VERBOSE

        std::cout << "Edges in subgraph: " << m << std::endl;

        #endif



        // Heawoodness does not have to be tested here



        // Planar graph --> Pfaffian

        if (checkPlanarity(subgraph))

        {

            #ifdef VERBOSE

            std::cout << "Subgraph is planar --> pfaffian" << std::endl;

            #endif

            return PFAFFIAN;

        }

        else

        {

            #ifdef VERBOSE

            std::cout << "Subgraph is not planar, continuing" << std::endl;

            #endif

        }



        // No trisectors, and not planar?

        if (triEnd < triStart) return NO_TRISECTORS;



        // Choose a random trisector to recurse

        int triIndex = rand() % (triEnd - triStart + 1) + triStart;

        if (triIndex != triStart) std::swap(trisectors->items[triStart], trisectors->items[triIndex]);

        Trisector<G> &trisector = trisectors->items[triStart];

        #ifdef VERBOSE

        std::cout << "Choosing trisector for recursion: ";

        trisector.dump();

        #endif



        // Get the three (or more) components defined by the trisector

        for (int i = 0; i < 4; i++) subgraph.disable(trisector.nodes[i]);

        NodeMapInt compMap(g);

        int nComps = connectedComponents(g, compMap);

        #ifdef VERBOSE

        std::cout << "Number of components generated by the trisector: " << nComps << std::endl;

        if (nComps < 3) std::cerr << "Error: trisector is not a trisector" << std::endl;

        #endif

        // The trisector itself is considered as the very first component

        for (int i = 0; i < 4; i++) compMap[trisector.nodes[i]] = -1;



        #ifdef VERBOSE

        std::cout << "Bipartition of the trisector: ";

        for (int i = 0; i < 4; i++) if (bipartition[trisector.nodes[i]]) std::cout << getid(trisector.nodes[i]) << " ";

        std::cout << "<--> ";

        for (int i = 0; i < 4; i++) if (!bipartition[trisector.nodes[i]]) std::cout << getid(trisector.nodes[i]) << " ";

        std::cout << std::endl;

        #endif



        // Insert edges to complete the trisector into a circle

        std::set<Edge> extraEdges;

        for (int i = 0; i < 4; i++)

        {

            Node &n1 = trisector.nodes[i];

            for (int j = i+1; j < 4; j++)

            {

                Node &n2 = trisector.nodes[j];

                if (bipartition[n2] != bipartition[n1])

                    extraEdges.insert(g.addEdge(n1, n2));

            }

        }



        // Sort the nodes and trisectors by component ID

        std::sort(nodes.begin() + nodeStart, nodes.begin() + nodeEnd + 1, RecursivePfaffianNodeCompare(compMap));

        std::sort(trisectors->items.begin() + triStart + 1,

            trisectors->items.begin() + triEnd + 1, RecursivePfaffianTrisectorCompare(compMap));



        // Check the three components for Pfaffianness

        #ifdef VERBOSE

        std::cout << "Performing recursion on the three components" << std::endl;

        #endif

        int result;

        int nodeStart2 = nodeStart + 4;

        int triStart2 = triStart + 1; // first trisector does not belong to any subgraph

        for (int compMin = 0; compMin < 3; compMin++)

        {

            int compMax = (compMin < 2 ? compMin : n);

            // get node substring

            int nodeEnd2 = nodeStart2;

            while (nodeEnd2 <= nodeEnd && compMap[nodes[nodeEnd2]] <= compMax) nodeEnd2++;

            // get trisector substring

            int triEnd2 = triStart2;

            while (triEnd2 <= triEnd && maxIndex(compMap, trisectors->items[triEnd2]) <= compMax) triEnd2++;



            // recurse

            result = recursivePfaffian(nodeStart2 - 4, nodeEnd2-1, triStart2, triEnd2-1, &trisector);

            if (result != PFAFFIAN)

            {

                result = OTHER_REASON;

                break;

            }



            // rearrange nodes because of the trisector

            for (int i = nodeStart2; i < nodeEnd2; i++) nodes[i-4] = nodes[i];

            for (int i = 0; i < 4; i++) nodes[nodeEnd2-4+i] = trisector.nodes[i];



            // iterate

            nodeStart2 = nodeEnd2;

            triStart2 = triEnd2;

        } // for components



        // Restore the graph: delete the extra edges

        for (typename std::set<Edge>::iterator it = extraEdges.begin(); it != extraEdges.end(); ++it)

            g.erase(*it);



        // Restore the generator-trisector-at-the-beginning property

        if (generatorTrisector)

            moveTrisectorToBeginning(*generatorTrisector, nodeStart, nodeEnd);



        #ifdef VERBOSE

        std::cout << "End of recursion" << std::endl;

        #endif



        return result;

    }



    // Return value: PFAFFIAN --> the given brace is Pfaffian, otherwise the given brace is not Pfaffian

    // g: the input brace

    public: ConnectedBracePfaffian(G &_g, NodeSet &_bipartition)

        : g(_g), bipartition(_bipartition)

    {

        result = run();

    }



    private: int run()

    {

        // Too many edges?

        int n = countNodes(g);

        if (n <= 4) return PFAFFIAN;

        int m = countEdges(g);

        if (tooManyEdges(n, m)) return TOO_MANY_EDGES;



        // Test Heawoodness

        if (Heawood::query(g) == Heawood::HEAWOOD)

            return PFAFFIAN;



        // Find trisectors

        trisectors = new Trisectors<G>(g, bipartition, n-4);

        int nTrisectors = trisectors->items.size();

        #ifdef VERBOSE

        trisectors->dump();

        #endif



        // Collect nodes

        nodes.reserve(n);

        for (NodeIt node(g); node != INVALID; ++node) nodes.push_back(node);



        #ifdef VERBOSE

        std::cout << "Bipartition of the graph: ";

        for (int i = 0; i < n; i++) if (bipartition[nodes[i]]) std::cout << getid(nodes[i]) << " ";

        std::cout << "<--> ";

        for (int i = 0; i < n; i++) if (!bipartition[nodes[i]]) std::cout << getid(nodes[i]) << " ";

        std::cout << std::endl;

        #endif



        // Call recursive testing algorithm

        int r = recursivePfaffian(0, n-1, 0, nTrisectors-1, NULL);



        delete trisectors;

        nodes.clear();

        return r;

    }

};



#endif








lemon/connectivity.h

/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2010
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_CONNECTIVITY_H
#define LEMON_CONNECTIVITY_H

#include <lemon/dfs.h>
#include <lemon/bfs.h>
#include <lemon/core.h>
#include <lemon/maps.h>
#include <lemon/adaptors.h>

#include <lemon/concepts/digraph.h>
#include <lemon/concepts/graph.h>
#include <lemon/concept_check.h>

#include <stack>
#include <functional>

/// \ingroup graph_properties
/// \file
/// \brief Connectivity algorithms
///
/// Connectivity algorithms

namespace lemon {

  /// \ingroup graph_properties
  ///
  /// \brief Check whether an undirected graph is connected.
  ///
  /// This function checks whether the given undirected graph is connected,
  /// i.e. there is a path between any two nodes in the graph.
  ///
  /// \return \c true if the graph is connected.
  /// \note By definition, the empty graph is connected.
  ///
  /// \see countConnectedComponents(), connectedComponents()
  /// \see stronglyConnected()
  template <typename Graph>
  bool connected(const Graph& graph) {
    checkConcept<concepts::Graph, Graph>();
    typedef typename Graph::NodeIt NodeIt;
    if (NodeIt(graph) == INVALID) return true;
    Dfs<Graph> dfs(graph);
    dfs.run(NodeIt(graph));
    for (NodeIt it(graph); it != INVALID; ++it) {
      if (!dfs.reached(it)) {
        return false;
      }
    }
    return true;
  }

  /// \ingroup graph_properties
  ///
  /// \brief Count the number of connected components of an undirected graph
  ///
  /// This function counts the number of connected components of the given
  /// undirected graph.
  ///
  /// The connected components are the classes of an equivalence relation
  /// on the nodes of an undirected graph. Two nodes are in the same class
  /// if they are connected with a path.
  ///
  /// \return The number of connected components.
  /// \note By definition, the empty graph consists
  /// of zero connected components.
  ///
  /// \see connected(), connectedComponents()
  template <typename Graph>
  int countConnectedComponents(const Graph &graph) {
    checkConcept<concepts::Graph, Graph>();
    typedef typename Graph::Node Node;
    typedef typename Graph::Arc Arc;

    typedef NullMap<Node, Arc> PredMap;
    typedef NullMap<Node, int> DistMap;

    int compNum = 0;
    typename Bfs<Graph>::
      template SetPredMap<PredMap>::
      template SetDistMap<DistMap>::
      Create bfs(graph);

    PredMap predMap;
    bfs.predMap(predMap);

    DistMap distMap;
    bfs.distMap(distMap);

    bfs.init();
    for(typename Graph::NodeIt n(graph); n != INVALID; ++n) {
      if (!bfs.reached(n)) {
        bfs.addSource(n);
        bfs.start();
        ++compNum;
      }
    }
    return compNum;
  }

  /// \ingroup graph_properties
  ///
  /// \brief Find the connected components of an undirected graph
  ///
  /// This function finds the connected components of the given undirected
  /// graph.
  ///
  /// The connected components are the classes of an equivalence relation
  /// on the nodes of an undirected graph. Two nodes are in the same class
  /// if they are connected with a path.
  ///
  /// \image html connected_components.png
  /// \image latex connected_components.eps "Connected components" width=\textwidth
  ///
  /// \param graph The undirected graph.
  /// \retval compMap A writable node map. The values will be set from 0 to
  /// the number of the connected components minus one. Each value of the map
  /// will be set exactly once, and the values of a certain component will be
  /// set continuously.
  /// \return The number of connected components.
  /// \note By definition, the empty graph consists
  /// of zero connected components.
  ///
  /// \see connected(), countConnectedComponents()
  template <class Graph, class NodeMap>
  int connectedComponents(const Graph &graph, NodeMap &compMap) {
    checkConcept<concepts::Graph, Graph>();
    typedef typename Graph::Node Node;
    typedef typename Graph::Arc Arc;
    checkConcept<concepts::WriteMap<Node, int>, NodeMap>();

    typedef NullMap<Node, Arc> PredMap;
    typedef NullMap<Node, int> DistMap;

    int compNum = 0;
    typename Bfs<Graph>::
      template SetPredMap<PredMap>::
      template SetDistMap<DistMap>::
      Create bfs(graph);

    PredMap predMap;
    bfs.predMap(predMap);

    DistMap distMap;
    bfs.distMap(distMap);

    bfs.init();
    for(typename Graph::NodeIt n(graph); n != INVALID; ++n) {
      if(!bfs.reached(n)) {
        bfs.addSource(n);
        while (!bfs.emptyQueue()) {
          compMap.set(bfs.nextNode(), compNum);
          bfs.processNextNode();
        }
        ++compNum;
      }
    }
    return compNum;
  }

  namespace _connectivity_bits {

    template <typename Digraph, typename Iterator >
    struct LeaveOrderVisitor : public DfsVisitor<Digraph> {
    public:
      typedef typename Digraph::Node Node;
      LeaveOrderVisitor(Iterator it) : _it(it) {}

      void leave(const Node& node) {
        *(_it++) = node;
      }

    private:
      Iterator _it;
    };

    template <typename Digraph, typename Map>
    struct FillMapVisitor : public DfsVisitor<Digraph> {
    public:
      typedef typename Digraph::Node Node;
      typedef typename Map::Value Value;

      FillMapVisitor(Map& map, Value& value)
        : _map(map), _value(value) {}

      void reach(const Node& node) {
        _map.set(node, _value);
      }
    private:
      Map& _map;
      Value& _value;
    };

    template <typename Digraph, typename ArcMap>
    struct StronglyConnectedCutArcsVisitor : public DfsVisitor<Digraph> {
    public:
      typedef typename Digraph::Node Node;
      typedef typename Digraph::Arc Arc;

      StronglyConnectedCutArcsVisitor(const Digraph& digraph,
                                      ArcMap& cutMap,
                                      int& cutNum)
        : _digraph(digraph), _cutMap(cutMap), _cutNum(cutNum),
          _compMap(digraph, -1), _num(-1) {
      }

      void start(const Node&) {
        ++_num;
      }

      void reach(const Node& node) {
        _compMap.set(node, _num);
      }

      void examine(const Arc& arc) {
         if (_compMap[_digraph.source(arc)] !=
             _compMap[_digraph.target(arc)]) {
           _cutMap.set(arc, true);
           ++_cutNum;
         }
      }
    private:
      const Digraph& _digraph;
      ArcMap& _cutMap;
      int& _cutNum;

      typename Digraph::template NodeMap<int> _compMap;
      int _num;
    };

  }


  /// \ingroup graph_properties
  ///
  /// \brief Check whether a directed graph is strongly connected.
  ///
  /// This function checks whether the given directed graph is strongly
  /// connected, i.e. any two nodes of the digraph are
  /// connected with directed paths in both direction.
  ///
  /// \return \c true if the digraph is strongly connected.
  /// \note By definition, the empty digraph is strongly connected.
  ///
  /// \see countStronglyConnectedComponents(), stronglyConnectedComponents()
  /// \see connected()
  template <typename Digraph>
  bool stronglyConnected(const Digraph& digraph) {
    checkConcept<concepts::Digraph, Digraph>();

    typedef typename Digraph::Node Node;
    typedef typename Digraph::NodeIt NodeIt;

    typename Digraph::Node source = NodeIt(digraph);
    if (source == INVALID) return true;

    using namespace _connectivity_bits;

    typedef DfsVisitor<Digraph> Visitor;
    Visitor visitor;

    DfsVisit<Digraph, Visitor> dfs(digraph, visitor);
    dfs.init();
    dfs.addSource(source);
    dfs.start();

    for (NodeIt it(digraph); it != INVALID; ++it) {
      if (!dfs.reached(it)) {
        return false;
      }
    }

    typedef ReverseDigraph<const Digraph> RDigraph;
    typedef typename RDigraph::NodeIt RNodeIt;
    RDigraph rdigraph(digraph);

    typedef DfsVisitor<RDigraph> RVisitor;
    RVisitor rvisitor;

    DfsVisit<RDigraph, RVisitor> rdfs(rdigraph, rvisitor);
    rdfs.init();
    rdfs.addSource(source);
    rdfs.start();

    for (RNodeIt it(rdigraph); it != INVALID; ++it) {
      if (!rdfs.reached(it)) {
        return false;
      }
    }

    return true;
  }

  /// \ingroup graph_properties
  ///
  /// \brief Count the number of strongly connected components of a
  /// directed graph
  ///
  /// This function counts the number of strongly connected components of
  /// the given directed graph.
  ///
  /// The strongly connected components are the classes of an
  /// equivalence relation on the nodes of a digraph. Two nodes are in
  /// the same class if they are connected with directed paths in both
  /// direction.
  ///
  /// \return The number of strongly connected components.
  /// \note By definition, the empty digraph has zero
  /// strongly connected components.
  ///
  /// \see stronglyConnected(), stronglyConnectedComponents()
  template <typename Digraph>
  int countStronglyConnectedComponents(const Digraph& digraph) {
    checkConcept<concepts::Digraph, Digraph>();

    using namespace _connectivity_bits;

    typedef typename Digraph::Node Node;
    typedef typename Digraph::Arc Arc;
    typedef typename Digraph::NodeIt NodeIt;
    typedef typename Digraph::ArcIt ArcIt;

    typedef std::vector<Node> Container;
    typedef typename Container::iterator Iterator;

    Container nodes(countNodes(digraph));
    typedef LeaveOrderVisitor<Digraph, Iterator> Visitor;
    Visitor visitor(nodes.begin());

    DfsVisit<Digraph, Visitor> dfs(digraph, visitor);
    dfs.init();
    for (NodeIt it(digraph); it != INVALID; ++it) {
      if (!dfs.reached(it)) {
        dfs.addSource(it);
        dfs.start();
      }
    }

    typedef typename Container::reverse_iterator RIterator;
    typedef ReverseDigraph<const Digraph> RDigraph;

    RDigraph rdigraph(digraph);

    typedef DfsVisitor<Digraph> RVisitor;
    RVisitor rvisitor;

    DfsVisit<RDigraph, RVisitor> rdfs(rdigraph, rvisitor);

    int compNum = 0;

    rdfs.init();
    for (RIterator it = nodes.rbegin(); it != nodes.rend(); ++it) {
      if (!rdfs.reached(*it)) {
        rdfs.addSource(*it);
        rdfs.start();
        ++compNum;
      }
    }
    return compNum;
  }

  /// \ingroup graph_properties
  ///
  /// \brief Find the strongly connected components of a directed graph
  ///
  /// This function finds the strongly connected components of the given
  /// directed graph. In addition, the numbering of the components will
  /// satisfy that there is no arc going from a higher numbered component
  /// to a lower one (i.e. it provides a topological order of the components).
  ///
  /// The strongly connected components are the classes of an
  /// equivalence relation on the nodes of a digraph. Two nodes are in
  /// the same class if they are connected with directed paths in both
  /// direction.
  ///
  /// \image html strongly_connected_components.png
  /// \image latex strongly_connected_components.eps "Strongly connected components" width=\textwidth
  ///
  /// \param digraph The digraph.
  /// \retval compMap A writable node map. The values will be set from 0 to
  /// the number of the strongly connected components minus one. Each value
  /// of the map will be set exactly once, and the values of a certain
  /// component will be set continuously.
  /// \return The number of strongly connected components.
  /// \note By definition, the empty digraph has zero
  /// strongly connected components.
  ///
  /// \see stronglyConnected(), countStronglyConnectedComponents()
  template <typename Digraph, typename NodeMap>
  int stronglyConnectedComponents(const Digraph& digraph, NodeMap& compMap) {
    checkConcept<concepts::Digraph, Digraph>();
    typedef typename Digraph::Node Node;
    typedef typename Digraph::NodeIt NodeIt;
    checkConcept<concepts::WriteMap<Node, int>, NodeMap>();

    using namespace _connectivity_bits;

    typedef std::vector<Node> Container;
    typedef typename Container::iterator Iterator;

    Container nodes(countNodes(digraph));
    typedef LeaveOrderVisitor<Digraph, Iterator> Visitor;
    Visitor visitor(nodes.begin());

    DfsVisit<Digraph, Visitor> dfs(digraph, visitor);
    dfs.init();
    for (NodeIt it(digraph); it != INVALID; ++it) {
      if (!dfs.reached(it)) {
        dfs.addSource(it);
        dfs.start();
      }
    }

    typedef typename Container::reverse_iterator RIterator;
    typedef ReverseDigraph<const Digraph> RDigraph;

    RDigraph rdigraph(digraph);

    int compNum = 0;

    typedef FillMapVisitor<RDigraph, NodeMap> RVisitor;
    RVisitor rvisitor(compMap, compNum);

    DfsVisit<RDigraph, RVisitor> rdfs(rdigraph, rvisitor);

    rdfs.init();
    for (RIterator it = nodes.rbegin(); it != nodes.rend(); ++it) {
      if (!rdfs.reached(*it)) {
        rdfs.addSource(*it);
        rdfs.start();
        ++compNum;
      }
    }
    return compNum;
  }

  /// \ingroup graph_properties
  ///
  /// \brief Find the cut arcs of the strongly connected components.
  ///
  /// This function finds the cut arcs of the strongly connected components
  /// of the given digraph.
  ///
  /// The strongly connected components are the classes of an
  /// equivalence relation on the nodes of a digraph. Two nodes are in
  /// the same class if they are connected with directed paths in both
  /// direction.
  /// The strongly connected components are separated by the cut arcs.
  ///
  /// \param digraph The digraph.
  /// \retval cutMap A writable arc map. The values will be set to \c true
  /// for the cut arcs (exactly once for each cut arc), and will not be
  /// changed for other arcs.
  /// \return The number of cut arcs.
  ///
  /// \see stronglyConnected(), stronglyConnectedComponents()
  template <typename Digraph, typename ArcMap>
  int stronglyConnectedCutArcs(const Digraph& digraph, ArcMap& cutMap) {
    checkConcept<concepts::Digraph, Digraph>();
    typedef typename Digraph::Node Node;
    typedef typename Digraph::Arc Arc;
    typedef typename Digraph::NodeIt NodeIt;
    checkConcept<concepts::WriteMap<Arc, bool>, ArcMap>();

    using namespace _connectivity_bits;

    typedef std::vector<Node> Container;
    typedef typename Container::iterator Iterator;

    Container nodes(countNodes(digraph));
    typedef LeaveOrderVisitor<Digraph, Iterator> Visitor;
    Visitor visitor(nodes.begin());

    DfsVisit<Digraph, Visitor> dfs(digraph, visitor);
    dfs.init();
    for (NodeIt it(digraph); it != INVALID; ++it) {
      if (!dfs.reached(it)) {
        dfs.addSource(it);
        dfs.start();
      }
    }

    typedef typename Container::reverse_iterator RIterator;
    typedef ReverseDigraph<const Digraph> RDigraph;

    RDigraph rdigraph(digraph);

    int cutNum = 0;

    typedef StronglyConnectedCutArcsVisitor<RDigraph, ArcMap> RVisitor;
    RVisitor rvisitor(rdigraph, cutMap, cutNum);

    DfsVisit<RDigraph, RVisitor> rdfs(rdigraph, rvisitor);

    rdfs.init();
    for (RIterator it = nodes.rbegin(); it != nodes.rend(); ++it) {
      if (!rdfs.reached(*it)) {
        rdfs.addSource(*it);
        rdfs.start();
      }
    }
    return cutNum;
  }

  namespace _connectivity_bits {

    template <typename Digraph>
    class CountBiNodeConnectedComponentsVisitor : public DfsVisitor<Digraph> {
    public:
      typedef typename Digraph::Node Node;
      typedef typename Digraph::Arc Arc;
      typedef typename Digraph::Edge Edge;

      CountBiNodeConnectedComponentsVisitor(const Digraph& graph, int &compNum)
        : _graph(graph), _compNum(compNum),
          _numMap(graph), _retMap(graph), _predMap(graph), _num(0) {}

      void start(const Node& node) {
        _predMap.set(node, INVALID);
      }

      void reach(const Node& node) {
        _numMap.set(node, _num);
        _retMap.set(node, _num);
        ++_num;
      }

      void discover(const Arc& edge) {
        _predMap.set(_graph.target(edge), _graph.source(edge));
      }

      void examine(const Arc& edge) {
        if (_graph.source(edge) == _graph.target(edge) &&
            _graph.direction(edge)) {
          ++_compNum;
          return;
        }
        if (_predMap[_graph.source(edge)] == _graph.target(edge)) {
          return;
        }
        if (_retMap[_graph.source(edge)] > _numMap[_graph.target(edge)]) {
          _retMap.set(_graph.source(edge), _numMap[_graph.target(edge)]);
        }
      }

      void backtrack(const Arc& edge) {
        if (_retMap[_graph.source(edge)] > _retMap[_graph.target(edge)]) {
          _retMap.set(_graph.source(edge), _retMap[_graph.target(edge)]);
        }
        if (_numMap[_graph.source(edge)] <= _retMap[_graph.target(edge)]) {
          ++_compNum;
        }
      }

    private:
      const Digraph& _graph;
      int& _compNum;

      typename Digraph::template NodeMap<int> _numMap;
      typename Digraph::template NodeMap<int> _retMap;
      typename Digraph::template NodeMap<Node> _predMap;
      int _num;
    };

    template <typename Digraph, typename ArcMap>
    class BiNodeConnectedComponentsVisitor : public DfsVisitor<Digraph> {
    public:
      typedef typename Digraph::Node Node;
      typedef typename Digraph::Arc Arc;
      typedef typename Digraph::Edge Edge;

      BiNodeConnectedComponentsVisitor(const Digraph& graph,
                                       ArcMap& compMap, int &compNum)
        : _graph(graph), _compMap(compMap), _compNum(compNum),
          _numMap(graph), _retMap(graph), _predMap(graph), _num(0) {}

      void start(const Node& node) {
        _predMap.set(node, INVALID);
      }

      void reach(const Node& node) {
        _numMap.set(node, _num);
        _retMap.set(node, _num);
        ++_num;
      }

      void discover(const Arc& edge) {
        Node target = _graph.target(edge);
        _predMap.set(target, edge);
        _edgeStack.push(edge);
      }

      void examine(const Arc& edge) {
        Node source = _graph.source(edge);
        Node target = _graph.target(edge);
        if (source == target && _graph.direction(edge)) {
          _compMap.set(edge, _compNum);
          ++_compNum;
          return;
        }
        if (_numMap[target] < _numMap[source]) {
          if (_predMap[source] != _graph.oppositeArc(edge)) {
            _edgeStack.push(edge);
          }
        }
        if (_predMap[source] != INVALID &&
            target == _graph.source(_predMap[source])) {
          return;
        }
        if (_retMap[source] > _numMap[target]) {
          _retMap.set(source, _numMap[target]);
        }
      }

      void backtrack(const Arc& edge) {
        Node source = _graph.source(edge);
        Node target = _graph.target(edge);
        if (_retMap[source] > _retMap[target]) {
          _retMap.set(source, _retMap[target]);
        }
        if (_numMap[source] <= _retMap[target]) {
          while (_edgeStack.top() != edge) {
            _compMap.set(_edgeStack.top(), _compNum);
            _edgeStack.pop();
          }
          _compMap.set(edge, _compNum);
          _edgeStack.pop();
          ++_compNum;
        }
      }

    private:
      const Digraph& _graph;
      ArcMap& _compMap;
      int& _compNum;

      typename Digraph::template NodeMap<int> _numMap;
      typename Digraph::template NodeMap<int> _retMap;
      typename Digraph::template NodeMap<Arc> _predMap;
      std::stack<Edge> _edgeStack;
      int _num;
    };


    template <typename Digraph, typename NodeMap>
    class BiNodeConnectedCutNodesVisitor : public DfsVisitor<Digraph> {
    public:
      typedef typename Digraph::Node Node;
      typedef typename Digraph::Arc Arc;
      typedef typename Digraph::Edge Edge;

      BiNodeConnectedCutNodesVisitor(const Digraph& graph, NodeMap& cutMap,
                                     int& cutNum)
        : _graph(graph), _cutMap(cutMap), _cutNum(cutNum),
          _numMap(graph), _retMap(graph), _predMap(graph), _num(0) {}

      void start(const Node& node) {
        _predMap.set(node, INVALID);
        rootCut = false;
      }

      void reach(const Node& node) {
        _numMap.set(node, _num);
        _retMap.set(node, _num);
        ++_num;
      }

      void discover(const Arc& edge) {
        _predMap.set(_graph.target(edge), _graph.source(edge));
      }

      void examine(const Arc& edge) {
        if (_graph.source(edge) == _graph.target(edge) &&
            _graph.direction(edge)) {
          if (!_cutMap[_graph.source(edge)]) {
            _cutMap.set(_graph.source(edge), true);
            ++_cutNum;
          }
          return;
        }
        if (_predMap[_graph.source(edge)] == _graph.target(edge)) return;
        if (_retMap[_graph.source(edge)] > _numMap[_graph.target(edge)]) {
          _retMap.set(_graph.source(edge), _numMap[_graph.target(edge)]);
        }
      }

      void backtrack(const Arc& edge) {
        if (_retMap[_graph.source(edge)] > _retMap[_graph.target(edge)]) {
          _retMap.set(_graph.source(edge), _retMap[_graph.target(edge)]);
        }
        if (_numMap[_graph.source(edge)] <= _retMap[_graph.target(edge)]) {
          if (_predMap[_graph.source(edge)] != INVALID) {
            if (!_cutMap[_graph.source(edge)]) {
              _cutMap.set(_graph.source(edge), true);
              ++_cutNum;
            }
          } else if (rootCut) {
            if (!_cutMap[_graph.source(edge)]) {
              _cutMap.set(_graph.source(edge), true);
              ++_cutNum;
            }
          } else {
            rootCut = true;
          }
        }
      }

    private:
      const Digraph& _graph;
      NodeMap& _cutMap;
      int& _cutNum;

      typename Digraph::template NodeMap<int> _numMap;
      typename Digraph::template NodeMap<int> _retMap;
      typename Digraph::template NodeMap<Node> _predMap;
      std::stack<Edge> _edgeStack;
      int _num;
      bool rootCut;
    };

  }

  template <typename Graph>
  int countBiNodeConnectedComponents(const Graph& graph);

  /// \ingroup graph_properties
  ///
  /// \brief Check whether an undirected graph is bi-node-connected.
  ///
  /// This function checks whether the given undirected graph is
  /// bi-node-connected, i.e. any two edges are on same circle.
  ///
  /// \return \c true if the graph bi-node-connected.
  /// \note By definition, the empty graph is bi-node-connected.
  ///
  /// \see countBiNodeConnectedComponents(), biNodeConnectedComponents()
  template <typename Graph>
  bool biNodeConnected(const Graph& graph) {
    return countBiNodeConnectedComponents(graph) <= 1;
  }

  /// \ingroup graph_properties
  ///
  /// \brief Count the number of bi-node-connected components of an
  /// undirected graph.
  ///
  /// This function counts the number of bi-node-connected components of
  /// the given undirected graph.
  ///
  /// The bi-node-connected components are the classes of an equivalence
  /// relation on the edges of a undirected graph. Two edges are in the
  /// same class if they are on same circle.
  ///
  /// \return The number of bi-node-connected components.
  ///
  /// \see biNodeConnected(), biNodeConnectedComponents()
  template <typename Graph>
  int countBiNodeConnectedComponents(const Graph& graph) {
    checkConcept<concepts::Graph, Graph>();
    typedef typename Graph::NodeIt NodeIt;

    using namespace _connectivity_bits;

    typedef CountBiNodeConnectedComponentsVisitor<Graph> Visitor;

    int compNum = 0;
    Visitor visitor(graph, compNum);

    DfsVisit<Graph, Visitor> dfs(graph, visitor);
    dfs.init();

    for (NodeIt it(graph); it != INVALID; ++it) {
      if (!dfs.reached(it)) {
        dfs.addSource(it);
        dfs.start();
      }
    }
    return compNum;
  }

  /// \ingroup graph_properties
  ///
  /// \brief Find the bi-node-connected components of an undirected graph.
  ///
  /// This function finds the bi-node-connected components of the given
  /// undirected graph.
  ///
  /// The bi-node-connected components are the classes of an equivalence
  /// relation on the edges of a undirected graph. Two edges are in the
  /// same class if they are on same circle.
  ///
  /// \image html node_biconnected_components.png
  /// \image latex node_biconnected_components.eps "bi-node-connected components" width=\textwidth
  ///
  /// \param graph The undirected graph.
  /// \retval compMap A writable edge map. The values will be set from 0
  /// to the number of the bi-node-connected components minus one. Each
  /// value of the map will be set exactly once, and the values of a
  /// certain component will be set continuously.
  /// \return The number of bi-node-connected components.
  ///
  /// \see biNodeConnected(), countBiNodeConnectedComponents()
  template <typename Graph, typename EdgeMap>
  int biNodeConnectedComponents(const Graph& graph,
                                EdgeMap& compMap) {
    checkConcept<concepts::Graph, Graph>();
    typedef typename Graph::NodeIt NodeIt;
    typedef typename Graph::Edge Edge;
    checkConcept<concepts::WriteMap<Edge, int>, EdgeMap>();

    using namespace _connectivity_bits;

    typedef BiNodeConnectedComponentsVisitor<Graph, EdgeMap> Visitor;

    int compNum = 0;
    Visitor visitor(graph, compMap, compNum);

    DfsVisit<Graph, Visitor> dfs(graph, visitor);
    dfs.init();

    for (NodeIt it(graph); it != INVALID; ++it) {
      if (!dfs.reached(it)) {
        dfs.addSource(it);
        dfs.start();
      }
    }
    return compNum;
  }

  /// \ingroup graph_properties
  ///
  /// \brief Find the bi-node-connected cut nodes in an undirected graph.
  ///
  /// This function finds the bi-node-connected cut nodes in the given
  /// undirected graph.
  ///
  /// The bi-node-connected components are the classes of an equivalence
  /// relation on the edges of a undirected graph. Two edges are in the
  /// same class if they are on same circle.
  /// The bi-node-connected components are separted by the cut nodes of
  /// the components.
  ///
  /// \param graph The undirected graph.
  /// \retval cutMap A writable node map. The values will be set to
  /// \c true for the nodes that separate two or more components
  /// (exactly once for each cut node), and will not be changed for
  /// other nodes.
  /// \return The number of the cut nodes.
  ///
  /// \see biNodeConnected(), biNodeConnectedComponents()
  template <typename Graph, typename NodeMap>
  int biNodeConnectedCutNodes(const Graph& graph, NodeMap& cutMap) {
    checkConcept<concepts::Graph, Graph>();
    typedef typename Graph::Node Node;
    typedef typename Graph::NodeIt NodeIt;
    checkConcept<concepts::WriteMap<Node, bool>, NodeMap>();

    using namespace _connectivity_bits;

    typedef BiNodeConnectedCutNodesVisitor<Graph, NodeMap> Visitor;

    int cutNum = 0;
    Visitor visitor(graph, cutMap, cutNum);

    DfsVisit<Graph, Visitor> dfs(graph, visitor);
    dfs.init();

    for (NodeIt it(graph); it != INVALID; ++it) {
      if (!dfs.reached(it)) {
        dfs.addSource(it);
        dfs.start();
      }
    }
    return cutNum;
  }

  namespace _connectivity_bits {

    template <typename Digraph>
    class CountBiEdgeConnectedComponentsVisitor : public DfsVisitor<Digraph> {
    public:
      typedef typename Digraph::Node Node;
      typedef typename Digraph::Arc Arc;
      typedef typename Digraph::Edge Edge;

      CountBiEdgeConnectedComponentsVisitor(const Digraph& graph, int &compNum)
        : _graph(graph), _compNum(compNum),
          _numMap(graph), _retMap(graph), _predMap(graph), _num(0) {}

      void start(const Node& node) {
        _predMap.set(node, INVALID);
      }

      void reach(const Node& node) {
        _numMap.set(node, _num);
        _retMap.set(node, _num);
        ++_num;
      }

      void leave(const Node& node) {
        if (_numMap[node] <= _retMap[node]) {
          ++_compNum;
        }
      }

      void discover(const Arc& edge) {
        _predMap.set(_graph.target(edge), edge);
      }

      void examine(const Arc& edge) {
        if (_predMap[_graph.source(edge)] == _graph.oppositeArc(edge)) {
          return;
        }
        if (_retMap[_graph.source(edge)] > _retMap[_graph.target(edge)]) {
          _retMap.set(_graph.source(edge), _retMap[_graph.target(edge)]);
        }
      }

      void backtrack(const Arc& edge) {
        if (_retMap[_graph.source(edge)] > _retMap[_graph.target(edge)]) {
          _retMap.set(_graph.source(edge), _retMap[_graph.target(edge)]);
        }
      }

    private:
      const Digraph& _graph;
      int& _compNum;

      typename Digraph::template NodeMap<int> _numMap;
      typename Digraph::template NodeMap<int> _retMap;
      typename Digraph::template NodeMap<Arc> _predMap;
      int _num;
    };

    template <typename Digraph, typename NodeMap>
    class BiEdgeConnectedComponentsVisitor : public DfsVisitor<Digraph> {
    public:
      typedef typename Digraph::Node Node;
      typedef typename Digraph::Arc Arc;
      typedef typename Digraph::Edge Edge;

      BiEdgeConnectedComponentsVisitor(const Digraph& graph,
                                       NodeMap& compMap, int &compNum)
        : _graph(graph), _compMap(compMap), _compNum(compNum),
          _numMap(graph), _retMap(graph), _predMap(graph), _num(0) {}

      void start(const Node& node) {
        _predMap.set(node, INVALID);
      }

      void reach(const Node& node) {
        _numMap.set(node, _num);
        _retMap.set(node, _num);
        _nodeStack.push(node);
        ++_num;
      }

      void leave(const Node& node) {
        if (_numMap[node] <= _retMap[node]) {
          while (_nodeStack.top() != node) {
            _compMap.set(_nodeStack.top(), _compNum);
            _nodeStack.pop();
          }
          _compMap.set(node, _compNum);
          _nodeStack.pop();
          ++_compNum;
        }
      }

      void discover(const Arc& edge) {
        _predMap.set(_graph.target(edge), edge);
      }

      void examine(const Arc& edge) {
        if (_predMap[_graph.source(edge)] == _graph.oppositeArc(edge)) {
          return;
        }
        if (_retMap[_graph.source(edge)] > _retMap[_graph.target(edge)]) {
          _retMap.set(_graph.source(edge), _retMap[_graph.target(edge)]);
        }
      }

      void backtrack(const Arc& edge) {
        if (_retMap[_graph.source(edge)] > _retMap[_graph.target(edge)]) {
          _retMap.set(_graph.source(edge), _retMap[_graph.target(edge)]);
        }
      }

    private:
      const Digraph& _graph;
      NodeMap& _compMap;
      int& _compNum;

      typename Digraph::template NodeMap<int> _numMap;
      typename Digraph::template NodeMap<int> _retMap;
      typename Digraph::template NodeMap<Arc> _predMap;
      std::stack<Node> _nodeStack;
      int _num;
    };


    template <typename Digraph, typename ArcMap>
    class BiEdgeConnectedCutEdgesVisitor : public DfsVisitor<Digraph> {
    public:
      typedef typename Digraph::Node Node;
      typedef typename Digraph::Arc Arc;
      typedef typename Digraph::Edge Edge;

      BiEdgeConnectedCutEdgesVisitor(const Digraph& graph,
                                     ArcMap& cutMap, int &cutNum)
        : _graph(graph), _cutMap(cutMap), _cutNum(cutNum),
          _numMap(graph), _retMap(graph), _predMap(graph), _num(0) {}

      void start(const Node& node) {
        _predMap[node] = INVALID;
      }

      void reach(const Node& node) {
        _numMap.set(node, _num);
        _retMap.set(node, _num);
        ++_num;
      }

      void leave(const Node& node) {
        if (_numMap[node] <= _retMap[node]) {
          if (_predMap[node] != INVALID) {
            _cutMap.set(_predMap[node], true);
            ++_cutNum;
          }
        }
      }

      void discover(const Arc& edge) {
        _predMap.set(_graph.target(edge), edge);
      }

      void examine(const Arc& edge) {
        if (_predMap[_graph.source(edge)] == _graph.oppositeArc(edge)) {
          return;
        }
        if (_retMap[_graph.source(edge)] > _retMap[_graph.target(edge)]) {
          _retMap.set(_graph.source(edge), _retMap[_graph.target(edge)]);
        }
      }

      void backtrack(const Arc& edge) {
        if (_retMap[_graph.source(edge)] > _retMap[_graph.target(edge)]) {
          _retMap.set(_graph.source(edge), _retMap[_graph.target(edge)]);
        }
      }

    private:
      const Digraph& _graph;
      ArcMap& _cutMap;
      int& _cutNum;

      typename Digraph::template NodeMap<int> _numMap;
      typename Digraph::template NodeMap<int> _retMap;
      typename Digraph::template NodeMap<Arc> _predMap;
      int _num;
    };
  }

  template <typename Graph>
  int countBiEdgeConnectedComponents(const Graph& graph);

  /// \ingroup graph_properties
  ///
  /// \brief Check whether an undirected graph is bi-edge-connected.
  ///
  /// This function checks whether the given undirected graph is
  /// bi-edge-connected, i.e. any two nodes are connected with at least
  /// two edge-disjoint paths.
  ///
  /// \return \c true if the graph is bi-edge-connected.
  /// \note By definition, the empty graph is bi-edge-connected.
  ///
  /// \see countBiEdgeConnectedComponents(), biEdgeConnectedComponents()
  template <typename Graph>
  bool biEdgeConnected(const Graph& graph) {
    return countBiEdgeConnectedComponents(graph) <= 1;
  }

  /// \ingroup graph_properties
  ///
  /// \brief Count the number of bi-edge-connected components of an
  /// undirected graph.
  ///
  /// This function counts the number of bi-edge-connected components of
  /// the given undirected graph.
  ///
  /// The bi-edge-connected components are the classes of an equivalence
  /// relation on the nodes of an undirected graph. Two nodes are in the
  /// same class if they are connected with at least two edge-disjoint
  /// paths.
  ///
  /// \return The number of bi-edge-connected components.
  ///
  /// \see biEdgeConnected(), biEdgeConnectedComponents()
  template <typename Graph>
  int countBiEdgeConnectedComponents(const Graph& graph) {
    checkConcept<concepts::Graph, Graph>();
    typedef typename Graph::NodeIt NodeIt;

    using namespace _connectivity_bits;

    typedef CountBiEdgeConnectedComponentsVisitor<Graph> Visitor;

    int compNum = 0;
    Visitor visitor(graph, compNum);

    DfsVisit<Graph, Visitor> dfs(graph, visitor);
    dfs.init();

    for (NodeIt it(graph); it != INVALID; ++it) {
      if (!dfs.reached(it)) {
        dfs.addSource(it);
        dfs.start();
      }
    }
    return compNum;
  }

  /// \ingroup graph_properties
  ///
  /// \brief Find the bi-edge-connected components of an undirected graph.
  ///
  /// This function finds the bi-edge-connected components of the given
  /// undirected graph.
  ///
  /// The bi-edge-connected components are the classes of an equivalence
  /// relation on the nodes of an undirected graph. Two nodes are in the
  /// same class if they are connected with at least two edge-disjoint
  /// paths.
  ///
  /// \image html edge_biconnected_components.png
  /// \image latex edge_biconnected_components.eps "bi-edge-connected components" width=\textwidth
  ///
  /// \param graph The undirected graph.
  /// \retval compMap A writable node map. The values will be set from 0 to
  /// the number of the bi-edge-connected components minus one. Each value
  /// of the map will be set exactly once, and the values of a certain
  /// component will be set continuously.
  /// \return The number of bi-edge-connected components.
  ///
  /// \see biEdgeConnected(), countBiEdgeConnectedComponents()
  template <typename Graph, typename NodeMap>
  int biEdgeConnectedComponents(const Graph& graph, NodeMap& compMap) {
    checkConcept<concepts::Graph, Graph>();
    typedef typename Graph::NodeIt NodeIt;
    typedef typename Graph::Node Node;
    checkConcept<concepts::WriteMap<Node, int>, NodeMap>();

    using namespace _connectivity_bits;

    typedef BiEdgeConnectedComponentsVisitor<Graph, NodeMap> Visitor;

    int compNum = 0;
    Visitor visitor(graph, compMap, compNum);

    DfsVisit<Graph, Visitor> dfs(graph, visitor);
    dfs.init();

    for (NodeIt it(graph); it != INVALID; ++it) {
      if (!dfs.reached(it)) {
        dfs.addSource(it);
        dfs.start();
      }
    }
    return compNum;
  }

  /// \ingroup graph_properties
  ///
  /// \brief Find the bi-edge-connected cut edges in an undirected graph.
  ///
  /// This function finds the bi-edge-connected cut edges in the given
  /// undirected graph.
  ///
  /// The bi-edge-connected components are the classes of an equivalence
  /// relation on the nodes of an undirected graph. Two nodes are in the
  /// same class if they are connected with at least two edge-disjoint
  /// paths.
  /// The bi-edge-connected components are separted by the cut edges of
  /// the components.
  ///
  /// \param graph The undirected graph.
  /// \retval cutMap A writable edge map. The values will be set to \c true
  /// for the cut edges (exactly once for each cut edge), and will not be
  /// changed for other edges.
  /// \return The number of cut edges.
  ///
  /// \see biEdgeConnected(), biEdgeConnectedComponents()
  template <typename Graph, typename EdgeMap>
  int biEdgeConnectedCutEdges(const Graph& graph, EdgeMap& cutMap) {
    checkConcept<concepts::Graph, Graph>();
    typedef typename Graph::NodeIt NodeIt;
    typedef typename Graph::Edge Edge;
    checkConcept<concepts::WriteMap<Edge, bool>, EdgeMap>();

    using namespace _connectivity_bits;

    typedef BiEdgeConnectedCutEdgesVisitor<Graph, EdgeMap> Visitor;

    int cutNum = 0;
    Visitor visitor(graph, cutMap, cutNum);

    DfsVisit<Graph, Visitor> dfs(graph, visitor);
    dfs.init();

    for (NodeIt it(graph); it != INVALID; ++it) {
      if (!dfs.reached(it)) {
        dfs.addSource(it);
        dfs.start();
      }
    }
    return cutNum;
  }


  namespace _connectivity_bits {

    template <typename Digraph, typename IntNodeMap>
    class TopologicalSortVisitor : public DfsVisitor<Digraph> {
    public:
      typedef typename Digraph::Node Node;
      typedef typename Digraph::Arc edge;

      TopologicalSortVisitor(IntNodeMap& order, int num)
        : _order(order), _num(num) {}

      void leave(const Node& node) {
        _order.set(node, --_num);
      }

    private:
      IntNodeMap& _order;
      int _num;
    };

  }

  /// \ingroup graph_properties
  ///
  /// \brief Check whether a digraph is DAG.
  ///
  /// This function checks whether the given digraph is DAG, i.e.
  /// \e Directed \e Acyclic \e Graph.
  /// \return \c true if there is no directed cycle in the digraph.
  /// \see acyclic()
  template <typename Digraph>
  bool dag(const Digraph& digraph) {

    checkConcept<concepts::Digraph, Digraph>();

    typedef typename Digraph::Node Node;
    typedef typename Digraph::NodeIt NodeIt;
    typedef typename Digraph::Arc Arc;

    typedef typename Digraph::template NodeMap<bool> ProcessedMap;

    typename Dfs<Digraph>::template SetProcessedMap<ProcessedMap>::
      Create dfs(digraph);

    ProcessedMap processed(digraph);
    dfs.processedMap(processed);

    dfs.init();
    for (NodeIt it(digraph); it != INVALID; ++it) {
      if (!dfs.reached(it)) {
        dfs.addSource(it);
        while (!dfs.emptyQueue()) {
          Arc arc = dfs.nextArc();
          Node target = digraph.target(arc);
          if (dfs.reached(target) && !processed[target]) {
            return false;
          }
          dfs.processNextArc();
        }
      }
    }
    return true;
  }

  /// \ingroup graph_properties
  ///
  /// \brief Sort the nodes of a DAG into topolgical order.
  ///
  /// This function sorts the nodes of the given acyclic digraph (DAG)
  /// into topolgical order.
  ///
  /// \param digraph The digraph, which must be DAG.
  /// \retval order A writable node map. The values will be set from 0 to
  /// the number of the nodes in the digraph minus one. Each value of the
  /// map will be set exactly once, and the values will be set descending
  /// order.
  ///
  /// \see dag(), checkedTopologicalSort()
  template <typename Digraph, typename NodeMap>
  void topologicalSort(const Digraph& digraph, NodeMap& order) {
    using namespace _connectivity_bits;

    checkConcept<concepts::Digraph, Digraph>();
    checkConcept<concepts::WriteMap<typename Digraph::Node, int>, NodeMap>();

    typedef typename Digraph::Node Node;
    typedef typename Digraph::NodeIt NodeIt;
    typedef typename Digraph::Arc Arc;

    TopologicalSortVisitor<Digraph, NodeMap>
      visitor(order, countNodes(digraph));

    DfsVisit<Digraph, TopologicalSortVisitor<Digraph, NodeMap> >
      dfs(digraph, visitor);

    dfs.init();
    for (NodeIt it(digraph); it != INVALID; ++it) {
      if (!dfs.reached(it)) {
        dfs.addSource(it);
        dfs.start();
      }
    }
  }

  /// \ingroup graph_properties
  ///
  /// \brief Sort the nodes of a DAG into topolgical order.
  ///
  /// This function sorts the nodes of the given acyclic digraph (DAG)
  /// into topolgical order and also checks whether the given digraph
  /// is DAG.
  ///
  /// \param digraph The digraph.
  /// \retval order A readable and writable node map. The values will be
  /// set from 0 to the number of the nodes in the digraph minus one.
  /// Each value of the map will be set exactly once, and the values will
  /// be set descending order.
  /// \return \c false if the digraph is not DAG.
  ///
  /// \see dag(), topologicalSort()
  template <typename Digraph, typename NodeMap>
  bool checkedTopologicalSort(const Digraph& digraph, NodeMap& order) {
    using namespace _connectivity_bits;

    checkConcept<concepts::Digraph, Digraph>();
    checkConcept<concepts::ReadWriteMap<typename Digraph::Node, int>,
      NodeMap>();

    typedef typename Digraph::Node Node;
    typedef typename Digraph::NodeIt NodeIt;
    typedef typename Digraph::Arc Arc;

    for (NodeIt it(digraph); it != INVALID; ++it) {
      order.set(it, -1);
    }

    TopologicalSortVisitor<Digraph, NodeMap>
      visitor(order, countNodes(digraph));

    DfsVisit<Digraph, TopologicalSortVisitor<Digraph, NodeMap> >
      dfs(digraph, visitor);

    dfs.init();
    for (NodeIt it(digraph); it != INVALID; ++it) {
      if (!dfs.reached(it)) {
        dfs.addSource(it);
        while (!dfs.emptyQueue()) {
           Arc arc = dfs.nextArc();
           Node target = digraph.target(arc);
           if (dfs.reached(target) && order[target] == -1) {
             return false;
           }
           dfs.processNextArc();
         }
      }
    }
    return true;
  }

  /// \ingroup graph_properties
  ///
  /// \brief Check whether an undirected graph is acyclic.
  ///
  /// This function checks whether the given undirected graph is acyclic.
  /// \return \c true if there is no cycle in the graph.
  /// \see dag()
  template <typename Graph>
  bool acyclic(const Graph& graph) {
    checkConcept<concepts::Graph, Graph>();
    typedef typename Graph::Node Node;
    typedef typename Graph::NodeIt NodeIt;
    typedef typename Graph::Arc Arc;
    Dfs<Graph> dfs(graph);
    dfs.init();
    for (NodeIt it(graph); it != INVALID; ++it) {
      if (!dfs.reached(it)) {
        dfs.addSource(it);
        while (!dfs.emptyQueue()) {
          Arc arc = dfs.nextArc();
          Node source = graph.source(arc);
          Node target = graph.target(arc);
          if (dfs.reached(target) &&
              dfs.predArc(source) != graph.oppositeArc(arc)) {
            return false;
          }
          dfs.processNextArc();
        }
      }
    }
    return true;
  }

  /// \ingroup graph_properties
  ///
  /// \brief Check whether an undirected graph is tree.
  ///
  /// This function checks whether the given undirected graph is tree.
  /// \return \c true if the graph is acyclic and connected.
  /// \see acyclic(), connected()
  template <typename Graph>
  bool tree(const Graph& graph) {
    checkConcept<concepts::Graph, Graph>();
    typedef typename Graph::Node Node;
    typedef typename Graph::NodeIt NodeIt;
    typedef typename Graph::Arc Arc;
    if (NodeIt(graph) == INVALID) return true;
    Dfs<Graph> dfs(graph);
    dfs.init();
    dfs.addSource(NodeIt(graph));
    while (!dfs.emptyQueue()) {
      Arc arc = dfs.nextArc();
      Node source = graph.source(arc);
      Node target = graph.target(arc);
      if (dfs.reached(target) &&
          dfs.predArc(source) != graph.oppositeArc(arc)) {
        return false;
      }
      dfs.processNextArc();
    }
    for (NodeIt it(graph); it != INVALID; ++it) {
      if (!dfs.reached(it)) {
        return false;
      }
    }
    return true;
  }

  namespace _connectivity_bits {

    template <typename Digraph>
    class BipartiteVisitor : public BfsVisitor<Digraph> {
    public:
      typedef typename Digraph::Arc Arc;
      typedef typename Digraph::Node Node;

      BipartiteVisitor(const Digraph& graph, bool& bipartite)
        : _graph(graph), _part(graph), _bipartite(bipartite) {}

      void start(const Node& node) {
        _part[node] = true;
      }
      void discover(const Arc& edge) {
        _part.set(_graph.target(edge), !_part[_graph.source(edge)]);
      }
      void examine(const Arc& edge) {
        _bipartite = _bipartite &&
          _part[_graph.target(edge)] != _part[_graph.source(edge)];
      }

    private:

      const Digraph& _graph;
      typename Digraph::template NodeMap<bool> _part;
      bool& _bipartite;
    };

    template <typename Digraph, typename PartMap>
    class BipartitePartitionsVisitor : public BfsVisitor<Digraph> {
    public:
      typedef typename Digraph::Arc Arc;
      typedef typename Digraph::Node Node;

      BipartitePartitionsVisitor(const Digraph& graph,
                                 PartMap& part, bool& bipartite)
        : _graph(graph), _part(part), _bipartite(bipartite) {}

      void start(const Node& node) {
        _part.set(node, true);
      }
      void discover(const Arc& edge) {
        _part.set(_graph.target(edge), !_part[_graph.source(edge)]);
      }
      void examine(const Arc& edge) {
        _bipartite = _bipartite &&
          _part[_graph.target(edge)] != _part[_graph.source(edge)];
      }

    private:

      const Digraph& _graph;
      PartMap& _part;
      bool& _bipartite;
    };
  }

  /// \ingroup graph_properties
  ///
  /// \brief Check whether an undirected graph is bipartite.
  ///
  /// The function checks whether the given undirected graph is bipartite.
  /// \return \c true if the graph is bipartite.
  ///
  /// \see bipartitePartitions()
  template<typename Graph>
  bool bipartite(const Graph &graph){
    using namespace _connectivity_bits;

    checkConcept<concepts::Graph, Graph>();

    typedef typename Graph::NodeIt NodeIt;
    typedef typename Graph::ArcIt ArcIt;

    bool bipartite = true;

    BipartiteVisitor<Graph>
      visitor(graph, bipartite);
    BfsVisit<Graph, BipartiteVisitor<Graph> >
      bfs(graph, visitor);
    bfs.init();
    for(NodeIt it(graph); it != INVALID; ++it) {
      if(!bfs.reached(it)){
        bfs.addSource(it);
        while (!bfs.emptyQueue()) {
          bfs.processNextNode();
          if (!bipartite) return false;
        }
      }
    }
    return true;
  }

  /// \ingroup graph_properties
  ///
  /// \brief Find the bipartite partitions of an undirected graph.
  ///
  /// This function checks whether the given undirected graph is bipartite
  /// and gives back the bipartite partitions.
  ///
  /// \image html bipartite_partitions.png
  /// \image latex bipartite_partitions.eps "Bipartite partititions" width=\textwidth
  ///
  /// \param graph The undirected graph.
  /// \retval partMap A writable node map of \c bool (or convertible) value
  /// type. The values will be set to \c true for one component and
  /// \c false for the other one.
  /// \return \c true if the graph is bipartite, \c false otherwise.
  ///
  /// \see bipartite()
  template<typename Graph, typename NodeMap>
  bool bipartitePartitions(const Graph &graph, NodeMap &partMap){
    using namespace _connectivity_bits;

    checkConcept<concepts::Graph, Graph>();
    checkConcept<concepts::WriteMap<typename Graph::Node, bool>, NodeMap>();

    typedef typename Graph::Node Node;
    typedef typename Graph::NodeIt NodeIt;
    typedef typename Graph::ArcIt ArcIt;

    bool bipartite = true;

    BipartitePartitionsVisitor<Graph, NodeMap>
      visitor(graph, partMap, bipartite);
    BfsVisit<Graph, BipartitePartitionsVisitor<Graph, NodeMap> >
      bfs(graph, visitor);
    bfs.init();
    for(NodeIt it(graph); it != INVALID; ++it) {
      if(!bfs.reached(it)){
        bfs.addSource(it);
        while (!bfs.emptyQueue()) {
          bfs.processNextNode();
          if (!bipartite) return false;
        }
      }
    }
    return true;
  }

  /// \ingroup graph_properties
  ///
  /// \brief Check whether the given graph contains no loop arcs/edges.
  ///
  /// This function returns \c true if there are no loop arcs/edges in
  /// the given graph. It works for both directed and undirected graphs.
  template <typename Graph>
  bool loopFree(const Graph& graph) {
    for (typename Graph::ArcIt it(graph); it != INVALID; ++it) {
      if (graph.source(it) == graph.target(it)) return false;
    }
    return true;
  }

  /// \ingroup graph_properties
  ///
  /// \brief Check whether the given graph contains no parallel arcs/edges.
  ///
  /// This function returns \c true if there are no parallel arcs/edges in
  /// the given graph. It works for both directed and undirected graphs.
  template <typename Graph>
  bool parallelFree(const Graph& graph) {
    typename Graph::template NodeMap<int> reached(graph, 0);
    int cnt = 1;
    for (typename Graph::NodeIt n(graph); n != INVALID; ++n) {
      for (typename Graph::OutArcIt a(graph, n); a != INVALID; ++a) {
        if (reached[graph.target(a)] == cnt) return false;
        reached[graph.target(a)] = cnt;
      }
      ++cnt;
    }
    return true;
  }

  /// \ingroup graph_properties
  ///
  /// \brief Check whether the given graph is simple.
  ///
  /// This function returns \c true if the given graph is simple, i.e.
  /// it contains no loop arcs/edges and no parallel arcs/edges.
  /// The function works for both directed and undirected graphs.
  /// \see loopFree(), parallelFree()
  template <typename Graph>
  bool simpleGraph(const Graph& graph) {
    typename Graph::template NodeMap<int> reached(graph, 0);
    int cnt = 1;
    for (typename Graph::NodeIt n(graph); n != INVALID; ++n) {
      reached[n] = cnt;
      for (typename Graph::OutArcIt a(graph, n); a != INVALID; ++a) {
        if (reached[graph.target(a)] == cnt) return false;
        reached[graph.target(a)] = cnt;
      }
      ++cnt;
    }
    return true;
  }

} //namespace lemon

#endif //LEMON_CONNECTIVITY_H







lemon/core.h

/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2010
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_CORE_H
#define LEMON_CORE_H

#include <vector>
#include <algorithm>

#include <lemon/config.h>
#include <lemon/bits/enable_if.h>
#include <lemon/bits/traits.h>
#include <lemon/assert.h>

// Disable the following warnings when compiling with MSVC:
// C4250: 'class1' : inherits 'class2::member' via dominance
// C4355: 'this' : used in base member initializer list
// C4503: 'function' : decorated name length exceeded, name was truncated
// C4800: 'type' : forcing value to bool 'true' or 'false' (performance warning)
// C4996: 'function': was declared deprecated
#ifdef _MSC_VER
#pragma warning( disable : 4250 4355 4503 4800 4996 )
#endif

///\file
///\brief LEMON core utilities.
///
///This header file contains core utilities for LEMON.
///It is automatically included by all graph types, therefore it usually
///do not have to be included directly.

namespace lemon {

  /// \brief Dummy type to make it easier to create invalid iterators.
  ///
  /// Dummy type to make it easier to create invalid iterators.
  /// See \ref INVALID for the usage.
  struct Invalid {
  public:
    bool operator==(Invalid) { return true;  }
    bool operator!=(Invalid) { return false; }
    bool operator< (Invalid) { return false; }
  };

  /// \brief Invalid iterators.
  ///
  /// \ref Invalid is a global type that converts to each iterator
  /// in such a way that the value of the target iterator will be invalid.
#ifdef LEMON_ONLY_TEMPLATES
  const Invalid INVALID = Invalid();
#else
  extern const Invalid INVALID;
#endif

  /// \addtogroup gutils
  /// @{

  ///Create convenience typedefs for the digraph types and iterators

  ///This \c \#define creates convenient type definitions for the following
  ///types of \c Digraph: \c Node,  \c NodeIt, \c Arc, \c ArcIt, \c InArcIt,
  ///\c OutArcIt, \c BoolNodeMap, \c IntNodeMap, \c DoubleNodeMap,
  ///\c BoolArcMap, \c IntArcMap, \c DoubleArcMap.
  ///
  ///\note If the graph type is a dependent type, ie. the graph type depend
  ///on a template parameter, then use \c TEMPLATE_DIGRAPH_TYPEDEFS()
  ///macro.
#define DIGRAPH_TYPEDEFS(Digraph)                                       \
  typedef Digraph::Node Node;                                           \
  typedef Digraph::NodeIt NodeIt;                                       \
  typedef Digraph::Arc Arc;                                             \
  typedef Digraph::ArcIt ArcIt;                                         \
  typedef Digraph::InArcIt InArcIt;                                     \
  typedef Digraph::OutArcIt OutArcIt;                                   \
  typedef Digraph::NodeMap<bool> BoolNodeMap;                           \
  typedef Digraph::NodeMap<int> IntNodeMap;                             \
  typedef Digraph::NodeMap<double> DoubleNodeMap;                       \
  typedef Digraph::ArcMap<bool> BoolArcMap;                             \
  typedef Digraph::ArcMap<int> IntArcMap;                               \
  typedef Digraph::ArcMap<double> DoubleArcMap

  ///Create convenience typedefs for the digraph types and iterators

  ///\see DIGRAPH_TYPEDEFS
  ///
  ///\note Use this macro, if the graph type is a dependent type,
  ///ie. the graph type depend on a template parameter.
#define TEMPLATE_DIGRAPH_TYPEDEFS(Digraph)                              \
  typedef typename Digraph::Node Node;                                  \
  typedef typename Digraph::NodeIt NodeIt;                              \
  typedef typename Digraph::Arc Arc;                                    \
  typedef typename Digraph::ArcIt ArcIt;                                \
  typedef typename Digraph::InArcIt InArcIt;                            \
  typedef typename Digraph::OutArcIt OutArcIt;                          \
  typedef typename Digraph::template NodeMap<bool> BoolNodeMap;         \
  typedef typename Digraph::template NodeMap<int> IntNodeMap;           \
  typedef typename Digraph::template NodeMap<double> DoubleNodeMap;     \
  typedef typename Digraph::template ArcMap<bool> BoolArcMap;           \
  typedef typename Digraph::template ArcMap<int> IntArcMap;             \
  typedef typename Digraph::template ArcMap<double> DoubleArcMap

  ///Create convenience typedefs for the graph types and iterators

  ///This \c \#define creates the same convenient type definitions as defined
  ///by \ref DIGRAPH_TYPEDEFS(Graph) and six more, namely it creates
  ///\c Edge, \c EdgeIt, \c IncEdgeIt, \c BoolEdgeMap, \c IntEdgeMap,
  ///\c DoubleEdgeMap.
  ///
  ///\note If the graph type is a dependent type, ie. the graph type depend
  ///on a template parameter, then use \c TEMPLATE_GRAPH_TYPEDEFS()
  ///macro.
#define GRAPH_TYPEDEFS(Graph)                                           \
  DIGRAPH_TYPEDEFS(Graph);                                              \
  typedef Graph::Edge Edge;                                             \
  typedef Graph::EdgeIt EdgeIt;                                         \
  typedef Graph::IncEdgeIt IncEdgeIt;                                   \
  typedef Graph::EdgeMap<bool> BoolEdgeMap;                             \
  typedef Graph::EdgeMap<int> IntEdgeMap;                               \
  typedef Graph::EdgeMap<double> DoubleEdgeMap

  ///Create convenience typedefs for the graph types and iterators

  ///\see GRAPH_TYPEDEFS
  ///
  ///\note Use this macro, if the graph type is a dependent type,
  ///ie. the graph type depend on a template parameter.
#define TEMPLATE_GRAPH_TYPEDEFS(Graph)                                  \
  TEMPLATE_DIGRAPH_TYPEDEFS(Graph);                                     \
  typedef typename Graph::Edge Edge;                                    \
  typedef typename Graph::EdgeIt EdgeIt;                                \
  typedef typename Graph::IncEdgeIt IncEdgeIt;                          \
  typedef typename Graph::template EdgeMap<bool> BoolEdgeMap;           \
  typedef typename Graph::template EdgeMap<int> IntEdgeMap;             \
  typedef typename Graph::template EdgeMap<double> DoubleEdgeMap

  /// \brief Function to count the items in a graph.
  ///
  /// This function counts the items (nodes, arcs etc.) in a graph.
  /// The complexity of the function is linear because
  /// it iterates on all of the items.
  template <typename Graph, typename Item>
  inline int countItems(const Graph& g) {
    typedef typename ItemSetTraits<Graph, Item>::ItemIt ItemIt;
    int num = 0;
    for (ItemIt it(g); it != INVALID; ++it) {
      ++num;
    }
    return num;
  }

  // Node counting:

  namespace _core_bits {

    template <typename Graph, typename Enable = void>
    struct CountNodesSelector {
      static int count(const Graph &g) {
        return countItems<Graph, typename Graph::Node>(g);
      }
    };

    template <typename Graph>
    struct CountNodesSelector<
      Graph, typename
      enable_if<typename Graph::NodeNumTag, void>::type>
    {
      static int count(const Graph &g) {
        return g.nodeNum();
      }
    };
  }

  /// \brief Function to count the nodes in the graph.
  ///
  /// This function counts the nodes in the graph.
  /// The complexity of the function is <em>O</em>(<em>n</em>), but for some
  /// graph structures it is specialized to run in <em>O</em>(1).
  ///
  /// \note If the graph contains a \c nodeNum() member function and a
  /// \c NodeNumTag tag then this function calls directly the member
  /// function to query the cardinality of the node set.
  template <typename Graph>
  inline int countNodes(const Graph& g) {
    return _core_bits::CountNodesSelector<Graph>::count(g);
  }

  // Arc counting:

  namespace _core_bits {

    template <typename Graph, typename Enable = void>
    struct CountArcsSelector {
      static int count(const Graph &g) {
        return countItems<Graph, typename Graph::Arc>(g);
      }
    };

    template <typename Graph>
    struct CountArcsSelector<
      Graph,
      typename enable_if<typename Graph::ArcNumTag, void>::type>
    {
      static int count(const Graph &g) {
        return g.arcNum();
      }
    };
  }

  /// \brief Function to count the arcs in the graph.
  ///
  /// This function counts the arcs in the graph.
  /// The complexity of the function is <em>O</em>(<em>m</em>), but for some
  /// graph structures it is specialized to run in <em>O</em>(1).
  ///
  /// \note If the graph contains a \c arcNum() member function and a
  /// \c ArcNumTag tag then this function calls directly the member
  /// function to query the cardinality of the arc set.
  template <typename Graph>
  inline int countArcs(const Graph& g) {
    return _core_bits::CountArcsSelector<Graph>::count(g);
  }

  // Edge counting:

  namespace _core_bits {

    template <typename Graph, typename Enable = void>
    struct CountEdgesSelector {
      static int count(const Graph &g) {
        return countItems<Graph, typename Graph::Edge>(g);
      }
    };

    template <typename Graph>
    struct CountEdgesSelector<
      Graph,
      typename enable_if<typename Graph::EdgeNumTag, void>::type>
    {
      static int count(const Graph &g) {
        return g.edgeNum();
      }
    };
  }

  /// \brief Function to count the edges in the graph.
  ///
  /// This function counts the edges in the graph.
  /// The complexity of the function is <em>O</em>(<em>m</em>), but for some
  /// graph structures it is specialized to run in <em>O</em>(1).
  ///
  /// \note If the graph contains a \c edgeNum() member function and a
  /// \c EdgeNumTag tag then this function calls directly the member
  /// function to query the cardinality of the edge set.
  template <typename Graph>
  inline int countEdges(const Graph& g) {
    return _core_bits::CountEdgesSelector<Graph>::count(g);

  }


  template <typename Graph, typename DegIt>
  inline int countNodeDegree(const Graph& _g, const typename Graph::Node& _n) {
    int num = 0;
    for (DegIt it(_g, _n); it != INVALID; ++it) {
      ++num;
    }
    return num;
  }

  /// \brief Function to count the number of the out-arcs from node \c n.
  ///
  /// This function counts the number of the out-arcs from node \c n
  /// in the graph \c g.
  template <typename Graph>
  inline int countOutArcs(const Graph& g,  const typename Graph::Node& n) {
    return countNodeDegree<Graph, typename Graph::OutArcIt>(g, n);
  }

  /// \brief Function to count the number of the in-arcs to node \c n.
  ///
  /// This function counts the number of the in-arcs to node \c n
  /// in the graph \c g.
  template <typename Graph>
  inline int countInArcs(const Graph& g,  const typename Graph::Node& n) {
    return countNodeDegree<Graph, typename Graph::InArcIt>(g, n);
  }

  /// \brief Function to count the number of the inc-edges to node \c n.
  ///
  /// This function counts the number of the inc-edges to node \c n
  /// in the undirected graph \c g.
  template <typename Graph>
  inline int countIncEdges(const Graph& g,  const typename Graph::Node& n) {
    return countNodeDegree<Graph, typename Graph::IncEdgeIt>(g, n);
  }

  namespace _core_bits {

    template <typename Digraph, typename Item, typename RefMap>
    class MapCopyBase {
    public:
      virtual void copy(const Digraph& from, const RefMap& refMap) = 0;

      virtual ~MapCopyBase() {}
    };

    template <typename Digraph, typename Item, typename RefMap,
              typename FromMap, typename ToMap>
    class MapCopy : public MapCopyBase<Digraph, Item, RefMap> {
    public:

      MapCopy(const FromMap& map, ToMap& tmap)
        : _map(map), _tmap(tmap) {}

      virtual void copy(const Digraph& digraph, const RefMap& refMap) {
        typedef typename ItemSetTraits<Digraph, Item>::ItemIt ItemIt;
        for (ItemIt it(digraph); it != INVALID; ++it) {
          _tmap.set(refMap[it], _map[it]);
        }
      }

    private:
      const FromMap& _map;
      ToMap& _tmap;
    };

    template <typename Digraph, typename Item, typename RefMap, typename It>
    class ItemCopy : public MapCopyBase<Digraph, Item, RefMap> {
    public:

      ItemCopy(const Item& item, It& it) : _item(item), _it(it) {}

      virtual void copy(const Digraph&, const RefMap& refMap) {
        _it = refMap[_item];
      }

    private:
      Item _item;
      It& _it;
    };

    template <typename Digraph, typename Item, typename RefMap, typename Ref>
    class RefCopy : public MapCopyBase<Digraph, Item, RefMap> {
    public:

      RefCopy(Ref& map) : _map(map) {}

      virtual void copy(const Digraph& digraph, const RefMap& refMap) {
        typedef typename ItemSetTraits<Digraph, Item>::ItemIt ItemIt;
        for (ItemIt it(digraph); it != INVALID; ++it) {
          _map.set(it, refMap[it]);
        }
      }

    private:
      Ref& _map;
    };

    template <typename Digraph, typename Item, typename RefMap,
              typename CrossRef>
    class CrossRefCopy : public MapCopyBase<Digraph, Item, RefMap> {
    public:

      CrossRefCopy(CrossRef& cmap) : _cmap(cmap) {}

      virtual void copy(const Digraph& digraph, const RefMap& refMap) {
        typedef typename ItemSetTraits<Digraph, Item>::ItemIt ItemIt;
        for (ItemIt it(digraph); it != INVALID; ++it) {
          _cmap.set(refMap[it], it);
        }
      }

    private:
      CrossRef& _cmap;
    };

    template <typename Digraph, typename Enable = void>
    struct DigraphCopySelector {
      template <typename From, typename NodeRefMap, typename ArcRefMap>
      static void copy(const From& from, Digraph &to,
                       NodeRefMap& nodeRefMap, ArcRefMap& arcRefMap) {
        to.clear();
        for (typename From::NodeIt it(from); it != INVALID; ++it) {
          nodeRefMap[it] = to.addNode();
        }
        for (typename From::ArcIt it(from); it != INVALID; ++it) {
          arcRefMap[it] = to.addArc(nodeRefMap[from.source(it)],
                                    nodeRefMap[from.target(it)]);
        }
      }
    };

    template <typename Digraph>
    struct DigraphCopySelector<
      Digraph,
      typename enable_if<typename Digraph::BuildTag, void>::type>
    {
      template <typename From, typename NodeRefMap, typename ArcRefMap>
      static void copy(const From& from, Digraph &to,
                       NodeRefMap& nodeRefMap, ArcRefMap& arcRefMap) {
        to.build(from, nodeRefMap, arcRefMap);
      }
    };

    template <typename Graph, typename Enable = void>
    struct GraphCopySelector {
      template <typename From, typename NodeRefMap, typename EdgeRefMap>
      static void copy(const From& from, Graph &to,
                       NodeRefMap& nodeRefMap, EdgeRefMap& edgeRefMap) {
        to.clear();
        for (typename From::NodeIt it(from); it != INVALID; ++it) {
          nodeRefMap[it] = to.addNode();
        }
        for (typename From::EdgeIt it(from); it != INVALID; ++it) {
          edgeRefMap[it] = to.addEdge(nodeRefMap[from.u(it)],
                                      nodeRefMap[from.v(it)]);
        }
      }
    };

    template <typename Graph>
    struct GraphCopySelector<
      Graph,
      typename enable_if<typename Graph::BuildTag, void>::type>
    {
      template <typename From, typename NodeRefMap, typename EdgeRefMap>
      static void copy(const From& from, Graph &to,
                       NodeRefMap& nodeRefMap, EdgeRefMap& edgeRefMap) {
        to.build(from, nodeRefMap, edgeRefMap);
      }
    };

  }

  /// \brief Class to copy a digraph.
  ///
  /// Class to copy a digraph to another digraph (duplicate a digraph). The
  /// simplest way of using it is through the \c digraphCopy() function.
  ///
  /// This class not only make a copy of a digraph, but it can create
  /// references and cross references between the nodes and arcs of
  /// the two digraphs, and it can copy maps to use with the newly created
  /// digraph.
  ///
  /// To make a copy from a digraph, first an instance of DigraphCopy
  /// should be created, then the data belongs to the digraph should
  /// assigned to copy. In the end, the \c run() member should be
  /// called.
  ///
  /// The next code copies a digraph with several data:
  ///\code
  ///  DigraphCopy<OrigGraph, NewGraph> cg(orig_graph, new_graph);
  ///  // Create references for the nodes
  ///  OrigGraph::NodeMap<NewGraph::Node> nr(orig_graph);
  ///  cg.nodeRef(nr);
  ///  // Create cross references (inverse) for the arcs
  ///  NewGraph::ArcMap<OrigGraph::Arc> acr(new_graph);
  ///  cg.arcCrossRef(acr);
  ///  // Copy an arc map
  ///  OrigGraph::ArcMap<double> oamap(orig_graph);
  ///  NewGraph::ArcMap<double> namap(new_graph);
  ///  cg.arcMap(oamap, namap);
  ///  // Copy a node
  ///  OrigGraph::Node on;
  ///  NewGraph::Node nn;
  ///  cg.node(on, nn);
  ///  // Execute copying
  ///  cg.run();
  ///\endcode
  template <typename From, typename To>
  class DigraphCopy {
  private:

    typedef typename From::Node Node;
    typedef typename From::NodeIt NodeIt;
    typedef typename From::Arc Arc;
    typedef typename From::ArcIt ArcIt;

    typedef typename To::Node TNode;
    typedef typename To::Arc TArc;

    typedef typename From::template NodeMap<TNode> NodeRefMap;
    typedef typename From::template ArcMap<TArc> ArcRefMap;

  public:

    /// \brief Constructor of DigraphCopy.
    ///
    /// Constructor of DigraphCopy for copying the content of the
    /// \c from digraph into the \c to digraph.
    DigraphCopy(const From& from, To& to)
      : _from(from), _to(to) {}

    /// \brief Destructor of DigraphCopy
    ///
    /// Destructor of DigraphCopy.
    ~DigraphCopy() {
      for (int i = 0; i < int(_node_maps.size()); ++i) {
        delete _node_maps[i];
      }
      for (int i = 0; i < int(_arc_maps.size()); ++i) {
        delete _arc_maps[i];
      }

    }

    /// \brief Copy the node references into the given map.
    ///
    /// This function copies the node references into the given map.
    /// The parameter should be a map, whose key type is the Node type of
    /// the source digraph, while the value type is the Node type of the
    /// destination digraph.
    template <typename NodeRef>
    DigraphCopy& nodeRef(NodeRef& map) {
      _node_maps.push_back(new _core_bits::RefCopy<From, Node,
                           NodeRefMap, NodeRef>(map));
      return *this;
    }

    /// \brief Copy the node cross references into the given map.
    ///
    /// This function copies the node cross references (reverse references)
    /// into the given map. The parameter should be a map, whose key type
    /// is the Node type of the destination digraph, while the value type is
    /// the Node type of the source digraph.
    template <typename NodeCrossRef>
    DigraphCopy& nodeCrossRef(NodeCrossRef& map) {
      _node_maps.push_back(new _core_bits::CrossRefCopy<From, Node,
                           NodeRefMap, NodeCrossRef>(map));
      return *this;
    }

    /// \brief Make a copy of the given node map.
    ///
    /// This function makes a copy of the given node map for the newly
    /// created digraph.
    /// The key type of the new map \c tmap should be the Node type of the
    /// destination digraph, and the key type of the original map \c map
    /// should be the Node type of the source digraph.
    template <typename FromMap, typename ToMap>
    DigraphCopy& nodeMap(const FromMap& map, ToMap& tmap) {
      _node_maps.push_back(new _core_bits::MapCopy<From, Node,
                           NodeRefMap, FromMap, ToMap>(map, tmap));
      return *this;
    }

    /// \brief Make a copy of the given node.
    ///
    /// This function makes a copy of the given node.
    DigraphCopy& node(const Node& node, TNode& tnode) {
      _node_maps.push_back(new _core_bits::ItemCopy<From, Node,
                           NodeRefMap, TNode>(node, tnode));
      return *this;
    }

    /// \brief Copy the arc references into the given map.
    ///
    /// This function copies the arc references into the given map.
    /// The parameter should be a map, whose key type is the Arc type of
    /// the source digraph, while the value type is the Arc type of the
    /// destination digraph.
    template <typename ArcRef>
    DigraphCopy& arcRef(ArcRef& map) {
      _arc_maps.push_back(new _core_bits::RefCopy<From, Arc,
                          ArcRefMap, ArcRef>(map));
      return *this;
    }

    /// \brief Copy the arc cross references into the given map.
    ///
    /// This function copies the arc cross references (reverse references)
    /// into the given map. The parameter should be a map, whose key type
    /// is the Arc type of the destination digraph, while the value type is
    /// the Arc type of the source digraph.
    template <typename ArcCrossRef>
    DigraphCopy& arcCrossRef(ArcCrossRef& map) {
      _arc_maps.push_back(new _core_bits::CrossRefCopy<From, Arc,
                          ArcRefMap, ArcCrossRef>(map));
      return *this;
    }

    /// \brief Make a copy of the given arc map.
    ///
    /// This function makes a copy of the given arc map for the newly
    /// created digraph.
    /// The key type of the new map \c tmap should be the Arc type of the
    /// destination digraph, and the key type of the original map \c map
    /// should be the Arc type of the source digraph.
    template <typename FromMap, typename ToMap>
    DigraphCopy& arcMap(const FromMap& map, ToMap& tmap) {
      _arc_maps.push_back(new _core_bits::MapCopy<From, Arc,
                          ArcRefMap, FromMap, ToMap>(map, tmap));
      return *this;
    }

    /// \brief Make a copy of the given arc.
    ///
    /// This function makes a copy of the given arc.
    DigraphCopy& arc(const Arc& arc, TArc& tarc) {
      _arc_maps.push_back(new _core_bits::ItemCopy<From, Arc,
                          ArcRefMap, TArc>(arc, tarc));
      return *this;
    }

    /// \brief Execute copying.
    ///
    /// This function executes the copying of the digraph along with the
    /// copying of the assigned data.
    void run() {
      NodeRefMap nodeRefMap(_from);
      ArcRefMap arcRefMap(_from);
      _core_bits::DigraphCopySelector<To>::
        copy(_from, _to, nodeRefMap, arcRefMap);
      for (int i = 0; i < int(_node_maps.size()); ++i) {
        _node_maps[i]->copy(_from, nodeRefMap);
      }
      for (int i = 0; i < int(_arc_maps.size()); ++i) {
        _arc_maps[i]->copy(_from, arcRefMap);
      }
    }

  protected:

    const From& _from;
    To& _to;

    std::vector<_core_bits::MapCopyBase<From, Node, NodeRefMap>* >
      _node_maps;

    std::vector<_core_bits::MapCopyBase<From, Arc, ArcRefMap>* >
      _arc_maps;

  };

  /// \brief Copy a digraph to another digraph.
  ///
  /// This function copies a digraph to another digraph.
  /// The complete usage of it is detailed in the DigraphCopy class, but
  /// a short example shows a basic work:
  ///\code
  /// digraphCopy(src, trg).nodeRef(nr).arcCrossRef(acr).run();
  ///\endcode
  ///
  /// After the copy the \c nr map will contain the mapping from the
  /// nodes of the \c from digraph to the nodes of the \c to digraph and
  /// \c acr will contain the mapping from the arcs of the \c to digraph
  /// to the arcs of the \c from digraph.
  ///
  /// \see DigraphCopy
  template <typename From, typename To>
  DigraphCopy<From, To> digraphCopy(const From& from, To& to) {
    return DigraphCopy<From, To>(from, to);
  }

  /// \brief Class to copy a graph.
  ///
  /// Class to copy a graph to another graph (duplicate a graph). The
  /// simplest way of using it is through the \c graphCopy() function.
  ///
  /// This class not only make a copy of a graph, but it can create
  /// references and cross references between the nodes, edges and arcs of
  /// the two graphs, and it can copy maps for using with the newly created
  /// graph.
  ///
  /// To make a copy from a graph, first an instance of GraphCopy
  /// should be created, then the data belongs to the graph should
  /// assigned to copy. In the end, the \c run() member should be
  /// called.
  ///
  /// The next code copies a graph with several data:
  ///\code
  ///  GraphCopy<OrigGraph, NewGraph> cg(orig_graph, new_graph);
  ///  // Create references for the nodes
  ///  OrigGraph::NodeMap<NewGraph::Node> nr(orig_graph);
  ///  cg.nodeRef(nr);
  ///  // Create cross references (inverse) for the edges
  ///  NewGraph::EdgeMap<OrigGraph::Edge> ecr(new_graph);
  ///  cg.edgeCrossRef(ecr);
  ///  // Copy an edge map
  ///  OrigGraph::EdgeMap<double> oemap(orig_graph);
  ///  NewGraph::EdgeMap<double> nemap(new_graph);
  ///  cg.edgeMap(oemap, nemap);
  ///  // Copy a node
  ///  OrigGraph::Node on;
  ///  NewGraph::Node nn;
  ///  cg.node(on, nn);
  ///  // Execute copying
  ///  cg.run();
  ///\endcode
  template <typename From, typename To>
  class GraphCopy {
  private:

    typedef typename From::Node Node;
    typedef typename From::NodeIt NodeIt;
    typedef typename From::Arc Arc;
    typedef typename From::ArcIt ArcIt;
    typedef typename From::Edge Edge;
    typedef typename From::EdgeIt EdgeIt;

    typedef typename To::Node TNode;
    typedef typename To::Arc TArc;
    typedef typename To::Edge TEdge;

    typedef typename From::template NodeMap<TNode> NodeRefMap;
    typedef typename From::template EdgeMap<TEdge> EdgeRefMap;

    struct ArcRefMap {
      ArcRefMap(const From& from, const To& to,
                const EdgeRefMap& edge_ref, const NodeRefMap& node_ref)
        : _from(from), _to(to),
          _edge_ref(edge_ref), _node_ref(node_ref) {}

      typedef typename From::Arc Key;
      typedef typename To::Arc Value;

      Value operator[](const Key& key) const {
        bool forward = _from.u(key) != _from.v(key) ?
          _node_ref[_from.source(key)] ==
          _to.source(_to.direct(_edge_ref[key], true)) :
          _from.direction(key);
        return _to.direct(_edge_ref[key], forward);
      }

      const From& _from;
      const To& _to;
      const EdgeRefMap& _edge_ref;
      const NodeRefMap& _node_ref;
    };

  public:

    /// \brief Constructor of GraphCopy.
    ///
    /// Constructor of GraphCopy for copying the content of the
    /// \c from graph into the \c to graph.
    GraphCopy(const From& from, To& to)
      : _from(from), _to(to) {}

    /// \brief Destructor of GraphCopy
    ///
    /// Destructor of GraphCopy.
    ~GraphCopy() {
      for (int i = 0; i < int(_node_maps.size()); ++i) {
        delete _node_maps[i];
      }
      for (int i = 0; i < int(_arc_maps.size()); ++i) {
        delete _arc_maps[i];
      }
      for (int i = 0; i < int(_edge_maps.size()); ++i) {
        delete _edge_maps[i];
      }
    }

    /// \brief Copy the node references into the given map.
    ///
    /// This function copies the node references into the given map.
    /// The parameter should be a map, whose key type is the Node type of
    /// the source graph, while the value type is the Node type of the
    /// destination graph.
    template <typename NodeRef>
    GraphCopy& nodeRef(NodeRef& map) {
      _node_maps.push_back(new _core_bits::RefCopy<From, Node,
                           NodeRefMap, NodeRef>(map));
      return *this;
    }

    /// \brief Copy the node cross references into the given map.
    ///
    /// This function copies the node cross references (reverse references)
    /// into the given map. The parameter should be a map, whose key type
    /// is the Node type of the destination graph, while the value type is
    /// the Node type of the source graph.
    template <typename NodeCrossRef>
    GraphCopy& nodeCrossRef(NodeCrossRef& map) {
      _node_maps.push_back(new _core_bits::CrossRefCopy<From, Node,
                           NodeRefMap, NodeCrossRef>(map));
      return *this;
    }

    /// \brief Make a copy of the given node map.
    ///
    /// This function makes a copy of the given node map for the newly
    /// created graph.
    /// The key type of the new map \c tmap should be the Node type of the
    /// destination graph, and the key type of the original map \c map
    /// should be the Node type of the source graph.
    template <typename FromMap, typename ToMap>
    GraphCopy& nodeMap(const FromMap& map, ToMap& tmap) {
      _node_maps.push_back(new _core_bits::MapCopy<From, Node,
                           NodeRefMap, FromMap, ToMap>(map, tmap));
      return *this;
    }

    /// \brief Make a copy of the given node.
    ///
    /// This function makes a copy of the given node.
    GraphCopy& node(const Node& node, TNode& tnode) {
      _node_maps.push_back(new _core_bits::ItemCopy<From, Node,
                           NodeRefMap, TNode>(node, tnode));
      return *this;
    }

    /// \brief Copy the arc references into the given map.
    ///
    /// This function copies the arc references into the given map.
    /// The parameter should be a map, whose key type is the Arc type of
    /// the source graph, while the value type is the Arc type of the
    /// destination graph.
    template <typename ArcRef>
    GraphCopy& arcRef(ArcRef& map) {
      _arc_maps.push_back(new _core_bits::RefCopy<From, Arc,
                          ArcRefMap, ArcRef>(map));
      return *this;
    }

    /// \brief Copy the arc cross references into the given map.
    ///
    /// This function copies the arc cross references (reverse references)
    /// into the given map. The parameter should be a map, whose key type
    /// is the Arc type of the destination graph, while the value type is
    /// the Arc type of the source graph.
    template <typename ArcCrossRef>
    GraphCopy& arcCrossRef(ArcCrossRef& map) {
      _arc_maps.push_back(new _core_bits::CrossRefCopy<From, Arc,
                          ArcRefMap, ArcCrossRef>(map));
      return *this;
    }

    /// \brief Make a copy of the given arc map.
    ///
    /// This function makes a copy of the given arc map for the newly
    /// created graph.
    /// The key type of the new map \c tmap should be the Arc type of the
    /// destination graph, and the key type of the original map \c map
    /// should be the Arc type of the source graph.
    template <typename FromMap, typename ToMap>
    GraphCopy& arcMap(const FromMap& map, ToMap& tmap) {
      _arc_maps.push_back(new _core_bits::MapCopy<From, Arc,
                          ArcRefMap, FromMap, ToMap>(map, tmap));
      return *this;
    }

    /// \brief Make a copy of the given arc.
    ///
    /// This function makes a copy of the given arc.
    GraphCopy& arc(const Arc& arc, TArc& tarc) {
      _arc_maps.push_back(new _core_bits::ItemCopy<From, Arc,
                          ArcRefMap, TArc>(arc, tarc));
      return *this;
    }

    /// \brief Copy the edge references into the given map.
    ///
    /// This function copies the edge references into the given map.
    /// The parameter should be a map, whose key type is the Edge type of
    /// the source graph, while the value type is the Edge type of the
    /// destination graph.
    template <typename EdgeRef>
    GraphCopy& edgeRef(EdgeRef& map) {
      _edge_maps.push_back(new _core_bits::RefCopy<From, Edge,
                           EdgeRefMap, EdgeRef>(map));
      return *this;
    }

    /// \brief Copy the edge cross references into the given map.
    ///
    /// This function copies the edge cross references (reverse references)
    /// into the given map. The parameter should be a map, whose key type
    /// is the Edge type of the destination graph, while the value type is
    /// the Edge type of the source graph.
    template <typename EdgeCrossRef>
    GraphCopy& edgeCrossRef(EdgeCrossRef& map) {
      _edge_maps.push_back(new _core_bits::CrossRefCopy<From,
                           Edge, EdgeRefMap, EdgeCrossRef>(map));
      return *this;
    }

    /// \brief Make a copy of the given edge map.
    ///
    /// This function makes a copy of the given edge map for the newly
    /// created graph.
    /// The key type of the new map \c tmap should be the Edge type of the
    /// destination graph, and the key type of the original map \c map
    /// should be the Edge type of the source graph.
    template <typename FromMap, typename ToMap>
    GraphCopy& edgeMap(const FromMap& map, ToMap& tmap) {
      _edge_maps.push_back(new _core_bits::MapCopy<From, Edge,
                           EdgeRefMap, FromMap, ToMap>(map, tmap));
      return *this;
    }

    /// \brief Make a copy of the given edge.
    ///
    /// This function makes a copy of the given edge.
    GraphCopy& edge(const Edge& edge, TEdge& tedge) {
      _edge_maps.push_back(new _core_bits::ItemCopy<From, Edge,
                           EdgeRefMap, TEdge>(edge, tedge));
      return *this;
    }

    /// \brief Execute copying.
    ///
    /// This function executes the copying of the graph along with the
    /// copying of the assigned data.
    void run() {
      NodeRefMap nodeRefMap(_from);
      EdgeRefMap edgeRefMap(_from);
      ArcRefMap arcRefMap(_from, _to, edgeRefMap, nodeRefMap);
      _core_bits::GraphCopySelector<To>::
        copy(_from, _to, nodeRefMap, edgeRefMap);
      for (int i = 0; i < int(_node_maps.size()); ++i) {
        _node_maps[i]->copy(_from, nodeRefMap);
      }
      for (int i = 0; i < int(_edge_maps.size()); ++i) {
        _edge_maps[i]->copy(_from, edgeRefMap);
      }
      for (int i = 0; i < int(_arc_maps.size()); ++i) {
        _arc_maps[i]->copy(_from, arcRefMap);
      }
    }

  private:

    const From& _from;
    To& _to;

    std::vector<_core_bits::MapCopyBase<From, Node, NodeRefMap>* >
      _node_maps;

    std::vector<_core_bits::MapCopyBase<From, Arc, ArcRefMap>* >
      _arc_maps;

    std::vector<_core_bits::MapCopyBase<From, Edge, EdgeRefMap>* >
      _edge_maps;

  };

  /// \brief Copy a graph to another graph.
  ///
  /// This function copies a graph to another graph.
  /// The complete usage of it is detailed in the GraphCopy class,
  /// but a short example shows a basic work:
  ///\code
  /// graphCopy(src, trg).nodeRef(nr).edgeCrossRef(ecr).run();
  ///\endcode
  ///
  /// After the copy the \c nr map will contain the mapping from the
  /// nodes of the \c from graph to the nodes of the \c to graph and
  /// \c ecr will contain the mapping from the edges of the \c to graph
  /// to the edges of the \c from graph.
  ///
  /// \see GraphCopy
  template <typename From, typename To>
  GraphCopy<From, To>
  graphCopy(const From& from, To& to) {
    return GraphCopy<From, To>(from, to);
  }

  namespace _core_bits {

    template <typename Graph, typename Enable = void>
    struct FindArcSelector {
      typedef typename Graph::Node Node;
      typedef typename Graph::Arc Arc;
      static Arc find(const Graph &g, Node u, Node v, Arc e) {
        if (e == INVALID) {
          g.firstOut(e, u);
        } else {
          g.nextOut(e);
        }
        while (e != INVALID && g.target(e) != v) {
          g.nextOut(e);
        }
        return e;
      }
    };

    template <typename Graph>
    struct FindArcSelector<
      Graph,
      typename enable_if<typename Graph::FindArcTag, void>::type>
    {
      typedef typename Graph::Node Node;
      typedef typename Graph::Arc Arc;
      static Arc find(const Graph &g, Node u, Node v, Arc prev) {
        return g.findArc(u, v, prev);
      }
    };
  }

  /// \brief Find an arc between two nodes of a digraph.
  ///
  /// This function finds an arc from node \c u to node \c v in the
  /// digraph \c g.
  ///
  /// If \c prev is \ref INVALID (this is the default value), then
  /// it finds the first arc from \c u to \c v. Otherwise it looks for
  /// the next arc from \c u to \c v after \c prev.
  /// \return The found arc or \ref INVALID if there is no such an arc.
  ///
  /// Thus you can iterate through each arc from \c u to \c v as it follows.
  ///\code
  /// for(Arc e = findArc(g,u,v); e != INVALID; e = findArc(g,u,v,e)) {
  ///   ...
  /// }
  ///\endcode
  ///
  /// \note \ref ConArcIt provides iterator interface for the same
  /// functionality.
  ///
  ///\sa ConArcIt
  ///\sa ArcLookUp, AllArcLookUp, DynArcLookUp
  template <typename Graph>
  inline typename Graph::Arc
  findArc(const Graph &g, typename Graph::Node u, typename Graph::Node v,
          typename Graph::Arc prev = INVALID) {
    return _core_bits::FindArcSelector<Graph>::find(g, u, v, prev);
  }

  /// \brief Iterator for iterating on parallel arcs connecting the same nodes.
  ///
  /// Iterator for iterating on parallel arcs connecting the same nodes. It is
  /// a higher level interface for the \ref findArc() function. You can
  /// use it the following way:
  ///\code
  /// for (ConArcIt<Graph> it(g, src, trg); it != INVALID; ++it) {
  ///   ...
  /// }
  ///\endcode
  ///
  ///\sa findArc()
  ///\sa ArcLookUp, AllArcLookUp, DynArcLookUp
  template <typename GR>
  class ConArcIt : public GR::Arc {
    typedef typename GR::Arc Parent;

  public:

    typedef typename GR::Arc Arc;
    typedef typename GR::Node Node;

    /// \brief Constructor.
    ///
    /// Construct a new ConArcIt iterating on the arcs that
    /// connects nodes \c u and \c v.
    ConArcIt(const GR& g, Node u, Node v) : _graph(g) {
      Parent::operator=(findArc(_graph, u, v));
    }

    /// \brief Constructor.
    ///
    /// Construct a new ConArcIt that continues the iterating from arc \c a.
    ConArcIt(const GR& g, Arc a) : Parent(a), _graph(g) {}

    /// \brief Increment operator.
    ///
    /// It increments the iterator and gives back the next arc.
    ConArcIt& operator++() {
      Parent::operator=(findArc(_graph, _graph.source(*this),
                                _graph.target(*this), *this));
      return *this;
    }
  private:
    const GR& _graph;
  };

  namespace _core_bits {

    template <typename Graph, typename Enable = void>
    struct FindEdgeSelector {
      typedef typename Graph::Node Node;
      typedef typename Graph::Edge Edge;
      static Edge find(const Graph &g, Node u, Node v, Edge e) {
        bool b;
        if (u != v) {
          if (e == INVALID) {
            g.firstInc(e, b, u);
          } else {
            b = g.u(e) == u;
            g.nextInc(e, b);
          }
          while (e != INVALID && (b ? g.v(e) : g.u(e)) != v) {
            g.nextInc(e, b);
          }
        } else {
          if (e == INVALID) {
            g.firstInc(e, b, u);
          } else {
            b = true;
            g.nextInc(e, b);
          }
          while (e != INVALID && (!b || g.v(e) != v)) {
            g.nextInc(e, b);
          }
        }
        return e;
      }
    };

    template <typename Graph>
    struct FindEdgeSelector<
      Graph,
      typename enable_if<typename Graph::FindEdgeTag, void>::type>
    {
      typedef typename Graph::Node Node;
      typedef typename Graph::Edge Edge;
      static Edge find(const Graph &g, Node u, Node v, Edge prev) {
        return g.findEdge(u, v, prev);
      }
    };
  }

  /// \brief Find an edge between two nodes of a graph.
  ///
  /// This function finds an edge from node \c u to node \c v in graph \c g.
  /// If node \c u and node \c v is equal then each loop edge
  /// will be enumerated once.
  ///
  /// If \c prev is \ref INVALID (this is the default value), then
  /// it finds the first edge from \c u to \c v. Otherwise it looks for
  /// the next edge from \c u to \c v after \c prev.
  /// \return The found edge or \ref INVALID if there is no such an edge.
  ///
  /// Thus you can iterate through each edge between \c u and \c v
  /// as it follows.
  ///\code
  /// for(Edge e = findEdge(g,u,v); e != INVALID; e = findEdge(g,u,v,e)) {
  ///   ...
  /// }
  ///\endcode
  ///
  /// \note \ref ConEdgeIt provides iterator interface for the same
  /// functionality.
  ///
  ///\sa ConEdgeIt
  template <typename Graph>
  inline typename Graph::Edge
  findEdge(const Graph &g, typename Graph::Node u, typename Graph::Node v,
            typename Graph::Edge p = INVALID) {
    return _core_bits::FindEdgeSelector<Graph>::find(g, u, v, p);
  }

  /// \brief Iterator for iterating on parallel edges connecting the same nodes.
  ///
  /// Iterator for iterating on parallel edges connecting the same nodes.
  /// It is a higher level interface for the findEdge() function. You can
  /// use it the following way:
  ///\code
  /// for (ConEdgeIt<Graph> it(g, u, v); it != INVALID; ++it) {
  ///   ...
  /// }
  ///\endcode
  ///
  ///\sa findEdge()
  template <typename GR>
  class ConEdgeIt : public GR::Edge {
    typedef typename GR::Edge Parent;

  public:

    typedef typename GR::Edge Edge;
    typedef typename GR::Node Node;

    /// \brief Constructor.
    ///
    /// Construct a new ConEdgeIt iterating on the edges that
    /// connects nodes \c u and \c v.
    ConEdgeIt(const GR& g, Node u, Node v) : _graph(g), _u(u), _v(v) {
      Parent::operator=(findEdge(_graph, _u, _v));
    }

    /// \brief Constructor.
    ///
    /// Construct a new ConEdgeIt that continues iterating from edge \c e.
    ConEdgeIt(const GR& g, Edge e) : Parent(e), _graph(g) {}

    /// \brief Increment operator.
    ///
    /// It increments the iterator and gives back the next edge.
    ConEdgeIt& operator++() {
      Parent::operator=(findEdge(_graph, _u, _v, *this));
      return *this;
    }
  private:
    const GR& _graph;
    Node _u, _v;
  };


  ///Dynamic arc look-up between given endpoints.

  ///Using this class, you can find an arc in a digraph from a given
  ///source to a given target in amortized time <em>O</em>(log<em>d</em>),
  ///where <em>d</em> is the out-degree of the source node.
  ///
  ///It is possible to find \e all parallel arcs between two nodes with
  ///the \c operator() member.
  ///
  ///This is a dynamic data structure. Consider to use \ref ArcLookUp or
  ///\ref AllArcLookUp if your digraph is not changed so frequently.
  ///
  ///This class uses a self-adjusting binary search tree, the Splay tree
  ///of Sleator and Tarjan to guarantee the logarithmic amortized
  ///time bound for arc look-ups. This class also guarantees the
  ///optimal time bound in a constant factor for any distribution of
  ///queries.
  ///
  ///\tparam GR The type of the underlying digraph.
  ///
  ///\sa ArcLookUp
  ///\sa AllArcLookUp
  template <typename GR>
  class DynArcLookUp
    : protected ItemSetTraits<GR, typename GR::Arc>::ItemNotifier::ObserverBase
  {
    typedef typename ItemSetTraits<GR, typename GR::Arc>
    ::ItemNotifier::ObserverBase Parent;

    TEMPLATE_DIGRAPH_TYPEDEFS(GR);

  public:

    /// The Digraph type
    typedef GR Digraph;

  protected:

    class AutoNodeMap : public ItemSetTraits<GR, Node>::template Map<Arc>::Type
    {
      typedef typename ItemSetTraits<GR, Node>::template Map<Arc>::Type Parent;

    public:

      AutoNodeMap(const GR& digraph) : Parent(digraph, INVALID) {}

      virtual void add(const Node& node) {
        Parent::add(node);
        Parent::set(node, INVALID);
      }

      virtual void add(const std::vector<Node>& nodes) {
        Parent::add(nodes);
        for (int i = 0; i < int(nodes.size()); ++i) {
          Parent::set(nodes[i], INVALID);
        }
      }

      virtual void build() {
        Parent::build();
        Node it;
        typename Parent::Notifier* nf = Parent::notifier();
        for (nf->first(it); it != INVALID; nf->next(it)) {
          Parent::set(it, INVALID);
        }
      }
    };

    class ArcLess {
      const Digraph &g;
    public:
      ArcLess(const Digraph &_g) : g(_g) {}
      bool operator()(Arc a,Arc b) const
      {
        return g.target(a)<g.target(b);
      }
    };

  protected:

    const Digraph &_g;
    AutoNodeMap _head;
    typename Digraph::template ArcMap<Arc> _parent;
    typename Digraph::template ArcMap<Arc> _left;
    typename Digraph::template ArcMap<Arc> _right;

  public:

    ///Constructor

    ///Constructor.
    ///
    ///It builds up the search database.
    DynArcLookUp(const Digraph &g)
      : _g(g),_head(g),_parent(g),_left(g),_right(g)
    {
      Parent::attach(_g.notifier(typename Digraph::Arc()));
      refresh();
    }

  protected:

    virtual void add(const Arc& arc) {
      insert(arc);
    }

    virtual void add(const std::vector<Arc>& arcs) {
      for (int i = 0; i < int(arcs.size()); ++i) {
        insert(arcs[i]);
      }
    }

    virtual void erase(const Arc& arc) {
      remove(arc);
    }

    virtual void erase(const std::vector<Arc>& arcs) {
      for (int i = 0; i < int(arcs.size()); ++i) {
        remove(arcs[i]);
      }
    }

    virtual void build() {
      refresh();
    }

    virtual void clear() {
      for(NodeIt n(_g);n!=INVALID;++n) {
        _head[n] = INVALID;
      }
    }

    void insert(Arc arc) {
      Node s = _g.source(arc);
      Node t = _g.target(arc);
      _left[arc] = INVALID;
      _right[arc] = INVALID;

      Arc e = _head[s];
      if (e == INVALID) {
        _head[s] = arc;
        _parent[arc] = INVALID;
        return;
      }
      while (true) {
        if (t < _g.target(e)) {
          if (_left[e] == INVALID) {
            _left[e] = arc;
            _parent[arc] = e;
            splay(arc);
            return;
          } else {
            e = _left[e];
          }
        } else {
          if (_right[e] == INVALID) {
            _right[e] = arc;
            _parent[arc] = e;
            splay(arc);
            return;
          } else {
            e = _right[e];
          }
        }
      }
    }

    void remove(Arc arc) {
      if (_left[arc] == INVALID) {
        if (_right[arc] != INVALID) {
          _parent[_right[arc]] = _parent[arc];
        }
        if (_parent[arc] != INVALID) {
          if (_left[_parent[arc]] == arc) {
            _left[_parent[arc]] = _right[arc];
          } else {
            _right[_parent[arc]] = _right[arc];
          }
        } else {
          _head[_g.source(arc)] = _right[arc];
        }
      } else if (_right[arc] == INVALID) {
        _parent[_left[arc]] = _parent[arc];
        if (_parent[arc] != INVALID) {
          if (_left[_parent[arc]] == arc) {
            _left[_parent[arc]] = _left[arc];
          } else {
            _right[_parent[arc]] = _left[arc];
          }
        } else {
          _head[_g.source(arc)] = _left[arc];
        }
      } else {
        Arc e = _left[arc];
        if (_right[e] != INVALID) {
          e = _right[e];
          while (_right[e] != INVALID) {
            e = _right[e];
          }
          Arc s = _parent[e];
          _right[_parent[e]] = _left[e];
          if (_left[e] != INVALID) {
            _parent[_left[e]] = _parent[e];
          }

          _left[e] = _left[arc];
          _parent[_left[arc]] = e;
          _right[e] = _right[arc];
          _parent[_right[arc]] = e;

          _parent[e] = _parent[arc];
          if (_parent[arc] != INVALID) {
            if (_left[_parent[arc]] == arc) {
              _left[_parent[arc]] = e;
            } else {
              _right[_parent[arc]] = e;
            }
          }
          splay(s);
        } else {
          _right[e] = _right[arc];
          _parent[_right[arc]] = e;
          _parent[e] = _parent[arc];

          if (_parent[arc] != INVALID) {
            if (_left[_parent[arc]] == arc) {
              _left[_parent[arc]] = e;
            } else {
              _right[_parent[arc]] = e;
            }
          } else {
            _head[_g.source(arc)] = e;
          }
        }
      }
    }

    Arc refreshRec(std::vector<Arc> &v,int a,int b)
    {
      int m=(a+b)/2;
      Arc me=v[m];
      if (a < m) {
        Arc left = refreshRec(v,a,m-1);
        _left[me] = left;
        _parent[left] = me;
      } else {
        _left[me] = INVALID;
      }
      if (m < b) {
        Arc right = refreshRec(v,m+1,b);
        _right[me] = right;
        _parent[right] = me;
      } else {
        _right[me] = INVALID;
      }
      return me;
    }

    void refresh() {
      for(NodeIt n(_g);n!=INVALID;++n) {
        std::vector<Arc> v;
        for(OutArcIt a(_g,n);a!=INVALID;++a) v.push_back(a);
        if (!v.empty()) {
          std::sort(v.begin(),v.end(),ArcLess(_g));
          Arc head = refreshRec(v,0,v.size()-1);
          _head[n] = head;
          _parent[head] = INVALID;
        }
        else _head[n] = INVALID;
      }
    }

    void zig(Arc v) {
      Arc w = _parent[v];
      _parent[v] = _parent[w];
      _parent[w] = v;
      _left[w] = _right[v];
      _right[v] = w;
      if (_parent[v] != INVALID) {
        if (_right[_parent[v]] == w) {
          _right[_parent[v]] = v;
        } else {
          _left[_parent[v]] = v;
        }
      }
      if (_left[w] != INVALID){
        _parent[_left[w]] = w;
      }
    }

    void zag(Arc v) {
      Arc w = _parent[v];
      _parent[v] = _parent[w];
      _parent[w] = v;
      _right[w] = _left[v];
      _left[v] = w;
      if (_parent[v] != INVALID){
        if (_left[_parent[v]] == w) {
          _left[_parent[v]] = v;
        } else {
          _right[_parent[v]] = v;
        }
      }
      if (_right[w] != INVALID){
        _parent[_right[w]] = w;
      }
    }

    void splay(Arc v) {
      while (_parent[v] != INVALID) {
        if (v == _left[_parent[v]]) {
          if (_parent[_parent[v]] == INVALID) {
            zig(v);
          } else {
            if (_parent[v] == _left[_parent[_parent[v]]]) {
              zig(_parent[v]);
              zig(v);
            } else {
              zig(v);
              zag(v);
            }
          }
        } else {
          if (_parent[_parent[v]] == INVALID) {
            zag(v);
          } else {
            if (_parent[v] == _left[_parent[_parent[v]]]) {
              zag(v);
              zig(v);
            } else {
              zag(_parent[v]);
              zag(v);
            }
          }
        }
      }
      _head[_g.source(v)] = v;
    }


  public:

    ///Find an arc between two nodes.

    ///Find an arc between two nodes.
    ///\param s The source node.
    ///\param t The target node.
    ///\param p The previous arc between \c s and \c t. It it is INVALID or
    ///not given, the operator finds the first appropriate arc.
    ///\return An arc from \c s to \c t after \c p or
    ///\ref INVALID if there is no more.
    ///
    ///For example, you can count the number of arcs from \c u to \c v in the
    ///following way.
    ///\code
    ///DynArcLookUp<ListDigraph> ae(g);
    ///...
    ///int n = 0;
    ///for(Arc a = ae(u,v); a != INVALID; a = ae(u,v,a)) n++;
    ///\endcode
    ///
    ///Finding the arcs take at most <em>O</em>(log<em>d</em>)
    ///amortized time, specifically, the time complexity of the lookups
    ///is equal to the optimal search tree implementation for the
    ///current query distribution in a constant factor.
    ///
    ///\note This is a dynamic data structure, therefore the data
    ///structure is updated after each graph alteration. Thus although
    ///this data structure is theoretically faster than \ref ArcLookUp
    ///and \ref AllArcLookUp, it often provides worse performance than
    ///them.
    Arc operator()(Node s, Node t, Arc p = INVALID) const  {
      if (p == INVALID) {
        Arc a = _head[s];
        if (a == INVALID) return INVALID;
        Arc r = INVALID;
        while (true) {
          if (_g.target(a) < t) {
            if (_right[a] == INVALID) {
              const_cast<DynArcLookUp&>(*this).splay(a);
              return r;
            } else {
              a = _right[a];
            }
          } else {
            if (_g.target(a) == t) {
              r = a;
            }
            if (_left[a] == INVALID) {
              const_cast<DynArcLookUp&>(*this).splay(a);
              return r;
            } else {
              a = _left[a];
            }
          }
        }
      } else {
        Arc a = p;
        if (_right[a] != INVALID) {
          a = _right[a];
          while (_left[a] != INVALID) {
            a = _left[a];
          }
          const_cast<DynArcLookUp&>(*this).splay(a);
        } else {
          while (_parent[a] != INVALID && _right[_parent[a]] ==  a) {
            a = _parent[a];
          }
          if (_parent[a] == INVALID) {
            return INVALID;
          } else {
            a = _parent[a];
            const_cast<DynArcLookUp&>(*this).splay(a);
          }
        }
        if (_g.target(a) == t) return a;
        else return INVALID;
      }
    }

  };

  ///Fast arc look-up between given endpoints.

  ///Using this class, you can find an arc in a digraph from a given
  ///source to a given target in time <em>O</em>(log<em>d</em>),
  ///where <em>d</em> is the out-degree of the source node.
  ///
  ///It is not possible to find \e all parallel arcs between two nodes.
  ///Use \ref AllArcLookUp for this purpose.
  ///
  ///\warning This class is static, so you should call refresh() (or at
  ///least refresh(Node)) to refresh this data structure whenever the
  ///digraph changes. This is a time consuming (superlinearly proportional
  ///(<em>O</em>(<em>m</em> log<em>m</em>)) to the number of arcs).
  ///
  ///\tparam GR The type of the underlying digraph.
  ///
  ///\sa DynArcLookUp
  ///\sa AllArcLookUp
  template<class GR>
  class ArcLookUp
  {
    TEMPLATE_DIGRAPH_TYPEDEFS(GR);

  public:

    /// The Digraph type
    typedef GR Digraph;

  protected:
    const Digraph &_g;
    typename Digraph::template NodeMap<Arc> _head;
    typename Digraph::template ArcMap<Arc> _left;
    typename Digraph::template ArcMap<Arc> _right;

    class ArcLess {
      const Digraph &g;
    public:
      ArcLess(const Digraph &_g) : g(_g) {}
      bool operator()(Arc a,Arc b) const
      {
        return g.target(a)<g.target(b);
      }
    };

  public:

    ///Constructor

    ///Constructor.
    ///
    ///It builds up the search database, which remains valid until the digraph
    ///changes.
    ArcLookUp(const Digraph &g) :_g(g),_head(g),_left(g),_right(g) {refresh();}

  private:
    Arc refreshRec(std::vector<Arc> &v,int a,int b)
    {
      int m=(a+b)/2;
      Arc me=v[m];
      _left[me] = a<m?refreshRec(v,a,m-1):INVALID;
      _right[me] = m<b?refreshRec(v,m+1,b):INVALID;
      return me;
    }
  public:
    ///Refresh the search data structure at a node.

    ///Build up the search database of node \c n.
    ///
    ///It runs in time <em>O</em>(<em>d</em> log<em>d</em>), where <em>d</em>
    ///is the number of the outgoing arcs of \c n.
    void refresh(Node n)
    {
      std::vector<Arc> v;
      for(OutArcIt e(_g,n);e!=INVALID;++e) v.push_back(e);
      if(v.size()) {
        std::sort(v.begin(),v.end(),ArcLess(_g));
        _head[n]=refreshRec(v,0,v.size()-1);
      }
      else _head[n]=INVALID;
    }
    ///Refresh the full data structure.

    ///Build up the full search database. In fact, it simply calls
    ///\ref refresh(Node) "refresh(n)" for each node \c n.
    ///
    ///It runs in time <em>O</em>(<em>m</em> log<em>D</em>), where <em>m</em> is
    ///the number of the arcs in the digraph and <em>D</em> is the maximum
    ///out-degree of the digraph.
    void refresh()
    {
      for(NodeIt n(_g);n!=INVALID;++n) refresh(n);
    }

    ///Find an arc between two nodes.

    ///Find an arc between two nodes in time <em>O</em>(log<em>d</em>),
    ///where <em>d</em> is the number of outgoing arcs of \c s.
    ///\param s The source node.
    ///\param t The target node.
    ///\return An arc from \c s to \c t if there exists,
    ///\ref INVALID otherwise.
    ///
    ///\warning If you change the digraph, refresh() must be called before using
    ///this operator. If you change the outgoing arcs of
    ///a single node \c n, then \ref refresh(Node) "refresh(n)" is enough.
    Arc operator()(Node s, Node t) const
    {
      Arc e;
      for(e=_head[s];
          e!=INVALID&&_g.target(e)!=t;
          e = t < _g.target(e)?_left[e]:_right[e]) ;
      return e;
    }

  };

  ///Fast look-up of all arcs between given endpoints.

  ///This class is the same as \ref ArcLookUp, with the addition
  ///that it makes it possible to find all parallel arcs between given
  ///endpoints.
  ///
  ///\warning This class is static, so you should call refresh() (or at
  ///least refresh(Node)) to refresh this data structure whenever the
  ///digraph changes. This is a time consuming (superlinearly proportional
  ///(<em>O</em>(<em>m</em> log<em>m</em>)) to the number of arcs).
  ///
  ///\tparam GR The type of the underlying digraph.
  ///
  ///\sa DynArcLookUp
  ///\sa ArcLookUp
  template<class GR>
  class AllArcLookUp : public ArcLookUp<GR>
  {
    using ArcLookUp<GR>::_g;
    using ArcLookUp<GR>::_right;
    using ArcLookUp<GR>::_left;
    using ArcLookUp<GR>::_head;

    TEMPLATE_DIGRAPH_TYPEDEFS(GR);

    typename GR::template ArcMap<Arc> _next;

    Arc refreshNext(Arc head,Arc next=INVALID)
    {
      if(head==INVALID) return next;
      else {
        next=refreshNext(_right[head],next);
        _next[head]=( next!=INVALID && _g.target(next)==_g.target(head))
          ? next : INVALID;
        return refreshNext(_left[head],head);
      }
    }

    void refreshNext()
    {
      for(NodeIt n(_g);n!=INVALID;++n) refreshNext(_head[n]);
    }

  public:

    /// The Digraph type
    typedef GR Digraph;

    ///Constructor

    ///Constructor.
    ///
    ///It builds up the search database, which remains valid until the digraph
    ///changes.
    AllArcLookUp(const Digraph &g) : ArcLookUp<GR>(g), _next(g) {refreshNext();}

    ///Refresh the data structure at a node.

    ///Build up the search database of node \c n.
    ///
    ///It runs in time <em>O</em>(<em>d</em> log<em>d</em>), where <em>d</em> is
    ///the number of the outgoing arcs of \c n.
    void refresh(Node n)
    {
      ArcLookUp<GR>::refresh(n);
      refreshNext(_head[n]);
    }

    ///Refresh the full data structure.

    ///Build up the full search database. In fact, it simply calls
    ///\ref refresh(Node) "refresh(n)" for each node \c n.
    ///
    ///It runs in time <em>O</em>(<em>m</em> log<em>D</em>), where <em>m</em> is
    ///the number of the arcs in the digraph and <em>D</em> is the maximum
    ///out-degree of the digraph.
    void refresh()
    {
      for(NodeIt n(_g);n!=INVALID;++n) refresh(_head[n]);
    }

    ///Find an arc between two nodes.

    ///Find an arc between two nodes.
    ///\param s The source node.
    ///\param t The target node.
    ///\param prev The previous arc between \c s and \c t. It it is INVALID or
    ///not given, the operator finds the first appropriate arc.
    ///\return An arc from \c s to \c t after \c prev or
    ///\ref INVALID if there is no more.
    ///
    ///For example, you can count the number of arcs from \c u to \c v in the
    ///following way.
    ///\code
    ///AllArcLookUp<ListDigraph> ae(g);
    ///...
    ///int n = 0;
    ///for(Arc a = ae(u,v); a != INVALID; a=ae(u,v,a)) n++;
    ///\endcode
    ///
    ///Finding the first arc take <em>O</em>(log<em>d</em>) time,
    ///where <em>d</em> is the number of outgoing arcs of \c s. Then the
    ///consecutive arcs are found in constant time.
    ///
    ///\warning If you change the digraph, refresh() must be called before using
    ///this operator. If you change the outgoing arcs of
    ///a single node \c n, then \ref refresh(Node) "refresh(n)" is enough.
    ///
#ifdef DOXYGEN
    Arc operator()(Node s, Node t, Arc prev=INVALID) const {}
#else
    using ArcLookUp<GR>::operator() ;
    Arc operator()(Node s, Node t, Arc prev) const
    {
      return prev==INVALID?(*this)(s,t):_next[prev];
    }
#endif

  };

  /// @}

} //namespace lemon

#endif
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 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2011
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_COST_SCALING_H
#define LEMON_COST_SCALING_H

/// \ingroup min_cost_flow_algs
/// \file
/// \brief Cost scaling algorithm for finding a minimum cost flow.

#include <vector>
#include <deque>
#include <limits>

#include <lemon/core.h>
#include <lemon/maps.h>
#include <lemon/math.h>
#include <lemon/static_graph.h>
#include <lemon/circulation.h>
#include <lemon/bellman_ford.h>

namespace lemon {

  /// \brief Default traits class of CostScaling algorithm.
  ///
  /// Default traits class of CostScaling algorithm.
  /// \tparam GR Digraph type.
  /// \tparam V The number type used for flow amounts, capacity bounds
  /// and supply values. By default it is \c int.
  /// \tparam C The number type used for costs and potentials.
  /// By default it is the same as \c V.
#ifdef DOXYGEN
  template <typename GR, typename V = int, typename C = V>
#else
  template < typename GR, typename V = int, typename C = V,
             bool integer = std::numeric_limits<C>::is_integer >
#endif
  struct CostScalingDefaultTraits
  {
    /// The type of the digraph
    typedef GR Digraph;
    /// The type of the flow amounts, capacity bounds and supply values
    typedef V Value;
    /// The type of the arc costs
    typedef C Cost;

    /// \brief The large cost type used for internal computations
    ///
    /// The large cost type used for internal computations.
    /// It is \c long \c long if the \c Cost type is integer,
    /// otherwise it is \c double.
    /// \c Cost must be convertible to \c LargeCost.
    typedef double LargeCost;
  };

  // Default traits class for integer cost types
  template <typename GR, typename V, typename C>
  struct CostScalingDefaultTraits<GR, V, C, true>
  {
    typedef GR Digraph;
    typedef V Value;
    typedef C Cost;
#ifdef LEMON_HAVE_LONG_LONG
    typedef long long LargeCost;
#else
    typedef long LargeCost;
#endif
  };


  /// \addtogroup min_cost_flow_algs
  /// @{

  /// \brief Implementation of the Cost Scaling algorithm for
  /// finding a \ref min_cost_flow "minimum cost flow".
  ///
  /// \ref CostScaling implements a cost scaling algorithm that performs
  /// push/augment and relabel operations for finding a \ref min_cost_flow
  /// "minimum cost flow" \ref amo93networkflows, \ref goldberg90approximation,
  /// \ref goldberg97efficient, \ref bunnagel98efficient.
  /// It is a highly efficient primal-dual solution method, which
  /// can be viewed as the generalization of the \ref Preflow
  /// "preflow push-relabel" algorithm for the maximum flow problem.
  ///
  /// Most of the parameters of the problem (except for the digraph)
  /// can be given using separate functions, and the algorithm can be
  /// executed using the \ref run() function. If some parameters are not
  /// specified, then default values will be used.
  ///
  /// \tparam GR The digraph type the algorithm runs on.
  /// \tparam V The number type used for flow amounts, capacity bounds
  /// and supply values in the algorithm. By default, it is \c int.
  /// \tparam C The number type used for costs and potentials in the
  /// algorithm. By default, it is the same as \c V.
  /// \tparam TR The traits class that defines various types used by the
  /// algorithm. By default, it is \ref CostScalingDefaultTraits
  /// "CostScalingDefaultTraits<GR, V, C>".
  /// In most cases, this parameter should not be set directly,
  /// consider to use the named template parameters instead.
  ///
  /// \warning Both number types must be signed and all input data must
  /// be integer.
  /// \warning This algorithm does not support negative costs for such
  /// arcs that have infinite upper bound.
  ///
  /// \note %CostScaling provides three different internal methods,
  /// from which the most efficient one is used by default.
  /// For more information, see \ref Method.
#ifdef DOXYGEN
  template <typename GR, typename V, typename C, typename TR>
#else
  template < typename GR, typename V = int, typename C = V,
             typename TR = CostScalingDefaultTraits<GR, V, C> >
#endif
  class CostScaling
  {
  public:

    /// The type of the digraph
    typedef typename TR::Digraph Digraph;
    /// The type of the flow amounts, capacity bounds and supply values
    typedef typename TR::Value Value;
    /// The type of the arc costs
    typedef typename TR::Cost Cost;

    /// \brief The large cost type
    ///
    /// The large cost type used for internal computations.
    /// By default, it is \c long \c long if the \c Cost type is integer,
    /// otherwise it is \c double.
    typedef typename TR::LargeCost LargeCost;

    /// The \ref CostScalingDefaultTraits "traits class" of the algorithm
    typedef TR Traits;

  public:

    /// \brief Problem type constants for the \c run() function.
    ///
    /// Enum type containing the problem type constants that can be
    /// returned by the \ref run() function of the algorithm.
    enum ProblemType {
      /// The problem has no feasible solution (flow).
      INFEASIBLE,
      /// The problem has optimal solution (i.e. it is feasible and
      /// bounded), and the algorithm has found optimal flow and node
      /// potentials (primal and dual solutions).
      OPTIMAL,
      /// The digraph contains an arc of negative cost and infinite
      /// upper bound. It means that the objective function is unbounded
      /// on that arc, however, note that it could actually be bounded
      /// over the feasible flows, but this algroithm cannot handle
      /// these cases.
      UNBOUNDED
    };

    /// \brief Constants for selecting the internal method.
    ///
    /// Enum type containing constants for selecting the internal method
    /// for the \ref run() function.
    ///
    /// \ref CostScaling provides three internal methods that differ mainly
    /// in their base operations, which are used in conjunction with the
    /// relabel operation.
    /// By default, the so called \ref PARTIAL_AUGMENT
    /// "Partial Augment-Relabel" method is used, which proved to be
    /// the most efficient and the most robust on various test inputs.
    /// However, the other methods can be selected using the \ref run()
    /// function with the proper parameter.
    enum Method {
      /// Local push operations are used, i.e. flow is moved only on one
      /// admissible arc at once.
      PUSH,
      /// Augment operations are used, i.e. flow is moved on admissible
      /// paths from a node with excess to a node with deficit.
      AUGMENT,
      /// Partial augment operations are used, i.e. flow is moved on
      /// admissible paths started from a node with excess, but the
      /// lengths of these paths are limited. This method can be viewed
      /// as a combined version of the previous two operations.
      PARTIAL_AUGMENT
    };

  private:

    TEMPLATE_DIGRAPH_TYPEDEFS(GR);

    typedef std::vector<int> IntVector;
    typedef std::vector<Value> ValueVector;
    typedef std::vector<Cost> CostVector;
    typedef std::vector<LargeCost> LargeCostVector;
    typedef std::vector<char> BoolVector;
    // Note: vector<char> is used instead of vector<bool> for efficiency reasons

  private:

    template <typename KT, typename VT>
    class StaticVectorMap {
    public:
      typedef KT Key;
      typedef VT Value;

      StaticVectorMap(std::vector<Value>& v) : _v(v) {}

      const Value& operator[](const Key& key) const {
        return _v[StaticDigraph::id(key)];
      }

      Value& operator[](const Key& key) {
        return _v[StaticDigraph::id(key)];
      }

      void set(const Key& key, const Value& val) {
        _v[StaticDigraph::id(key)] = val;
      }

    private:
      std::vector<Value>& _v;
    };

    typedef StaticVectorMap<StaticDigraph::Node, LargeCost> LargeCostNodeMap;
    typedef StaticVectorMap<StaticDigraph::Arc, LargeCost> LargeCostArcMap;

  private:

    // Data related to the underlying digraph
    const GR &_graph;
    int _node_num;
    int _arc_num;
    int _res_node_num;
    int _res_arc_num;
    int _root;

    // Parameters of the problem
    bool _have_lower;
    Value _sum_supply;
    int _sup_node_num;

    // Data structures for storing the digraph
    IntNodeMap _node_id;
    IntArcMap _arc_idf;
    IntArcMap _arc_idb;
    IntVector _first_out;
    BoolVector _forward;
    IntVector _source;
    IntVector _target;
    IntVector _reverse;

    // Node and arc data
    ValueVector _lower;
    ValueVector _upper;
    CostVector _scost;
    ValueVector _supply;

    ValueVector _res_cap;
    LargeCostVector _cost;
    LargeCostVector _pi;
    ValueVector _excess;
    IntVector _next_out;
    std::deque<int> _active_nodes;

    // Data for scaling
    LargeCost _epsilon;
    int _alpha;

    IntVector _buckets;
    IntVector _bucket_next;
    IntVector _bucket_prev;
    IntVector _rank;
    int _max_rank;

    // Data for a StaticDigraph structure
    typedef std::pair<int, int> IntPair;
    StaticDigraph _sgr;
    std::vector<IntPair> _arc_vec;
    std::vector<LargeCost> _cost_vec;
    LargeCostArcMap _cost_map;
    LargeCostNodeMap _pi_map;

  public:

    /// \brief Constant for infinite upper bounds (capacities).
    ///
    /// Constant for infinite upper bounds (capacities).
    /// It is \c std::numeric_limits<Value>::infinity() if available,
    /// \c std::numeric_limits<Value>::max() otherwise.
    const Value INF;

  public:

    /// \name Named Template Parameters
    /// @{

    template <typename T>
    struct SetLargeCostTraits : public Traits {
      typedef T LargeCost;
    };

    /// \brief \ref named-templ-param "Named parameter" for setting
    /// \c LargeCost type.
    ///
    /// \ref named-templ-param "Named parameter" for setting \c LargeCost
    /// type, which is used for internal computations in the algorithm.
    /// \c Cost must be convertible to \c LargeCost.
    template <typename T>
    struct SetLargeCost
      : public CostScaling<GR, V, C, SetLargeCostTraits<T> > {
      typedef  CostScaling<GR, V, C, SetLargeCostTraits<T> > Create;
    };

    /// @}

  protected:

    CostScaling() {}

  public:

    /// \brief Constructor.
    ///
    /// The constructor of the class.
    ///
    /// \param graph The digraph the algorithm runs on.
    CostScaling(const GR& graph) :
      _graph(graph), _node_id(graph), _arc_idf(graph), _arc_idb(graph),
      _cost_map(_cost_vec), _pi_map(_pi),
      INF(std::numeric_limits<Value>::has_infinity ?
          std::numeric_limits<Value>::infinity() :
          std::numeric_limits<Value>::max())
    {
      // Check the number types
      LEMON_ASSERT(std::numeric_limits<Value>::is_signed,
        "The flow type of CostScaling must be signed");
      LEMON_ASSERT(std::numeric_limits<Cost>::is_signed,
        "The cost type of CostScaling must be signed");

      // Reset data structures
      reset();
    }

    /// \name Parameters
    /// The parameters of the algorithm can be specified using these
    /// functions.

    /// @{

    /// \brief Set the lower bounds on the arcs.
    ///
    /// This function sets the lower bounds on the arcs.
    /// If it is not used before calling \ref run(), the lower bounds
    /// will be set to zero on all arcs.
    ///
    /// \param map An arc map storing the lower bounds.
    /// Its \c Value type must be convertible to the \c Value type
    /// of the algorithm.
    ///
    /// \return <tt>(*this)</tt>
    template <typename LowerMap>
    CostScaling& lowerMap(const LowerMap& map) {
      _have_lower = true;
      for (ArcIt a(_graph); a != INVALID; ++a) {
        _lower[_arc_idf[a]] = map[a];
        _lower[_arc_idb[a]] = map[a];
      }
      return *this;
    }

    /// \brief Set the upper bounds (capacities) on the arcs.
    ///
    /// This function sets the upper bounds (capacities) on the arcs.
    /// If it is not used before calling \ref run(), the upper bounds
    /// will be set to \ref INF on all arcs (i.e. the flow value will be
    /// unbounded from above).
    ///
    /// \param map An arc map storing the upper bounds.
    /// Its \c Value type must be convertible to the \c Value type
    /// of the algorithm.
    ///
    /// \return <tt>(*this)</tt>
    template<typename UpperMap>
    CostScaling& upperMap(const UpperMap& map) {
      for (ArcIt a(_graph); a != INVALID; ++a) {
        _upper[_arc_idf[a]] = map[a];
      }
      return *this;
    }

    /// \brief Set the costs of the arcs.
    ///
    /// This function sets the costs of the arcs.
    /// If it is not used before calling \ref run(), the costs
    /// will be set to \c 1 on all arcs.
    ///
    /// \param map An arc map storing the costs.
    /// Its \c Value type must be convertible to the \c Cost type
    /// of the algorithm.
    ///
    /// \return <tt>(*this)</tt>
    template<typename CostMap>
    CostScaling& costMap(const CostMap& map) {
      for (ArcIt a(_graph); a != INVALID; ++a) {
        _scost[_arc_idf[a]] =  map[a];
        _scost[_arc_idb[a]] = -map[a];
      }
      return *this;
    }

    /// \brief Set the supply values of the nodes.
    ///
    /// This function sets the supply values of the nodes.
    /// If neither this function nor \ref stSupply() is used before
    /// calling \ref run(), the supply of each node will be set to zero.
    ///
    /// \param map A node map storing the supply values.
    /// Its \c Value type must be convertible to the \c Value type
    /// of the algorithm.
    ///
    /// \return <tt>(*this)</tt>
    template<typename SupplyMap>
    CostScaling& supplyMap(const SupplyMap& map) {
      for (NodeIt n(_graph); n != INVALID; ++n) {
        _supply[_node_id[n]] = map[n];
      }
      return *this;
    }

    /// \brief Set single source and target nodes and a supply value.
    ///
    /// This function sets a single source node and a single target node
    /// and the required flow value.
    /// If neither this function nor \ref supplyMap() is used before
    /// calling \ref run(), the supply of each node will be set to zero.
    ///
    /// Using this function has the same effect as using \ref supplyMap()
    /// with such a map in which \c k is assigned to \c s, \c -k is
    /// assigned to \c t and all other nodes have zero supply value.
    ///
    /// \param s The source node.
    /// \param t The target node.
    /// \param k The required amount of flow from node \c s to node \c t
    /// (i.e. the supply of \c s and the demand of \c t).
    ///
    /// \return <tt>(*this)</tt>
    CostScaling& stSupply(const Node& s, const Node& t, Value k) {
      for (int i = 0; i != _res_node_num; ++i) {
        _supply[i] = 0;
      }
      _supply[_node_id[s]] =  k;
      _supply[_node_id[t]] = -k;
      return *this;
    }

    /// @}

    /// \name Execution control
    /// The algorithm can be executed using \ref run().

    /// @{

    /// \brief Run the algorithm.
    ///
    /// This function runs the algorithm.
    /// The paramters can be specified using functions \ref lowerMap(),
    /// \ref upperMap(), \ref costMap(), \ref supplyMap(), \ref stSupply().
    /// For example,
    /// \code
    ///   CostScaling<ListDigraph> cs(graph);
    ///   cs.lowerMap(lower).upperMap(upper).costMap(cost)
    ///     .supplyMap(sup).run();
    /// \endcode
    ///
    /// This function can be called more than once. All the given parameters
    /// are kept for the next call, unless \ref resetParams() or \ref reset()
    /// is used, thus only the modified parameters have to be set again.
    /// If the underlying digraph was also modified after the construction
    /// of the class (or the last \ref reset() call), then the \ref reset()
    /// function must be called.
    ///
    /// \param method The internal method that will be used in the
    /// algorithm. For more information, see \ref Method.
    /// \param factor The cost scaling factor. It must be larger than one.
    ///
    /// \return \c INFEASIBLE if no feasible flow exists,
    /// \n \c OPTIMAL if the problem has optimal solution
    /// (i.e. it is feasible and bounded), and the algorithm has found
    /// optimal flow and node potentials (primal and dual solutions),
    /// \n \c UNBOUNDED if the digraph contains an arc of negative cost
    /// and infinite upper bound. It means that the objective function
    /// is unbounded on that arc, however, note that it could actually be
    /// bounded over the feasible flows, but this algroithm cannot handle
    /// these cases.
    ///
    /// \see ProblemType, Method
    /// \see resetParams(), reset()
    ProblemType run(Method method = PARTIAL_AUGMENT, int factor = 8) {
      _alpha = factor;
      ProblemType pt = init();
      if (pt != OPTIMAL) return pt;
      start(method);
      return OPTIMAL;
    }

    /// \brief Reset all the parameters that have been given before.
    ///
    /// This function resets all the paramaters that have been given
    /// before using functions \ref lowerMap(), \ref upperMap(),
    /// \ref costMap(), \ref supplyMap(), \ref stSupply().
    ///
    /// It is useful for multiple \ref run() calls. Basically, all the given
    /// parameters are kept for the next \ref run() call, unless
    /// \ref resetParams() or \ref reset() is used.
    /// If the underlying digraph was also modified after the construction
    /// of the class or the last \ref reset() call, then the \ref reset()
    /// function must be used, otherwise \ref resetParams() is sufficient.
    ///
    /// For example,
    /// \code
    ///   CostScaling<ListDigraph> cs(graph);
    ///
    ///   // First run
    ///   cs.lowerMap(lower).upperMap(upper).costMap(cost)
    ///     .supplyMap(sup).run();
    ///
    ///   // Run again with modified cost map (resetParams() is not called,
    ///   // so only the cost map have to be set again)
    ///   cost[e] += 100;
    ///   cs.costMap(cost).run();
    ///
    ///   // Run again from scratch using resetParams()
    ///   // (the lower bounds will be set to zero on all arcs)
    ///   cs.resetParams();
    ///   cs.upperMap(capacity).costMap(cost)
    ///     .supplyMap(sup).run();
    /// \endcode
    ///
    /// \return <tt>(*this)</tt>
    ///
    /// \see reset(), run()
    CostScaling& resetParams() {
      for (int i = 0; i != _res_node_num; ++i) {
        _supply[i] = 0;
      }
      int limit = _first_out[_root];
      for (int j = 0; j != limit; ++j) {
        _lower[j] = 0;
        _upper[j] = INF;
        _scost[j] = _forward[j] ? 1 : -1;
      }
      for (int j = limit; j != _res_arc_num; ++j) {
        _lower[j] = 0;
        _upper[j] = INF;
        _scost[j] = 0;
        _scost[_reverse[j]] = 0;
      }
      _have_lower = false;
      return *this;
    }

    /// \brief Reset all the parameters that have been given before.
    ///
    /// This function resets all the paramaters that have been given
    /// before using functions \ref lowerMap(), \ref upperMap(),
    /// \ref costMap(), \ref supplyMap(), \ref stSupply().
    ///
    /// It is useful for multiple run() calls. If this function is not
    /// used, all the parameters given before are kept for the next
    /// \ref run() call.
    /// However, the underlying digraph must not be modified after this
    /// class have been constructed, since it copies and extends the graph.
    /// \return <tt>(*this)</tt>
    CostScaling& reset() {
      // Resize vectors
      _node_num = countNodes(_graph);
      _arc_num = countArcs(_graph);
      _res_node_num = _node_num + 1;
      _res_arc_num = 2 * (_arc_num + _node_num);
      _root = _node_num;

      _first_out.resize(_res_node_num + 1);
      _forward.resize(_res_arc_num);
      _source.resize(_res_arc_num);
      _target.resize(_res_arc_num);
      _reverse.resize(_res_arc_num);

      _lower.resize(_res_arc_num);
      _upper.resize(_res_arc_num);
      _scost.resize(_res_arc_num);
      _supply.resize(_res_node_num);

      _res_cap.resize(_res_arc_num);
      _cost.resize(_res_arc_num);
      _pi.resize(_res_node_num);
      _excess.resize(_res_node_num);
      _next_out.resize(_res_node_num);

      _arc_vec.reserve(_res_arc_num);
      _cost_vec.reserve(_res_arc_num);

      // Copy the graph
      int i = 0, j = 0, k = 2 * _arc_num + _node_num;
      for (NodeIt n(_graph); n != INVALID; ++n, ++i) {
        _node_id[n] = i;
      }
      i = 0;
      for (NodeIt n(_graph); n != INVALID; ++n, ++i) {
        _first_out[i] = j;
        for (OutArcIt a(_graph, n); a != INVALID; ++a, ++j) {
          _arc_idf[a] = j;
          _forward[j] = true;
          _source[j] = i;
          _target[j] = _node_id[_graph.runningNode(a)];
        }
        for (InArcIt a(_graph, n); a != INVALID; ++a, ++j) {
          _arc_idb[a] = j;
          _forward[j] = false;
          _source[j] = i;
          _target[j] = _node_id[_graph.runningNode(a)];
        }
        _forward[j] = false;
        _source[j] = i;
        _target[j] = _root;
        _reverse[j] = k;
        _forward[k] = true;
        _source[k] = _root;
        _target[k] = i;
        _reverse[k] = j;
        ++j; ++k;
      }
      _first_out[i] = j;
      _first_out[_res_node_num] = k;
      for (ArcIt a(_graph); a != INVALID; ++a) {
        int fi = _arc_idf[a];
        int bi = _arc_idb[a];
        _reverse[fi] = bi;
        _reverse[bi] = fi;
      }

      // Reset parameters
      resetParams();
      return *this;
    }

    /// @}

    /// \name Query Functions
    /// The results of the algorithm can be obtained using these
    /// functions.\n
    /// The \ref run() function must be called before using them.

    /// @{

    /// \brief Return the total cost of the found flow.
    ///
    /// This function returns the total cost of the found flow.
    /// Its complexity is O(e).
    ///
    /// \note The return type of the function can be specified as a
    /// template parameter. For example,
    /// \code
    ///   cs.totalCost<double>();
    /// \endcode
    /// It is useful if the total cost cannot be stored in the \c Cost
    /// type of the algorithm, which is the default return type of the
    /// function.
    ///
    /// \pre \ref run() must be called before using this function.
    template <typename Number>
    Number totalCost() const {
      Number c = 0;
      for (ArcIt a(_graph); a != INVALID; ++a) {
        int i = _arc_idb[a];
        c += static_cast<Number>(_res_cap[i]) *
             (-static_cast<Number>(_scost[i]));
      }
      return c;
    }

#ifndef DOXYGEN
    Cost totalCost() const {
      return totalCost<Cost>();
    }
#endif

    /// \brief Return the flow on the given arc.
    ///
    /// This function returns the flow on the given arc.
    ///
    /// \pre \ref run() must be called before using this function.
    Value flow(const Arc& a) const {
      return _res_cap[_arc_idb[a]];
    }

    /// \brief Return the flow map (the primal solution).
    ///
    /// This function copies the flow value on each arc into the given
    /// map. The \c Value type of the algorithm must be convertible to
    /// the \c Value type of the map.
    ///
    /// \pre \ref run() must be called before using this function.
    template <typename FlowMap>
    void flowMap(FlowMap &map) const {
      for (ArcIt a(_graph); a != INVALID; ++a) {
        map.set(a, _res_cap[_arc_idb[a]]);
      }
    }

    /// \brief Return the potential (dual value) of the given node.
    ///
    /// This function returns the potential (dual value) of the
    /// given node.
    ///
    /// \pre \ref run() must be called before using this function.
    Cost potential(const Node& n) const {
      return static_cast<Cost>(_pi[_node_id[n]]);
    }

    /// \brief Return the potential map (the dual solution).
    ///
    /// This function copies the potential (dual value) of each node
    /// into the given map.
    /// The \c Cost type of the algorithm must be convertible to the
    /// \c Value type of the map.
    ///
    /// \pre \ref run() must be called before using this function.
    template <typename PotentialMap>
    void potentialMap(PotentialMap &map) const {
      for (NodeIt n(_graph); n != INVALID; ++n) {
        map.set(n, static_cast<Cost>(_pi[_node_id[n]]));
      }
    }

    /// @}

  private:

    // Initialize the algorithm
    ProblemType init() {
      if (_res_node_num <= 1) return INFEASIBLE;

      // Check the sum of supply values
      _sum_supply = 0;
      for (int i = 0; i != _root; ++i) {
        _sum_supply += _supply[i];
      }
      if (_sum_supply > 0) return INFEASIBLE;


      // Initialize vectors
      for (int i = 0; i != _res_node_num; ++i) {
        _pi[i] = 0;
        _excess[i] = _supply[i];
      }

      // Remove infinite upper bounds and check negative arcs
      const Value MAX = std::numeric_limits<Value>::max();
      int last_out;
      if (_have_lower) {
        for (int i = 0; i != _root; ++i) {
          last_out = _first_out[i+1];
          for (int j = _first_out[i]; j != last_out; ++j) {
            if (_forward[j]) {
              Value c = _scost[j] < 0 ? _upper[j] : _lower[j];
              if (c >= MAX) return UNBOUNDED;
              _excess[i] -= c;
              _excess[_target[j]] += c;
            }
          }
        }
      } else {
        for (int i = 0; i != _root; ++i) {
          last_out = _first_out[i+1];
          for (int j = _first_out[i]; j != last_out; ++j) {
            if (_forward[j] && _scost[j] < 0) {
              Value c = _upper[j];
              if (c >= MAX) return UNBOUNDED;
              _excess[i] -= c;
              _excess[_target[j]] += c;
            }
          }
        }
      }
      Value ex, max_cap = 0;
      for (int i = 0; i != _res_node_num; ++i) {
        ex = _excess[i];
        _excess[i] = 0;
        if (ex < 0) max_cap -= ex;
      }
      for (int j = 0; j != _res_arc_num; ++j) {
        if (_upper[j] >= MAX) _upper[j] = max_cap;
      }

      // Initialize the large cost vector and the epsilon parameter
      _epsilon = 0;
      LargeCost lc;
      for (int i = 0; i != _root; ++i) {
        last_out = _first_out[i+1];
        for (int j = _first_out[i]; j != last_out; ++j) {
          lc = static_cast<LargeCost>(_scost[j]) * _res_node_num * _alpha;
          _cost[j] = lc;
          if (lc > _epsilon) _epsilon = lc;
        }
      }
      _epsilon /= _alpha;

      // Initialize maps for Circulation and remove non-zero lower bounds
      ConstMap<Arc, Value> low(0);
      typedef typename Digraph::template ArcMap<Value> ValueArcMap;
      typedef typename Digraph::template NodeMap<Value> ValueNodeMap;
      ValueArcMap cap(_graph), flow(_graph);
      ValueNodeMap sup(_graph);
      for (NodeIt n(_graph); n != INVALID; ++n) {
        sup[n] = _supply[_node_id[n]];
      }
      if (_have_lower) {
        for (ArcIt a(_graph); a != INVALID; ++a) {
          int j = _arc_idf[a];
          Value c = _lower[j];
          cap[a] = _upper[j] - c;
          sup[_graph.source(a)] -= c;
          sup[_graph.target(a)] += c;
        }
      } else {
        for (ArcIt a(_graph); a != INVALID; ++a) {
          cap[a] = _upper[_arc_idf[a]];
        }
      }

      _sup_node_num = 0;
      for (NodeIt n(_graph); n != INVALID; ++n) {
        if (sup[n] > 0) ++_sup_node_num;
      }

      // Find a feasible flow using Circulation
      Circulation<Digraph, ConstMap<Arc, Value>, ValueArcMap, ValueNodeMap>
        circ(_graph, low, cap, sup);
      if (!circ.flowMap(flow).run()) return INFEASIBLE;

      // Set residual capacities and handle GEQ supply type
      if (_sum_supply < 0) {
        for (ArcIt a(_graph); a != INVALID; ++a) {
          Value fa = flow[a];
          _res_cap[_arc_idf[a]] = cap[a] - fa;
          _res_cap[_arc_idb[a]] = fa;
          sup[_graph.source(a)] -= fa;
          sup[_graph.target(a)] += fa;
        }
        for (NodeIt n(_graph); n != INVALID; ++n) {
          _excess[_node_id[n]] = sup[n];
        }
        for (int a = _first_out[_root]; a != _res_arc_num; ++a) {
          int u = _target[a];
          int ra = _reverse[a];
          _res_cap[a] = -_sum_supply + 1;
          _res_cap[ra] = -_excess[u];
          _cost[a] = 0;
          _cost[ra] = 0;
          _excess[u] = 0;
        }
      } else {
        for (ArcIt a(_graph); a != INVALID; ++a) {
          Value fa = flow[a];
          _res_cap[_arc_idf[a]] = cap[a] - fa;
          _res_cap[_arc_idb[a]] = fa;
        }
        for (int a = _first_out[_root]; a != _res_arc_num; ++a) {
          int ra = _reverse[a];
          _res_cap[a] = 0;
          _res_cap[ra] = 0;
          _cost[a] = 0;
          _cost[ra] = 0;
        }
      }

      return OPTIMAL;
    }

    // Execute the algorithm and transform the results
    void start(Method method) {
      // Maximum path length for partial augment
      const int MAX_PATH_LENGTH = 4;

      // Initialize data structures for buckets
      _max_rank = _alpha * _res_node_num;
      _buckets.resize(_max_rank);
      _bucket_next.resize(_res_node_num + 1);
      _bucket_prev.resize(_res_node_num + 1);
      _rank.resize(_res_node_num + 1);

      // Execute the algorithm
      switch (method) {
        case PUSH:
          startPush();
          break;
        case AUGMENT:
          startAugment(_res_node_num - 1);
          break;
        case PARTIAL_AUGMENT:
          startAugment(MAX_PATH_LENGTH);
          break;
      }

      // Compute node potentials for the original costs
      _arc_vec.clear();
      _cost_vec.clear();
      for (int j = 0; j != _res_arc_num; ++j) {
        if (_res_cap[j] > 0) {
          _arc_vec.push_back(IntPair(_source[j], _target[j]));
          _cost_vec.push_back(_scost[j]);
        }
      }
      _sgr.build(_res_node_num, _arc_vec.begin(), _arc_vec.end());

      typename BellmanFord<StaticDigraph, LargeCostArcMap>
        ::template SetDistMap<LargeCostNodeMap>::Create bf(_sgr, _cost_map);
      bf.distMap(_pi_map);
      bf.init(0);
      bf.start();

      // Handle non-zero lower bounds
      if (_have_lower) {
        int limit = _first_out[_root];
        for (int j = 0; j != limit; ++j) {
          if (!_forward[j]) _res_cap[j] += _lower[j];
        }
      }
    }

    // Initialize a cost scaling phase
    void initPhase() {
      // Saturate arcs not satisfying the optimality condition
      for (int u = 0; u != _res_node_num; ++u) {
        int last_out = _first_out[u+1];
        LargeCost pi_u = _pi[u];
        for (int a = _first_out[u]; a != last_out; ++a) {
          int v = _target[a];
          if (_res_cap[a] > 0 && _cost[a] + pi_u - _pi[v] < 0) {
            Value delta = _res_cap[a];
            _excess[u] -= delta;
            _excess[v] += delta;
            _res_cap[a] = 0;
            _res_cap[_reverse[a]] += delta;
          }
        }
      }

      // Find active nodes (i.e. nodes with positive excess)
      for (int u = 0; u != _res_node_num; ++u) {
        if (_excess[u] > 0) _active_nodes.push_back(u);
      }

      // Initialize the next arcs
      for (int u = 0; u != _res_node_num; ++u) {
        _next_out[u] = _first_out[u];
      }
    }

    // Early termination heuristic
    bool earlyTermination() {
      const double EARLY_TERM_FACTOR = 3.0;

      // Build a static residual graph
      _arc_vec.clear();
      _cost_vec.clear();
      for (int j = 0; j != _res_arc_num; ++j) {
        if (_res_cap[j] > 0) {
          _arc_vec.push_back(IntPair(_source[j], _target[j]));
          _cost_vec.push_back(_cost[j] + 1);
        }
      }
      _sgr.build(_res_node_num, _arc_vec.begin(), _arc_vec.end());

      // Run Bellman-Ford algorithm to check if the current flow is optimal
      BellmanFord<StaticDigraph, LargeCostArcMap> bf(_sgr, _cost_map);
      bf.init(0);
      bool done = false;
      int K = int(EARLY_TERM_FACTOR * std::sqrt(double(_res_node_num)));
      for (int i = 0; i < K && !done; ++i) {
        done = bf.processNextWeakRound();
      }
      return done;
    }

    // Global potential update heuristic
    void globalUpdate() {
      int bucket_end = _root + 1;

      // Initialize buckets
      for (int r = 0; r != _max_rank; ++r) {
        _buckets[r] = bucket_end;
      }
      Value total_excess = 0;
      for (int i = 0; i != _res_node_num; ++i) {
        if (_excess[i] < 0) {
          _rank[i] = 0;
          _bucket_next[i] = _buckets[0];
          _bucket_prev[_buckets[0]] = i;
          _buckets[0] = i;
        } else {
          total_excess += _excess[i];
          _rank[i] = _max_rank;
        }
      }
      if (total_excess == 0) return;

      // Search the buckets
      int r = 0;
      for ( ; r != _max_rank; ++r) {
        while (_buckets[r] != bucket_end) {
          // Remove the first node from the current bucket
          int u = _buckets[r];
          _buckets[r] = _bucket_next[u];

          // Search the incomming arcs of u
          LargeCost pi_u = _pi[u];
          int last_out = _first_out[u+1];
          for (int a = _first_out[u]; a != last_out; ++a) {
            int ra = _reverse[a];
            if (_res_cap[ra] > 0) {
              int v = _source[ra];
              int old_rank_v = _rank[v];
              if (r < old_rank_v) {
                // Compute the new rank of v
                LargeCost nrc = (_cost[ra] + _pi[v] - pi_u) / _epsilon;
                int new_rank_v = old_rank_v;
                if (nrc < LargeCost(_max_rank))
                  new_rank_v = r + 1 + int(nrc);

                // Change the rank of v
                if (new_rank_v < old_rank_v) {
                  _rank[v] = new_rank_v;
                  _next_out[v] = _first_out[v];

                  // Remove v from its old bucket
                  if (old_rank_v < _max_rank) {
                    if (_buckets[old_rank_v] == v) {
                      _buckets[old_rank_v] = _bucket_next[v];
                    } else {
                      _bucket_next[_bucket_prev[v]] = _bucket_next[v];
                      _bucket_prev[_bucket_next[v]] = _bucket_prev[v];
                    }
                  }

                  // Insert v to its new bucket
                  _bucket_next[v] = _buckets[new_rank_v];
                  _bucket_prev[_buckets[new_rank_v]] = v;
                  _buckets[new_rank_v] = v;
                }
              }
            }
          }

          // Finish search if there are no more active nodes
          if (_excess[u] > 0) {
            total_excess -= _excess[u];
            if (total_excess <= 0) break;
          }
        }
        if (total_excess <= 0) break;
      }

      // Relabel nodes
      for (int u = 0; u != _res_node_num; ++u) {
        int k = std::min(_rank[u], r);
        if (k > 0) {
          _pi[u] -= _epsilon * k;
          _next_out[u] = _first_out[u];
        }
      }
    }

    /// Execute the algorithm performing augment and relabel operations
    void startAugment(int max_length) {
      // Paramters for heuristics
      const int EARLY_TERM_EPSILON_LIMIT = 1000;
      const double GLOBAL_UPDATE_FACTOR = 3.0;

      const int global_update_freq = int(GLOBAL_UPDATE_FACTOR *
        (_res_node_num + _sup_node_num * _sup_node_num));
      int next_update_limit = global_update_freq;

      int relabel_cnt = 0;

      // Perform cost scaling phases
      std::vector<int> path;
      for ( ; _epsilon >= 1; _epsilon = _epsilon < _alpha && _epsilon > 1 ?
                                        1 : _epsilon / _alpha )
      {
        // Early termination heuristic
        if (_epsilon <= EARLY_TERM_EPSILON_LIMIT) {
          if (earlyTermination()) break;
        }

        // Initialize current phase
        initPhase();

        // Perform partial augment and relabel operations
        while (true) {
          // Select an active node (FIFO selection)
          while (_active_nodes.size() > 0 &&
                 _excess[_active_nodes.front()] <= 0) {
            _active_nodes.pop_front();
          }
          if (_active_nodes.size() == 0) break;
          int start = _active_nodes.front();

          // Find an augmenting path from the start node
          path.clear();
          int tip = start;
          while (_excess[tip] >= 0 && int(path.size()) < max_length) {
            int u;
            LargeCost min_red_cost, rc, pi_tip = _pi[tip];
            int last_out = _first_out[tip+1];
            for (int a = _next_out[tip]; a != last_out; ++a) {
              u = _target[a];
              if (_res_cap[a] > 0 && _cost[a] + pi_tip - _pi[u] < 0) {
                path.push_back(a);
                _next_out[tip] = a;
                tip = u;
                goto next_step;
              }
            }

            // Relabel tip node
            min_red_cost = std::numeric_limits<LargeCost>::max();
            if (tip != start) {
              int ra = _reverse[path.back()];
              min_red_cost = _cost[ra] + pi_tip - _pi[_target[ra]];
            }
            for (int a = _first_out[tip]; a != last_out; ++a) {
              rc = _cost[a] + pi_tip - _pi[_target[a]];
              if (_res_cap[a] > 0 && rc < min_red_cost) {
                min_red_cost = rc;
              }
            }
            _pi[tip] -= min_red_cost + _epsilon;
            _next_out[tip] = _first_out[tip];
            ++relabel_cnt;

            // Step back
            if (tip != start) {
              tip = _source[path.back()];
              path.pop_back();
            }

          next_step: ;
          }

          // Augment along the found path (as much flow as possible)
          Value delta;
          int pa, u, v = start;
          for (int i = 0; i != int(path.size()); ++i) {
            pa = path[i];
            u = v;
            v = _target[pa];
            delta = std::min(_res_cap[pa], _excess[u]);
            _res_cap[pa] -= delta;
            _res_cap[_reverse[pa]] += delta;
            _excess[u] -= delta;
            _excess[v] += delta;
            if (_excess[v] > 0 && _excess[v] <= delta)
              _active_nodes.push_back(v);
          }

          // Global update heuristic
          if (relabel_cnt >= next_update_limit) {
            globalUpdate();
            next_update_limit += global_update_freq;
          }
        }
      }
    }

    /// Execute the algorithm performing push and relabel operations
    void startPush() {
      // Paramters for heuristics
      const int EARLY_TERM_EPSILON_LIMIT = 1000;
      const double GLOBAL_UPDATE_FACTOR = 2.0;

      const int global_update_freq = int(GLOBAL_UPDATE_FACTOR *
        (_res_node_num + _sup_node_num * _sup_node_num));
      int next_update_limit = global_update_freq;

      int relabel_cnt = 0;

      // Perform cost scaling phases
      BoolVector hyper(_res_node_num, false);
      LargeCostVector hyper_cost(_res_node_num);
      for ( ; _epsilon >= 1; _epsilon = _epsilon < _alpha && _epsilon > 1 ?
                                        1 : _epsilon / _alpha )
      {
        // Early termination heuristic
        if (_epsilon <= EARLY_TERM_EPSILON_LIMIT) {
          if (earlyTermination()) break;
        }

        // Initialize current phase
        initPhase();

        // Perform push and relabel operations
        while (_active_nodes.size() > 0) {
          LargeCost min_red_cost, rc, pi_n;
          Value delta;
          int n, t, a, last_out = _res_arc_num;

        next_node:
          // Select an active node (FIFO selection)
          n = _active_nodes.front();
          last_out = _first_out[n+1];
          pi_n = _pi[n];

          // Perform push operations if there are admissible arcs
          if (_excess[n] > 0) {
            for (a = _next_out[n]; a != last_out; ++a) {
              if (_res_cap[a] > 0 &&
                  _cost[a] + pi_n - _pi[_target[a]] < 0) {
                delta = std::min(_res_cap[a], _excess[n]);
                t = _target[a];

                // Push-look-ahead heuristic
                Value ahead = -_excess[t];
                int last_out_t = _first_out[t+1];
                LargeCost pi_t = _pi[t];
                for (int ta = _next_out[t]; ta != last_out_t; ++ta) {
                  if (_res_cap[ta] > 0 &&
                      _cost[ta] + pi_t - _pi[_target[ta]] < 0)
                    ahead += _res_cap[ta];
                  if (ahead >= delta) break;
                }
                if (ahead < 0) ahead = 0;

                // Push flow along the arc
                if (ahead < delta && !hyper[t]) {
                  _res_cap[a] -= ahead;
                  _res_cap[_reverse[a]] += ahead;
                  _excess[n] -= ahead;
                  _excess[t] += ahead;
                  _active_nodes.push_front(t);
                  hyper[t] = true;
                  hyper_cost[t] = _cost[a] + pi_n - pi_t;
                  _next_out[n] = a;
                  goto next_node;
                } else {
                  _res_cap[a] -= delta;
                  _res_cap[_reverse[a]] += delta;
                  _excess[n] -= delta;
                  _excess[t] += delta;
                  if (_excess[t] > 0 && _excess[t] <= delta)
                    _active_nodes.push_back(t);
                }

                if (_excess[n] == 0) {
                  _next_out[n] = a;
                  goto remove_nodes;
                }
              }
            }
            _next_out[n] = a;
          }

          // Relabel the node if it is still active (or hyper)
          if (_excess[n] > 0 || hyper[n]) {
             min_red_cost = hyper[n] ? -hyper_cost[n] :
               std::numeric_limits<LargeCost>::max();
            for (int a = _first_out[n]; a != last_out; ++a) {
              rc = _cost[a] + pi_n - _pi[_target[a]];
              if (_res_cap[a] > 0 && rc < min_red_cost) {
                min_red_cost = rc;
              }
            }
            _pi[n] -= min_red_cost + _epsilon;
            _next_out[n] = _first_out[n];
            hyper[n] = false;
            ++relabel_cnt;
          }

          // Remove nodes that are not active nor hyper
        remove_nodes:
          while ( _active_nodes.size() > 0 &&
                  _excess[_active_nodes.front()] <= 0 &&
                  !hyper[_active_nodes.front()] ) {
            _active_nodes.pop_front();
          }

          // Global update heuristic
          if (relabel_cnt >= next_update_limit) {
            globalUpdate();
            for (int u = 0; u != _res_node_num; ++u)
              hyper[u] = false;
            next_update_limit += global_update_freq;
          }
        }
      }
    }

  }; //class CostScaling

  ///@}

} //namespace lemon

#endif //LEMON_COST_SCALING_H







lemon/counter.h

/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2009
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_COUNTER_H
#define LEMON_COUNTER_H

#include <string>
#include <iostream>

///\ingroup timecount
///\file
///\brief Tools for counting steps and events

namespace lemon
{

  template<class P> class _NoSubCounter;

  template<class P>
  class _SubCounter
  {
    P &_parent;
    std::string _title;
    std::ostream &_os;
    int count;
  public:

    typedef _SubCounter<_SubCounter<P> > SubCounter;
    typedef _NoSubCounter<_SubCounter<P> > NoSubCounter;

    _SubCounter(P &parent)
      : _parent(parent), _title(), _os(std::cerr), count(0) {}
    _SubCounter(P &parent,std::string title,std::ostream &os=std::cerr)
      : _parent(parent), _title(title), _os(os), count(0) {}
    _SubCounter(P &parent,const char *title,std::ostream &os=std::cerr)
      : _parent(parent), _title(title), _os(os), count(0) {}
    ~_SubCounter() {
      _os << _title << count <<std::endl;
      _parent+=count;
    }
    _SubCounter &operator++() { count++; return *this;}
    int operator++(int) { return count++; }
    _SubCounter &operator--() { count--; return *this;}
    int operator--(int) { return count--; }
    _SubCounter &operator+=(int c) { count+=c; return *this;}
    _SubCounter &operator-=(int c) { count-=c; return *this;}
    operator int() {return count;}
  };

  template<class P>
  class _NoSubCounter
  {
    P &_parent;
  public:
    typedef _NoSubCounter<_NoSubCounter<P> > SubCounter;
    typedef _NoSubCounter<_NoSubCounter<P> > NoSubCounter;

    _NoSubCounter(P &parent) :_parent(parent) {}
    _NoSubCounter(P &parent,std::string,std::ostream &)
      :_parent(parent) {}
    _NoSubCounter(P &parent,std::string)
      :_parent(parent) {}
    _NoSubCounter(P &parent,const char *,std::ostream &)
      :_parent(parent) {}
    _NoSubCounter(P &parent,const char *)
      :_parent(parent) {}
    ~_NoSubCounter() {}
    _NoSubCounter &operator++() { ++_parent; return *this;}
    int operator++(int) { _parent++; return 0;}
    _NoSubCounter &operator--() { --_parent; return *this;}
    int operator--(int) { _parent--; return 0;}
    _NoSubCounter &operator+=(int c) { _parent+=c; return *this;}
    _NoSubCounter &operator-=(int c) { _parent-=c; return *this;}
    operator int() {return 0;}
  };


  /// \addtogroup timecount
  /// @{

  /// A counter class

  /// This class makes it easier to count certain events (e.g. for debug
  /// reasons).
  /// You can increment or decrement the counter using \c operator++,
  /// \c operator--, \c operator+= and \c operator-=. You can also
  /// define subcounters for the different phases of the algorithm or
  /// for different types of operations.
  /// A report containing the given title and the value of the counter
  /// is automatically printed on destruction.
  ///
  /// The following example shows the usage of counters and subcounters.
  /// \code
  /// // Bubble sort
  /// std::vector<T> v;
  /// ...
  /// Counter op("Operations: ");
  /// Counter::SubCounter as(op, "Assignments: ");
  /// Counter::SubCounter co(op, "Comparisons: ");
  /// for (int i = v.size()-1; i > 0; --i) {
  ///   for (int j = 0; j < i; ++j) {
  ///     if (v[j] > v[j+1]) {
  ///       T tmp = v[j];
  ///       v[j] = v[j+1];
  ///       v[j+1] = tmp;
  ///       as += 3;          // three assignments
  ///     }
  ///     ++co;               // one comparison
  ///   }
  /// }
  /// \endcode
  ///
  /// This code prints out something like that:
  /// \code
  /// Comparisons: 45
  /// Assignments: 57
  /// Operations: 102
  /// \endcode
  ///
  /// \sa NoCounter
  class Counter
  {
    std::string _title;
    std::ostream &_os;
    int count;
  public:

    /// SubCounter class

    /// This class can be used to setup subcounters for a \ref Counter
    /// to have finer reports. A subcounter provides exactly the same
    /// operations as the main \ref Counter, but it also increments and
    /// decrements the value of its parent.
    /// Subcounters can also have subcounters.
    ///
    /// The parent counter must be given as the first parameter of the
    /// constructor. Apart from that a title and an \c ostream object
    /// can also be given just like for the main \ref Counter.
    ///
    /// A report containing the given title and the value of the
    /// subcounter is automatically printed on destruction. If you
    /// would like to turn off this report, use \ref NoSubCounter
    /// instead.
    ///
    /// \sa NoSubCounter
    typedef _SubCounter<Counter> SubCounter;

    /// SubCounter class without printing report on destruction

    /// This class can be used to setup subcounters for a \ref Counter.
    /// It is the same as \ref SubCounter but it does not print report
    /// on destruction. (It modifies the value of its parent, so 'No'
    /// only means 'do not print'.)
    ///
    /// Replacing \ref SubCounter "SubCounter"s with \ref NoSubCounter
    /// "NoSubCounter"s makes it possible to turn off reporting
    /// subcounter values without actually removing the definitions
    /// and the increment or decrement operators.
    ///
    /// \sa SubCounter
    typedef _NoSubCounter<Counter> NoSubCounter;

    /// Constructor.
    Counter() : _title(), _os(std::cerr), count(0) {}
    /// Constructor.
    Counter(std::string title,std::ostream &os=std::cerr)
      : _title(title), _os(os), count(0) {}
    /// Constructor.
    Counter(const char *title,std::ostream &os=std::cerr)
      : _title(title), _os(os), count(0) {}
    /// Destructor. Prints the given title and the value of the counter.
    ~Counter() {
      _os << _title << count <<std::endl;
    }
    ///\e
    Counter &operator++() { count++; return *this;}
    ///\e
    int operator++(int) { return count++;}
    ///\e
    Counter &operator--() { count--; return *this;}
    ///\e
    int operator--(int) { return count--;}
    ///\e
    Counter &operator+=(int c) { count+=c; return *this;}
    ///\e
    Counter &operator-=(int c) { count-=c; return *this;}
    /// Resets the counter to the given value.

    /// Resets the counter to the given value.
    /// \note This function does not reset the values of
    /// \ref SubCounter "SubCounter"s but it resets \ref NoSubCounter
    /// "NoSubCounter"s along with the main counter.
    void reset(int c=0) {count=c;}
    /// Returns the value of the counter.
    operator int() {return count;}
  };

  /// 'Do nothing' version of Counter.

  /// This class can be used in the same way as \ref Counter, but it
  /// does not count at all and does not print report on destruction.
  ///
  /// Replacing a \ref Counter with a \ref NoCounter makes it possible
  /// to turn off all counting and reporting (SubCounters should also
  /// be replaced with NoSubCounters), so it does not affect the
  /// efficiency of the program at all.
  ///
  /// \sa Counter
  class NoCounter
  {
  public:
    typedef _NoSubCounter<NoCounter> SubCounter;
    typedef _NoSubCounter<NoCounter> NoSubCounter;

    NoCounter() {}
    NoCounter(std::string,std::ostream &) {}
    NoCounter(const char *,std::ostream &) {}
    NoCounter(std::string) {}
    NoCounter(const char *) {}
    NoCounter &operator++() { return *this; }
    int operator++(int) { return 0; }
    NoCounter &operator--() { return *this; }
    int operator--(int) { return 0; }
    NoCounter &operator+=(int) { return *this;}
    NoCounter &operator-=(int) { return *this;}
    void reset(int) {}
    void reset() {}
    operator int() {return 0;}
  };

  ///@}
}

#endif







lemon/cplex.h

/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2009
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_CPLEX_H
#define LEMON_CPLEX_H

///\file
///\brief Header of the LEMON-CPLEX lp solver interface.

#include <lemon/lp_base.h>

struct cpxenv;
struct cpxlp;

namespace lemon {

  /// \brief Reference counted wrapper around cpxenv pointer
  ///
  /// The cplex uses environment object which is responsible for
  /// checking the proper license usage. This class provides a simple
  /// interface for share the environment object between different
  /// problems.
  class CplexEnv {
    friend class CplexBase;
  private:
    cpxenv* _env;
    mutable int* _cnt;

  public:

    /// \brief This exception is thrown when the license check is not
    /// sufficient
    class LicenseError : public Exception {
      friend class CplexEnv;
    private:

      LicenseError(int status);
      char _message[510];

    public:

      /// The short error message
      virtual const char* what() const throw() {
        return _message;
      }
    };

    /// Constructor
    CplexEnv();
    /// Shallow copy constructor
    CplexEnv(const CplexEnv&);
    /// Shallow assignement
    CplexEnv& operator=(const CplexEnv&);
    /// Destructor
    virtual ~CplexEnv();

  protected:

    cpxenv* cplexEnv() { return _env; }
    const cpxenv* cplexEnv() const { return _env; }
  };

  /// \brief Base interface for the CPLEX LP and MIP solver
  ///
  /// This class implements the common interface of the CPLEX LP and
  /// MIP solvers.
  /// \ingroup lp_group
  class CplexBase : virtual public LpBase {
  protected:

    CplexEnv _env;
    cpxlp* _prob;

    CplexBase();
    CplexBase(const CplexEnv&);
    CplexBase(const CplexBase &);
    virtual ~CplexBase();

    virtual int _addCol();
    virtual int _addRow();
    virtual int _addRow(Value l, ExprIterator b, ExprIterator e, Value u);

    virtual void _eraseCol(int i);
    virtual void _eraseRow(int i);

    virtual void _eraseColId(int i);
    virtual void _eraseRowId(int i);

    virtual void _getColName(int col, std::string& name) const;
    virtual void _setColName(int col, const std::string& name);
    virtual int _colByName(const std::string& name) const;

    virtual void _getRowName(int row, std::string& name) const;
    virtual void _setRowName(int row, const std::string& name);
    virtual int _rowByName(const std::string& name) const;

    virtual void _setRowCoeffs(int i, ExprIterator b, ExprIterator e);
    virtual void _getRowCoeffs(int i, InsertIterator b) const;

    virtual void _setColCoeffs(int i, ExprIterator b, ExprIterator e);
    virtual void _getColCoeffs(int i, InsertIterator b) const;

    virtual void _setCoeff(int row, int col, Value value);
    virtual Value _getCoeff(int row, int col) const;

    virtual void _setColLowerBound(int i, Value value);
    virtual Value _getColLowerBound(int i) const;

    virtual void _setColUpperBound(int i, Value value);
    virtual Value _getColUpperBound(int i) const;

  private:
    void _set_row_bounds(int i, Value lb, Value ub);
  protected:

    virtual void _setRowLowerBound(int i, Value value);
    virtual Value _getRowLowerBound(int i) const;

    virtual void _setRowUpperBound(int i, Value value);
    virtual Value _getRowUpperBound(int i) const;

    virtual void _setObjCoeffs(ExprIterator b, ExprIterator e);
    virtual void _getObjCoeffs(InsertIterator b) const;

    virtual void _setObjCoeff(int i, Value obj_coef);
    virtual Value _getObjCoeff(int i) const;

    virtual void _setSense(Sense sense);
    virtual Sense _getSense() const;

    virtual void _clear();

    virtual void _messageLevel(MessageLevel level);
    void _applyMessageLevel();

    bool _message_enabled;

  public:

    /// Returns the used \c CplexEnv instance
    const CplexEnv& env() const { return _env; }

    /// \brief Returns the const cpxenv pointer
    ///
    /// \note The cpxenv might be destructed with the solver.
    const cpxenv* cplexEnv() const { return _env.cplexEnv(); }

    /// \brief Returns the const cpxenv pointer
    ///
    /// \note The cpxenv might be destructed with the solver.
    cpxenv* cplexEnv() { return _env.cplexEnv(); }

    /// Returns the cplex problem object
    cpxlp* cplexLp() { return _prob; }
    /// Returns the cplex problem object
    const cpxlp* cplexLp() const { return _prob; }

  };

  /// \brief Interface for the CPLEX LP solver
  ///
  /// This class implements an interface for the CPLEX LP solver.
  ///\ingroup lp_group
  class CplexLp : public LpSolver, public CplexBase {
  public:
    /// \e
    CplexLp();
    /// \e
    CplexLp(const CplexEnv&);
    /// \e
    CplexLp(const CplexLp&);
    /// \e
    virtual ~CplexLp();

    /// \e
    virtual CplexLp* cloneSolver() const;
    /// \e
    virtual CplexLp* newSolver() const;

  private:

    // these values cannot retrieved element by element
    mutable std::vector<int> _col_status;
    mutable std::vector<int> _row_status;

    mutable std::vector<Value> _primal_ray;
    mutable std::vector<Value> _dual_ray;

    void _clear_temporals();

    SolveExitStatus convertStatus(int status);

  protected:

    virtual const char* _solverName() const;

    virtual SolveExitStatus _solve();
    virtual Value _getPrimal(int i) const;
    virtual Value _getDual(int i) const;
    virtual Value _getPrimalValue() const;

    virtual VarStatus _getColStatus(int i) const;
    virtual VarStatus _getRowStatus(int i) const;

    virtual Value _getPrimalRay(int i) const;
    virtual Value _getDualRay(int i) const;

    virtual ProblemType _getPrimalType() const;
    virtual ProblemType _getDualType() const;

  public:

    /// Solve with primal simplex method
    SolveExitStatus solvePrimal();

    /// Solve with dual simplex method
    SolveExitStatus solveDual();

    /// Solve with barrier method
    SolveExitStatus solveBarrier();

  };

  /// \brief Interface for the CPLEX MIP solver
  ///
  /// This class implements an interface for the CPLEX MIP solver.
  ///\ingroup lp_group
  class CplexMip : public MipSolver, public CplexBase {
  public:
    /// \e
    CplexMip();
    /// \e
    CplexMip(const CplexEnv&);
    /// \e
    CplexMip(const CplexMip&);
    /// \e
    virtual ~CplexMip();

    /// \e
    virtual CplexMip* cloneSolver() const;
    /// \e
    virtual CplexMip* newSolver() const;

  protected:


    virtual const char* _solverName() const;

    virtual ColTypes _getColType(int col) const;
    virtual void _setColType(int col, ColTypes col_type);

    virtual SolveExitStatus _solve();
    virtual ProblemType _getType() const;
    virtual Value _getSol(int i) const;
    virtual Value _getSolValue() const;

  };

} //END OF NAMESPACE LEMON

#endif //LEMON_CPLEX_H








lemon/cycle_canceling.h

/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2010
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_CYCLE_CANCELING_H
#define LEMON_CYCLE_CANCELING_H

/// \ingroup min_cost_flow_algs
/// \file
/// \brief Cycle-canceling algorithms for finding a minimum cost flow.

#include <vector>
#include <limits>

#include <lemon/core.h>
#include <lemon/maps.h>
#include <lemon/path.h>
#include <lemon/math.h>
#include <lemon/static_graph.h>
#include <lemon/adaptors.h>
#include <lemon/circulation.h>
#include <lemon/bellman_ford.h>
#include <lemon/howard_mmc.h>

namespace lemon {

  /// \addtogroup min_cost_flow_algs
  /// @{

  /// \brief Implementation of cycle-canceling algorithms for
  /// finding a \ref min_cost_flow "minimum cost flow".
  ///
  /// \ref CycleCanceling implements three different cycle-canceling
  /// algorithms for finding a \ref min_cost_flow "minimum cost flow"
  /// \ref amo93networkflows, \ref klein67primal,
  /// \ref goldberg89cyclecanceling.
  /// The most efficent one (both theoretically and practically)
  /// is the \ref CANCEL_AND_TIGHTEN "Cancel and Tighten" algorithm,
  /// thus it is the default method.
  /// It is strongly polynomial, but in practice, it is typically much
  /// slower than the scaling algorithms and NetworkSimplex.
  ///
  /// Most of the parameters of the problem (except for the digraph)
  /// can be given using separate functions, and the algorithm can be
  /// executed using the \ref run() function. If some parameters are not
  /// specified, then default values will be used.
  ///
  /// \tparam GR The digraph type the algorithm runs on.
  /// \tparam V The number type used for flow amounts, capacity bounds
  /// and supply values in the algorithm. By default, it is \c int.
  /// \tparam C The number type used for costs and potentials in the
  /// algorithm. By default, it is the same as \c V.
  ///
  /// \warning Both number types must be signed and all input data must
  /// be integer.
  /// \warning This algorithm does not support negative costs for such
  /// arcs that have infinite upper bound.
  ///
  /// \note For more information about the three available methods,
  /// see \ref Method.
#ifdef DOXYGEN
  template <typename GR, typename V, typename C>
#else
  template <typename GR, typename V = int, typename C = V>
#endif
  class CycleCanceling
  {
  public:

    /// The type of the digraph
    typedef GR Digraph;
    /// The type of the flow amounts, capacity bounds and supply values
    typedef V Value;
    /// The type of the arc costs
    typedef C Cost;

  public:

    /// \brief Problem type constants for the \c run() function.
    ///
    /// Enum type containing the problem type constants that can be
    /// returned by the \ref run() function of the algorithm.
    enum ProblemType {
      /// The problem has no feasible solution (flow).
      INFEASIBLE,
      /// The problem has optimal solution (i.e. it is feasible and
      /// bounded), and the algorithm has found optimal flow and node
      /// potentials (primal and dual solutions).
      OPTIMAL,
      /// The digraph contains an arc of negative cost and infinite
      /// upper bound. It means that the objective function is unbounded
      /// on that arc, however, note that it could actually be bounded
      /// over the feasible flows, but this algroithm cannot handle
      /// these cases.
      UNBOUNDED
    };

    /// \brief Constants for selecting the used method.
    ///
    /// Enum type containing constants for selecting the used method
    /// for the \ref run() function.
    ///
    /// \ref CycleCanceling provides three different cycle-canceling
    /// methods. By default, \ref CANCEL_AND_TIGHTEN "Cancel and Tighten"
    /// is used, which proved to be the most efficient and the most robust
    /// on various test inputs.
    /// However, the other methods can be selected using the \ref run()
    /// function with the proper parameter.
    enum Method {
      /// A simple cycle-canceling method, which uses the
      /// \ref BellmanFord "Bellman-Ford" algorithm with limited iteration
      /// number for detecting negative cycles in the residual network.
      SIMPLE_CYCLE_CANCELING,
      /// The "Minimum Mean Cycle-Canceling" algorithm, which is a
      /// well-known strongly polynomial method
      /// \ref goldberg89cyclecanceling. It improves along a
      /// \ref min_mean_cycle "minimum mean cycle" in each iteration.
      /// Its running time complexity is O(n<sup>2</sup>m<sup>3</sup>log(n)).
      MINIMUM_MEAN_CYCLE_CANCELING,
      /// The "Cancel And Tighten" algorithm, which can be viewed as an
      /// improved version of the previous method
      /// \ref goldberg89cyclecanceling.
      /// It is faster both in theory and in practice, its running time
      /// complexity is O(n<sup>2</sup>m<sup>2</sup>log(n)).
      CANCEL_AND_TIGHTEN
    };

  private:

    TEMPLATE_DIGRAPH_TYPEDEFS(GR);

    typedef std::vector<int> IntVector;
    typedef std::vector<double> DoubleVector;
    typedef std::vector<Value> ValueVector;
    typedef std::vector<Cost> CostVector;
    typedef std::vector<char> BoolVector;
    // Note: vector<char> is used instead of vector<bool> for efficiency reasons

  private:

    template <typename KT, typename VT>
    class StaticVectorMap {
    public:
      typedef KT Key;
      typedef VT Value;

      StaticVectorMap(std::vector<Value>& v) : _v(v) {}

      const Value& operator[](const Key& key) const {
        return _v[StaticDigraph::id(key)];
      }

      Value& operator[](const Key& key) {
        return _v[StaticDigraph::id(key)];
      }

      void set(const Key& key, const Value& val) {
        _v[StaticDigraph::id(key)] = val;
      }

    private:
      std::vector<Value>& _v;
    };

    typedef StaticVectorMap<StaticDigraph::Node, Cost> CostNodeMap;
    typedef StaticVectorMap<StaticDigraph::Arc, Cost> CostArcMap;

  private:


    // Data related to the underlying digraph
    const GR &_graph;
    int _node_num;
    int _arc_num;
    int _res_node_num;
    int _res_arc_num;
    int _root;

    // Parameters of the problem
    bool _have_lower;
    Value _sum_supply;

    // Data structures for storing the digraph
    IntNodeMap _node_id;
    IntArcMap _arc_idf;
    IntArcMap _arc_idb;
    IntVector _first_out;
    BoolVector _forward;
    IntVector _source;
    IntVector _target;
    IntVector _reverse;

    // Node and arc data
    ValueVector _lower;
    ValueVector _upper;
    CostVector _cost;
    ValueVector _supply;

    ValueVector _res_cap;
    CostVector _pi;

    // Data for a StaticDigraph structure
    typedef std::pair<int, int> IntPair;
    StaticDigraph _sgr;
    std::vector<IntPair> _arc_vec;
    std::vector<Cost> _cost_vec;
    IntVector _id_vec;
    CostArcMap _cost_map;
    CostNodeMap _pi_map;

  public:

    /// \brief Constant for infinite upper bounds (capacities).
    ///
    /// Constant for infinite upper bounds (capacities).
    /// It is \c std::numeric_limits<Value>::infinity() if available,
    /// \c std::numeric_limits<Value>::max() otherwise.
    const Value INF;

  public:

    /// \brief Constructor.
    ///
    /// The constructor of the class.
    ///
    /// \param graph The digraph the algorithm runs on.
    CycleCanceling(const GR& graph) :
      _graph(graph), _node_id(graph), _arc_idf(graph), _arc_idb(graph),
      _cost_map(_cost_vec), _pi_map(_pi),
      INF(std::numeric_limits<Value>::has_infinity ?
          std::numeric_limits<Value>::infinity() :
          std::numeric_limits<Value>::max())
    {
      // Check the number types
      LEMON_ASSERT(std::numeric_limits<Value>::is_signed,
        "The flow type of CycleCanceling must be signed");
      LEMON_ASSERT(std::numeric_limits<Cost>::is_signed,
        "The cost type of CycleCanceling must be signed");

      // Reset data structures
      reset();
    }

    /// \name Parameters
    /// The parameters of the algorithm can be specified using these
    /// functions.

    /// @{

    /// \brief Set the lower bounds on the arcs.
    ///
    /// This function sets the lower bounds on the arcs.
    /// If it is not used before calling \ref run(), the lower bounds
    /// will be set to zero on all arcs.
    ///
    /// \param map An arc map storing the lower bounds.
    /// Its \c Value type must be convertible to the \c Value type
    /// of the algorithm.
    ///
    /// \return <tt>(*this)</tt>
    template <typename LowerMap>
    CycleCanceling& lowerMap(const LowerMap& map) {
      _have_lower = true;
      for (ArcIt a(_graph); a != INVALID; ++a) {
        _lower[_arc_idf[a]] = map[a];
        _lower[_arc_idb[a]] = map[a];
      }
      return *this;
    }

    /// \brief Set the upper bounds (capacities) on the arcs.
    ///
    /// This function sets the upper bounds (capacities) on the arcs.
    /// If it is not used before calling \ref run(), the upper bounds
    /// will be set to \ref INF on all arcs (i.e. the flow value will be
    /// unbounded from above).
    ///
    /// \param map An arc map storing the upper bounds.
    /// Its \c Value type must be convertible to the \c Value type
    /// of the algorithm.
    ///
    /// \return <tt>(*this)</tt>
    template<typename UpperMap>
    CycleCanceling& upperMap(const UpperMap& map) {
      for (ArcIt a(_graph); a != INVALID; ++a) {
        _upper[_arc_idf[a]] = map[a];
      }
      return *this;
    }

    /// \brief Set the costs of the arcs.
    ///
    /// This function sets the costs of the arcs.
    /// If it is not used before calling \ref run(), the costs
    /// will be set to \c 1 on all arcs.
    ///
    /// \param map An arc map storing the costs.
    /// Its \c Value type must be convertible to the \c Cost type
    /// of the algorithm.
    ///
    /// \return <tt>(*this)</tt>
    template<typename CostMap>
    CycleCanceling& costMap(const CostMap& map) {
      for (ArcIt a(_graph); a != INVALID; ++a) {
        _cost[_arc_idf[a]] =  map[a];
        _cost[_arc_idb[a]] = -map[a];
      }
      return *this;
    }

    /// \brief Set the supply values of the nodes.
    ///
    /// This function sets the supply values of the nodes.
    /// If neither this function nor \ref stSupply() is used before
    /// calling \ref run(), the supply of each node will be set to zero.
    ///
    /// \param map A node map storing the supply values.
    /// Its \c Value type must be convertible to the \c Value type
    /// of the algorithm.
    ///
    /// \return <tt>(*this)</tt>
    template<typename SupplyMap>
    CycleCanceling& supplyMap(const SupplyMap& map) {
      for (NodeIt n(_graph); n != INVALID; ++n) {
        _supply[_node_id[n]] = map[n];
      }
      return *this;
    }

    /// \brief Set single source and target nodes and a supply value.
    ///
    /// This function sets a single source node and a single target node
    /// and the required flow value.
    /// If neither this function nor \ref supplyMap() is used before
    /// calling \ref run(), the supply of each node will be set to zero.
    ///
    /// Using this function has the same effect as using \ref supplyMap()
    /// with such a map in which \c k is assigned to \c s, \c -k is
    /// assigned to \c t and all other nodes have zero supply value.
    ///
    /// \param s The source node.
    /// \param t The target node.
    /// \param k The required amount of flow from node \c s to node \c t
    /// (i.e. the supply of \c s and the demand of \c t).
    ///
    /// \return <tt>(*this)</tt>
    CycleCanceling& stSupply(const Node& s, const Node& t, Value k) {
      for (int i = 0; i != _res_node_num; ++i) {
        _supply[i] = 0;
      }
      _supply[_node_id[s]] =  k;
      _supply[_node_id[t]] = -k;
      return *this;
    }

    /// @}

    /// \name Execution control
    /// The algorithm can be executed using \ref run().

    /// @{

    /// \brief Run the algorithm.
    ///
    /// This function runs the algorithm.
    /// The paramters can be specified using functions \ref lowerMap(),
    /// \ref upperMap(), \ref costMap(), \ref supplyMap(), \ref stSupply().
    /// For example,
    /// \code
    ///   CycleCanceling<ListDigraph> cc(graph);
    ///   cc.lowerMap(lower).upperMap(upper).costMap(cost)
    ///     .supplyMap(sup).run();
    /// \endcode
    ///
    /// This function can be called more than once. All the given parameters
    /// are kept for the next call, unless \ref resetParams() or \ref reset()
    /// is used, thus only the modified parameters have to be set again.
    /// If the underlying digraph was also modified after the construction
    /// of the class (or the last \ref reset() call), then the \ref reset()
    /// function must be called.
    ///
    /// \param method The cycle-canceling method that will be used.
    /// For more information, see \ref Method.
    ///
    /// \return \c INFEASIBLE if no feasible flow exists,
    /// \n \c OPTIMAL if the problem has optimal solution
    /// (i.e. it is feasible and bounded), and the algorithm has found
    /// optimal flow and node potentials (primal and dual solutions),
    /// \n \c UNBOUNDED if the digraph contains an arc of negative cost
    /// and infinite upper bound. It means that the objective function
    /// is unbounded on that arc, however, note that it could actually be
    /// bounded over the feasible flows, but this algroithm cannot handle
    /// these cases.
    ///
    /// \see ProblemType, Method
    /// \see resetParams(), reset()
    ProblemType run(Method method = CANCEL_AND_TIGHTEN) {
      ProblemType pt = init();
      if (pt != OPTIMAL) return pt;
      start(method);
      return OPTIMAL;
    }

    /// \brief Reset all the parameters that have been given before.
    ///
    /// This function resets all the paramaters that have been given
    /// before using functions \ref lowerMap(), \ref upperMap(),
    /// \ref costMap(), \ref supplyMap(), \ref stSupply().
    ///
    /// It is useful for multiple \ref run() calls. Basically, all the given
    /// parameters are kept for the next \ref run() call, unless
    /// \ref resetParams() or \ref reset() is used.
    /// If the underlying digraph was also modified after the construction
    /// of the class or the last \ref reset() call, then the \ref reset()
    /// function must be used, otherwise \ref resetParams() is sufficient.
    ///
    /// For example,
    /// \code
    ///   CycleCanceling<ListDigraph> cs(graph);
    ///
    ///   // First run
    ///   cc.lowerMap(lower).upperMap(upper).costMap(cost)
    ///     .supplyMap(sup).run();
    ///
    ///   // Run again with modified cost map (resetParams() is not called,
    ///   // so only the cost map have to be set again)
    ///   cost[e] += 100;
    ///   cc.costMap(cost).run();
    ///
    ///   // Run again from scratch using resetParams()
    ///   // (the lower bounds will be set to zero on all arcs)
    ///   cc.resetParams();
    ///   cc.upperMap(capacity).costMap(cost)
    ///     .supplyMap(sup).run();
    /// \endcode
    ///
    /// \return <tt>(*this)</tt>
    ///
    /// \see reset(), run()
    CycleCanceling& resetParams() {
      for (int i = 0; i != _res_node_num; ++i) {
        _supply[i] = 0;
      }
      int limit = _first_out[_root];
      for (int j = 0; j != limit; ++j) {
        _lower[j] = 0;
        _upper[j] = INF;
        _cost[j] = _forward[j] ? 1 : -1;
      }
      for (int j = limit; j != _res_arc_num; ++j) {
        _lower[j] = 0;
        _upper[j] = INF;
        _cost[j] = 0;
        _cost[_reverse[j]] = 0;
      }
      _have_lower = false;
      return *this;
    }

    /// \brief Reset the internal data structures and all the parameters
    /// that have been given before.
    ///
    /// This function resets the internal data structures and all the
    /// paramaters that have been given before using functions \ref lowerMap(),
    /// \ref upperMap(), \ref costMap(), \ref supplyMap(), \ref stSupply().
    ///
    /// It is useful for multiple \ref run() calls. Basically, all the given
    /// parameters are kept for the next \ref run() call, unless
    /// \ref resetParams() or \ref reset() is used.
    /// If the underlying digraph was also modified after the construction
    /// of the class or the last \ref reset() call, then the \ref reset()
    /// function must be used, otherwise \ref resetParams() is sufficient.
    ///
    /// See \ref resetParams() for examples.
    ///
    /// \return <tt>(*this)</tt>
    ///
    /// \see resetParams(), run()
    CycleCanceling& reset() {
      // Resize vectors
      _node_num = countNodes(_graph);
      _arc_num = countArcs(_graph);
      _res_node_num = _node_num + 1;
      _res_arc_num = 2 * (_arc_num + _node_num);
      _root = _node_num;

      _first_out.resize(_res_node_num + 1);
      _forward.resize(_res_arc_num);
      _source.resize(_res_arc_num);
      _target.resize(_res_arc_num);
      _reverse.resize(_res_arc_num);

      _lower.resize(_res_arc_num);
      _upper.resize(_res_arc_num);
      _cost.resize(_res_arc_num);
      _supply.resize(_res_node_num);

      _res_cap.resize(_res_arc_num);
      _pi.resize(_res_node_num);

      _arc_vec.reserve(_res_arc_num);
      _cost_vec.reserve(_res_arc_num);
      _id_vec.reserve(_res_arc_num);

      // Copy the graph
      int i = 0, j = 0, k = 2 * _arc_num + _node_num;
      for (NodeIt n(_graph); n != INVALID; ++n, ++i) {
        _node_id[n] = i;
      }
      i = 0;
      for (NodeIt n(_graph); n != INVALID; ++n, ++i) {
        _first_out[i] = j;
        for (OutArcIt a(_graph, n); a != INVALID; ++a, ++j) {
          _arc_idf[a] = j;
          _forward[j] = true;
          _source[j] = i;
          _target[j] = _node_id[_graph.runningNode(a)];
        }
        for (InArcIt a(_graph, n); a != INVALID; ++a, ++j) {
          _arc_idb[a] = j;
          _forward[j] = false;
          _source[j] = i;
          _target[j] = _node_id[_graph.runningNode(a)];
        }
        _forward[j] = false;
        _source[j] = i;
        _target[j] = _root;
        _reverse[j] = k;
        _forward[k] = true;
        _source[k] = _root;
        _target[k] = i;
        _reverse[k] = j;
        ++j; ++k;
      }
      _first_out[i] = j;
      _first_out[_res_node_num] = k;
      for (ArcIt a(_graph); a != INVALID; ++a) {
        int fi = _arc_idf[a];
        int bi = _arc_idb[a];
        _reverse[fi] = bi;
        _reverse[bi] = fi;
      }

      // Reset parameters
      resetParams();
      return *this;
    }

    /// @}

    /// \name Query Functions
    /// The results of the algorithm can be obtained using these
    /// functions.\n
    /// The \ref run() function must be called before using them.

    /// @{

    /// \brief Return the total cost of the found flow.
    ///
    /// This function returns the total cost of the found flow.
    /// Its complexity is O(e).
    ///
    /// \note The return type of the function can be specified as a
    /// template parameter. For example,
    /// \code
    ///   cc.totalCost<double>();
    /// \endcode
    /// It is useful if the total cost cannot be stored in the \c Cost
    /// type of the algorithm, which is the default return type of the
    /// function.
    ///
    /// \pre \ref run() must be called before using this function.
    template <typename Number>
    Number totalCost() const {
      Number c = 0;
      for (ArcIt a(_graph); a != INVALID; ++a) {
        int i = _arc_idb[a];
        c += static_cast<Number>(_res_cap[i]) *
             (-static_cast<Number>(_cost[i]));
      }
      return c;
    }

#ifndef DOXYGEN
    Cost totalCost() const {
      return totalCost<Cost>();
    }
#endif

    /// \brief Return the flow on the given arc.
    ///
    /// This function returns the flow on the given arc.
    ///
    /// \pre \ref run() must be called before using this function.
    Value flow(const Arc& a) const {
      return _res_cap[_arc_idb[a]];
    }

    /// \brief Return the flow map (the primal solution).
    ///
    /// This function copies the flow value on each arc into the given
    /// map. The \c Value type of the algorithm must be convertible to
    /// the \c Value type of the map.
    ///
    /// \pre \ref run() must be called before using this function.
    template <typename FlowMap>
    void flowMap(FlowMap &map) const {
      for (ArcIt a(_graph); a != INVALID; ++a) {
        map.set(a, _res_cap[_arc_idb[a]]);
      }
    }

    /// \brief Return the potential (dual value) of the given node.
    ///
    /// This function returns the potential (dual value) of the
    /// given node.
    ///
    /// \pre \ref run() must be called before using this function.
    Cost potential(const Node& n) const {
      return static_cast<Cost>(_pi[_node_id[n]]);
    }

    /// \brief Return the potential map (the dual solution).
    ///
    /// This function copies the potential (dual value) of each node
    /// into the given map.
    /// The \c Cost type of the algorithm must be convertible to the
    /// \c Value type of the map.
    ///
    /// \pre \ref run() must be called before using this function.
    template <typename PotentialMap>
    void potentialMap(PotentialMap &map) const {
      for (NodeIt n(_graph); n != INVALID; ++n) {
        map.set(n, static_cast<Cost>(_pi[_node_id[n]]));
      }
    }

    /// @}

  private:

    // Initialize the algorithm
    ProblemType init() {
      if (_res_node_num <= 1) return INFEASIBLE;

      // Check the sum of supply values
      _sum_supply = 0;
      for (int i = 0; i != _root; ++i) {
        _sum_supply += _supply[i];
      }
      if (_sum_supply > 0) return INFEASIBLE;


      // Initialize vectors
      for (int i = 0; i != _res_node_num; ++i) {
        _pi[i] = 0;
      }
      ValueVector excess(_supply);

      // Remove infinite upper bounds and check negative arcs
      const Value MAX = std::numeric_limits<Value>::max();
      int last_out;
      if (_have_lower) {
        for (int i = 0; i != _root; ++i) {
          last_out = _first_out[i+1];
          for (int j = _first_out[i]; j != last_out; ++j) {
            if (_forward[j]) {
              Value c = _cost[j] < 0 ? _upper[j] : _lower[j];
              if (c >= MAX) return UNBOUNDED;
              excess[i] -= c;
              excess[_target[j]] += c;
            }
          }
        }
      } else {
        for (int i = 0; i != _root; ++i) {
          last_out = _first_out[i+1];
          for (int j = _first_out[i]; j != last_out; ++j) {
            if (_forward[j] && _cost[j] < 0) {
              Value c = _upper[j];
              if (c >= MAX) return UNBOUNDED;
              excess[i] -= c;
              excess[_target[j]] += c;
            }
          }
        }
      }
      Value ex, max_cap = 0;
      for (int i = 0; i != _res_node_num; ++i) {
        ex = excess[i];
        if (ex < 0) max_cap -= ex;
      }
      for (int j = 0; j != _res_arc_num; ++j) {
        if (_upper[j] >= MAX) _upper[j] = max_cap;
      }

      // Initialize maps for Circulation and remove non-zero lower bounds
      ConstMap<Arc, Value> low(0);
      typedef typename Digraph::template ArcMap<Value> ValueArcMap;
      typedef typename Digraph::template NodeMap<Value> ValueNodeMap;
      ValueArcMap cap(_graph), flow(_graph);
      ValueNodeMap sup(_graph);
      for (NodeIt n(_graph); n != INVALID; ++n) {
        sup[n] = _supply[_node_id[n]];
      }
      if (_have_lower) {
        for (ArcIt a(_graph); a != INVALID; ++a) {
          int j = _arc_idf[a];
          Value c = _lower[j];
          cap[a] = _upper[j] - c;
          sup[_graph.source(a)] -= c;
          sup[_graph.target(a)] += c;
        }
      } else {
        for (ArcIt a(_graph); a != INVALID; ++a) {
          cap[a] = _upper[_arc_idf[a]];
        }
      }

      // Find a feasible flow using Circulation
      Circulation<Digraph, ConstMap<Arc, Value>, ValueArcMap, ValueNodeMap>
        circ(_graph, low, cap, sup);
      if (!circ.flowMap(flow).run()) return INFEASIBLE;

      // Set residual capacities and handle GEQ supply type
      if (_sum_supply < 0) {
        for (ArcIt a(_graph); a != INVALID; ++a) {
          Value fa = flow[a];
          _res_cap[_arc_idf[a]] = cap[a] - fa;
          _res_cap[_arc_idb[a]] = fa;
          sup[_graph.source(a)] -= fa;
          sup[_graph.target(a)] += fa;
        }
        for (NodeIt n(_graph); n != INVALID; ++n) {
          excess[_node_id[n]] = sup[n];
        }
        for (int a = _first_out[_root]; a != _res_arc_num; ++a) {
          int u = _target[a];
          int ra = _reverse[a];
          _res_cap[a] = -_sum_supply + 1;
          _res_cap[ra] = -excess[u];
          _cost[a] = 0;
          _cost[ra] = 0;
        }
      } else {
        for (ArcIt a(_graph); a != INVALID; ++a) {
          Value fa = flow[a];
          _res_cap[_arc_idf[a]] = cap[a] - fa;
          _res_cap[_arc_idb[a]] = fa;
        }
        for (int a = _first_out[_root]; a != _res_arc_num; ++a) {
          int ra = _reverse[a];
          _res_cap[a] = 1;
          _res_cap[ra] = 0;
          _cost[a] = 0;
          _cost[ra] = 0;
        }
      }

      return OPTIMAL;
    }

    // Build a StaticDigraph structure containing the current
    // residual network
    void buildResidualNetwork() {
      _arc_vec.clear();
      _cost_vec.clear();
      _id_vec.clear();
      for (int j = 0; j != _res_arc_num; ++j) {
        if (_res_cap[j] > 0) {
          _arc_vec.push_back(IntPair(_source[j], _target[j]));
          _cost_vec.push_back(_cost[j]);
          _id_vec.push_back(j);
        }
      }
      _sgr.build(_res_node_num, _arc_vec.begin(), _arc_vec.end());
    }

    // Execute the algorithm and transform the results
    void start(Method method) {
      // Execute the algorithm
      switch (method) {
        case SIMPLE_CYCLE_CANCELING:
          startSimpleCycleCanceling();
          break;
        case MINIMUM_MEAN_CYCLE_CANCELING:
          startMinMeanCycleCanceling();
          break;
        case CANCEL_AND_TIGHTEN:
          startCancelAndTighten();
          break;
      }

      // Compute node potentials
      if (method != SIMPLE_CYCLE_CANCELING) {
        buildResidualNetwork();
        typename BellmanFord<StaticDigraph, CostArcMap>
          ::template SetDistMap<CostNodeMap>::Create bf(_sgr, _cost_map);
        bf.distMap(_pi_map);
        bf.init(0);
        bf.start();
      }

      // Handle non-zero lower bounds
      if (_have_lower) {
        int limit = _first_out[_root];
        for (int j = 0; j != limit; ++j) {
          if (!_forward[j]) _res_cap[j] += _lower[j];
        }
      }
    }

    // Execute the "Simple Cycle Canceling" method
    void startSimpleCycleCanceling() {
      // Constants for computing the iteration limits
      const int BF_FIRST_LIMIT  = 2;
      const double BF_LIMIT_FACTOR = 1.5;

      typedef StaticVectorMap<StaticDigraph::Arc, Value> FilterMap;
      typedef FilterArcs<StaticDigraph, FilterMap> ResDigraph;
      typedef StaticVectorMap<StaticDigraph::Node, StaticDigraph::Arc> PredMap;
      typedef typename BellmanFord<ResDigraph, CostArcMap>
        ::template SetDistMap<CostNodeMap>
        ::template SetPredMap<PredMap>::Create BF;

      // Build the residual network
      _arc_vec.clear();
      _cost_vec.clear();
      for (int j = 0; j != _res_arc_num; ++j) {
        _arc_vec.push_back(IntPair(_source[j], _target[j]));
        _cost_vec.push_back(_cost[j]);
      }
      _sgr.build(_res_node_num, _arc_vec.begin(), _arc_vec.end());

      FilterMap filter_map(_res_cap);
      ResDigraph rgr(_sgr, filter_map);
      std::vector<int> cycle;
      std::vector<StaticDigraph::Arc> pred(_res_arc_num);
      PredMap pred_map(pred);
      BF bf(rgr, _cost_map);
      bf.distMap(_pi_map).predMap(pred_map);

      int length_bound = BF_FIRST_LIMIT;
      bool optimal = false;
      while (!optimal) {
        bf.init(0);
        int iter_num = 0;
        bool cycle_found = false;
        while (!cycle_found) {
          // Perform some iterations of the Bellman-Ford algorithm
          int curr_iter_num = iter_num + length_bound <= _node_num ?
            length_bound : _node_num - iter_num;
          iter_num += curr_iter_num;
          int real_iter_num = curr_iter_num;
          for (int i = 0; i < curr_iter_num; ++i) {
            if (bf.processNextWeakRound()) {
              real_iter_num = i;
              break;
            }
          }
          if (real_iter_num < curr_iter_num) {
            // Optimal flow is found
            optimal = true;
            break;
          } else {
            // Search for node disjoint negative cycles
            std::vector<int> state(_res_node_num, 0);
            int id = 0;
            for (int u = 0; u != _res_node_num; ++u) {
              if (state[u] != 0) continue;
              ++id;
              int v = u;
              for (; v != -1 && state[v] == 0; v = pred[v] == INVALID ?
                   -1 : rgr.id(rgr.source(pred[v]))) {
                state[v] = id;
              }
              if (v != -1 && state[v] == id) {
                // A negative cycle is found
                cycle_found = true;
                cycle.clear();
                StaticDigraph::Arc a = pred[v];
                Value d, delta = _res_cap[rgr.id(a)];
                cycle.push_back(rgr.id(a));
                while (rgr.id(rgr.source(a)) != v) {
                  a = pred_map[rgr.source(a)];
                  d = _res_cap[rgr.id(a)];
                  if (d < delta) delta = d;
                  cycle.push_back(rgr.id(a));
                }

                // Augment along the cycle
                for (int i = 0; i < int(cycle.size()); ++i) {
                  int j = cycle[i];
                  _res_cap[j] -= delta;
                  _res_cap[_reverse[j]] += delta;
                }
              }
            }
          }

          // Increase iteration limit if no cycle is found
          if (!cycle_found) {
            length_bound = static_cast<int>(length_bound * BF_LIMIT_FACTOR);
          }
        }
      }
    }

    // Execute the "Minimum Mean Cycle Canceling" method
    void startMinMeanCycleCanceling() {
      typedef SimplePath<StaticDigraph> SPath;
      typedef typename SPath::ArcIt SPathArcIt;
      typedef typename HowardMmc<StaticDigraph, CostArcMap>
        ::template SetPath<SPath>::Create MMC;

      SPath cycle;
      MMC mmc(_sgr, _cost_map);
      mmc.cycle(cycle);
      buildResidualNetwork();
      while (mmc.findCycleMean() && mmc.cycleCost() < 0) {
        // Find the cycle
        mmc.findCycle();

        // Compute delta value
        Value delta = INF;
        for (SPathArcIt a(cycle); a != INVALID; ++a) {
          Value d = _res_cap[_id_vec[_sgr.id(a)]];
          if (d < delta) delta = d;
        }

        // Augment along the cycle
        for (SPathArcIt a(cycle); a != INVALID; ++a) {
          int j = _id_vec[_sgr.id(a)];
          _res_cap[j] -= delta;
          _res_cap[_reverse[j]] += delta;
        }

        // Rebuild the residual network
        buildResidualNetwork();
      }
    }

    // Execute the "Cancel And Tighten" method
    void startCancelAndTighten() {
      // Constants for the min mean cycle computations
      const double LIMIT_FACTOR = 1.0;
      const int MIN_LIMIT = 5;

      // Contruct auxiliary data vectors
      DoubleVector pi(_res_node_num, 0.0);
      IntVector level(_res_node_num);
      BoolVector reached(_res_node_num);
      BoolVector processed(_res_node_num);
      IntVector pred_node(_res_node_num);
      IntVector pred_arc(_res_node_num);
      std::vector<int> stack(_res_node_num);
      std::vector<int> proc_vector(_res_node_num);

      // Initialize epsilon
      double epsilon = 0;
      for (int a = 0; a != _res_arc_num; ++a) {
        if (_res_cap[a] > 0 && -_cost[a] > epsilon)
          epsilon = -_cost[a];
      }

      // Start phases
      Tolerance<double> tol;
      tol.epsilon(1e-6);
      int limit = int(LIMIT_FACTOR * std::sqrt(double(_res_node_num)));
      if (limit < MIN_LIMIT) limit = MIN_LIMIT;
      int iter = limit;
      while (epsilon * _res_node_num >= 1) {
        // Find and cancel cycles in the admissible network using DFS
        for (int u = 0; u != _res_node_num; ++u) {
          reached[u] = false;
          processed[u] = false;
        }
        int stack_head = -1;
        int proc_head = -1;
        for (int start = 0; start != _res_node_num; ++start) {
          if (reached[start]) continue;

          // New start node
          reached[start] = true;
          pred_arc[start] = -1;
          pred_node[start] = -1;

          // Find the first admissible outgoing arc
          double p = pi[start];
          int a = _first_out[start];
          int last_out = _first_out[start+1];
          for (; a != last_out && (_res_cap[a] == 0 ||
               !tol.negative(_cost[a] + p - pi[_target[a]])); ++a) ;
          if (a == last_out) {
            processed[start] = true;
            proc_vector[++proc_head] = start;
            continue;
          }
          stack[++stack_head] = a;

          while (stack_head >= 0) {
            int sa = stack[stack_head];
            int u = _source[sa];
            int v = _target[sa];

            if (!reached[v]) {
              // A new node is reached
              reached[v] = true;
              pred_node[v] = u;
              pred_arc[v] = sa;
              p = pi[v];
              a = _first_out[v];
              last_out = _first_out[v+1];
              for (; a != last_out && (_res_cap[a] == 0 ||
                   !tol.negative(_cost[a] + p - pi[_target[a]])); ++a) ;
              stack[++stack_head] = a == last_out ? -1 : a;
            } else {
              if (!processed[v]) {
                // A cycle is found
                int n, w = u;
                Value d, delta = _res_cap[sa];
                for (n = u; n != v; n = pred_node[n]) {
                  d = _res_cap[pred_arc[n]];
                  if (d <= delta) {
                    delta = d;
                    w = pred_node[n];
                  }
                }

                // Augment along the cycle
                _res_cap[sa] -= delta;
                _res_cap[_reverse[sa]] += delta;
                for (n = u; n != v; n = pred_node[n]) {
                  int pa = pred_arc[n];
                  _res_cap[pa] -= delta;
                  _res_cap[_reverse[pa]] += delta;
                }
                for (n = u; stack_head > 0 && n != w; n = pred_node[n]) {
                  --stack_head;
                  reached[n] = false;
                }
                u = w;
              }
              v = u;

              // Find the next admissible outgoing arc
              p = pi[v];
              a = stack[stack_head] + 1;
              last_out = _first_out[v+1];
              for (; a != last_out && (_res_cap[a] == 0 ||
                   !tol.negative(_cost[a] + p - pi[_target[a]])); ++a) ;
              stack[stack_head] = a == last_out ? -1 : a;
            }

            while (stack_head >= 0 && stack[stack_head] == -1) {
              processed[v] = true;
              proc_vector[++proc_head] = v;
              if (--stack_head >= 0) {
                // Find the next admissible outgoing arc
                v = _source[stack[stack_head]];
                p = pi[v];
                a = stack[stack_head] + 1;
                last_out = _first_out[v+1];
                for (; a != last_out && (_res_cap[a] == 0 ||
                     !tol.negative(_cost[a] + p - pi[_target[a]])); ++a) ;
                stack[stack_head] = a == last_out ? -1 : a;
              }
            }
          }
        }

        // Tighten potentials and epsilon
        if (--iter > 0) {
          for (int u = 0; u != _res_node_num; ++u) {
            level[u] = 0;
          }
          for (int i = proc_head; i > 0; --i) {
            int u = proc_vector[i];
            double p = pi[u];
            int l = level[u] + 1;
            int last_out = _first_out[u+1];
            for (int a = _first_out[u]; a != last_out; ++a) {
              int v = _target[a];
              if (_res_cap[a] > 0 && tol.negative(_cost[a] + p - pi[v]) &&
                  l > level[v]) level[v] = l;
            }
          }

          // Modify potentials
          double q = std::numeric_limits<double>::max();
          for (int u = 0; u != _res_node_num; ++u) {
            int lu = level[u];
            double p, pu = pi[u];
            int last_out = _first_out[u+1];
            for (int a = _first_out[u]; a != last_out; ++a) {
              if (_res_cap[a] == 0) continue;
              int v = _target[a];
              int ld = lu - level[v];
              if (ld > 0) {
                p = (_cost[a] + pu - pi[v] + epsilon) / (ld + 1);
                if (p < q) q = p;
              }
            }
          }
          for (int u = 0; u != _res_node_num; ++u) {
            pi[u] -= q * level[u];
          }

          // Modify epsilon
          epsilon = 0;
          for (int u = 0; u != _res_node_num; ++u) {
            double curr, pu = pi[u];
            int last_out = _first_out[u+1];
            for (int a = _first_out[u]; a != last_out; ++a) {
              if (_res_cap[a] == 0) continue;
              curr = _cost[a] + pu - pi[_target[a]];
              if (-curr > epsilon) epsilon = -curr;
            }
          }
        } else {
          typedef HowardMmc<StaticDigraph, CostArcMap> MMC;
          typedef typename BellmanFord<StaticDigraph, CostArcMap>
            ::template SetDistMap<CostNodeMap>::Create BF;

          // Set epsilon to the minimum cycle mean
          buildResidualNetwork();
          MMC mmc(_sgr, _cost_map);
          mmc.findCycleMean();
          epsilon = -mmc.cycleMean();
          Cost cycle_cost = mmc.cycleCost();
          int cycle_size = mmc.cycleSize();

          // Compute feasible potentials for the current epsilon
          for (int i = 0; i != int(_cost_vec.size()); ++i) {
            _cost_vec[i] = cycle_size * _cost_vec[i] - cycle_cost;
          }
          BF bf(_sgr, _cost_map);
          bf.distMap(_pi_map);
          bf.init(0);
          bf.start();
          for (int u = 0; u != _res_node_num; ++u) {
            pi[u] = static_cast<double>(_pi[u]) / cycle_size;
          }

          iter = limit;
        }
      }
    }

  }; //class CycleCanceling

  ///@}

} //namespace lemon

#endif //LEMON_CYCLE_CANCELING_H







lemon/bits/default_map.h

/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2010
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_BITS_DEFAULT_MAP_H
#define LEMON_BITS_DEFAULT_MAP_H

#include <lemon/config.h>
#include <lemon/bits/array_map.h>
#include <lemon/bits/vector_map.h>
//#include <lemon/bits/debug_map.h>

//\ingroup graphbits
//\file
//\brief Graph maps that construct and destruct their elements dynamically.

namespace lemon {


  //#ifndef LEMON_USE_DEBUG_MAP

  template <typename _Graph, typename _Item, typename _Value>
  struct DefaultMapSelector {
    typedef ArrayMap<_Graph, _Item, _Value> Map;
  };

  // bool
  template <typename _Graph, typename _Item>
  struct DefaultMapSelector<_Graph, _Item, bool> {
    typedef VectorMap<_Graph, _Item, bool> Map;
  };

  // char
  template <typename _Graph, typename _Item>
  struct DefaultMapSelector<_Graph, _Item, char> {
    typedef VectorMap<_Graph, _Item, char> Map;
  };

  template <typename _Graph, typename _Item>
  struct DefaultMapSelector<_Graph, _Item, signed char> {
    typedef VectorMap<_Graph, _Item, signed char> Map;
  };

  template <typename _Graph, typename _Item>
  struct DefaultMapSelector<_Graph, _Item, unsigned char> {
    typedef VectorMap<_Graph, _Item, unsigned char> Map;
  };


  // int
  template <typename _Graph, typename _Item>
  struct DefaultMapSelector<_Graph, _Item, signed int> {
    typedef VectorMap<_Graph, _Item, signed int> Map;
  };

  template <typename _Graph, typename _Item>
  struct DefaultMapSelector<_Graph, _Item, unsigned int> {
    typedef VectorMap<_Graph, _Item, unsigned int> Map;
  };


  // short
  template <typename _Graph, typename _Item>
  struct DefaultMapSelector<_Graph, _Item, signed short> {
    typedef VectorMap<_Graph, _Item, signed short> Map;
  };

  template <typename _Graph, typename _Item>
  struct DefaultMapSelector<_Graph, _Item, unsigned short> {
    typedef VectorMap<_Graph, _Item, unsigned short> Map;
  };


  // long
  template <typename _Graph, typename _Item>
  struct DefaultMapSelector<_Graph, _Item, signed long> {
    typedef VectorMap<_Graph, _Item, signed long> Map;
  };

  template <typename _Graph, typename _Item>
  struct DefaultMapSelector<_Graph, _Item, unsigned long> {
    typedef VectorMap<_Graph, _Item, unsigned long> Map;
  };


#if defined LEMON_HAVE_LONG_LONG

  // long long
  template <typename _Graph, typename _Item>
  struct DefaultMapSelector<_Graph, _Item, signed long long> {
    typedef VectorMap<_Graph, _Item, signed long long> Map;
  };

  template <typename _Graph, typename _Item>
  struct DefaultMapSelector<_Graph, _Item, unsigned long long> {
    typedef VectorMap<_Graph, _Item, unsigned long long> Map;
  };

#endif


  // float
  template <typename _Graph, typename _Item>
  struct DefaultMapSelector<_Graph, _Item, float> {
    typedef VectorMap<_Graph, _Item, float> Map;
  };


  // double
  template <typename _Graph, typename _Item>
  struct DefaultMapSelector<_Graph, _Item, double> {
    typedef VectorMap<_Graph, _Item,  double> Map;
  };


  // long double
  template <typename _Graph, typename _Item>
  struct DefaultMapSelector<_Graph, _Item, long double> {
    typedef VectorMap<_Graph, _Item, long double> Map;
  };


  // pointer
  template <typename _Graph, typename _Item, typename _Ptr>
  struct DefaultMapSelector<_Graph, _Item, _Ptr*> {
    typedef VectorMap<_Graph, _Item, _Ptr*> Map;
  };

// #else

//   template <typename _Graph, typename _Item, typename _Value>
//   struct DefaultMapSelector {
//     typedef DebugMap<_Graph, _Item, _Value> Map;
//   };

// #endif

  // DefaultMap class
  template <typename _Graph, typename _Item, typename _Value>
  class DefaultMap
    : public DefaultMapSelector<_Graph, _Item, _Value>::Map {
    typedef typename DefaultMapSelector<_Graph, _Item, _Value>::Map Parent;

  public:
    typedef DefaultMap<_Graph, _Item, _Value> Map;

    typedef typename Parent::GraphType GraphType;
    typedef typename Parent::Value Value;

    explicit DefaultMap(const GraphType& graph) : Parent(graph) {}
    DefaultMap(const GraphType& graph, const Value& value)
      : Parent(graph, value) {}

    DefaultMap& operator=(const DefaultMap& cmap) {
      return operator=<DefaultMap>(cmap);
    }

    template <typename CMap>
    DefaultMap& operator=(const CMap& cmap) {
      Parent::operator=(cmap);
      return *this;
    }

  };

}

#endif







lemon/dfs.h

/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2010
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_DFS_H
#define LEMON_DFS_H

///\ingroup search
///\file
///\brief DFS algorithm.

#include <lemon/list_graph.h>
#include <lemon/bits/path_dump.h>
#include <lemon/core.h>
#include <lemon/error.h>
#include <lemon/maps.h>
#include <lemon/path.h>

namespace lemon {

  ///Default traits class of Dfs class.

  ///Default traits class of Dfs class.
  ///\tparam GR Digraph type.
  template<class GR>
  struct DfsDefaultTraits
  {
    ///The type of the digraph the algorithm runs on.
    typedef GR Digraph;

    ///\brief The type of the map that stores the predecessor
    ///arcs of the %DFS paths.
    ///
    ///The type of the map that stores the predecessor
    ///arcs of the %DFS paths.
    ///It must conform to the \ref concepts::WriteMap "WriteMap" concept.
    typedef typename Digraph::template NodeMap<typename Digraph::Arc> PredMap;
    ///Instantiates a \c PredMap.

    ///This function instantiates a \ref PredMap.
    ///\param g is the digraph, to which we would like to define the
    ///\ref PredMap.
    static PredMap *createPredMap(const Digraph &g)
    {
      return new PredMap(g);
    }

    ///The type of the map that indicates which nodes are processed.

    ///The type of the map that indicates which nodes are processed.
    ///It must conform to the \ref concepts::WriteMap "WriteMap" concept.
    ///By default, it is a NullMap.
    typedef NullMap<typename Digraph::Node,bool> ProcessedMap;
    ///Instantiates a \c ProcessedMap.

    ///This function instantiates a \ref ProcessedMap.
    ///\param g is the digraph, to which
    ///we would like to define the \ref ProcessedMap.
#ifdef DOXYGEN
    static ProcessedMap *createProcessedMap(const Digraph &g)
#else
    static ProcessedMap *createProcessedMap(const Digraph &)
#endif
    {
      return new ProcessedMap();
    }

    ///The type of the map that indicates which nodes are reached.

    ///The type of the map that indicates which nodes are reached.
    ///It must conform to
    ///the \ref concepts::ReadWriteMap "ReadWriteMap" concept.
    typedef typename Digraph::template NodeMap<bool> ReachedMap;
    ///Instantiates a \c ReachedMap.

    ///This function instantiates a \ref ReachedMap.
    ///\param g is the digraph, to which
    ///we would like to define the \ref ReachedMap.
    static ReachedMap *createReachedMap(const Digraph &g)
    {
      return new ReachedMap(g);
    }

    ///The type of the map that stores the distances of the nodes.

    ///The type of the map that stores the distances of the nodes.
    ///It must conform to the \ref concepts::WriteMap "WriteMap" concept.
    typedef typename Digraph::template NodeMap<int> DistMap;
    ///Instantiates a \c DistMap.

    ///This function instantiates a \ref DistMap.
    ///\param g is the digraph, to which we would like to define the
    ///\ref DistMap.
    static DistMap *createDistMap(const Digraph &g)
    {
      return new DistMap(g);
    }
  };

  ///%DFS algorithm class.

  ///\ingroup search
  ///This class provides an efficient implementation of the %DFS algorithm.
  ///
  ///There is also a \ref dfs() "function-type interface" for the DFS
  ///algorithm, which is convenient in the simplier cases and it can be
  ///used easier.
  ///
  ///\tparam GR The type of the digraph the algorithm runs on.
  ///The default type is \ref ListDigraph.
  ///\tparam TR The traits class that defines various types used by the
  ///algorithm. By default, it is \ref DfsDefaultTraits
  ///"DfsDefaultTraits<GR>".
  ///In most cases, this parameter should not be set directly,
  ///consider to use the named template parameters instead.
#ifdef DOXYGEN
  template <typename GR,
            typename TR>
#else
  template <typename GR=ListDigraph,
            typename TR=DfsDefaultTraits<GR> >
#endif
  class Dfs {
  public:

    ///The type of the digraph the algorithm runs on.
    typedef typename TR::Digraph Digraph;

    ///\brief The type of the map that stores the predecessor arcs of the
    ///DFS paths.
    typedef typename TR::PredMap PredMap;
    ///The type of the map that stores the distances of the nodes.
    typedef typename TR::DistMap DistMap;
    ///The type of the map that indicates which nodes are reached.
    typedef typename TR::ReachedMap ReachedMap;
    ///The type of the map that indicates which nodes are processed.
    typedef typename TR::ProcessedMap ProcessedMap;
    ///The type of the paths.
    typedef PredMapPath<Digraph, PredMap> Path;

    ///The \ref DfsDefaultTraits "traits class" of the algorithm.
    typedef TR Traits;

  private:

    typedef typename Digraph::Node Node;
    typedef typename Digraph::NodeIt NodeIt;
    typedef typename Digraph::Arc Arc;
    typedef typename Digraph::OutArcIt OutArcIt;

    //Pointer to the underlying digraph.
    const Digraph *G;
    //Pointer to the map of predecessor arcs.
    PredMap *_pred;
    //Indicates if _pred is locally allocated (true) or not.
    bool local_pred;
    //Pointer to the map of distances.
    DistMap *_dist;
    //Indicates if _dist is locally allocated (true) or not.
    bool local_dist;
    //Pointer to the map of reached status of the nodes.
    ReachedMap *_reached;
    //Indicates if _reached is locally allocated (true) or not.
    bool local_reached;
    //Pointer to the map of processed status of the nodes.
    ProcessedMap *_processed;
    //Indicates if _processed is locally allocated (true) or not.
    bool local_processed;

    std::vector<typename Digraph::OutArcIt> _stack;
    int _stack_head;

    //Creates the maps if necessary.
    void create_maps()
    {
      if(!_pred) {
        local_pred = true;
        _pred = Traits::createPredMap(*G);
      }
      if(!_dist) {
        local_dist = true;
        _dist = Traits::createDistMap(*G);
      }
      if(!_reached) {
        local_reached = true;
        _reached = Traits::createReachedMap(*G);
      }
      if(!_processed) {
        local_processed = true;
        _processed = Traits::createProcessedMap(*G);
      }
    }

  protected:

    Dfs() {}

  public:

    typedef Dfs Create;

    ///\name Named Template Parameters

    ///@{

    template <class T>
    struct SetPredMapTraits : public Traits {
      typedef T PredMap;
      static PredMap *createPredMap(const Digraph &)
      {
        LEMON_ASSERT(false, "PredMap is not initialized");
        return 0; // ignore warnings
      }
    };
    ///\brief \ref named-templ-param "Named parameter" for setting
    ///\c PredMap type.
    ///
    ///\ref named-templ-param "Named parameter" for setting
    ///\c PredMap type.
    ///It must conform to the \ref concepts::WriteMap "WriteMap" concept.
    template <class T>
    struct SetPredMap : public Dfs<Digraph, SetPredMapTraits<T> > {
      typedef Dfs<Digraph, SetPredMapTraits<T> > Create;
    };

    template <class T>
    struct SetDistMapTraits : public Traits {
      typedef T DistMap;
      static DistMap *createDistMap(const Digraph &)
      {
        LEMON_ASSERT(false, "DistMap is not initialized");
        return 0; // ignore warnings
      }
    };
    ///\brief \ref named-templ-param "Named parameter" for setting
    ///\c DistMap type.
    ///
    ///\ref named-templ-param "Named parameter" for setting
    ///\c DistMap type.
    ///It must conform to the \ref concepts::WriteMap "WriteMap" concept.
    template <class T>
    struct SetDistMap : public Dfs< Digraph, SetDistMapTraits<T> > {
      typedef Dfs<Digraph, SetDistMapTraits<T> > Create;
    };

    template <class T>
    struct SetReachedMapTraits : public Traits {
      typedef T ReachedMap;
      static ReachedMap *createReachedMap(const Digraph &)
      {
        LEMON_ASSERT(false, "ReachedMap is not initialized");
        return 0; // ignore warnings
      }
    };
    ///\brief \ref named-templ-param "Named parameter" for setting
    ///\c ReachedMap type.
    ///
    ///\ref named-templ-param "Named parameter" for setting
    ///\c ReachedMap type.
    ///It must conform to
    ///the \ref concepts::ReadWriteMap "ReadWriteMap" concept.
    template <class T>
    struct SetReachedMap : public Dfs< Digraph, SetReachedMapTraits<T> > {
      typedef Dfs< Digraph, SetReachedMapTraits<T> > Create;
    };

    template <class T>
    struct SetProcessedMapTraits : public Traits {
      typedef T ProcessedMap;
      static ProcessedMap *createProcessedMap(const Digraph &)
      {
        LEMON_ASSERT(false, "ProcessedMap is not initialized");
        return 0; // ignore warnings
      }
    };
    ///\brief \ref named-templ-param "Named parameter" for setting
    ///\c ProcessedMap type.
    ///
    ///\ref named-templ-param "Named parameter" for setting
    ///\c ProcessedMap type.
    ///It must conform to the \ref concepts::WriteMap "WriteMap" concept.
    template <class T>
    struct SetProcessedMap : public Dfs< Digraph, SetProcessedMapTraits<T> > {
      typedef Dfs< Digraph, SetProcessedMapTraits<T> > Create;
    };

    struct SetStandardProcessedMapTraits : public Traits {
      typedef typename Digraph::template NodeMap<bool> ProcessedMap;
      static ProcessedMap *createProcessedMap(const Digraph &g)
      {
        return new ProcessedMap(g);
      }
    };
    ///\brief \ref named-templ-param "Named parameter" for setting
    ///\c ProcessedMap type to be <tt>Digraph::NodeMap<bool></tt>.
    ///
    ///\ref named-templ-param "Named parameter" for setting
    ///\c ProcessedMap type to be <tt>Digraph::NodeMap<bool></tt>.
    ///If you don't set it explicitly, it will be automatically allocated.
    struct SetStandardProcessedMap :
      public Dfs< Digraph, SetStandardProcessedMapTraits > {
      typedef Dfs< Digraph, SetStandardProcessedMapTraits > Create;
    };

    ///@}

  public:

    ///Constructor.

    ///Constructor.
    ///\param g The digraph the algorithm runs on.
    Dfs(const Digraph &g) :
      G(&g),
      _pred(NULL), local_pred(false),
      _dist(NULL), local_dist(false),
      _reached(NULL), local_reached(false),
      _processed(NULL), local_processed(false)
    { }

    ///Destructor.
    ~Dfs()
    {
      if(local_pred) delete _pred;
      if(local_dist) delete _dist;
      if(local_reached) delete _reached;
      if(local_processed) delete _processed;
    }

    ///Sets the map that stores the predecessor arcs.

    ///Sets the map that stores the predecessor arcs.
    ///If you don't use this function before calling \ref run(Node) "run()"
    ///or \ref init(), an instance will be allocated automatically.
    ///The destructor deallocates this automatically allocated map,
    ///of course.
    ///\return <tt> (*this) </tt>
    Dfs &predMap(PredMap &m)
    {
      if(local_pred) {
        delete _pred;
        local_pred=false;
      }
      _pred = &m;
      return *this;
    }

    ///Sets the map that indicates which nodes are reached.

    ///Sets the map that indicates which nodes are reached.
    ///If you don't use this function before calling \ref run(Node) "run()"
    ///or \ref init(), an instance will be allocated automatically.
    ///The destructor deallocates this automatically allocated map,
    ///of course.
    ///\return <tt> (*this) </tt>
    Dfs &reachedMap(ReachedMap &m)
    {
      if(local_reached) {
        delete _reached;
        local_reached=false;
      }
      _reached = &m;
      return *this;
    }

    ///Sets the map that indicates which nodes are processed.

    ///Sets the map that indicates which nodes are processed.
    ///If you don't use this function before calling \ref run(Node) "run()"
    ///or \ref init(), an instance will be allocated automatically.
    ///The destructor deallocates this automatically allocated map,
    ///of course.
    ///\return <tt> (*this) </tt>
    Dfs &processedMap(ProcessedMap &m)
    {
      if(local_processed) {
        delete _processed;
        local_processed=false;
      }
      _processed = &m;
      return *this;
    }

    ///Sets the map that stores the distances of the nodes.

    ///Sets the map that stores the distances of the nodes calculated by
    ///the algorithm.
    ///If you don't use this function before calling \ref run(Node) "run()"
    ///or \ref init(), an instance will be allocated automatically.
    ///The destructor deallocates this automatically allocated map,
    ///of course.
    ///\return <tt> (*this) </tt>
    Dfs &distMap(DistMap &m)
    {
      if(local_dist) {
        delete _dist;
        local_dist=false;
      }
      _dist = &m;
      return *this;
    }

  public:

    ///\name Execution Control
    ///The simplest way to execute the DFS algorithm is to use one of the
    ///member functions called \ref run(Node) "run()".\n
    ///If you need better control on the execution, you have to call
    ///\ref init() first, then you can add a source node with \ref addSource()
    ///and perform the actual computation with \ref start().
    ///This procedure can be repeated if there are nodes that have not
    ///been reached.

    ///@{

    ///\brief Initializes the internal data structures.
    ///
    ///Initializes the internal data structures.
    void init()
    {
      create_maps();
      _stack.resize(countNodes(*G));
      _stack_head=-1;
      for ( NodeIt u(*G) ; u!=INVALID ; ++u ) {
        _pred->set(u,INVALID);
        _reached->set(u,false);
        _processed->set(u,false);
      }
    }

    ///Adds a new source node.

    ///Adds a new source node to the set of nodes to be processed.
    ///
    ///\pre The stack must be empty. Otherwise the algorithm gives
    ///wrong results. (One of the outgoing arcs of all the source nodes
    ///except for the last one will not be visited and distances will
    ///also be wrong.)
    void addSource(Node s)
    {
      LEMON_DEBUG(emptyQueue(), "The stack is not empty.");
      if(!(*_reached)[s])
        {
          _reached->set(s,true);
          _pred->set(s,INVALID);
          OutArcIt e(*G,s);
          if(e!=INVALID) {
            _stack[++_stack_head]=e;
            _dist->set(s,_stack_head);
          }
          else {
            _processed->set(s,true);
            _dist->set(s,0);
          }
        }
    }

    ///Processes the next arc.

    ///Processes the next arc.
    ///
    ///\return The processed arc.
    ///
    ///\pre The stack must not be empty.
    Arc processNextArc()
    {
      Node m;
      Arc e=_stack[_stack_head];
      if(!(*_reached)[m=G->target(e)]) {
        _pred->set(m,e);
        _reached->set(m,true);
        ++_stack_head;
        _stack[_stack_head] = OutArcIt(*G, m);
        _dist->set(m,_stack_head);
      }
      else {
        m=G->source(e);
        ++_stack[_stack_head];
      }
      while(_stack_head>=0 && _stack[_stack_head]==INVALID) {
        _processed->set(m,true);
        --_stack_head;
        if(_stack_head>=0) {
          m=G->source(_stack[_stack_head]);
          ++_stack[_stack_head];
        }
      }
      return e;
    }

    ///Next arc to be processed.

    ///Next arc to be processed.
    ///
    ///\return The next arc to be processed or \c INVALID if the stack
    ///is empty.
    OutArcIt nextArc() const
    {
      return _stack_head>=0?_stack[_stack_head]:INVALID;
    }

    ///Returns \c false if there are nodes to be processed.

    ///Returns \c false if there are nodes to be processed
    ///in the queue (stack).
    bool emptyQueue() const { return _stack_head<0; }

    ///Returns the number of the nodes to be processed.

    ///Returns the number of the nodes to be processed
    ///in the queue (stack).
    int queueSize() const { return _stack_head+1; }

    ///Executes the algorithm.

    ///Executes the algorithm.
    ///
    ///This method runs the %DFS algorithm from the root node
    ///in order to compute the DFS path to each node.
    ///
    /// The algorithm computes
    ///- the %DFS tree,
    ///- the distance of each node from the root in the %DFS tree.
    ///
    ///\pre init() must be called and a root node should be
    ///added with addSource() before using this function.
    ///
    ///\note <tt>d.start()</tt> is just a shortcut of the following code.
    ///\code
    ///  while ( !d.emptyQueue() ) {
    ///    d.processNextArc();
    ///  }
    ///\endcode
    void start()
    {
      while ( !emptyQueue() ) processNextArc();
    }

    ///Executes the algorithm until the given target node is reached.

    ///Executes the algorithm until the given target node is reached.
    ///
    ///This method runs the %DFS algorithm from the root node
    ///in order to compute the DFS path to \c t.
    ///
    ///The algorithm computes
    ///- the %DFS path to \c t,
    ///- the distance of \c t from the root in the %DFS tree.
    ///
    ///\pre init() must be called and a root node should be
    ///added with addSource() before using this function.
    void start(Node t)
    {
      while ( !emptyQueue() && !(*_reached)[t] )
        processNextArc();
    }

    ///Executes the algorithm until a condition is met.

    ///Executes the algorithm until a condition is met.
    ///
    ///This method runs the %DFS algorithm from the root node
    ///until an arc \c a with <tt>am[a]</tt> true is found.
    ///
    ///\param am A \c bool (or convertible) arc map. The algorithm
    ///will stop when it reaches an arc \c a with <tt>am[a]</tt> true.
    ///
    ///\return The reached arc \c a with <tt>am[a]</tt> true or
    ///\c INVALID if no such arc was found.
    ///
    ///\pre init() must be called and a root node should be
    ///added with addSource() before using this function.
    ///
    ///\warning Contrary to \ref Bfs and \ref Dijkstra, \c am is an arc map,
    ///not a node map.
    template<class ArcBoolMap>
    Arc start(const ArcBoolMap &am)
    {
      while ( !emptyQueue() && !am[_stack[_stack_head]] )
        processNextArc();
      return emptyQueue() ? INVALID : _stack[_stack_head];
    }

    ///Runs the algorithm from the given source node.

    ///This method runs the %DFS algorithm from node \c s
    ///in order to compute the DFS path to each node.
    ///
    ///The algorithm computes
    ///- the %DFS tree,
    ///- the distance of each node from the root in the %DFS tree.
    ///
    ///\note <tt>d.run(s)</tt> is just a shortcut of the following code.
    ///\code
    ///  d.init();
    ///  d.addSource(s);
    ///  d.start();
    ///\endcode
    void run(Node s) {
      init();
      addSource(s);
      start();
    }

    ///Finds the %DFS path between \c s and \c t.

    ///This method runs the %DFS algorithm from node \c s
    ///in order to compute the DFS path to node \c t
    ///(it stops searching when \c t is processed)
    ///
    ///\return \c true if \c t is reachable form \c s.
    ///
    ///\note Apart from the return value, <tt>d.run(s,t)</tt> is
    ///just a shortcut of the following code.
    ///\code
    ///  d.init();
    ///  d.addSource(s);
    ///  d.start(t);
    ///\endcode
    bool run(Node s,Node t) {
      init();
      addSource(s);
      start(t);
      return reached(t);
    }

    ///Runs the algorithm to visit all nodes in the digraph.

    ///This method runs the %DFS algorithm in order to visit all nodes
    ///in the digraph.
    ///
    ///\note <tt>d.run()</tt> is just a shortcut of the following code.
    ///\code
    ///  d.init();
    ///  for (NodeIt n(digraph); n != INVALID; ++n) {
    ///    if (!d.reached(n)) {
    ///      d.addSource(n);
    ///      d.start();
    ///    }
    ///  }
    ///\endcode
    void run() {
      init();
      for (NodeIt it(*G); it != INVALID; ++it) {
        if (!reached(it)) {
          addSource(it);
          start();
        }
      }
    }

    ///@}

    ///\name Query Functions
    ///The results of the DFS algorithm can be obtained using these
    ///functions.\n
    ///Either \ref run(Node) "run()" or \ref start() should be called
    ///before using them.

    ///@{

    ///The DFS path to the given node.

    ///Returns the DFS path to the given node from the root(s).
    ///
    ///\warning \c t should be reached from the root(s).
    ///
    ///\pre Either \ref run(Node) "run()" or \ref init()
    ///must be called before using this function.
    Path path(Node t) const { return Path(*G, *_pred, t); }

    ///The distance of the given node from the root(s).

    ///Returns the distance of the given node from the root(s).
    ///
    ///\warning If node \c v is not reached from the root(s), then
    ///the return value of this function is undefined.
    ///
    ///\pre Either \ref run(Node) "run()" or \ref init()
    ///must be called before using this function.
    int dist(Node v) const { return (*_dist)[v]; }

    ///Returns the 'previous arc' of the %DFS tree for the given node.

    ///This function returns the 'previous arc' of the %DFS tree for the
    ///node \c v, i.e. it returns the last arc of a %DFS path from a
    ///root to \c v. It is \c INVALID if \c v is not reached from the
    ///root(s) or if \c v is a root.
    ///
    ///The %DFS tree used here is equal to the %DFS tree used in
    ///\ref predNode() and \ref predMap().
    ///
    ///\pre Either \ref run(Node) "run()" or \ref init()
    ///must be called before using this function.
    Arc predArc(Node v) const { return (*_pred)[v];}

    ///Returns the 'previous node' of the %DFS tree for the given node.

    ///This function returns the 'previous node' of the %DFS
    ///tree for the node \c v, i.e. it returns the last but one node
    ///of a %DFS path from a root to \c v. It is \c INVALID
    ///if \c v is not reached from the root(s) or if \c v is a root.
    ///
    ///The %DFS tree used here is equal to the %DFS tree used in
    ///\ref predArc() and \ref predMap().
    ///
    ///\pre Either \ref run(Node) "run()" or \ref init()
    ///must be called before using this function.
    Node predNode(Node v) const { return (*_pred)[v]==INVALID ? INVALID:
                                  G->source((*_pred)[v]); }

    ///\brief Returns a const reference to the node map that stores the
    ///distances of the nodes.
    ///
    ///Returns a const reference to the node map that stores the
    ///distances of the nodes calculated by the algorithm.
    ///
    ///\pre Either \ref run(Node) "run()" or \ref init()
    ///must be called before using this function.
    const DistMap &distMap() const { return *_dist;}

    ///\brief Returns a const reference to the node map that stores the
    ///predecessor arcs.
    ///
    ///Returns a const reference to the node map that stores the predecessor
    ///arcs, which form the DFS tree (forest).
    ///
    ///\pre Either \ref run(Node) "run()" or \ref init()
    ///must be called before using this function.
    const PredMap &predMap() const { return *_pred;}

    ///Checks if the given node. node is reached from the root(s).

    ///Returns \c true if \c v is reached from the root(s).
    ///
    ///\pre Either \ref run(Node) "run()" or \ref init()
    ///must be called before using this function.
    bool reached(Node v) const { return (*_reached)[v]; }

    ///@}
  };

  ///Default traits class of dfs() function.

  ///Default traits class of dfs() function.
  ///\tparam GR Digraph type.
  template<class GR>
  struct DfsWizardDefaultTraits
  {
    ///The type of the digraph the algorithm runs on.
    typedef GR Digraph;

    ///\brief The type of the map that stores the predecessor
    ///arcs of the %DFS paths.
    ///
    ///The type of the map that stores the predecessor
    ///arcs of the %DFS paths.
    ///It must conform to the \ref concepts::WriteMap "WriteMap" concept.
    typedef typename Digraph::template NodeMap<typename Digraph::Arc> PredMap;
    ///Instantiates a PredMap.

    ///This function instantiates a PredMap.
    ///\param g is the digraph, to which we would like to define the
    ///PredMap.
    static PredMap *createPredMap(const Digraph &g)
    {
      return new PredMap(g);
    }

    ///The type of the map that indicates which nodes are processed.

    ///The type of the map that indicates which nodes are processed.
    ///It must conform to the \ref concepts::WriteMap "WriteMap" concept.
    ///By default, it is a NullMap.
    typedef NullMap<typename Digraph::Node,bool> ProcessedMap;
    ///Instantiates a ProcessedMap.

    ///This function instantiates a ProcessedMap.
    ///\param g is the digraph, to which
    ///we would like to define the ProcessedMap.
#ifdef DOXYGEN
    static ProcessedMap *createProcessedMap(const Digraph &g)
#else
    static ProcessedMap *createProcessedMap(const Digraph &)
#endif
    {
      return new ProcessedMap();
    }

    ///The type of the map that indicates which nodes are reached.

    ///The type of the map that indicates which nodes are reached.
    ///It must conform to
    ///the \ref concepts::ReadWriteMap "ReadWriteMap" concept.
    typedef typename Digraph::template NodeMap<bool> ReachedMap;
    ///Instantiates a ReachedMap.

    ///This function instantiates a ReachedMap.
    ///\param g is the digraph, to which
    ///we would like to define the ReachedMap.
    static ReachedMap *createReachedMap(const Digraph &g)
    {
      return new ReachedMap(g);
    }

    ///The type of the map that stores the distances of the nodes.

    ///The type of the map that stores the distances of the nodes.
    ///It must conform to the \ref concepts::WriteMap "WriteMap" concept.
    typedef typename Digraph::template NodeMap<int> DistMap;
    ///Instantiates a DistMap.

    ///This function instantiates a DistMap.
    ///\param g is the digraph, to which we would like to define
    ///the DistMap
    static DistMap *createDistMap(const Digraph &g)
    {
      return new DistMap(g);
    }

    ///The type of the DFS paths.

    ///The type of the DFS paths.
    ///It must conform to the \ref concepts::Path "Path" concept.
    typedef lemon::Path<Digraph> Path;
  };

  /// Default traits class used by DfsWizard

  /// Default traits class used by DfsWizard.
  /// \tparam GR The type of the digraph.
  template<class GR>
  class DfsWizardBase : public DfsWizardDefaultTraits<GR>
  {

    typedef DfsWizardDefaultTraits<GR> Base;
  protected:
    //The type of the nodes in the digraph.
    typedef typename Base::Digraph::Node Node;

    //Pointer to the digraph the algorithm runs on.
    void *_g;
    //Pointer to the map of reached nodes.
    void *_reached;
    //Pointer to the map of processed nodes.
    void *_processed;
    //Pointer to the map of predecessors arcs.
    void *_pred;
    //Pointer to the map of distances.
    void *_dist;
    //Pointer to the DFS path to the target node.
    void *_path;
    //Pointer to the distance of the target node.
    int *_di;

    public:
    /// Constructor.

    /// This constructor does not require parameters, it initiates
    /// all of the attributes to \c 0.
    DfsWizardBase() : _g(0), _reached(0), _processed(0), _pred(0),
                      _dist(0), _path(0), _di(0) {}

    /// Constructor.

    /// This constructor requires one parameter,
    /// others are initiated to \c 0.
    /// \param g The digraph the algorithm runs on.
    DfsWizardBase(const GR &g) :
      _g(reinterpret_cast<void*>(const_cast<GR*>(&g))),
      _reached(0), _processed(0), _pred(0), _dist(0),  _path(0), _di(0) {}

  };

  /// Auxiliary class for the function-type interface of DFS algorithm.

  /// This auxiliary class is created to implement the
  /// \ref dfs() "function-type interface" of \ref Dfs algorithm.
  /// It does not have own \ref run(Node) "run()" method, it uses the
  /// functions and features of the plain \ref Dfs.
  ///
  /// This class should only be used through the \ref dfs() function,
  /// which makes it easier to use the algorithm.
  ///
  /// \tparam TR The traits class that defines various types used by the
  /// algorithm.
  template<class TR>
  class DfsWizard : public TR
  {
    typedef TR Base;

    typedef typename TR::Digraph Digraph;

    typedef typename Digraph::Node Node;
    typedef typename Digraph::NodeIt NodeIt;
    typedef typename Digraph::Arc Arc;
    typedef typename Digraph::OutArcIt OutArcIt;

    typedef typename TR::PredMap PredMap;
    typedef typename TR::DistMap DistMap;
    typedef typename TR::ReachedMap ReachedMap;
    typedef typename TR::ProcessedMap ProcessedMap;
    typedef typename TR::Path Path;

  public:

    /// Constructor.
    DfsWizard() : TR() {}

    /// Constructor that requires parameters.

    /// Constructor that requires parameters.
    /// These parameters will be the default values for the traits class.
    /// \param g The digraph the algorithm runs on.
    DfsWizard(const Digraph &g) :
      TR(g) {}

    ///Copy constructor
    DfsWizard(const TR &b) : TR(b) {}

    ~DfsWizard() {}

    ///Runs DFS algorithm from the given source node.

    ///This method runs DFS algorithm from node \c s
    ///in order to compute the DFS path to each node.
    void run(Node s)
    {
      Dfs<Digraph,TR> alg(*reinterpret_cast<const Digraph*>(Base::_g));
      if (Base::_pred)
        alg.predMap(*reinterpret_cast<PredMap*>(Base::_pred));
      if (Base::_dist)
        alg.distMap(*reinterpret_cast<DistMap*>(Base::_dist));
      if (Base::_reached)
        alg.reachedMap(*reinterpret_cast<ReachedMap*>(Base::_reached));
      if (Base::_processed)
        alg.processedMap(*reinterpret_cast<ProcessedMap*>(Base::_processed));
      if (s!=INVALID)
        alg.run(s);
      else
        alg.run();
    }

    ///Finds the DFS path between \c s and \c t.

    ///This method runs DFS algorithm from node \c s
    ///in order to compute the DFS path to node \c t
    ///(it stops searching when \c t is processed).
    ///
    ///\return \c true if \c t is reachable form \c s.
    bool run(Node s, Node t)
    {
      Dfs<Digraph,TR> alg(*reinterpret_cast<const Digraph*>(Base::_g));
      if (Base::_pred)
        alg.predMap(*reinterpret_cast<PredMap*>(Base::_pred));
      if (Base::_dist)
        alg.distMap(*reinterpret_cast<DistMap*>(Base::_dist));
      if (Base::_reached)
        alg.reachedMap(*reinterpret_cast<ReachedMap*>(Base::_reached));
      if (Base::_processed)
        alg.processedMap(*reinterpret_cast<ProcessedMap*>(Base::_processed));
      alg.run(s,t);
      if (Base::_path)
        *reinterpret_cast<Path*>(Base::_path) = alg.path(t);
      if (Base::_di)
        *Base::_di = alg.dist(t);
      return alg.reached(t);
      }

    ///Runs DFS algorithm to visit all nodes in the digraph.

    ///This method runs DFS algorithm in order to visit all nodes
    ///in the digraph.
    void run()
    {
      run(INVALID);
    }

    template<class T>
    struct SetPredMapBase : public Base {
      typedef T PredMap;
      static PredMap *createPredMap(const Digraph &) { return 0; };
      SetPredMapBase(const TR &b) : TR(b) {}
    };

    ///\brief \ref named-templ-param "Named parameter" for setting
    ///the predecessor map.
    ///
    ///\ref named-templ-param "Named parameter" function for setting
    ///the map that stores the predecessor arcs of the nodes.
    template<class T>
    DfsWizard<SetPredMapBase<T> > predMap(const T &t)
    {
      Base::_pred=reinterpret_cast<void*>(const_cast<T*>(&t));
      return DfsWizard<SetPredMapBase<T> >(*this);
    }

    template<class T>
    struct SetReachedMapBase : public Base {
      typedef T ReachedMap;
      static ReachedMap *createReachedMap(const Digraph &) { return 0; };
      SetReachedMapBase(const TR &b) : TR(b) {}
    };

    ///\brief \ref named-templ-param "Named parameter" for setting
    ///the reached map.
    ///
    ///\ref named-templ-param "Named parameter" function for setting
    ///the map that indicates which nodes are reached.
    template<class T>
    DfsWizard<SetReachedMapBase<T> > reachedMap(const T &t)
    {
      Base::_reached=reinterpret_cast<void*>(const_cast<T*>(&t));
      return DfsWizard<SetReachedMapBase<T> >(*this);
    }

    template<class T>
    struct SetDistMapBase : public Base {
      typedef T DistMap;
      static DistMap *createDistMap(const Digraph &) { return 0; };
      SetDistMapBase(const TR &b) : TR(b) {}
    };

    ///\brief \ref named-templ-param "Named parameter" for setting
    ///the distance map.
    ///
    ///\ref named-templ-param "Named parameter" function for setting
    ///the map that stores the distances of the nodes calculated
    ///by the algorithm.
    template<class T>
    DfsWizard<SetDistMapBase<T> > distMap(const T &t)
    {
      Base::_dist=reinterpret_cast<void*>(const_cast<T*>(&t));
      return DfsWizard<SetDistMapBase<T> >(*this);
    }

    template<class T>
    struct SetProcessedMapBase : public Base {
      typedef T ProcessedMap;
      static ProcessedMap *createProcessedMap(const Digraph &) { return 0; };
      SetProcessedMapBase(const TR &b) : TR(b) {}
    };

    ///\brief \ref named-func-param "Named parameter" for setting
    ///the processed map.
    ///
    ///\ref named-templ-param "Named parameter" function for setting
    ///the map that indicates which nodes are processed.
    template<class T>
    DfsWizard<SetProcessedMapBase<T> > processedMap(const T &t)
    {
      Base::_processed=reinterpret_cast<void*>(const_cast<T*>(&t));
      return DfsWizard<SetProcessedMapBase<T> >(*this);
    }

    template<class T>
    struct SetPathBase : public Base {
      typedef T Path;
      SetPathBase(const TR &b) : TR(b) {}
    };
    ///\brief \ref named-func-param "Named parameter"
    ///for getting the DFS path to the target node.
    ///
    ///\ref named-func-param "Named parameter"
    ///for getting the DFS path to the target node.
    template<class T>
    DfsWizard<SetPathBase<T> > path(const T &t)
    {
      Base::_path=reinterpret_cast<void*>(const_cast<T*>(&t));
      return DfsWizard<SetPathBase<T> >(*this);
    }

    ///\brief \ref named-func-param "Named parameter"
    ///for getting the distance of the target node.
    ///
    ///\ref named-func-param "Named parameter"
    ///for getting the distance of the target node.
    DfsWizard dist(const int &d)
    {
      Base::_di=const_cast<int*>(&d);
      return *this;
    }

  };

  ///Function-type interface for DFS algorithm.

  ///\ingroup search
  ///Function-type interface for DFS algorithm.
  ///
  ///This function also has several \ref named-func-param "named parameters",
  ///they are declared as the members of class \ref DfsWizard.
  ///The following examples show how to use these parameters.
  ///\code
  ///  // Compute the DFS tree
  ///  dfs(g).predMap(preds).distMap(dists).run(s);
  ///
  ///  // Compute the DFS path from s to t
  ///  bool reached = dfs(g).path(p).dist(d).run(s,t);
  ///\endcode
  ///\warning Don't forget to put the \ref DfsWizard::run(Node) "run()"
  ///to the end of the parameter list.
  ///\sa DfsWizard
  ///\sa Dfs
  template<class GR>
  DfsWizard<DfsWizardBase<GR> >
  dfs(const GR &digraph)
  {
    return DfsWizard<DfsWizardBase<GR> >(digraph);
  }

#ifdef DOXYGEN
  /// \brief Visitor class for DFS.
  ///
  /// This class defines the interface of the DfsVisit events, and
  /// it could be the base of a real visitor class.
  template <typename GR>
  struct DfsVisitor {
    typedef GR Digraph;
    typedef typename Digraph::Arc Arc;
    typedef typename Digraph::Node Node;
    /// \brief Called for the source node of the DFS.
    ///
    /// This function is called for the source node of the DFS.
    void start(const Node& node) {}
    /// \brief Called when the source node is leaved.
    ///
    /// This function is called when the source node is leaved.
    void stop(const Node& node) {}
    /// \brief Called when a node is reached first time.
    ///
    /// This function is called when a node is reached first time.
    void reach(const Node& node) {}
    /// \brief Called when an arc reaches a new node.
    ///
    /// This function is called when the DFS finds an arc whose target node
    /// is not reached yet.
    void discover(const Arc& arc) {}
    /// \brief Called when an arc is examined but its target node is
    /// already discovered.
    ///
    /// This function is called when an arc is examined but its target node is
    /// already discovered.
    void examine(const Arc& arc) {}
    /// \brief Called when the DFS steps back from a node.
    ///
    /// This function is called when the DFS steps back from a node.
    void leave(const Node& node) {}
    /// \brief Called when the DFS steps back on an arc.
    ///
    /// This function is called when the DFS steps back on an arc.
    void backtrack(const Arc& arc) {}
  };
#else
  template <typename GR>
  struct DfsVisitor {
    typedef GR Digraph;
    typedef typename Digraph::Arc Arc;
    typedef typename Digraph::Node Node;
    void start(const Node&) {}
    void stop(const Node&) {}
    void reach(const Node&) {}
    void discover(const Arc&) {}
    void examine(const Arc&) {}
    void leave(const Node&) {}
    void backtrack(const Arc&) {}

    template <typename _Visitor>
    struct Constraints {
      void constraints() {
        Arc arc;
        Node node;
        visitor.start(node);
        visitor.stop(arc);
        visitor.reach(node);
        visitor.discover(arc);
        visitor.examine(arc);
        visitor.leave(node);
        visitor.backtrack(arc);
      }
      _Visitor& visitor;
    };
  };
#endif

  /// \brief Default traits class of DfsVisit class.
  ///
  /// Default traits class of DfsVisit class.
  /// \tparam _Digraph The type of the digraph the algorithm runs on.
  template<class GR>
  struct DfsVisitDefaultTraits {

    /// \brief The type of the digraph the algorithm runs on.
    typedef GR Digraph;

    /// \brief The type of the map that indicates which nodes are reached.
    ///
    /// The type of the map that indicates which nodes are reached.
    /// It must conform to the
    /// \ref concepts::ReadWriteMap "ReadWriteMap" concept.
    typedef typename Digraph::template NodeMap<bool> ReachedMap;

    /// \brief Instantiates a ReachedMap.
    ///
    /// This function instantiates a ReachedMap.
    /// \param digraph is the digraph, to which
    /// we would like to define the ReachedMap.
    static ReachedMap *createReachedMap(const Digraph &digraph) {
      return new ReachedMap(digraph);
    }

  };

  /// \ingroup search
  ///
  /// \brief DFS algorithm class with visitor interface.
  ///
  /// This class provides an efficient implementation of the DFS algorithm
  /// with visitor interface.
  ///
  /// The DfsVisit class provides an alternative interface to the Dfs
  /// class. It works with callback mechanism, the DfsVisit object calls
  /// the member functions of the \c Visitor class on every DFS event.
  ///
  /// This interface of the DFS algorithm should be used in special cases
  /// when extra actions have to be performed in connection with certain
  /// events of the DFS algorithm. Otherwise consider to use Dfs or dfs()
  /// instead.
  ///
  /// \tparam GR The type of the digraph the algorithm runs on.
  /// The default type is \ref ListDigraph.
  /// The value of GR is not used directly by \ref DfsVisit,
  /// it is only passed to \ref DfsVisitDefaultTraits.
  /// \tparam VS The Visitor type that is used by the algorithm.
  /// \ref DfsVisitor "DfsVisitor<GR>" is an empty visitor, which
  /// does not observe the DFS events. If you want to observe the DFS
  /// events, you should implement your own visitor class.
  /// \tparam TR The traits class that defines various types used by the
  /// algorithm. By default, it is \ref DfsVisitDefaultTraits
  /// "DfsVisitDefaultTraits<GR>".
  /// In most cases, this parameter should not be set directly,
  /// consider to use the named template parameters instead.
#ifdef DOXYGEN
  template <typename GR, typename VS, typename TR>
#else
  template <typename GR = ListDigraph,
            typename VS = DfsVisitor<GR>,
            typename TR = DfsVisitDefaultTraits<GR> >
#endif
  class DfsVisit {
  public:

    ///The traits class.
    typedef TR Traits;

    ///The type of the digraph the algorithm runs on.
    typedef typename Traits::Digraph Digraph;

    ///The visitor type used by the algorithm.
    typedef VS Visitor;

    ///The type of the map that indicates which nodes are reached.
    typedef typename Traits::ReachedMap ReachedMap;

  private:

    typedef typename Digraph::Node Node;
    typedef typename Digraph::NodeIt NodeIt;
    typedef typename Digraph::Arc Arc;
    typedef typename Digraph::OutArcIt OutArcIt;

    //Pointer to the underlying digraph.
    const Digraph *_digraph;
    //Pointer to the visitor object.
    Visitor *_visitor;
    //Pointer to the map of reached status of the nodes.
    ReachedMap *_reached;
    //Indicates if _reached is locally allocated (true) or not.
    bool local_reached;

    std::vector<typename Digraph::Arc> _stack;
    int _stack_head;

    //Creates the maps if necessary.
    void create_maps() {
      if(!_reached) {
        local_reached = true;
        _reached = Traits::createReachedMap(*_digraph);
      }
    }

  protected:

    DfsVisit() {}

  public:

    typedef DfsVisit Create;

    /// \name Named Template Parameters

    ///@{
    template <class T>
    struct SetReachedMapTraits : public Traits {
      typedef T ReachedMap;
      static ReachedMap *createReachedMap(const Digraph &digraph) {
        LEMON_ASSERT(false, "ReachedMap is not initialized");
        return 0; // ignore warnings
      }
    };
    /// \brief \ref named-templ-param "Named parameter" for setting
    /// ReachedMap type.
    ///
    /// \ref named-templ-param "Named parameter" for setting ReachedMap type.
    template <class T>
    struct SetReachedMap : public DfsVisit< Digraph, Visitor,
                                            SetReachedMapTraits<T> > {
      typedef DfsVisit< Digraph, Visitor, SetReachedMapTraits<T> > Create;
    };
    ///@}

  public:

    /// \brief Constructor.
    ///
    /// Constructor.
    ///
    /// \param digraph The digraph the algorithm runs on.
    /// \param visitor The visitor object of the algorithm.
    DfsVisit(const Digraph& digraph, Visitor& visitor)
      : _digraph(&digraph), _visitor(&visitor),
        _reached(0), local_reached(false) {}

    /// \brief Destructor.
    ~DfsVisit() {
      if(local_reached) delete _reached;
    }

    /// \brief Sets the map that indicates which nodes are reached.
    ///
    /// Sets the map that indicates which nodes are reached.
    /// If you don't use this function before calling \ref run(Node) "run()"
    /// or \ref init(), an instance will be allocated automatically.
    /// The destructor deallocates this automatically allocated map,
    /// of course.
    /// \return <tt> (*this) </tt>
    DfsVisit &reachedMap(ReachedMap &m) {
      if(local_reached) {
        delete _reached;
        local_reached=false;
      }
      _reached = &m;
      return *this;
    }

  public:

    /// \name Execution Control
    /// The simplest way to execute the DFS algorithm is to use one of the
    /// member functions called \ref run(Node) "run()".\n
    /// If you need better control on the execution, you have to call
    /// \ref init() first, then you can add a source node with \ref addSource()
    /// and perform the actual computation with \ref start().
    /// This procedure can be repeated if there are nodes that have not
    /// been reached.

    /// @{

    /// \brief Initializes the internal data structures.
    ///
    /// Initializes the internal data structures.
    void init() {
      create_maps();
      _stack.resize(countNodes(*_digraph));
      _stack_head = -1;
      for (NodeIt u(*_digraph) ; u != INVALID ; ++u) {
        _reached->set(u, false);
      }
    }

    /// \brief Adds a new source node.
    ///
    /// Adds a new source node to the set of nodes to be processed.
    ///
    /// \pre The stack must be empty. Otherwise the algorithm gives
    /// wrong results. (One of the outgoing arcs of all the source nodes
    /// except for the last one will not be visited and distances will
    /// also be wrong.)
    void addSource(Node s)
    {
      LEMON_DEBUG(emptyQueue(), "The stack is not empty.");
      if(!(*_reached)[s]) {
          _reached->set(s,true);
          _visitor->start(s);
          _visitor->reach(s);
          Arc e;
          _digraph->firstOut(e, s);
          if (e != INVALID) {
            _stack[++_stack_head] = e;
          } else {
            _visitor->leave(s);
            _visitor->stop(s);
          }
        }
    }

    /// \brief Processes the next arc.
    ///
    /// Processes the next arc.
    ///
    /// \return The processed arc.
    ///
    /// \pre The stack must not be empty.
    Arc processNextArc() {
      Arc e = _stack[_stack_head];
      Node m = _digraph->target(e);
      if(!(*_reached)[m]) {
        _visitor->discover(e);
        _visitor->reach(m);
        _reached->set(m, true);
        _digraph->firstOut(_stack[++_stack_head], m);
      } else {
        _visitor->examine(e);
        m = _digraph->source(e);
        _digraph->nextOut(_stack[_stack_head]);
      }
      while (_stack_head>=0 && _stack[_stack_head] == INVALID) {
        _visitor->leave(m);
        --_stack_head;
        if (_stack_head >= 0) {
          _visitor->backtrack(_stack[_stack_head]);
          m = _digraph->source(_stack[_stack_head]);
          _digraph->nextOut(_stack[_stack_head]);
        } else {
          _visitor->stop(m);
        }
      }
      return e;
    }

    /// \brief Next arc to be processed.
    ///
    /// Next arc to be processed.
    ///
    /// \return The next arc to be processed or INVALID if the stack is
    /// empty.
    Arc nextArc() const {
      return _stack_head >= 0 ? _stack[_stack_head] : INVALID;
    }

    /// \brief Returns \c false if there are nodes
    /// to be processed.
    ///
    /// Returns \c false if there are nodes
    /// to be processed in the queue (stack).
    bool emptyQueue() const { return _stack_head < 0; }

    /// \brief Returns the number of the nodes to be processed.
    ///
    /// Returns the number of the nodes to be processed in the queue (stack).
    int queueSize() const { return _stack_head + 1; }

    /// \brief Executes the algorithm.
    ///
    /// Executes the algorithm.
    ///
    /// This method runs the %DFS algorithm from the root node
    /// in order to compute the %DFS path to each node.
    ///
    /// The algorithm computes
    /// - the %DFS tree,
    /// - the distance of each node from the root in the %DFS tree.
    ///
    /// \pre init() must be called and a root node should be
    /// added with addSource() before using this function.
    ///
    /// \note <tt>d.start()</tt> is just a shortcut of the following code.
    /// \code
    ///   while ( !d.emptyQueue() ) {
    ///     d.processNextArc();
    ///   }
    /// \endcode
    void start() {
      while ( !emptyQueue() ) processNextArc();
    }

    /// \brief Executes the algorithm until the given target node is reached.
    ///
    /// Executes the algorithm until the given target node is reached.
    ///
    /// This method runs the %DFS algorithm from the root node
    /// in order to compute the DFS path to \c t.
    ///
    /// The algorithm computes
    /// - the %DFS path to \c t,
    /// - the distance of \c t from the root in the %DFS tree.
    ///
    /// \pre init() must be called and a root node should be added
    /// with addSource() before using this function.
    void start(Node t) {
      while ( !emptyQueue() && !(*_reached)[t] )
        processNextArc();
    }

    /// \brief Executes the algorithm until a condition is met.
    ///
    /// Executes the algorithm until a condition is met.
    ///
    /// This method runs the %DFS algorithm from the root node
    /// until an arc \c a with <tt>am[a]</tt> true is found.
    ///
    /// \param am A \c bool (or convertible) arc map. The algorithm
    /// will stop when it reaches an arc \c a with <tt>am[a]</tt> true.
    ///
    /// \return The reached arc \c a with <tt>am[a]</tt> true or
    /// \c INVALID if no such arc was found.
    ///
    /// \pre init() must be called and a root node should be added
    /// with addSource() before using this function.
    ///
    /// \warning Contrary to \ref Bfs and \ref Dijkstra, \c am is an arc map,
    /// not a node map.
    template <typename AM>
    Arc start(const AM &am) {
      while ( !emptyQueue() && !am[_stack[_stack_head]] )
        processNextArc();
      return emptyQueue() ? INVALID : _stack[_stack_head];
    }

    /// \brief Runs the algorithm from the given source node.
    ///
    /// This method runs the %DFS algorithm from node \c s.
    /// in order to compute the DFS path to each node.
    ///
    /// The algorithm computes
    /// - the %DFS tree,
    /// - the distance of each node from the root in the %DFS tree.
    ///
    /// \note <tt>d.run(s)</tt> is just a shortcut of the following code.
    ///\code
    ///   d.init();
    ///   d.addSource(s);
    ///   d.start();
    ///\endcode
    void run(Node s) {
      init();
      addSource(s);
      start();
    }

    /// \brief Finds the %DFS path between \c s and \c t.

    /// This method runs the %DFS algorithm from node \c s
    /// in order to compute the DFS path to node \c t
    /// (it stops searching when \c t is processed).
    ///
    /// \return \c true if \c t is reachable form \c s.
    ///
    /// \note Apart from the return value, <tt>d.run(s,t)</tt> is
    /// just a shortcut of the following code.
    ///\code
    ///   d.init();
    ///   d.addSource(s);
    ///   d.start(t);
    ///\endcode
    bool run(Node s,Node t) {
      init();
      addSource(s);
      start(t);
      return reached(t);
    }

    /// \brief Runs the algorithm to visit all nodes in the digraph.

    /// This method runs the %DFS algorithm in order to visit all nodes
    /// in the digraph.
    ///
    /// \note <tt>d.run()</tt> is just a shortcut of the following code.
    ///\code
    ///   d.init();
    ///   for (NodeIt n(digraph); n != INVALID; ++n) {
    ///     if (!d.reached(n)) {
    ///       d.addSource(n);
    ///       d.start();
    ///     }
    ///   }
    ///\endcode
    void run() {
      init();
      for (NodeIt it(*_digraph); it != INVALID; ++it) {
        if (!reached(it)) {
          addSource(it);
          start();
        }
      }
    }

    ///@}

    /// \name Query Functions
    /// The results of the DFS algorithm can be obtained using these
    /// functions.\n
    /// Either \ref run(Node) "run()" or \ref start() should be called
    /// before using them.

    ///@{

    /// \brief Checks if the given node is reached from the root(s).
    ///
    /// Returns \c true if \c v is reached from the root(s).
    ///
    /// \pre Either \ref run(Node) "run()" or \ref init()
    /// must be called before using this function.
    bool reached(Node v) const { return (*_reached)[v]; }

    ///@}

  };

} //END OF NAMESPACE LEMON

#endif
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 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
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 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_DHEAP_H
#define LEMON_DHEAP_H

///\ingroup heaps
///\file
///\brief D-ary heap implementation.

#include <vector>
#include <utility>
#include <functional>

namespace lemon {

  /// \ingroup heaps
  ///
  ///\brief D-ary heap data structure.
  ///
  /// This class implements the \e D-ary \e heap data structure.
  /// It fully conforms to the \ref concepts::Heap "heap concept".
  ///
  /// The \ref DHeap "D-ary heap" is a generalization of the
  /// \ref BinHeap "binary heap" structure, its nodes have at most
  /// \c D children, instead of two.
  /// \ref BinHeap and \ref QuadHeap are specialized implementations
  /// of this structure for <tt>D=2</tt> and <tt>D=4</tt>, respectively.
  ///
  /// \tparam PR Type of the priorities of the items.
  /// \tparam IM A read-writable item map with \c int values, used
  /// internally to handle the cross references.
  /// \tparam D The degree of the heap, each node have at most \e D
  /// children. The default is 16. Powers of two are suggested to use
  /// so that the multiplications and divisions needed to traverse the
  /// nodes of the heap could be performed faster.
  /// \tparam CMP A functor class for comparing the priorities.
  /// The default is \c std::less<PR>.
  ///
  ///\sa BinHeap
  ///\sa FouraryHeap
#ifdef DOXYGEN
  template <typename PR, typename IM, int D, typename CMP>
#else
  template <typename PR, typename IM, int D = 16,
            typename CMP = std::less<PR> >
#endif
  class DHeap {
  public:
    /// Type of the item-int map.
    typedef IM ItemIntMap;
    /// Type of the priorities.
    typedef PR Prio;
    /// Type of the items stored in the heap.
    typedef typename ItemIntMap::Key Item;
    /// Type of the item-priority pairs.
    typedef std::pair<Item,Prio> Pair;
    /// Functor type for comparing the priorities.
    typedef CMP Compare;

    /// \brief Type to represent the states of the items.
    ///
    /// Each item has a state associated to it. It can be "in heap",
    /// "pre-heap" or "post-heap". The latter two are indifferent from the
    /// heap's point of view, but may be useful to the user.
    ///
    /// The item-int map must be initialized in such way that it assigns
    /// \c PRE_HEAP (<tt>-1</tt>) to any element to be put in the heap.
    enum State {
      IN_HEAP = 0,    ///< = 0.
      PRE_HEAP = -1,  ///< = -1.
      POST_HEAP = -2  ///< = -2.
    };

  private:
    std::vector<Pair> _data;
    Compare _comp;
    ItemIntMap &_iim;

  public:
    /// \brief Constructor.
    ///
    /// Constructor.
    /// \param map A map that assigns \c int values to the items.
    /// It is used internally to handle the cross references.
    /// The assigned value must be \c PRE_HEAP (<tt>-1</tt>) for each item.
    explicit DHeap(ItemIntMap &map) : _iim(map) {}

    /// \brief Constructor.
    ///
    /// Constructor.
    /// \param map A map that assigns \c int values to the items.
    /// It is used internally to handle the cross references.
    /// The assigned value must be \c PRE_HEAP (<tt>-1</tt>) for each item.
    /// \param comp The function object used for comparing the priorities.
    DHeap(ItemIntMap &map, const Compare &comp)
      : _iim(map), _comp(comp) {}

    /// \brief The number of items stored in the heap.
    ///
    /// This function returns the number of items stored in the heap.
    int size() const { return _data.size(); }

    /// \brief Check if the heap is empty.
    ///
    /// This function returns \c true if the heap is empty.
    bool empty() const { return _data.empty(); }

    /// \brief Make the heap empty.
    ///
    /// This functon makes the heap empty.
    /// It does not change the cross reference map. If you want to reuse
    /// a heap that is not surely empty, you should first clear it and
    /// then you should set the cross reference map to \c PRE_HEAP
    /// for each item.
    void clear() { _data.clear(); }

  private:
    int parent(int i) { return (i-1)/D; }
    int firstChild(int i) { return D*i+1; }

    bool less(const Pair &p1, const Pair &p2) const {
      return _comp(p1.second, p2.second);
    }

    void bubbleUp(int hole, Pair p) {
      int par = parent(hole);
      while( hole>0 && less(p,_data[par]) ) {
        move(_data[par],hole);
        hole = par;
        par = parent(hole);
      }
      move(p, hole);
    }

    void bubbleDown(int hole, Pair p, int length) {
      if( length>1 ) {
        int child = firstChild(hole);
        while( child+D<=length ) {
          int min=child;
          for (int i=1; i<D; ++i) {
            if( less(_data[child+i], _data[min]) )
              min=child+i;
          }
          if( !less(_data[min], p) )
            goto ok;
          move(_data[min], hole);
          hole = min;
          child = firstChild(hole);
        }
        if ( child<length ) {
          int min = child;
          while (++child < length) {
            if( less(_data[child], _data[min]) )
              min=child;
          }
          if( less(_data[min], p) ) {
            move(_data[min], hole);
            hole = min;
          }
        }
      }
    ok:
      move(p, hole);
    }

    void move(const Pair &p, int i) {
      _data[i] = p;
      _iim.set(p.first, i);
    }

  public:
    /// \brief Insert a pair of item and priority into the heap.
    ///
    /// This function inserts \c p.first to the heap with priority
    /// \c p.second.
    /// \param p The pair to insert.
    /// \pre \c p.first must not be stored in the heap.
    void push(const Pair &p) {
      int n = _data.size();
      _data.resize(n+1);
      bubbleUp(n, p);
    }

    /// \brief Insert an item into the heap with the given priority.
    ///
    /// This function inserts the given item into the heap with the
    /// given priority.
    /// \param i The item to insert.
    /// \param p The priority of the item.
    /// \pre \e i must not be stored in the heap.
    void push(const Item &i, const Prio &p) { push(Pair(i,p)); }

    /// \brief Return the item having minimum priority.
    ///
    /// This function returns the item having minimum priority.
    /// \pre The heap must be non-empty.
    Item top() const { return _data[0].first; }

    /// \brief The minimum priority.
    ///
    /// This function returns the minimum priority.
    /// \pre The heap must be non-empty.
    Prio prio() const { return _data[0].second; }

    /// \brief Remove the item having minimum priority.
    ///
    /// This function removes the item having minimum priority.
    /// \pre The heap must be non-empty.
    void pop() {
      int n = _data.size()-1;
      _iim.set(_data[0].first, POST_HEAP);
      if (n>0) bubbleDown(0, _data[n], n);
      _data.pop_back();
    }

    /// \brief Remove the given item from the heap.
    ///
    /// This function removes the given item from the heap if it is
    /// already stored.
    /// \param i The item to delete.
    /// \pre \e i must be in the heap.
    void erase(const Item &i) {
      int h = _iim[i];
      int n = _data.size()-1;
      _iim.set(_data[h].first, POST_HEAP);
      if( h<n ) {
        if( less(_data[parent(h)], _data[n]) )
          bubbleDown(h, _data[n], n);
        else
          bubbleUp(h, _data[n]);
      }
      _data.pop_back();
    }

    /// \brief The priority of the given item.
    ///
    /// This function returns the priority of the given item.
    /// \param i The item.
    /// \pre \e i must be in the heap.
    Prio operator[](const Item &i) const {
      int idx = _iim[i];
      return _data[idx].second;
    }

    /// \brief Set the priority of an item or insert it, if it is
    /// not stored in the heap.
    ///
    /// This method sets the priority of the given item if it is
    /// already stored in the heap. Otherwise it inserts the given
    /// item into the heap with the given priority.
    /// \param i The item.
    /// \param p The priority.
    void set(const Item &i, const Prio &p) {
      int idx = _iim[i];
      if( idx<0 )
        push(i,p);
      else if( _comp(p, _data[idx].second) )
        bubbleUp(idx, Pair(i,p));
      else
        bubbleDown(idx, Pair(i,p), _data.size());
    }

    /// \brief Decrease the priority of an item to the given value.
    ///
    /// This function decreases the priority of an item to the given value.
    /// \param i The item.
    /// \param p The priority.
    /// \pre \e i must be stored in the heap with priority at least \e p.
    void decrease(const Item &i, const Prio &p) {
      int idx = _iim[i];
      bubbleUp(idx, Pair(i,p));
    }

    /// \brief Increase the priority of an item to the given value.
    ///
    /// This function increases the priority of an item to the given value.
    /// \param i The item.
    /// \param p The priority.
    /// \pre \e i must be stored in the heap with priority at most \e p.
    void increase(const Item &i, const Prio &p) {
      int idx = _iim[i];
      bubbleDown(idx, Pair(i,p), _data.size());
    }

    /// \brief Return the state of an item.
    ///
    /// This method returns \c PRE_HEAP if the given item has never
    /// been in the heap, \c IN_HEAP if it is in the heap at the moment,
    /// and \c POST_HEAP otherwise.
    /// In the latter case it is possible that the item will get back
    /// to the heap again.
    /// \param i The item.
    State state(const Item &i) const {
      int s = _iim[i];
      if (s>=0) s=0;
      return State(s);
    }

    /// \brief Set the state of an item in the heap.
    ///
    /// This function sets the state of the given item in the heap.
    /// It can be used to manually clear the heap when it is important
    /// to achive better time complexity.
    /// \param i The item.
    /// \param st The state. It should not be \c IN_HEAP.
    void state(const Item& i, State st) {
      switch (st) {
        case POST_HEAP:
        case PRE_HEAP:
          if (state(i) == IN_HEAP) erase(i);
          _iim[i] = st;
          break;
        case IN_HEAP:
          break;
      }
    }

    /// \brief Replace an item in the heap.
    ///
    /// This function replaces item \c i with item \c j.
    /// Item \c i must be in the heap, while \c j must be out of the heap.
    /// After calling this method, item \c i will be out of the
    /// heap and \c j will be in the heap with the same prioriority
    /// as item \c i had before.
    void replace(const Item& i, const Item& j) {
      int idx=_iim[i];
      _iim.set(i, _iim[j]);
      _iim.set(j, idx);
      _data[idx].first=j;
    }

  }; // class DHeap

} // namespace lemon

#endif // LEMON_DHEAP_H







lemon/concepts/digraph.h

/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2010
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_CONCEPTS_DIGRAPH_H
#define LEMON_CONCEPTS_DIGRAPH_H

///\ingroup graph_concepts
///\file
///\brief The concept of directed graphs.

#include <lemon/core.h>
#include <lemon/concepts/maps.h>
#include <lemon/concept_check.h>
#include <lemon/concepts/graph_components.h>

namespace lemon {
  namespace concepts {

    /// \ingroup graph_concepts
    ///
    /// \brief Class describing the concept of directed graphs.
    ///
    /// This class describes the common interface of all directed
    /// graphs (digraphs).
    ///
    /// Like all concept classes, it only provides an interface
    /// without any sensible implementation. So any general algorithm for
    /// directed graphs should compile with this class, but it will not
    /// run properly, of course.
    /// An actual digraph implementation like \ref ListDigraph or
    /// \ref SmartDigraph may have additional functionality.
    ///
    /// \sa Graph
    class Digraph {
    private:
      /// Diraphs are \e not copy constructible. Use DigraphCopy instead.
      Digraph(const Digraph &) {}
      /// \brief Assignment of a digraph to another one is \e not allowed.
      /// Use DigraphCopy instead.
      void operator=(const Digraph &) {}

    public:
      /// Default constructor.
      Digraph() { }

      /// The node type of the digraph

      /// This class identifies a node of the digraph. It also serves
      /// as a base class of the node iterators,
      /// thus they convert to this type.
      class Node {
      public:
        /// Default constructor

        /// Default constructor.
        /// \warning It sets the object to an undefined value.
        Node() { }
        /// Copy constructor.

        /// Copy constructor.
        ///
        Node(const Node&) { }

        /// %Invalid constructor \& conversion.

        /// Initializes the object to be invalid.
        /// \sa Invalid for more details.
        Node(Invalid) { }
        /// Equality operator

        /// Equality operator.
        ///
        /// Two iterators are equal if and only if they point to the
        /// same object or both are \c INVALID.
        bool operator==(Node) const { return true; }

        /// Inequality operator

        /// Inequality operator.
        bool operator!=(Node) const { return true; }

        /// Artificial ordering operator.

        /// Artificial ordering operator.
        ///
        /// \note This operator only has to define some strict ordering of
        /// the nodes; this order has nothing to do with the iteration
        /// ordering of the nodes.
        bool operator<(Node) const { return false; }
      };

      /// Iterator class for the nodes.

      /// This iterator goes through each node of the digraph.
      /// Its usage is quite simple, for example, you can count the number
      /// of nodes in a digraph \c g of type \c %Digraph like this:
      ///\code
      /// int count=0;
      /// for (Digraph::NodeIt n(g); n!=INVALID; ++n) ++count;
      ///\endcode
      class NodeIt : public Node {
      public:
        /// Default constructor

        /// Default constructor.
        /// \warning It sets the iterator to an undefined value.
        NodeIt() { }
        /// Copy constructor.

        /// Copy constructor.
        ///
        NodeIt(const NodeIt& n) : Node(n) { }
        /// %Invalid constructor \& conversion.

        /// Initializes the iterator to be invalid.
        /// \sa Invalid for more details.
        NodeIt(Invalid) { }
        /// Sets the iterator to the first node.

        /// Sets the iterator to the first node of the given digraph.
        ///
        explicit NodeIt(const Digraph&) { }
        /// Sets the iterator to the given node.

        /// Sets the iterator to the given node of the given digraph.
        ///
        NodeIt(const Digraph&, const Node&) { }
        /// Next node.

        /// Assign the iterator to the next node.
        ///
        NodeIt& operator++() { return *this; }
      };


      /// The arc type of the digraph

      /// This class identifies an arc of the digraph. It also serves
      /// as a base class of the arc iterators,
      /// thus they will convert to this type.
      class Arc {
      public:
        /// Default constructor

        /// Default constructor.
        /// \warning It sets the object to an undefined value.
        Arc() { }
        /// Copy constructor.

        /// Copy constructor.
        ///
        Arc(const Arc&) { }
        /// %Invalid constructor \& conversion.

        /// Initializes the object to be invalid.
        /// \sa Invalid for more details.
        Arc(Invalid) { }
        /// Equality operator

        /// Equality operator.
        ///
        /// Two iterators are equal if and only if they point to the
        /// same object or both are \c INVALID.
        bool operator==(Arc) const { return true; }
        /// Inequality operator

        /// Inequality operator.
        bool operator!=(Arc) const { return true; }

        /// Artificial ordering operator.

        /// Artificial ordering operator.
        ///
        /// \note This operator only has to define some strict ordering of
        /// the arcs; this order has nothing to do with the iteration
        /// ordering of the arcs.
        bool operator<(Arc) const { return false; }
      };

      /// Iterator class for the outgoing arcs of a node.

      /// This iterator goes trough the \e outgoing arcs of a certain node
      /// of a digraph.
      /// Its usage is quite simple, for example, you can count the number
      /// of outgoing arcs of a node \c n
      /// in a digraph \c g of type \c %Digraph as follows.
      ///\code
      /// int count=0;
      /// for (Digraph::OutArcIt a(g, n); a!=INVALID; ++a) ++count;
      ///\endcode
      class OutArcIt : public Arc {
      public:
        /// Default constructor

        /// Default constructor.
        /// \warning It sets the iterator to an undefined value.
        OutArcIt() { }
        /// Copy constructor.

        /// Copy constructor.
        ///
        OutArcIt(const OutArcIt& e) : Arc(e) { }
        /// %Invalid constructor \& conversion.

        /// Initializes the iterator to be invalid.
        /// \sa Invalid for more details.
        OutArcIt(Invalid) { }
        /// Sets the iterator to the first outgoing arc.

        /// Sets the iterator to the first outgoing arc of the given node.
        ///
        OutArcIt(const Digraph&, const Node&) { }
        /// Sets the iterator to the given arc.

        /// Sets the iterator to the given arc of the given digraph.
        ///
        OutArcIt(const Digraph&, const Arc&) { }
        /// Next outgoing arc

        /// Assign the iterator to the next
        /// outgoing arc of the corresponding node.
        OutArcIt& operator++() { return *this; }
      };

      /// Iterator class for the incoming arcs of a node.

      /// This iterator goes trough the \e incoming arcs of a certain node
      /// of a digraph.
      /// Its usage is quite simple, for example, you can count the number
      /// of incoming arcs of a node \c n
      /// in a digraph \c g of type \c %Digraph as follows.
      ///\code
      /// int count=0;
      /// for(Digraph::InArcIt a(g, n); a!=INVALID; ++a) ++count;
      ///\endcode
      class InArcIt : public Arc {
      public:
        /// Default constructor

        /// Default constructor.
        /// \warning It sets the iterator to an undefined value.
        InArcIt() { }
        /// Copy constructor.

        /// Copy constructor.
        ///
        InArcIt(const InArcIt& e) : Arc(e) { }
        /// %Invalid constructor \& conversion.

        /// Initializes the iterator to be invalid.
        /// \sa Invalid for more details.
        InArcIt(Invalid) { }
        /// Sets the iterator to the first incoming arc.

        /// Sets the iterator to the first incoming arc of the given node.
        ///
        InArcIt(const Digraph&, const Node&) { }
        /// Sets the iterator to the given arc.

        /// Sets the iterator to the given arc of the given digraph.
        ///
        InArcIt(const Digraph&, const Arc&) { }
        /// Next incoming arc

        /// Assign the iterator to the next
        /// incoming arc of the corresponding node.
        InArcIt& operator++() { return *this; }
      };

      /// Iterator class for the arcs.

      /// This iterator goes through each arc of the digraph.
      /// Its usage is quite simple, for example, you can count the number
      /// of arcs in a digraph \c g of type \c %Digraph as follows:
      ///\code
      /// int count=0;
      /// for(Digraph::ArcIt a(g); a!=INVALID; ++a) ++count;
      ///\endcode
      class ArcIt : public Arc {
      public:
        /// Default constructor

        /// Default constructor.
        /// \warning It sets the iterator to an undefined value.
        ArcIt() { }
        /// Copy constructor.

        /// Copy constructor.
        ///
        ArcIt(const ArcIt& e) : Arc(e) { }
        /// %Invalid constructor \& conversion.

        /// Initializes the iterator to be invalid.
        /// \sa Invalid for more details.
        ArcIt(Invalid) { }
        /// Sets the iterator to the first arc.

        /// Sets the iterator to the first arc of the given digraph.
        ///
        explicit ArcIt(const Digraph& g) { ignore_unused_variable_warning(g); }
        /// Sets the iterator to the given arc.

        /// Sets the iterator to the given arc of the given digraph.
        ///
        ArcIt(const Digraph&, const Arc&) { }
        /// Next arc

        /// Assign the iterator to the next arc.
        ///
        ArcIt& operator++() { return *this; }
      };

      /// \brief The source node of the arc.
      ///
      /// Returns the source node of the given arc.
      Node source(Arc) const { return INVALID; }

      /// \brief The target node of the arc.
      ///
      /// Returns the target node of the given arc.
      Node target(Arc) const { return INVALID; }

      /// \brief The ID of the node.
      ///
      /// Returns the ID of the given node.
      int id(Node) const { return -1; }

      /// \brief The ID of the arc.
      ///
      /// Returns the ID of the given arc.
      int id(Arc) const { return -1; }

      /// \brief The node with the given ID.
      ///
      /// Returns the node with the given ID.
      /// \pre The argument should be a valid node ID in the digraph.
      Node nodeFromId(int) const { return INVALID; }

      /// \brief The arc with the given ID.
      ///
      /// Returns the arc with the given ID.
      /// \pre The argument should be a valid arc ID in the digraph.
      Arc arcFromId(int) const { return INVALID; }

      /// \brief An upper bound on the node IDs.
      ///
      /// Returns an upper bound on the node IDs.
      int maxNodeId() const { return -1; }

      /// \brief An upper bound on the arc IDs.
      ///
      /// Returns an upper bound on the arc IDs.
      int maxArcId() const { return -1; }

      void first(Node&) const {}
      void next(Node&) const {}

      void first(Arc&) const {}
      void next(Arc&) const {}


      void firstIn(Arc&, const Node&) const {}
      void nextIn(Arc&) const {}

      void firstOut(Arc&, const Node&) const {}
      void nextOut(Arc&) const {}

      // The second parameter is dummy.
      Node fromId(int, Node) const { return INVALID; }
      // The second parameter is dummy.
      Arc fromId(int, Arc) const { return INVALID; }

      // Dummy parameter.
      int maxId(Node) const { return -1; }
      // Dummy parameter.
      int maxId(Arc) const { return -1; }

      /// \brief The opposite node on the arc.
      ///
      /// Returns the opposite node on the given arc.
      Node oppositeNode(Node, Arc) const { return INVALID; }

      /// \brief The base node of the iterator.
      ///
      /// Returns the base node of the given outgoing arc iterator
      /// (i.e. the source node of the corresponding arc).
      Node baseNode(OutArcIt) const { return INVALID; }

      /// \brief The running node of the iterator.
      ///
      /// Returns the running node of the given outgoing arc iterator
      /// (i.e. the target node of the corresponding arc).
      Node runningNode(OutArcIt) const { return INVALID; }

      /// \brief The base node of the iterator.
      ///
      /// Returns the base node of the given incomming arc iterator
      /// (i.e. the target node of the corresponding arc).
      Node baseNode(InArcIt) const { return INVALID; }

      /// \brief The running node of the iterator.
      ///
      /// Returns the running node of the given incomming arc iterator
      /// (i.e. the source node of the corresponding arc).
      Node runningNode(InArcIt) const { return INVALID; }

      /// \brief Standard graph map type for the nodes.
      ///
      /// Standard graph map type for the nodes.
      /// It conforms to the ReferenceMap concept.
      template<class T>
      class NodeMap : public ReferenceMap<Node, T, T&, const T&> {
      public:

        /// Constructor
        explicit NodeMap(const Digraph&) { }
        /// Constructor with given initial value
        NodeMap(const Digraph&, T) { }

      private:
        ///Copy constructor
        NodeMap(const NodeMap& nm) :
          ReferenceMap<Node, T, T&, const T&>(nm) { }
        ///Assignment operator
        template <typename CMap>
        NodeMap& operator=(const CMap&) {
          checkConcept<ReadMap<Node, T>, CMap>();
          return *this;
        }
      };

      /// \brief Standard graph map type for the arcs.
      ///
      /// Standard graph map type for the arcs.
      /// It conforms to the ReferenceMap concept.
      template<class T>
      class ArcMap : public ReferenceMap<Arc, T, T&, const T&> {
      public:

        /// Constructor
        explicit ArcMap(const Digraph&) { }
        /// Constructor with given initial value
        ArcMap(const Digraph&, T) { }

      private:
        ///Copy constructor
        ArcMap(const ArcMap& em) :
          ReferenceMap<Arc, T, T&, const T&>(em) { }
        ///Assignment operator
        template <typename CMap>
        ArcMap& operator=(const CMap&) {
          checkConcept<ReadMap<Arc, T>, CMap>();
          return *this;
        }
      };

      template <typename _Digraph>
      struct Constraints {
        void constraints() {
          checkConcept<BaseDigraphComponent, _Digraph>();
          checkConcept<IterableDigraphComponent<>, _Digraph>();
          checkConcept<IDableDigraphComponent<>, _Digraph>();
          checkConcept<MappableDigraphComponent<>, _Digraph>();
        }
      };

    };

  } //namespace concepts
} //namespace lemon



#endif







digrapheven.h

//Implementation of the Robertson-Seymour-Thomas Pfaffian algorithm

//Copyright (C) 2013 B. Szalkai



//This program is free software: you can redistribute it and/or modify

//it under the terms of the GNU Lesser General Public License as published by

//the Free Software Foundation, either version 3 of the License, or

//(at your option) any later version.



//This program is distributed in the hope that it will be useful,

//but WITHOUT ANY WARRANTY; without even the implied warranty of

//MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the

//GNU Lesser General Public License for more details.



//You should have received a copy of the GNU Lesser General Public License

//along with this program.  If not, see <http://www.gnu.org/licenses/>.



#ifndef DIGRAPHEVEN_H

#define DIGRAPHEVEN_H



#include <digraphstretcher.h>

#include <lemon/adaptors.h>

#include <lemon/connectivity.h>

#include <lemon/maps.h>

#include <set>



//#define EVEN_VERBOSE



using namespace lemon;



// WARNING: This class is destructive. The input graph is altered during the algorithm.

template <class D>

class DigraphEven

{

    private: typedef typename D::Node Node;

    private: typedef typename D::Arc Arc;

    private: typedef typename D::NodeIt NodeIt;

    private: typedef typename D::ArcIt ArcIt;

    private: typedef typename D::template NodeMap<bool> NodeSet;

    private: typedef typename D::template ArcMap<bool> ArcSet;

    private: typedef typename D::template NodeMap<int> NodeMapInt;

    private: typedef typename D::template ArcMap<int> ArcMapInt;



    private: D &d;

    // true: even, false: not even

    public: bool result;



    // Runs the algorithm for a given strongly 2-connected spanned subgraph

    public: bool runStrong2(NodeSet &nodeSet)

    {

        ConstMap<Arc,bool> allArcs(true);

        typedef SubDigraph<D, NodeSet, ConstMap<Arc,bool> > H;

        H h(d, nodeSet, allArcs);



        #ifdef EVEN_VERBOSE

        std::cout << "runstrong2: the subgraph contains " << countNodes(h) << " nodes" << std::endl;

        #endif



        ListGraph g;

        ListGraph::NodeMap<bool> bipartition(g);

        DigraphStretcher<H, ListGraph>::stretch(h, g, bipartition);



        ConnectedBracePfaffian<ListGraph> cbp(g, bipartition);

        return cbp.result == ConnectedBracePfaffian<ListGraph>::PFAFFIAN ? false : true;

    }



    // Runs the algorithm for a given strongly connected spanned subgraph

    public: bool runStrong(NodeSet &nodeSet)

    {

        ConstMap<Arc,bool> allArcs(true);

        typedef SubDigraph<D, NodeSet, ConstMap<Arc,bool> > H;

        H h(d, nodeSet, allArcs);



        // Find the blocks of the subgraph

        Undirector<H> hUndirected(h);

        typename Undirector<H>::template EdgeMap<int> blockMap(hUndirected);

        int blockCount = biNodeConnectedComponents(hUndirected, blockMap);



        for (int blockId = 0; blockId < blockCount; blockId++)

        {

            typename H::template NodeMap<bool> blockNodes(h, false);

            for (typename Undirector<H>::EdgeIt edge(hUndirected); edge != INVALID; ++edge)

            {

                #ifdef EVEN_VERBOSE

                std::cout << blockMap[edge] << std::endl;

                #endif

                if (blockMap[edge] == blockId)

                {

                    blockNodes[hUndirected.u(edge)] = true;

                    blockNodes[hUndirected.v(edge)] = true;

                }

            }



            ConstMap<Arc,bool> allArcs(true);

            typedef SubDigraph<H, NodeSet, ConstMap<Arc,bool> > Block;

            Block block(h, blockNodes, allArcs);



            // If the block is strongly 2-connected, then the brace algorithm is run.

            // Otherwise, a reduction step is performed.

            bool strong2 = true;

            for (typename Block::NodeIt blockNode(block);

                blockNode != INVALID; ++blockNode)

            {

                block.disable(blockNode);

                typename Block::template NodeMap<int> strongCompMap(block);

                int strongCompCount = stronglyConnectedComponents(block, strongCompMap);

                block.enable(blockNode);



                if (strongCompCount > 1)

                {

                    #ifdef EVEN_VERBOSE

                    std::cout << "A Block is not strongly 2-connected" << std::endl;

                    #endif



                    strong2 = false;



                    // perform reduction step: find an initial component

                    std::vector<bool> initial;

                    initial.resize(strongCompCount, true);

                    block.disable(blockNode);

                    for (typename Block::ArcIt arc(block); arc != INVALID; ++arc)

                    {

                        int comp1 = strongCompMap[block.source(arc)];

                        int comp2 = strongCompMap[block.target(arc)];

                        if (comp1 != comp2) initial[comp2] = false;

                    }

                    block.enable(blockNode);



                    int initialComp = 0;

                    for (int i = 0; i < strongCompCount; i++) if (initial[i])

                    {

                        #ifdef EVEN_VERBOSE

                        std::cout << "Found an initial component" << std::endl;

                        #endif



                        initialComp = i;

                        break;

                    }



                    // transform edges exiting the initial component

                    std::vector<typename Block::Arc> cut;

                    block.disable(blockNode);

                    for (typename Block::ArcIt arc(block); arc != INVALID; ++arc)

                    {

                        int comp1 = strongCompMap[block.source(arc)];

                        if (comp1 != initialComp) continue;

                        int comp2 = strongCompMap[block.target(arc)];

                        if (comp2 == initialComp) continue;

                        cut.push_back(arc);

                    }

                    block.enable(blockNode);



                    #ifdef EVEN_VERBOSE

                    std::cout << "Performing a reduction step: ";

                    #endif

                    for (int i = 0; i < (int)cut.size(); i++)

                    {

                        #ifdef EVEN_VERBOSE

                        std::cout << "E";

                        #endif



                        typename Block::Arc arc = cut[i];

                        d.erase(arc);

                        d.addArc(d.source(arc), blockNode);

                        d.addArc(blockNode, d.target(arc));

                    }

                    #ifdef EVEN_VERBOSE

                    std::cout << std::endl;

                    #endif



                    // exit the 2-strong-connectedness testing loop

                    break;

                } // if not strongly 2-conn

            } // for all block nodes



            if (strong2)

            {

                #ifdef EVEN_VERBOSE

                std::cout << "calling runstrong2" << std::endl;

                #endif

                if (runStrong2(blockNodes)) return true;

            }

            else

            {

                #ifdef EVEN_VERBOSE

                std::cout << "calling runstrong" << std::endl;

                #endif

                if (runStrong(blockNodes)) return true;

            }

        }



        return false;

    }



    // Runs the algorithm for the original graph

    public: bool run()

    {

        // Find the strong components

        NodeMapInt compMap(d);

        int compCount = stronglyConnectedComponents(d, compMap);



#ifdef EVEN_VERBOSE

std::cout << "Strongly connected components: " << compCount << std::endl;

#endif



        for (int comp = 0; comp < compCount; comp++)

        {

            NodeSet compNodes(d, false);

            for (NodeIt node(d); node != INVALID; ++node)

                if (compMap[node] == comp) compNodes[node] = true;

            if (runStrong(compNodes)) return true;

        }



        // none of the strong components are even

        return false;

    }



    public: DigraphEven(D &_d)

        : d(_d)

    {

        result = run();

    }

};



#endif








digraphstretcher.h

//Implementation of the Robertson-Seymour-Thomas Pfaffian algorithm

//Copyright (C) 2013 B. Szalkai



//This program is free software: you can redistribute it and/or modify

//it under the terms of the GNU Lesser General Public License as published by

//the Free Software Foundation, either version 3 of the License, or

//(at your option) any later version.



//This program is distributed in the hope that it will be useful,

//but WITHOUT ANY WARRANTY; without even the implied warranty of

//MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the

//GNU Lesser General Public License for more details.



//You should have received a copy of the GNU Lesser General Public License

//along with this program.  If not, see <http://www.gnu.org/licenses/>.



#ifndef DIGRAPHSTRETCHER_H

#define DIGRAPHSTRETCHER_H



#include <lemon/adaptors.h>



using namespace lemon;



template <class Digraph, class Graph>

class DigraphStretcher

{

    private: typedef typename Graph::Node Node;

    private: typedef typename Graph::template NodeMap<bool> NodeSet;

    private: typedef typename Digraph::Node Dinode;

    private: typedef typename Digraph::NodeIt DinodeIt;

    private: typedef typename Digraph::ArcIt ArcIt;

    private: typedef typename Digraph::template NodeMap<Node> NodeMapper;



    // Stretches a digraph into a bipartite undirected graph

    public: static void stretch(const Digraph &digraph, Graph &graph, NodeSet &bipartition)

    {

        NodeMapper first(digraph, INVALID);

        NodeMapper second(digraph, INVALID);



        for (DinodeIt it(digraph); it != INVALID; ++it)

        {

            first[it] = graph.addNode();

            bipartition[first[it]] = true;

            second[it] = graph.addNode();

            bipartition[second[it]] = false;

            graph.addEdge(first[it], second[it]);

        }



        for (ArcIt a(digraph); a != INVALID; ++a)

        {

            Dinode from = digraph.source(a);

            Dinode to = digraph.target(a);

            graph.addEdge(first[from], second[to]);

        }

    }

};



#endif








lemon/dijkstra.h

/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2010
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_DIJKSTRA_H
#define LEMON_DIJKSTRA_H

///\ingroup shortest_path
///\file
///\brief Dijkstra algorithm.

#include <limits>
#include <lemon/list_graph.h>
#include <lemon/bin_heap.h>
#include <lemon/bits/path_dump.h>
#include <lemon/core.h>
#include <lemon/error.h>
#include <lemon/maps.h>
#include <lemon/path.h>

namespace lemon {

  /// \brief Default operation traits for the Dijkstra algorithm class.
  ///
  /// This operation traits class defines all computational operations and
  /// constants which are used in the Dijkstra algorithm.
  template <typename V>
  struct DijkstraDefaultOperationTraits {
    /// \e
    typedef V Value;
    /// \brief Gives back the zero value of the type.
    static Value zero() {
      return static_cast<Value>(0);
    }
    /// \brief Gives back the sum of the given two elements.
    static Value plus(const Value& left, const Value& right) {
      return left + right;
    }
    /// \brief Gives back true only if the first value is less than the second.
    static bool less(const Value& left, const Value& right) {
      return left < right;
    }
  };

  ///Default traits class of Dijkstra class.

  ///Default traits class of Dijkstra class.
  ///\tparam GR The type of the digraph.
  ///\tparam LEN The type of the length map.
  template<typename GR, typename LEN>
  struct DijkstraDefaultTraits
  {
    ///The type of the digraph the algorithm runs on.
    typedef GR Digraph;

    ///The type of the map that stores the arc lengths.

    ///The type of the map that stores the arc lengths.
    ///It must conform to the \ref concepts::ReadMap "ReadMap" concept.
    typedef LEN LengthMap;
    ///The type of the arc lengths.
    typedef typename LEN::Value Value;

    /// Operation traits for %Dijkstra algorithm.

    /// This class defines the operations that are used in the algorithm.
    /// \see DijkstraDefaultOperationTraits
    typedef DijkstraDefaultOperationTraits<Value> OperationTraits;

    /// The cross reference type used by the heap.

    /// The cross reference type used by the heap.
    /// Usually it is \c Digraph::NodeMap<int>.
    typedef typename Digraph::template NodeMap<int> HeapCrossRef;
    ///Instantiates a \c HeapCrossRef.

    ///This function instantiates a \ref HeapCrossRef.
    /// \param g is the digraph, to which we would like to define the
    /// \ref HeapCrossRef.
    static HeapCrossRef *createHeapCrossRef(const Digraph &g)
    {
      return new HeapCrossRef(g);
    }

    ///The heap type used by the %Dijkstra algorithm.

    ///The heap type used by the Dijkstra algorithm.
    ///
    ///\sa BinHeap
    ///\sa Dijkstra
    typedef BinHeap<typename LEN::Value, HeapCrossRef, std::less<Value> > Heap;
    ///Instantiates a \c Heap.

    ///This function instantiates a \ref Heap.
    static Heap *createHeap(HeapCrossRef& r)
    {
      return new Heap(r);
    }

    ///\brief The type of the map that stores the predecessor
    ///arcs of the shortest paths.
    ///
    ///The type of the map that stores the predecessor
    ///arcs of the shortest paths.
    ///It must conform to the \ref concepts::WriteMap "WriteMap" concept.
    typedef typename Digraph::template NodeMap<typename Digraph::Arc> PredMap;
    ///Instantiates a \c PredMap.

    ///This function instantiates a \ref PredMap.
    ///\param g is the digraph, to which we would like to define the
    ///\ref PredMap.
    static PredMap *createPredMap(const Digraph &g)
    {
      return new PredMap(g);
    }

    ///The type of the map that indicates which nodes are processed.

    ///The type of the map that indicates which nodes are processed.
    ///It must conform to the \ref concepts::WriteMap "WriteMap" concept.
    ///By default, it is a NullMap.
    typedef NullMap<typename Digraph::Node,bool> ProcessedMap;
    ///Instantiates a \c ProcessedMap.

    ///This function instantiates a \ref ProcessedMap.
    ///\param g is the digraph, to which
    ///we would like to define the \ref ProcessedMap.
#ifdef DOXYGEN
    static ProcessedMap *createProcessedMap(const Digraph &g)
#else
    static ProcessedMap *createProcessedMap(const Digraph &)
#endif
    {
      return new ProcessedMap();
    }

    ///The type of the map that stores the distances of the nodes.

    ///The type of the map that stores the distances of the nodes.
    ///It must conform to the \ref concepts::WriteMap "WriteMap" concept.
    typedef typename Digraph::template NodeMap<typename LEN::Value> DistMap;
    ///Instantiates a \c DistMap.

    ///This function instantiates a \ref DistMap.
    ///\param g is the digraph, to which we would like to define
    ///the \ref DistMap.
    static DistMap *createDistMap(const Digraph &g)
    {
      return new DistMap(g);
    }
  };

  ///%Dijkstra algorithm class.

  /// \ingroup shortest_path
  ///This class provides an efficient implementation of the %Dijkstra algorithm.
  ///
  ///The %Dijkstra algorithm solves the single-source shortest path problem
  ///when all arc lengths are non-negative. If there are negative lengths,
  ///the BellmanFord algorithm should be used instead.
  ///
  ///The arc lengths are passed to the algorithm using a
  ///\ref concepts::ReadMap "ReadMap",
  ///so it is easy to change it to any kind of length.
  ///The type of the length is determined by the
  ///\ref concepts::ReadMap::Value "Value" of the length map.
  ///It is also possible to change the underlying priority heap.
  ///
  ///There is also a \ref dijkstra() "function-type interface" for the
  ///%Dijkstra algorithm, which is convenient in the simplier cases and
  ///it can be used easier.
  ///
  ///\tparam GR The type of the digraph the algorithm runs on.
  ///The default type is \ref ListDigraph.
  ///\tparam LEN A \ref concepts::ReadMap "readable" arc map that specifies
  ///the lengths of the arcs.
  ///It is read once for each arc, so the map may involve in
  ///relatively time consuming process to compute the arc lengths if
  ///it is necessary. The default map type is \ref
  ///concepts::Digraph::ArcMap "GR::ArcMap<int>".
  ///\tparam TR The traits class that defines various types used by the
  ///algorithm. By default, it is \ref DijkstraDefaultTraits
  ///"DijkstraDefaultTraits<GR, LEN>".
  ///In most cases, this parameter should not be set directly,
  ///consider to use the named template parameters instead.
#ifdef DOXYGEN
  template <typename GR, typename LEN, typename TR>
#else
  template <typename GR=ListDigraph,
            typename LEN=typename GR::template ArcMap<int>,
            typename TR=DijkstraDefaultTraits<GR,LEN> >
#endif
  class Dijkstra {
  public:

    ///The type of the digraph the algorithm runs on.
    typedef typename TR::Digraph Digraph;

    ///The type of the arc lengths.
    typedef typename TR::Value Value;
    ///The type of the map that stores the arc lengths.
    typedef typename TR::LengthMap LengthMap;
    ///\brief The type of the map that stores the predecessor arcs of the
    ///shortest paths.
    typedef typename TR::PredMap PredMap;
    ///The type of the map that stores the distances of the nodes.
    typedef typename TR::DistMap DistMap;
    ///The type of the map that indicates which nodes are processed.
    typedef typename TR::ProcessedMap ProcessedMap;
    ///The type of the paths.
    typedef PredMapPath<Digraph, PredMap> Path;
    ///The cross reference type used for the current heap.
    typedef typename TR::HeapCrossRef HeapCrossRef;
    ///The heap type used by the algorithm.
    typedef typename TR::Heap Heap;
    ///\brief The \ref DijkstraDefaultOperationTraits "operation traits class"
    ///of the algorithm.
    typedef typename TR::OperationTraits OperationTraits;

    ///The \ref DijkstraDefaultTraits "traits class" of the algorithm.
    typedef TR Traits;

  private:

    typedef typename Digraph::Node Node;
    typedef typename Digraph::NodeIt NodeIt;
    typedef typename Digraph::Arc Arc;
    typedef typename Digraph::OutArcIt OutArcIt;

    //Pointer to the underlying digraph.
    const Digraph *G;
    //Pointer to the length map.
    const LengthMap *_length;
    //Pointer to the map of predecessors arcs.
    PredMap *_pred;
    //Indicates if _pred is locally allocated (true) or not.
    bool local_pred;
    //Pointer to the map of distances.
    DistMap *_dist;
    //Indicates if _dist is locally allocated (true) or not.
    bool local_dist;
    //Pointer to the map of processed status of the nodes.
    ProcessedMap *_processed;
    //Indicates if _processed is locally allocated (true) or not.
    bool local_processed;
    //Pointer to the heap cross references.
    HeapCrossRef *_heap_cross_ref;
    //Indicates if _heap_cross_ref is locally allocated (true) or not.
    bool local_heap_cross_ref;
    //Pointer to the heap.
    Heap *_heap;
    //Indicates if _heap is locally allocated (true) or not.
    bool local_heap;

    //Creates the maps if necessary.
    void create_maps()
    {
      if(!_pred) {
        local_pred = true;
        _pred = Traits::createPredMap(*G);
      }
      if(!_dist) {
        local_dist = true;
        _dist = Traits::createDistMap(*G);
      }
      if(!_processed) {
        local_processed = true;
        _processed = Traits::createProcessedMap(*G);
      }
      if (!_heap_cross_ref) {
        local_heap_cross_ref = true;
        _heap_cross_ref = Traits::createHeapCrossRef(*G);
      }
      if (!_heap) {
        local_heap = true;
        _heap = Traits::createHeap(*_heap_cross_ref);
      }
    }

  public:

    typedef Dijkstra Create;

    ///\name Named Template Parameters

    ///@{

    template <class T>
    struct SetPredMapTraits : public Traits {
      typedef T PredMap;
      static PredMap *createPredMap(const Digraph &)
      {
        LEMON_ASSERT(false, "PredMap is not initialized");
        return 0; // ignore warnings
      }
    };
    ///\brief \ref named-templ-param "Named parameter" for setting
    ///\c PredMap type.
    ///
    ///\ref named-templ-param "Named parameter" for setting
    ///\c PredMap type.
    ///It must conform to the \ref concepts::WriteMap "WriteMap" concept.
    template <class T>
    struct SetPredMap
      : public Dijkstra< Digraph, LengthMap, SetPredMapTraits<T> > {
      typedef Dijkstra< Digraph, LengthMap, SetPredMapTraits<T> > Create;
    };

    template <class T>
    struct SetDistMapTraits : public Traits {
      typedef T DistMap;
      static DistMap *createDistMap(const Digraph &)
      {
        LEMON_ASSERT(false, "DistMap is not initialized");
        return 0; // ignore warnings
      }
    };
    ///\brief \ref named-templ-param "Named parameter" for setting
    ///\c DistMap type.
    ///
    ///\ref named-templ-param "Named parameter" for setting
    ///\c DistMap type.
    ///It must conform to the \ref concepts::WriteMap "WriteMap" concept.
    template <class T>
    struct SetDistMap
      : public Dijkstra< Digraph, LengthMap, SetDistMapTraits<T> > {
      typedef Dijkstra< Digraph, LengthMap, SetDistMapTraits<T> > Create;
    };

    template <class T>
    struct SetProcessedMapTraits : public Traits {
      typedef T ProcessedMap;
      static ProcessedMap *createProcessedMap(const Digraph &)
      {
        LEMON_ASSERT(false, "ProcessedMap is not initialized");
        return 0; // ignore warnings
      }
    };
    ///\brief \ref named-templ-param "Named parameter" for setting
    ///\c ProcessedMap type.
    ///
    ///\ref named-templ-param "Named parameter" for setting
    ///\c ProcessedMap type.
    ///It must conform to the \ref concepts::WriteMap "WriteMap" concept.
    template <class T>
    struct SetProcessedMap
      : public Dijkstra< Digraph, LengthMap, SetProcessedMapTraits<T> > {
      typedef Dijkstra< Digraph, LengthMap, SetProcessedMapTraits<T> > Create;
    };

    struct SetStandardProcessedMapTraits : public Traits {
      typedef typename Digraph::template NodeMap<bool> ProcessedMap;
      static ProcessedMap *createProcessedMap(const Digraph &g)
      {
        return new ProcessedMap(g);
      }
    };
    ///\brief \ref named-templ-param "Named parameter" for setting
    ///\c ProcessedMap type to be <tt>Digraph::NodeMap<bool></tt>.
    ///
    ///\ref named-templ-param "Named parameter" for setting
    ///\c ProcessedMap type to be <tt>Digraph::NodeMap<bool></tt>.
    ///If you don't set it explicitly, it will be automatically allocated.
    struct SetStandardProcessedMap
      : public Dijkstra< Digraph, LengthMap, SetStandardProcessedMapTraits > {
      typedef Dijkstra< Digraph, LengthMap, SetStandardProcessedMapTraits >
      Create;
    };

    template <class H, class CR>
    struct SetHeapTraits : public Traits {
      typedef CR HeapCrossRef;
      typedef H Heap;
      static HeapCrossRef *createHeapCrossRef(const Digraph &) {
        LEMON_ASSERT(false, "HeapCrossRef is not initialized");
        return 0; // ignore warnings
      }
      static Heap *createHeap(HeapCrossRef &)
      {
        LEMON_ASSERT(false, "Heap is not initialized");
        return 0; // ignore warnings
      }
    };
    ///\brief \ref named-templ-param "Named parameter" for setting
    ///heap and cross reference types
    ///
    ///\ref named-templ-param "Named parameter" for setting heap and cross
    ///reference types. If this named parameter is used, then external
    ///heap and cross reference objects must be passed to the algorithm
    ///using the \ref heap() function before calling \ref run(Node) "run()"
    ///or \ref init().
    ///\sa SetStandardHeap
    template <class H, class CR = typename Digraph::template NodeMap<int> >
    struct SetHeap
      : public Dijkstra< Digraph, LengthMap, SetHeapTraits<H, CR> > {
      typedef Dijkstra< Digraph, LengthMap, SetHeapTraits<H, CR> > Create;
    };

    template <class H, class CR>
    struct SetStandardHeapTraits : public Traits {
      typedef CR HeapCrossRef;
      typedef H Heap;
      static HeapCrossRef *createHeapCrossRef(const Digraph &G) {
        return new HeapCrossRef(G);
      }
      static Heap *createHeap(HeapCrossRef &R)
      {
        return new Heap(R);
      }
    };
    ///\brief \ref named-templ-param "Named parameter" for setting
    ///heap and cross reference types with automatic allocation
    ///
    ///\ref named-templ-param "Named parameter" for setting heap and cross
    ///reference types with automatic allocation.
    ///They should have standard constructor interfaces to be able to
    ///automatically created by the algorithm (i.e. the digraph should be
    ///passed to the constructor of the cross reference and the cross
    ///reference should be passed to the constructor of the heap).
    ///However, external heap and cross reference objects could also be
    ///passed to the algorithm using the \ref heap() function before
    ///calling \ref run(Node) "run()" or \ref init().
    ///\sa SetHeap
    template <class H, class CR = typename Digraph::template NodeMap<int> >
    struct SetStandardHeap
      : public Dijkstra< Digraph, LengthMap, SetStandardHeapTraits<H, CR> > {
      typedef Dijkstra< Digraph, LengthMap, SetStandardHeapTraits<H, CR> >
      Create;
    };

    template <class T>
    struct SetOperationTraitsTraits : public Traits {
      typedef T OperationTraits;
    };

    /// \brief \ref named-templ-param "Named parameter" for setting
    ///\c OperationTraits type
    ///
    ///\ref named-templ-param "Named parameter" for setting
    ///\c OperationTraits type.
    /// For more information, see \ref DijkstraDefaultOperationTraits.
    template <class T>
    struct SetOperationTraits
      : public Dijkstra<Digraph, LengthMap, SetOperationTraitsTraits<T> > {
      typedef Dijkstra<Digraph, LengthMap, SetOperationTraitsTraits<T> >
      Create;
    };

    ///@}

  protected:

    Dijkstra() {}

  public:

    ///Constructor.

    ///Constructor.
    ///\param g The digraph the algorithm runs on.
    ///\param length The length map used by the algorithm.
    Dijkstra(const Digraph& g, const LengthMap& length) :
      G(&g), _length(&length),
      _pred(NULL), local_pred(false),
      _dist(NULL), local_dist(false),
      _processed(NULL), local_processed(false),
      _heap_cross_ref(NULL), local_heap_cross_ref(false),
      _heap(NULL), local_heap(false)
    { }

    ///Destructor.
    ~Dijkstra()
    {
      if(local_pred) delete _pred;
      if(local_dist) delete _dist;
      if(local_processed) delete _processed;
      if(local_heap_cross_ref) delete _heap_cross_ref;
      if(local_heap) delete _heap;
    }

    ///Sets the length map.

    ///Sets the length map.
    ///\return <tt> (*this) </tt>
    Dijkstra &lengthMap(const LengthMap &m)
    {
      _length = &m;
      return *this;
    }

    ///Sets the map that stores the predecessor arcs.

    ///Sets the map that stores the predecessor arcs.
    ///If you don't use this function before calling \ref run(Node) "run()"
    ///or \ref init(), an instance will be allocated automatically.
    ///The destructor deallocates this automatically allocated map,
    ///of course.
    ///\return <tt> (*this) </tt>
    Dijkstra &predMap(PredMap &m)
    {
      if(local_pred) {
        delete _pred;
        local_pred=false;
      }
      _pred = &m;
      return *this;
    }

    ///Sets the map that indicates which nodes are processed.

    ///Sets the map that indicates which nodes are processed.
    ///If you don't use this function before calling \ref run(Node) "run()"
    ///or \ref init(), an instance will be allocated automatically.
    ///The destructor deallocates this automatically allocated map,
    ///of course.
    ///\return <tt> (*this) </tt>
    Dijkstra &processedMap(ProcessedMap &m)
    {
      if(local_processed) {
        delete _processed;
        local_processed=false;
      }
      _processed = &m;
      return *this;
    }

    ///Sets the map that stores the distances of the nodes.

    ///Sets the map that stores the distances of the nodes calculated by the
    ///algorithm.
    ///If you don't use this function before calling \ref run(Node) "run()"
    ///or \ref init(), an instance will be allocated automatically.
    ///The destructor deallocates this automatically allocated map,
    ///of course.
    ///\return <tt> (*this) </tt>
    Dijkstra &distMap(DistMap &m)
    {
      if(local_dist) {
        delete _dist;
        local_dist=false;
      }
      _dist = &m;
      return *this;
    }

    ///Sets the heap and the cross reference used by algorithm.

    ///Sets the heap and the cross reference used by algorithm.
    ///If you don't use this function before calling \ref run(Node) "run()"
    ///or \ref init(), heap and cross reference instances will be
    ///allocated automatically.
    ///The destructor deallocates these automatically allocated objects,
    ///of course.
    ///\return <tt> (*this) </tt>
    Dijkstra &heap(Heap& hp, HeapCrossRef &cr)
    {
      if(local_heap_cross_ref) {
        delete _heap_cross_ref;
        local_heap_cross_ref=false;
      }
      _heap_cross_ref = &cr;
      if(local_heap) {
        delete _heap;
        local_heap=false;
      }
      _heap = &hp;
      return *this;
    }

  private:

    void finalizeNodeData(Node v,Value dst)
    {
      _processed->set(v,true);
      _dist->set(v, dst);
    }

  public:

    ///\name Execution Control
    ///The simplest way to execute the %Dijkstra algorithm is to use
    ///one of the member functions called \ref run(Node) "run()".\n
    ///If you need better control on the execution, you have to call
    ///\ref init() first, then you can add several source nodes with
    ///\ref addSource(). Finally the actual path computation can be
    ///performed with one of the \ref start() functions.

    ///@{

    ///\brief Initializes the internal data structures.
    ///
    ///Initializes the internal data structures.
    void init()
    {
      create_maps();
      _heap->clear();
      for ( NodeIt u(*G) ; u!=INVALID ; ++u ) {
        _pred->set(u,INVALID);
        _processed->set(u,false);
        _heap_cross_ref->set(u,Heap::PRE_HEAP);
      }
    }

    ///Adds a new source node.

    ///Adds a new source node to the priority heap.
    ///The optional second parameter is the initial distance of the node.
    ///
    ///The function checks if the node has already been added to the heap and
    ///it is pushed to the heap only if either it was not in the heap
    ///or the shortest path found till then is shorter than \c dst.
    void addSource(Node s,Value dst=OperationTraits::zero())
    {
      if(_heap->state(s) != Heap::IN_HEAP) {
        _heap->push(s,dst);
      } else if(OperationTraits::less((*_heap)[s], dst)) {
        _heap->set(s,dst);
        _pred->set(s,INVALID);
      }
    }

    ///Processes the next node in the priority heap

    ///Processes the next node in the priority heap.
    ///
    ///\return The processed node.
    ///
    ///\warning The priority heap must not be empty.
    Node processNextNode()
    {
      Node v=_heap->top();
      Value oldvalue=_heap->prio();
      _heap->pop();
      finalizeNodeData(v,oldvalue);

      for(OutArcIt e(*G,v); e!=INVALID; ++e) {
        Node w=G->target(e);
        switch(_heap->state(w)) {
        case Heap::PRE_HEAP:
          _heap->push(w,OperationTraits::plus(oldvalue, (*_length)[e]));
          _pred->set(w,e);
          break;
        case Heap::IN_HEAP:
          {
            Value newvalue = OperationTraits::plus(oldvalue, (*_length)[e]);
            if ( OperationTraits::less(newvalue, (*_heap)[w]) ) {
              _heap->decrease(w, newvalue);
              _pred->set(w,e);
            }
          }
          break;
        case Heap::POST_HEAP:
          break;
        }
      }
      return v;
    }

    ///The next node to be processed.

    ///Returns the next node to be processed or \c INVALID if the
    ///priority heap is empty.
    Node nextNode() const
    {
      return !_heap->empty()?_heap->top():INVALID;
    }

    ///Returns \c false if there are nodes to be processed.

    ///Returns \c false if there are nodes to be processed
    ///in the priority heap.
    bool emptyQueue() const { return _heap->empty(); }

    ///Returns the number of the nodes to be processed.

    ///Returns the number of the nodes to be processed
    ///in the priority heap.
    int queueSize() const { return _heap->size(); }

    ///Executes the algorithm.

    ///Executes the algorithm.
    ///
    ///This method runs the %Dijkstra algorithm from the root node(s)
    ///in order to compute the shortest path to each node.
    ///
    ///The algorithm computes
    ///- the shortest path tree (forest),
    ///- the distance of each node from the root(s).
    ///
    ///\pre init() must be called and at least one root node should be
    ///added with addSource() before using this function.
    ///
    ///\note <tt>d.start()</tt> is just a shortcut of the following code.
    ///\code
    ///  while ( !d.emptyQueue() ) {
    ///    d.processNextNode();
    ///  }
    ///\endcode
    void start()
    {
      while ( !emptyQueue() ) processNextNode();
    }

    ///Executes the algorithm until the given target node is processed.

    ///Executes the algorithm until the given target node is processed.
    ///
    ///This method runs the %Dijkstra algorithm from the root node(s)
    ///in order to compute the shortest path to \c t.
    ///
    ///The algorithm computes
    ///- the shortest path to \c t,
    ///- the distance of \c t from the root(s).
    ///
    ///\pre init() must be called and at least one root node should be
    ///added with addSource() before using this function.
    void start(Node t)
    {
      while ( !_heap->empty() && _heap->top()!=t ) processNextNode();
      if ( !_heap->empty() ) {
        finalizeNodeData(_heap->top(),_heap->prio());
        _heap->pop();
      }
    }

    ///Executes the algorithm until a condition is met.

    ///Executes the algorithm until a condition is met.
    ///
    ///This method runs the %Dijkstra algorithm from the root node(s) in
    ///order to compute the shortest path to a node \c v with
    /// <tt>nm[v]</tt> true, if such a node can be found.
    ///
    ///\param nm A \c bool (or convertible) node map. The algorithm
    ///will stop when it reaches a node \c v with <tt>nm[v]</tt> true.
    ///
    ///\return The reached node \c v with <tt>nm[v]</tt> true or
    ///\c INVALID if no such node was found.
    ///
    ///\pre init() must be called and at least one root node should be
    ///added with addSource() before using this function.
    template<class NodeBoolMap>
    Node start(const NodeBoolMap &nm)
    {
      while ( !_heap->empty() && !nm[_heap->top()] ) processNextNode();
      if ( _heap->empty() ) return INVALID;
      finalizeNodeData(_heap->top(),_heap->prio());
      return _heap->top();
    }

    ///Runs the algorithm from the given source node.

    ///This method runs the %Dijkstra algorithm from node \c s
    ///in order to compute the shortest path to each node.
    ///
    ///The algorithm computes
    ///- the shortest path tree,
    ///- the distance of each node from the root.
    ///
    ///\note <tt>d.run(s)</tt> is just a shortcut of the following code.
    ///\code
    ///  d.init();
    ///  d.addSource(s);
    ///  d.start();
    ///\endcode
    void run(Node s) {
      init();
      addSource(s);
      start();
    }

    ///Finds the shortest path between \c s and \c t.

    ///This method runs the %Dijkstra algorithm from node \c s
    ///in order to compute the shortest path to node \c t
    ///(it stops searching when \c t is processed).
    ///
    ///\return \c true if \c t is reachable form \c s.
    ///
    ///\note Apart from the return value, <tt>d.run(s,t)</tt> is just a
    ///shortcut of the following code.
    ///\code
    ///  d.init();
    ///  d.addSource(s);
    ///  d.start(t);
    ///\endcode
    bool run(Node s,Node t) {
      init();
      addSource(s);
      start(t);
      return (*_heap_cross_ref)[t] == Heap::POST_HEAP;
    }

    ///@}

    ///\name Query Functions
    ///The results of the %Dijkstra algorithm can be obtained using these
    ///functions.\n
    ///Either \ref run(Node) "run()" or \ref init() should be called
    ///before using them.

    ///@{

    ///The shortest path to the given node.

    ///Returns the shortest path to the given node from the root(s).
    ///
    ///\warning \c t should be reached from the root(s).
    ///
    ///\pre Either \ref run(Node) "run()" or \ref init()
    ///must be called before using this function.
    Path path(Node t) const { return Path(*G, *_pred, t); }

    ///The distance of the given node from the root(s).

    ///Returns the distance of the given node from the root(s).
    ///
    ///\warning If node \c v is not reached from the root(s), then
    ///the return value of this function is undefined.
    ///
    ///\pre Either \ref run(Node) "run()" or \ref init()
    ///must be called before using this function.
    Value dist(Node v) const { return (*_dist)[v]; }

    ///\brief Returns the 'previous arc' of the shortest path tree for
    ///the given node.
    ///
    ///This function returns the 'previous arc' of the shortest path
    ///tree for the node \c v, i.e. it returns the last arc of a
    ///shortest path from a root to \c v. It is \c INVALID if \c v
    ///is not reached from the root(s) or if \c v is a root.
    ///
    ///The shortest path tree used here is equal to the shortest path
    ///tree used in \ref predNode() and \ref predMap().
    ///
    ///\pre Either \ref run(Node) "run()" or \ref init()
    ///must be called before using this function.
    Arc predArc(Node v) const { return (*_pred)[v]; }

    ///\brief Returns the 'previous node' of the shortest path tree for
    ///the given node.
    ///
    ///This function returns the 'previous node' of the shortest path
    ///tree for the node \c v, i.e. it returns the last but one node
    ///of a shortest path from a root to \c v. It is \c INVALID
    ///if \c v is not reached from the root(s) or if \c v is a root.
    ///
    ///The shortest path tree used here is equal to the shortest path
    ///tree used in \ref predArc() and \ref predMap().
    ///
    ///\pre Either \ref run(Node) "run()" or \ref init()
    ///must be called before using this function.
    Node predNode(Node v) const { return (*_pred)[v]==INVALID ? INVALID:
                                  G->source((*_pred)[v]); }

    ///\brief Returns a const reference to the node map that stores the
    ///distances of the nodes.
    ///
    ///Returns a const reference to the node map that stores the distances
    ///of the nodes calculated by the algorithm.
    ///
    ///\pre Either \ref run(Node) "run()" or \ref init()
    ///must be called before using this function.
    const DistMap &distMap() const { return *_dist;}

    ///\brief Returns a const reference to the node map that stores the
    ///predecessor arcs.
    ///
    ///Returns a const reference to the node map that stores the predecessor
    ///arcs, which form the shortest path tree (forest).
    ///
    ///\pre Either \ref run(Node) "run()" or \ref init()
    ///must be called before using this function.
    const PredMap &predMap() const { return *_pred;}

    ///Checks if the given node is reached from the root(s).

    ///Returns \c true if \c v is reached from the root(s).
    ///
    ///\pre Either \ref run(Node) "run()" or \ref init()
    ///must be called before using this function.
    bool reached(Node v) const { return (*_heap_cross_ref)[v] !=
                                        Heap::PRE_HEAP; }

    ///Checks if a node is processed.

    ///Returns \c true if \c v is processed, i.e. the shortest
    ///path to \c v has already found.
    ///
    ///\pre Either \ref run(Node) "run()" or \ref init()
    ///must be called before using this function.
    bool processed(Node v) const { return (*_heap_cross_ref)[v] ==
                                          Heap::POST_HEAP; }

    ///The current distance of the given node from the root(s).

    ///Returns the current distance of the given node from the root(s).
    ///It may be decreased in the following processes.
    ///
    ///\pre Either \ref run(Node) "run()" or \ref init()
    ///must be called before using this function and
    ///node \c v must be reached but not necessarily processed.
    Value currentDist(Node v) const {
      return processed(v) ? (*_dist)[v] : (*_heap)[v];
    }

    ///@}
  };


  ///Default traits class of dijkstra() function.

  ///Default traits class of dijkstra() function.
  ///\tparam GR The type of the digraph.
  ///\tparam LEN The type of the length map.
  template<class GR, class LEN>
  struct DijkstraWizardDefaultTraits
  {
    ///The type of the digraph the algorithm runs on.
    typedef GR Digraph;
    ///The type of the map that stores the arc lengths.

    ///The type of the map that stores the arc lengths.
    ///It must conform to the \ref concepts::ReadMap "ReadMap" concept.
    typedef LEN LengthMap;
    ///The type of the arc lengths.
    typedef typename LEN::Value Value;

    /// Operation traits for Dijkstra algorithm.

    /// This class defines the operations that are used in the algorithm.
    /// \see DijkstraDefaultOperationTraits
    typedef DijkstraDefaultOperationTraits<Value> OperationTraits;

    /// The cross reference type used by the heap.

    /// The cross reference type used by the heap.
    /// Usually it is \c Digraph::NodeMap<int>.
    typedef typename Digraph::template NodeMap<int> HeapCrossRef;
    ///Instantiates a \ref HeapCrossRef.

    ///This function instantiates a \ref HeapCrossRef.
    /// \param g is the digraph, to which we would like to define the
    /// HeapCrossRef.
    static HeapCrossRef *createHeapCrossRef(const Digraph &g)
    {
      return new HeapCrossRef(g);
    }

    ///The heap type used by the Dijkstra algorithm.

    ///The heap type used by the Dijkstra algorithm.
    ///
    ///\sa BinHeap
    ///\sa Dijkstra
    typedef BinHeap<Value, typename Digraph::template NodeMap<int>,
                    std::less<Value> > Heap;

    ///Instantiates a \ref Heap.

    ///This function instantiates a \ref Heap.
    /// \param r is the HeapCrossRef which is used.
    static Heap *createHeap(HeapCrossRef& r)
    {
      return new Heap(r);
    }

    ///\brief The type of the map that stores the predecessor
    ///arcs of the shortest paths.
    ///
    ///The type of the map that stores the predecessor
    ///arcs of the shortest paths.
    ///It must conform to the \ref concepts::WriteMap "WriteMap" concept.
    typedef typename Digraph::template NodeMap<typename Digraph::Arc> PredMap;
    ///Instantiates a PredMap.

    ///This function instantiates a PredMap.
    ///\param g is the digraph, to which we would like to define the
    ///PredMap.
    static PredMap *createPredMap(const Digraph &g)
    {
      return new PredMap(g);
    }

    ///The type of the map that indicates which nodes are processed.

    ///The type of the map that indicates which nodes are processed.
    ///It must conform to the \ref concepts::WriteMap "WriteMap" concept.
    ///By default, it is a NullMap.
    typedef NullMap<typename Digraph::Node,bool> ProcessedMap;
    ///Instantiates a ProcessedMap.

    ///This function instantiates a ProcessedMap.
    ///\param g is the digraph, to which
    ///we would like to define the ProcessedMap.
#ifdef DOXYGEN
    static ProcessedMap *createProcessedMap(const Digraph &g)
#else
    static ProcessedMap *createProcessedMap(const Digraph &)
#endif
    {
      return new ProcessedMap();
    }

    ///The type of the map that stores the distances of the nodes.

    ///The type of the map that stores the distances of the nodes.
    ///It must conform to the \ref concepts::WriteMap "WriteMap" concept.
    typedef typename Digraph::template NodeMap<typename LEN::Value> DistMap;
    ///Instantiates a DistMap.

    ///This function instantiates a DistMap.
    ///\param g is the digraph, to which we would like to define
    ///the DistMap
    static DistMap *createDistMap(const Digraph &g)
    {
      return new DistMap(g);
    }

    ///The type of the shortest paths.

    ///The type of the shortest paths.
    ///It must conform to the \ref concepts::Path "Path" concept.
    typedef lemon::Path<Digraph> Path;
  };

  /// Default traits class used by DijkstraWizard

  /// Default traits class used by DijkstraWizard.
  /// \tparam GR The type of the digraph.
  /// \tparam LEN The type of the length map.
  template<typename GR, typename LEN>
  class DijkstraWizardBase : public DijkstraWizardDefaultTraits<GR,LEN>
  {
    typedef DijkstraWizardDefaultTraits<GR,LEN> Base;
  protected:
    //The type of the nodes in the digraph.
    typedef typename Base::Digraph::Node Node;

    //Pointer to the digraph the algorithm runs on.
    void *_g;
    //Pointer to the length map.
    void *_length;
    //Pointer to the map of processed nodes.
    void *_processed;
    //Pointer to the map of predecessors arcs.
    void *_pred;
    //Pointer to the map of distances.
    void *_dist;
    //Pointer to the shortest path to the target node.
    void *_path;
    //Pointer to the distance of the target node.
    void *_di;

  public:
    /// Constructor.

    /// This constructor does not require parameters, therefore it initiates
    /// all of the attributes to \c 0.
    DijkstraWizardBase() : _g(0), _length(0), _processed(0), _pred(0),
                           _dist(0), _path(0), _di(0) {}

    /// Constructor.

    /// This constructor requires two parameters,
    /// others are initiated to \c 0.
    /// \param g The digraph the algorithm runs on.
    /// \param l The length map.
    DijkstraWizardBase(const GR &g,const LEN &l) :
      _g(reinterpret_cast<void*>(const_cast<GR*>(&g))),
      _length(reinterpret_cast<void*>(const_cast<LEN*>(&l))),
      _processed(0), _pred(0), _dist(0), _path(0), _di(0) {}

  };

  /// Auxiliary class for the function-type interface of Dijkstra algorithm.

  /// This auxiliary class is created to implement the
  /// \ref dijkstra() "function-type interface" of \ref Dijkstra algorithm.
  /// It does not have own \ref run(Node) "run()" method, it uses the
  /// functions and features of the plain \ref Dijkstra.
  ///
  /// This class should only be used through the \ref dijkstra() function,
  /// which makes it easier to use the algorithm.
  ///
  /// \tparam TR The traits class that defines various types used by the
  /// algorithm.
  template<class TR>
  class DijkstraWizard : public TR
  {
    typedef TR Base;

    typedef typename TR::Digraph Digraph;

    typedef typename Digraph::Node Node;
    typedef typename Digraph::NodeIt NodeIt;
    typedef typename Digraph::Arc Arc;
    typedef typename Digraph::OutArcIt OutArcIt;

    typedef typename TR::LengthMap LengthMap;
    typedef typename LengthMap::Value Value;
    typedef typename TR::PredMap PredMap;
    typedef typename TR::DistMap DistMap;
    typedef typename TR::ProcessedMap ProcessedMap;
    typedef typename TR::Path Path;
    typedef typename TR::Heap Heap;

  public:

    /// Constructor.
    DijkstraWizard() : TR() {}

    /// Constructor that requires parameters.

    /// Constructor that requires parameters.
    /// These parameters will be the default values for the traits class.
    /// \param g The digraph the algorithm runs on.
    /// \param l The length map.
    DijkstraWizard(const Digraph &g, const LengthMap &l) :
      TR(g,l) {}

    ///Copy constructor
    DijkstraWizard(const TR &b) : TR(b) {}

    ~DijkstraWizard() {}

    ///Runs Dijkstra algorithm from the given source node.

    ///This method runs %Dijkstra algorithm from the given source node
    ///in order to compute the shortest path to each node.
    void run(Node s)
    {
      Dijkstra<Digraph,LengthMap,TR>
        dijk(*reinterpret_cast<const Digraph*>(Base::_g),
             *reinterpret_cast<const LengthMap*>(Base::_length));
      if (Base::_pred)
        dijk.predMap(*reinterpret_cast<PredMap*>(Base::_pred));
      if (Base::_dist)
        dijk.distMap(*reinterpret_cast<DistMap*>(Base::_dist));
      if (Base::_processed)
        dijk.processedMap(*reinterpret_cast<ProcessedMap*>(Base::_processed));
      dijk.run(s);
    }

    ///Finds the shortest path between \c s and \c t.

    ///This method runs the %Dijkstra algorithm from node \c s
    ///in order to compute the shortest path to node \c t
    ///(it stops searching when \c t is processed).
    ///
    ///\return \c true if \c t is reachable form \c s.
    bool run(Node s, Node t)
    {
      Dijkstra<Digraph,LengthMap,TR>
        dijk(*reinterpret_cast<const Digraph*>(Base::_g),
             *reinterpret_cast<const LengthMap*>(Base::_length));
      if (Base::_pred)
        dijk.predMap(*reinterpret_cast<PredMap*>(Base::_pred));
      if (Base::_dist)
        dijk.distMap(*reinterpret_cast<DistMap*>(Base::_dist));
      if (Base::_processed)
        dijk.processedMap(*reinterpret_cast<ProcessedMap*>(Base::_processed));
      dijk.run(s,t);
      if (Base::_path)
        *reinterpret_cast<Path*>(Base::_path) = dijk.path(t);
      if (Base::_di)
        *reinterpret_cast<Value*>(Base::_di) = dijk.dist(t);
      return dijk.reached(t);
    }

    template<class T>
    struct SetPredMapBase : public Base {
      typedef T PredMap;
      static PredMap *createPredMap(const Digraph &) { return 0; };
      SetPredMapBase(const TR &b) : TR(b) {}
    };

    ///\brief \ref named-templ-param "Named parameter" for setting
    ///the predecessor map.
    ///
    ///\ref named-templ-param "Named parameter" function for setting
    ///the map that stores the predecessor arcs of the nodes.
    template<class T>
    DijkstraWizard<SetPredMapBase<T> > predMap(const T &t)
    {
      Base::_pred=reinterpret_cast<void*>(const_cast<T*>(&t));
      return DijkstraWizard<SetPredMapBase<T> >(*this);
    }

    template<class T>
    struct SetDistMapBase : public Base {
      typedef T DistMap;
      static DistMap *createDistMap(const Digraph &) { return 0; };
      SetDistMapBase(const TR &b) : TR(b) {}
    };

    ///\brief \ref named-templ-param "Named parameter" for setting
    ///the distance map.
    ///
    ///\ref named-templ-param "Named parameter" function for setting
    ///the map that stores the distances of the nodes calculated
    ///by the algorithm.
    template<class T>
    DijkstraWizard<SetDistMapBase<T> > distMap(const T &t)
    {
      Base::_dist=reinterpret_cast<void*>(const_cast<T*>(&t));
      return DijkstraWizard<SetDistMapBase<T> >(*this);
    }

    template<class T>
    struct SetProcessedMapBase : public Base {
      typedef T ProcessedMap;
      static ProcessedMap *createProcessedMap(const Digraph &) { return 0; };
      SetProcessedMapBase(const TR &b) : TR(b) {}
    };

    ///\brief \ref named-func-param "Named parameter" for setting
    ///the processed map.
    ///
    ///\ref named-templ-param "Named parameter" function for setting
    ///the map that indicates which nodes are processed.
    template<class T>
    DijkstraWizard<SetProcessedMapBase<T> > processedMap(const T &t)
    {
      Base::_processed=reinterpret_cast<void*>(const_cast<T*>(&t));
      return DijkstraWizard<SetProcessedMapBase<T> >(*this);
    }

    template<class T>
    struct SetPathBase : public Base {
      typedef T Path;
      SetPathBase(const TR &b) : TR(b) {}
    };

    ///\brief \ref named-func-param "Named parameter"
    ///for getting the shortest path to the target node.
    ///
    ///\ref named-func-param "Named parameter"
    ///for getting the shortest path to the target node.
    template<class T>
    DijkstraWizard<SetPathBase<T> > path(const T &t)
    {
      Base::_path=reinterpret_cast<void*>(const_cast<T*>(&t));
      return DijkstraWizard<SetPathBase<T> >(*this);
    }

    ///\brief \ref named-func-param "Named parameter"
    ///for getting the distance of the target node.
    ///
    ///\ref named-func-param "Named parameter"
    ///for getting the distance of the target node.
    DijkstraWizard dist(const Value &d)
    {
      Base::_di=reinterpret_cast<void*>(const_cast<Value*>(&d));
      return *this;
    }

  };

  ///Function-type interface for Dijkstra algorithm.

  /// \ingroup shortest_path
  ///Function-type interface for Dijkstra algorithm.
  ///
  ///This function also has several \ref named-func-param "named parameters",
  ///they are declared as the members of class \ref DijkstraWizard.
  ///The following examples show how to use these parameters.
  ///\code
  ///  // Compute shortest path from node s to each node
  ///  dijkstra(g,length).predMap(preds).distMap(dists).run(s);
  ///
  ///  // Compute shortest path from s to t
  ///  bool reached = dijkstra(g,length).path(p).dist(d).run(s,t);
  ///\endcode
  ///\warning Don't forget to put the \ref DijkstraWizard::run(Node) "run()"
  ///to the end of the parameter list.
  ///\sa DijkstraWizard
  ///\sa Dijkstra
  template<typename GR, typename LEN>
  DijkstraWizard<DijkstraWizardBase<GR,LEN> >
  dijkstra(const GR &digraph, const LEN &length)
  {
    return DijkstraWizard<DijkstraWizardBase<GR,LEN> >(digraph,length);
  }

} //END OF NAMESPACE LEMON

#endif







lemon/dim2.h

/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2009
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_DIM2_H
#define LEMON_DIM2_H

#include <iostream>

///\ingroup geomdat
///\file
///\brief A simple two dimensional vector and a bounding box implementation

namespace lemon {

  ///Tools for handling two dimensional coordinates

  ///This namespace is a storage of several
  ///tools for handling two dimensional coordinates
  namespace dim2 {

  /// \addtogroup geomdat
  /// @{

  /// Two dimensional vector (plain vector)

  /// A simple two dimensional vector (plain vector) implementation
  /// with the usual vector operations.
  template<typename T>
    class Point {

    public:

      typedef T Value;

      ///First coordinate
      T x;
      ///Second coordinate
      T y;

      ///Default constructor
      Point() {}

      ///Construct an instance from coordinates
      Point(T a, T b) : x(a), y(b) { }

      ///Returns the dimension of the vector (i.e. returns 2).

      ///The dimension of the vector.
      ///This function always returns 2.
      int size() const { return 2; }

      ///Subscripting operator

      ///\c p[0] is \c p.x and \c p[1] is \c p.y
      ///
      T& operator[](int idx) { return idx == 0 ? x : y; }

      ///Const subscripting operator

      ///\c p[0] is \c p.x and \c p[1] is \c p.y
      ///
      const T& operator[](int idx) const { return idx == 0 ? x : y; }

      ///Conversion constructor
      template<class TT> Point(const Point<TT> &p) : x(p.x), y(p.y) {}

      ///Give back the square of the norm of the vector
      T normSquare() const {
        return x*x+y*y;
      }

      ///Increment the left hand side by \c u
      Point<T>& operator +=(const Point<T>& u) {
        x += u.x;
        y += u.y;
        return *this;
      }

      ///Decrement the left hand side by \c u
      Point<T>& operator -=(const Point<T>& u) {
        x -= u.x;
        y -= u.y;
        return *this;
      }

      ///Multiply the left hand side with a scalar
      Point<T>& operator *=(const T &u) {
        x *= u;
        y *= u;
        return *this;
      }

      ///Divide the left hand side by a scalar
      Point<T>& operator /=(const T &u) {
        x /= u;
        y /= u;
        return *this;
      }

      ///Return the scalar product of two vectors
      T operator *(const Point<T>& u) const {
        return x*u.x+y*u.y;
      }

      ///Return the sum of two vectors
      Point<T> operator+(const Point<T> &u) const {
        Point<T> b=*this;
        return b+=u;
      }

      ///Return the negative of the vector
      Point<T> operator-() const {
        Point<T> b=*this;
        b.x=-b.x; b.y=-b.y;
        return b;
      }

      ///Return the difference of two vectors
      Point<T> operator-(const Point<T> &u) const {
        Point<T> b=*this;
        return b-=u;
      }

      ///Return a vector multiplied by a scalar
      Point<T> operator*(const T &u) const {
        Point<T> b=*this;
        return b*=u;
      }

      ///Return a vector divided by a scalar
      Point<T> operator/(const T &u) const {
        Point<T> b=*this;
        return b/=u;
      }

      ///Test equality
      bool operator==(const Point<T> &u) const {
        return (x==u.x) && (y==u.y);
      }

      ///Test inequality
      bool operator!=(Point u) const {
        return  (x!=u.x) || (y!=u.y);
      }

    };

  ///Return a Point

  ///Return a Point.
  ///\relates Point
  template <typename T>
  inline Point<T> makePoint(const T& x, const T& y) {
    return Point<T>(x, y);
  }

  ///Return a vector multiplied by a scalar

  ///Return a vector multiplied by a scalar.
  ///\relates Point
  template<typename T> Point<T> operator*(const T &u,const Point<T> &x) {
    return x*u;
  }

  ///Read a plain vector from a stream

  ///Read a plain vector from a stream.
  ///\relates Point
  ///
  template<typename T>
  inline std::istream& operator>>(std::istream &is, Point<T> &z) {
    char c;
    if (is >> c) {
      if (c != '(') is.putback(c);
    } else {
      is.clear();
    }
    if (!(is >> z.x)) return is;
    if (is >> c) {
      if (c != ',') is.putback(c);
    } else {
      is.clear();
    }
    if (!(is >> z.y)) return is;
    if (is >> c) {
      if (c != ')') is.putback(c);
    } else {
      is.clear();
    }
    return is;
  }

  ///Write a plain vector to a stream

  ///Write a plain vector to a stream.
  ///\relates Point
  ///
  template<typename T>
  inline std::ostream& operator<<(std::ostream &os, const Point<T>& z)
  {
    os << "(" << z.x << "," << z.y << ")";
    return os;
  }

  ///Rotate by 90 degrees

  ///Returns the parameter rotated by 90 degrees in positive direction.
  ///\relates Point
  ///
  template<typename T>
  inline Point<T> rot90(const Point<T> &z)
  {
    return Point<T>(-z.y,z.x);
  }

  ///Rotate by 180 degrees

  ///Returns the parameter rotated by 180 degrees.
  ///\relates Point
  ///
  template<typename T>
  inline Point<T> rot180(const Point<T> &z)
  {
    return Point<T>(-z.x,-z.y);
  }

  ///Rotate by 270 degrees

  ///Returns the parameter rotated by 90 degrees in negative direction.
  ///\relates Point
  ///
  template<typename T>
  inline Point<T> rot270(const Point<T> &z)
  {
    return Point<T>(z.y,-z.x);
  }



  /// Bounding box of plain vectors (points).

  /// A class to calculate or store the bounding box of plain vectors
  /// (\ref Point "points").
  template<typename T>
  class Box {
      Point<T> _bottom_left, _top_right;
      bool _empty;
    public:

      ///Default constructor: creates an empty box
      Box() { _empty = true; }

      ///Construct a box from one point
      Box(Point<T> a) {
        _bottom_left = _top_right = a;
        _empty = false;
      }

      ///Construct a box from two points

      ///Construct a box from two points.
      ///\param a The bottom left corner.
      ///\param b The top right corner.
      ///\warning The coordinates of the bottom left corner must be no more
      ///than those of the top right one.
      Box(Point<T> a,Point<T> b)
      {
        _bottom_left = a;
        _top_right = b;
        _empty = false;
      }

      ///Construct a box from four numbers

      ///Construct a box from four numbers.
      ///\param l The left side of the box.
      ///\param b The bottom of the box.
      ///\param r The right side of the box.
      ///\param t The top of the box.
      ///\warning The left side must be no more than the right side and
      ///bottom must be no more than the top.
      Box(T l,T b,T r,T t)
      {
        _bottom_left=Point<T>(l,b);
        _top_right=Point<T>(r,t);
        _empty = false;
      }

      ///Return \c true if the box is empty.

      ///Return \c true if the box is empty (i.e. return \c false
      ///if at least one point was added to the box or the coordinates of
      ///the box were set).
      ///
      ///The coordinates of an empty box are not defined.
      bool empty() const {
        return _empty;
      }

      ///Make the box empty
      void clear() {
        _empty = true;
      }

      ///Give back the bottom left corner of the box

      ///Give back the bottom left corner of the box.
      ///If the box is empty, then the return value is not defined.
      Point<T> bottomLeft() const {
        return _bottom_left;
      }

      ///Set the bottom left corner of the box

      ///Set the bottom left corner of the box.
      ///\pre The box must not be empty.
      void bottomLeft(Point<T> p) {
        _bottom_left = p;
      }

      ///Give back the top right corner of the box

      ///Give back the top right corner of the box.
      ///If the box is empty, then the return value is not defined.
      Point<T> topRight() const {
        return _top_right;
      }

      ///Set the top right corner of the box

      ///Set the top right corner of the box.
      ///\pre The box must not be empty.
      void topRight(Point<T> p) {
        _top_right = p;
      }

      ///Give back the bottom right corner of the box

      ///Give back the bottom right corner of the box.
      ///If the box is empty, then the return value is not defined.
      Point<T> bottomRight() const {
        return Point<T>(_top_right.x,_bottom_left.y);
      }

      ///Set the bottom right corner of the box

      ///Set the bottom right corner of the box.
      ///\pre The box must not be empty.
      void bottomRight(Point<T> p) {
        _top_right.x = p.x;
        _bottom_left.y = p.y;
      }

      ///Give back the top left corner of the box

      ///Give back the top left corner of the box.
      ///If the box is empty, then the return value is not defined.
      Point<T> topLeft() const {
        return Point<T>(_bottom_left.x,_top_right.y);
      }

      ///Set the top left corner of the box

      ///Set the top left corner of the box.
      ///\pre The box must not be empty.
      void topLeft(Point<T> p) {
        _top_right.y = p.y;
        _bottom_left.x = p.x;
      }

      ///Give back the bottom of the box

      ///Give back the bottom of the box.
      ///If the box is empty, then the return value is not defined.
      T bottom() const {
        return _bottom_left.y;
      }

      ///Set the bottom of the box

      ///Set the bottom of the box.
      ///\pre The box must not be empty.
      void bottom(T t) {
        _bottom_left.y = t;
      }

      ///Give back the top of the box

      ///Give back the top of the box.
      ///If the box is empty, then the return value is not defined.
      T top() const {
        return _top_right.y;
      }

      ///Set the top of the box

      ///Set the top of the box.
      ///\pre The box must not be empty.
      void top(T t) {
        _top_right.y = t;
      }

      ///Give back the left side of the box

      ///Give back the left side of the box.
      ///If the box is empty, then the return value is not defined.
      T left() const {
        return _bottom_left.x;
      }

      ///Set the left side of the box

      ///Set the left side of the box.
      ///\pre The box must not be empty.
      void left(T t) {
        _bottom_left.x = t;
      }

      /// Give back the right side of the box

      /// Give back the right side of the box.
      ///If the box is empty, then the return value is not defined.
      T right() const {
        return _top_right.x;
      }

      ///Set the right side of the box

      ///Set the right side of the box.
      ///\pre The box must not be empty.
      void right(T t) {
        _top_right.x = t;
      }

      ///Give back the height of the box

      ///Give back the height of the box.
      ///If the box is empty, then the return value is not defined.
      T height() const {
        return _top_right.y-_bottom_left.y;
      }

      ///Give back the width of the box

      ///Give back the width of the box.
      ///If the box is empty, then the return value is not defined.
      T width() const {
        return _top_right.x-_bottom_left.x;
      }

      ///Checks whether a point is inside the box
      bool inside(const Point<T>& u) const {
        if (_empty)
          return false;
        else {
          return ( (u.x-_bottom_left.x)*(_top_right.x-u.x) >= 0 &&
                   (u.y-_bottom_left.y)*(_top_right.y-u.y) >= 0 );
        }
      }

      ///Increments the box with a point

      ///Increments the box with a point.
      ///
      Box& add(const Point<T>& u){
        if (_empty) {
          _bottom_left = _top_right = u;
          _empty = false;
        }
        else {
          if (_bottom_left.x > u.x) _bottom_left.x = u.x;
          if (_bottom_left.y > u.y) _bottom_left.y = u.y;
          if (_top_right.x < u.x) _top_right.x = u.x;
          if (_top_right.y < u.y) _top_right.y = u.y;
        }
        return *this;
      }

      ///Increments the box to contain another box

      ///Increments the box to contain another box.
      ///
      Box& add(const Box &u){
        if ( !u.empty() ){
          add(u._bottom_left);
          add(u._top_right);
        }
        return *this;
      }

      ///Intersection of two boxes

      ///Intersection of two boxes.
      ///
      Box operator&(const Box& u) const {
        Box b;
        if (_empty || u._empty) {
          b._empty = true;
        } else {
          b._bottom_left.x = std::max(_bottom_left.x, u._bottom_left.x);
          b._bottom_left.y = std::max(_bottom_left.y, u._bottom_left.y);
          b._top_right.x = std::min(_top_right.x, u._top_right.x);
          b._top_right.y = std::min(_top_right.y, u._top_right.y);
          b._empty = b._bottom_left.x > b._top_right.x ||
                     b._bottom_left.y > b._top_right.y;
        }
        return b;
      }

  };//class Box


  ///Read a box from a stream

  ///Read a box from a stream.
  ///\relates Box
  template<typename T>
  inline std::istream& operator>>(std::istream &is, Box<T>& b) {
    char c;
    Point<T> p;
    if (is >> c) {
      if (c != '(') is.putback(c);
    } else {
      is.clear();
    }
    if (!(is >> p)) return is;
    b.bottomLeft(p);
    if (is >> c) {
      if (c != ',') is.putback(c);
    } else {
      is.clear();
    }
    if (!(is >> p)) return is;
    b.topRight(p);
    if (is >> c) {
      if (c != ')') is.putback(c);
    } else {
      is.clear();
    }
    return is;
  }

  ///Write a box to a stream

  ///Write a box to a stream.
  ///\relates Box
  template<typename T>
  inline std::ostream& operator<<(std::ostream &os, const Box<T>& b)
  {
    os << "(" << b.bottomLeft() << "," << b.topRight() << ")";
    return os;
  }

  ///Map of x-coordinates of a <tt>Point</tt>-map

  ///Map of x-coordinates of a \ref Point "Point"-map.
  ///
  template<class M>
  class XMap
  {
    M& _map;
  public:

    typedef typename M::Value::Value Value;
    typedef typename M::Key Key;
    ///\e
    XMap(M& map) : _map(map) {}
    Value operator[](Key k) const {return _map[k].x;}
    void set(Key k,Value v) {_map.set(k,typename M::Value(v,_map[k].y));}
  };

  ///Returns an XMap class

  ///This function just returns an XMap class.
  ///\relates XMap
  template<class M>
  inline XMap<M> xMap(M &m)
  {
    return XMap<M>(m);
  }

  template<class M>
  inline XMap<M> xMap(const M &m)
  {
    return XMap<M>(m);
  }

  ///Constant (read only) version of XMap

  ///Constant (read only) version of XMap.
  ///
  template<class M>
  class ConstXMap
  {
    const M& _map;
  public:

    typedef typename M::Value::Value Value;
    typedef typename M::Key Key;
    ///\e
    ConstXMap(const M &map) : _map(map) {}
    Value operator[](Key k) const {return _map[k].x;}
  };

  ///Returns a ConstXMap class

  ///This function just returns a ConstXMap class.
  ///\relates ConstXMap
  template<class M>
  inline ConstXMap<M> xMap(const M &m)
  {
    return ConstXMap<M>(m);
  }

  ///Map of y-coordinates of a <tt>Point</tt>-map

  ///Map of y-coordinates of a \ref Point "Point"-map.
  ///
  template<class M>
  class YMap
  {
    M& _map;
  public:

    typedef typename M::Value::Value Value;
    typedef typename M::Key Key;
    ///\e
    YMap(M& map) : _map(map) {}
    Value operator[](Key k) const {return _map[k].y;}
    void set(Key k,Value v) {_map.set(k,typename M::Value(_map[k].x,v));}
  };

  ///Returns a YMap class

  ///This function just returns a YMap class.
  ///\relates YMap
  template<class M>
  inline YMap<M> yMap(M &m)
  {
    return YMap<M>(m);
  }

  template<class M>
  inline YMap<M> yMap(const M &m)
  {
    return YMap<M>(m);
  }

  ///Constant (read only) version of YMap

  ///Constant (read only) version of YMap.
  ///
  template<class M>
  class ConstYMap
  {
    const M& _map;
  public:

    typedef typename M::Value::Value Value;
    typedef typename M::Key Key;
    ///\e
    ConstYMap(const M &map) : _map(map) {}
    Value operator[](Key k) const {return _map[k].y;}
  };

  ///Returns a ConstYMap class

  ///This function just returns a ConstYMap class.
  ///\relates ConstYMap
  template<class M>
  inline ConstYMap<M> yMap(const M &m)
  {
    return ConstYMap<M>(m);
  }


  ///\brief Map of the normSquare() of a <tt>Point</tt>-map
  ///
  ///Map of the \ref Point::normSquare() "normSquare()"
  ///of a \ref Point "Point"-map.
  template<class M>
  class NormSquareMap
  {
    const M& _map;
  public:

    typedef typename M::Value::Value Value;
    typedef typename M::Key Key;
    ///\e
    NormSquareMap(const M &map) : _map(map) {}
    Value operator[](Key k) const {return _map[k].normSquare();}
  };

  ///Returns a NormSquareMap class

  ///This function just returns a NormSquareMap class.
  ///\relates NormSquareMap
  template<class M>
  inline NormSquareMap<M> normSquareMap(const M &m)
  {
    return NormSquareMap<M>(m);
  }

  /// @}

  } //namespce dim2

} //namespace lemon

#endif //LEMON_DIM2_H
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/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2010
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_DIMACS_H
#define LEMON_DIMACS_H

#include <iostream>
#include <string>
#include <vector>
#include <limits>
#include <lemon/maps.h>
#include <lemon/error.h>
/// \ingroup dimacs_group
/// \file
/// \brief DIMACS file format reader.

namespace lemon {

  /// \addtogroup dimacs_group
  /// @{

  /// DIMACS file type descriptor.
  struct DimacsDescriptor
  {
    ///\brief DIMACS file type enum
    ///
    ///DIMACS file type enum.
    enum Type {
      NONE,  ///< Undefined type.
      MIN,   ///< DIMACS file type for minimum cost flow problems.
      MAX,   ///< DIMACS file type for maximum flow problems.
      SP,    ///< DIMACS file type for shostest path problems.
      MAT    ///< DIMACS file type for plain graphs and matching problems.
    };
    ///The file type
    Type type;
    ///The number of nodes in the graph
    int nodeNum;
    ///The number of edges in the graph
    int edgeNum;
    int lineShift;
    ///Constructor. It sets the type to \c NONE.
    DimacsDescriptor() : type(NONE) {}
  };

  ///Discover the type of a DIMACS file

  ///This function starts seeking the beginning of the given file for the
  ///problem type and size info.
  ///The found data is returned in a special struct that can be evaluated
  ///and passed to the appropriate reader function.
  DimacsDescriptor dimacsType(std::istream& is)
  {
    DimacsDescriptor r;
    std::string problem,str;
    char c;
    r.lineShift=0;
    while (is >> c)
      switch(c)
        {
        case 'p':
          if(is >> problem >> r.nodeNum >> r.edgeNum)
            {
              getline(is, str);
              r.lineShift++;
              if(problem=="min") r.type=DimacsDescriptor::MIN;
              else if(problem=="max") r.type=DimacsDescriptor::MAX;
              else if(problem=="sp") r.type=DimacsDescriptor::SP;
              else if(problem=="mat") r.type=DimacsDescriptor::MAT;
              else throw FormatError("Unknown problem type");
              return r;
            }
          else
            {
              throw FormatError("Missing or wrong problem type declaration.");
            }
          break;
        case 'c':
          getline(is, str);
          r.lineShift++;
          break;
        default:
          throw FormatError("Unknown DIMACS declaration.");
        }
    throw FormatError("Missing problem type declaration.");
  }


  /// \brief DIMACS minimum cost flow reader function.
  ///
  /// This function reads a minimum cost flow instance from DIMACS format,
  /// i.e. from a DIMACS file having a line starting with
  /// \code
  ///   p min
  /// \endcode
  /// At the beginning, \c g is cleared by \c g.clear(). The supply
  /// amount of the nodes are written to the \c supply node map
  /// (they are signed values). The lower bounds, capacities and costs
  /// of the arcs are written to the \c lower, \c capacity and \c cost
  /// arc maps.
  ///
  /// If the capacity of an arc is less than the lower bound, it will
  /// be set to "infinite" instead. The actual value of "infinite" is
  /// contolled by the \c infty parameter. If it is 0 (the default value),
  /// \c std::numeric_limits<Capacity>::infinity() will be used if available,
  /// \c std::numeric_limits<Capacity>::max() otherwise. If \c infty is set to
  /// a non-zero value, that value will be used as "infinite".
  ///
  /// If the file type was previously evaluated by dimacsType(), then
  /// the descriptor struct should be given by the \c dest parameter.
  template <typename Digraph, typename LowerMap,
            typename CapacityMap, typename CostMap,
            typename SupplyMap>
  void readDimacsMin(std::istream& is,
                     Digraph &g,
                     LowerMap& lower,
                     CapacityMap& capacity,
                     CostMap& cost,
                     SupplyMap& supply,
                     typename CapacityMap::Value infty = 0,
                     DimacsDescriptor desc=DimacsDescriptor())
  {
    g.clear();
    std::vector<typename Digraph::Node> nodes;
    typename Digraph::Arc e;
    std::string problem, str;
    char c;
    int i, j;
    if(desc.type==DimacsDescriptor::NONE) desc=dimacsType(is);
    if(desc.type!=DimacsDescriptor::MIN)
      throw FormatError("Problem type mismatch");

    nodes.resize(desc.nodeNum + 1);
    for (int k = 1; k <= desc.nodeNum; ++k) {
      nodes[k] = g.addNode();
      supply.set(nodes[k], 0);
    }

    typename SupplyMap::Value sup;
    typename CapacityMap::Value low;
    typename CapacityMap::Value cap;
    typename CostMap::Value co;
    typedef typename CapacityMap::Value Capacity;
    if(infty==0)
      infty = std::numeric_limits<Capacity>::has_infinity ?
        std::numeric_limits<Capacity>::infinity() :
        std::numeric_limits<Capacity>::max();

    while (is >> c) {
      switch (c) {
      case 'c': // comment line
        getline(is, str);
        break;
      case 'n': // node definition line
        is >> i >> sup;
        getline(is, str);
        supply.set(nodes[i], sup);
        break;
      case 'a': // arc definition line
        is >> i >> j >> low >> cap >> co;
        getline(is, str);
        e = g.addArc(nodes[i], nodes[j]);
        lower.set(e, low);
        if (cap >= low)
          capacity.set(e, cap);
        else
          capacity.set(e, infty);
        cost.set(e, co);
        break;
      }
    }
  }

  template<typename Digraph, typename CapacityMap>
  void _readDimacs(std::istream& is,
                   Digraph &g,
                   CapacityMap& capacity,
                   typename Digraph::Node &s,
                   typename Digraph::Node &t,
                   typename CapacityMap::Value infty = 0,
                   DimacsDescriptor desc=DimacsDescriptor()) {
    g.clear();
    s=t=INVALID;
    std::vector<typename Digraph::Node> nodes;
    typename Digraph::Arc e;
    char c, d;
    int i, j;
    typename CapacityMap::Value _cap;
    std::string str;
    nodes.resize(desc.nodeNum + 1);
    for (int k = 1; k <= desc.nodeNum; ++k) {
      nodes[k] = g.addNode();
    }
    typedef typename CapacityMap::Value Capacity;

    if(infty==0)
      infty = std::numeric_limits<Capacity>::has_infinity ?
        std::numeric_limits<Capacity>::infinity() :
        std::numeric_limits<Capacity>::max();

    while (is >> c) {
      switch (c) {
      case 'c': // comment line
        getline(is, str);
        break;
      case 'n': // node definition line
        if (desc.type==DimacsDescriptor::SP) { // shortest path problem
          is >> i;
          getline(is, str);
          s = nodes[i];
        }
        if (desc.type==DimacsDescriptor::MAX) { // max flow problem
          is >> i >> d;
          getline(is, str);
          if (d == 's') s = nodes[i];
          if (d == 't') t = nodes[i];
        }
        break;
      case 'a': // arc definition line
        if (desc.type==DimacsDescriptor::SP) {
          is >> i >> j >> _cap;
          getline(is, str);
          e = g.addArc(nodes[i], nodes[j]);
          capacity.set(e, _cap);
        }
        else if (desc.type==DimacsDescriptor::MAX) {
          is >> i >> j >> _cap;
          getline(is, str);
          e = g.addArc(nodes[i], nodes[j]);
          if (_cap >= 0)
            capacity.set(e, _cap);
          else
            capacity.set(e, infty);
        }
        else {
          is >> i >> j;
          getline(is, str);
          g.addArc(nodes[i], nodes[j]);
        }
        break;
      }
    }
  }

  /// \brief DIMACS maximum flow reader function.
  ///
  /// This function reads a maximum flow instance from DIMACS format,
  /// i.e. from a DIMACS file having a line starting with
  /// \code
  ///   p max
  /// \endcode
  /// At the beginning, \c g is cleared by \c g.clear(). The arc
  /// capacities are written to the \c capacity arc map and \c s and
  /// \c t are set to the source and the target nodes.
  ///
  /// If the capacity of an arc is negative, it will
  /// be set to "infinite" instead. The actual value of "infinite" is
  /// contolled by the \c infty parameter. If it is 0 (the default value),
  /// \c std::numeric_limits<Capacity>::infinity() will be used if available,
  /// \c std::numeric_limits<Capacity>::max() otherwise. If \c infty is set to
  /// a non-zero value, that value will be used as "infinite".
  ///
  /// If the file type was previously evaluated by dimacsType(), then
  /// the descriptor struct should be given by the \c dest parameter.
  template<typename Digraph, typename CapacityMap>
  void readDimacsMax(std::istream& is,
                     Digraph &g,
                     CapacityMap& capacity,
                     typename Digraph::Node &s,
                     typename Digraph::Node &t,
                     typename CapacityMap::Value infty = 0,
                     DimacsDescriptor desc=DimacsDescriptor()) {
    if(desc.type==DimacsDescriptor::NONE) desc=dimacsType(is);
    if(desc.type!=DimacsDescriptor::MAX)
      throw FormatError("Problem type mismatch");
    _readDimacs(is,g,capacity,s,t,infty,desc);
  }

  /// \brief DIMACS shortest path reader function.
  ///
  /// This function reads a shortest path instance from DIMACS format,
  /// i.e. from a DIMACS file having a line starting with
  /// \code
  ///   p sp
  /// \endcode
  /// At the beginning, \c g is cleared by \c g.clear(). The arc
  /// lengths are written to the \c length arc map and \c s is set to the
  /// source node.
  ///
  /// If the file type was previously evaluated by dimacsType(), then
  /// the descriptor struct should be given by the \c dest parameter.
  template<typename Digraph, typename LengthMap>
  void readDimacsSp(std::istream& is,
                    Digraph &g,
                    LengthMap& length,
                    typename Digraph::Node &s,
                    DimacsDescriptor desc=DimacsDescriptor()) {
    typename Digraph::Node t;
    if(desc.type==DimacsDescriptor::NONE) desc=dimacsType(is);
    if(desc.type!=DimacsDescriptor::SP)
      throw FormatError("Problem type mismatch");
    _readDimacs(is, g, length, s, t, 0, desc);
  }

  /// \brief DIMACS capacitated digraph reader function.
  ///
  /// This function reads an arc capacitated digraph instance from
  /// DIMACS 'max' or 'sp' format.
  /// At the beginning, \c g is cleared by \c g.clear()
  /// and the arc capacities/lengths are written to the \c capacity
  /// arc map.
  ///
  /// In case of the 'max' format, if the capacity of an arc is negative,
  /// it will
  /// be set to "infinite" instead. The actual value of "infinite" is
  /// contolled by the \c infty parameter. If it is 0 (the default value),
  /// \c std::numeric_limits<Capacity>::infinity() will be used if available,
  /// \c std::numeric_limits<Capacity>::max() otherwise. If \c infty is set to
  /// a non-zero value, that value will be used as "infinite".
  ///
  /// If the file type was previously evaluated by dimacsType(), then
  /// the descriptor struct should be given by the \c dest parameter.
  template<typename Digraph, typename CapacityMap>
  void readDimacsCap(std::istream& is,
                     Digraph &g,
                     CapacityMap& capacity,
                     typename CapacityMap::Value infty = 0,
                     DimacsDescriptor desc=DimacsDescriptor()) {
    typename Digraph::Node u,v;
    if(desc.type==DimacsDescriptor::NONE) desc=dimacsType(is);
    if(desc.type!=DimacsDescriptor::MAX || desc.type!=DimacsDescriptor::SP)
      throw FormatError("Problem type mismatch");
    _readDimacs(is, g, capacity, u, v, infty, desc);
  }

  template<typename Graph>
  typename enable_if<lemon::UndirectedTagIndicator<Graph>,void>::type
  _addArcEdge(Graph &g, typename Graph::Node s, typename Graph::Node t,
              dummy<0> = 0)
  {
    g.addEdge(s,t);
  }
  template<typename Graph>
  typename disable_if<lemon::UndirectedTagIndicator<Graph>,void>::type
  _addArcEdge(Graph &g, typename Graph::Node s, typename Graph::Node t,
              dummy<1> = 1)
  {
    g.addArc(s,t);
  }

  /// \brief DIMACS plain (di)graph reader function.
  ///
  /// This function reads a plain (di)graph without any designated nodes
  /// and maps (e.g. a matching instance) from DIMACS format, i.e. from
  /// DIMACS files having a line starting with
  /// \code
  ///   p mat
  /// \endcode
  /// At the beginning, \c g is cleared by \c g.clear().
  ///
  /// If the file type was previously evaluated by dimacsType(), then
  /// the descriptor struct should be given by the \c dest parameter.
  template<typename Graph>
  void readDimacsMat(std::istream& is, Graph &g,
                     DimacsDescriptor desc=DimacsDescriptor())
  {
    if(desc.type==DimacsDescriptor::NONE) desc=dimacsType(is);
    if(desc.type!=DimacsDescriptor::MAT)
      throw FormatError("Problem type mismatch");

    g.clear();
    std::vector<typename Graph::Node> nodes;
    char c;
    int i, j;
    std::string str;
    nodes.resize(desc.nodeNum + 1);
    for (int k = 1; k <= desc.nodeNum; ++k) {
      nodes[k] = g.addNode();
    }

    while (is >> c) {
      switch (c) {
      case 'c': // comment line
        getline(is, str);
        break;
      case 'n': // node definition line
        break;
      case 'a': // arc definition line
        is >> i >> j;
        getline(is, str);
        _addArcEdge(g,nodes[i], nodes[j]);
        break;
      }
    }
  }

  /// DIMACS plain digraph writer function.
  ///
  /// This function writes a digraph without any designated nodes and
  /// maps into DIMACS format, i.e. into DIMACS file having a line
  /// starting with
  /// \code
  ///   p mat
  /// \endcode
  /// If \c comment is not empty, then it will be printed in the first line
  /// prefixed by 'c'.
  template<typename Digraph>
  void writeDimacsMat(std::ostream& os, const Digraph &g,
                      std::string comment="") {
    typedef typename Digraph::NodeIt NodeIt;
    typedef typename Digraph::ArcIt ArcIt;

    if(!comment.empty())
      os << "c " << comment << std::endl;
    os << "p mat " << g.nodeNum() << " " << g.arcNum() << std::endl;

    typename Digraph::template NodeMap<int> nodes(g);
    int i = 1;
    for(NodeIt v(g); v != INVALID; ++v) {
      nodes.set(v, i);
      ++i;
    }
    for(ArcIt e(g); e != INVALID; ++e) {
      os << "a " << nodes[g.source(e)] << " " << nodes[g.target(e)]
         << std::endl;
    }
  }

  /// @}

} //namespace lemon

#endif //LEMON_DIMACS_H







doublecycle.h

//Implementation of the Robertson-Seymour-Thomas Pfaffian algorithm

//Copyright (C) 2013 B. Szalkai



//This program is free software: you can redistribute it and/or modify

//it under the terms of the GNU Lesser General Public License as published by

//the Free Software Foundation, either version 3 of the License, or

//(at your option) any later version.



//This program is distributed in the hope that it will be useful,

//but WITHOUT ANY WARRANTY; without even the implied warranty of

//MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the

//GNU Lesser General Public License for more details.



//You should have received a copy of the GNU Lesser General Public License

//along with this program.  If not, see <http://www.gnu.org/licenses/>.



#ifndef DOUBLECYCLE_H

#define DOUBLECYCLE_H



#include <lemon/adaptors.h>

#include <lemon/list_graph.h>



using namespace lemon;



template <class G>

class DoubleCycle

{

    public: static void create(G &g, int k)

    {

        typename G::Node nodes[k];



        for (int i = 0; i < k; i++) nodes[i] = g.addNode();



        if (k > 1)

        for (int i = 0; i < k; i++)

        {

            g.addArc(nodes[i], nodes[(i+1)%k]);

            if (k > 2) g.addArc(nodes[(i+1)%k], nodes[i]);

        }

    }

};



#endif








lemon/edge_set.h

/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2010
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_EDGE_SET_H
#define LEMON_EDGE_SET_H

#include <lemon/core.h>
#include <lemon/bits/edge_set_extender.h>

/// \ingroup graphs
/// \file
/// \brief ArcSet and EdgeSet classes.
///
/// Graphs which use another graph's node-set as own.
namespace lemon {

  template <typename GR>
  class ListArcSetBase {
  public:

    typedef typename GR::Node Node;
    typedef typename GR::NodeIt NodeIt;

  protected:

    struct NodeT {
      int first_out, first_in;
      NodeT() : first_out(-1), first_in(-1) {}
    };

    typedef typename ItemSetTraits<GR, Node>::
    template Map<NodeT>::Type NodesImplBase;

    NodesImplBase* _nodes;

    struct ArcT {
      Node source, target;
      int next_out, next_in;
      int prev_out, prev_in;
      ArcT() : prev_out(-1), prev_in(-1) {}
    };

    std::vector<ArcT> arcs;

    int first_arc;
    int first_free_arc;

    const GR* _graph;

    void initalize(const GR& graph, NodesImplBase& nodes) {
      _graph = &graph;
      _nodes = &nodes;
    }

  public:

    class Arc {
      friend class ListArcSetBase<GR>;
    protected:
      Arc(int _id) : id(_id) {}
      int id;
    public:
      Arc() {}
      Arc(Invalid) : id(-1) {}
      bool operator==(const Arc& arc) const { return id == arc.id; }
      bool operator!=(const Arc& arc) const { return id != arc.id; }
      bool operator<(const Arc& arc) const { return id < arc.id; }
    };

    ListArcSetBase() : first_arc(-1), first_free_arc(-1) {}

    Node addNode() {
      LEMON_ASSERT(false,
        "This graph structure does not support node insertion");
      return INVALID; // avoid warning
    }

    Arc addArc(const Node& u, const Node& v) {
      int n;
      if (first_free_arc == -1) {
        n = arcs.size();
        arcs.push_back(ArcT());
      } else {
        n = first_free_arc;
        first_free_arc = arcs[first_free_arc].next_in;
      }
      arcs[n].next_in = (*_nodes)[v].first_in;
      if ((*_nodes)[v].first_in != -1) {
        arcs[(*_nodes)[v].first_in].prev_in = n;
      }
      (*_nodes)[v].first_in = n;
      arcs[n].next_out = (*_nodes)[u].first_out;
      if ((*_nodes)[u].first_out != -1) {
        arcs[(*_nodes)[u].first_out].prev_out = n;
      }
      (*_nodes)[u].first_out = n;
      arcs[n].source = u;
      arcs[n].target = v;
      return Arc(n);
    }

    void erase(const Arc& arc) {
      int n = arc.id;
      if (arcs[n].prev_in != -1) {
        arcs[arcs[n].prev_in].next_in = arcs[n].next_in;
      } else {
        (*_nodes)[arcs[n].target].first_in = arcs[n].next_in;
      }
      if (arcs[n].next_in != -1) {
        arcs[arcs[n].next_in].prev_in = arcs[n].prev_in;
      }

      if (arcs[n].prev_out != -1) {
        arcs[arcs[n].prev_out].next_out = arcs[n].next_out;
      } else {
        (*_nodes)[arcs[n].source].first_out = arcs[n].next_out;
      }
      if (arcs[n].next_out != -1) {
        arcs[arcs[n].next_out].prev_out = arcs[n].prev_out;
      }

    }

    void clear() {
      Node node;
      for (first(node); node != INVALID; next(node)) {
        (*_nodes)[node].first_in = -1;
        (*_nodes)[node].first_out = -1;
      }
      arcs.clear();
      first_arc = -1;
      first_free_arc = -1;
    }

    void first(Node& node) const {
      _graph->first(node);
    }

    void next(Node& node) const {
      _graph->next(node);
    }

    void first(Arc& arc) const {
      Node node;
      first(node);
      while (node != INVALID && (*_nodes)[node].first_in == -1) {
        next(node);
      }
      arc.id = (node == INVALID) ? -1 : (*_nodes)[node].first_in;
    }

    void next(Arc& arc) const {
      if (arcs[arc.id].next_in != -1) {
        arc.id = arcs[arc.id].next_in;
      } else {
        Node node = arcs[arc.id].target;
        next(node);
        while (node != INVALID && (*_nodes)[node].first_in == -1) {
          next(node);
        }
        arc.id = (node == INVALID) ? -1 : (*_nodes)[node].first_in;
      }
    }

    void firstOut(Arc& arc, const Node& node) const {
      arc.id = (*_nodes)[node].first_out;
    }

    void nextOut(Arc& arc) const {
      arc.id = arcs[arc.id].next_out;
    }

    void firstIn(Arc& arc, const Node& node) const {
      arc.id = (*_nodes)[node].first_in;
    }

    void nextIn(Arc& arc) const {
      arc.id = arcs[arc.id].next_in;
    }

    int id(const Node& node) const { return _graph->id(node); }
    int id(const Arc& arc) const { return arc.id; }

    Node nodeFromId(int ix) const { return _graph->nodeFromId(ix); }
    Arc arcFromId(int ix) const { return Arc(ix); }

    int maxNodeId() const { return _graph->maxNodeId(); };
    int maxArcId() const { return arcs.size() - 1; }

    Node source(const Arc& arc) const { return arcs[arc.id].source;}
    Node target(const Arc& arc) const { return arcs[arc.id].target;}

    typedef typename ItemSetTraits<GR, Node>::ItemNotifier NodeNotifier;

    NodeNotifier& notifier(Node) const {
      return _graph->notifier(Node());
    }

    template <typename V>
    class NodeMap : public GR::template NodeMap<V> {
      typedef typename GR::template NodeMap<V> Parent;

    public:

      explicit NodeMap(const ListArcSetBase<GR>& arcset)
        : Parent(*arcset._graph) {}

      NodeMap(const ListArcSetBase<GR>& arcset, const V& value)
        : Parent(*arcset._graph, value) {}

      NodeMap& operator=(const NodeMap& cmap) {
        return operator=<NodeMap>(cmap);
      }

      template <typename CMap>
      NodeMap& operator=(const CMap& cmap) {
        Parent::operator=(cmap);
        return *this;
      }
    };

  };

  /// \ingroup graphs
  ///
  /// \brief Digraph using a node set of another digraph or graph and
  /// an own arc set.
  ///
  /// This structure can be used to establish another directed graph
  /// over a node set of an existing one. This class uses the same
  /// Node type as the underlying graph, and each valid node of the
  /// original graph is valid in this arc set, therefore the node
  /// objects of the original graph can be used directly with this
  /// class. The node handling functions (id handling, observing, and
  /// iterators) works equivalently as in the original graph.
  ///
  /// This implementation is based on doubly-linked lists, from each
  /// node the outgoing and the incoming arcs make up lists, therefore
  /// one arc can be erased in constant time. It also makes possible,
  /// that node can be removed from the underlying graph, in this case
  /// all arcs incident to the given node is erased from the arc set.
  ///
  /// This class fully conforms to the \ref concepts::Digraph
  /// "Digraph" concept.
  /// It provides only linear time counting for nodes and arcs.
  ///
  /// \param GR The type of the graph which shares its node set with
  /// this class. Its interface must conform to the
  /// \ref concepts::Digraph "Digraph" or \ref concepts::Graph "Graph"
  /// concept.
  template <typename GR>
  class ListArcSet : public ArcSetExtender<ListArcSetBase<GR> > {
    typedef ArcSetExtender<ListArcSetBase<GR> > Parent;

  public:

    typedef typename Parent::Node Node;
    typedef typename Parent::Arc Arc;

    typedef typename Parent::NodesImplBase NodesImplBase;

    void eraseNode(const Node& node) {
      Arc arc;
      Parent::firstOut(arc, node);
      while (arc != INVALID ) {
        erase(arc);
        Parent::firstOut(arc, node);
      }

      Parent::firstIn(arc, node);
      while (arc != INVALID ) {
        erase(arc);
        Parent::firstIn(arc, node);
      }
    }

    void clearNodes() {
      Parent::clear();
    }

    class NodesImpl : public NodesImplBase {
      typedef NodesImplBase Parent;

    public:
      NodesImpl(const GR& graph, ListArcSet& arcset)
        : Parent(graph), _arcset(arcset) {}

      virtual ~NodesImpl() {}

    protected:

      virtual void erase(const Node& node) {
        _arcset.eraseNode(node);
        Parent::erase(node);
      }
      virtual void erase(const std::vector<Node>& nodes) {
        for (int i = 0; i < int(nodes.size()); ++i) {
          _arcset.eraseNode(nodes[i]);
        }
        Parent::erase(nodes);
      }
      virtual void clear() {
        _arcset.clearNodes();
        Parent::clear();
      }

    private:
      ListArcSet& _arcset;
    };

    NodesImpl _nodes;

  public:

    /// \brief Constructor of the ArcSet.
    ///
    /// Constructor of the ArcSet.
    ListArcSet(const GR& graph) : _nodes(graph, *this) {
      Parent::initalize(graph, _nodes);
    }

    /// \brief Add a new arc to the digraph.
    ///
    /// Add a new arc to the digraph with source node \c s
    /// and target node \c t.
    /// \return The new arc.
    Arc addArc(const Node& s, const Node& t) {
      return Parent::addArc(s, t);
    }

    /// \brief Erase an arc from the digraph.
    ///
    /// Erase an arc \c a from the digraph.
    void erase(const Arc& a) {
      return Parent::erase(a);
    }

  };

  template <typename GR>
  class ListEdgeSetBase {
  public:

    typedef typename GR::Node Node;
    typedef typename GR::NodeIt NodeIt;

  protected:

    struct NodeT {
      int first_out;
      NodeT() : first_out(-1) {}
    };

    typedef typename ItemSetTraits<GR, Node>::
    template Map<NodeT>::Type NodesImplBase;

    NodesImplBase* _nodes;

    struct ArcT {
      Node target;
      int prev_out, next_out;
      ArcT() : prev_out(-1), next_out(-1) {}
    };

    std::vector<ArcT> arcs;

    int first_arc;
    int first_free_arc;

    const GR* _graph;

    void initalize(const GR& graph, NodesImplBase& nodes) {
      _graph = &graph;
      _nodes = &nodes;
    }

  public:

    class Edge {
      friend class ListEdgeSetBase;
    protected:

      int id;
      explicit Edge(int _id) { id = _id;}

    public:
      Edge() {}
      Edge (Invalid) { id = -1; }
      bool operator==(const Edge& arc) const {return id == arc.id;}
      bool operator!=(const Edge& arc) const {return id != arc.id;}
      bool operator<(const Edge& arc) const {return id < arc.id;}
    };

    class Arc {
      friend class ListEdgeSetBase;
    protected:
      Arc(int _id) : id(_id) {}
      int id;
    public:
      operator Edge() const { return edgeFromId(id / 2); }

      Arc() {}
      Arc(Invalid) : id(-1) {}
      bool operator==(const Arc& arc) const { return id == arc.id; }
      bool operator!=(const Arc& arc) const { return id != arc.id; }
      bool operator<(const Arc& arc) const { return id < arc.id; }
    };

    ListEdgeSetBase() : first_arc(-1), first_free_arc(-1) {}

    Node addNode() {
      LEMON_ASSERT(false,
        "This graph structure does not support node insertion");
      return INVALID; // avoid warning
    }

    Edge addEdge(const Node& u, const Node& v) {
      int n;

      if (first_free_arc == -1) {
        n = arcs.size();
        arcs.push_back(ArcT());
        arcs.push_back(ArcT());
      } else {
        n = first_free_arc;
        first_free_arc = arcs[n].next_out;
      }

      arcs[n].target = u;
      arcs[n | 1].target = v;

      arcs[n].next_out = (*_nodes)[v].first_out;
      if ((*_nodes)[v].first_out != -1) {
        arcs[(*_nodes)[v].first_out].prev_out = n;
      }
      (*_nodes)[v].first_out = n;
      arcs[n].prev_out = -1;

      if ((*_nodes)[u].first_out != -1) {
        arcs[(*_nodes)[u].first_out].prev_out = (n | 1);
      }
      arcs[n | 1].next_out = (*_nodes)[u].first_out;
      (*_nodes)[u].first_out = (n | 1);
      arcs[n | 1].prev_out = -1;

      return Edge(n / 2);
    }

    void erase(const Edge& arc) {
      int n = arc.id * 2;

      if (arcs[n].next_out != -1) {
        arcs[arcs[n].next_out].prev_out = arcs[n].prev_out;
      }

      if (arcs[n].prev_out != -1) {
        arcs[arcs[n].prev_out].next_out = arcs[n].next_out;
      } else {
        (*_nodes)[arcs[n | 1].target].first_out = arcs[n].next_out;
      }

      if (arcs[n | 1].next_out != -1) {
        arcs[arcs[n | 1].next_out].prev_out = arcs[n | 1].prev_out;
      }

      if (arcs[n | 1].prev_out != -1) {
        arcs[arcs[n | 1].prev_out].next_out = arcs[n | 1].next_out;
      } else {
        (*_nodes)[arcs[n].target].first_out = arcs[n | 1].next_out;
      }

      arcs[n].next_out = first_free_arc;
      first_free_arc = n;

    }

    void clear() {
      Node node;
      for (first(node); node != INVALID; next(node)) {
        (*_nodes)[node].first_out = -1;
      }
      arcs.clear();
      first_arc = -1;
      first_free_arc = -1;
    }

    void first(Node& node) const {
      _graph->first(node);
    }

    void next(Node& node) const {
      _graph->next(node);
    }

    void first(Arc& arc) const {
      Node node;
      first(node);
      while (node != INVALID && (*_nodes)[node].first_out == -1) {
        next(node);
      }
      arc.id = (node == INVALID) ? -1 : (*_nodes)[node].first_out;
    }

    void next(Arc& arc) const {
      if (arcs[arc.id].next_out != -1) {
        arc.id = arcs[arc.id].next_out;
      } else {
        Node node = arcs[arc.id ^ 1].target;
        next(node);
        while(node != INVALID && (*_nodes)[node].first_out == -1) {
          next(node);
        }
        arc.id = (node == INVALID) ? -1 : (*_nodes)[node].first_out;
      }
    }

    void first(Edge& edge) const {
      Node node;
      first(node);
      while (node != INVALID) {
        edge.id = (*_nodes)[node].first_out;
        while ((edge.id & 1) != 1) {
          edge.id = arcs[edge.id].next_out;
        }
        if (edge.id != -1) {
          edge.id /= 2;
          return;
        }
        next(node);
      }
      edge.id = -1;
    }

    void next(Edge& edge) const {
      Node node = arcs[edge.id * 2].target;
      edge.id = arcs[(edge.id * 2) | 1].next_out;
      while ((edge.id & 1) != 1) {
        edge.id = arcs[edge.id].next_out;
      }
      if (edge.id != -1) {
        edge.id /= 2;
        return;
      }
      next(node);
      while (node != INVALID) {
        edge.id = (*_nodes)[node].first_out;
        while ((edge.id & 1) != 1) {
          edge.id = arcs[edge.id].next_out;
        }
        if (edge.id != -1) {
          edge.id /= 2;
          return;
        }
        next(node);
      }
      edge.id = -1;
    }

    void firstOut(Arc& arc, const Node& node) const {
      arc.id = (*_nodes)[node].first_out;
    }

    void nextOut(Arc& arc) const {
      arc.id = arcs[arc.id].next_out;
    }

    void firstIn(Arc& arc, const Node& node) const {
      arc.id = (((*_nodes)[node].first_out) ^ 1);
      if (arc.id == -2) arc.id = -1;
    }

    void nextIn(Arc& arc) const {
      arc.id = ((arcs[arc.id ^ 1].next_out) ^ 1);
      if (arc.id == -2) arc.id = -1;
    }

    void firstInc(Edge &arc, bool& dir, const Node& node) const {
      int de = (*_nodes)[node].first_out;
      if (de != -1 ) {
        arc.id = de / 2;
        dir = ((de & 1) == 1);
      } else {
        arc.id = -1;
        dir = true;
      }
    }
    void nextInc(Edge &arc, bool& dir) const {
      int de = (arcs[(arc.id * 2) | (dir ? 1 : 0)].next_out);
      if (de != -1 ) {
        arc.id = de / 2;
        dir = ((de & 1) == 1);
      } else {
        arc.id = -1;
        dir = true;
      }
    }

    static bool direction(Arc arc) {
      return (arc.id & 1) == 1;
    }

    static Arc direct(Edge edge, bool dir) {
      return Arc(edge.id * 2 + (dir ? 1 : 0));
    }

    int id(const Node& node) const { return _graph->id(node); }
    static int id(Arc e) { return e.id; }
    static int id(Edge e) { return e.id; }

    Node nodeFromId(int id) const { return _graph->nodeFromId(id); }
    static Arc arcFromId(int id) { return Arc(id);}
    static Edge edgeFromId(int id) { return Edge(id);}

    int maxNodeId() const { return _graph->maxNodeId(); };
    int maxEdgeId() const { return arcs.size() / 2 - 1; }
    int maxArcId() const { return arcs.size()-1; }

    Node source(Arc e) const { return arcs[e.id ^ 1].target; }
    Node target(Arc e) const { return arcs[e.id].target; }

    Node u(Edge e) const { return arcs[2 * e.id].target; }
    Node v(Edge e) const { return arcs[2 * e.id + 1].target; }

    typedef typename ItemSetTraits<GR, Node>::ItemNotifier NodeNotifier;

    NodeNotifier& notifier(Node) const {
      return _graph->notifier(Node());
    }

    template <typename V>
    class NodeMap : public GR::template NodeMap<V> {
      typedef typename GR::template NodeMap<V> Parent;

    public:

      explicit NodeMap(const ListEdgeSetBase<GR>& arcset)
        : Parent(*arcset._graph) {}

      NodeMap(const ListEdgeSetBase<GR>& arcset, const V& value)
        : Parent(*arcset._graph, value) {}

      NodeMap& operator=(const NodeMap& cmap) {
        return operator=<NodeMap>(cmap);
      }

      template <typename CMap>
      NodeMap& operator=(const CMap& cmap) {
        Parent::operator=(cmap);
        return *this;
      }
    };

  };

  /// \ingroup graphs
  ///
  /// \brief Graph using a node set of another digraph or graph and an
  /// own edge set.
  ///
  /// This structure can be used to establish another graph over a
  /// node set of an existing one. This class uses the same Node type
  /// as the underlying graph, and each valid node of the original
  /// graph is valid in this arc set, therefore the node objects of
  /// the original graph can be used directly with this class. The
  /// node handling functions (id handling, observing, and iterators)
  /// works equivalently as in the original graph.
  ///
  /// This implementation is based on doubly-linked lists, from each
  /// node the incident edges make up lists, therefore one edge can be
  /// erased in constant time. It also makes possible, that node can
  /// be removed from the underlying graph, in this case all edges
  /// incident to the given node is erased from the arc set.
  ///
  /// This class fully conforms to the \ref concepts::Graph "Graph"
  /// concept.
  /// It provides only linear time counting for nodes, edges and arcs.
  ///
  /// \param GR The type of the graph which shares its node set
  /// with this class. Its interface must conform to the
  /// \ref concepts::Digraph "Digraph" or \ref concepts::Graph "Graph"
  /// concept.
  template <typename GR>
  class ListEdgeSet : public EdgeSetExtender<ListEdgeSetBase<GR> > {
    typedef EdgeSetExtender<ListEdgeSetBase<GR> > Parent;

  public:

    typedef typename Parent::Node Node;
    typedef typename Parent::Arc Arc;
    typedef typename Parent::Edge Edge;

    typedef typename Parent::NodesImplBase NodesImplBase;

    void eraseNode(const Node& node) {
      Arc arc;
      Parent::firstOut(arc, node);
      while (arc != INVALID ) {
        erase(arc);
        Parent::firstOut(arc, node);
      }

    }

    void clearNodes() {
      Parent::clear();
    }

    class NodesImpl : public NodesImplBase {
      typedef NodesImplBase Parent;

    public:
      NodesImpl(const GR& graph, ListEdgeSet& arcset)
        : Parent(graph), _arcset(arcset) {}

      virtual ~NodesImpl() {}

    protected:

      virtual void erase(const Node& node) {
        _arcset.eraseNode(node);
        Parent::erase(node);
      }
      virtual void erase(const std::vector<Node>& nodes) {
        for (int i = 0; i < int(nodes.size()); ++i) {
          _arcset.eraseNode(nodes[i]);
        }
        Parent::erase(nodes);
      }
      virtual void clear() {
        _arcset.clearNodes();
        Parent::clear();
      }

    private:
      ListEdgeSet& _arcset;
    };

    NodesImpl _nodes;

  public:

    /// \brief Constructor of the EdgeSet.
    ///
    /// Constructor of the EdgeSet.
    ListEdgeSet(const GR& graph) : _nodes(graph, *this) {
      Parent::initalize(graph, _nodes);
    }

    /// \brief Add a new edge to the graph.
    ///
    /// Add a new edge to the graph with node \c u
    /// and node \c v endpoints.
    /// \return The new edge.
    Edge addEdge(const Node& u, const Node& v) {
      return Parent::addEdge(u, v);
    }

    /// \brief Erase an edge from the graph.
    ///
    /// Erase the edge \c e from the graph.
    void erase(const Edge& e) {
      return Parent::erase(e);
    }

  };

  template <typename GR>
  class SmartArcSetBase {
  public:

    typedef typename GR::Node Node;
    typedef typename GR::NodeIt NodeIt;

  protected:

    struct NodeT {
      int first_out, first_in;
      NodeT() : first_out(-1), first_in(-1) {}
    };

    typedef typename ItemSetTraits<GR, Node>::
    template Map<NodeT>::Type NodesImplBase;

    NodesImplBase* _nodes;

    struct ArcT {
      Node source, target;
      int next_out, next_in;
      ArcT() {}
    };

    std::vector<ArcT> arcs;

    const GR* _graph;

    void initalize(const GR& graph, NodesImplBase& nodes) {
      _graph = &graph;
      _nodes = &nodes;
    }

  public:

    class Arc {
      friend class SmartArcSetBase<GR>;
    protected:
      Arc(int _id) : id(_id) {}
      int id;
    public:
      Arc() {}
      Arc(Invalid) : id(-1) {}
      bool operator==(const Arc& arc) const { return id == arc.id; }
      bool operator!=(const Arc& arc) const { return id != arc.id; }
      bool operator<(const Arc& arc) const { return id < arc.id; }
    };

    SmartArcSetBase() {}

    Node addNode() {
      LEMON_ASSERT(false,
        "This graph structure does not support node insertion");
      return INVALID; // avoid warning
    }

    Arc addArc(const Node& u, const Node& v) {
      int n = arcs.size();
      arcs.push_back(ArcT());
      arcs[n].next_in = (*_nodes)[v].first_in;
      (*_nodes)[v].first_in = n;
      arcs[n].next_out = (*_nodes)[u].first_out;
      (*_nodes)[u].first_out = n;
      arcs[n].source = u;
      arcs[n].target = v;
      return Arc(n);
    }

    void clear() {
      Node node;
      for (first(node); node != INVALID; next(node)) {
        (*_nodes)[node].first_in = -1;
        (*_nodes)[node].first_out = -1;
      }
      arcs.clear();
    }

    void first(Node& node) const {
      _graph->first(node);
    }

    void next(Node& node) const {
      _graph->next(node);
    }

    void first(Arc& arc) const {
      arc.id = arcs.size() - 1;
    }

    static void next(Arc& arc) {
      --arc.id;
    }

    void firstOut(Arc& arc, const Node& node) const {
      arc.id = (*_nodes)[node].first_out;
    }

    void nextOut(Arc& arc) const {
      arc.id = arcs[arc.id].next_out;
    }

    void firstIn(Arc& arc, const Node& node) const {
      arc.id = (*_nodes)[node].first_in;
    }

    void nextIn(Arc& arc) const {
      arc.id = arcs[arc.id].next_in;
    }

    int id(const Node& node) const { return _graph->id(node); }
    int id(const Arc& arc) const { return arc.id; }

    Node nodeFromId(int ix) const { return _graph->nodeFromId(ix); }
    Arc arcFromId(int ix) const { return Arc(ix); }

    int maxNodeId() const { return _graph->maxNodeId(); };
    int maxArcId() const { return arcs.size() - 1; }

    Node source(const Arc& arc) const { return arcs[arc.id].source;}
    Node target(const Arc& arc) const { return arcs[arc.id].target;}

    typedef typename ItemSetTraits<GR, Node>::ItemNotifier NodeNotifier;

    NodeNotifier& notifier(Node) const {
      return _graph->notifier(Node());
    }

    template <typename V>
    class NodeMap : public GR::template NodeMap<V> {
      typedef typename GR::template NodeMap<V> Parent;

    public:

      explicit NodeMap(const SmartArcSetBase<GR>& arcset)
        : Parent(*arcset._graph) { }

      NodeMap(const SmartArcSetBase<GR>& arcset, const V& value)
        : Parent(*arcset._graph, value) { }

      NodeMap& operator=(const NodeMap& cmap) {
        return operator=<NodeMap>(cmap);
      }

      template <typename CMap>
      NodeMap& operator=(const CMap& cmap) {
        Parent::operator=(cmap);
        return *this;
      }
    };

  };


  /// \ingroup graphs
  ///
  /// \brief Digraph using a node set of another digraph or graph and
  /// an own arc set.
  ///
  /// This structure can be used to establish another directed graph
  /// over a node set of an existing one. This class uses the same
  /// Node type as the underlying graph, and each valid node of the
  /// original graph is valid in this arc set, therefore the node
  /// objects of the original graph can be used directly with this
  /// class. The node handling functions (id handling, observing, and
  /// iterators) works equivalently as in the original graph.
  ///
  /// \param GR The type of the graph which shares its node set with
  /// this class. Its interface must conform to the
  /// \ref concepts::Digraph "Digraph" or \ref concepts::Graph "Graph"
  /// concept.
  ///
  /// This implementation is slightly faster than the \c ListArcSet,
  /// because it uses continuous storage for arcs and it uses just
  /// single-linked lists for enumerate outgoing and incoming
  /// arcs. Therefore the arcs cannot be erased from the arc sets.
  ///
  /// This class fully conforms to the \ref concepts::Digraph "Digraph"
  /// concept.
  /// It provides only linear time counting for nodes and arcs.
  ///
  /// \warning If a node is erased from the underlying graph and this
  /// node is the source or target of one arc in the arc set, then
  /// the arc set is invalidated, and it cannot be used anymore. The
  /// validity can be checked with the \c valid() member function.
  template <typename GR>
  class SmartArcSet : public ArcSetExtender<SmartArcSetBase<GR> > {
    typedef ArcSetExtender<SmartArcSetBase<GR> > Parent;

  public:

    typedef typename Parent::Node Node;
    typedef typename Parent::Arc Arc;

  protected:

    typedef typename Parent::NodesImplBase NodesImplBase;

    void eraseNode(const Node& node) {
      if (typename Parent::InArcIt(*this, node) == INVALID &&
          typename Parent::OutArcIt(*this, node) == INVALID) {
        return;
      }
      throw typename NodesImplBase::Notifier::ImmediateDetach();
    }

    void clearNodes() {
      Parent::clear();
    }

    class NodesImpl : public NodesImplBase {
      typedef NodesImplBase Parent;

    public:
      NodesImpl(const GR& graph, SmartArcSet& arcset)
        : Parent(graph), _arcset(arcset) {}

      virtual ~NodesImpl() {}

      bool attached() const {
        return Parent::attached();
      }

    protected:

      virtual void erase(const Node& node) {
        try {
          _arcset.eraseNode(node);
          Parent::erase(node);
        } catch (const typename NodesImplBase::Notifier::ImmediateDetach&) {
          Parent::clear();
          throw;
        }
      }
      virtual void erase(const std::vector<Node>& nodes) {
        try {
          for (int i = 0; i < int(nodes.size()); ++i) {
            _arcset.eraseNode(nodes[i]);
          }
          Parent::erase(nodes);
        } catch (const typename NodesImplBase::Notifier::ImmediateDetach&) {
          Parent::clear();
          throw;
        }
      }
      virtual void clear() {
        _arcset.clearNodes();
        Parent::clear();
      }

    private:
      SmartArcSet& _arcset;
    };

    NodesImpl _nodes;

  public:

    /// \brief Constructor of the ArcSet.
    ///
    /// Constructor of the ArcSet.
    SmartArcSet(const GR& graph) : _nodes(graph, *this) {
      Parent::initalize(graph, _nodes);
    }

    /// \brief Add a new arc to the digraph.
    ///
    /// Add a new arc to the digraph with source node \c s
    /// and target node \c t.
    /// \return The new arc.
    Arc addArc(const Node& s, const Node& t) {
      return Parent::addArc(s, t);
    }

    /// \brief Validity check
    ///
    /// This functions gives back false if the ArcSet is
    /// invalidated. It occurs when a node in the underlying graph is
    /// erased and it is not isolated in the ArcSet.
    bool valid() const {
      return _nodes.attached();
    }

  };


  template <typename GR>
  class SmartEdgeSetBase {
  public:

    typedef typename GR::Node Node;
    typedef typename GR::NodeIt NodeIt;

  protected:

    struct NodeT {
      int first_out;
      NodeT() : first_out(-1) {}
    };

    typedef typename ItemSetTraits<GR, Node>::
    template Map<NodeT>::Type NodesImplBase;

    NodesImplBase* _nodes;

    struct ArcT {
      Node target;
      int next_out;
      ArcT() {}
    };

    std::vector<ArcT> arcs;

    const GR* _graph;

    void initalize(const GR& graph, NodesImplBase& nodes) {
      _graph = &graph;
      _nodes = &nodes;
    }

  public:

    class Edge {
      friend class SmartEdgeSetBase;
    protected:

      int id;
      explicit Edge(int _id) { id = _id;}

    public:
      Edge() {}
      Edge (Invalid) { id = -1; }
      bool operator==(const Edge& arc) const {return id == arc.id;}
      bool operator!=(const Edge& arc) const {return id != arc.id;}
      bool operator<(const Edge& arc) const {return id < arc.id;}
    };

    class Arc {
      friend class SmartEdgeSetBase;
    protected:
      Arc(int _id) : id(_id) {}
      int id;
    public:
      operator Edge() const { return edgeFromId(id / 2); }

      Arc() {}
      Arc(Invalid) : id(-1) {}
      bool operator==(const Arc& arc) const { return id == arc.id; }
      bool operator!=(const Arc& arc) const { return id != arc.id; }
      bool operator<(const Arc& arc) const { return id < arc.id; }
    };

    SmartEdgeSetBase() {}

    Node addNode() {
      LEMON_ASSERT(false,
        "This graph structure does not support node insertion");
      return INVALID; // avoid warning
    }

    Edge addEdge(const Node& u, const Node& v) {
      int n = arcs.size();
      arcs.push_back(ArcT());
      arcs.push_back(ArcT());

      arcs[n].target = u;
      arcs[n | 1].target = v;

      arcs[n].next_out = (*_nodes)[v].first_out;
      (*_nodes)[v].first_out = n;

      arcs[n | 1].next_out = (*_nodes)[u].first_out;
      (*_nodes)[u].first_out = (n | 1);

      return Edge(n / 2);
    }

    void clear() {
      Node node;
      for (first(node); node != INVALID; next(node)) {
        (*_nodes)[node].first_out = -1;
      }
      arcs.clear();
    }

    void first(Node& node) const {
      _graph->first(node);
    }

    void next(Node& node) const {
      _graph->next(node);
    }

    void first(Arc& arc) const {
      arc.id = arcs.size() - 1;
    }

    static void next(Arc& arc) {
      --arc.id;
    }

    void first(Edge& arc) const {
      arc.id = arcs.size() / 2 - 1;
    }

    static void next(Edge& arc) {
      --arc.id;
    }

    void firstOut(Arc& arc, const Node& node) const {
      arc.id = (*_nodes)[node].first_out;
    }

    void nextOut(Arc& arc) const {
      arc.id = arcs[arc.id].next_out;
    }

    void firstIn(Arc& arc, const Node& node) const {
      arc.id = (((*_nodes)[node].first_out) ^ 1);
      if (arc.id == -2) arc.id = -1;
    }

    void nextIn(Arc& arc) const {
      arc.id = ((arcs[arc.id ^ 1].next_out) ^ 1);
      if (arc.id == -2) arc.id = -1;
    }

    void firstInc(Edge &arc, bool& dir, const Node& node) const {
      int de = (*_nodes)[node].first_out;
      if (de != -1 ) {
        arc.id = de / 2;
        dir = ((de & 1) == 1);
      } else {
        arc.id = -1;
        dir = true;
      }
    }
    void nextInc(Edge &arc, bool& dir) const {
      int de = (arcs[(arc.id * 2) | (dir ? 1 : 0)].next_out);
      if (de != -1 ) {
        arc.id = de / 2;
        dir = ((de & 1) == 1);
      } else {
        arc.id = -1;
        dir = true;
      }
    }

    static bool direction(Arc arc) {
      return (arc.id & 1) == 1;
    }

    static Arc direct(Edge edge, bool dir) {
      return Arc(edge.id * 2 + (dir ? 1 : 0));
    }

    int id(Node node) const { return _graph->id(node); }
    static int id(Arc arc) { return arc.id; }
    static int id(Edge arc) { return arc.id; }

    Node nodeFromId(int id) const { return _graph->nodeFromId(id); }
    static Arc arcFromId(int id) { return Arc(id); }
    static Edge edgeFromId(int id) { return Edge(id);}

    int maxNodeId() const { return _graph->maxNodeId(); };
    int maxArcId() const { return arcs.size() - 1; }
    int maxEdgeId() const { return arcs.size() / 2 - 1; }

    Node source(Arc e) const { return arcs[e.id ^ 1].target; }
    Node target(Arc e) const { return arcs[e.id].target; }

    Node u(Edge e) const { return arcs[2 * e.id].target; }
    Node v(Edge e) const { return arcs[2 * e.id + 1].target; }

    typedef typename ItemSetTraits<GR, Node>::ItemNotifier NodeNotifier;

    NodeNotifier& notifier(Node) const {
      return _graph->notifier(Node());
    }

    template <typename V>
    class NodeMap : public GR::template NodeMap<V> {
      typedef typename GR::template NodeMap<V> Parent;

    public:

      explicit NodeMap(const SmartEdgeSetBase<GR>& arcset)
        : Parent(*arcset._graph) { }

      NodeMap(const SmartEdgeSetBase<GR>& arcset, const V& value)
        : Parent(*arcset._graph, value) { }

      NodeMap& operator=(const NodeMap& cmap) {
        return operator=<NodeMap>(cmap);
      }

      template <typename CMap>
      NodeMap& operator=(const CMap& cmap) {
        Parent::operator=(cmap);
        return *this;
      }
    };

  };

  /// \ingroup graphs
  ///
  /// \brief Graph using a node set of another digraph or graph and an
  /// own edge set.
  ///
  /// This structure can be used to establish another graph over a
  /// node set of an existing one. This class uses the same Node type
  /// as the underlying graph, and each valid node of the original
  /// graph is valid in this arc set, therefore the node objects of
  /// the original graph can be used directly with this class. The
  /// node handling functions (id handling, observing, and iterators)
  /// works equivalently as in the original graph.
  ///
  /// \param GR The type of the graph which shares its node set
  /// with this class. Its interface must conform to the
  /// \ref concepts::Digraph "Digraph" or \ref concepts::Graph "Graph"
  ///  concept.
  ///
  /// This implementation is slightly faster than the \c ListEdgeSet,
  /// because it uses continuous storage for edges and it uses just
  /// single-linked lists for enumerate incident edges. Therefore the
  /// edges cannot be erased from the edge sets.
  ///
  /// This class fully conforms to the \ref concepts::Graph "Graph"
  /// concept.
  /// It provides only linear time counting for nodes, edges and arcs.
  ///
  /// \warning If a node is erased from the underlying graph and this
  /// node is incident to one edge in the edge set, then the edge set
  /// is invalidated, and it cannot be used anymore. The validity can
  /// be checked with the \c valid() member function.
  template <typename GR>
  class SmartEdgeSet : public EdgeSetExtender<SmartEdgeSetBase<GR> > {
    typedef EdgeSetExtender<SmartEdgeSetBase<GR> > Parent;

  public:

    typedef typename Parent::Node Node;
    typedef typename Parent::Arc Arc;
    typedef typename Parent::Edge Edge;

  protected:

    typedef typename Parent::NodesImplBase NodesImplBase;

    void eraseNode(const Node& node) {
      if (typename Parent::IncEdgeIt(*this, node) == INVALID) {
        return;
      }
      throw typename NodesImplBase::Notifier::ImmediateDetach();
    }

    void clearNodes() {
      Parent::clear();
    }

    class NodesImpl : public NodesImplBase {
      typedef NodesImplBase Parent;

    public:
      NodesImpl(const GR& graph, SmartEdgeSet& arcset)
        : Parent(graph), _arcset(arcset) {}

      virtual ~NodesImpl() {}

      bool attached() const {
        return Parent::attached();
      }

    protected:

      virtual void erase(const Node& node) {
        try {
          _arcset.eraseNode(node);
          Parent::erase(node);
        } catch (const typename NodesImplBase::Notifier::ImmediateDetach&) {
          Parent::clear();
          throw;
        }
      }
      virtual void erase(const std::vector<Node>& nodes) {
        try {
          for (int i = 0; i < int(nodes.size()); ++i) {
            _arcset.eraseNode(nodes[i]);
          }
          Parent::erase(nodes);
        } catch (const typename NodesImplBase::Notifier::ImmediateDetach&) {
          Parent::clear();
          throw;
        }
      }
      virtual void clear() {
        _arcset.clearNodes();
        Parent::clear();
      }

    private:
      SmartEdgeSet& _arcset;
    };

    NodesImpl _nodes;

  public:

    /// \brief Constructor of the EdgeSet.
    ///
    /// Constructor of the EdgeSet.
    SmartEdgeSet(const GR& graph) : _nodes(graph, *this) {
      Parent::initalize(graph, _nodes);
    }

    /// \brief Add a new edge to the graph.
    ///
    /// Add a new edge to the graph with node \c u
    /// and node \c v endpoints.
    /// \return The new edge.
    Edge addEdge(const Node& u, const Node& v) {
      return Parent::addEdge(u, v);
    }

    /// \brief Validity check
    ///
    /// This functions gives back false if the EdgeSet is
    /// invalidated. It occurs when a node in the underlying graph is
    /// erased and it is not isolated in the EdgeSet.
    bool valid() const {
      return _nodes.attached();
    }

  };

}

#endif
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#ifndef LEMON_BITS_EDGE_SET_EXTENDER_H
#define LEMON_BITS_EDGE_SET_EXTENDER_H

#include <lemon/core.h>
#include <lemon/error.h>
#include <lemon/bits/default_map.h>
#include <lemon/bits/map_extender.h>

//\ingroup digraphbits
//\file
//\brief Extenders for the arc set types
namespace lemon {

  // \ingroup digraphbits
  //
  // \brief Extender for the ArcSets
  template <typename Base>
  class ArcSetExtender : public Base {
    typedef Base Parent;

  public:

    typedef ArcSetExtender Digraph;

    // Base extensions

    typedef typename Parent::Node Node;
    typedef typename Parent::Arc Arc;

    int maxId(Node) const {
      return Parent::maxNodeId();
    }

    int maxId(Arc) const {
      return Parent::maxArcId();
    }

    Node fromId(int id, Node) const {
      return Parent::nodeFromId(id);
    }

    Arc fromId(int id, Arc) const {
      return Parent::arcFromId(id);
    }

    Node oppositeNode(const Node &n, const Arc &e) const {
      if (n == Parent::source(e))
        return Parent::target(e);
      else if(n==Parent::target(e))
        return Parent::source(e);
      else
        return INVALID;
    }


    // Alteration notifier extensions

    // The arc observer registry.
    typedef AlterationNotifier<ArcSetExtender, Arc> ArcNotifier;

  protected:

    mutable ArcNotifier arc_notifier;

  public:

    using Parent::notifier;

    // Gives back the arc alteration notifier.
    ArcNotifier& notifier(Arc) const {
      return arc_notifier;
    }

    // Iterable extensions

    class NodeIt : public Node {
      const Digraph* digraph;
    public:

      NodeIt() {}

      NodeIt(Invalid i) : Node(i) { }

      explicit NodeIt(const Digraph& _graph) : digraph(&_graph) {
        _graph.first(static_cast<Node&>(*this));
      }

      NodeIt(const Digraph& _graph, const Node& node)
        : Node(node), digraph(&_graph) {}

      NodeIt& operator++() {
        digraph->next(*this);
        return *this;
      }

    };


    class ArcIt : public Arc {
      const Digraph* digraph;
    public:

      ArcIt() { }

      ArcIt(Invalid i) : Arc(i) { }

      explicit ArcIt(const Digraph& _graph) : digraph(&_graph) {
        _graph.first(static_cast<Arc&>(*this));
      }

      ArcIt(const Digraph& _graph, const Arc& e) :
        Arc(e), digraph(&_graph) { }

      ArcIt& operator++() {
        digraph->next(*this);
        return *this;
      }

    };


    class OutArcIt : public Arc {
      const Digraph* digraph;
    public:

      OutArcIt() { }

      OutArcIt(Invalid i) : Arc(i) { }

      OutArcIt(const Digraph& _graph, const Node& node)
        : digraph(&_graph) {
        _graph.firstOut(*this, node);
      }

      OutArcIt(const Digraph& _graph, const Arc& arc)
        : Arc(arc), digraph(&_graph) {}

      OutArcIt& operator++() {
        digraph->nextOut(*this);
        return *this;
      }

    };


    class InArcIt : public Arc {
      const Digraph* digraph;
    public:

      InArcIt() { }

      InArcIt(Invalid i) : Arc(i) { }

      InArcIt(const Digraph& _graph, const Node& node)
        : digraph(&_graph) {
        _graph.firstIn(*this, node);
      }

      InArcIt(const Digraph& _graph, const Arc& arc) :
        Arc(arc), digraph(&_graph) {}

      InArcIt& operator++() {
        digraph->nextIn(*this);
        return *this;
      }

    };

    // \brief Base node of the iterator
    //
    // Returns the base node (ie. the source in this case) of the iterator
    Node baseNode(const OutArcIt &e) const {
      return Parent::source(static_cast<const Arc&>(e));
    }
    // \brief Running node of the iterator
    //
    // Returns the running node (ie. the target in this case) of the
    // iterator
    Node runningNode(const OutArcIt &e) const {
      return Parent::target(static_cast<const Arc&>(e));
    }

    // \brief Base node of the iterator
    //
    // Returns the base node (ie. the target in this case) of the iterator
    Node baseNode(const InArcIt &e) const {
      return Parent::target(static_cast<const Arc&>(e));
    }
    // \brief Running node of the iterator
    //
    // Returns the running node (ie. the source in this case) of the
    // iterator
    Node runningNode(const InArcIt &e) const {
      return Parent::source(static_cast<const Arc&>(e));
    }

    using Parent::first;

    // Mappable extension

    template <typename _Value>
    class ArcMap
      : public MapExtender<DefaultMap<Digraph, Arc, _Value> > {
      typedef MapExtender<DefaultMap<Digraph, Arc, _Value> > Parent;

    public:
      explicit ArcMap(const Digraph& _g)
        : Parent(_g) {}
      ArcMap(const Digraph& _g, const _Value& _v)
        : Parent(_g, _v) {}

      ArcMap& operator=(const ArcMap& cmap) {
        return operator=<ArcMap>(cmap);
      }

      template <typename CMap>
      ArcMap& operator=(const CMap& cmap) {
        Parent::operator=(cmap);
        return *this;
      }

    };


    // Alteration extension

    Arc addArc(const Node& from, const Node& to) {
      Arc arc = Parent::addArc(from, to);
      notifier(Arc()).add(arc);
      return arc;
    }

    void clear() {
      notifier(Arc()).clear();
      Parent::clear();
    }

    void erase(const Arc& arc) {
      notifier(Arc()).erase(arc);
      Parent::erase(arc);
    }

    ArcSetExtender() {
      arc_notifier.setContainer(*this);
    }

    ~ArcSetExtender() {
      arc_notifier.clear();
    }

  };


  // \ingroup digraphbits
  //
  // \brief Extender for the EdgeSets
  template <typename Base>
  class EdgeSetExtender : public Base {
    typedef Base Parent;

  public:

    typedef EdgeSetExtender Graph;

    typedef True UndirectedTag;

    typedef typename Parent::Node Node;
    typedef typename Parent::Arc Arc;
    typedef typename Parent::Edge Edge;

    int maxId(Node) const {
      return Parent::maxNodeId();
    }

    int maxId(Arc) const {
      return Parent::maxArcId();
    }

    int maxId(Edge) const {
      return Parent::maxEdgeId();
    }

    Node fromId(int id, Node) const {
      return Parent::nodeFromId(id);
    }

    Arc fromId(int id, Arc) const {
      return Parent::arcFromId(id);
    }

    Edge fromId(int id, Edge) const {
      return Parent::edgeFromId(id);
    }

    Node oppositeNode(const Node &n, const Edge &e) const {
      if( n == Parent::u(e))
        return Parent::v(e);
      else if( n == Parent::v(e))
        return Parent::u(e);
      else
        return INVALID;
    }

    Arc oppositeArc(const Arc &e) const {
      return Parent::direct(e, !Parent::direction(e));
    }

    using Parent::direct;
    Arc direct(const Edge &e, const Node &s) const {
      return Parent::direct(e, Parent::u(e) == s);
    }

    typedef AlterationNotifier<EdgeSetExtender, Arc> ArcNotifier;
    typedef AlterationNotifier<EdgeSetExtender, Edge> EdgeNotifier;


  protected:

    mutable ArcNotifier arc_notifier;
    mutable EdgeNotifier edge_notifier;

  public:

    using Parent::notifier;

    ArcNotifier& notifier(Arc) const {
      return arc_notifier;
    }

    EdgeNotifier& notifier(Edge) const {
      return edge_notifier;
    }


    class NodeIt : public Node {
      const Graph* graph;
    public:

      NodeIt() {}

      NodeIt(Invalid i) : Node(i) { }

      explicit NodeIt(const Graph& _graph) : graph(&_graph) {
        _graph.first(static_cast<Node&>(*this));
      }

      NodeIt(const Graph& _graph, const Node& node)
        : Node(node), graph(&_graph) {}

      NodeIt& operator++() {
        graph->next(*this);
        return *this;
      }

    };


    class ArcIt : public Arc {
      const Graph* graph;
    public:

      ArcIt() { }

      ArcIt(Invalid i) : Arc(i) { }

      explicit ArcIt(const Graph& _graph) : graph(&_graph) {
        _graph.first(static_cast<Arc&>(*this));
      }

      ArcIt(const Graph& _graph, const Arc& e) :
        Arc(e), graph(&_graph) { }

      ArcIt& operator++() {
        graph->next(*this);
        return *this;
      }

    };


    class OutArcIt : public Arc {
      const Graph* graph;
    public:

      OutArcIt() { }

      OutArcIt(Invalid i) : Arc(i) { }

      OutArcIt(const Graph& _graph, const Node& node)
        : graph(&_graph) {
        _graph.firstOut(*this, node);
      }

      OutArcIt(const Graph& _graph, const Arc& arc)
        : Arc(arc), graph(&_graph) {}

      OutArcIt& operator++() {
        graph->nextOut(*this);
        return *this;
      }

    };


    class InArcIt : public Arc {
      const Graph* graph;
    public:

      InArcIt() { }

      InArcIt(Invalid i) : Arc(i) { }

      InArcIt(const Graph& _graph, const Node& node)
        : graph(&_graph) {
        _graph.firstIn(*this, node);
      }

      InArcIt(const Graph& _graph, const Arc& arc) :
        Arc(arc), graph(&_graph) {}

      InArcIt& operator++() {
        graph->nextIn(*this);
        return *this;
      }

    };


    class EdgeIt : public Parent::Edge {
      const Graph* graph;
    public:

      EdgeIt() { }

      EdgeIt(Invalid i) : Edge(i) { }

      explicit EdgeIt(const Graph& _graph) : graph(&_graph) {
        _graph.first(static_cast<Edge&>(*this));
      }

      EdgeIt(const Graph& _graph, const Edge& e) :
        Edge(e), graph(&_graph) { }

      EdgeIt& operator++() {
        graph->next(*this);
        return *this;
      }

    };

    class IncEdgeIt : public Parent::Edge {
      friend class EdgeSetExtender;
      const Graph* graph;
      bool direction;
    public:

      IncEdgeIt() { }

      IncEdgeIt(Invalid i) : Edge(i), direction(false) { }

      IncEdgeIt(const Graph& _graph, const Node &n) : graph(&_graph) {
        _graph.firstInc(*this, direction, n);
      }

      IncEdgeIt(const Graph& _graph, const Edge &ue, const Node &n)
        : graph(&_graph), Edge(ue) {
        direction = (_graph.source(ue) == n);
      }

      IncEdgeIt& operator++() {
        graph->nextInc(*this, direction);
        return *this;
      }
    };

    // \brief Base node of the iterator
    //
    // Returns the base node (ie. the source in this case) of the iterator
    Node baseNode(const OutArcIt &e) const {
      return Parent::source(static_cast<const Arc&>(e));
    }
    // \brief Running node of the iterator
    //
    // Returns the running node (ie. the target in this case) of the
    // iterator
    Node runningNode(const OutArcIt &e) const {
      return Parent::target(static_cast<const Arc&>(e));
    }

    // \brief Base node of the iterator
    //
    // Returns the base node (ie. the target in this case) of the iterator
    Node baseNode(const InArcIt &e) const {
      return Parent::target(static_cast<const Arc&>(e));
    }
    // \brief Running node of the iterator
    //
    // Returns the running node (ie. the source in this case) of the
    // iterator
    Node runningNode(const InArcIt &e) const {
      return Parent::source(static_cast<const Arc&>(e));
    }

    // Base node of the iterator
    //
    // Returns the base node of the iterator
    Node baseNode(const IncEdgeIt &e) const {
      return e.direction ? u(e) : v(e);
    }
    // Running node of the iterator
    //
    // Returns the running node of the iterator
    Node runningNode(const IncEdgeIt &e) const {
      return e.direction ? v(e) : u(e);
    }


    template <typename _Value>
    class ArcMap
      : public MapExtender<DefaultMap<Graph, Arc, _Value> > {
      typedef MapExtender<DefaultMap<Graph, Arc, _Value> > Parent;

    public:
      explicit ArcMap(const Graph& _g)
        : Parent(_g) {}
      ArcMap(const Graph& _g, const _Value& _v)
        : Parent(_g, _v) {}

      ArcMap& operator=(const ArcMap& cmap) {
        return operator=<ArcMap>(cmap);
      }

      template <typename CMap>
      ArcMap& operator=(const CMap& cmap) {
        Parent::operator=(cmap);
        return *this;
      }

    };


    template <typename _Value>
    class EdgeMap
      : public MapExtender<DefaultMap<Graph, Edge, _Value> > {
      typedef MapExtender<DefaultMap<Graph, Edge, _Value> > Parent;

    public:
      explicit EdgeMap(const Graph& _g)
        : Parent(_g) {}

      EdgeMap(const Graph& _g, const _Value& _v)
        : Parent(_g, _v) {}

      EdgeMap& operator=(const EdgeMap& cmap) {
        return operator=<EdgeMap>(cmap);
      }

      template <typename CMap>
      EdgeMap& operator=(const CMap& cmap) {
        Parent::operator=(cmap);
        return *this;
      }

    };


    // Alteration extension

    Edge addEdge(const Node& from, const Node& to) {
      Edge edge = Parent::addEdge(from, to);
      notifier(Edge()).add(edge);
      std::vector<Arc> arcs;
      arcs.push_back(Parent::direct(edge, true));
      arcs.push_back(Parent::direct(edge, false));
      notifier(Arc()).add(arcs);
      return edge;
    }

    void clear() {
      notifier(Arc()).clear();
      notifier(Edge()).clear();
      Parent::clear();
    }

    void erase(const Edge& edge) {
      std::vector<Arc> arcs;
      arcs.push_back(Parent::direct(edge, true));
      arcs.push_back(Parent::direct(edge, false));
      notifier(Arc()).erase(arcs);
      notifier(Edge()).erase(edge);
      Parent::erase(edge);
    }


    EdgeSetExtender() {
      arc_notifier.setContainer(*this);
      edge_notifier.setContainer(*this);
    }

    ~EdgeSetExtender() {
      edge_notifier.clear();
      arc_notifier.clear();
    }

  };

}

#endif
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/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2009
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_ELEVATOR_H
#define LEMON_ELEVATOR_H

///\ingroup auxdat
///\file
///\brief Elevator class
///
///Elevator class implements an efficient data structure
///for labeling items in push-relabel type algorithms.
///

#include <lemon/core.h>
#include <lemon/bits/traits.h>

namespace lemon {

  ///Class for handling "labels" in push-relabel type algorithms.

  ///A class for handling "labels" in push-relabel type algorithms.
  ///
  ///\ingroup auxdat
  ///Using this class you can assign "labels" (nonnegative integer numbers)
  ///to the edges or nodes of a graph, manipulate and query them through
  ///operations typically arising in "push-relabel" type algorithms.
  ///
  ///Each item is either \em active or not, and you can also choose a
  ///highest level active item.
  ///
  ///\sa LinkedElevator
  ///
  ///\param GR Type of the underlying graph.
  ///\param Item Type of the items the data is assigned to (\c GR::Node,
  ///\c GR::Arc or \c GR::Edge).
  template<class GR, class Item>
  class Elevator
  {
  public:

    typedef Item Key;
    typedef int Value;

  private:

    typedef Item *Vit;
    typedef typename ItemSetTraits<GR,Item>::template Map<Vit>::Type VitMap;
    typedef typename ItemSetTraits<GR,Item>::template Map<int>::Type IntMap;

    const GR &_g;
    int _max_level;
    int _item_num;
    VitMap _where;
    IntMap _level;
    std::vector<Item> _items;
    std::vector<Vit> _first;
    std::vector<Vit> _last_active;

    int _highest_active;

    void copy(Item i, Vit p)
    {
      _where[*p=i] = p;
    }
    void copy(Vit s, Vit p)
    {
      if(s!=p)
        {
          Item i=*s;
          *p=i;
          _where[i] = p;
        }
    }
    void swap(Vit i, Vit j)
    {
      Item ti=*i;
      Vit ct = _where[ti];
      _where[ti] = _where[*i=*j];
      _where[*j] = ct;
      *j=ti;
    }

  public:

    ///Constructor with given maximum level.

    ///Constructor with given maximum level.
    ///
    ///\param graph The underlying graph.
    ///\param max_level The maximum allowed level.
    ///Set the range of the possible labels to <tt>[0..max_level]</tt>.
    Elevator(const GR &graph,int max_level) :
      _g(graph),
      _max_level(max_level),
      _item_num(_max_level),
      _where(graph),
      _level(graph,0),
      _items(_max_level),
      _first(_max_level+2),
      _last_active(_max_level+2),
      _highest_active(-1) {}
    ///Constructor.

    ///Constructor.
    ///
    ///\param graph The underlying graph.
    ///Set the range of the possible labels to <tt>[0..max_level]</tt>,
    ///where \c max_level is equal to the number of labeled items in the graph.
    Elevator(const GR &graph) :
      _g(graph),
      _max_level(countItems<GR, Item>(graph)),
      _item_num(_max_level),
      _where(graph),
      _level(graph,0),
      _items(_max_level),
      _first(_max_level+2),
      _last_active(_max_level+2),
      _highest_active(-1)
    {
    }

    ///Activate item \c i.

    ///Activate item \c i.
    ///\pre Item \c i shouldn't be active before.
    void activate(Item i)
    {
      const int l=_level[i];
      swap(_where[i],++_last_active[l]);
      if(l>_highest_active) _highest_active=l;
    }

    ///Deactivate item \c i.

    ///Deactivate item \c i.
    ///\pre Item \c i must be active before.
    void deactivate(Item i)
    {
      swap(_where[i],_last_active[_level[i]]--);
      while(_highest_active>=0 &&
            _last_active[_highest_active]<_first[_highest_active])
        _highest_active--;
    }

    ///Query whether item \c i is active
    bool active(Item i) const { return _where[i]<=_last_active[_level[i]]; }

    ///Return the level of item \c i.
    int operator[](Item i) const { return _level[i]; }

    ///Return the number of items on level \c l.
    int onLevel(int l) const
    {
      return _first[l+1]-_first[l];
    }
    ///Return true if level \c l is empty.
    bool emptyLevel(int l) const
    {
      return _first[l+1]-_first[l]==0;
    }
    ///Return the number of items above level \c l.
    int aboveLevel(int l) const
    {
      return _first[_max_level+1]-_first[l+1];
    }
    ///Return the number of active items on level \c l.
    int activesOnLevel(int l) const
    {
      return _last_active[l]-_first[l]+1;
    }
    ///Return true if there is no active item on level \c l.
    bool activeFree(int l) const
    {
      return _last_active[l]<_first[l];
    }
    ///Return the maximum allowed level.
    int maxLevel() const
    {
      return _max_level;
    }

    ///\name Highest Active Item
    ///Functions for working with the highest level
    ///active item.

    ///@{

    ///Return a highest level active item.

    ///Return a highest level active item or INVALID if there is no active
    ///item.
    Item highestActive() const
    {
      return _highest_active>=0?*_last_active[_highest_active]:INVALID;
    }

    ///Return the highest active level.

    ///Return the level of the highest active item or -1 if there is no active
    ///item.
    int highestActiveLevel() const
    {
      return _highest_active;
    }

    ///Lift the highest active item by one.

    ///Lift the item returned by highestActive() by one.
    ///
    void liftHighestActive()
    {
      Item it = *_last_active[_highest_active];
      ++_level[it];
      swap(_last_active[_highest_active]--,_last_active[_highest_active+1]);
      --_first[++_highest_active];
    }

    ///Lift the highest active item to the given level.

    ///Lift the item returned by highestActive() to level \c new_level.
    ///
    ///\warning \c new_level must be strictly higher
    ///than the current level.
    ///
    void liftHighestActive(int new_level)
    {
      const Item li = *_last_active[_highest_active];

      copy(--_first[_highest_active+1],_last_active[_highest_active]--);
      for(int l=_highest_active+1;l<new_level;l++)
        {
          copy(--_first[l+1],_first[l]);
          --_last_active[l];
        }
      copy(li,_first[new_level]);
      _level[li] = new_level;
      _highest_active=new_level;
    }

    ///Lift the highest active item to the top level.

    ///Lift the item returned by highestActive() to the top level and
    ///deactivate it.
    void liftHighestActiveToTop()
    {
      const Item li = *_last_active[_highest_active];

      copy(--_first[_highest_active+1],_last_active[_highest_active]--);
      for(int l=_highest_active+1;l<_max_level;l++)
        {
          copy(--_first[l+1],_first[l]);
          --_last_active[l];
        }
      copy(li,_first[_max_level]);
      --_last_active[_max_level];
      _level[li] = _max_level;

      while(_highest_active>=0 &&
            _last_active[_highest_active]<_first[_highest_active])
        _highest_active--;
    }

    ///@}

    ///\name Active Item on Certain Level
    ///Functions for working with the active items.

    ///@{

    ///Return an active item on level \c l.

    ///Return an active item on level \c l or \ref INVALID if there is no such
    ///an item. (\c l must be from the range [0...\c max_level].
    Item activeOn(int l) const
    {
      return _last_active[l]>=_first[l]?*_last_active[l]:INVALID;
    }

    ///Lift the active item returned by \c activeOn(level) by one.

    ///Lift the active item returned by \ref activeOn() "activeOn(level)"
    ///by one.
    Item liftActiveOn(int level)
    {
      Item it =*_last_active[level];
      ++_level[it];
      swap(_last_active[level]--, --_first[level+1]);
      if (level+1>_highest_active) ++_highest_active;
    }

    ///Lift the active item returned by \c activeOn(level) to the given level.

    ///Lift the active item returned by \ref activeOn() "activeOn(level)"
    ///to the given level.
    void liftActiveOn(int level, int new_level)
    {
      const Item ai = *_last_active[level];

      copy(--_first[level+1], _last_active[level]--);
      for(int l=level+1;l<new_level;l++)
        {
          copy(_last_active[l],_first[l]);
          copy(--_first[l+1], _last_active[l]--);
        }
      copy(ai,_first[new_level]);
      _level[ai] = new_level;
      if (new_level>_highest_active) _highest_active=new_level;
    }

    ///Lift the active item returned by \c activeOn(level) to the top level.

    ///Lift the active item returned by \ref activeOn() "activeOn(level)"
    ///to the top level and deactivate it.
    void liftActiveToTop(int level)
    {
      const Item ai = *_last_active[level];

      copy(--_first[level+1],_last_active[level]--);
      for(int l=level+1;l<_max_level;l++)
        {
          copy(_last_active[l],_first[l]);
          copy(--_first[l+1], _last_active[l]--);
        }
      copy(ai,_first[_max_level]);
      --_last_active[_max_level];
      _level[ai] = _max_level;

      if (_highest_active==level) {
        while(_highest_active>=0 &&
              _last_active[_highest_active]<_first[_highest_active])
          _highest_active--;
      }
    }

    ///@}

    ///Lift an active item to a higher level.

    ///Lift an active item to a higher level.
    ///\param i The item to be lifted. It must be active.
    ///\param new_level The new level of \c i. It must be strictly higher
    ///than the current level.
    ///
    void lift(Item i, int new_level)
    {
      const int lo = _level[i];
      const Vit w = _where[i];

      copy(_last_active[lo],w);
      copy(--_first[lo+1],_last_active[lo]--);
      for(int l=lo+1;l<new_level;l++)
        {
          copy(_last_active[l],_first[l]);
          copy(--_first[l+1],_last_active[l]--);
        }
      copy(i,_first[new_level]);
      _level[i] = new_level;
      if(new_level>_highest_active) _highest_active=new_level;
    }

    ///Move an inactive item to the top but one level (in a dirty way).

    ///This function moves an inactive item from the top level to the top
    ///but one level (in a dirty way).
    ///\warning It makes the underlying datastructure corrupt, so use it
    ///only if you really know what it is for.
    ///\pre The item is on the top level.
    void dirtyTopButOne(Item i) {
      _level[i] = _max_level - 1;
    }

    ///Lift all items on and above the given level to the top level.

    ///This function lifts all items on and above level \c l to the top
    ///level and deactivates them.
    void liftToTop(int l)
    {
      const Vit f=_first[l];
      const Vit tl=_first[_max_level];
      for(Vit i=f;i!=tl;++i)
        _level[*i] = _max_level;
      for(int i=l;i<=_max_level;i++)
        {
          _first[i]=f;
          _last_active[i]=f-1;
        }
      for(_highest_active=l-1;
          _highest_active>=0 &&
            _last_active[_highest_active]<_first[_highest_active];
          _highest_active--) ;
    }

  private:
    int _init_lev;
    Vit _init_num;

  public:

    ///\name Initialization
    ///Using these functions you can initialize the levels of the items.
    ///\n
    ///The initialization must be started with calling \c initStart().
    ///Then the items should be listed level by level starting with the
    ///lowest one (level 0) using \c initAddItem() and \c initNewLevel().
    ///Finally \c initFinish() must be called.
    ///The items not listed are put on the highest level.
    ///@{

    ///Start the initialization process.
    void initStart()
    {
      _init_lev=0;
      _init_num=&_items[0];
      _first[0]=&_items[0];
      _last_active[0]=&_items[0]-1;
      Vit n=&_items[0];
      for(typename ItemSetTraits<GR,Item>::ItemIt i(_g);i!=INVALID;++i)
        {
          *n=i;
          _where[i] = n;
          _level[i] = _max_level;
          ++n;
        }
    }

    ///Add an item to the current level.
    void initAddItem(Item i)
    {
      swap(_where[i],_init_num);
      _level[i] = _init_lev;
      ++_init_num;
    }

    ///Start a new level.

    ///Start a new level.
    ///It shouldn't be used before the items on level 0 are listed.
    void initNewLevel()
    {
      _init_lev++;
      _first[_init_lev]=_init_num;
      _last_active[_init_lev]=_init_num-1;
    }

    ///Finalize the initialization process.
    void initFinish()
    {
      for(_init_lev++;_init_lev<=_max_level;_init_lev++)
        {
          _first[_init_lev]=_init_num;
          _last_active[_init_lev]=_init_num-1;
        }
      _first[_max_level+1]=&_items[0]+_item_num;
      _last_active[_max_level+1]=&_items[0]+_item_num-1;
      _highest_active = -1;
    }

    ///@}

  };

  ///Class for handling "labels" in push-relabel type algorithms.

  ///A class for handling "labels" in push-relabel type algorithms.
  ///
  ///\ingroup auxdat
  ///Using this class you can assign "labels" (nonnegative integer numbers)
  ///to the edges or nodes of a graph, manipulate and query them through
  ///operations typically arising in "push-relabel" type algorithms.
  ///
  ///Each item is either \em active or not, and you can also choose a
  ///highest level active item.
  ///
  ///\sa Elevator
  ///
  ///\param GR Type of the underlying graph.
  ///\param Item Type of the items the data is assigned to (\c GR::Node,
  ///\c GR::Arc or \c GR::Edge).
  template <class GR, class Item>
  class LinkedElevator {
  public:

    typedef Item Key;
    typedef int Value;

  private:

    typedef typename ItemSetTraits<GR,Item>::
    template Map<Item>::Type ItemMap;
    typedef typename ItemSetTraits<GR,Item>::
    template Map<int>::Type IntMap;
    typedef typename ItemSetTraits<GR,Item>::
    template Map<bool>::Type BoolMap;

    const GR &_graph;
    int _max_level;
    int _item_num;
    std::vector<Item> _first, _last;
    ItemMap _prev, _next;
    int _highest_active;
    IntMap _level;
    BoolMap _active;

  public:
    ///Constructor with given maximum level.

    ///Constructor with given maximum level.
    ///
    ///\param graph The underlying graph.
    ///\param max_level The maximum allowed level.
    ///Set the range of the possible labels to <tt>[0..max_level]</tt>.
    LinkedElevator(const GR& graph, int max_level)
      : _graph(graph), _max_level(max_level), _item_num(_max_level),
        _first(_max_level + 1), _last(_max_level + 1),
        _prev(graph), _next(graph),
        _highest_active(-1), _level(graph), _active(graph) {}

    ///Constructor.

    ///Constructor.
    ///
    ///\param graph The underlying graph.
    ///Set the range of the possible labels to <tt>[0..max_level]</tt>,
    ///where \c max_level is equal to the number of labeled items in the graph.
    LinkedElevator(const GR& graph)
      : _graph(graph), _max_level(countItems<GR, Item>(graph)),
        _item_num(_max_level),
        _first(_max_level + 1), _last(_max_level + 1),
        _prev(graph, INVALID), _next(graph, INVALID),
        _highest_active(-1), _level(graph), _active(graph) {}


    ///Activate item \c i.

    ///Activate item \c i.
    ///\pre Item \c i shouldn't be active before.
    void activate(Item i) {
      _active[i] = true;

      int level = _level[i];
      if (level > _highest_active) {
        _highest_active = level;
      }

      if (_prev[i] == INVALID || _active[_prev[i]]) return;
      //unlace
      _next[_prev[i]] = _next[i];
      if (_next[i] != INVALID) {
        _prev[_next[i]] = _prev[i];
      } else {
        _last[level] = _prev[i];
      }
      //lace
      _next[i] = _first[level];
      _prev[_first[level]] = i;
      _prev[i] = INVALID;
      _first[level] = i;

    }

    ///Deactivate item \c i.

    ///Deactivate item \c i.
    ///\pre Item \c i must be active before.
    void deactivate(Item i) {
      _active[i] = false;
      int level = _level[i];

      if (_next[i] == INVALID || !_active[_next[i]])
        goto find_highest_level;

      //unlace
      _prev[_next[i]] = _prev[i];
      if (_prev[i] != INVALID) {
        _next[_prev[i]] = _next[i];
      } else {
        _first[_level[i]] = _next[i];
      }
      //lace
      _prev[i] = _last[level];
      _next[_last[level]] = i;
      _next[i] = INVALID;
      _last[level] = i;

    find_highest_level:
      if (level == _highest_active) {
        while (_highest_active >= 0 && activeFree(_highest_active))
          --_highest_active;
      }
    }

    ///Query whether item \c i is active
    bool active(Item i) const { return _active[i]; }

    ///Return the level of item \c i.
    int operator[](Item i) const { return _level[i]; }

    ///Return the number of items on level \c l.
    int onLevel(int l) const {
      int num = 0;
      Item n = _first[l];
      while (n != INVALID) {
        ++num;
        n = _next[n];
      }
      return num;
    }

    ///Return true if the level is empty.
    bool emptyLevel(int l) const {
      return _first[l] == INVALID;
    }

    ///Return the number of items above level \c l.
    int aboveLevel(int l) const {
      int num = 0;
      for (int level = l + 1; level < _max_level; ++level)
        num += onLevel(level);
      return num;
    }

    ///Return the number of active items on level \c l.
    int activesOnLevel(int l) const {
      int num = 0;
      Item n = _first[l];
      while (n != INVALID && _active[n]) {
        ++num;
        n = _next[n];
      }
      return num;
    }

    ///Return true if there is no active item on level \c l.
    bool activeFree(int l) const {
      return _first[l] == INVALID || !_active[_first[l]];
    }

    ///Return the maximum allowed level.
    int maxLevel() const {
      return _max_level;
    }

    ///\name Highest Active Item
    ///Functions for working with the highest level
    ///active item.

    ///@{

    ///Return a highest level active item.

    ///Return a highest level active item or INVALID if there is no active
    ///item.
    Item highestActive() const {
      return _highest_active >= 0 ? _first[_highest_active] : INVALID;
    }

    ///Return the highest active level.

    ///Return the level of the highest active item or -1 if there is no active
    ///item.
    int highestActiveLevel() const {
      return _highest_active;
    }

    ///Lift the highest active item by one.

    ///Lift the item returned by highestActive() by one.
    ///
    void liftHighestActive() {
      Item i = _first[_highest_active];
      if (_next[i] != INVALID) {
        _prev[_next[i]] = INVALID;
        _first[_highest_active] = _next[i];
      } else {
        _first[_highest_active] = INVALID;
        _last[_highest_active] = INVALID;
      }
      _level[i] = ++_highest_active;
      if (_first[_highest_active] == INVALID) {
        _first[_highest_active] = i;
        _last[_highest_active] = i;
        _prev[i] = INVALID;
        _next[i] = INVALID;
      } else {
        _prev[_first[_highest_active]] = i;
        _next[i] = _first[_highest_active];
        _first[_highest_active] = i;
      }
    }

    ///Lift the highest active item to the given level.

    ///Lift the item returned by highestActive() to level \c new_level.
    ///
    ///\warning \c new_level must be strictly higher
    ///than the current level.
    ///
    void liftHighestActive(int new_level) {
      Item i = _first[_highest_active];
      if (_next[i] != INVALID) {
        _prev[_next[i]] = INVALID;
        _first[_highest_active] = _next[i];
      } else {
        _first[_highest_active] = INVALID;
        _last[_highest_active] = INVALID;
      }
      _level[i] = _highest_active = new_level;
      if (_first[_highest_active] == INVALID) {
        _first[_highest_active] = _last[_highest_active] = i;
        _prev[i] = INVALID;
        _next[i] = INVALID;
      } else {
        _prev[_first[_highest_active]] = i;
        _next[i] = _first[_highest_active];
        _first[_highest_active] = i;
      }
    }

    ///Lift the highest active item to the top level.

    ///Lift the item returned by highestActive() to the top level and
    ///deactivate it.
    void liftHighestActiveToTop() {
      Item i = _first[_highest_active];
      _level[i] = _max_level;
      if (_next[i] != INVALID) {
        _prev[_next[i]] = INVALID;
        _first[_highest_active] = _next[i];
      } else {
        _first[_highest_active] = INVALID;
        _last[_highest_active] = INVALID;
      }
      while (_highest_active >= 0 && activeFree(_highest_active))
        --_highest_active;
    }

    ///@}

    ///\name Active Item on Certain Level
    ///Functions for working with the active items.

    ///@{

    ///Return an active item on level \c l.

    ///Return an active item on level \c l or \ref INVALID if there is no such
    ///an item. (\c l must be from the range [0...\c max_level].
    Item activeOn(int l) const
    {
      return _active[_first[l]] ? _first[l] : INVALID;
    }

    ///Lift the active item returned by \c activeOn(l) by one.

    ///Lift the active item returned by \ref activeOn() "activeOn(l)"
    ///by one.
    Item liftActiveOn(int l)
    {
      Item i = _first[l];
      if (_next[i] != INVALID) {
        _prev[_next[i]] = INVALID;
        _first[l] = _next[i];
      } else {
        _first[l] = INVALID;
        _last[l] = INVALID;
      }
      _level[i] = ++l;
      if (_first[l] == INVALID) {
        _first[l] = _last[l] = i;
        _prev[i] = INVALID;
        _next[i] = INVALID;
      } else {
        _prev[_first[l]] = i;
        _next[i] = _first[l];
        _first[l] = i;
      }
      if (_highest_active < l) {
        _highest_active = l;
      }
    }

    ///Lift the active item returned by \c activeOn(l) to the given level.

    ///Lift the active item returned by \ref activeOn() "activeOn(l)"
    ///to the given level.
    void liftActiveOn(int l, int new_level)
    {
      Item i = _first[l];
      if (_next[i] != INVALID) {
        _prev[_next[i]] = INVALID;
        _first[l] = _next[i];
      } else {
        _first[l] = INVALID;
        _last[l] = INVALID;
      }
      _level[i] = l = new_level;
      if (_first[l] == INVALID) {
        _first[l] = _last[l] = i;
        _prev[i] = INVALID;
        _next[i] = INVALID;
      } else {
        _prev[_first[l]] = i;
        _next[i] = _first[l];
        _first[l] = i;
      }
      if (_highest_active < l) {
        _highest_active = l;
      }
    }

    ///Lift the active item returned by \c activeOn(l) to the top level.

    ///Lift the active item returned by \ref activeOn() "activeOn(l)"
    ///to the top level and deactivate it.
    void liftActiveToTop(int l)
    {
      Item i = _first[l];
      if (_next[i] != INVALID) {
        _prev[_next[i]] = INVALID;
        _first[l] = _next[i];
      } else {
        _first[l] = INVALID;
        _last[l] = INVALID;
      }
      _level[i] = _max_level;
      if (l == _highest_active) {
        while (_highest_active >= 0 && activeFree(_highest_active))
          --_highest_active;
      }
    }

    ///@}

    /// \brief Lift an active item to a higher level.
    ///
    /// Lift an active item to a higher level.
    /// \param i The item to be lifted. It must be active.
    /// \param new_level The new level of \c i. It must be strictly higher
    /// than the current level.
    ///
    void lift(Item i, int new_level) {
      if (_next[i] != INVALID) {
        _prev[_next[i]] = _prev[i];
      } else {
        _last[new_level] = _prev[i];
      }
      if (_prev[i] != INVALID) {
        _next[_prev[i]] = _next[i];
      } else {
        _first[new_level] = _next[i];
      }
      _level[i] = new_level;
      if (_first[new_level] == INVALID) {
        _first[new_level] = _last[new_level] = i;
        _prev[i] = INVALID;
        _next[i] = INVALID;
      } else {
        _prev[_first[new_level]] = i;
        _next[i] = _first[new_level];
        _first[new_level] = i;
      }
      if (_highest_active < new_level) {
        _highest_active = new_level;
      }
    }

    ///Move an inactive item to the top but one level (in a dirty way).

    ///This function moves an inactive item from the top level to the top
    ///but one level (in a dirty way).
    ///\warning It makes the underlying datastructure corrupt, so use it
    ///only if you really know what it is for.
    ///\pre The item is on the top level.
    void dirtyTopButOne(Item i) {
      _level[i] = _max_level - 1;
    }

    ///Lift all items on and above the given level to the top level.

    ///This function lifts all items on and above level \c l to the top
    ///level and deactivates them.
    void liftToTop(int l)  {
      for (int i = l + 1; _first[i] != INVALID; ++i) {
        Item n = _first[i];
        while (n != INVALID) {
          _level[n] = _max_level;
          n = _next[n];
        }
        _first[i] = INVALID;
        _last[i] = INVALID;
      }
      if (_highest_active > l - 1) {
        _highest_active = l - 1;
        while (_highest_active >= 0 && activeFree(_highest_active))
          --_highest_active;
      }
    }

  private:

    int _init_level;

  public:

    ///\name Initialization
    ///Using these functions you can initialize the levels of the items.
    ///\n
    ///The initialization must be started with calling \c initStart().
    ///Then the items should be listed level by level starting with the
    ///lowest one (level 0) using \c initAddItem() and \c initNewLevel().
    ///Finally \c initFinish() must be called.
    ///The items not listed are put on the highest level.
    ///@{

    ///Start the initialization process.
    void initStart() {

      for (int i = 0; i <= _max_level; ++i) {
        _first[i] = _last[i] = INVALID;
      }
      _init_level = 0;
      for(typename ItemSetTraits<GR,Item>::ItemIt i(_graph);
          i != INVALID; ++i) {
        _level[i] = _max_level;
        _active[i] = false;
      }
    }

    ///Add an item to the current level.
    void initAddItem(Item i) {
      _level[i] = _init_level;
      if (_last[_init_level] == INVALID) {
        _first[_init_level] = i;
        _last[_init_level] = i;
        _prev[i] = INVALID;
        _next[i] = INVALID;
      } else {
        _prev[i] = _last[_init_level];
        _next[i] = INVALID;
        _next[_last[_init_level]] = i;
        _last[_init_level] = i;
      }
    }

    ///Start a new level.

    ///Start a new level.
    ///It shouldn't be used before the items on level 0 are listed.
    void initNewLevel() {
      ++_init_level;
    }

    ///Finalize the initialization process.
    void initFinish() {
      _highest_active = -1;
    }

    ///@}

  };


} //END OF NAMESPACE LEMON

#endif








lemon/bits/enable_if.h

/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2009
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

// This file contains a modified version of the enable_if library from BOOST.
// See the appropriate copyright notice below.

// Boost enable_if library

// Copyright 2003 (c) The Trustees of Indiana University.

// Use, modification, and distribution is subject to the Boost Software
// License, Version 1.0. (See accompanying file LICENSE_1_0.txt or copy at
// http://www.boost.org/LICENSE_1_0.txt)

//    Authors: Jaakko Jarvi (jajarvi at osl.iu.edu)
//             Jeremiah Willcock (jewillco at osl.iu.edu)
//             Andrew Lumsdaine (lums at osl.iu.edu)


#ifndef LEMON_BITS_ENABLE_IF_H
#define LEMON_BITS_ENABLE_IF_H

//\file
//\brief Miscellaneous basic utilities

namespace lemon
{

  // Basic type for defining "tags". A "YES" condition for \c enable_if.

  // Basic type for defining "tags". A "YES" condition for \c enable_if.
  //
  //\sa False
  struct True {
    //\e
    static const bool value = true;
  };

  // Basic type for defining "tags". A "NO" condition for \c enable_if.

  // Basic type for defining "tags". A "NO" condition for \c enable_if.
  //
  //\sa True
  struct False {
    //\e
    static const bool value = false;
  };



  template <typename T>
  struct Wrap {
    const T &value;
    Wrap(const T &t) : value(t) {}
  };

  /**************** dummy class to avoid ambiguity ****************/

  template<int T> struct dummy { dummy(int) {} };

  /**************** enable_if from BOOST ****************/

  template <typename Type, typename T = void>
  struct exists {
    typedef T type;
  };


  template <bool B, class T = void>
  struct enable_if_c {
    typedef T type;
  };

  template <class T>
  struct enable_if_c<false, T> {};

  template <class Cond, class T = void>
  struct enable_if : public enable_if_c<Cond::value, T> {};

  template <bool B, class T>
  struct lazy_enable_if_c {
    typedef typename T::type type;
  };

  template <class T>
  struct lazy_enable_if_c<false, T> {};

  template <class Cond, class T>
  struct lazy_enable_if : public lazy_enable_if_c<Cond::value, T> {};


  template <bool B, class T = void>
  struct disable_if_c {
    typedef T type;
  };

  template <class T>
  struct disable_if_c<true, T> {};

  template <class Cond, class T = void>
  struct disable_if : public disable_if_c<Cond::value, T> {};

  template <bool B, class T>
  struct lazy_disable_if_c {
    typedef typename T::type type;
  };

  template <class T>
  struct lazy_disable_if_c<true, T> {};

  template <class Cond, class T>
  struct lazy_disable_if : public lazy_disable_if_c<Cond::value, T> {};

} // namespace lemon

#endif







lemon/error.h

/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2009
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_ERROR_H
#define LEMON_ERROR_H

/// \ingroup exceptions
/// \file
/// \brief Basic exception classes and error handling.

#include <exception>
#include <string>
#include <sstream>
#include <iostream>
#include <cstdlib>
#include <memory>

namespace lemon {

  /// \addtogroup exceptions
  /// @{

  /// \brief Generic exception class.
  ///
  /// Base class for exceptions used in LEMON.
  ///
  class Exception : public std::exception {
  public:
    ///Constructor
    Exception() throw() {}
    ///Virtual destructor
    virtual ~Exception() throw() {}
    ///A short description of the exception
    virtual const char* what() const throw() {
      return "lemon::Exception";
    }
  };

  /// \brief Input-Output error
  ///
  /// This exception is thrown when a file operation cannot be
  /// succeeded.
  class IoError : public Exception {
  protected:
    std::string _message;
    std::string _file;

    mutable std::string _what;
  public:

    /// Copy constructor
    IoError(const IoError &error) throw() : Exception() {
      message(error._message);
      file(error._file);
    }

    /// Constructor
    explicit IoError(const char *message) throw() {
      IoError::message(message);
    }

    /// Constructor
    explicit IoError(const std::string &message) throw() {
      IoError::message(message);
    }

    /// Constructor
    explicit IoError(const char *message,
                     const std::string &file) throw() {
      IoError::message(message);
      IoError::file(file);
    }

    /// Constructor
    explicit IoError(const std::string &message,
                     const std::string &file) throw() {
      IoError::message(message);
      IoError::file(file);
    }

    /// Virtual destructor
    virtual ~IoError() throw() {}

    /// Set the error message
    void message(const char *message) throw() {
      try {
        _message = message;
      } catch (...) {}
    }

    /// Set the error message
    void message(const std::string& message) throw() {
      try {
        _message = message;
      } catch (...) {}
    }

    /// Set the file name
    void file(const std::string &file) throw() {
      try {
        _file = file;
      } catch (...) {}
    }

    /// Returns the error message
    const std::string& message() const throw() {
      return _message;
    }

    /// \brief Returns the filename
    ///
    /// Returns the filename or an empty string if it was not specified.
    const std::string& file() const throw() {
      return _file;
    }

    /// \brief Returns a short error message
    ///
    /// Returns a short error message which contains the message and the
    /// file name.
    virtual const char* what() const throw() {
      try {
        _what.clear();
        std::ostringstream oss;
        oss << "lemon:IoError" << ": ";
        oss << _message;
        if (!_file.empty()) {
          oss << " ('" << _file << "')";
        }
        _what = oss.str();
      }
      catch (...) {}
      if (!_what.empty()) return _what.c_str();
      else return "lemon:IoError";
    }

  };

  /// \brief Format error
  ///
  /// This exception is thrown when an input file has wrong
  /// format or a data representation is not legal.
  class FormatError : public Exception {
  protected:
    std::string _message;
    std::string _file;
    int _line;

    mutable std::string _what;
  public:

    /// Copy constructor
    FormatError(const FormatError &error) throw() : Exception() {
      message(error._message);
      file(error._file);
      line(error._line);
    }

    /// Constructor
    explicit FormatError(const char *message) throw() {
      FormatError::message(message);
      _line = 0;
    }

    /// Constructor
    explicit FormatError(const std::string &message) throw() {
      FormatError::message(message);
      _line = 0;
    }

    /// Constructor
    explicit FormatError(const char *message,
                         const std::string &file, int line = 0) throw() {
      FormatError::message(message);
      FormatError::file(file);
      FormatError::line(line);
    }

    /// Constructor
    explicit FormatError(const std::string &message,
                         const std::string &file, int line = 0) throw() {
      FormatError::message(message);
      FormatError::file(file);
      FormatError::line(line);
    }

    /// Virtual destructor
    virtual ~FormatError() throw() {}

    /// Set the line number
    void line(int line) throw() { _line = line; }

    /// Set the error message
    void message(const char *message) throw() {
      try {
        _message = message;
      } catch (...) {}
    }

    /// Set the error message
    void message(const std::string& message) throw() {
      try {
        _message = message;
      } catch (...) {}
    }

    /// Set the file name
    void file(const std::string &file) throw() {
      try {
        _file = file;
      } catch (...) {}
    }

    /// \brief Returns the line number
    ///
    /// Returns the line number or zero if it was not specified.
    int line() const throw() { return _line; }

    /// Returns the error message
    const std::string& message() const throw() {
      return _message;
    }

    /// \brief Returns the filename
    ///
    /// Returns the filename or an empty string if it was not specified.
    const std::string& file() const throw() {
      return _file;
    }

    /// \brief Returns a short error message
    ///
    /// Returns a short error message which contains the message, the
    /// file name and the line number.
    virtual const char* what() const throw() {
      try {
        _what.clear();
        std::ostringstream oss;
        oss << "lemon:FormatError" << ": ";
        oss << _message;
        if (!_file.empty() || _line != 0) {
          oss << " (";
          if (!_file.empty()) oss << "in file '" << _file << "'";
          if (!_file.empty() && _line != 0) oss << " ";
          if (_line != 0) oss << "at line " << _line;
          oss << ")";
        }
        _what = oss.str();
      }
      catch (...) {}
      if (!_what.empty()) return _what.c_str();
      else return "lemon:FormatError";
    }

  };

  /// @}

}

#endif // LEMON_ERROR_H







lemon/euler.h

/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2010
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_EULER_H
#define LEMON_EULER_H

#include<lemon/core.h>
#include<lemon/adaptors.h>
#include<lemon/connectivity.h>
#include <list>

/// \ingroup graph_properties
/// \file
/// \brief Euler tour iterators and a function for checking the \e Eulerian
/// property.
///
///This file provides Euler tour iterators and a function to check
///if a (di)graph is \e Eulerian.

namespace lemon {

  ///Euler tour iterator for digraphs.

  /// \ingroup graph_prop
  ///This iterator provides an Euler tour (Eulerian circuit) of a \e directed
  ///graph (if there exists) and it converts to the \c Arc type of the digraph.
  ///
  ///For example, if the given digraph has an Euler tour (i.e it has only one
  ///non-trivial component and the in-degree is equal to the out-degree
  ///for all nodes), then the following code will put the arcs of \c g
  ///to the vector \c et according to an Euler tour of \c g.
  ///\code
  ///  std::vector<ListDigraph::Arc> et;
  ///  for(DiEulerIt<ListDigraph> e(g); e!=INVALID; ++e)
  ///    et.push_back(e);
  ///\endcode
  ///If \c g has no Euler tour, then the resulted walk will not be closed
  ///or not contain all arcs.
  ///\sa EulerIt
  template<typename GR>
  class DiEulerIt
  {
    typedef typename GR::Node Node;
    typedef typename GR::NodeIt NodeIt;
    typedef typename GR::Arc Arc;
    typedef typename GR::ArcIt ArcIt;
    typedef typename GR::OutArcIt OutArcIt;
    typedef typename GR::InArcIt InArcIt;

    const GR &g;
    typename GR::template NodeMap<OutArcIt> narc;
    std::list<Arc> euler;

  public:

    ///Constructor

    ///Constructor.
    ///\param gr A digraph.
    ///\param start The starting point of the tour. If it is not given,
    ///the tour will start from the first node that has an outgoing arc.
    DiEulerIt(const GR &gr, typename GR::Node start = INVALID)
      : g(gr), narc(g)
    {
      if (start==INVALID) {
        NodeIt n(g);
        while (n!=INVALID && OutArcIt(g,n)==INVALID) ++n;
        start=n;
      }
      if (start!=INVALID) {
        for (NodeIt n(g); n!=INVALID; ++n) narc[n]=OutArcIt(g,n);
        while (narc[start]!=INVALID) {
          euler.push_back(narc[start]);
          Node next=g.target(narc[start]);
          ++narc[start];
          start=next;
        }
      }
    }

    ///Arc conversion
    operator Arc() { return euler.empty()?INVALID:euler.front(); }
    ///Compare with \c INVALID
    bool operator==(Invalid) { return euler.empty(); }
    ///Compare with \c INVALID
    bool operator!=(Invalid) { return !euler.empty(); }

    ///Next arc of the tour

    ///Next arc of the tour
    ///
    DiEulerIt &operator++() {
      Node s=g.target(euler.front());
      euler.pop_front();
      typename std::list<Arc>::iterator next=euler.begin();
      while(narc[s]!=INVALID) {
        euler.insert(next,narc[s]);
        Node n=g.target(narc[s]);
        ++narc[s];
        s=n;
      }
      return *this;
    }
    ///Postfix incrementation

    /// Postfix incrementation.
    ///
    ///\warning This incrementation
    ///returns an \c Arc, not a \ref DiEulerIt, as one may
    ///expect.
    Arc operator++(int)
    {
      Arc e=*this;
      ++(*this);
      return e;
    }
  };

  ///Euler tour iterator for graphs.

  /// \ingroup graph_properties
  ///This iterator provides an Euler tour (Eulerian circuit) of an
  ///\e undirected graph (if there exists) and it converts to the \c Arc
  ///and \c Edge types of the graph.
  ///
  ///For example, if the given graph has an Euler tour (i.e it has only one
  ///non-trivial component and the degree of each node is even),
  ///the following code will print the arc IDs according to an
  ///Euler tour of \c g.
  ///\code
  ///  for(EulerIt<ListGraph> e(g); e!=INVALID; ++e) {
  ///    std::cout << g.id(Edge(e)) << std::eol;
  ///  }
  ///\endcode
  ///Although this iterator is for undirected graphs, it still returns
  ///arcs in order to indicate the direction of the tour.
  ///(But arcs convert to edges, of course.)
  ///
  ///If \c g has no Euler tour, then the resulted walk will not be closed
  ///or not contain all edges.
  template<typename GR>
  class EulerIt
  {
    typedef typename GR::Node Node;
    typedef typename GR::NodeIt NodeIt;
    typedef typename GR::Arc Arc;
    typedef typename GR::Edge Edge;
    typedef typename GR::ArcIt ArcIt;
    typedef typename GR::OutArcIt OutArcIt;
    typedef typename GR::InArcIt InArcIt;

    const GR &g;
    typename GR::template NodeMap<OutArcIt> narc;
    typename GR::template EdgeMap<bool> visited;
    std::list<Arc> euler;

  public:

    ///Constructor

    ///Constructor.
    ///\param gr A graph.
    ///\param start The starting point of the tour. If it is not given,
    ///the tour will start from the first node that has an incident edge.
    EulerIt(const GR &gr, typename GR::Node start = INVALID)
      : g(gr), narc(g), visited(g, false)
    {
      if (start==INVALID) {
        NodeIt n(g);
        while (n!=INVALID && OutArcIt(g,n)==INVALID) ++n;
        start=n;
      }
      if (start!=INVALID) {
        for (NodeIt n(g); n!=INVALID; ++n) narc[n]=OutArcIt(g,n);
        while(narc[start]!=INVALID) {
          euler.push_back(narc[start]);
          visited[narc[start]]=true;
          Node next=g.target(narc[start]);
          ++narc[start];
          start=next;
          while(narc[start]!=INVALID && visited[narc[start]]) ++narc[start];
        }
      }
    }

    ///Arc conversion
    operator Arc() const { return euler.empty()?INVALID:euler.front(); }
    ///Edge conversion
    operator Edge() const { return euler.empty()?INVALID:euler.front(); }
    ///Compare with \c INVALID
    bool operator==(Invalid) const { return euler.empty(); }
    ///Compare with \c INVALID
    bool operator!=(Invalid) const { return !euler.empty(); }

    ///Next arc of the tour

    ///Next arc of the tour
    ///
    EulerIt &operator++() {
      Node s=g.target(euler.front());
      euler.pop_front();
      typename std::list<Arc>::iterator next=euler.begin();
      while(narc[s]!=INVALID) {
        while(narc[s]!=INVALID && visited[narc[s]]) ++narc[s];
        if(narc[s]==INVALID) break;
        else {
          euler.insert(next,narc[s]);
          visited[narc[s]]=true;
          Node n=g.target(narc[s]);
          ++narc[s];
          s=n;
        }
      }
      return *this;
    }

    ///Postfix incrementation

    /// Postfix incrementation.
    ///
    ///\warning This incrementation returns an \c Arc (which converts to
    ///an \c Edge), not an \ref EulerIt, as one may expect.
    Arc operator++(int)
    {
      Arc e=*this;
      ++(*this);
      return e;
    }
  };


  ///Check if the given graph is Eulerian

  /// \ingroup graph_properties
  ///This function checks if the given graph is Eulerian.
  ///It works for both directed and undirected graphs.
  ///
  ///By definition, a digraph is called \e Eulerian if
  ///and only if it is connected and the number of incoming and outgoing
  ///arcs are the same for each node.
  ///Similarly, an undirected graph is called \e Eulerian if
  ///and only if it is connected and the number of incident edges is even
  ///for each node.
  ///
  ///\note There are (di)graphs that are not Eulerian, but still have an
  /// Euler tour, since they may contain isolated nodes.
  ///
  ///\sa DiEulerIt, EulerIt
  template<typename GR>
#ifdef DOXYGEN
  bool
#else
  typename enable_if<UndirectedTagIndicator<GR>,bool>::type
  eulerian(const GR &g)
  {
    for(typename GR::NodeIt n(g);n!=INVALID;++n)
      if(countIncEdges(g,n)%2) return false;
    return connected(g);
  }
  template<class GR>
  typename disable_if<UndirectedTagIndicator<GR>,bool>::type
#endif
  eulerian(const GR &g)
  {
    for(typename GR::NodeIt n(g);n!=INVALID;++n)
      if(countInArcs(g,n)!=countOutArcs(g,n)) return false;
    return connected(undirector(g));
  }

}

#endif







lemon/fib_heap.h

/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2009
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_FIB_HEAP_H
#define LEMON_FIB_HEAP_H

///\file
///\ingroup heaps
///\brief Fibonacci heap implementation.

#include <vector>
#include <utility>
#include <functional>
#include <lemon/math.h>

namespace lemon {

  /// \ingroup heaps
  ///
  /// \brief Fibonacci heap data structure.
  ///
  /// This class implements the \e Fibonacci \e heap data structure.
  /// It fully conforms to the \ref concepts::Heap "heap concept".
  ///
  /// The methods \ref increase() and \ref erase() are not efficient in a
  /// Fibonacci heap. In case of many calls of these operations, it is
  /// better to use other heap structure, e.g. \ref BinHeap "binary heap".
  ///
  /// \tparam PR Type of the priorities of the items.
  /// \tparam IM A read-writable item map with \c int values, used
  /// internally to handle the cross references.
  /// \tparam CMP A functor class for comparing the priorities.
  /// The default is \c std::less<PR>.
#ifdef DOXYGEN
  template <typename PR, typename IM, typename CMP>
#else
  template <typename PR, typename IM, typename CMP = std::less<PR> >
#endif
  class FibHeap {
  public:

    /// Type of the item-int map.
    typedef IM ItemIntMap;
    /// Type of the priorities.
    typedef PR Prio;
    /// Type of the items stored in the heap.
    typedef typename ItemIntMap::Key Item;
    /// Type of the item-priority pairs.
    typedef std::pair<Item,Prio> Pair;
    /// Functor type for comparing the priorities.
    typedef CMP Compare;

  private:
    class Store;

    std::vector<Store> _data;
    int _minimum;
    ItemIntMap &_iim;
    Compare _comp;
    int _num;

  public:

    /// \brief Type to represent the states of the items.
    ///
    /// Each item has a state associated to it. It can be "in heap",
    /// "pre-heap" or "post-heap". The latter two are indifferent from the
    /// heap's point of view, but may be useful to the user.
    ///
    /// The item-int map must be initialized in such way that it assigns
    /// \c PRE_HEAP (<tt>-1</tt>) to any element to be put in the heap.
    enum State {
      IN_HEAP = 0,    ///< = 0.
      PRE_HEAP = -1,  ///< = -1.
      POST_HEAP = -2  ///< = -2.
    };

    /// \brief Constructor.
    ///
    /// Constructor.
    /// \param map A map that assigns \c int values to the items.
    /// It is used internally to handle the cross references.
    /// The assigned value must be \c PRE_HEAP (<tt>-1</tt>) for each item.
    explicit FibHeap(ItemIntMap &map)
      : _minimum(0), _iim(map), _num() {}

    /// \brief Constructor.
    ///
    /// Constructor.
    /// \param map A map that assigns \c int values to the items.
    /// It is used internally to handle the cross references.
    /// The assigned value must be \c PRE_HEAP (<tt>-1</tt>) for each item.
    /// \param comp The function object used for comparing the priorities.
    FibHeap(ItemIntMap &map, const Compare &comp)
      : _minimum(0), _iim(map), _comp(comp), _num() {}

    /// \brief The number of items stored in the heap.
    ///
    /// This function returns the number of items stored in the heap.
    int size() const { return _num; }

    /// \brief Check if the heap is empty.
    ///
    /// This function returns \c true if the heap is empty.
    bool empty() const { return _num==0; }

    /// \brief Make the heap empty.
    ///
    /// This functon makes the heap empty.
    /// It does not change the cross reference map. If you want to reuse
    /// a heap that is not surely empty, you should first clear it and
    /// then you should set the cross reference map to \c PRE_HEAP
    /// for each item.
    void clear() {
      _data.clear(); _minimum = 0; _num = 0;
    }

    /// \brief Insert an item into the heap with the given priority.
    ///
    /// This function inserts the given item into the heap with the
    /// given priority.
    /// \param item The item to insert.
    /// \param prio The priority of the item.
    /// \pre \e item must not be stored in the heap.
    void push (const Item& item, const Prio& prio) {
      int i=_iim[item];
      if ( i < 0 ) {
        int s=_data.size();
        _iim.set( item, s );
        Store st;
        st.name=item;
        _data.push_back(st);
        i=s;
      } else {
        _data[i].parent=_data[i].child=-1;
        _data[i].degree=0;
        _data[i].in=true;
        _data[i].marked=false;
      }

      if ( _num ) {
        _data[_data[_minimum].right_neighbor].left_neighbor=i;
        _data[i].right_neighbor=_data[_minimum].right_neighbor;
        _data[_minimum].right_neighbor=i;
        _data[i].left_neighbor=_minimum;
        if ( _comp( prio, _data[_minimum].prio) ) _minimum=i;
      } else {
        _data[i].right_neighbor=_data[i].left_neighbor=i;
        _minimum=i;
      }
      _data[i].prio=prio;
      ++_num;
    }

    /// \brief Return the item having minimum priority.
    ///
    /// This function returns the item having minimum priority.
    /// \pre The heap must be non-empty.
    Item top() const { return _data[_minimum].name; }

    /// \brief The minimum priority.
    ///
    /// This function returns the minimum priority.
    /// \pre The heap must be non-empty.
    Prio prio() const { return _data[_minimum].prio; }

    /// \brief Remove the item having minimum priority.
    ///
    /// This function removes the item having minimum priority.
    /// \pre The heap must be non-empty.
    void pop() {
      /*The first case is that there are only one root.*/
      if ( _data[_minimum].left_neighbor==_minimum ) {
        _data[_minimum].in=false;
        if ( _data[_minimum].degree!=0 ) {
          makeRoot(_data[_minimum].child);
          _minimum=_data[_minimum].child;
          balance();
        }
      } else {
        int right=_data[_minimum].right_neighbor;
        unlace(_minimum);
        _data[_minimum].in=false;
        if ( _data[_minimum].degree > 0 ) {
          int left=_data[_minimum].left_neighbor;
          int child=_data[_minimum].child;
          int last_child=_data[child].left_neighbor;

          makeRoot(child);

          _data[left].right_neighbor=child;
          _data[child].left_neighbor=left;
          _data[right].left_neighbor=last_child;
          _data[last_child].right_neighbor=right;
        }
        _minimum=right;
        balance();
      } // the case where there are more roots
      --_num;
    }

    /// \brief Remove the given item from the heap.
    ///
    /// This function removes the given item from the heap if it is
    /// already stored.
    /// \param item The item to delete.
    /// \pre \e item must be in the heap.
    void erase (const Item& item) {
      int i=_iim[item];

      if ( i >= 0 && _data[i].in ) {
        if ( _data[i].parent!=-1 ) {
          int p=_data[i].parent;
          cut(i,p);
          cascade(p);
        }
        _minimum=i;     //As if its prio would be -infinity
        pop();
      }
    }

    /// \brief The priority of the given item.
    ///
    /// This function returns the priority of the given item.
    /// \param item The item.
    /// \pre \e item must be in the heap.
    Prio operator[](const Item& item) const {
      return _data[_iim[item]].prio;
    }

    /// \brief Set the priority of an item or insert it, if it is
    /// not stored in the heap.
    ///
    /// This method sets the priority of the given item if it is
    /// already stored in the heap. Otherwise it inserts the given
    /// item into the heap with the given priority.
    /// \param item The item.
    /// \param prio The priority.
    void set (const Item& item, const Prio& prio) {
      int i=_iim[item];
      if ( i >= 0 && _data[i].in ) {
        if ( _comp(prio, _data[i].prio) ) decrease(item, prio);
        if ( _comp(_data[i].prio, prio) ) increase(item, prio);
      } else push(item, prio);
    }

    /// \brief Decrease the priority of an item to the given value.
    ///
    /// This function decreases the priority of an item to the given value.
    /// \param item The item.
    /// \param prio The priority.
    /// \pre \e item must be stored in the heap with priority at least \e prio.
    void decrease (const Item& item, const Prio& prio) {
      int i=_iim[item];
      _data[i].prio=prio;
      int p=_data[i].parent;

      if ( p!=-1 && _comp(prio, _data[p].prio) ) {
        cut(i,p);
        cascade(p);
      }
      if ( _comp(prio, _data[_minimum].prio) ) _minimum=i;
    }

    /// \brief Increase the priority of an item to the given value.
    ///
    /// This function increases the priority of an item to the given value.
    /// \param item The item.
    /// \param prio The priority.
    /// \pre \e item must be stored in the heap with priority at most \e prio.
    void increase (const Item& item, const Prio& prio) {
      erase(item);
      push(item, prio);
    }

    /// \brief Return the state of an item.
    ///
    /// This method returns \c PRE_HEAP if the given item has never
    /// been in the heap, \c IN_HEAP if it is in the heap at the moment,
    /// and \c POST_HEAP otherwise.
    /// In the latter case it is possible that the item will get back
    /// to the heap again.
    /// \param item The item.
    State state(const Item &item) const {
      int i=_iim[item];
      if( i>=0 ) {
        if ( _data[i].in ) i=0;
        else i=-2;
      }
      return State(i);
    }

    /// \brief Set the state of an item in the heap.
    ///
    /// This function sets the state of the given item in the heap.
    /// It can be used to manually clear the heap when it is important
    /// to achive better time complexity.
    /// \param i The item.
    /// \param st The state. It should not be \c IN_HEAP.
    void state(const Item& i, State st) {
      switch (st) {
      case POST_HEAP:
      case PRE_HEAP:
        if (state(i) == IN_HEAP) {
          erase(i);
        }
        _iim[i] = st;
        break;
      case IN_HEAP:
        break;
      }
    }

  private:

    void balance() {

      int maxdeg=int( std::floor( 2.08*log(double(_data.size()))))+1;

      std::vector<int> A(maxdeg,-1);

      /*
       *Recall that now minimum does not point to the minimum prio element.
       *We set minimum to this during balance().
       */
      int anchor=_data[_minimum].left_neighbor;
      int next=_minimum;
      bool end=false;

      do {
        int active=next;
        if ( anchor==active ) end=true;
        int d=_data[active].degree;
        next=_data[active].right_neighbor;

        while (A[d]!=-1) {
          if( _comp(_data[active].prio, _data[A[d]].prio) ) {
            fuse(active,A[d]);
          } else {
            fuse(A[d],active);
            active=A[d];
          }
          A[d]=-1;
          ++d;
        }
        A[d]=active;
      } while ( !end );


      while ( _data[_minimum].parent >=0 )
        _minimum=_data[_minimum].parent;
      int s=_minimum;
      int m=_minimum;
      do {
        if ( _comp(_data[s].prio, _data[_minimum].prio) ) _minimum=s;
        s=_data[s].right_neighbor;
      } while ( s != m );
    }

    void makeRoot(int c) {
      int s=c;
      do {
        _data[s].parent=-1;
        s=_data[s].right_neighbor;
      } while ( s != c );
    }

    void cut(int a, int b) {
      /*
       *Replacing a from the children of b.
       */
      --_data[b].degree;

      if ( _data[b].degree !=0 ) {
        int child=_data[b].child;
        if ( child==a )
          _data[b].child=_data[child].right_neighbor;
        unlace(a);
      }


      /*Lacing a to the roots.*/
      int right=_data[_minimum].right_neighbor;
      _data[_minimum].right_neighbor=a;
      _data[a].left_neighbor=_minimum;
      _data[a].right_neighbor=right;
      _data[right].left_neighbor=a;

      _data[a].parent=-1;
      _data[a].marked=false;
    }

    void cascade(int a) {
      if ( _data[a].parent!=-1 ) {
        int p=_data[a].parent;

        if ( _data[a].marked==false ) _data[a].marked=true;
        else {
          cut(a,p);
          cascade(p);
        }
      }
    }

    void fuse(int a, int b) {
      unlace(b);

      /*Lacing b under a.*/
      _data[b].parent=a;

      if (_data[a].degree==0) {
        _data[b].left_neighbor=b;
        _data[b].right_neighbor=b;
        _data[a].child=b;
      } else {
        int child=_data[a].child;
        int last_child=_data[child].left_neighbor;
        _data[child].left_neighbor=b;
        _data[b].right_neighbor=child;
        _data[last_child].right_neighbor=b;
        _data[b].left_neighbor=last_child;
      }

      ++_data[a].degree;

      _data[b].marked=false;
    }

    /*
     *It is invoked only if a has siblings.
     */
    void unlace(int a) {
      int leftn=_data[a].left_neighbor;
      int rightn=_data[a].right_neighbor;
      _data[leftn].right_neighbor=rightn;
      _data[rightn].left_neighbor=leftn;
    }


    class Store {
      friend class FibHeap;

      Item name;
      int parent;
      int left_neighbor;
      int right_neighbor;
      int child;
      int degree;
      bool marked;
      bool in;
      Prio prio;

      Store() : parent(-1), child(-1), degree(), marked(false), in(true) {}
    };
  };

} //namespace lemon

#endif //LEMON_FIB_HEAP_H








lemon/fractional_matching.h

/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2010
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_FRACTIONAL_MATCHING_H
#define LEMON_FRACTIONAL_MATCHING_H

#include <vector>
#include <queue>
#include <set>
#include <limits>

#include <lemon/core.h>
#include <lemon/unionfind.h>
#include <lemon/bin_heap.h>
#include <lemon/maps.h>
#include <lemon/assert.h>
#include <lemon/elevator.h>

///\ingroup matching
///\file
///\brief Fractional matching algorithms in general graphs.

namespace lemon {

  /// \brief Default traits class of MaxFractionalMatching class.
  ///
  /// Default traits class of MaxFractionalMatching class.
  /// \tparam GR Graph type.
  template <typename GR>
  struct MaxFractionalMatchingDefaultTraits {

    /// \brief The type of the graph the algorithm runs on.
    typedef GR Graph;

    /// \brief The type of the map that stores the matching.
    ///
    /// The type of the map that stores the matching arcs.
    /// It must meet the \ref concepts::ReadWriteMap "ReadWriteMap" concept.
    typedef typename Graph::template NodeMap<typename GR::Arc> MatchingMap;

    /// \brief Instantiates a MatchingMap.
    ///
    /// This function instantiates a \ref MatchingMap.
    /// \param graph The graph for which we would like to define
    /// the matching map.
    static MatchingMap* createMatchingMap(const Graph& graph) {
      return new MatchingMap(graph);
    }

    /// \brief The elevator type used by MaxFractionalMatching algorithm.
    ///
    /// The elevator type used by MaxFractionalMatching algorithm.
    ///
    /// \sa Elevator
    /// \sa LinkedElevator
    typedef LinkedElevator<Graph, typename Graph::Node> Elevator;

    /// \brief Instantiates an Elevator.
    ///
    /// This function instantiates an \ref Elevator.
    /// \param graph The graph for which we would like to define
    /// the elevator.
    /// \param max_level The maximum level of the elevator.
    static Elevator* createElevator(const Graph& graph, int max_level) {
      return new Elevator(graph, max_level);
    }
  };

  /// \ingroup matching
  ///
  /// \brief Max cardinality fractional matching
  ///
  /// This class provides an implementation of fractional matching
  /// algorithm based on push-relabel principle.
  ///
  /// The maximum cardinality fractional matching is a relaxation of the
  /// maximum cardinality matching problem where the odd set constraints
  /// are omitted.
  /// It can be formulated with the following linear program.
  /// \f[ \sum_{e \in \delta(u)}x_e \le 1 \quad \forall u\in V\f]
  /// \f[x_e \ge 0\quad \forall e\in E\f]
  /// \f[\max \sum_{e\in E}x_e\f]
  /// where \f$\delta(X)\f$ is the set of edges incident to a node in
  /// \f$X\f$. The result can be represented as the union of a
  /// matching with one value edges and a set of odd length cycles
  /// with half value edges.
  ///
  /// The algorithm calculates an optimal fractional matching and a
  /// barrier. The number of adjacents of any node set minus the size
  /// of node set is a lower bound on the uncovered nodes in the
  /// graph. For maximum matching a barrier is computed which
  /// maximizes this difference.
  ///
  /// The algorithm can be executed with the run() function.  After it
  /// the matching (the primal solution) and the barrier (the dual
  /// solution) can be obtained using the query functions.
  ///
  /// The primal solution is multiplied by
  /// \ref MaxFractionalMatching::primalScale "2".
  ///
  /// \tparam GR The undirected graph type the algorithm runs on.
#ifdef DOXYGEN
  template <typename GR, typename TR>
#else
  template <typename GR,
            typename TR = MaxFractionalMatchingDefaultTraits<GR> >
#endif
  class MaxFractionalMatching {
  public:

    /// \brief The \ref MaxFractionalMatchingDefaultTraits "traits
    /// class" of the algorithm.
    typedef TR Traits;
    /// The type of the graph the algorithm runs on.
    typedef typename TR::Graph Graph;
    /// The type of the matching map.
    typedef typename TR::MatchingMap MatchingMap;
    /// The type of the elevator.
    typedef typename TR::Elevator Elevator;

    /// \brief Scaling factor for primal solution
    ///
    /// Scaling factor for primal solution.
    static const int primalScale = 2;

  private:

    const Graph &_graph;
    int _node_num;
    bool _allow_loops;
    int _empty_level;

    TEMPLATE_GRAPH_TYPEDEFS(Graph);

    bool _local_matching;
    MatchingMap *_matching;

    bool _local_level;
    Elevator *_level;

    typedef typename Graph::template NodeMap<int> InDegMap;
    InDegMap *_indeg;

    void createStructures() {
      _node_num = countNodes(_graph);

      if (!_matching) {
        _local_matching = true;
        _matching = Traits::createMatchingMap(_graph);
      }
      if (!_level) {
        _local_level = true;
        _level = Traits::createElevator(_graph, _node_num);
      }
      if (!_indeg) {
        _indeg = new InDegMap(_graph);
      }
    }

    void destroyStructures() {
      if (_local_matching) {
        delete _matching;
      }
      if (_local_level) {
        delete _level;
      }
      if (_indeg) {
        delete _indeg;
      }
    }

    void postprocessing() {
      for (NodeIt n(_graph); n != INVALID; ++n) {
        if ((*_indeg)[n] != 0) continue;
        _indeg->set(n, -1);
        Node u = n;
        while ((*_matching)[u] != INVALID) {
          Node v = _graph.target((*_matching)[u]);
          _indeg->set(v, -1);
          Arc a = _graph.oppositeArc((*_matching)[u]);
          u = _graph.target((*_matching)[v]);
          _indeg->set(u, -1);
          _matching->set(v, a);
        }
      }

      for (NodeIt n(_graph); n != INVALID; ++n) {
        if ((*_indeg)[n] != 1) continue;
        _indeg->set(n, -1);

        int num = 1;
        Node u = _graph.target((*_matching)[n]);
        while (u != n) {
          _indeg->set(u, -1);
          u = _graph.target((*_matching)[u]);
          ++num;
        }
        if (num % 2 == 0 && num > 2) {
          Arc prev = _graph.oppositeArc((*_matching)[n]);
          Node v = _graph.target((*_matching)[n]);
          u = _graph.target((*_matching)[v]);
          _matching->set(v, prev);
          while (u != n) {
            prev = _graph.oppositeArc((*_matching)[u]);
            v = _graph.target((*_matching)[u]);
            u = _graph.target((*_matching)[v]);
            _matching->set(v, prev);
          }
        }
      }
    }

  public:

    typedef MaxFractionalMatching Create;

    ///\name Named Template Parameters

    ///@{

    template <typename T>
    struct SetMatchingMapTraits : public Traits {
      typedef T MatchingMap;
      static MatchingMap *createMatchingMap(const Graph&) {
        LEMON_ASSERT(false, "MatchingMap is not initialized");
        return 0; // ignore warnings
      }
    };

    /// \brief \ref named-templ-param "Named parameter" for setting
    /// MatchingMap type
    ///
    /// \ref named-templ-param "Named parameter" for setting MatchingMap
    /// type.
    template <typename T>
    struct SetMatchingMap
      : public MaxFractionalMatching<Graph, SetMatchingMapTraits<T> > {
      typedef MaxFractionalMatching<Graph, SetMatchingMapTraits<T> > Create;
    };

    template <typename T>
    struct SetElevatorTraits : public Traits {
      typedef T Elevator;
      static Elevator *createElevator(const Graph&, int) {
        LEMON_ASSERT(false, "Elevator is not initialized");
        return 0; // ignore warnings
      }
    };

    /// \brief \ref named-templ-param "Named parameter" for setting
    /// Elevator type
    ///
    /// \ref named-templ-param "Named parameter" for setting Elevator
    /// type. If this named parameter is used, then an external
    /// elevator object must be passed to the algorithm using the
    /// \ref elevator(Elevator&) "elevator()" function before calling
    /// \ref run() or \ref init().
    /// \sa SetStandardElevator
    template <typename T>
    struct SetElevator
      : public MaxFractionalMatching<Graph, SetElevatorTraits<T> > {
      typedef MaxFractionalMatching<Graph, SetElevatorTraits<T> > Create;
    };

    template <typename T>
    struct SetStandardElevatorTraits : public Traits {
      typedef T Elevator;
      static Elevator *createElevator(const Graph& graph, int max_level) {
        return new Elevator(graph, max_level);
      }
    };

    /// \brief \ref named-templ-param "Named parameter" for setting
    /// Elevator type with automatic allocation
    ///
    /// \ref named-templ-param "Named parameter" for setting Elevator
    /// type with automatic allocation.
    /// The Elevator should have standard constructor interface to be
    /// able to automatically created by the algorithm (i.e. the
    /// graph and the maximum level should be passed to it).
    /// However an external elevator object could also be passed to the
    /// algorithm with the \ref elevator(Elevator&) "elevator()" function
    /// before calling \ref run() or \ref init().
    /// \sa SetElevator
    template <typename T>
    struct SetStandardElevator
      : public MaxFractionalMatching<Graph, SetStandardElevatorTraits<T> > {
      typedef MaxFractionalMatching<Graph,
                                    SetStandardElevatorTraits<T> > Create;
    };

    /// @}

  protected:

    MaxFractionalMatching() {}

  public:

    /// \brief Constructor
    ///
    /// Constructor.
    ///
    MaxFractionalMatching(const Graph &graph, bool allow_loops = true)
      : _graph(graph), _allow_loops(allow_loops),
        _local_matching(false), _matching(0),
        _local_level(false), _level(0),  _indeg(0)
    {}

    ~MaxFractionalMatching() {
      destroyStructures();
    }

    /// \brief Sets the matching map.
    ///
    /// Sets the matching map.
    /// If you don't use this function before calling \ref run() or
    /// \ref init(), an instance will be allocated automatically.
    /// The destructor deallocates this automatically allocated map,
    /// of course.
    /// \return <tt>(*this)</tt>
    MaxFractionalMatching& matchingMap(MatchingMap& map) {
      if (_local_matching) {
        delete _matching;
        _local_matching = false;
      }
      _matching = &map;
      return *this;
    }

    /// \brief Sets the elevator used by algorithm.
    ///
    /// Sets the elevator used by algorithm.
    /// If you don't use this function before calling \ref run() or
    /// \ref init(), an instance will be allocated automatically.
    /// The destructor deallocates this automatically allocated elevator,
    /// of course.
    /// \return <tt>(*this)</tt>
    MaxFractionalMatching& elevator(Elevator& elevator) {
      if (_local_level) {
        delete _level;
        _local_level = false;
      }
      _level = &elevator;
      return *this;
    }

    /// \brief Returns a const reference to the elevator.
    ///
    /// Returns a const reference to the elevator.
    ///
    /// \pre Either \ref run() or \ref init() must be called before
    /// using this function.
    const Elevator& elevator() const {
      return *_level;
    }

    /// \name Execution control
    /// The simplest way to execute the algorithm is to use one of the
    /// member functions called \c run(). \n
    /// If you need more control on the execution, first
    /// you must call \ref init() and then one variant of the start()
    /// member.

    /// @{

    /// \brief Initializes the internal data structures.
    ///
    /// Initializes the internal data structures and sets the initial
    /// matching.
    void init() {
      createStructures();

      _level->initStart();
      for (NodeIt n(_graph); n != INVALID; ++n) {
        _indeg->set(n, 0);
        _matching->set(n, INVALID);
        _level->initAddItem(n);
      }
      _level->initFinish();

      _empty_level = _node_num;
      for (NodeIt n(_graph); n != INVALID; ++n) {
        for (OutArcIt a(_graph, n); a != INVALID; ++a) {
          if (_graph.target(a) == n && !_allow_loops) continue;
          _matching->set(n, a);
          Node v = _graph.target((*_matching)[n]);
          _indeg->set(v, (*_indeg)[v] + 1);
          break;
        }
      }

      for (NodeIt n(_graph); n != INVALID; ++n) {
        if ((*_indeg)[n] == 0) {
          _level->activate(n);
        }
      }
    }

    /// \brief Starts the algorithm and computes a fractional matching
    ///
    /// The algorithm computes a maximum fractional matching.
    ///
    /// \param postprocess The algorithm computes first a matching
    /// which is a union of a matching with one value edges, cycles
    /// with half value edges and even length paths with half value
    /// edges. If the parameter is true, then after the push-relabel
    /// algorithm it postprocesses the matching to contain only
    /// matching edges and half value odd cycles.
    void start(bool postprocess = true) {
      Node n;
      while ((n = _level->highestActive()) != INVALID) {
        int level = _level->highestActiveLevel();
        int new_level = _level->maxLevel();
        for (InArcIt a(_graph, n); a != INVALID; ++a) {
          Node u = _graph.source(a);
          if (n == u && !_allow_loops) continue;
          Node v = _graph.target((*_matching)[u]);
          if ((*_level)[v] < level) {
            _indeg->set(v, (*_indeg)[v] - 1);
            if ((*_indeg)[v] == 0) {
              _level->activate(v);
            }
            _matching->set(u, a);
            _indeg->set(n, (*_indeg)[n] + 1);
            _level->deactivate(n);
            goto no_more_push;
          } else if (new_level > (*_level)[v]) {
            new_level = (*_level)[v];
          }
        }

        if (new_level + 1 < _level->maxLevel()) {
          _level->liftHighestActive(new_level + 1);
        } else {
          _level->liftHighestActiveToTop();
        }
        if (_level->emptyLevel(level)) {
          _level->liftToTop(level);
        }
      no_more_push:
        ;
      }
      for (NodeIt n(_graph); n != INVALID; ++n) {
        if ((*_matching)[n] == INVALID) continue;
        Node u = _graph.target((*_matching)[n]);
        if ((*_indeg)[u] > 1) {
          _indeg->set(u, (*_indeg)[u] - 1);
          _matching->set(n, INVALID);
        }
      }
      if (postprocess) {
        postprocessing();
      }
    }

    /// \brief Starts the algorithm and computes a perfect fractional
    /// matching
    ///
    /// The algorithm computes a perfect fractional matching. If it
    /// does not exists, then the algorithm returns false and the
    /// matching is undefined and the barrier.
    ///
    /// \param postprocess The algorithm computes first a matching
    /// which is a union of a matching with one value edges, cycles
    /// with half value edges and even length paths with half value
    /// edges. If the parameter is true, then after the push-relabel
    /// algorithm it postprocesses the matching to contain only
    /// matching edges and half value odd cycles.
    bool startPerfect(bool postprocess = true) {
      Node n;
      while ((n = _level->highestActive()) != INVALID) {
        int level = _level->highestActiveLevel();
        int new_level = _level->maxLevel();
        for (InArcIt a(_graph, n); a != INVALID; ++a) {
          Node u = _graph.source(a);
          if (n == u && !_allow_loops) continue;
          Node v = _graph.target((*_matching)[u]);
          if ((*_level)[v] < level) {
            _indeg->set(v, (*_indeg)[v] - 1);
            if ((*_indeg)[v] == 0) {
              _level->activate(v);
            }
            _matching->set(u, a);
            _indeg->set(n, (*_indeg)[n] + 1);
            _level->deactivate(n);
            goto no_more_push;
          } else if (new_level > (*_level)[v]) {
            new_level = (*_level)[v];
          }
        }

        if (new_level + 1 < _level->maxLevel()) {
          _level->liftHighestActive(new_level + 1);
        } else {
          _level->liftHighestActiveToTop();
          _empty_level = _level->maxLevel() - 1;
          return false;
        }
        if (_level->emptyLevel(level)) {
          _level->liftToTop(level);
          _empty_level = level;
          return false;
        }
      no_more_push:
        ;
      }
      if (postprocess) {
        postprocessing();
      }
      return true;
    }

    /// \brief Runs the algorithm
    ///
    /// Just a shortcut for the next code:
    ///\code
    /// init();
    /// start();
    ///\endcode
    void run(bool postprocess = true) {
      init();
      start(postprocess);
    }

    /// \brief Runs the algorithm to find a perfect fractional matching
    ///
    /// Just a shortcut for the next code:
    ///\code
    /// init();
    /// startPerfect();
    ///\endcode
    bool runPerfect(bool postprocess = true) {
      init();
      return startPerfect(postprocess);
    }

    ///@}

    /// \name Query Functions
    /// The result of the %Matching algorithm can be obtained using these
    /// functions.\n
    /// Before the use of these functions,
    /// either run() or start() must be called.
    ///@{


    /// \brief Return the number of covered nodes in the matching.
    ///
    /// This function returns the number of covered nodes in the matching.
    ///
    /// \pre Either run() or start() must be called before using this function.
    int matchingSize() const {
      int num = 0;
      for (NodeIt n(_graph); n != INVALID; ++n) {
        if ((*_matching)[n] != INVALID) {
          ++num;
        }
      }
      return num;
    }

    /// \brief Returns a const reference to the matching map.
    ///
    /// Returns a const reference to the node map storing the found
    /// fractional matching. This method can be called after
    /// running the algorithm.
    ///
    /// \pre Either \ref run() or \ref init() must be called before
    /// using this function.
    const MatchingMap& matchingMap() const {
      return *_matching;
    }

    /// \brief Return \c true if the given edge is in the matching.
    ///
    /// This function returns \c true if the given edge is in the
    /// found matching. The result is scaled by \ref primalScale
    /// "primal scale".
    ///
    /// \pre Either run() or start() must be called before using this function.
    int matching(const Edge& edge) const {
      return (edge == (*_matching)[_graph.u(edge)] ? 1 : 0) +
        (edge == (*_matching)[_graph.v(edge)] ? 1 : 0);
    }

    /// \brief Return the fractional matching arc (or edge) incident
    /// to the given node.
    ///
    /// This function returns one of the fractional matching arc (or
    /// edge) incident to the given node in the found matching or \c
    /// INVALID if the node is not covered by the matching or if the
    /// node is on an odd length cycle then it is the successor edge
    /// on the cycle.
    ///
    /// \pre Either run() or start() must be called before using this function.
    Arc matching(const Node& node) const {
      return (*_matching)[node];
    }

    /// \brief Returns true if the node is in the barrier
    ///
    /// The barrier is a subset of the nodes. If the nodes in the
    /// barrier have less adjacent nodes than the size of the barrier,
    /// then at least as much nodes cannot be covered as the
    /// difference of the two subsets.
    bool barrier(const Node& node) const {
      return (*_level)[node] >= _empty_level;
    }

    /// @}

  };

  /// \ingroup matching
  ///
  /// \brief Weighted fractional matching in general graphs
  ///
  /// This class provides an efficient implementation of fractional
  /// matching algorithm. The implementation uses priority queues and
  /// provides \f$O(nm\log n)\f$ time complexity.
  ///
  /// The maximum weighted fractional matching is a relaxation of the
  /// maximum weighted matching problem where the odd set constraints
  /// are omitted.
  /// It can be formulated with the following linear program.
  /// \f[ \sum_{e \in \delta(u)}x_e \le 1 \quad \forall u\in V\f]
  /// \f[x_e \ge 0\quad \forall e\in E\f]
  /// \f[\max \sum_{e\in E}x_ew_e\f]
  /// where \f$\delta(X)\f$ is the set of edges incident to a node in
  /// \f$X\f$. The result must be the union of a matching with one
  /// value edges and a set of odd length cycles with half value edges.
  ///
  /// The algorithm calculates an optimal fractional matching and a
  /// proof of the optimality. The solution of the dual problem can be
  /// used to check the result of the algorithm. The dual linear
  /// problem is the following.
  /// \f[ y_u + y_v \ge w_{uv} \quad \forall uv\in E\f]
  /// \f[y_u \ge 0 \quad \forall u \in V\f]
  /// \f[\min \sum_{u \in V}y_u \f]
  ///
  /// The algorithm can be executed with the run() function.
  /// After it the matching (the primal solution) and the dual solution
  /// can be obtained using the query functions.
  ///
  /// The primal solution is multiplied by
  /// \ref MaxWeightedFractionalMatching::primalScale "2".
  /// If the value type is integer, then the dual
  /// solution is scaled by
  /// \ref MaxWeightedFractionalMatching::dualScale "4".
  ///
  /// \tparam GR The undirected graph type the algorithm runs on.
  /// \tparam WM The type edge weight map. The default type is
  /// \ref concepts::Graph::EdgeMap "GR::EdgeMap<int>".
#ifdef DOXYGEN
  template <typename GR, typename WM>
#else
  template <typename GR,
            typename WM = typename GR::template EdgeMap<int> >
#endif
  class MaxWeightedFractionalMatching {
  public:

    /// The graph type of the algorithm
    typedef GR Graph;
    /// The type of the edge weight map
    typedef WM WeightMap;
    /// The value type of the edge weights
    typedef typename WeightMap::Value Value;

    /// The type of the matching map
    typedef typename Graph::template NodeMap<typename Graph::Arc>
    MatchingMap;

    /// \brief Scaling factor for primal solution
    ///
    /// Scaling factor for primal solution.
    static const int primalScale = 2;

    /// \brief Scaling factor for dual solution
    ///
    /// Scaling factor for dual solution. It is equal to 4 or 1
    /// according to the value type.
    static const int dualScale =
      std::numeric_limits<Value>::is_integer ? 4 : 1;

  private:

    TEMPLATE_GRAPH_TYPEDEFS(Graph);

    typedef typename Graph::template NodeMap<Value> NodePotential;

    const Graph& _graph;
    const WeightMap& _weight;

    MatchingMap* _matching;
    NodePotential* _node_potential;

    int _node_num;
    bool _allow_loops;

    enum Status {
      EVEN = -1, MATCHED = 0, ODD = 1
    };

    typedef typename Graph::template NodeMap<Status> StatusMap;
    StatusMap* _status;

    typedef typename Graph::template NodeMap<Arc> PredMap;
    PredMap* _pred;

    typedef ExtendFindEnum<IntNodeMap> TreeSet;

    IntNodeMap *_tree_set_index;
    TreeSet *_tree_set;

    IntNodeMap *_delta1_index;
    BinHeap<Value, IntNodeMap> *_delta1;

    IntNodeMap *_delta2_index;
    BinHeap<Value, IntNodeMap> *_delta2;

    IntEdgeMap *_delta3_index;
    BinHeap<Value, IntEdgeMap> *_delta3;

    Value _delta_sum;

    void createStructures() {
      _node_num = countNodes(_graph);

      if (!_matching) {
        _matching = new MatchingMap(_graph);
      }
      if (!_node_potential) {
        _node_potential = new NodePotential(_graph);
      }
      if (!_status) {
        _status = new StatusMap(_graph);
      }
      if (!_pred) {
        _pred = new PredMap(_graph);
      }
      if (!_tree_set) {
        _tree_set_index = new IntNodeMap(_graph);
        _tree_set = new TreeSet(*_tree_set_index);
      }
      if (!_delta1) {
        _delta1_index = new IntNodeMap(_graph);
        _delta1 = new BinHeap<Value, IntNodeMap>(*_delta1_index);
      }
      if (!_delta2) {
        _delta2_index = new IntNodeMap(_graph);
        _delta2 = new BinHeap<Value, IntNodeMap>(*_delta2_index);
      }
      if (!_delta3) {
        _delta3_index = new IntEdgeMap(_graph);
        _delta3 = new BinHeap<Value, IntEdgeMap>(*_delta3_index);
      }
    }

    void destroyStructures() {
      if (_matching) {
        delete _matching;
      }
      if (_node_potential) {
        delete _node_potential;
      }
      if (_status) {
        delete _status;
      }
      if (_pred) {
        delete _pred;
      }
      if (_tree_set) {
        delete _tree_set_index;
        delete _tree_set;
      }
      if (_delta1) {
        delete _delta1_index;
        delete _delta1;
      }
      if (_delta2) {
        delete _delta2_index;
        delete _delta2;
      }
      if (_delta3) {
        delete _delta3_index;
        delete _delta3;
      }
    }

    void matchedToEven(Node node, int tree) {
      _tree_set->insert(node, tree);
      _node_potential->set(node, (*_node_potential)[node] + _delta_sum);
      _delta1->push(node, (*_node_potential)[node]);

      if (_delta2->state(node) == _delta2->IN_HEAP) {
        _delta2->erase(node);
      }

      for (InArcIt a(_graph, node); a != INVALID; ++a) {
        Node v = _graph.source(a);
        Value rw = (*_node_potential)[node] + (*_node_potential)[v] -
          dualScale * _weight[a];
        if (node == v) {
          if (_allow_loops && _graph.direction(a)) {
            _delta3->push(a, rw / 2);
          }
        } else if ((*_status)[v] == EVEN) {
          _delta3->push(a, rw / 2);
        } else if ((*_status)[v] == MATCHED) {
          if (_delta2->state(v) != _delta2->IN_HEAP) {
            _pred->set(v, a);
            _delta2->push(v, rw);
          } else if ((*_delta2)[v] > rw) {
            _pred->set(v, a);
            _delta2->decrease(v, rw);
          }
        }
      }
    }

    void matchedToOdd(Node node, int tree) {
      _tree_set->insert(node, tree);
      _node_potential->set(node, (*_node_potential)[node] - _delta_sum);

      if (_delta2->state(node) == _delta2->IN_HEAP) {
        _delta2->erase(node);
      }
    }

    void evenToMatched(Node node, int tree) {
      _delta1->erase(node);
      _node_potential->set(node, (*_node_potential)[node] - _delta_sum);
      Arc min = INVALID;
      Value minrw = std::numeric_limits<Value>::max();
      for (InArcIt a(_graph, node); a != INVALID; ++a) {
        Node v = _graph.source(a);
        Value rw = (*_node_potential)[node] + (*_node_potential)[v] -
          dualScale * _weight[a];

        if (node == v) {
          if (_allow_loops && _graph.direction(a)) {
            _delta3->erase(a);
          }
        } else if ((*_status)[v] == EVEN) {
          _delta3->erase(a);
          if (minrw > rw) {
            min = _graph.oppositeArc(a);
            minrw = rw;
          }
        } else if ((*_status)[v]  == MATCHED) {
          if ((*_pred)[v] == a) {
            Arc mina = INVALID;
            Value minrwa = std::numeric_limits<Value>::max();
            for (OutArcIt aa(_graph, v); aa != INVALID; ++aa) {
              Node va = _graph.target(aa);
              if ((*_status)[va] != EVEN ||
                  _tree_set->find(va) == tree) continue;
              Value rwa = (*_node_potential)[v] + (*_node_potential)[va] -
                dualScale * _weight[aa];
              if (minrwa > rwa) {
                minrwa = rwa;
                mina = aa;
              }
            }
            if (mina != INVALID) {
              _pred->set(v, mina);
              _delta2->increase(v, minrwa);
            } else {
              _pred->set(v, INVALID);
              _delta2->erase(v);
            }
          }
        }
      }
      if (min != INVALID) {
        _pred->set(node, min);
        _delta2->push(node, minrw);
      } else {
        _pred->set(node, INVALID);
      }
    }

    void oddToMatched(Node node) {
      _node_potential->set(node, (*_node_potential)[node] + _delta_sum);
      Arc min = INVALID;
      Value minrw = std::numeric_limits<Value>::max();
      for (InArcIt a(_graph, node); a != INVALID; ++a) {
        Node v = _graph.source(a);
        if ((*_status)[v] != EVEN) continue;
        Value rw = (*_node_potential)[node] + (*_node_potential)[v] -
          dualScale * _weight[a];

        if (minrw > rw) {
          min = _graph.oppositeArc(a);
          minrw = rw;
        }
      }
      if (min != INVALID) {
        _pred->set(node, min);
        _delta2->push(node, minrw);
      } else {
        _pred->set(node, INVALID);
      }
    }

    void alternatePath(Node even, int tree) {
      Node odd;

      _status->set(even, MATCHED);
      evenToMatched(even, tree);

      Arc prev = (*_matching)[even];
      while (prev != INVALID) {
        odd = _graph.target(prev);
        even = _graph.target((*_pred)[odd]);
        _matching->set(odd, (*_pred)[odd]);
        _status->set(odd, MATCHED);
        oddToMatched(odd);

        prev = (*_matching)[even];
        _status->set(even, MATCHED);
        _matching->set(even, _graph.oppositeArc((*_matching)[odd]));
        evenToMatched(even, tree);
      }
    }

    void destroyTree(int tree) {
      for (typename TreeSet::ItemIt n(*_tree_set, tree); n != INVALID; ++n) {
        if ((*_status)[n] == EVEN) {
          _status->set(n, MATCHED);
          evenToMatched(n, tree);
        } else if ((*_status)[n] == ODD) {
          _status->set(n, MATCHED);
          oddToMatched(n);
        }
      }
      _tree_set->eraseClass(tree);
    }


    void unmatchNode(const Node& node) {
      int tree = _tree_set->find(node);

      alternatePath(node, tree);
      destroyTree(tree);

      _matching->set(node, INVALID);
    }


    void augmentOnEdge(const Edge& edge) {
      Node left = _graph.u(edge);
      int left_tree = _tree_set->find(left);

      alternatePath(left, left_tree);
      destroyTree(left_tree);
      _matching->set(left, _graph.direct(edge, true));

      Node right = _graph.v(edge);
      int right_tree = _tree_set->find(right);

      alternatePath(right, right_tree);
      destroyTree(right_tree);
      _matching->set(right, _graph.direct(edge, false));
    }

    void augmentOnArc(const Arc& arc) {
      Node left = _graph.source(arc);
      _status->set(left, MATCHED);
      _matching->set(left, arc);
      _pred->set(left, arc);

      Node right = _graph.target(arc);
      int right_tree = _tree_set->find(right);

      alternatePath(right, right_tree);
      destroyTree(right_tree);
      _matching->set(right, _graph.oppositeArc(arc));
    }

    void extendOnArc(const Arc& arc) {
      Node base = _graph.target(arc);
      int tree = _tree_set->find(base);

      Node odd = _graph.source(arc);
      _tree_set->insert(odd, tree);
      _status->set(odd, ODD);
      matchedToOdd(odd, tree);
      _pred->set(odd, arc);

      Node even = _graph.target((*_matching)[odd]);
      _tree_set->insert(even, tree);
      _status->set(even, EVEN);
      matchedToEven(even, tree);
    }

    void cycleOnEdge(const Edge& edge, int tree) {
      Node nca = INVALID;
      std::vector<Node> left_path, right_path;

      {
        std::set<Node> left_set, right_set;
        Node left = _graph.u(edge);
        left_path.push_back(left);
        left_set.insert(left);

        Node right = _graph.v(edge);
        right_path.push_back(right);
        right_set.insert(right);

        while (true) {

          if (left_set.find(right) != left_set.end()) {
            nca = right;
            break;
          }

          if ((*_matching)[left] == INVALID) break;

          left = _graph.target((*_matching)[left]);
          left_path.push_back(left);
          left = _graph.target((*_pred)[left]);
          left_path.push_back(left);

          left_set.insert(left);

          if (right_set.find(left) != right_set.end()) {
            nca = left;
            break;
          }

          if ((*_matching)[right] == INVALID) break;

          right = _graph.target((*_matching)[right]);
          right_path.push_back(right);
          right = _graph.target((*_pred)[right]);
          right_path.push_back(right);

          right_set.insert(right);

        }

        if (nca == INVALID) {
          if ((*_matching)[left] == INVALID) {
            nca = right;
            while (left_set.find(nca) == left_set.end()) {
              nca = _graph.target((*_matching)[nca]);
              right_path.push_back(nca);
              nca = _graph.target((*_pred)[nca]);
              right_path.push_back(nca);
            }
          } else {
            nca = left;
            while (right_set.find(nca) == right_set.end()) {
              nca = _graph.target((*_matching)[nca]);
              left_path.push_back(nca);
              nca = _graph.target((*_pred)[nca]);
              left_path.push_back(nca);
            }
          }
        }
      }

      alternatePath(nca, tree);
      Arc prev;

      prev = _graph.direct(edge, true);
      for (int i = 0; left_path[i] != nca; i += 2) {
        _matching->set(left_path[i], prev);
        _status->set(left_path[i], MATCHED);
        evenToMatched(left_path[i], tree);

        prev = _graph.oppositeArc((*_pred)[left_path[i + 1]]);
        _status->set(left_path[i + 1], MATCHED);
        oddToMatched(left_path[i + 1]);
      }
      _matching->set(nca, prev);

      for (int i = 0; right_path[i] != nca; i += 2) {
        _status->set(right_path[i], MATCHED);
        evenToMatched(right_path[i], tree);

        _matching->set(right_path[i + 1], (*_pred)[right_path[i + 1]]);
        _status->set(right_path[i + 1], MATCHED);
        oddToMatched(right_path[i + 1]);
      }

      destroyTree(tree);
    }

    void extractCycle(const Arc &arc) {
      Node left = _graph.source(arc);
      Node odd = _graph.target((*_matching)[left]);
      Arc prev;
      while (odd != left) {
        Node even = _graph.target((*_matching)[odd]);
        prev = (*_matching)[odd];
        odd = _graph.target((*_matching)[even]);
        _matching->set(even, _graph.oppositeArc(prev));
      }
      _matching->set(left, arc);

      Node right = _graph.target(arc);
      int right_tree = _tree_set->find(right);
      alternatePath(right, right_tree);
      destroyTree(right_tree);
      _matching->set(right, _graph.oppositeArc(arc));
    }

  public:

    /// \brief Constructor
    ///
    /// Constructor.
    MaxWeightedFractionalMatching(const Graph& graph, const WeightMap& weight,
                                  bool allow_loops = true)
      : _graph(graph), _weight(weight), _matching(0),
      _node_potential(0), _node_num(0), _allow_loops(allow_loops),
      _status(0),  _pred(0),
      _tree_set_index(0), _tree_set(0),

      _delta1_index(0), _delta1(0),
      _delta2_index(0), _delta2(0),
      _delta3_index(0), _delta3(0),

      _delta_sum() {}

    ~MaxWeightedFractionalMatching() {
      destroyStructures();
    }

    /// \name Execution Control
    /// The simplest way to execute the algorithm is to use the
    /// \ref run() member function.

    ///@{

    /// \brief Initialize the algorithm
    ///
    /// This function initializes the algorithm.
    void init() {
      createStructures();

      for (NodeIt n(_graph); n != INVALID; ++n) {
        (*_delta1_index)[n] = _delta1->PRE_HEAP;
        (*_delta2_index)[n] = _delta2->PRE_HEAP;
      }
      for (EdgeIt e(_graph); e != INVALID; ++e) {
        (*_delta3_index)[e] = _delta3->PRE_HEAP;
      }

      _delta1->clear();
      _delta2->clear();
      _delta3->clear();
      _tree_set->clear();

      for (NodeIt n(_graph); n != INVALID; ++n) {
        Value max = 0;
        for (OutArcIt e(_graph, n); e != INVALID; ++e) {
          if (_graph.target(e) == n && !_allow_loops) continue;
          if ((dualScale * _weight[e]) / 2 > max) {
            max = (dualScale * _weight[e]) / 2;
          }
        }
        _node_potential->set(n, max);
        _delta1->push(n, max);

        _tree_set->insert(n);

        _matching->set(n, INVALID);
        _status->set(n, EVEN);
      }

      for (EdgeIt e(_graph); e != INVALID; ++e) {
        Node left = _graph.u(e);
        Node right = _graph.v(e);
        if (left == right && !_allow_loops) continue;
        _delta3->push(e, ((*_node_potential)[left] +
                          (*_node_potential)[right] -
                          dualScale * _weight[e]) / 2);
      }
    }

    /// \brief Start the algorithm
    ///
    /// This function starts the algorithm.
    ///
    /// \pre \ref init() must be called before using this function.
    void start() {
      enum OpType {
        D1, D2, D3
      };

      int unmatched = _node_num;
      while (unmatched > 0) {
        Value d1 = !_delta1->empty() ?
          _delta1->prio() : std::numeric_limits<Value>::max();

        Value d2 = !_delta2->empty() ?
          _delta2->prio() : std::numeric_limits<Value>::max();

        Value d3 = !_delta3->empty() ?
          _delta3->prio() : std::numeric_limits<Value>::max();

        _delta_sum = d3; OpType ot = D3;
        if (d1 < _delta_sum) { _delta_sum = d1; ot = D1; }
        if (d2 < _delta_sum) { _delta_sum = d2; ot = D2; }

        switch (ot) {
        case D1:
          {
            Node n = _delta1->top();
            unmatchNode(n);
            --unmatched;
          }
          break;
        case D2:
          {
            Node n = _delta2->top();
            Arc a = (*_pred)[n];
            if ((*_matching)[n] == INVALID) {
              augmentOnArc(a);
              --unmatched;
            } else {
              Node v = _graph.target((*_matching)[n]);
              if ((*_matching)[n] !=
                  _graph.oppositeArc((*_matching)[v])) {
                extractCycle(a);
                --unmatched;
              } else {
                extendOnArc(a);
              }
            }
          } break;
        case D3:
          {
            Edge e = _delta3->top();

            Node left = _graph.u(e);
            Node right = _graph.v(e);

            int left_tree = _tree_set->find(left);
            int right_tree = _tree_set->find(right);

            if (left_tree == right_tree) {
              cycleOnEdge(e, left_tree);
              --unmatched;
            } else {
              augmentOnEdge(e);
              unmatched -= 2;
            }
          } break;
        }
      }
    }

    /// \brief Run the algorithm.
    ///
    /// This method runs the \c %MaxWeightedFractionalMatching algorithm.
    ///
    /// \note mwfm.run() is just a shortcut of the following code.
    /// \code
    ///   mwfm.init();
    ///   mwfm.start();
    /// \endcode
    void run() {
      init();
      start();
    }

    /// @}

    /// \name Primal Solution
    /// Functions to get the primal solution, i.e. the maximum weighted
    /// matching.\n
    /// Either \ref run() or \ref start() function should be called before
    /// using them.

    /// @{

    /// \brief Return the weight of the matching.
    ///
    /// This function returns the weight of the found matching. This
    /// value is scaled by \ref primalScale "primal scale".
    ///
    /// \pre Either run() or start() must be called before using this function.
    Value matchingWeight() const {
      Value sum = 0;
      for (NodeIt n(_graph); n != INVALID; ++n) {
        if ((*_matching)[n] != INVALID) {
          sum += _weight[(*_matching)[n]];
        }
      }
      return sum * primalScale / 2;
    }

    /// \brief Return the number of covered nodes in the matching.
    ///
    /// This function returns the number of covered nodes in the matching.
    ///
    /// \pre Either run() or start() must be called before using this function.
    int matchingSize() const {
      int num = 0;
      for (NodeIt n(_graph); n != INVALID; ++n) {
        if ((*_matching)[n] != INVALID) {
          ++num;
        }
      }
      return num;
    }

    /// \brief Return \c true if the given edge is in the matching.
    ///
    /// This function returns \c true if the given edge is in the
    /// found matching. The result is scaled by \ref primalScale
    /// "primal scale".
    ///
    /// \pre Either run() or start() must be called before using this function.
    int matching(const Edge& edge) const {
      return (edge == (*_matching)[_graph.u(edge)] ? 1 : 0)
        + (edge == (*_matching)[_graph.v(edge)] ? 1 : 0);
    }

    /// \brief Return the fractional matching arc (or edge) incident
    /// to the given node.
    ///
    /// This function returns one of the fractional matching arc (or
    /// edge) incident to the given node in the found matching or \c
    /// INVALID if the node is not covered by the matching or if the
    /// node is on an odd length cycle then it is the successor edge
    /// on the cycle.
    ///
    /// \pre Either run() or start() must be called before using this function.
    Arc matching(const Node& node) const {
      return (*_matching)[node];
    }

    /// \brief Return a const reference to the matching map.
    ///
    /// This function returns a const reference to a node map that stores
    /// the matching arc (or edge) incident to each node.
    const MatchingMap& matchingMap() const {
      return *_matching;
    }

    /// @}

    /// \name Dual Solution
    /// Functions to get the dual solution.\n
    /// Either \ref run() or \ref start() function should be called before
    /// using them.

    /// @{

    /// \brief Return the value of the dual solution.
    ///
    /// This function returns the value of the dual solution.
    /// It should be equal to the primal value scaled by \ref dualScale
    /// "dual scale".
    ///
    /// \pre Either run() or start() must be called before using this function.
    Value dualValue() const {
      Value sum = 0;
      for (NodeIt n(_graph); n != INVALID; ++n) {
        sum += nodeValue(n);
      }
      return sum;
    }

    /// \brief Return the dual value (potential) of the given node.
    ///
    /// This function returns the dual value (potential) of the given node.
    ///
    /// \pre Either run() or start() must be called before using this function.
    Value nodeValue(const Node& n) const {
      return (*_node_potential)[n];
    }

    /// @}

  };

  /// \ingroup matching
  ///
  /// \brief Weighted fractional perfect matching in general graphs
  ///
  /// This class provides an efficient implementation of fractional
  /// matching algorithm. The implementation uses priority queues and
  /// provides \f$O(nm\log n)\f$ time complexity.
  ///
  /// The maximum weighted fractional perfect matching is a relaxation
  /// of the maximum weighted perfect matching problem where the odd
  /// set constraints are omitted.
  /// It can be formulated with the following linear program.
  /// \f[ \sum_{e \in \delta(u)}x_e = 1 \quad \forall u\in V\f]
  /// \f[x_e \ge 0\quad \forall e\in E\f]
  /// \f[\max \sum_{e\in E}x_ew_e\f]
  /// where \f$\delta(X)\f$ is the set of edges incident to a node in
  /// \f$X\f$. The result must be the union of a matching with one
  /// value edges and a set of odd length cycles with half value edges.
  ///
  /// The algorithm calculates an optimal fractional matching and a
  /// proof of the optimality. The solution of the dual problem can be
  /// used to check the result of the algorithm. The dual linear
  /// problem is the following.
  /// \f[ y_u + y_v \ge w_{uv} \quad \forall uv\in E\f]
  /// \f[\min \sum_{u \in V}y_u \f]
  ///
  /// The algorithm can be executed with the run() function.
  /// After it the matching (the primal solution) and the dual solution
  /// can be obtained using the query functions.
  ///
  /// The primal solution is multiplied by
  /// \ref MaxWeightedPerfectFractionalMatching::primalScale "2".
  /// If the value type is integer, then the dual
  /// solution is scaled by
  /// \ref MaxWeightedPerfectFractionalMatching::dualScale "4".
  ///
  /// \tparam GR The undirected graph type the algorithm runs on.
  /// \tparam WM The type edge weight map. The default type is
  /// \ref concepts::Graph::EdgeMap "GR::EdgeMap<int>".
#ifdef DOXYGEN
  template <typename GR, typename WM>
#else
  template <typename GR,
            typename WM = typename GR::template EdgeMap<int> >
#endif
  class MaxWeightedPerfectFractionalMatching {
  public:

    /// The graph type of the algorithm
    typedef GR Graph;
    /// The type of the edge weight map
    typedef WM WeightMap;
    /// The value type of the edge weights
    typedef typename WeightMap::Value Value;

    /// The type of the matching map
    typedef typename Graph::template NodeMap<typename Graph::Arc>
    MatchingMap;

    /// \brief Scaling factor for primal solution
    ///
    /// Scaling factor for primal solution.
    static const int primalScale = 2;

    /// \brief Scaling factor for dual solution
    ///
    /// Scaling factor for dual solution. It is equal to 4 or 1
    /// according to the value type.
    static const int dualScale =
      std::numeric_limits<Value>::is_integer ? 4 : 1;

  private:

    TEMPLATE_GRAPH_TYPEDEFS(Graph);

    typedef typename Graph::template NodeMap<Value> NodePotential;

    const Graph& _graph;
    const WeightMap& _weight;

    MatchingMap* _matching;
    NodePotential* _node_potential;

    int _node_num;
    bool _allow_loops;

    enum Status {
      EVEN = -1, MATCHED = 0, ODD = 1
    };

    typedef typename Graph::template NodeMap<Status> StatusMap;
    StatusMap* _status;

    typedef typename Graph::template NodeMap<Arc> PredMap;
    PredMap* _pred;

    typedef ExtendFindEnum<IntNodeMap> TreeSet;

    IntNodeMap *_tree_set_index;
    TreeSet *_tree_set;

    IntNodeMap *_delta2_index;
    BinHeap<Value, IntNodeMap> *_delta2;

    IntEdgeMap *_delta3_index;
    BinHeap<Value, IntEdgeMap> *_delta3;

    Value _delta_sum;

    void createStructures() {
      _node_num = countNodes(_graph);

      if (!_matching) {
        _matching = new MatchingMap(_graph);
      }
      if (!_node_potential) {
        _node_potential = new NodePotential(_graph);
      }
      if (!_status) {
        _status = new StatusMap(_graph);
      }
      if (!_pred) {
        _pred = new PredMap(_graph);
      }
      if (!_tree_set) {
        _tree_set_index = new IntNodeMap(_graph);
        _tree_set = new TreeSet(*_tree_set_index);
      }
      if (!_delta2) {
        _delta2_index = new IntNodeMap(_graph);
        _delta2 = new BinHeap<Value, IntNodeMap>(*_delta2_index);
      }
      if (!_delta3) {
        _delta3_index = new IntEdgeMap(_graph);
        _delta3 = new BinHeap<Value, IntEdgeMap>(*_delta3_index);
      }
    }

    void destroyStructures() {
      if (_matching) {
        delete _matching;
      }
      if (_node_potential) {
        delete _node_potential;
      }
      if (_status) {
        delete _status;
      }
      if (_pred) {
        delete _pred;
      }
      if (_tree_set) {
        delete _tree_set_index;
        delete _tree_set;
      }
      if (_delta2) {
        delete _delta2_index;
        delete _delta2;
      }
      if (_delta3) {
        delete _delta3_index;
        delete _delta3;
      }
    }

    void matchedToEven(Node node, int tree) {
      _tree_set->insert(node, tree);
      _node_potential->set(node, (*_node_potential)[node] + _delta_sum);

      if (_delta2->state(node) == _delta2->IN_HEAP) {
        _delta2->erase(node);
      }

      for (InArcIt a(_graph, node); a != INVALID; ++a) {
        Node v = _graph.source(a);
        Value rw = (*_node_potential)[node] + (*_node_potential)[v] -
          dualScale * _weight[a];
        if (node == v) {
          if (_allow_loops && _graph.direction(a)) {
            _delta3->push(a, rw / 2);
          }
        } else if ((*_status)[v] == EVEN) {
          _delta3->push(a, rw / 2);
        } else if ((*_status)[v] == MATCHED) {
          if (_delta2->state(v) != _delta2->IN_HEAP) {
            _pred->set(v, a);
            _delta2->push(v, rw);
          } else if ((*_delta2)[v] > rw) {
            _pred->set(v, a);
            _delta2->decrease(v, rw);
          }
        }
      }
    }

    void matchedToOdd(Node node, int tree) {
      _tree_set->insert(node, tree);
      _node_potential->set(node, (*_node_potential)[node] - _delta_sum);

      if (_delta2->state(node) == _delta2->IN_HEAP) {
        _delta2->erase(node);
      }
    }

    void evenToMatched(Node node, int tree) {
      _node_potential->set(node, (*_node_potential)[node] - _delta_sum);
      Arc min = INVALID;
      Value minrw = std::numeric_limits<Value>::max();
      for (InArcIt a(_graph, node); a != INVALID; ++a) {
        Node v = _graph.source(a);
        Value rw = (*_node_potential)[node] + (*_node_potential)[v] -
          dualScale * _weight[a];

        if (node == v) {
          if (_allow_loops && _graph.direction(a)) {
            _delta3->erase(a);
          }
        } else if ((*_status)[v] == EVEN) {
          _delta3->erase(a);
          if (minrw > rw) {
            min = _graph.oppositeArc(a);
            minrw = rw;
          }
        } else if ((*_status)[v]  == MATCHED) {
          if ((*_pred)[v] == a) {
            Arc mina = INVALID;
            Value minrwa = std::numeric_limits<Value>::max();
            for (OutArcIt aa(_graph, v); aa != INVALID; ++aa) {
              Node va = _graph.target(aa);
              if ((*_status)[va] != EVEN ||
                  _tree_set->find(va) == tree) continue;
              Value rwa = (*_node_potential)[v] + (*_node_potential)[va] -
                dualScale * _weight[aa];
              if (minrwa > rwa) {
                minrwa = rwa;
                mina = aa;
              }
            }
            if (mina != INVALID) {
              _pred->set(v, mina);
              _delta2->increase(v, minrwa);
            } else {
              _pred->set(v, INVALID);
              _delta2->erase(v);
            }
          }
        }
      }
      if (min != INVALID) {
        _pred->set(node, min);
        _delta2->push(node, minrw);
      } else {
        _pred->set(node, INVALID);
      }
    }

    void oddToMatched(Node node) {
      _node_potential->set(node, (*_node_potential)[node] + _delta_sum);
      Arc min = INVALID;
      Value minrw = std::numeric_limits<Value>::max();
      for (InArcIt a(_graph, node); a != INVALID; ++a) {
        Node v = _graph.source(a);
        if ((*_status)[v] != EVEN) continue;
        Value rw = (*_node_potential)[node] + (*_node_potential)[v] -
          dualScale * _weight[a];

        if (minrw > rw) {
          min = _graph.oppositeArc(a);
          minrw = rw;
        }
      }
      if (min != INVALID) {
        _pred->set(node, min);
        _delta2->push(node, minrw);
      } else {
        _pred->set(node, INVALID);
      }
    }

    void alternatePath(Node even, int tree) {
      Node odd;

      _status->set(even, MATCHED);
      evenToMatched(even, tree);

      Arc prev = (*_matching)[even];
      while (prev != INVALID) {
        odd = _graph.target(prev);
        even = _graph.target((*_pred)[odd]);
        _matching->set(odd, (*_pred)[odd]);
        _status->set(odd, MATCHED);
        oddToMatched(odd);

        prev = (*_matching)[even];
        _status->set(even, MATCHED);
        _matching->set(even, _graph.oppositeArc((*_matching)[odd]));
        evenToMatched(even, tree);
      }
    }

    void destroyTree(int tree) {
      for (typename TreeSet::ItemIt n(*_tree_set, tree); n != INVALID; ++n) {
        if ((*_status)[n] == EVEN) {
          _status->set(n, MATCHED);
          evenToMatched(n, tree);
        } else if ((*_status)[n] == ODD) {
          _status->set(n, MATCHED);
          oddToMatched(n);
        }
      }
      _tree_set->eraseClass(tree);
    }

    void augmentOnEdge(const Edge& edge) {
      Node left = _graph.u(edge);
      int left_tree = _tree_set->find(left);

      alternatePath(left, left_tree);
      destroyTree(left_tree);
      _matching->set(left, _graph.direct(edge, true));

      Node right = _graph.v(edge);
      int right_tree = _tree_set->find(right);

      alternatePath(right, right_tree);
      destroyTree(right_tree);
      _matching->set(right, _graph.direct(edge, false));
    }

    void augmentOnArc(const Arc& arc) {
      Node left = _graph.source(arc);
      _status->set(left, MATCHED);
      _matching->set(left, arc);
      _pred->set(left, arc);

      Node right = _graph.target(arc);
      int right_tree = _tree_set->find(right);

      alternatePath(right, right_tree);
      destroyTree(right_tree);
      _matching->set(right, _graph.oppositeArc(arc));
    }

    void extendOnArc(const Arc& arc) {
      Node base = _graph.target(arc);
      int tree = _tree_set->find(base);

      Node odd = _graph.source(arc);
      _tree_set->insert(odd, tree);
      _status->set(odd, ODD);
      matchedToOdd(odd, tree);
      _pred->set(odd, arc);

      Node even = _graph.target((*_matching)[odd]);
      _tree_set->insert(even, tree);
      _status->set(even, EVEN);
      matchedToEven(even, tree);
    }

    void cycleOnEdge(const Edge& edge, int tree) {
      Node nca = INVALID;
      std::vector<Node> left_path, right_path;

      {
        std::set<Node> left_set, right_set;
        Node left = _graph.u(edge);
        left_path.push_back(left);
        left_set.insert(left);

        Node right = _graph.v(edge);
        right_path.push_back(right);
        right_set.insert(right);

        while (true) {

          if (left_set.find(right) != left_set.end()) {
            nca = right;
            break;
          }

          if ((*_matching)[left] == INVALID) break;

          left = _graph.target((*_matching)[left]);
          left_path.push_back(left);
          left = _graph.target((*_pred)[left]);
          left_path.push_back(left);

          left_set.insert(left);

          if (right_set.find(left) != right_set.end()) {
            nca = left;
            break;
          }

          if ((*_matching)[right] == INVALID) break;

          right = _graph.target((*_matching)[right]);
          right_path.push_back(right);
          right = _graph.target((*_pred)[right]);
          right_path.push_back(right);

          right_set.insert(right);

        }

        if (nca == INVALID) {
          if ((*_matching)[left] == INVALID) {
            nca = right;
            while (left_set.find(nca) == left_set.end()) {
              nca = _graph.target((*_matching)[nca]);
              right_path.push_back(nca);
              nca = _graph.target((*_pred)[nca]);
              right_path.push_back(nca);
            }
          } else {
            nca = left;
            while (right_set.find(nca) == right_set.end()) {
              nca = _graph.target((*_matching)[nca]);
              left_path.push_back(nca);
              nca = _graph.target((*_pred)[nca]);
              left_path.push_back(nca);
            }
          }
        }
      }

      alternatePath(nca, tree);
      Arc prev;

      prev = _graph.direct(edge, true);
      for (int i = 0; left_path[i] != nca; i += 2) {
        _matching->set(left_path[i], prev);
        _status->set(left_path[i], MATCHED);
        evenToMatched(left_path[i], tree);

        prev = _graph.oppositeArc((*_pred)[left_path[i + 1]]);
        _status->set(left_path[i + 1], MATCHED);
        oddToMatched(left_path[i + 1]);
      }
      _matching->set(nca, prev);

      for (int i = 0; right_path[i] != nca; i += 2) {
        _status->set(right_path[i], MATCHED);
        evenToMatched(right_path[i], tree);

        _matching->set(right_path[i + 1], (*_pred)[right_path[i + 1]]);
        _status->set(right_path[i + 1], MATCHED);
        oddToMatched(right_path[i + 1]);
      }

      destroyTree(tree);
    }

    void extractCycle(const Arc &arc) {
      Node left = _graph.source(arc);
      Node odd = _graph.target((*_matching)[left]);
      Arc prev;
      while (odd != left) {
        Node even = _graph.target((*_matching)[odd]);
        prev = (*_matching)[odd];
        odd = _graph.target((*_matching)[even]);
        _matching->set(even, _graph.oppositeArc(prev));
      }
      _matching->set(left, arc);

      Node right = _graph.target(arc);
      int right_tree = _tree_set->find(right);
      alternatePath(right, right_tree);
      destroyTree(right_tree);
      _matching->set(right, _graph.oppositeArc(arc));
    }

  public:

    /// \brief Constructor
    ///
    /// Constructor.
    MaxWeightedPerfectFractionalMatching(const Graph& graph,
                                         const WeightMap& weight,
                                         bool allow_loops = true)
      : _graph(graph), _weight(weight), _matching(0),
      _node_potential(0), _node_num(0), _allow_loops(allow_loops),
      _status(0),  _pred(0),
      _tree_set_index(0), _tree_set(0),

      _delta2_index(0), _delta2(0),
      _delta3_index(0), _delta3(0),

      _delta_sum() {}

    ~MaxWeightedPerfectFractionalMatching() {
      destroyStructures();
    }

    /// \name Execution Control
    /// The simplest way to execute the algorithm is to use the
    /// \ref run() member function.

    ///@{

    /// \brief Initialize the algorithm
    ///
    /// This function initializes the algorithm.
    void init() {
      createStructures();

      for (NodeIt n(_graph); n != INVALID; ++n) {
        (*_delta2_index)[n] = _delta2->PRE_HEAP;
      }
      for (EdgeIt e(_graph); e != INVALID; ++e) {
        (*_delta3_index)[e] = _delta3->PRE_HEAP;
      }

      _delta2->clear();
      _delta3->clear();
      _tree_set->clear();

      for (NodeIt n(_graph); n != INVALID; ++n) {
        Value max = - std::numeric_limits<Value>::max();
        for (OutArcIt e(_graph, n); e != INVALID; ++e) {
          if (_graph.target(e) == n && !_allow_loops) continue;
          if ((dualScale * _weight[e]) / 2 > max) {
            max = (dualScale * _weight[e]) / 2;
          }
        }
        _node_potential->set(n, max);

        _tree_set->insert(n);

        _matching->set(n, INVALID);
        _status->set(n, EVEN);
      }

      for (EdgeIt e(_graph); e != INVALID; ++e) {
        Node left = _graph.u(e);
        Node right = _graph.v(e);
        if (left == right && !_allow_loops) continue;
        _delta3->push(e, ((*_node_potential)[left] +
                          (*_node_potential)[right] -
                          dualScale * _weight[e]) / 2);
      }
    }

    /// \brief Start the algorithm
    ///
    /// This function starts the algorithm.
    ///
    /// \pre \ref init() must be called before using this function.
    bool start() {
      enum OpType {
        D2, D3
      };

      int unmatched = _node_num;
      while (unmatched > 0) {
        Value d2 = !_delta2->empty() ?
          _delta2->prio() : std::numeric_limits<Value>::max();

        Value d3 = !_delta3->empty() ?
          _delta3->prio() : std::numeric_limits<Value>::max();

        _delta_sum = d3; OpType ot = D3;
        if (d2 < _delta_sum) { _delta_sum = d2; ot = D2; }

        if (_delta_sum == std::numeric_limits<Value>::max()) {
          return false;
        }

        switch (ot) {
        case D2:
          {
            Node n = _delta2->top();
            Arc a = (*_pred)[n];
            if ((*_matching)[n] == INVALID) {
              augmentOnArc(a);
              --unmatched;
            } else {
              Node v = _graph.target((*_matching)[n]);
              if ((*_matching)[n] !=
                  _graph.oppositeArc((*_matching)[v])) {
                extractCycle(a);
                --unmatched;
              } else {
                extendOnArc(a);
              }
            }
          } break;
        case D3:
          {
            Edge e = _delta3->top();

            Node left = _graph.u(e);
            Node right = _graph.v(e);

            int left_tree = _tree_set->find(left);
            int right_tree = _tree_set->find(right);

            if (left_tree == right_tree) {
              cycleOnEdge(e, left_tree);
              --unmatched;
            } else {
              augmentOnEdge(e);
              unmatched -= 2;
            }
          } break;
        }
      }
      return true;
    }

    /// \brief Run the algorithm.
    ///
    /// This method runs the \c %MaxWeightedPerfectFractionalMatching
    /// algorithm.
    ///
    /// \note mwfm.run() is just a shortcut of the following code.
    /// \code
    ///   mwpfm.init();
    ///   mwpfm.start();
    /// \endcode
    bool run() {
      init();
      return start();
    }

    /// @}

    /// \name Primal Solution
    /// Functions to get the primal solution, i.e. the maximum weighted
    /// matching.\n
    /// Either \ref run() or \ref start() function should be called before
    /// using them.

    /// @{

    /// \brief Return the weight of the matching.
    ///
    /// This function returns the weight of the found matching. This
    /// value is scaled by \ref primalScale "primal scale".
    ///
    /// \pre Either run() or start() must be called before using this function.
    Value matchingWeight() const {
      Value sum = 0;
      for (NodeIt n(_graph); n != INVALID; ++n) {
        if ((*_matching)[n] != INVALID) {
          sum += _weight[(*_matching)[n]];
        }
      }
      return sum * primalScale / 2;
    }

    /// \brief Return the number of covered nodes in the matching.
    ///
    /// This function returns the number of covered nodes in the matching.
    ///
    /// \pre Either run() or start() must be called before using this function.
    int matchingSize() const {
      int num = 0;
      for (NodeIt n(_graph); n != INVALID; ++n) {
        if ((*_matching)[n] != INVALID) {
          ++num;
        }
      }
      return num;
    }

    /// \brief Return \c true if the given edge is in the matching.
    ///
    /// This function returns \c true if the given edge is in the
    /// found matching. The result is scaled by \ref primalScale
    /// "primal scale".
    ///
    /// \pre Either run() or start() must be called before using this function.
    int matching(const Edge& edge) const {
      return (edge == (*_matching)[_graph.u(edge)] ? 1 : 0)
        + (edge == (*_matching)[_graph.v(edge)] ? 1 : 0);
    }

    /// \brief Return the fractional matching arc (or edge) incident
    /// to the given node.
    ///
    /// This function returns one of the fractional matching arc (or
    /// edge) incident to the given node in the found matching or \c
    /// INVALID if the node is not covered by the matching or if the
    /// node is on an odd length cycle then it is the successor edge
    /// on the cycle.
    ///
    /// \pre Either run() or start() must be called before using this function.
    Arc matching(const Node& node) const {
      return (*_matching)[node];
    }

    /// \brief Return a const reference to the matching map.
    ///
    /// This function returns a const reference to a node map that stores
    /// the matching arc (or edge) incident to each node.
    const MatchingMap& matchingMap() const {
      return *_matching;
    }

    /// @}

    /// \name Dual Solution
    /// Functions to get the dual solution.\n
    /// Either \ref run() or \ref start() function should be called before
    /// using them.

    /// @{

    /// \brief Return the value of the dual solution.
    ///
    /// This function returns the value of the dual solution.
    /// It should be equal to the primal value scaled by \ref dualScale
    /// "dual scale".
    ///
    /// \pre Either run() or start() must be called before using this function.
    Value dualValue() const {
      Value sum = 0;
      for (NodeIt n(_graph); n != INVALID; ++n) {
        sum += nodeValue(n);
      }
      return sum;
    }

    /// \brief Return the dual value (potential) of the given node.
    ///
    /// This function returns the dual value (potential) of the given node.
    ///
    /// \pre Either run() or start() must be called before using this function.
    Value nodeValue(const Node& n) const {
      return (*_node_potential)[n];
    }

    /// @}

  };

} //END OF NAMESPACE LEMON

#endif //LEMON_FRACTIONAL_MATCHING_H







lemon/full_graph.h

/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2010
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_FULL_GRAPH_H
#define LEMON_FULL_GRAPH_H

#include <lemon/core.h>
#include <lemon/bits/graph_extender.h>

///\ingroup graphs
///\file
///\brief FullDigraph and FullGraph classes.

namespace lemon {

  class FullDigraphBase {
  public:

    typedef FullDigraphBase Digraph;

    class Node;
    class Arc;

  protected:

    int _node_num;
    int _arc_num;

    FullDigraphBase() {}

    void construct(int n) { _node_num = n; _arc_num = n * n; }

  public:

    typedef True NodeNumTag;
    typedef True ArcNumTag;

    Node operator()(int ix) const { return Node(ix); }
    static int index(const Node& node) { return node._id; }

    Arc arc(const Node& s, const Node& t) const {
      return Arc(s._id * _node_num + t._id);
    }

    int nodeNum() const { return _node_num; }
    int arcNum() const { return _arc_num; }

    int maxNodeId() const { return _node_num - 1; }
    int maxArcId() const { return _arc_num - 1; }

    Node source(Arc arc) const { return arc._id / _node_num; }
    Node target(Arc arc) const { return arc._id % _node_num; }

    static int id(Node node) { return node._id; }
    static int id(Arc arc) { return arc._id; }

    static Node nodeFromId(int id) { return Node(id);}
    static Arc arcFromId(int id) { return Arc(id);}

    typedef True FindArcTag;

    Arc findArc(Node s, Node t, Arc prev = INVALID) const {
      return prev == INVALID ? arc(s, t) : INVALID;
    }

    class Node {
      friend class FullDigraphBase;

    protected:
      int _id;
      Node(int id) : _id(id) {}
    public:
      Node() {}
      Node (Invalid) : _id(-1) {}
      bool operator==(const Node node) const {return _id == node._id;}
      bool operator!=(const Node node) const {return _id != node._id;}
      bool operator<(const Node node) const {return _id < node._id;}
    };

    class Arc {
      friend class FullDigraphBase;

    protected:
      int _id;  // _node_num * source + target;

      Arc(int id) : _id(id) {}

    public:
      Arc() { }
      Arc (Invalid) { _id = -1; }
      bool operator==(const Arc arc) const {return _id == arc._id;}
      bool operator!=(const Arc arc) const {return _id != arc._id;}
      bool operator<(const Arc arc) const {return _id < arc._id;}
    };

    void first(Node& node) const {
      node._id = _node_num - 1;
    }

    static void next(Node& node) {
      --node._id;
    }

    void first(Arc& arc) const {
      arc._id = _arc_num - 1;
    }

    static void next(Arc& arc) {
      --arc._id;
    }

    void firstOut(Arc& arc, const Node& node) const {
      arc._id = (node._id + 1) * _node_num - 1;
    }

    void nextOut(Arc& arc) const {
      if (arc._id % _node_num == 0) arc._id = 0;
      --arc._id;
    }

    void firstIn(Arc& arc, const Node& node) const {
      arc._id = _arc_num + node._id - _node_num;
    }

    void nextIn(Arc& arc) const {
      arc._id -= _node_num;
      if (arc._id < 0) arc._id = -1;
    }

  };

  typedef DigraphExtender<FullDigraphBase> ExtendedFullDigraphBase;

  /// \ingroup graphs
  ///
  /// \brief A directed full graph class.
  ///
  /// FullDigraph is a simple and fast implmenetation of directed full
  /// (complete) graphs. It contains an arc from each node to each node
  /// (including a loop for each node), therefore the number of arcs
  /// is the square of the number of nodes.
  /// This class is completely static and it needs constant memory space.
  /// Thus you can neither add nor delete nodes or arcs, however
  /// the structure can be resized using resize().
  ///
  /// This type fully conforms to the \ref concepts::Digraph "Digraph concept".
  /// Most of its member functions and nested classes are documented
  /// only in the concept class.
  ///
  /// This class provides constant time counting for nodes and arcs.
  ///
  /// \note FullDigraph and FullGraph classes are very similar,
  /// but there are two differences. While this class conforms only
  /// to the \ref concepts::Digraph "Digraph" concept, FullGraph
  /// conforms to the \ref concepts::Graph "Graph" concept,
  /// moreover FullGraph does not contain a loop for each
  /// node as this class does.
  ///
  /// \sa FullGraph
  class FullDigraph : public ExtendedFullDigraphBase {
    typedef ExtendedFullDigraphBase Parent;

  public:

    /// \brief Default constructor.
    ///
    /// Default constructor. The number of nodes and arcs will be zero.
    FullDigraph() { construct(0); }

    /// \brief Constructor
    ///
    /// Constructor.
    /// \param n The number of the nodes.
    FullDigraph(int n) { construct(n); }

    /// \brief Resizes the digraph
    ///
    /// This function resizes the digraph. It fully destroys and
    /// rebuilds the structure, therefore the maps of the digraph will be
    /// reallocated automatically and the previous values will be lost.
    void resize(int n) {
      Parent::notifier(Arc()).clear();
      Parent::notifier(Node()).clear();
      construct(n);
      Parent::notifier(Node()).build();
      Parent::notifier(Arc()).build();
    }

    /// \brief Returns the node with the given index.
    ///
    /// Returns the node with the given index. Since this structure is
    /// completely static, the nodes can be indexed with integers from
    /// the range <tt>[0..nodeNum()-1]</tt>.
    /// The index of a node is the same as its ID.
    /// \sa index()
    Node operator()(int ix) const { return Parent::operator()(ix); }

    /// \brief Returns the index of the given node.
    ///
    /// Returns the index of the given node. Since this structure is
    /// completely static, the nodes can be indexed with integers from
    /// the range <tt>[0..nodeNum()-1]</tt>.
    /// The index of a node is the same as its ID.
    /// \sa operator()()
    static int index(const Node& node) { return Parent::index(node); }

    /// \brief Returns the arc connecting the given nodes.
    ///
    /// Returns the arc connecting the given nodes.
    Arc arc(Node u, Node v) const {
      return Parent::arc(u, v);
    }

    /// \brief Number of nodes.
    int nodeNum() const { return Parent::nodeNum(); }
    /// \brief Number of arcs.
    int arcNum() const { return Parent::arcNum(); }
  };


  class FullGraphBase {
  public:

    typedef FullGraphBase Graph;

    class Node;
    class Arc;
    class Edge;

  protected:

    int _node_num;
    int _edge_num;

    FullGraphBase() {}

    void construct(int n) { _node_num = n; _edge_num = n * (n - 1) / 2; }

    int _uid(int e) const {
      int u = e / _node_num;
      int v = e % _node_num;
      return u < v ? u : _node_num - 2 - u;
    }

    int _vid(int e) const {
      int u = e / _node_num;
      int v = e % _node_num;
      return u < v ? v : _node_num - 1 - v;
    }

    void _uvid(int e, int& u, int& v) const {
      u = e / _node_num;
      v = e % _node_num;
      if  (u >= v) {
        u = _node_num - 2 - u;
        v = _node_num - 1 - v;
      }
    }

    void _stid(int a, int& s, int& t) const {
      if ((a & 1) == 1) {
        _uvid(a >> 1, s, t);
      } else {
        _uvid(a >> 1, t, s);
      }
    }

    int _eid(int u, int v) const {
      if (u < (_node_num - 1) / 2) {
        return u * _node_num + v;
      } else {
        return (_node_num - 1 - u) * _node_num - v - 1;
      }
    }

  public:

    Node operator()(int ix) const { return Node(ix); }
    static int index(const Node& node) { return node._id; }

    Edge edge(const Node& u, const Node& v) const {
      if (u._id < v._id) {
        return Edge(_eid(u._id, v._id));
      } else if (u._id != v._id) {
        return Edge(_eid(v._id, u._id));
      } else {
        return INVALID;
      }
    }

    Arc arc(const Node& s, const Node& t) const {
      if (s._id < t._id) {
        return Arc((_eid(s._id, t._id) << 1) | 1);
      } else if (s._id != t._id) {
        return Arc(_eid(t._id, s._id) << 1);
      } else {
        return INVALID;
      }
    }

    typedef True NodeNumTag;
    typedef True ArcNumTag;
    typedef True EdgeNumTag;

    int nodeNum() const { return _node_num; }
    int arcNum() const { return 2 * _edge_num; }
    int edgeNum() const { return _edge_num; }

    static int id(Node node) { return node._id; }
    static int id(Arc arc) { return arc._id; }
    static int id(Edge edge) { return edge._id; }

    int maxNodeId() const { return _node_num-1; }
    int maxArcId() const { return 2 * _edge_num-1; }
    int maxEdgeId() const { return _edge_num-1; }

    static Node nodeFromId(int id) { return Node(id);}
    static Arc arcFromId(int id) { return Arc(id);}
    static Edge edgeFromId(int id) { return Edge(id);}

    Node u(Edge edge) const {
      return Node(_uid(edge._id));
    }

    Node v(Edge edge) const {
      return Node(_vid(edge._id));
    }

    Node source(Arc arc) const {
      return Node((arc._id & 1) == 1 ?
                  _uid(arc._id >> 1) : _vid(arc._id >> 1));
    }

    Node target(Arc arc) const {
      return Node((arc._id & 1) == 1 ?
                  _vid(arc._id >> 1) : _uid(arc._id >> 1));
    }

    typedef True FindEdgeTag;
    typedef True FindArcTag;

    Edge findEdge(Node u, Node v, Edge prev = INVALID) const {
      return prev != INVALID ? INVALID : edge(u, v);
    }

    Arc findArc(Node s, Node t, Arc prev = INVALID) const {
      return prev != INVALID ? INVALID : arc(s, t);
    }

    class Node {
      friend class FullGraphBase;

    protected:
      int _id;
      Node(int id) : _id(id) {}
    public:
      Node() {}
      Node (Invalid) { _id = -1; }
      bool operator==(const Node node) const {return _id == node._id;}
      bool operator!=(const Node node) const {return _id != node._id;}
      bool operator<(const Node node) const {return _id < node._id;}
    };

    class Edge {
      friend class FullGraphBase;
      friend class Arc;

    protected:
      int _id;

      Edge(int id) : _id(id) {}

    public:
      Edge() { }
      Edge (Invalid) { _id = -1; }

      bool operator==(const Edge edge) const {return _id == edge._id;}
      bool operator!=(const Edge edge) const {return _id != edge._id;}
      bool operator<(const Edge edge) const {return _id < edge._id;}
    };

    class Arc {
      friend class FullGraphBase;

    protected:
      int _id;

      Arc(int id) : _id(id) {}

    public:
      Arc() { }
      Arc (Invalid) { _id = -1; }

      operator Edge() const { return Edge(_id != -1 ? (_id >> 1) : -1); }

      bool operator==(const Arc arc) const {return _id == arc._id;}
      bool operator!=(const Arc arc) const {return _id != arc._id;}
      bool operator<(const Arc arc) const {return _id < arc._id;}
    };

    static bool direction(Arc arc) {
      return (arc._id & 1) == 1;
    }

    static Arc direct(Edge edge, bool dir) {
      return Arc((edge._id << 1) | (dir ? 1 : 0));
    }

    void first(Node& node) const {
      node._id = _node_num - 1;
    }

    static void next(Node& node) {
      --node._id;
    }

    void first(Arc& arc) const {
      arc._id = (_edge_num << 1) - 1;
    }

    static void next(Arc& arc) {
      --arc._id;
    }

    void first(Edge& edge) const {
      edge._id = _edge_num - 1;
    }

    static void next(Edge& edge) {
      --edge._id;
    }

    void firstOut(Arc& arc, const Node& node) const {
      int s = node._id, t = _node_num - 1;
      if (s < t) {
        arc._id = (_eid(s, t) << 1) | 1;
      } else {
        --t;
        arc._id = (t != -1 ? (_eid(t, s) << 1) : -1);
      }
    }

    void nextOut(Arc& arc) const {
      int s, t;
      _stid(arc._id, s, t);
      --t;
      if (s < t) {
        arc._id = (_eid(s, t) << 1) | 1;
      } else {
        if (s == t) --t;
        arc._id = (t != -1 ? (_eid(t, s) << 1) : -1);
      }
    }

    void firstIn(Arc& arc, const Node& node) const {
      int s = _node_num - 1, t = node._id;
      if (s > t) {
        arc._id = (_eid(t, s) << 1);
      } else {
        --s;
        arc._id = (s != -1 ? (_eid(s, t) << 1) | 1 : -1);
      }
    }

    void nextIn(Arc& arc) const {
      int s, t;
      _stid(arc._id, s, t);
      --s;
      if (s > t) {
        arc._id = (_eid(t, s) << 1);
      } else {
        if (s == t) --s;
        arc._id = (s != -1 ? (_eid(s, t) << 1) | 1 : -1);
      }
    }

    void firstInc(Edge& edge, bool& dir, const Node& node) const {
      int u = node._id, v = _node_num - 1;
      if (u < v) {
        edge._id = _eid(u, v);
        dir = true;
      } else {
        --v;
        edge._id = (v != -1 ? _eid(v, u) : -1);
        dir = false;
      }
    }

    void nextInc(Edge& edge, bool& dir) const {
      int u, v;
      if (dir) {
        _uvid(edge._id, u, v);
        --v;
        if (u < v) {
          edge._id = _eid(u, v);
        } else {
          --v;
          edge._id = (v != -1 ? _eid(v, u) : -1);
          dir = false;
        }
      } else {
        _uvid(edge._id, v, u);
        --v;
        edge._id = (v != -1 ? _eid(v, u) : -1);
      }
    }

  };

  typedef GraphExtender<FullGraphBase> ExtendedFullGraphBase;

  /// \ingroup graphs
  ///
  /// \brief An undirected full graph class.
  ///
  /// FullGraph is a simple and fast implmenetation of undirected full
  /// (complete) graphs. It contains an edge between every distinct pair
  /// of nodes, therefore the number of edges is <tt>n(n-1)/2</tt>.
  /// This class is completely static and it needs constant memory space.
  /// Thus you can neither add nor delete nodes or edges, however
  /// the structure can be resized using resize().
  ///
  /// This type fully conforms to the \ref concepts::Graph "Graph concept".
  /// Most of its member functions and nested classes are documented
  /// only in the concept class.
  ///
  /// This class provides constant time counting for nodes, edges and arcs.
  ///
  /// \note FullDigraph and FullGraph classes are very similar,
  /// but there are two differences. While FullDigraph
  /// conforms only to the \ref concepts::Digraph "Digraph" concept,
  /// this class conforms to the \ref concepts::Graph "Graph" concept,
  /// moreover this class does not contain a loop for each
  /// node as FullDigraph does.
  ///
  /// \sa FullDigraph
  class FullGraph : public ExtendedFullGraphBase {
    typedef ExtendedFullGraphBase Parent;

  public:

    /// \brief Default constructor.
    ///
    /// Default constructor. The number of nodes and edges will be zero.
    FullGraph() { construct(0); }

    /// \brief Constructor
    ///
    /// Constructor.
    /// \param n The number of the nodes.
    FullGraph(int n) { construct(n); }

    /// \brief Resizes the graph
    ///
    /// This function resizes the graph. It fully destroys and
    /// rebuilds the structure, therefore the maps of the graph will be
    /// reallocated automatically and the previous values will be lost.
    void resize(int n) {
      Parent::notifier(Arc()).clear();
      Parent::notifier(Edge()).clear();
      Parent::notifier(Node()).clear();
      construct(n);
      Parent::notifier(Node()).build();
      Parent::notifier(Edge()).build();
      Parent::notifier(Arc()).build();
    }

    /// \brief Returns the node with the given index.
    ///
    /// Returns the node with the given index. Since this structure is
    /// completely static, the nodes can be indexed with integers from
    /// the range <tt>[0..nodeNum()-1]</tt>.
    /// The index of a node is the same as its ID.
    /// \sa index()
    Node operator()(int ix) const { return Parent::operator()(ix); }

    /// \brief Returns the index of the given node.
    ///
    /// Returns the index of the given node. Since this structure is
    /// completely static, the nodes can be indexed with integers from
    /// the range <tt>[0..nodeNum()-1]</tt>.
    /// The index of a node is the same as its ID.
    /// \sa operator()()
    static int index(const Node& node) { return Parent::index(node); }

    /// \brief Returns the arc connecting the given nodes.
    ///
    /// Returns the arc connecting the given nodes.
    Arc arc(Node s, Node t) const {
      return Parent::arc(s, t);
    }

    /// \brief Returns the edge connecting the given nodes.
    ///
    /// Returns the edge connecting the given nodes.
    Edge edge(Node u, Node v) const {
      return Parent::edge(u, v);
    }

    /// \brief Number of nodes.
    int nodeNum() const { return Parent::nodeNum(); }
    /// \brief Number of arcs.
    int arcNum() const { return Parent::arcNum(); }
    /// \brief Number of edges.
    int edgeNum() const { return Parent::edgeNum(); }

  };


} //namespace lemon


#endif //LEMON_FULL_GRAPH_H







lemon/glpk.h

/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2010
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_GLPK_H
#define LEMON_GLPK_H

///\file
///\brief Header of the LEMON-GLPK lp solver interface.
///\ingroup lp_group

#include <lemon/lp_base.h>

namespace lemon {

  namespace _solver_bits {
    class VoidPtr {
    private:
      void *_ptr;
    public:
      VoidPtr() : _ptr(0) {}

      template <typename T>
      VoidPtr(T* ptr) : _ptr(reinterpret_cast<void*>(ptr)) {}

      template <typename T>
      VoidPtr& operator=(T* ptr) {
        _ptr = reinterpret_cast<void*>(ptr);
        return *this;
      }

      template <typename T>
      operator T*() const { return reinterpret_cast<T*>(_ptr); }
    };
  }

  /// \brief Base interface for the GLPK LP and MIP solver
  ///
  /// This class implements the common interface of the GLPK LP and MIP solver.
  /// \ingroup lp_group
  class GlpkBase : virtual public LpBase {
  protected:

    _solver_bits::VoidPtr lp;

    GlpkBase();
    GlpkBase(const GlpkBase&);
    virtual ~GlpkBase();

  protected:

    virtual int _addCol();
    virtual int _addRow();
    virtual int _addRow(Value l, ExprIterator b, ExprIterator e, Value u);

    virtual void _eraseCol(int i);
    virtual void _eraseRow(int i);

    virtual void _eraseColId(int i);
    virtual void _eraseRowId(int i);

    virtual void _getColName(int col, std::string& name) const;
    virtual void _setColName(int col, const std::string& name);
    virtual int _colByName(const std::string& name) const;

    virtual void _getRowName(int row, std::string& name) const;
    virtual void _setRowName(int row, const std::string& name);
    virtual int _rowByName(const std::string& name) const;

    virtual void _setRowCoeffs(int i, ExprIterator b, ExprIterator e);
    virtual void _getRowCoeffs(int i, InsertIterator b) const;

    virtual void _setColCoeffs(int i, ExprIterator b, ExprIterator e);
    virtual void _getColCoeffs(int i, InsertIterator b) const;

    virtual void _setCoeff(int row, int col, Value value);
    virtual Value _getCoeff(int row, int col) const;

    virtual void _setColLowerBound(int i, Value value);
    virtual Value _getColLowerBound(int i) const;

    virtual void _setColUpperBound(int i, Value value);
    virtual Value _getColUpperBound(int i) const;

    virtual void _setRowLowerBound(int i, Value value);
    virtual Value _getRowLowerBound(int i) const;

    virtual void _setRowUpperBound(int i, Value value);
    virtual Value _getRowUpperBound(int i) const;

    virtual void _setObjCoeffs(ExprIterator b, ExprIterator e);
    virtual void _getObjCoeffs(InsertIterator b) const;

    virtual void _setObjCoeff(int i, Value obj_coef);
    virtual Value _getObjCoeff(int i) const;

    virtual void _setSense(Sense);
    virtual Sense _getSense() const;

    virtual void _clear();

    virtual void _messageLevel(MessageLevel level);

  private:

    static void freeEnv();

    struct FreeEnvHelper {
      ~FreeEnvHelper() {
        freeEnv();
      }
    };

    static FreeEnvHelper freeEnvHelper;

  protected:

    int _message_level;

  public:

    ///Pointer to the underlying GLPK data structure.
    _solver_bits::VoidPtr lpx() {return lp;}
    ///Const pointer to the underlying GLPK data structure.
    _solver_bits::VoidPtr lpx() const {return lp;}

    ///Returns the constraint identifier understood by GLPK.
    int lpxRow(Row r) const { return rows(id(r)); }

    ///Returns the variable identifier understood by GLPK.
    int lpxCol(Col c) const { return cols(id(c)); }

  };

  /// \brief Interface for the GLPK LP solver
  ///
  /// This class implements an interface for the GLPK LP solver.
  ///\ingroup lp_group
  class GlpkLp : public LpSolver, public GlpkBase {
  public:

    ///\e
    GlpkLp();
    ///\e
    GlpkLp(const GlpkLp&);

    ///\e
    virtual GlpkLp* cloneSolver() const;
    ///\e
    virtual GlpkLp* newSolver() const;

  private:

    mutable std::vector<double> _primal_ray;
    mutable std::vector<double> _dual_ray;

    void _clear_temporals();

  protected:

    virtual const char* _solverName() const;

    virtual SolveExitStatus _solve();
    virtual Value _getPrimal(int i) const;
    virtual Value _getDual(int i) const;

    virtual Value _getPrimalValue() const;

    virtual VarStatus _getColStatus(int i) const;
    virtual VarStatus _getRowStatus(int i) const;

    virtual Value _getPrimalRay(int i) const;
    virtual Value _getDualRay(int i) const;

    virtual ProblemType _getPrimalType() const;
    virtual ProblemType _getDualType() const;

  public:

    ///Solve with primal simplex
    SolveExitStatus solvePrimal();

    ///Solve with dual simplex
    SolveExitStatus solveDual();

  private:

    bool _presolve;

  public:

    ///Turns on or off the presolver

    ///Turns on (\c b is \c true) or off (\c b is \c false) the presolver
    ///
    ///The presolver is off by default.
    void presolver(bool presolve);

  };

  /// \brief Interface for the GLPK MIP solver
  ///
  /// This class implements an interface for the GLPK MIP solver.
  ///\ingroup lp_group
  class GlpkMip : public MipSolver, public GlpkBase {
  public:

    ///\e
    GlpkMip();
    ///\e
    GlpkMip(const GlpkMip&);

    virtual GlpkMip* cloneSolver() const;
    virtual GlpkMip* newSolver() const;

  protected:

    virtual const char* _solverName() const;

    virtual ColTypes _getColType(int col) const;
    virtual void _setColType(int col, ColTypes col_type);

    virtual SolveExitStatus _solve();
    virtual ProblemType _getType() const;
    virtual Value _getSol(int i) const;
    virtual Value _getSolValue() const;

  };


} //END OF NAMESPACE LEMON

#endif //LEMON_GLPK_H
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/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2010
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_GOMORY_HU_TREE_H
#define LEMON_GOMORY_HU_TREE_H

#include <limits>

#include <lemon/core.h>
#include <lemon/preflow.h>
#include <lemon/concept_check.h>
#include <lemon/concepts/maps.h>

/// \ingroup min_cut
/// \file
/// \brief Gomory-Hu cut tree in graphs.

namespace lemon {

  /// \ingroup min_cut
  ///
  /// \brief Gomory-Hu cut tree algorithm
  ///
  /// The Gomory-Hu tree is a tree on the node set of a given graph, but it
  /// may contain edges which are not in the original graph. It has the
  /// property that the minimum capacity edge of the path between two nodes
  /// in this tree has the same weight as the minimum cut in the graph
  /// between these nodes. Moreover the components obtained by removing
  /// this edge from the tree determine the corresponding minimum cut.
  /// Therefore once this tree is computed, the minimum cut between any pair
  /// of nodes can easily be obtained.
  ///
  /// The algorithm calculates \e n-1 distinct minimum cuts (currently with
  /// the \ref Preflow algorithm), thus it has \f$O(n^3\sqrt{e})\f$ overall
  /// time complexity. It calculates a rooted Gomory-Hu tree.
  /// The structure of the tree and the edge weights can be
  /// obtained using \c predNode(), \c predValue() and \c rootDist().
  /// The functions \c minCutMap() and \c minCutValue() calculate
  /// the minimum cut and the minimum cut value between any two nodes
  /// in the graph. You can also list (iterate on) the nodes and the
  /// edges of the cuts using \c MinCutNodeIt and \c MinCutEdgeIt.
  ///
  /// \tparam GR The type of the undirected graph the algorithm runs on.
  /// \tparam CAP The type of the edge map containing the capacities.
  /// The default map type is \ref concepts::Graph::EdgeMap "GR::EdgeMap<int>".
#ifdef DOXYGEN
  template <typename GR,
            typename CAP>
#else
  template <typename GR,
            typename CAP = typename GR::template EdgeMap<int> >
#endif
  class GomoryHu {
  public:

    /// The graph type of the algorithm
    typedef GR Graph;
    /// The capacity map type of the algorithm
    typedef CAP Capacity;
    /// The value type of capacities
    typedef typename Capacity::Value Value;

  private:

    TEMPLATE_GRAPH_TYPEDEFS(Graph);

    const Graph& _graph;
    const Capacity& _capacity;

    Node _root;
    typename Graph::template NodeMap<Node>* _pred;
    typename Graph::template NodeMap<Value>* _weight;
    typename Graph::template NodeMap<int>* _order;

    void createStructures() {
      if (!_pred) {
        _pred = new typename Graph::template NodeMap<Node>(_graph);
      }
      if (!_weight) {
        _weight = new typename Graph::template NodeMap<Value>(_graph);
      }
      if (!_order) {
        _order = new typename Graph::template NodeMap<int>(_graph);
      }
    }

    void destroyStructures() {
      if (_pred) {
        delete _pred;
      }
      if (_weight) {
        delete _weight;
      }
      if (_order) {
        delete _order;
      }
    }

  public:

    /// \brief Constructor
    ///
    /// Constructor.
    /// \param graph The undirected graph the algorithm runs on.
    /// \param capacity The edge capacity map.
    GomoryHu(const Graph& graph, const Capacity& capacity)
      : _graph(graph), _capacity(capacity),
        _pred(0), _weight(0), _order(0)
    {
      checkConcept<concepts::ReadMap<Edge, Value>, Capacity>();
    }


    /// \brief Destructor
    ///
    /// Destructor.
    ~GomoryHu() {
      destroyStructures();
    }

  private:

    // Initialize the internal data structures
    void init() {
      createStructures();

      _root = NodeIt(_graph);
      for (NodeIt n(_graph); n != INVALID; ++n) {
        (*_pred)[n] = _root;
        (*_order)[n] = -1;
      }
      (*_pred)[_root] = INVALID;
      (*_weight)[_root] = std::numeric_limits<Value>::max();
    }


    // Start the algorithm
    void start() {
      Preflow<Graph, Capacity> fa(_graph, _capacity, _root, INVALID);

      for (NodeIt n(_graph); n != INVALID; ++n) {
        if (n == _root) continue;

        Node pn = (*_pred)[n];
        fa.source(n);
        fa.target(pn);

        fa.runMinCut();

        (*_weight)[n] = fa.flowValue();

        for (NodeIt nn(_graph); nn != INVALID; ++nn) {
          if (nn != n && fa.minCut(nn) && (*_pred)[nn] == pn) {
            (*_pred)[nn] = n;
          }
        }
        if ((*_pred)[pn] != INVALID && fa.minCut((*_pred)[pn])) {
          (*_pred)[n] = (*_pred)[pn];
          (*_pred)[pn] = n;
          (*_weight)[n] = (*_weight)[pn];
          (*_weight)[pn] = fa.flowValue();
        }
      }

      (*_order)[_root] = 0;
      int index = 1;

      for (NodeIt n(_graph); n != INVALID; ++n) {
        std::vector<Node> st;
        Node nn = n;
        while ((*_order)[nn] == -1) {
          st.push_back(nn);
          nn = (*_pred)[nn];
        }
        while (!st.empty()) {
          (*_order)[st.back()] = index++;
          st.pop_back();
        }
      }
    }

  public:

    ///\name Execution Control

    ///@{

    /// \brief Run the Gomory-Hu algorithm.
    ///
    /// This function runs the Gomory-Hu algorithm.
    void run() {
      init();
      start();
    }

    /// @}

    ///\name Query Functions
    ///The results of the algorithm can be obtained using these
    ///functions.\n
    ///\ref run() should be called before using them.\n
    ///See also \ref MinCutNodeIt and \ref MinCutEdgeIt.

    ///@{

    /// \brief Return the predecessor node in the Gomory-Hu tree.
    ///
    /// This function returns the predecessor node of the given node
    /// in the Gomory-Hu tree.
    /// If \c node is the root of the tree, then it returns \c INVALID.
    ///
    /// \pre \ref run() must be called before using this function.
    Node predNode(const Node& node) const {
      return (*_pred)[node];
    }

    /// \brief Return the weight of the predecessor edge in the
    /// Gomory-Hu tree.
    ///
    /// This function returns the weight of the predecessor edge of the
    /// given node in the Gomory-Hu tree.
    /// If \c node is the root of the tree, the result is undefined.
    ///
    /// \pre \ref run() must be called before using this function.
    Value predValue(const Node& node) const {
      return (*_weight)[node];
    }

    /// \brief Return the distance from the root node in the Gomory-Hu tree.
    ///
    /// This function returns the distance of the given node from the root
    /// node in the Gomory-Hu tree.
    ///
    /// \pre \ref run() must be called before using this function.
    int rootDist(const Node& node) const {
      return (*_order)[node];
    }

    /// \brief Return the minimum cut value between two nodes
    ///
    /// This function returns the minimum cut value between the nodes
    /// \c s and \c t.
    /// It finds the nearest common ancestor of the given nodes in the
    /// Gomory-Hu tree and calculates the minimum weight edge on the
    /// paths to the ancestor.
    ///
    /// \pre \ref run() must be called before using this function.
    Value minCutValue(const Node& s, const Node& t) const {
      Node sn = s, tn = t;
      Value value = std::numeric_limits<Value>::max();

      while (sn != tn) {
        if ((*_order)[sn] < (*_order)[tn]) {
          if ((*_weight)[tn] <= value) value = (*_weight)[tn];
          tn = (*_pred)[tn];
        } else {
          if ((*_weight)[sn] <= value) value = (*_weight)[sn];
          sn = (*_pred)[sn];
        }
      }
      return value;
    }

    /// \brief Return the minimum cut between two nodes
    ///
    /// This function returns the minimum cut between the nodes \c s and \c t
    /// in the \c cutMap parameter by setting the nodes in the component of
    /// \c s to \c true and the other nodes to \c false.
    ///
    /// For higher level interfaces see MinCutNodeIt and MinCutEdgeIt.
    ///
    /// \param s The base node.
    /// \param t The node you want to separate from node \c s.
    /// \param cutMap The cut will be returned in this map.
    /// It must be a \c bool (or convertible) \ref concepts::ReadWriteMap
    /// "ReadWriteMap" on the graph nodes.
    ///
    /// \return The value of the minimum cut between \c s and \c t.
    ///
    /// \pre \ref run() must be called before using this function.
    template <typename CutMap>
    Value minCutMap(const Node& s,
                    const Node& t,
                    CutMap& cutMap
                    ) const {
      Node sn = s, tn = t;
      bool s_root=false;
      Node rn = INVALID;
      Value value = std::numeric_limits<Value>::max();

      while (sn != tn) {
        if ((*_order)[sn] < (*_order)[tn]) {
          if ((*_weight)[tn] <= value) {
            rn = tn;
            s_root = false;
            value = (*_weight)[tn];
          }
          tn = (*_pred)[tn];
        } else {
          if ((*_weight)[sn] <= value) {
            rn = sn;
            s_root = true;
            value = (*_weight)[sn];
          }
          sn = (*_pred)[sn];
        }
      }

      typename Graph::template NodeMap<bool> reached(_graph, false);
      reached[_root] = true;
      cutMap.set(_root, !s_root);
      reached[rn] = true;
      cutMap.set(rn, s_root);

      std::vector<Node> st;
      for (NodeIt n(_graph); n != INVALID; ++n) {
        st.clear();
        Node nn = n;
        while (!reached[nn]) {
          st.push_back(nn);
          nn = (*_pred)[nn];
        }
        while (!st.empty()) {
          cutMap.set(st.back(), cutMap[nn]);
          st.pop_back();
        }
      }

      return value;
    }

    ///@}

    friend class MinCutNodeIt;

    /// Iterate on the nodes of a minimum cut

    /// This iterator class lists the nodes of a minimum cut found by
    /// GomoryHu. Before using it, you must allocate a GomoryHu class
    /// and call its \ref GomoryHu::run() "run()" method.
    ///
    /// This example counts the nodes in the minimum cut separating \c s from
    /// \c t.
    /// \code
    /// GomoryHu<Graph> gom(g, capacities);
    /// gom.run();
    /// int cnt=0;
    /// for(GomoryHu<Graph>::MinCutNodeIt n(gom,s,t); n!=INVALID; ++n) ++cnt;
    /// \endcode
    class MinCutNodeIt
    {
      bool _side;
      typename Graph::NodeIt _node_it;
      typename Graph::template NodeMap<bool> _cut;
    public:
      /// Constructor

      /// Constructor.
      ///
      MinCutNodeIt(GomoryHu const &gomory,
                   ///< The GomoryHu class. You must call its
                   ///  run() method
                   ///  before initializing this iterator.
                   const Node& s, ///< The base node.
                   const Node& t,
                   ///< The node you want to separate from node \c s.
                   bool side=true
                   ///< If it is \c true (default) then the iterator lists
                   ///  the nodes of the component containing \c s,
                   ///  otherwise it lists the other component.
                   /// \note As the minimum cut is not always unique,
                   /// \code
                   /// MinCutNodeIt(gomory, s, t, true);
                   /// \endcode
                   /// and
                   /// \code
                   /// MinCutNodeIt(gomory, t, s, false);
                   /// \endcode
                   /// does not necessarily give the same set of nodes.
                   /// However, it is ensured that
                   /// \code
                   /// MinCutNodeIt(gomory, s, t, true);
                   /// \endcode
                   /// and
                   /// \code
                   /// MinCutNodeIt(gomory, s, t, false);
                   /// \endcode
                   /// together list each node exactly once.
                   )
        : _side(side), _cut(gomory._graph)
      {
        gomory.minCutMap(s,t,_cut);
        for(_node_it=typename Graph::NodeIt(gomory._graph);
            _node_it!=INVALID && _cut[_node_it]!=_side;
            ++_node_it) {}
      }
      /// Conversion to \c Node

      /// Conversion to \c Node.
      ///
      operator typename Graph::Node() const
      {
        return _node_it;
      }
      bool operator==(Invalid) { return _node_it==INVALID; }
      bool operator!=(Invalid) { return _node_it!=INVALID; }
      /// Next node

      /// Next node.
      ///
      MinCutNodeIt &operator++()
      {
        for(++_node_it;_node_it!=INVALID&&_cut[_node_it]!=_side;++_node_it) {}
        return *this;
      }
      /// Postfix incrementation

      /// Postfix incrementation.
      ///
      /// \warning This incrementation
      /// returns a \c Node, not a \c MinCutNodeIt, as one may
      /// expect.
      typename Graph::Node operator++(int)
      {
        typename Graph::Node n=*this;
        ++(*this);
        return n;
      }
    };

    friend class MinCutEdgeIt;

    /// Iterate on the edges of a minimum cut

    /// This iterator class lists the edges of a minimum cut found by
    /// GomoryHu. Before using it, you must allocate a GomoryHu class
    /// and call its \ref GomoryHu::run() "run()" method.
    ///
    /// This example computes the value of the minimum cut separating \c s from
    /// \c t.
    /// \code
    /// GomoryHu<Graph> gom(g, capacities);
    /// gom.run();
    /// int value=0;
    /// for(GomoryHu<Graph>::MinCutEdgeIt e(gom,s,t); e!=INVALID; ++e)
    ///   value+=capacities[e];
    /// \endcode
    /// The result will be the same as the value returned by
    /// \ref GomoryHu::minCutValue() "gom.minCutValue(s,t)".
    class MinCutEdgeIt
    {
      bool _side;
      const Graph &_graph;
      typename Graph::NodeIt _node_it;
      typename Graph::OutArcIt _arc_it;
      typename Graph::template NodeMap<bool> _cut;
      void step()
      {
        ++_arc_it;
        while(_node_it!=INVALID && _arc_it==INVALID)
          {
            for(++_node_it;_node_it!=INVALID&&!_cut[_node_it];++_node_it) {}
            if(_node_it!=INVALID)
              _arc_it=typename Graph::OutArcIt(_graph,_node_it);
          }
      }

    public:
      /// Constructor

      /// Constructor.
      ///
      MinCutEdgeIt(GomoryHu const &gomory,
                   ///< The GomoryHu class. You must call its
                   ///  run() method
                   ///  before initializing this iterator.
                   const Node& s,  ///< The base node.
                   const Node& t,
                   ///< The node you want to separate from node \c s.
                   bool side=true
                   ///< If it is \c true (default) then the listed arcs
                   ///  will be oriented from the
                   ///  nodes of the component containing \c s,
                   ///  otherwise they will be oriented in the opposite
                   ///  direction.
                   )
        : _graph(gomory._graph), _cut(_graph)
      {
        gomory.minCutMap(s,t,_cut);
        if(!side)
          for(typename Graph::NodeIt n(_graph);n!=INVALID;++n)
            _cut[n]=!_cut[n];

        for(_node_it=typename Graph::NodeIt(_graph);
            _node_it!=INVALID && !_cut[_node_it];
            ++_node_it) {}
        _arc_it = _node_it!=INVALID ?
          typename Graph::OutArcIt(_graph,_node_it) : INVALID;
        while(_node_it!=INVALID && _arc_it == INVALID)
          {
            for(++_node_it; _node_it!=INVALID&&!_cut[_node_it]; ++_node_it) {}
            if(_node_it!=INVALID)
              _arc_it= typename Graph::OutArcIt(_graph,_node_it);
          }
        while(_arc_it!=INVALID && _cut[_graph.target(_arc_it)]) step();
      }
      /// Conversion to \c Arc

      /// Conversion to \c Arc.
      ///
      operator typename Graph::Arc() const
      {
        return _arc_it;
      }
      /// Conversion to \c Edge

      /// Conversion to \c Edge.
      ///
      operator typename Graph::Edge() const
      {
        return _arc_it;
      }
      bool operator==(Invalid) { return _node_it==INVALID; }
      bool operator!=(Invalid) { return _node_it!=INVALID; }
      /// Next edge

      /// Next edge.
      ///
      MinCutEdgeIt &operator++()
      {
        step();
        while(_arc_it!=INVALID && _cut[_graph.target(_arc_it)]) step();
        return *this;
      }
      /// Postfix incrementation

      /// Postfix incrementation.
      ///
      /// \warning This incrementation
      /// returns an \c Arc, not a \c MinCutEdgeIt, as one may expect.
      typename Graph::Arc operator++(int)
      {
        typename Graph::Arc e=*this;
        ++(*this);
        return e;
      }
    };

  };

}

#endif
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/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2010
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
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 *
 */

///\ingroup graph_concepts
///\file
///\brief The concept of undirected graphs.

#ifndef LEMON_CONCEPTS_GRAPH_H
#define LEMON_CONCEPTS_GRAPH_H

#include <lemon/concepts/graph_components.h>
#include <lemon/concepts/maps.h>
#include <lemon/concept_check.h>
#include <lemon/core.h>

namespace lemon {
  namespace concepts {

    /// \ingroup graph_concepts
    ///
    /// \brief Class describing the concept of undirected graphs.
    ///
    /// This class describes the common interface of all undirected
    /// graphs.
    ///
    /// Like all concept classes, it only provides an interface
    /// without any sensible implementation. So any general algorithm for
    /// undirected graphs should compile with this class, but it will not
    /// run properly, of course.
    /// An actual graph implementation like \ref ListGraph or
    /// \ref SmartGraph may have additional functionality.
    ///
    /// The undirected graphs also fulfill the concept of \ref Digraph
    /// "directed graphs", since each edge can also be regarded as two
    /// oppositely directed arcs.
    /// Undirected graphs provide an Edge type for the undirected edges and
    /// an Arc type for the directed arcs. The Arc type is convertible to
    /// Edge or inherited from it, i.e. the corresponding edge can be
    /// obtained from an arc.
    /// EdgeIt and EdgeMap classes can be used for the edges, while ArcIt
    /// and ArcMap classes can be used for the arcs (just like in digraphs).
    /// Both InArcIt and OutArcIt iterates on the same edges but with
    /// opposite direction. IncEdgeIt also iterates on the same edges
    /// as OutArcIt and InArcIt, but it is not convertible to Arc,
    /// only to Edge.
    ///
    /// In LEMON, each undirected edge has an inherent orientation.
    /// Thus it can defined if an arc is forward or backward oriented in
    /// an undirected graph with respect to this default oriantation of
    /// the represented edge.
    /// With the direction() and direct() functions the direction
    /// of an arc can be obtained and set, respectively.
    ///
    /// Only nodes and edges can be added to or removed from an undirected
    /// graph and the corresponding arcs are added or removed automatically.
    ///
    /// \sa Digraph
    class Graph {
    private:
      /// Graphs are \e not copy constructible. Use DigraphCopy instead.
      Graph(const Graph&) {}
      /// \brief Assignment of a graph to another one is \e not allowed.
      /// Use DigraphCopy instead.
      void operator=(const Graph&) {}

    public:
      /// Default constructor.
      Graph() {}

      /// \brief Undirected graphs should be tagged with \c UndirectedTag.
      ///
      /// Undirected graphs should be tagged with \c UndirectedTag.
      ///
      /// This tag helps the \c enable_if technics to make compile time
      /// specializations for undirected graphs.
      typedef True UndirectedTag;

      /// The node type of the graph

      /// This class identifies a node of the graph. It also serves
      /// as a base class of the node iterators,
      /// thus they convert to this type.
      class Node {
      public:
        /// Default constructor

        /// Default constructor.
        /// \warning It sets the object to an undefined value.
        Node() { }
        /// Copy constructor.

        /// Copy constructor.
        ///
        Node(const Node&) { }

        /// %Invalid constructor \& conversion.

        /// Initializes the object to be invalid.
        /// \sa Invalid for more details.
        Node(Invalid) { }
        /// Equality operator

        /// Equality operator.
        ///
        /// Two iterators are equal if and only if they point to the
        /// same object or both are \c INVALID.
        bool operator==(Node) const { return true; }

        /// Inequality operator

        /// Inequality operator.
        bool operator!=(Node) const { return true; }

        /// Artificial ordering operator.

        /// Artificial ordering operator.
        ///
        /// \note This operator only has to define some strict ordering of
        /// the items; this order has nothing to do with the iteration
        /// ordering of the items.
        bool operator<(Node) const { return false; }

      };

      /// Iterator class for the nodes.

      /// This iterator goes through each node of the graph.
      /// Its usage is quite simple, for example, you can count the number
      /// of nodes in a graph \c g of type \c %Graph like this:
      ///\code
      /// int count=0;
      /// for (Graph::NodeIt n(g); n!=INVALID; ++n) ++count;
      ///\endcode
      class NodeIt : public Node {
      public:
        /// Default constructor

        /// Default constructor.
        /// \warning It sets the iterator to an undefined value.
        NodeIt() { }
        /// Copy constructor.

        /// Copy constructor.
        ///
        NodeIt(const NodeIt& n) : Node(n) { }
        /// %Invalid constructor \& conversion.

        /// Initializes the iterator to be invalid.
        /// \sa Invalid for more details.
        NodeIt(Invalid) { }
        /// Sets the iterator to the first node.

        /// Sets the iterator to the first node of the given digraph.
        ///
        explicit NodeIt(const Graph&) { }
        /// Sets the iterator to the given node.

        /// Sets the iterator to the given node of the given digraph.
        ///
        NodeIt(const Graph&, const Node&) { }
        /// Next node.

        /// Assign the iterator to the next node.
        ///
        NodeIt& operator++() { return *this; }
      };


      /// The edge type of the graph

      /// This class identifies an edge of the graph. It also serves
      /// as a base class of the edge iterators,
      /// thus they will convert to this type.
      class Edge {
      public:
        /// Default constructor

        /// Default constructor.
        /// \warning It sets the object to an undefined value.
        Edge() { }
        /// Copy constructor.

        /// Copy constructor.
        ///
        Edge(const Edge&) { }
        /// %Invalid constructor \& conversion.

        /// Initializes the object to be invalid.
        /// \sa Invalid for more details.
        Edge(Invalid) { }
        /// Equality operator

        /// Equality operator.
        ///
        /// Two iterators are equal if and only if they point to the
        /// same object or both are \c INVALID.
        bool operator==(Edge) const { return true; }
        /// Inequality operator

        /// Inequality operator.
        bool operator!=(Edge) const { return true; }

        /// Artificial ordering operator.

        /// Artificial ordering operator.
        ///
        /// \note This operator only has to define some strict ordering of
        /// the edges; this order has nothing to do with the iteration
        /// ordering of the edges.
        bool operator<(Edge) const { return false; }
      };

      /// Iterator class for the edges.

      /// This iterator goes through each edge of the graph.
      /// Its usage is quite simple, for example, you can count the number
      /// of edges in a graph \c g of type \c %Graph as follows:
      ///\code
      /// int count=0;
      /// for(Graph::EdgeIt e(g); e!=INVALID; ++e) ++count;
      ///\endcode
      class EdgeIt : public Edge {
      public:
        /// Default constructor

        /// Default constructor.
        /// \warning It sets the iterator to an undefined value.
        EdgeIt() { }
        /// Copy constructor.

        /// Copy constructor.
        ///
        EdgeIt(const EdgeIt& e) : Edge(e) { }
        /// %Invalid constructor \& conversion.

        /// Initializes the iterator to be invalid.
        /// \sa Invalid for more details.
        EdgeIt(Invalid) { }
        /// Sets the iterator to the first edge.

        /// Sets the iterator to the first edge of the given graph.
        ///
        explicit EdgeIt(const Graph&) { }
        /// Sets the iterator to the given edge.

        /// Sets the iterator to the given edge of the given graph.
        ///
        EdgeIt(const Graph&, const Edge&) { }
        /// Next edge

        /// Assign the iterator to the next edge.
        ///
        EdgeIt& operator++() { return *this; }
      };

      /// Iterator class for the incident edges of a node.

      /// This iterator goes trough the incident undirected edges
      /// of a certain node of a graph.
      /// Its usage is quite simple, for example, you can compute the
      /// degree (i.e. the number of incident edges) of a node \c n
      /// in a graph \c g of type \c %Graph as follows.
      ///
      ///\code
      /// int count=0;
      /// for(Graph::IncEdgeIt e(g, n); e!=INVALID; ++e) ++count;
      ///\endcode
      ///
      /// \warning Loop edges will be iterated twice.
      class IncEdgeIt : public Edge {
      public:
        /// Default constructor

        /// Default constructor.
        /// \warning It sets the iterator to an undefined value.
        IncEdgeIt() { }
        /// Copy constructor.

        /// Copy constructor.
        ///
        IncEdgeIt(const IncEdgeIt& e) : Edge(e) { }
        /// %Invalid constructor \& conversion.

        /// Initializes the iterator to be invalid.
        /// \sa Invalid for more details.
        IncEdgeIt(Invalid) { }
        /// Sets the iterator to the first incident edge.

        /// Sets the iterator to the first incident edge of the given node.
        ///
        IncEdgeIt(const Graph&, const Node&) { }
        /// Sets the iterator to the given edge.

        /// Sets the iterator to the given edge of the given graph.
        ///
        IncEdgeIt(const Graph&, const Edge&) { }
        /// Next incident edge

        /// Assign the iterator to the next incident edge
        /// of the corresponding node.
        IncEdgeIt& operator++() { return *this; }
      };

      /// The arc type of the graph

      /// This class identifies a directed arc of the graph. It also serves
      /// as a base class of the arc iterators,
      /// thus they will convert to this type.
      class Arc {
      public:
        /// Default constructor

        /// Default constructor.
        /// \warning It sets the object to an undefined value.
        Arc() { }
        /// Copy constructor.

        /// Copy constructor.
        ///
        Arc(const Arc&) { }
        /// %Invalid constructor \& conversion.

        /// Initializes the object to be invalid.
        /// \sa Invalid for more details.
        Arc(Invalid) { }
        /// Equality operator

        /// Equality operator.
        ///
        /// Two iterators are equal if and only if they point to the
        /// same object or both are \c INVALID.
        bool operator==(Arc) const { return true; }
        /// Inequality operator

        /// Inequality operator.
        bool operator!=(Arc) const { return true; }

        /// Artificial ordering operator.

        /// Artificial ordering operator.
        ///
        /// \note This operator only has to define some strict ordering of
        /// the arcs; this order has nothing to do with the iteration
        /// ordering of the arcs.
        bool operator<(Arc) const { return false; }

        /// Converison to \c Edge

        /// Converison to \c Edge.
        ///
        operator Edge() const { return Edge(); }
      };

      /// Iterator class for the arcs.

      /// This iterator goes through each directed arc of the graph.
      /// Its usage is quite simple, for example, you can count the number
      /// of arcs in a graph \c g of type \c %Graph as follows:
      ///\code
      /// int count=0;
      /// for(Graph::ArcIt a(g); a!=INVALID; ++a) ++count;
      ///\endcode
      class ArcIt : public Arc {
      public:
        /// Default constructor

        /// Default constructor.
        /// \warning It sets the iterator to an undefined value.
        ArcIt() { }
        /// Copy constructor.

        /// Copy constructor.
        ///
        ArcIt(const ArcIt& e) : Arc(e) { }
        /// %Invalid constructor \& conversion.

        /// Initializes the iterator to be invalid.
        /// \sa Invalid for more details.
        ArcIt(Invalid) { }
        /// Sets the iterator to the first arc.

        /// Sets the iterator to the first arc of the given graph.
        ///
        explicit ArcIt(const Graph &g) { ignore_unused_variable_warning(g); }
        /// Sets the iterator to the given arc.

        /// Sets the iterator to the given arc of the given graph.
        ///
        ArcIt(const Graph&, const Arc&) { }
        /// Next arc

        /// Assign the iterator to the next arc.
        ///
        ArcIt& operator++() { return *this; }
      };

      /// Iterator class for the outgoing arcs of a node.

      /// This iterator goes trough the \e outgoing directed arcs of a
      /// certain node of a graph.
      /// Its usage is quite simple, for example, you can count the number
      /// of outgoing arcs of a node \c n
      /// in a graph \c g of type \c %Graph as follows.
      ///\code
      /// int count=0;
      /// for (Digraph::OutArcIt a(g, n); a!=INVALID; ++a) ++count;
      ///\endcode
      class OutArcIt : public Arc {
      public:
        /// Default constructor

        /// Default constructor.
        /// \warning It sets the iterator to an undefined value.
        OutArcIt() { }
        /// Copy constructor.

        /// Copy constructor.
        ///
        OutArcIt(const OutArcIt& e) : Arc(e) { }
        /// %Invalid constructor \& conversion.

        /// Initializes the iterator to be invalid.
        /// \sa Invalid for more details.
        OutArcIt(Invalid) { }
        /// Sets the iterator to the first outgoing arc.

        /// Sets the iterator to the first outgoing arc of the given node.
        ///
        OutArcIt(const Graph& n, const Node& g) {
          ignore_unused_variable_warning(n);
          ignore_unused_variable_warning(g);
        }
        /// Sets the iterator to the given arc.

        /// Sets the iterator to the given arc of the given graph.
        ///
        OutArcIt(const Graph&, const Arc&) { }
        /// Next outgoing arc

        /// Assign the iterator to the next
        /// outgoing arc of the corresponding node.
        OutArcIt& operator++() { return *this; }
      };

      /// Iterator class for the incoming arcs of a node.

      /// This iterator goes trough the \e incoming directed arcs of a
      /// certain node of a graph.
      /// Its usage is quite simple, for example, you can count the number
      /// of incoming arcs of a node \c n
      /// in a graph \c g of type \c %Graph as follows.
      ///\code
      /// int count=0;
      /// for (Digraph::InArcIt a(g, n); a!=INVALID; ++a) ++count;
      ///\endcode
      class InArcIt : public Arc {
      public:
        /// Default constructor

        /// Default constructor.
        /// \warning It sets the iterator to an undefined value.
        InArcIt() { }
        /// Copy constructor.

        /// Copy constructor.
        ///
        InArcIt(const InArcIt& e) : Arc(e) { }
        /// %Invalid constructor \& conversion.

        /// Initializes the iterator to be invalid.
        /// \sa Invalid for more details.
        InArcIt(Invalid) { }
        /// Sets the iterator to the first incoming arc.

        /// Sets the iterator to the first incoming arc of the given node.
        ///
        InArcIt(const Graph& g, const Node& n) {
          ignore_unused_variable_warning(n);
          ignore_unused_variable_warning(g);
        }
        /// Sets the iterator to the given arc.

        /// Sets the iterator to the given arc of the given graph.
        ///
        InArcIt(const Graph&, const Arc&) { }
        /// Next incoming arc

        /// Assign the iterator to the next
        /// incoming arc of the corresponding node.
        InArcIt& operator++() { return *this; }
      };

      /// \brief Standard graph map type for the nodes.
      ///
      /// Standard graph map type for the nodes.
      /// It conforms to the ReferenceMap concept.
      template<class T>
      class NodeMap : public ReferenceMap<Node, T, T&, const T&>
      {
      public:

        /// Constructor
        explicit NodeMap(const Graph&) { }
        /// Constructor with given initial value
        NodeMap(const Graph&, T) { }

      private:
        ///Copy constructor
        NodeMap(const NodeMap& nm) :
          ReferenceMap<Node, T, T&, const T&>(nm) { }
        ///Assignment operator
        template <typename CMap>
        NodeMap& operator=(const CMap&) {
          checkConcept<ReadMap<Node, T>, CMap>();
          return *this;
        }
      };

      /// \brief Standard graph map type for the arcs.
      ///
      /// Standard graph map type for the arcs.
      /// It conforms to the ReferenceMap concept.
      template<class T>
      class ArcMap : public ReferenceMap<Arc, T, T&, const T&>
      {
      public:

        /// Constructor
        explicit ArcMap(const Graph&) { }
        /// Constructor with given initial value
        ArcMap(const Graph&, T) { }

      private:
        ///Copy constructor
        ArcMap(const ArcMap& em) :
          ReferenceMap<Arc, T, T&, const T&>(em) { }
        ///Assignment operator
        template <typename CMap>
        ArcMap& operator=(const CMap&) {
          checkConcept<ReadMap<Arc, T>, CMap>();
          return *this;
        }
      };

      /// \brief Standard graph map type for the edges.
      ///
      /// Standard graph map type for the edges.
      /// It conforms to the ReferenceMap concept.
      template<class T>
      class EdgeMap : public ReferenceMap<Edge, T, T&, const T&>
      {
      public:

        /// Constructor
        explicit EdgeMap(const Graph&) { }
        /// Constructor with given initial value
        EdgeMap(const Graph&, T) { }

      private:
        ///Copy constructor
        EdgeMap(const EdgeMap& em) :
          ReferenceMap<Edge, T, T&, const T&>(em) {}
        ///Assignment operator
        template <typename CMap>
        EdgeMap& operator=(const CMap&) {
          checkConcept<ReadMap<Edge, T>, CMap>();
          return *this;
        }
      };

      /// \brief The first node of the edge.
      ///
      /// Returns the first node of the given edge.
      ///
      /// Edges don't have source and target nodes, however, methods
      /// u() and v() are used to query the two end-nodes of an edge.
      /// The orientation of an edge that arises this way is called
      /// the inherent direction, it is used to define the default
      /// direction for the corresponding arcs.
      /// \sa v()
      /// \sa direction()
      Node u(Edge) const { return INVALID; }

      /// \brief The second node of the edge.
      ///
      /// Returns the second node of the given edge.
      ///
      /// Edges don't have source and target nodes, however, methods
      /// u() and v() are used to query the two end-nodes of an edge.
      /// The orientation of an edge that arises this way is called
      /// the inherent direction, it is used to define the default
      /// direction for the corresponding arcs.
      /// \sa u()
      /// \sa direction()
      Node v(Edge) const { return INVALID; }

      /// \brief The source node of the arc.
      ///
      /// Returns the source node of the given arc.
      Node source(Arc) const { return INVALID; }

      /// \brief The target node of the arc.
      ///
      /// Returns the target node of the given arc.
      Node target(Arc) const { return INVALID; }

      /// \brief The ID of the node.
      ///
      /// Returns the ID of the given node.
      int id(Node) const { return -1; }

      /// \brief The ID of the edge.
      ///
      /// Returns the ID of the given edge.
      int id(Edge) const { return -1; }

      /// \brief The ID of the arc.
      ///
      /// Returns the ID of the given arc.
      int id(Arc) const { return -1; }

      /// \brief The node with the given ID.
      ///
      /// Returns the node with the given ID.
      /// \pre The argument should be a valid node ID in the graph.
      Node nodeFromId(int) const { return INVALID; }

      /// \brief The edge with the given ID.
      ///
      /// Returns the edge with the given ID.
      /// \pre The argument should be a valid edge ID in the graph.
      Edge edgeFromId(int) const { return INVALID; }

      /// \brief The arc with the given ID.
      ///
      /// Returns the arc with the given ID.
      /// \pre The argument should be a valid arc ID in the graph.
      Arc arcFromId(int) const { return INVALID; }

      /// \brief An upper bound on the node IDs.
      ///
      /// Returns an upper bound on the node IDs.
      int maxNodeId() const { return -1; }

      /// \brief An upper bound on the edge IDs.
      ///
      /// Returns an upper bound on the edge IDs.
      int maxEdgeId() const { return -1; }

      /// \brief An upper bound on the arc IDs.
      ///
      /// Returns an upper bound on the arc IDs.
      int maxArcId() const { return -1; }

      /// \brief The direction of the arc.
      ///
      /// Returns \c true if the direction of the given arc is the same as
      /// the inherent orientation of the represented edge.
      bool direction(Arc) const { return true; }

      /// \brief Direct the edge.
      ///
      /// Direct the given edge. The returned arc
      /// represents the given edge and its direction comes
      /// from the bool parameter. If it is \c true, then the direction
      /// of the arc is the same as the inherent orientation of the edge.
      Arc direct(Edge, bool) const {
        return INVALID;
      }

      /// \brief Direct the edge.
      ///
      /// Direct the given edge. The returned arc represents the given
      /// edge and its source node is the given node.
      Arc direct(Edge, Node) const {
        return INVALID;
      }

      /// \brief The oppositely directed arc.
      ///
      /// Returns the oppositely directed arc representing the same edge.
      Arc oppositeArc(Arc) const { return INVALID; }

      /// \brief The opposite node on the edge.
      ///
      /// Returns the opposite node on the given edge.
      Node oppositeNode(Node, Edge) const { return INVALID; }

      void first(Node&) const {}
      void next(Node&) const {}

      void first(Edge&) const {}
      void next(Edge&) const {}

      void first(Arc&) const {}
      void next(Arc&) const {}

      void firstOut(Arc&, Node) const {}
      void nextOut(Arc&) const {}

      void firstIn(Arc&, Node) const {}
      void nextIn(Arc&) const {}

      void firstInc(Edge &, bool &, const Node &) const {}
      void nextInc(Edge &, bool &) const {}

      // The second parameter is dummy.
      Node fromId(int, Node) const { return INVALID; }
      // The second parameter is dummy.
      Edge fromId(int, Edge) const { return INVALID; }
      // The second parameter is dummy.
      Arc fromId(int, Arc) const { return INVALID; }

      // Dummy parameter.
      int maxId(Node) const { return -1; }
      // Dummy parameter.
      int maxId(Edge) const { return -1; }
      // Dummy parameter.
      int maxId(Arc) const { return -1; }

      /// \brief The base node of the iterator.
      ///
      /// Returns the base node of the given incident edge iterator.
      Node baseNode(IncEdgeIt) const { return INVALID; }

      /// \brief The running node of the iterator.
      ///
      /// Returns the running node of the given incident edge iterator.
      Node runningNode(IncEdgeIt) const { return INVALID; }

      /// \brief The base node of the iterator.
      ///
      /// Returns the base node of the given outgoing arc iterator
      /// (i.e. the source node of the corresponding arc).
      Node baseNode(OutArcIt) const { return INVALID; }

      /// \brief The running node of the iterator.
      ///
      /// Returns the running node of the given outgoing arc iterator
      /// (i.e. the target node of the corresponding arc).
      Node runningNode(OutArcIt) const { return INVALID; }

      /// \brief The base node of the iterator.
      ///
      /// Returns the base node of the given incomming arc iterator
      /// (i.e. the target node of the corresponding arc).
      Node baseNode(InArcIt) const { return INVALID; }

      /// \brief The running node of the iterator.
      ///
      /// Returns the running node of the given incomming arc iterator
      /// (i.e. the source node of the corresponding arc).
      Node runningNode(InArcIt) const { return INVALID; }

      template <typename _Graph>
      struct Constraints {
        void constraints() {
          checkConcept<BaseGraphComponent, _Graph>();
          checkConcept<IterableGraphComponent<>, _Graph>();
          checkConcept<IDableGraphComponent<>, _Graph>();
          checkConcept<MappableGraphComponent<>, _Graph>();
        }
      };

    };

  }

}

#endif
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/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2011
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
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 *
 */

#ifndef LEMON_BITS_GRAPH_ADAPTOR_EXTENDER_H
#define LEMON_BITS_GRAPH_ADAPTOR_EXTENDER_H

#include <lemon/core.h>
#include <lemon/error.h>

namespace lemon {

  template <typename _Digraph>
  class DigraphAdaptorExtender : public _Digraph {
    typedef _Digraph Parent;

  public:

    typedef _Digraph Digraph;
    typedef DigraphAdaptorExtender Adaptor;

    // Base extensions

    typedef typename Parent::Node Node;
    typedef typename Parent::Arc Arc;

    int maxId(Node) const {
      return Parent::maxNodeId();
    }

    int maxId(Arc) const {
      return Parent::maxArcId();
    }

    Node fromId(int id, Node) const {
      return Parent::nodeFromId(id);
    }

    Arc fromId(int id, Arc) const {
      return Parent::arcFromId(id);
    }

    Node oppositeNode(const Node &n, const Arc &e) const {
      if (n == Parent::source(e))
        return Parent::target(e);
      else if(n==Parent::target(e))
        return Parent::source(e);
      else
        return INVALID;
    }

    class NodeIt : public Node {
      const Adaptor* _adaptor;
    public:

      NodeIt() {}

      NodeIt(Invalid i) : Node(i) { }

      explicit NodeIt(const Adaptor& adaptor) : _adaptor(&adaptor) {
        _adaptor->first(static_cast<Node&>(*this));
      }

      NodeIt(const Adaptor& adaptor, const Node& node)
        : Node(node), _adaptor(&adaptor) {}

      NodeIt& operator++() {
        _adaptor->next(*this);
        return *this;
      }

    };


    class ArcIt : public Arc {
      const Adaptor* _adaptor;
    public:

      ArcIt() { }

      ArcIt(Invalid i) : Arc(i) { }

      explicit ArcIt(const Adaptor& adaptor) : _adaptor(&adaptor) {
        _adaptor->first(static_cast<Arc&>(*this));
      }

      ArcIt(const Adaptor& adaptor, const Arc& e) :
        Arc(e), _adaptor(&adaptor) { }

      ArcIt& operator++() {
        _adaptor->next(*this);
        return *this;
      }

    };


    class OutArcIt : public Arc {
      const Adaptor* _adaptor;
    public:

      OutArcIt() { }

      OutArcIt(Invalid i) : Arc(i) { }

      OutArcIt(const Adaptor& adaptor, const Node& node)
        : _adaptor(&adaptor) {
        _adaptor->firstOut(*this, node);
      }

      OutArcIt(const Adaptor& adaptor, const Arc& arc)
        : Arc(arc), _adaptor(&adaptor) {}

      OutArcIt& operator++() {
        _adaptor->nextOut(*this);
        return *this;
      }

    };


    class InArcIt : public Arc {
      const Adaptor* _adaptor;
    public:

      InArcIt() { }

      InArcIt(Invalid i) : Arc(i) { }

      InArcIt(const Adaptor& adaptor, const Node& node)
        : _adaptor(&adaptor) {
        _adaptor->firstIn(*this, node);
      }

      InArcIt(const Adaptor& adaptor, const Arc& arc) :
        Arc(arc), _adaptor(&adaptor) {}

      InArcIt& operator++() {
        _adaptor->nextIn(*this);
        return *this;
      }

    };

    Node baseNode(const OutArcIt &e) const {
      return Parent::source(e);
    }
    Node runningNode(const OutArcIt &e) const {
      return Parent::target(e);
    }

    Node baseNode(const InArcIt &e) const {
      return Parent::target(e);
    }
    Node runningNode(const InArcIt &e) const {
      return Parent::source(e);
    }

  };

  template <typename _Graph>
  class GraphAdaptorExtender : public _Graph {
    typedef _Graph Parent;

  public:

    typedef _Graph Graph;
    typedef GraphAdaptorExtender Adaptor;

    typedef True UndirectedTag;

    typedef typename Parent::Node Node;
    typedef typename Parent::Arc Arc;
    typedef typename Parent::Edge Edge;

    // Graph extension

    int maxId(Node) const {
      return Parent::maxNodeId();
    }

    int maxId(Arc) const {
      return Parent::maxArcId();
    }

    int maxId(Edge) const {
      return Parent::maxEdgeId();
    }

    Node fromId(int id, Node) const {
      return Parent::nodeFromId(id);
    }

    Arc fromId(int id, Arc) const {
      return Parent::arcFromId(id);
    }

    Edge fromId(int id, Edge) const {
      return Parent::edgeFromId(id);
    }

    Node oppositeNode(const Node &n, const Edge &e) const {
      if( n == Parent::u(e))
        return Parent::v(e);
      else if( n == Parent::v(e))
        return Parent::u(e);
      else
        return INVALID;
    }

    Arc oppositeArc(const Arc &a) const {
      return Parent::direct(a, !Parent::direction(a));
    }

    using Parent::direct;
    Arc direct(const Edge &e, const Node &s) const {
      return Parent::direct(e, Parent::u(e) == s);
    }


    class NodeIt : public Node {
      const Adaptor* _adaptor;
    public:

      NodeIt() {}

      NodeIt(Invalid i) : Node(i) { }

      explicit NodeIt(const Adaptor& adaptor) : _adaptor(&adaptor) {
        _adaptor->first(static_cast<Node&>(*this));
      }

      NodeIt(const Adaptor& adaptor, const Node& node)
        : Node(node), _adaptor(&adaptor) {}

      NodeIt& operator++() {
        _adaptor->next(*this);
        return *this;
      }

    };


    class ArcIt : public Arc {
      const Adaptor* _adaptor;
    public:

      ArcIt() { }

      ArcIt(Invalid i) : Arc(i) { }

      explicit ArcIt(const Adaptor& adaptor) : _adaptor(&adaptor) {
        _adaptor->first(static_cast<Arc&>(*this));
      }

      ArcIt(const Adaptor& adaptor, const Arc& e) :
        Arc(e), _adaptor(&adaptor) { }

      ArcIt& operator++() {
        _adaptor->next(*this);
        return *this;
      }

    };


    class OutArcIt : public Arc {
      const Adaptor* _adaptor;
    public:

      OutArcIt() { }

      OutArcIt(Invalid i) : Arc(i) { }

      OutArcIt(const Adaptor& adaptor, const Node& node)
        : _adaptor(&adaptor) {
        _adaptor->firstOut(*this, node);
      }

      OutArcIt(const Adaptor& adaptor, const Arc& arc)
        : Arc(arc), _adaptor(&adaptor) {}

      OutArcIt& operator++() {
        _adaptor->nextOut(*this);
        return *this;
      }

    };


    class InArcIt : public Arc {
      const Adaptor* _adaptor;
    public:

      InArcIt() { }

      InArcIt(Invalid i) : Arc(i) { }

      InArcIt(const Adaptor& adaptor, const Node& node)
        : _adaptor(&adaptor) {
        _adaptor->firstIn(*this, node);
      }

      InArcIt(const Adaptor& adaptor, const Arc& arc) :
        Arc(arc), _adaptor(&adaptor) {}

      InArcIt& operator++() {
        _adaptor->nextIn(*this);
        return *this;
      }

    };

    class EdgeIt : public Parent::Edge {
      const Adaptor* _adaptor;
    public:

      EdgeIt() { }

      EdgeIt(Invalid i) : Edge(i) { }

      explicit EdgeIt(const Adaptor& adaptor) : _adaptor(&adaptor) {
        _adaptor->first(static_cast<Edge&>(*this));
      }

      EdgeIt(const Adaptor& adaptor, const Edge& e) :
        Edge(e), _adaptor(&adaptor) { }

      EdgeIt& operator++() {
        _adaptor->next(*this);
        return *this;
      }

    };

    class IncEdgeIt : public Edge {
      friend class GraphAdaptorExtender;
      const Adaptor* _adaptor;
      bool direction;
    public:

      IncEdgeIt() { }

      IncEdgeIt(Invalid i) : Edge(i), direction(false) { }

      IncEdgeIt(const Adaptor& adaptor, const Node &n) : _adaptor(&adaptor) {
        _adaptor->firstInc(static_cast<Edge&>(*this), direction, n);
      }

      IncEdgeIt(const Adaptor& adaptor, const Edge &e, const Node &n)
        : _adaptor(&adaptor), Edge(e) {
        direction = (_adaptor->u(e) == n);
      }

      IncEdgeIt& operator++() {
        _adaptor->nextInc(*this, direction);
        return *this;
      }
    };

    Node baseNode(const OutArcIt &a) const {
      return Parent::source(a);
    }
    Node runningNode(const OutArcIt &a) const {
      return Parent::target(a);
    }

    Node baseNode(const InArcIt &a) const {
      return Parent::target(a);
    }
    Node runningNode(const InArcIt &a) const {
      return Parent::source(a);
    }

    Node baseNode(const IncEdgeIt &e) const {
      return e.direction ? Parent::u(e) : Parent::v(e);
    }
    Node runningNode(const IncEdgeIt &e) const {
      return e.direction ? Parent::v(e) : Parent::u(e);
    }

  };

}


#endif
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/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2010
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 *
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 *
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 *
 */

///\ingroup graph_concepts
///\file
///\brief The concepts of graph components.

#ifndef LEMON_CONCEPTS_GRAPH_COMPONENTS_H
#define LEMON_CONCEPTS_GRAPH_COMPONENTS_H

#include <lemon/core.h>
#include <lemon/concepts/maps.h>

#include <lemon/bits/alteration_notifier.h>

namespace lemon {
  namespace concepts {

    /// \brief Concept class for \c Node, \c Arc and \c Edge types.
    ///
    /// This class describes the concept of \c Node, \c Arc and \c Edge
    /// subtypes of digraph and graph types.
    ///
    /// \note This class is a template class so that we can use it to
    /// create graph skeleton classes. The reason for this is that \c Node
    /// and \c Arc (or \c Edge) types should \e not derive from the same
    /// base class. For \c Node you should instantiate it with character
    /// \c 'n', for \c Arc with \c 'a' and for \c Edge with \c 'e'.
#ifndef DOXYGEN
    template <char sel = '0'>
#endif
    class GraphItem {
    public:
      /// \brief Default constructor.
      ///
      /// Default constructor.
      /// \warning The default constructor is not required to set
      /// the item to some well-defined value. So you should consider it
      /// as uninitialized.
      GraphItem() {}

      /// \brief Copy constructor.
      ///
      /// Copy constructor.
      GraphItem(const GraphItem &) {}

      /// \brief Constructor for conversion from \c INVALID.
      ///
      /// Constructor for conversion from \c INVALID.
      /// It initializes the item to be invalid.
      /// \sa Invalid for more details.
      GraphItem(Invalid) {}

      /// \brief Assignment operator.
      ///
      /// Assignment operator for the item.
      GraphItem& operator=(const GraphItem&) { return *this; }

      /// \brief Assignment operator for INVALID.
      ///
      /// This operator makes the item invalid.
      GraphItem& operator=(Invalid) { return *this; }

      /// \brief Equality operator.
      ///
      /// Equality operator.
      bool operator==(const GraphItem&) const { return false; }

      /// \brief Inequality operator.
      ///
      /// Inequality operator.
      bool operator!=(const GraphItem&) const { return false; }

      /// \brief Ordering operator.
      ///
      /// This operator defines an ordering of the items.
      /// It makes possible to use graph item types as key types in
      /// associative containers (e.g. \c std::map).
      ///
      /// \note This operator only has to define some strict ordering of
      /// the items; this order has nothing to do with the iteration
      /// ordering of the items.
      bool operator<(const GraphItem&) const { return false; }

      template<typename _GraphItem>
      struct Constraints {
        void constraints() {
          _GraphItem i1;
          i1=INVALID;
          _GraphItem i2 = i1;
          _GraphItem i3 = INVALID;

          i1 = i2 = i3;

          bool b;
          b = (ia == ib) && (ia != ib);
          b = (ia == INVALID) && (ib != INVALID);
          b = (ia < ib);
        }

        const _GraphItem &ia;
        const _GraphItem &ib;
      };
    };

    /// \brief Base skeleton class for directed graphs.
    ///
    /// This class describes the base interface of directed graph types.
    /// All digraph %concepts have to conform to this class.
    /// It just provides types for nodes and arcs and functions
    /// to get the source and the target nodes of arcs.
    class BaseDigraphComponent {
    public:

      typedef BaseDigraphComponent Digraph;

      /// \brief Node class of the digraph.
      ///
      /// This class represents the nodes of the digraph.
      typedef GraphItem<'n'> Node;

      /// \brief Arc class of the digraph.
      ///
      /// This class represents the arcs of the digraph.
      typedef GraphItem<'a'> Arc;

      /// \brief Return the source node of an arc.
      ///
      /// This function returns the source node of an arc.
      Node source(const Arc&) const { return INVALID; }

      /// \brief Return the target node of an arc.
      ///
      /// This function returns the target node of an arc.
      Node target(const Arc&) const { return INVALID; }

      /// \brief Return the opposite node on the given arc.
      ///
      /// This function returns the opposite node on the given arc.
      Node oppositeNode(const Node&, const Arc&) const {
        return INVALID;
      }

      template <typename _Digraph>
      struct Constraints {
        typedef typename _Digraph::Node Node;
        typedef typename _Digraph::Arc Arc;

        void constraints() {
          checkConcept<GraphItem<'n'>, Node>();
          checkConcept<GraphItem<'a'>, Arc>();
          {
            Node n;
            Arc e(INVALID);
            n = digraph.source(e);
            n = digraph.target(e);
            n = digraph.oppositeNode(n, e);
          }
        }

        const _Digraph& digraph;
      };
    };

    /// \brief Base skeleton class for undirected graphs.
    ///
    /// This class describes the base interface of undirected graph types.
    /// All graph %concepts have to conform to this class.
    /// It extends the interface of \ref BaseDigraphComponent with an
    /// \c Edge type and functions to get the end nodes of edges,
    /// to convert from arcs to edges and to get both direction of edges.
    class BaseGraphComponent : public BaseDigraphComponent {
    public:

      typedef BaseGraphComponent Graph;

      typedef BaseDigraphComponent::Node Node;
      typedef BaseDigraphComponent::Arc Arc;

      /// \brief Undirected edge class of the graph.
      ///
      /// This class represents the undirected edges of the graph.
      /// Undirected graphs can be used as directed graphs, each edge is
      /// represented by two opposite directed arcs.
      class Edge : public GraphItem<'e'> {
        typedef GraphItem<'e'> Parent;

      public:
        /// \brief Default constructor.
        ///
        /// Default constructor.
        /// \warning The default constructor is not required to set
        /// the item to some well-defined value. So you should consider it
        /// as uninitialized.
        Edge() {}

        /// \brief Copy constructor.
        ///
        /// Copy constructor.
        Edge(const Edge &) : Parent() {}

        /// \brief Constructor for conversion from \c INVALID.
        ///
        /// Constructor for conversion from \c INVALID.
        /// It initializes the item to be invalid.
        /// \sa Invalid for more details.
        Edge(Invalid) {}

        /// \brief Constructor for conversion from an arc.
        ///
        /// Constructor for conversion from an arc.
        /// Besides the core graph item functionality each arc should
        /// be convertible to the represented edge.
        Edge(const Arc&) {}
     };

      /// \brief Return one end node of an edge.
      ///
      /// This function returns one end node of an edge.
      Node u(const Edge&) const { return INVALID; }

      /// \brief Return the other end node of an edge.
      ///
      /// This function returns the other end node of an edge.
      Node v(const Edge&) const { return INVALID; }

      /// \brief Return a directed arc related to an edge.
      ///
      /// This function returns a directed arc from its direction and the
      /// represented edge.
      Arc direct(const Edge&, bool) const { return INVALID; }

      /// \brief Return a directed arc related to an edge.
      ///
      /// This function returns a directed arc from its source node and the
      /// represented edge.
      Arc direct(const Edge&, const Node&) const { return INVALID; }

      /// \brief Return the direction of the arc.
      ///
      /// Returns the direction of the arc. Each arc represents an
      /// edge with a direction. It gives back the
      /// direction.
      bool direction(const Arc&) const { return true; }

      /// \brief Return the opposite arc.
      ///
      /// This function returns the opposite arc, i.e. the arc representing
      /// the same edge and has opposite direction.
      Arc oppositeArc(const Arc&) const { return INVALID; }

      template <typename _Graph>
      struct Constraints {
        typedef typename _Graph::Node Node;
        typedef typename _Graph::Arc Arc;
        typedef typename _Graph::Edge Edge;

        void constraints() {
          checkConcept<BaseDigraphComponent, _Graph>();
          checkConcept<GraphItem<'e'>, Edge>();
          {
            Node n;
            Edge ue(INVALID);
            Arc e;
            n = graph.u(ue);
            n = graph.v(ue);
            e = graph.direct(ue, true);
            e = graph.direct(ue, false);
            e = graph.direct(ue, n);
            e = graph.oppositeArc(e);
            ue = e;
            bool d = graph.direction(e);
            ignore_unused_variable_warning(d);
          }
        }

        const _Graph& graph;
      };

    };

    /// \brief Skeleton class for \e idable directed graphs.
    ///
    /// This class describes the interface of \e idable directed graphs.
    /// It extends \ref BaseDigraphComponent with the core ID functions.
    /// The ids of the items must be unique and immutable.
    /// This concept is part of the Digraph concept.
    template <typename BAS = BaseDigraphComponent>
    class IDableDigraphComponent : public BAS {
    public:

      typedef BAS Base;
      typedef typename Base::Node Node;
      typedef typename Base::Arc Arc;

      /// \brief Return a unique integer id for the given node.
      ///
      /// This function returns a unique integer id for the given node.
      int id(const Node&) const { return -1; }

      /// \brief Return the node by its unique id.
      ///
      /// This function returns the node by its unique id.
      /// If the digraph does not contain a node with the given id,
      /// then the result of the function is undefined.
      Node nodeFromId(int) const { return INVALID; }

      /// \brief Return a unique integer id for the given arc.
      ///
      /// This function returns a unique integer id for the given arc.
      int id(const Arc&) const { return -1; }

      /// \brief Return the arc by its unique id.
      ///
      /// This function returns the arc by its unique id.
      /// If the digraph does not contain an arc with the given id,
      /// then the result of the function is undefined.
      Arc arcFromId(int) const { return INVALID; }

      /// \brief Return an integer greater or equal to the maximum
      /// node id.
      ///
      /// This function returns an integer greater or equal to the
      /// maximum node id.
      int maxNodeId() const { return -1; }

      /// \brief Return an integer greater or equal to the maximum
      /// arc id.
      ///
      /// This function returns an integer greater or equal to the
      /// maximum arc id.
      int maxArcId() const { return -1; }

      template <typename _Digraph>
      struct Constraints {

        void constraints() {
          checkConcept<Base, _Digraph >();
          typename _Digraph::Node node;
          node=INVALID;
          int nid = digraph.id(node);
          nid = digraph.id(node);
          node = digraph.nodeFromId(nid);
          typename _Digraph::Arc arc;
          arc=INVALID;
          int eid = digraph.id(arc);
          eid = digraph.id(arc);
          arc = digraph.arcFromId(eid);

          nid = digraph.maxNodeId();
          ignore_unused_variable_warning(nid);
          eid = digraph.maxArcId();
          ignore_unused_variable_warning(eid);
        }

        const _Digraph& digraph;
      };
    };

    /// \brief Skeleton class for \e idable undirected graphs.
    ///
    /// This class describes the interface of \e idable undirected
    /// graphs. It extends \ref IDableDigraphComponent with the core ID
    /// functions of undirected graphs.
    /// The ids of the items must be unique and immutable.
    /// This concept is part of the Graph concept.
    template <typename BAS = BaseGraphComponent>
    class IDableGraphComponent : public IDableDigraphComponent<BAS> {
    public:

      typedef BAS Base;
      typedef typename Base::Edge Edge;

      using IDableDigraphComponent<Base>::id;

      /// \brief Return a unique integer id for the given edge.
      ///
      /// This function returns a unique integer id for the given edge.
      int id(const Edge&) const { return -1; }

      /// \brief Return the edge by its unique id.
      ///
      /// This function returns the edge by its unique id.
      /// If the graph does not contain an edge with the given id,
      /// then the result of the function is undefined.
      Edge edgeFromId(int) const { return INVALID; }

      /// \brief Return an integer greater or equal to the maximum
      /// edge id.
      ///
      /// This function returns an integer greater or equal to the
      /// maximum edge id.
      int maxEdgeId() const { return -1; }

      template <typename _Graph>
      struct Constraints {

        void constraints() {
          checkConcept<IDableDigraphComponent<Base>, _Graph >();
          typename _Graph::Edge edge;
          int ueid = graph.id(edge);
          ueid = graph.id(edge);
          edge = graph.edgeFromId(ueid);
          ueid = graph.maxEdgeId();
          ignore_unused_variable_warning(ueid);
        }

        const _Graph& graph;
      };
    };

    /// \brief Concept class for \c NodeIt, \c ArcIt and \c EdgeIt types.
    ///
    /// This class describes the concept of \c NodeIt, \c ArcIt and
    /// \c EdgeIt subtypes of digraph and graph types.
    template <typename GR, typename Item>
    class GraphItemIt : public Item {
    public:
      /// \brief Default constructor.
      ///
      /// Default constructor.
      /// \warning The default constructor is not required to set
      /// the iterator to some well-defined value. So you should consider it
      /// as uninitialized.
      GraphItemIt() {}

      /// \brief Copy constructor.
      ///
      /// Copy constructor.
      GraphItemIt(const GraphItemIt& it) : Item(it) {}

      /// \brief Constructor that sets the iterator to the first item.
      ///
      /// Constructor that sets the iterator to the first item.
      explicit GraphItemIt(const GR&) {}

      /// \brief Constructor for conversion from \c INVALID.
      ///
      /// Constructor for conversion from \c INVALID.
      /// It initializes the iterator to be invalid.
      /// \sa Invalid for more details.
      GraphItemIt(Invalid) {}

      /// \brief Assignment operator.
      ///
      /// Assignment operator for the iterator.
      GraphItemIt& operator=(const GraphItemIt&) { return *this; }

      /// \brief Increment the iterator.
      ///
      /// This operator increments the iterator, i.e. assigns it to the
      /// next item.
      GraphItemIt& operator++() { return *this; }

      /// \brief Equality operator
      ///
      /// Equality operator.
      /// Two iterators are equal if and only if they point to the
      /// same object or both are invalid.
      bool operator==(const GraphItemIt&) const { return true;}

      /// \brief Inequality operator
      ///
      /// Inequality operator.
      /// Two iterators are equal if and only if they point to the
      /// same object or both are invalid.
      bool operator!=(const GraphItemIt&) const { return true;}

      template<typename _GraphItemIt>
      struct Constraints {
        void constraints() {
          checkConcept<GraphItem<>, _GraphItemIt>();
          _GraphItemIt it1(g);
          _GraphItemIt it2;
          _GraphItemIt it3 = it1;
          _GraphItemIt it4 = INVALID;

          it2 = ++it1;
          ++it2 = it1;
          ++(++it1);

          Item bi = it1;
          bi = it2;
        }
        const GR& g;
      };
    };

    /// \brief Concept class for \c InArcIt, \c OutArcIt and
    /// \c IncEdgeIt types.
    ///
    /// This class describes the concept of \c InArcIt, \c OutArcIt
    /// and \c IncEdgeIt subtypes of digraph and graph types.
    ///
    /// \note Since these iterator classes do not inherit from the same
    /// base class, there is an additional template parameter (selector)
    /// \c sel. For \c InArcIt you should instantiate it with character
    /// \c 'i', for \c OutArcIt with \c 'o' and for \c IncEdgeIt with \c 'e'.
    template <typename GR,
              typename Item = typename GR::Arc,
              typename Base = typename GR::Node,
              char sel = '0'>
    class GraphIncIt : public Item {
    public:
      /// \brief Default constructor.
      ///
      /// Default constructor.
      /// \warning The default constructor is not required to set
      /// the iterator to some well-defined value. So you should consider it
      /// as uninitialized.
      GraphIncIt() {}

      /// \brief Copy constructor.
      ///
      /// Copy constructor.
      GraphIncIt(const GraphIncIt& it) : Item(it) {}

      /// \brief Constructor that sets the iterator to the first
      /// incoming or outgoing arc.
      ///
      /// Constructor that sets the iterator to the first arc
      /// incoming to or outgoing from the given node.
      explicit GraphIncIt(const GR&, const Base&) {}

      /// \brief Constructor for conversion from \c INVALID.
      ///
      /// Constructor for conversion from \c INVALID.
      /// It initializes the iterator to be invalid.
      /// \sa Invalid for more details.
      GraphIncIt(Invalid) {}

      /// \brief Assignment operator.
      ///
      /// Assignment operator for the iterator.
      GraphIncIt& operator=(const GraphIncIt&) { return *this; }

      /// \brief Increment the iterator.
      ///
      /// This operator increments the iterator, i.e. assigns it to the
      /// next arc incoming to or outgoing from the given node.
      GraphIncIt& operator++() { return *this; }

      /// \brief Equality operator
      ///
      /// Equality operator.
      /// Two iterators are equal if and only if they point to the
      /// same object or both are invalid.
      bool operator==(const GraphIncIt&) const { return true;}

      /// \brief Inequality operator
      ///
      /// Inequality operator.
      /// Two iterators are equal if and only if they point to the
      /// same object or both are invalid.
      bool operator!=(const GraphIncIt&) const { return true;}

      template <typename _GraphIncIt>
      struct Constraints {
        void constraints() {
          checkConcept<GraphItem<sel>, _GraphIncIt>();
          _GraphIncIt it1(graph, node);
          _GraphIncIt it2;
          _GraphIncIt it3 = it1;
          _GraphIncIt it4 = INVALID;

          it2 = ++it1;
          ++it2 = it1;
          ++(++it1);
          Item e = it1;
          e = it2;
        }
        const Base& node;
        const GR& graph;
      };
    };

    /// \brief Skeleton class for iterable directed graphs.
    ///
    /// This class describes the interface of iterable directed
    /// graphs. It extends \ref BaseDigraphComponent with the core
    /// iterable interface.
    /// This concept is part of the Digraph concept.
    template <typename BAS = BaseDigraphComponent>
    class IterableDigraphComponent : public BAS {

    public:

      typedef BAS Base;
      typedef typename Base::Node Node;
      typedef typename Base::Arc Arc;

      typedef IterableDigraphComponent Digraph;

      /// \name Base Iteration
      ///
      /// This interface provides functions for iteration on digraph items.
      ///
      /// @{

      /// \brief Return the first node.
      ///
      /// This function gives back the first node in the iteration order.
      void first(Node&) const {}

      /// \brief Return the next node.
      ///
      /// This function gives back the next node in the iteration order.
      void next(Node&) const {}

      /// \brief Return the first arc.
      ///
      /// This function gives back the first arc in the iteration order.
      void first(Arc&) const {}

      /// \brief Return the next arc.
      ///
      /// This function gives back the next arc in the iteration order.
      void next(Arc&) const {}

      /// \brief Return the first arc incomming to the given node.
      ///
      /// This function gives back the first arc incomming to the
      /// given node.
      void firstIn(Arc&, const Node&) const {}

      /// \brief Return the next arc incomming to the given node.
      ///
      /// This function gives back the next arc incomming to the
      /// given node.
      void nextIn(Arc&) const {}

      /// \brief Return the first arc outgoing form the given node.
      ///
      /// This function gives back the first arc outgoing form the
      /// given node.
      void firstOut(Arc&, const Node&) const {}

      /// \brief Return the next arc outgoing form the given node.
      ///
      /// This function gives back the next arc outgoing form the
      /// given node.
      void nextOut(Arc&) const {}

      /// @}

      /// \name Class Based Iteration
      ///
      /// This interface provides iterator classes for digraph items.
      ///
      /// @{

      /// \brief This iterator goes through each node.
      ///
      /// This iterator goes through each node.
      ///
      typedef GraphItemIt<Digraph, Node> NodeIt;

      /// \brief This iterator goes through each arc.
      ///
      /// This iterator goes through each arc.
      ///
      typedef GraphItemIt<Digraph, Arc> ArcIt;

      /// \brief This iterator goes trough the incoming arcs of a node.
      ///
      /// This iterator goes trough the \e incoming arcs of a certain node
      /// of a digraph.
      typedef GraphIncIt<Digraph, Arc, Node, 'i'> InArcIt;

      /// \brief This iterator goes trough the outgoing arcs of a node.
      ///
      /// This iterator goes trough the \e outgoing arcs of a certain node
      /// of a digraph.
      typedef GraphIncIt<Digraph, Arc, Node, 'o'> OutArcIt;

      /// \brief The base node of the iterator.
      ///
      /// This function gives back the base node of the iterator.
      /// It is always the target node of the pointed arc.
      Node baseNode(const InArcIt&) const { return INVALID; }

      /// \brief The running node of the iterator.
      ///
      /// This function gives back the running node of the iterator.
      /// It is always the source node of the pointed arc.
      Node runningNode(const InArcIt&) const { return INVALID; }

      /// \brief The base node of the iterator.
      ///
      /// This function gives back the base node of the iterator.
      /// It is always the source node of the pointed arc.
      Node baseNode(const OutArcIt&) const { return INVALID; }

      /// \brief The running node of the iterator.
      ///
      /// This function gives back the running node of the iterator.
      /// It is always the target node of the pointed arc.
      Node runningNode(const OutArcIt&) const { return INVALID; }

      /// @}

      template <typename _Digraph>
      struct Constraints {
        void constraints() {
          checkConcept<Base, _Digraph>();

          {
            typename _Digraph::Node node(INVALID);
            typename _Digraph::Arc arc(INVALID);
            {
              digraph.first(node);
              digraph.next(node);
            }
            {
              digraph.first(arc);
              digraph.next(arc);
            }
            {
              digraph.firstIn(arc, node);
              digraph.nextIn(arc);
            }
            {
              digraph.firstOut(arc, node);
              digraph.nextOut(arc);
            }
          }

          {
            checkConcept<GraphItemIt<_Digraph, typename _Digraph::Arc>,
              typename _Digraph::ArcIt >();
            checkConcept<GraphItemIt<_Digraph, typename _Digraph::Node>,
              typename _Digraph::NodeIt >();
            checkConcept<GraphIncIt<_Digraph, typename _Digraph::Arc,
              typename _Digraph::Node, 'i'>, typename _Digraph::InArcIt>();
            checkConcept<GraphIncIt<_Digraph, typename _Digraph::Arc,
              typename _Digraph::Node, 'o'>, typename _Digraph::OutArcIt>();

            typename _Digraph::Node n;
            const typename _Digraph::InArcIt iait(INVALID);
            const typename _Digraph::OutArcIt oait(INVALID);
            n = digraph.baseNode(iait);
            n = digraph.runningNode(iait);
            n = digraph.baseNode(oait);
            n = digraph.runningNode(oait);
            ignore_unused_variable_warning(n);
          }
        }

        const _Digraph& digraph;
      };
    };

    /// \brief Skeleton class for iterable undirected graphs.
    ///
    /// This class describes the interface of iterable undirected
    /// graphs. It extends \ref IterableDigraphComponent with the core
    /// iterable interface of undirected graphs.
    /// This concept is part of the Graph concept.
    template <typename BAS = BaseGraphComponent>
    class IterableGraphComponent : public IterableDigraphComponent<BAS> {
    public:

      typedef BAS Base;
      typedef typename Base::Node Node;
      typedef typename Base::Arc Arc;
      typedef typename Base::Edge Edge;


      typedef IterableGraphComponent Graph;

      /// \name Base Iteration
      ///
      /// This interface provides functions for iteration on edges.
      ///
      /// @{

      using IterableDigraphComponent<Base>::first;
      using IterableDigraphComponent<Base>::next;

      /// \brief Return the first edge.
      ///
      /// This function gives back the first edge in the iteration order.
      void first(Edge&) const {}

      /// \brief Return the next edge.
      ///
      /// This function gives back the next edge in the iteration order.
      void next(Edge&) const {}

      /// \brief Return the first edge incident to the given node.
      ///
      /// This function gives back the first edge incident to the given
      /// node. The bool parameter gives back the direction for which the
      /// source node of the directed arc representing the edge is the
      /// given node.
      void firstInc(Edge&, bool&, const Node&) const {}

      /// \brief Gives back the next of the edges from the
      /// given node.
      ///
      /// This function gives back the next edge incident to the given
      /// node. The bool parameter should be used as \c firstInc() use it.
      void nextInc(Edge&, bool&) const {}

      using IterableDigraphComponent<Base>::baseNode;
      using IterableDigraphComponent<Base>::runningNode;

      /// @}

      /// \name Class Based Iteration
      ///
      /// This interface provides iterator classes for edges.
      ///
      /// @{

      /// \brief This iterator goes through each edge.
      ///
      /// This iterator goes through each edge.
      typedef GraphItemIt<Graph, Edge> EdgeIt;

      /// \brief This iterator goes trough the incident edges of a
      /// node.
      ///
      /// This iterator goes trough the incident edges of a certain
      /// node of a graph.
      typedef GraphIncIt<Graph, Edge, Node, 'e'> IncEdgeIt;

      /// \brief The base node of the iterator.
      ///
      /// This function gives back the base node of the iterator.
      Node baseNode(const IncEdgeIt&) const { return INVALID; }

      /// \brief The running node of the iterator.
      ///
      /// This function gives back the running node of the iterator.
      Node runningNode(const IncEdgeIt&) const { return INVALID; }

      /// @}

      template <typename _Graph>
      struct Constraints {
        void constraints() {
          checkConcept<IterableDigraphComponent<Base>, _Graph>();

          {
            typename _Graph::Node node(INVALID);
            typename _Graph::Edge edge(INVALID);
            bool dir;
            {
              graph.first(edge);
              graph.next(edge);
            }
            {
              graph.firstInc(edge, dir, node);
              graph.nextInc(edge, dir);
            }

          }

          {
            checkConcept<GraphItemIt<_Graph, typename _Graph::Edge>,
              typename _Graph::EdgeIt >();
            checkConcept<GraphIncIt<_Graph, typename _Graph::Edge,
              typename _Graph::Node, 'e'>, typename _Graph::IncEdgeIt>();

            typename _Graph::Node n;
            const typename _Graph::IncEdgeIt ieit(INVALID);
            n = graph.baseNode(ieit);
            n = graph.runningNode(ieit);
          }
        }

        const _Graph& graph;
      };
    };

    /// \brief Skeleton class for alterable directed graphs.
    ///
    /// This class describes the interface of alterable directed
    /// graphs. It extends \ref BaseDigraphComponent with the alteration
    /// notifier interface. It implements
    /// an observer-notifier pattern for each digraph item. More
    /// obsevers can be registered into the notifier and whenever an
    /// alteration occured in the digraph all the observers will be
    /// notified about it.
    template <typename BAS = BaseDigraphComponent>
    class AlterableDigraphComponent : public BAS {
    public:

      typedef BAS Base;
      typedef typename Base::Node Node;
      typedef typename Base::Arc Arc;


      /// Node alteration notifier class.
      typedef AlterationNotifier<AlterableDigraphComponent, Node>
      NodeNotifier;
      /// Arc alteration notifier class.
      typedef AlterationNotifier<AlterableDigraphComponent, Arc>
      ArcNotifier;

      /// \brief Return the node alteration notifier.
      ///
      /// This function gives back the node alteration notifier.
      NodeNotifier& notifier(Node) const {
         return NodeNotifier();
      }

      /// \brief Return the arc alteration notifier.
      ///
      /// This function gives back the arc alteration notifier.
      ArcNotifier& notifier(Arc) const {
        return ArcNotifier();
      }

      template <typename _Digraph>
      struct Constraints {
        void constraints() {
          checkConcept<Base, _Digraph>();
          typename _Digraph::NodeNotifier& nn
            = digraph.notifier(typename _Digraph::Node());

          typename _Digraph::ArcNotifier& en
            = digraph.notifier(typename _Digraph::Arc());

          ignore_unused_variable_warning(nn);
          ignore_unused_variable_warning(en);
        }

        const _Digraph& digraph;
      };
    };

    /// \brief Skeleton class for alterable undirected graphs.
    ///
    /// This class describes the interface of alterable undirected
    /// graphs. It extends \ref AlterableDigraphComponent with the alteration
    /// notifier interface of undirected graphs. It implements
    /// an observer-notifier pattern for the edges. More
    /// obsevers can be registered into the notifier and whenever an
    /// alteration occured in the graph all the observers will be
    /// notified about it.
    template <typename BAS = BaseGraphComponent>
    class AlterableGraphComponent : public AlterableDigraphComponent<BAS> {
    public:

      typedef BAS Base;
      typedef typename Base::Edge Edge;


      /// Edge alteration notifier class.
      typedef AlterationNotifier<AlterableGraphComponent, Edge>
      EdgeNotifier;

      /// \brief Return the edge alteration notifier.
      ///
      /// This function gives back the edge alteration notifier.
      EdgeNotifier& notifier(Edge) const {
        return EdgeNotifier();
      }

      template <typename _Graph>
      struct Constraints {
        void constraints() {
          checkConcept<AlterableDigraphComponent<Base>, _Graph>();
          typename _Graph::EdgeNotifier& uen
            = graph.notifier(typename _Graph::Edge());
          ignore_unused_variable_warning(uen);
        }

        const _Graph& graph;
      };
    };

    /// \brief Concept class for standard graph maps.
    ///
    /// This class describes the concept of standard graph maps, i.e.
    /// the \c NodeMap, \c ArcMap and \c EdgeMap subtypes of digraph and
    /// graph types, which can be used for associating data to graph items.
    /// The standard graph maps must conform to the ReferenceMap concept.
    template <typename GR, typename K, typename V>
    class GraphMap : public ReferenceMap<K, V, V&, const V&> {
      typedef ReferenceMap<K, V, V&, const V&> Parent;

    public:

      /// The key type of the map.
      typedef K Key;
      /// The value type of the map.
      typedef V Value;
      /// The reference type of the map.
      typedef Value& Reference;
      /// The const reference type of the map.
      typedef const Value& ConstReference;

      // The reference map tag.
      typedef True ReferenceMapTag;

      /// \brief Construct a new map.
      ///
      /// Construct a new map for the graph.
      explicit GraphMap(const GR&) {}
      /// \brief Construct a new map with default value.
      ///
      /// Construct a new map for the graph and initalize the values.
      GraphMap(const GR&, const Value&) {}

    private:
      /// \brief Copy constructor.
      ///
      /// Copy Constructor.
      GraphMap(const GraphMap&) : Parent() {}

      /// \brief Assignment operator.
      ///
      /// Assignment operator. It does not mofify the underlying graph,
      /// it just iterates on the current item set and set the  map
      /// with the value returned by the assigned map.
      template <typename CMap>
      GraphMap& operator=(const CMap&) {
        checkConcept<ReadMap<Key, Value>, CMap>();
        return *this;
      }

    public:
      template<typename _Map>
      struct Constraints {
        void constraints() {
          checkConcept
            <ReferenceMap<Key, Value, Value&, const Value&>, _Map>();
          _Map m1(g);
          _Map m2(g,t);

          // Copy constructor
          // _Map m3(m);

          // Assignment operator
          // ReadMap<Key, Value> cmap;
          // m3 = cmap;

          ignore_unused_variable_warning(m1);
          ignore_unused_variable_warning(m2);
          // ignore_unused_variable_warning(m3);
        }

        const _Map &m;
        const GR &g;
        const typename GraphMap::Value &t;
      };

    };

    /// \brief Skeleton class for mappable directed graphs.
    ///
    /// This class describes the interface of mappable directed graphs.
    /// It extends \ref BaseDigraphComponent with the standard digraph
    /// map classes, namely \c NodeMap and \c ArcMap.
    /// This concept is part of the Digraph concept.
    template <typename BAS = BaseDigraphComponent>
    class MappableDigraphComponent : public BAS  {
    public:

      typedef BAS Base;
      typedef typename Base::Node Node;
      typedef typename Base::Arc Arc;

      typedef MappableDigraphComponent Digraph;

      /// \brief Standard graph map for the nodes.
      ///
      /// Standard graph map for the nodes.
      /// It conforms to the ReferenceMap concept.
      template <typename V>
      class NodeMap : public GraphMap<MappableDigraphComponent, Node, V> {
        typedef GraphMap<MappableDigraphComponent, Node, V> Parent;

      public:
        /// \brief Construct a new map.
        ///
        /// Construct a new map for the digraph.
        explicit NodeMap(const MappableDigraphComponent& digraph)
          : Parent(digraph) {}

        /// \brief Construct a new map with default value.
        ///
        /// Construct a new map for the digraph and initalize the values.
        NodeMap(const MappableDigraphComponent& digraph, const V& value)
          : Parent(digraph, value) {}

      private:
        /// \brief Copy constructor.
        ///
        /// Copy Constructor.
        NodeMap(const NodeMap& nm) : Parent(nm) {}

        /// \brief Assignment operator.
        ///
        /// Assignment operator.
        template <typename CMap>
        NodeMap& operator=(const CMap&) {
          checkConcept<ReadMap<Node, V>, CMap>();
          return *this;
        }

      };

      /// \brief Standard graph map for the arcs.
      ///
      /// Standard graph map for the arcs.
      /// It conforms to the ReferenceMap concept.
      template <typename V>
      class ArcMap : public GraphMap<MappableDigraphComponent, Arc, V> {
        typedef GraphMap<MappableDigraphComponent, Arc, V> Parent;

      public:
        /// \brief Construct a new map.
        ///
        /// Construct a new map for the digraph.
        explicit ArcMap(const MappableDigraphComponent& digraph)
          : Parent(digraph) {}

        /// \brief Construct a new map with default value.
        ///
        /// Construct a new map for the digraph and initalize the values.
        ArcMap(const MappableDigraphComponent& digraph, const V& value)
          : Parent(digraph, value) {}

      private:
        /// \brief Copy constructor.
        ///
        /// Copy Constructor.
        ArcMap(const ArcMap& nm) : Parent(nm) {}

        /// \brief Assignment operator.
        ///
        /// Assignment operator.
        template <typename CMap>
        ArcMap& operator=(const CMap&) {
          checkConcept<ReadMap<Arc, V>, CMap>();
          return *this;
        }

      };


      template <typename _Digraph>
      struct Constraints {

        struct Dummy {
          int value;
          Dummy() : value(0) {}
          Dummy(int _v) : value(_v) {}
        };

        void constraints() {
          checkConcept<Base, _Digraph>();
          { // int map test
            typedef typename _Digraph::template NodeMap<int> IntNodeMap;
            checkConcept<GraphMap<_Digraph, typename _Digraph::Node, int>,
              IntNodeMap >();
          } { // bool map test
            typedef typename _Digraph::template NodeMap<bool> BoolNodeMap;
            checkConcept<GraphMap<_Digraph, typename _Digraph::Node, bool>,
              BoolNodeMap >();
          } { // Dummy map test
            typedef typename _Digraph::template NodeMap<Dummy> DummyNodeMap;
            checkConcept<GraphMap<_Digraph, typename _Digraph::Node, Dummy>,
              DummyNodeMap >();
          }

          { // int map test
            typedef typename _Digraph::template ArcMap<int> IntArcMap;
            checkConcept<GraphMap<_Digraph, typename _Digraph::Arc, int>,
              IntArcMap >();
          } { // bool map test
            typedef typename _Digraph::template ArcMap<bool> BoolArcMap;
            checkConcept<GraphMap<_Digraph, typename _Digraph::Arc, bool>,
              BoolArcMap >();
          } { // Dummy map test
            typedef typename _Digraph::template ArcMap<Dummy> DummyArcMap;
            checkConcept<GraphMap<_Digraph, typename _Digraph::Arc, Dummy>,
              DummyArcMap >();
          }
        }

        const _Digraph& digraph;
      };
    };

    /// \brief Skeleton class for mappable undirected graphs.
    ///
    /// This class describes the interface of mappable undirected graphs.
    /// It extends \ref MappableDigraphComponent with the standard graph
    /// map class for edges (\c EdgeMap).
    /// This concept is part of the Graph concept.
    template <typename BAS = BaseGraphComponent>
    class MappableGraphComponent : public MappableDigraphComponent<BAS>  {
    public:

      typedef BAS Base;
      typedef typename Base::Edge Edge;

      typedef MappableGraphComponent Graph;

      /// \brief Standard graph map for the edges.
      ///
      /// Standard graph map for the edges.
      /// It conforms to the ReferenceMap concept.
      template <typename V>
      class EdgeMap : public GraphMap<MappableGraphComponent, Edge, V> {
        typedef GraphMap<MappableGraphComponent, Edge, V> Parent;

      public:
        /// \brief Construct a new map.
        ///
        /// Construct a new map for the graph.
        explicit EdgeMap(const MappableGraphComponent& graph)
          : Parent(graph) {}

        /// \brief Construct a new map with default value.
        ///
        /// Construct a new map for the graph and initalize the values.
        EdgeMap(const MappableGraphComponent& graph, const V& value)
          : Parent(graph, value) {}

      private:
        /// \brief Copy constructor.
        ///
        /// Copy Constructor.
        EdgeMap(const EdgeMap& nm) : Parent(nm) {}

        /// \brief Assignment operator.
        ///
        /// Assignment operator.
        template <typename CMap>
        EdgeMap& operator=(const CMap&) {
          checkConcept<ReadMap<Edge, V>, CMap>();
          return *this;
        }

      };


      template <typename _Graph>
      struct Constraints {

        struct Dummy {
          int value;
          Dummy() : value(0) {}
          Dummy(int _v) : value(_v) {}
        };

        void constraints() {
          checkConcept<MappableDigraphComponent<Base>, _Graph>();

          { // int map test
            typedef typename _Graph::template EdgeMap<int> IntEdgeMap;
            checkConcept<GraphMap<_Graph, typename _Graph::Edge, int>,
              IntEdgeMap >();
          } { // bool map test
            typedef typename _Graph::template EdgeMap<bool> BoolEdgeMap;
            checkConcept<GraphMap<_Graph, typename _Graph::Edge, bool>,
              BoolEdgeMap >();
          } { // Dummy map test
            typedef typename _Graph::template EdgeMap<Dummy> DummyEdgeMap;
            checkConcept<GraphMap<_Graph, typename _Graph::Edge, Dummy>,
              DummyEdgeMap >();
          }
        }

        const _Graph& graph;
      };
    };

    /// \brief Skeleton class for extendable directed graphs.
    ///
    /// This class describes the interface of extendable directed graphs.
    /// It extends \ref BaseDigraphComponent with functions for adding
    /// nodes and arcs to the digraph.
    /// This concept requires \ref AlterableDigraphComponent.
    template <typename BAS = BaseDigraphComponent>
    class ExtendableDigraphComponent : public BAS {
    public:
      typedef BAS Base;

      typedef typename Base::Node Node;
      typedef typename Base::Arc Arc;

      /// \brief Add a new node to the digraph.
      ///
      /// This function adds a new node to the digraph.
      Node addNode() {
        return INVALID;
      }

      /// \brief Add a new arc connecting the given two nodes.
      ///
      /// This function adds a new arc connecting the given two nodes
      /// of the digraph.
      Arc addArc(const Node&, const Node&) {
        return INVALID;
      }

      template <typename _Digraph>
      struct Constraints {
        void constraints() {
          checkConcept<Base, _Digraph>();
          typename _Digraph::Node node_a, node_b;
          node_a = digraph.addNode();
          node_b = digraph.addNode();
          typename _Digraph::Arc arc;
          arc = digraph.addArc(node_a, node_b);
        }

        _Digraph& digraph;
      };
    };

    /// \brief Skeleton class for extendable undirected graphs.
    ///
    /// This class describes the interface of extendable undirected graphs.
    /// It extends \ref BaseGraphComponent with functions for adding
    /// nodes and edges to the graph.
    /// This concept requires \ref AlterableGraphComponent.
    template <typename BAS = BaseGraphComponent>
    class ExtendableGraphComponent : public BAS {
    public:

      typedef BAS Base;
      typedef typename Base::Node Node;
      typedef typename Base::Edge Edge;

      /// \brief Add a new node to the digraph.
      ///
      /// This function adds a new node to the digraph.
      Node addNode() {
        return INVALID;
      }

      /// \brief Add a new edge connecting the given two nodes.
      ///
      /// This function adds a new edge connecting the given two nodes
      /// of the graph.
      Edge addEdge(const Node&, const Node&) {
        return INVALID;
      }

      template <typename _Graph>
      struct Constraints {
        void constraints() {
          checkConcept<Base, _Graph>();
          typename _Graph::Node node_a, node_b;
          node_a = graph.addNode();
          node_b = graph.addNode();
          typename _Graph::Edge edge;
          edge = graph.addEdge(node_a, node_b);
        }

        _Graph& graph;
      };
    };

    /// \brief Skeleton class for erasable directed graphs.
    ///
    /// This class describes the interface of erasable directed graphs.
    /// It extends \ref BaseDigraphComponent with functions for removing
    /// nodes and arcs from the digraph.
    /// This concept requires \ref AlterableDigraphComponent.
    template <typename BAS = BaseDigraphComponent>
    class ErasableDigraphComponent : public BAS {
    public:

      typedef BAS Base;
      typedef typename Base::Node Node;
      typedef typename Base::Arc Arc;

      /// \brief Erase a node from the digraph.
      ///
      /// This function erases the given node from the digraph and all arcs
      /// connected to the node.
      void erase(const Node&) {}

      /// \brief Erase an arc from the digraph.
      ///
      /// This function erases the given arc from the digraph.
      void erase(const Arc&) {}

      template <typename _Digraph>
      struct Constraints {
        void constraints() {
          checkConcept<Base, _Digraph>();
          const typename _Digraph::Node node(INVALID);
          digraph.erase(node);
          const typename _Digraph::Arc arc(INVALID);
          digraph.erase(arc);
        }

        _Digraph& digraph;
      };
    };

    /// \brief Skeleton class for erasable undirected graphs.
    ///
    /// This class describes the interface of erasable undirected graphs.
    /// It extends \ref BaseGraphComponent with functions for removing
    /// nodes and edges from the graph.
    /// This concept requires \ref AlterableGraphComponent.
    template <typename BAS = BaseGraphComponent>
    class ErasableGraphComponent : public BAS {
    public:

      typedef BAS Base;
      typedef typename Base::Node Node;
      typedef typename Base::Edge Edge;

      /// \brief Erase a node from the graph.
      ///
      /// This function erases the given node from the graph and all edges
      /// connected to the node.
      void erase(const Node&) {}

      /// \brief Erase an edge from the digraph.
      ///
      /// This function erases the given edge from the digraph.
      void erase(const Edge&) {}

      template <typename _Graph>
      struct Constraints {
        void constraints() {
          checkConcept<Base, _Graph>();
          const typename _Graph::Node node(INVALID);
          graph.erase(node);
          const typename _Graph::Edge edge(INVALID);
          graph.erase(edge);
        }

        _Graph& graph;
      };
    };

    /// \brief Skeleton class for clearable directed graphs.
    ///
    /// This class describes the interface of clearable directed graphs.
    /// It extends \ref BaseDigraphComponent with a function for clearing
    /// the digraph.
    /// This concept requires \ref AlterableDigraphComponent.
    template <typename BAS = BaseDigraphComponent>
    class ClearableDigraphComponent : public BAS {
    public:

      typedef BAS Base;

      /// \brief Erase all nodes and arcs from the digraph.
      ///
      /// This function erases all nodes and arcs from the digraph.
      void clear() {}

      template <typename _Digraph>
      struct Constraints {
        void constraints() {
          checkConcept<Base, _Digraph>();
          digraph.clear();
        }

        _Digraph& digraph;
      };
    };

    /// \brief Skeleton class for clearable undirected graphs.
    ///
    /// This class describes the interface of clearable undirected graphs.
    /// It extends \ref BaseGraphComponent with a function for clearing
    /// the graph.
    /// This concept requires \ref AlterableGraphComponent.
    template <typename BAS = BaseGraphComponent>
    class ClearableGraphComponent : public ClearableDigraphComponent<BAS> {
    public:

      typedef BAS Base;

      /// \brief Erase all nodes and edges from the graph.
      ///
      /// This function erases all nodes and edges from the graph.
      void clear() {}

      template <typename _Graph>
      struct Constraints {
        void constraints() {
          checkConcept<Base, _Graph>();
          graph.clear();
        }

        _Graph& graph;
      };
    };

  }

}

#endif
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 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2009
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_BITS_GRAPH_EXTENDER_H
#define LEMON_BITS_GRAPH_EXTENDER_H

#include <lemon/core.h>

#include <lemon/bits/map_extender.h>
#include <lemon/bits/default_map.h>

#include <lemon/concept_check.h>
#include <lemon/concepts/maps.h>

//\ingroup graphbits
//\file
//\brief Extenders for the graph types
namespace lemon {

  // \ingroup graphbits
  //
  // \brief Extender for the digraph implementations
  template <typename Base>
  class DigraphExtender : public Base {
    typedef Base Parent;

  public:

    typedef DigraphExtender Digraph;

    // Base extensions

    typedef typename Parent::Node Node;
    typedef typename Parent::Arc Arc;

    int maxId(Node) const {
      return Parent::maxNodeId();
    }

    int maxId(Arc) const {
      return Parent::maxArcId();
    }

    static Node fromId(int id, Node) {
      return Parent::nodeFromId(id);
    }

    static Arc fromId(int id, Arc) {
      return Parent::arcFromId(id);
    }

    Node oppositeNode(const Node &node, const Arc &arc) const {
      if (node == Parent::source(arc))
        return Parent::target(arc);
      else if(node == Parent::target(arc))
        return Parent::source(arc);
      else
        return INVALID;
    }

    // Alterable extension

    typedef AlterationNotifier<DigraphExtender, Node> NodeNotifier;
    typedef AlterationNotifier<DigraphExtender, Arc> ArcNotifier;


  protected:

    mutable NodeNotifier node_notifier;
    mutable ArcNotifier arc_notifier;

  public:

    NodeNotifier& notifier(Node) const {
      return node_notifier;
    }

    ArcNotifier& notifier(Arc) const {
      return arc_notifier;
    }

    class NodeIt : public Node {
      const Digraph* _digraph;
    public:

      NodeIt() {}

      NodeIt(Invalid i) : Node(i) { }

      explicit NodeIt(const Digraph& digraph) : _digraph(&digraph) {
        _digraph->first(static_cast<Node&>(*this));
      }

      NodeIt(const Digraph& digraph, const Node& node)
        : Node(node), _digraph(&digraph) {}

      NodeIt& operator++() {
        _digraph->next(*this);
        return *this;
      }

    };


    class ArcIt : public Arc {
      const Digraph* _digraph;
    public:

      ArcIt() { }

      ArcIt(Invalid i) : Arc(i) { }

      explicit ArcIt(const Digraph& digraph) : _digraph(&digraph) {
        _digraph->first(static_cast<Arc&>(*this));
      }

      ArcIt(const Digraph& digraph, const Arc& arc) :
        Arc(arc), _digraph(&digraph) { }

      ArcIt& operator++() {
        _digraph->next(*this);
        return *this;
      }

    };


    class OutArcIt : public Arc {
      const Digraph* _digraph;
    public:

      OutArcIt() { }

      OutArcIt(Invalid i) : Arc(i) { }

      OutArcIt(const Digraph& digraph, const Node& node)
        : _digraph(&digraph) {
        _digraph->firstOut(*this, node);
      }

      OutArcIt(const Digraph& digraph, const Arc& arc)
        : Arc(arc), _digraph(&digraph) {}

      OutArcIt& operator++() {
        _digraph->nextOut(*this);
        return *this;
      }

    };


    class InArcIt : public Arc {
      const Digraph* _digraph;
    public:

      InArcIt() { }

      InArcIt(Invalid i) : Arc(i) { }

      InArcIt(const Digraph& digraph, const Node& node)
        : _digraph(&digraph) {
        _digraph->firstIn(*this, node);
      }

      InArcIt(const Digraph& digraph, const Arc& arc) :
        Arc(arc), _digraph(&digraph) {}

      InArcIt& operator++() {
        _digraph->nextIn(*this);
        return *this;
      }

    };

    // \brief Base node of the iterator
    //
    // Returns the base node (i.e. the source in this case) of the iterator
    Node baseNode(const OutArcIt &arc) const {
      return Parent::source(arc);
    }
    // \brief Running node of the iterator
    //
    // Returns the running node (i.e. the target in this case) of the
    // iterator
    Node runningNode(const OutArcIt &arc) const {
      return Parent::target(arc);
    }

    // \brief Base node of the iterator
    //
    // Returns the base node (i.e. the target in this case) of the iterator
    Node baseNode(const InArcIt &arc) const {
      return Parent::target(arc);
    }
    // \brief Running node of the iterator
    //
    // Returns the running node (i.e. the source in this case) of the
    // iterator
    Node runningNode(const InArcIt &arc) const {
      return Parent::source(arc);
    }


    template <typename _Value>
    class NodeMap
      : public MapExtender<DefaultMap<Digraph, Node, _Value> > {
      typedef MapExtender<DefaultMap<Digraph, Node, _Value> > Parent;

    public:
      explicit NodeMap(const Digraph& digraph)
        : Parent(digraph) {}
      NodeMap(const Digraph& digraph, const _Value& value)
        : Parent(digraph, value) {}

    private:
      NodeMap& operator=(const NodeMap& cmap) {
        return operator=<NodeMap>(cmap);
      }

      template <typename CMap>
      NodeMap& operator=(const CMap& cmap) {
        Parent::operator=(cmap);
        return *this;
      }

    };

    template <typename _Value>
    class ArcMap
      : public MapExtender<DefaultMap<Digraph, Arc, _Value> > {
      typedef MapExtender<DefaultMap<Digraph, Arc, _Value> > Parent;

    public:
      explicit ArcMap(const Digraph& digraph)
        : Parent(digraph) {}
      ArcMap(const Digraph& digraph, const _Value& value)
        : Parent(digraph, value) {}

    private:
      ArcMap& operator=(const ArcMap& cmap) {
        return operator=<ArcMap>(cmap);
      }

      template <typename CMap>
      ArcMap& operator=(const CMap& cmap) {
        Parent::operator=(cmap);
        return *this;
      }
    };


    Node addNode() {
      Node node = Parent::addNode();
      notifier(Node()).add(node);
      return node;
    }

    Arc addArc(const Node& from, const Node& to) {
      Arc arc = Parent::addArc(from, to);
      notifier(Arc()).add(arc);
      return arc;
    }

    void clear() {
      notifier(Arc()).clear();
      notifier(Node()).clear();
      Parent::clear();
    }

    template <typename Digraph, typename NodeRefMap, typename ArcRefMap>
    void build(const Digraph& digraph, NodeRefMap& nodeRef, ArcRefMap& arcRef) {
      Parent::build(digraph, nodeRef, arcRef);
      notifier(Node()).build();
      notifier(Arc()).build();
    }

    void erase(const Node& node) {
      Arc arc;
      Parent::firstOut(arc, node);
      while (arc != INVALID ) {
        erase(arc);
        Parent::firstOut(arc, node);
      }

      Parent::firstIn(arc, node);
      while (arc != INVALID ) {
        erase(arc);
        Parent::firstIn(arc, node);
      }

      notifier(Node()).erase(node);
      Parent::erase(node);
    }

    void erase(const Arc& arc) {
      notifier(Arc()).erase(arc);
      Parent::erase(arc);
    }

    DigraphExtender() {
      node_notifier.setContainer(*this);
      arc_notifier.setContainer(*this);
    }


    ~DigraphExtender() {
      arc_notifier.clear();
      node_notifier.clear();
    }
  };

  // \ingroup _graphbits
  //
  // \brief Extender for the Graphs
  template <typename Base>
  class GraphExtender : public Base {
    typedef Base Parent;

  public:

    typedef GraphExtender Graph;

    typedef True UndirectedTag;

    typedef typename Parent::Node Node;
    typedef typename Parent::Arc Arc;
    typedef typename Parent::Edge Edge;

    // Graph extension

    int maxId(Node) const {
      return Parent::maxNodeId();
    }

    int maxId(Arc) const {
      return Parent::maxArcId();
    }

    int maxId(Edge) const {
      return Parent::maxEdgeId();
    }

    static Node fromId(int id, Node) {
      return Parent::nodeFromId(id);
    }

    static Arc fromId(int id, Arc) {
      return Parent::arcFromId(id);
    }

    static Edge fromId(int id, Edge) {
      return Parent::edgeFromId(id);
    }

    Node oppositeNode(const Node &n, const Edge &e) const {
      if( n == Parent::u(e))
        return Parent::v(e);
      else if( n == Parent::v(e))
        return Parent::u(e);
      else
        return INVALID;
    }

    Arc oppositeArc(const Arc &arc) const {
      return Parent::direct(arc, !Parent::direction(arc));
    }

    using Parent::direct;
    Arc direct(const Edge &edge, const Node &node) const {
      return Parent::direct(edge, Parent::u(edge) == node);
    }

    // Alterable extension

    typedef AlterationNotifier<GraphExtender, Node> NodeNotifier;
    typedef AlterationNotifier<GraphExtender, Arc> ArcNotifier;
    typedef AlterationNotifier<GraphExtender, Edge> EdgeNotifier;


  protected:

    mutable NodeNotifier node_notifier;
    mutable ArcNotifier arc_notifier;
    mutable EdgeNotifier edge_notifier;

  public:

    NodeNotifier& notifier(Node) const {
      return node_notifier;
    }

    ArcNotifier& notifier(Arc) const {
      return arc_notifier;
    }

    EdgeNotifier& notifier(Edge) const {
      return edge_notifier;
    }



    class NodeIt : public Node {
      const Graph* _graph;
    public:

      NodeIt() {}

      NodeIt(Invalid i) : Node(i) { }

      explicit NodeIt(const Graph& graph) : _graph(&graph) {
        _graph->first(static_cast<Node&>(*this));
      }

      NodeIt(const Graph& graph, const Node& node)
        : Node(node), _graph(&graph) {}

      NodeIt& operator++() {
        _graph->next(*this);
        return *this;
      }

    };


    class ArcIt : public Arc {
      const Graph* _graph;
    public:

      ArcIt() { }

      ArcIt(Invalid i) : Arc(i) { }

      explicit ArcIt(const Graph& graph) : _graph(&graph) {
        _graph->first(static_cast<Arc&>(*this));
      }

      ArcIt(const Graph& graph, const Arc& arc) :
        Arc(arc), _graph(&graph) { }

      ArcIt& operator++() {
        _graph->next(*this);
        return *this;
      }

    };


    class OutArcIt : public Arc {
      const Graph* _graph;
    public:

      OutArcIt() { }

      OutArcIt(Invalid i) : Arc(i) { }

      OutArcIt(const Graph& graph, const Node& node)
        : _graph(&graph) {
        _graph->firstOut(*this, node);
      }

      OutArcIt(const Graph& graph, const Arc& arc)
        : Arc(arc), _graph(&graph) {}

      OutArcIt& operator++() {
        _graph->nextOut(*this);
        return *this;
      }

    };


    class InArcIt : public Arc {
      const Graph* _graph;
    public:

      InArcIt() { }

      InArcIt(Invalid i) : Arc(i) { }

      InArcIt(const Graph& graph, const Node& node)
        : _graph(&graph) {
        _graph->firstIn(*this, node);
      }

      InArcIt(const Graph& graph, const Arc& arc) :
        Arc(arc), _graph(&graph) {}

      InArcIt& operator++() {
        _graph->nextIn(*this);
        return *this;
      }

    };


    class EdgeIt : public Parent::Edge {
      const Graph* _graph;
    public:

      EdgeIt() { }

      EdgeIt(Invalid i) : Edge(i) { }

      explicit EdgeIt(const Graph& graph) : _graph(&graph) {
        _graph->first(static_cast<Edge&>(*this));
      }

      EdgeIt(const Graph& graph, const Edge& edge) :
        Edge(edge), _graph(&graph) { }

      EdgeIt& operator++() {
        _graph->next(*this);
        return *this;
      }

    };

    class IncEdgeIt : public Parent::Edge {
      friend class GraphExtender;
      const Graph* _graph;
      bool _direction;
    public:

      IncEdgeIt() { }

      IncEdgeIt(Invalid i) : Edge(i), _direction(false) { }

      IncEdgeIt(const Graph& graph, const Node &node) : _graph(&graph) {
        _graph->firstInc(*this, _direction, node);
      }

      IncEdgeIt(const Graph& graph, const Edge &edge, const Node &node)
        : _graph(&graph), Edge(edge) {
        _direction = (_graph->source(edge) == node);
      }

      IncEdgeIt& operator++() {
        _graph->nextInc(*this, _direction);
        return *this;
      }
    };

    // \brief Base node of the iterator
    //
    // Returns the base node (ie. the source in this case) of the iterator
    Node baseNode(const OutArcIt &arc) const {
      return Parent::source(static_cast<const Arc&>(arc));
    }
    // \brief Running node of the iterator
    //
    // Returns the running node (ie. the target in this case) of the
    // iterator
    Node runningNode(const OutArcIt &arc) const {
      return Parent::target(static_cast<const Arc&>(arc));
    }

    // \brief Base node of the iterator
    //
    // Returns the base node (ie. the target in this case) of the iterator
    Node baseNode(const InArcIt &arc) const {
      return Parent::target(static_cast<const Arc&>(arc));
    }
    // \brief Running node of the iterator
    //
    // Returns the running node (ie. the source in this case) of the
    // iterator
    Node runningNode(const InArcIt &arc) const {
      return Parent::source(static_cast<const Arc&>(arc));
    }

    // Base node of the iterator
    //
    // Returns the base node of the iterator
    Node baseNode(const IncEdgeIt &edge) const {
      return edge._direction ? u(edge) : v(edge);
    }
    // Running node of the iterator
    //
    // Returns the running node of the iterator
    Node runningNode(const IncEdgeIt &edge) const {
      return edge._direction ? v(edge) : u(edge);
    }

    // Mappable extension

    template <typename _Value>
    class NodeMap
      : public MapExtender<DefaultMap<Graph, Node, _Value> > {
      typedef MapExtender<DefaultMap<Graph, Node, _Value> > Parent;

    public:
      explicit NodeMap(const Graph& graph)
        : Parent(graph) {}
      NodeMap(const Graph& graph, const _Value& value)
        : Parent(graph, value) {}

    private:
      NodeMap& operator=(const NodeMap& cmap) {
        return operator=<NodeMap>(cmap);
      }

      template <typename CMap>
      NodeMap& operator=(const CMap& cmap) {
        Parent::operator=(cmap);
        return *this;
      }

    };

    template <typename _Value>
    class ArcMap
      : public MapExtender<DefaultMap<Graph, Arc, _Value> > {
      typedef MapExtender<DefaultMap<Graph, Arc, _Value> > Parent;

    public:
      explicit ArcMap(const Graph& graph)
        : Parent(graph) {}
      ArcMap(const Graph& graph, const _Value& value)
        : Parent(graph, value) {}

    private:
      ArcMap& operator=(const ArcMap& cmap) {
        return operator=<ArcMap>(cmap);
      }

      template <typename CMap>
      ArcMap& operator=(const CMap& cmap) {
        Parent::operator=(cmap);
        return *this;
      }
    };


    template <typename _Value>
    class EdgeMap
      : public MapExtender<DefaultMap<Graph, Edge, _Value> > {
      typedef MapExtender<DefaultMap<Graph, Edge, _Value> > Parent;

    public:
      explicit EdgeMap(const Graph& graph)
        : Parent(graph) {}

      EdgeMap(const Graph& graph, const _Value& value)
        : Parent(graph, value) {}

    private:
      EdgeMap& operator=(const EdgeMap& cmap) {
        return operator=<EdgeMap>(cmap);
      }

      template <typename CMap>
      EdgeMap& operator=(const CMap& cmap) {
        Parent::operator=(cmap);
        return *this;
      }

    };

    // Alteration extension

    Node addNode() {
      Node node = Parent::addNode();
      notifier(Node()).add(node);
      return node;
    }

    Edge addEdge(const Node& from, const Node& to) {
      Edge edge = Parent::addEdge(from, to);
      notifier(Edge()).add(edge);
      std::vector<Arc> ev;
      ev.push_back(Parent::direct(edge, true));
      ev.push_back(Parent::direct(edge, false));
      notifier(Arc()).add(ev);
      return edge;
    }

    void clear() {
      notifier(Arc()).clear();
      notifier(Edge()).clear();
      notifier(Node()).clear();
      Parent::clear();
    }

    template <typename Graph, typename NodeRefMap, typename EdgeRefMap>
    void build(const Graph& graph, NodeRefMap& nodeRef,
               EdgeRefMap& edgeRef) {
      Parent::build(graph, nodeRef, edgeRef);
      notifier(Node()).build();
      notifier(Edge()).build();
      notifier(Arc()).build();
    }

    void erase(const Node& node) {
      Arc arc;
      Parent::firstOut(arc, node);
      while (arc != INVALID ) {
        erase(arc);
        Parent::firstOut(arc, node);
      }

      Parent::firstIn(arc, node);
      while (arc != INVALID ) {
        erase(arc);
        Parent::firstIn(arc, node);
      }

      notifier(Node()).erase(node);
      Parent::erase(node);
    }

    void erase(const Edge& edge) {
      std::vector<Arc> av;
      av.push_back(Parent::direct(edge, true));
      av.push_back(Parent::direct(edge, false));
      notifier(Arc()).erase(av);
      notifier(Edge()).erase(edge);
      Parent::erase(edge);
    }

    GraphExtender() {
      node_notifier.setContainer(*this);
      arc_notifier.setContainer(*this);
      edge_notifier.setContainer(*this);
    }

    ~GraphExtender() {
      edge_notifier.clear();
      arc_notifier.clear();
      node_notifier.clear();
    }

  };

}

#endif







lemon/graph_to_eps.h

/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2010
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_GRAPH_TO_EPS_H
#define LEMON_GRAPH_TO_EPS_H

#include<iostream>
#include<fstream>
#include<sstream>
#include<algorithm>
#include<vector>

#ifndef WIN32
#include<sys/time.h>
#include<ctime>
#else
#include<lemon/bits/windows.h>
#endif

#include<lemon/math.h>
#include<lemon/core.h>
#include<lemon/dim2.h>
#include<lemon/maps.h>
#include<lemon/color.h>
#include<lemon/bits/bezier.h>
#include<lemon/error.h>


///\ingroup eps_io
///\file
///\brief A well configurable tool for visualizing graphs

namespace lemon {

  namespace _graph_to_eps_bits {
    template<class MT>
    class _NegY {
    public:
      typedef typename MT::Key Key;
      typedef typename MT::Value Value;
      const MT &map;
      int yscale;
      _NegY(const MT &m,bool b) : map(m), yscale(1-b*2) {}
      Value operator[](Key n) { return Value(map[n].x,map[n].y*yscale);}
    };
  }

///Default traits class of GraphToEps

///Default traits class of \ref GraphToEps.
///
///\param GR is the type of the underlying graph.
template<class GR>
struct DefaultGraphToEpsTraits
{
  typedef GR Graph;
  typedef GR Digraph;
  typedef typename Graph::Node Node;
  typedef typename Graph::NodeIt NodeIt;
  typedef typename Graph::Arc Arc;
  typedef typename Graph::ArcIt ArcIt;
  typedef typename Graph::InArcIt InArcIt;
  typedef typename Graph::OutArcIt OutArcIt;


  const Graph &g;

  std::ostream& os;

  typedef ConstMap<typename Graph::Node,dim2::Point<double> > CoordsMapType;
  CoordsMapType _coords;
  ConstMap<typename Graph::Node,double > _nodeSizes;
  ConstMap<typename Graph::Node,int > _nodeShapes;

  ConstMap<typename Graph::Node,Color > _nodeColors;
  ConstMap<typename Graph::Arc,Color > _arcColors;

  ConstMap<typename Graph::Arc,double > _arcWidths;

  double _arcWidthScale;

  double _nodeScale;
  double _xBorder, _yBorder;
  double _scale;
  double _nodeBorderQuotient;

  bool _drawArrows;
  double _arrowLength, _arrowWidth;

  bool _showNodes, _showArcs;

  bool _enableParallel;
  double _parArcDist;

  bool _showNodeText;
  ConstMap<typename Graph::Node,bool > _nodeTexts;
  double _nodeTextSize;

  bool _showNodePsText;
  ConstMap<typename Graph::Node,bool > _nodePsTexts;
  char *_nodePsTextsPreamble;

  bool _undirected;

  bool _pleaseRemoveOsStream;

  bool _scaleToA4;

  std::string _title;
  std::string _copyright;

  enum NodeTextColorType
    { DIST_COL=0, DIST_BW=1, CUST_COL=2, SAME_COL=3 } _nodeTextColorType;
  ConstMap<typename Graph::Node,Color > _nodeTextColors;

  bool _autoNodeScale;
  bool _autoArcWidthScale;

  bool _absoluteNodeSizes;
  bool _absoluteArcWidths;

  bool _negY;

  bool _preScale;
  ///Constructor

  ///Constructor
  ///\param gr  Reference to the graph to be printed.
  ///\param ost Reference to the output stream.
  ///By default, it is <tt>std::cout</tt>.
  ///\param pros If it is \c true, then the \c ostream referenced by \c os
  ///will be explicitly deallocated by the destructor.
  DefaultGraphToEpsTraits(const GR &gr, std::ostream& ost = std::cout,
                          bool pros = false) :
    g(gr), os(ost),
    _coords(dim2::Point<double>(1,1)), _nodeSizes(1), _nodeShapes(0),
    _nodeColors(WHITE), _arcColors(BLACK),
    _arcWidths(1.0), _arcWidthScale(0.003),
    _nodeScale(.01), _xBorder(10), _yBorder(10), _scale(1.0),
    _nodeBorderQuotient(.1),
    _drawArrows(false), _arrowLength(1), _arrowWidth(0.3),
    _showNodes(true), _showArcs(true),
    _enableParallel(false), _parArcDist(1),
    _showNodeText(false), _nodeTexts(false), _nodeTextSize(1),
    _showNodePsText(false), _nodePsTexts(false), _nodePsTextsPreamble(0),
    _undirected(lemon::UndirectedTagIndicator<GR>::value),
    _pleaseRemoveOsStream(pros), _scaleToA4(false),
    _nodeTextColorType(SAME_COL), _nodeTextColors(BLACK),
    _autoNodeScale(false),
    _autoArcWidthScale(false),
    _absoluteNodeSizes(false),
    _absoluteArcWidths(false),
    _negY(false),
    _preScale(true)
  {}
};

///Auxiliary class to implement the named parameters of \ref graphToEps()

///Auxiliary class to implement the named parameters of \ref graphToEps().
///
///For detailed examples see the \ref graph_to_eps_demo.cc demo file.
template<class T> class GraphToEps : public T
{
  // Can't believe it is required by the C++ standard
  using T::g;
  using T::os;

  using T::_coords;
  using T::_nodeSizes;
  using T::_nodeShapes;
  using T::_nodeColors;
  using T::_arcColors;
  using T::_arcWidths;

  using T::_arcWidthScale;
  using T::_nodeScale;
  using T::_xBorder;
  using T::_yBorder;
  using T::_scale;
  using T::_nodeBorderQuotient;

  using T::_drawArrows;
  using T::_arrowLength;
  using T::_arrowWidth;

  using T::_showNodes;
  using T::_showArcs;

  using T::_enableParallel;
  using T::_parArcDist;

  using T::_showNodeText;
  using T::_nodeTexts;
  using T::_nodeTextSize;

  using T::_showNodePsText;
  using T::_nodePsTexts;
  using T::_nodePsTextsPreamble;

  using T::_undirected;

  using T::_pleaseRemoveOsStream;

  using T::_scaleToA4;

  using T::_title;
  using T::_copyright;

  using T::NodeTextColorType;
  using T::CUST_COL;
  using T::DIST_COL;
  using T::DIST_BW;
  using T::_nodeTextColorType;
  using T::_nodeTextColors;

  using T::_autoNodeScale;
  using T::_autoArcWidthScale;

  using T::_absoluteNodeSizes;
  using T::_absoluteArcWidths;


  using T::_negY;
  using T::_preScale;

  // dradnats ++C eht yb deriuqer si ti eveileb t'naC

  typedef typename T::Graph Graph;
  typedef typename T::Digraph Digraph;
  typedef typename Graph::Node Node;
  typedef typename Graph::NodeIt NodeIt;
  typedef typename Graph::Arc Arc;
  typedef typename Graph::ArcIt ArcIt;
  typedef typename Graph::InArcIt InArcIt;
  typedef typename Graph::OutArcIt OutArcIt;

  static const int INTERPOL_PREC;
  static const double A4HEIGHT;
  static const double A4WIDTH;
  static const double A4BORDER;

  bool dontPrint;

public:
  ///Node shapes

  ///Node shapes.
  ///
  enum NodeShapes {
    /// = 0
    ///\image html nodeshape_0.png
    ///\image latex nodeshape_0.eps "CIRCLE shape (0)" width=2cm
    CIRCLE=0,
    /// = 1
    ///\image html nodeshape_1.png
    ///\image latex nodeshape_1.eps "SQUARE shape (1)" width=2cm
    SQUARE=1,
    /// = 2
    ///\image html nodeshape_2.png
    ///\image latex nodeshape_2.eps "DIAMOND shape (2)" width=2cm
    DIAMOND=2,
    /// = 3
    ///\image html nodeshape_3.png
    ///\image latex nodeshape_3.eps "MALE shape (3)" width=2cm
    MALE=3,
    /// = 4
    ///\image html nodeshape_4.png
    ///\image latex nodeshape_4.eps "FEMALE shape (4)" width=2cm
    FEMALE=4
  };

private:
  class arcLess {
    const Graph &g;
  public:
    arcLess(const Graph &_g) : g(_g) {}
    bool operator()(Arc a,Arc b) const
    {
      Node ai=std::min(g.source(a),g.target(a));
      Node aa=std::max(g.source(a),g.target(a));
      Node bi=std::min(g.source(b),g.target(b));
      Node ba=std::max(g.source(b),g.target(b));
      return ai<bi ||
        (ai==bi && (aa < ba ||
                    (aa==ba && ai==g.source(a) && bi==g.target(b))));
    }
  };
  bool isParallel(Arc e,Arc f) const
  {
    return (g.source(e)==g.source(f)&&
            g.target(e)==g.target(f)) ||
      (g.source(e)==g.target(f)&&
       g.target(e)==g.source(f));
  }
  template<class TT>
  static std::string psOut(const dim2::Point<TT> &p)
    {
      std::ostringstream os;
      os << p.x << ' ' << p.y;
      return os.str();
    }
  static std::string psOut(const Color &c)
    {
      std::ostringstream os;
      os << c.red() << ' ' << c.green() << ' ' << c.blue();
      return os.str();
    }

public:
  GraphToEps(const T &t) : T(t), dontPrint(false) {};

  template<class X> struct CoordsTraits : public T {
  typedef X CoordsMapType;
    const X &_coords;
    CoordsTraits(const T &t,const X &x) : T(t), _coords(x) {}
  };
  ///Sets the map of the node coordinates

  ///Sets the map of the node coordinates.
  ///\param x must be a node map with \ref dim2::Point "dim2::Point<double>" or
  ///\ref dim2::Point "dim2::Point<int>" values.
  template<class X> GraphToEps<CoordsTraits<X> > coords(const X &x) {
    dontPrint=true;
    return GraphToEps<CoordsTraits<X> >(CoordsTraits<X>(*this,x));
  }
  template<class X> struct NodeSizesTraits : public T {
    const X &_nodeSizes;
    NodeSizesTraits(const T &t,const X &x) : T(t), _nodeSizes(x) {}
  };
  ///Sets the map of the node sizes

  ///Sets the map of the node sizes.
  ///\param x must be a node map with \c double (or convertible) values.
  template<class X> GraphToEps<NodeSizesTraits<X> > nodeSizes(const X &x)
  {
    dontPrint=true;
    return GraphToEps<NodeSizesTraits<X> >(NodeSizesTraits<X>(*this,x));
  }
  template<class X> struct NodeShapesTraits : public T {
    const X &_nodeShapes;
    NodeShapesTraits(const T &t,const X &x) : T(t), _nodeShapes(x) {}
  };
  ///Sets the map of the node shapes

  ///Sets the map of the node shapes.
  ///The available shape values
  ///can be found in \ref NodeShapes "enum NodeShapes".
  ///\param x must be a node map with \c int (or convertible) values.
  ///\sa NodeShapes
  template<class X> GraphToEps<NodeShapesTraits<X> > nodeShapes(const X &x)
  {
    dontPrint=true;
    return GraphToEps<NodeShapesTraits<X> >(NodeShapesTraits<X>(*this,x));
  }
  template<class X> struct NodeTextsTraits : public T {
    const X &_nodeTexts;
    NodeTextsTraits(const T &t,const X &x) : T(t), _nodeTexts(x) {}
  };
  ///Sets the text printed on the nodes

  ///Sets the text printed on the nodes.
  ///\param x must be a node map with type that can be pushed to a standard
  ///\c ostream.
  template<class X> GraphToEps<NodeTextsTraits<X> > nodeTexts(const X &x)
  {
    dontPrint=true;
    _showNodeText=true;
    return GraphToEps<NodeTextsTraits<X> >(NodeTextsTraits<X>(*this,x));
  }
  template<class X> struct NodePsTextsTraits : public T {
    const X &_nodePsTexts;
    NodePsTextsTraits(const T &t,const X &x) : T(t), _nodePsTexts(x) {}
  };
  ///Inserts a PostScript block to the nodes

  ///With this command it is possible to insert a verbatim PostScript
  ///block to the nodes.
  ///The PS current point will be moved to the center of the node before
  ///the PostScript block inserted.
  ///
  ///Before and after the block a newline character is inserted so you
  ///don't have to bother with the separators.
  ///
  ///\param x must be a node map with type that can be pushed to a standard
  ///\c ostream.
  ///
  ///\sa nodePsTextsPreamble()
  template<class X> GraphToEps<NodePsTextsTraits<X> > nodePsTexts(const X &x)
  {
    dontPrint=true;
    _showNodePsText=true;
    return GraphToEps<NodePsTextsTraits<X> >(NodePsTextsTraits<X>(*this,x));
  }
  template<class X> struct ArcWidthsTraits : public T {
    const X &_arcWidths;
    ArcWidthsTraits(const T &t,const X &x) : T(t), _arcWidths(x) {}
  };
  ///Sets the map of the arc widths

  ///Sets the map of the arc widths.
  ///\param x must be an arc map with \c double (or convertible) values.
  template<class X> GraphToEps<ArcWidthsTraits<X> > arcWidths(const X &x)
  {
    dontPrint=true;
    return GraphToEps<ArcWidthsTraits<X> >(ArcWidthsTraits<X>(*this,x));
  }

  template<class X> struct NodeColorsTraits : public T {
    const X &_nodeColors;
    NodeColorsTraits(const T &t,const X &x) : T(t), _nodeColors(x) {}
  };
  ///Sets the map of the node colors

  ///Sets the map of the node colors.
  ///\param x must be a node map with \ref Color values.
  ///
  ///\sa Palette
  template<class X> GraphToEps<NodeColorsTraits<X> >
  nodeColors(const X &x)
  {
    dontPrint=true;
    return GraphToEps<NodeColorsTraits<X> >(NodeColorsTraits<X>(*this,x));
  }
  template<class X> struct NodeTextColorsTraits : public T {
    const X &_nodeTextColors;
    NodeTextColorsTraits(const T &t,const X &x) : T(t), _nodeTextColors(x) {}
  };
  ///Sets the map of the node text colors

  ///Sets the map of the node text colors.
  ///\param x must be a node map with \ref Color values.
  ///
  ///\sa Palette
  template<class X> GraphToEps<NodeTextColorsTraits<X> >
  nodeTextColors(const X &x)
  {
    dontPrint=true;
    _nodeTextColorType=CUST_COL;
    return GraphToEps<NodeTextColorsTraits<X> >
      (NodeTextColorsTraits<X>(*this,x));
  }
  template<class X> struct ArcColorsTraits : public T {
    const X &_arcColors;
    ArcColorsTraits(const T &t,const X &x) : T(t), _arcColors(x) {}
  };
  ///Sets the map of the arc colors

  ///Sets the map of the arc colors.
  ///\param x must be an arc map with \ref Color values.
  ///
  ///\sa Palette
  template<class X> GraphToEps<ArcColorsTraits<X> >
  arcColors(const X &x)
  {
    dontPrint=true;
    return GraphToEps<ArcColorsTraits<X> >(ArcColorsTraits<X>(*this,x));
  }
  ///Sets a global scale factor for node sizes

  ///Sets a global scale factor for node sizes.
  ///
  /// If nodeSizes() is not given, this function simply sets the node
  /// sizes to \c d.  If nodeSizes() is given, but
  /// autoNodeScale() is not, then the node size given by
  /// nodeSizes() will be multiplied by the value \c d.
  /// If both nodeSizes() and autoNodeScale() are used, then the
  /// node sizes will be scaled in such a way that the greatest size will be
  /// equal to \c d.
  /// \sa nodeSizes()
  /// \sa autoNodeScale()
  GraphToEps<T> &nodeScale(double d=.01) {_nodeScale=d;return *this;}
  ///Turns on/off the automatic node size scaling.

  ///Turns on/off the automatic node size scaling.
  ///
  ///\sa nodeScale()
  ///
  GraphToEps<T> &autoNodeScale(bool b=true) {
    _autoNodeScale=b;return *this;
  }

  ///Turns on/off the absolutematic node size scaling.

  ///Turns on/off the absolutematic node size scaling.
  ///
  ///\sa nodeScale()
  ///
  GraphToEps<T> &absoluteNodeSizes(bool b=true) {
    _absoluteNodeSizes=b;return *this;
  }

  ///Negates the Y coordinates.
  GraphToEps<T> &negateY(bool b=true) {
    _negY=b;return *this;
  }

  ///Turn on/off pre-scaling

  ///By default, graphToEps() rescales the whole image in order to avoid
  ///very big or very small bounding boxes.
  ///
  ///This (p)rescaling can be turned off with this function.
  ///
  GraphToEps<T> &preScale(bool b=true) {
    _preScale=b;return *this;
  }

  ///Sets a global scale factor for arc widths

  /// Sets a global scale factor for arc widths.
  ///
  /// If arcWidths() is not given, this function simply sets the arc
  /// widths to \c d.  If arcWidths() is given, but
  /// autoArcWidthScale() is not, then the arc withs given by
  /// arcWidths() will be multiplied by the value \c d.
  /// If both arcWidths() and autoArcWidthScale() are used, then the
  /// arc withs will be scaled in such a way that the greatest width will be
  /// equal to \c d.
  GraphToEps<T> &arcWidthScale(double d=.003) {_arcWidthScale=d;return *this;}
  ///Turns on/off the automatic arc width scaling.

  ///Turns on/off the automatic arc width scaling.
  ///
  ///\sa arcWidthScale()
  ///
  GraphToEps<T> &autoArcWidthScale(bool b=true) {
    _autoArcWidthScale=b;return *this;
  }
  ///Turns on/off the absolutematic arc width scaling.

  ///Turns on/off the absolutematic arc width scaling.
  ///
  ///\sa arcWidthScale()
  ///
  GraphToEps<T> &absoluteArcWidths(bool b=true) {
    _absoluteArcWidths=b;return *this;
  }
  ///Sets a global scale factor for the whole picture
  GraphToEps<T> &scale(double d) {_scale=d;return *this;}
  ///Sets the width of the border around the picture
  GraphToEps<T> &border(double b=10) {_xBorder=_yBorder=b;return *this;}
  ///Sets the width of the border around the picture
  GraphToEps<T> &border(double x, double y) {
    _xBorder=x;_yBorder=y;return *this;
  }
  ///Sets whether to draw arrows
  GraphToEps<T> &drawArrows(bool b=true) {_drawArrows=b;return *this;}
  ///Sets the length of the arrowheads
  GraphToEps<T> &arrowLength(double d=1.0) {_arrowLength*=d;return *this;}
  ///Sets the width of the arrowheads
  GraphToEps<T> &arrowWidth(double d=.3) {_arrowWidth*=d;return *this;}

  ///Scales the drawing to fit to A4 page
  GraphToEps<T> &scaleToA4() {_scaleToA4=true;return *this;}

  ///Enables parallel arcs
  GraphToEps<T> &enableParallel(bool b=true) {_enableParallel=b;return *this;}

  ///Sets the distance between parallel arcs
  GraphToEps<T> &parArcDist(double d) {_parArcDist*=d;return *this;}

  ///Hides the arcs
  GraphToEps<T> &hideArcs(bool b=true) {_showArcs=!b;return *this;}
  ///Hides the nodes
  GraphToEps<T> &hideNodes(bool b=true) {_showNodes=!b;return *this;}

  ///Sets the size of the node texts
  GraphToEps<T> &nodeTextSize(double d) {_nodeTextSize=d;return *this;}

  ///Sets the color of the node texts to be different from the node color

  ///Sets the color of the node texts to be as different from the node color
  ///as it is possible.
  GraphToEps<T> &distantColorNodeTexts()
  {_nodeTextColorType=DIST_COL;return *this;}
  ///Sets the color of the node texts to be black or white and always visible.

  ///Sets the color of the node texts to be black or white according to
  ///which is more different from the node color.
  GraphToEps<T> &distantBWNodeTexts()
  {_nodeTextColorType=DIST_BW;return *this;}

  ///Gives a preamble block for node Postscript block.

  ///Gives a preamble block for node Postscript block.
  ///
  ///\sa nodePsTexts()
  GraphToEps<T> & nodePsTextsPreamble(const char *str) {
    _nodePsTextsPreamble=str ;return *this;
  }
  ///Sets whether the graph is undirected

  ///Sets whether the graph is undirected.
  ///
  ///This setting is the default for undirected graphs.
  ///
  ///\sa directed()
   GraphToEps<T> &undirected(bool b=true) {_undirected=b;return *this;}

  ///Sets whether the graph is directed

  ///Sets whether the graph is directed.
  ///Use it to show the edges as a pair of directed ones.
  ///
  ///This setting is the default for digraphs.
  ///
  ///\sa undirected()
  GraphToEps<T> &directed(bool b=true) {_undirected=!b;return *this;}

  ///Sets the title.

  ///Sets the title of the generated image,
  ///namely it inserts a <tt>%%Title:</tt> DSC field to the header of
  ///the EPS file.
  GraphToEps<T> &title(const std::string &t) {_title=t;return *this;}
  ///Sets the copyright statement.

  ///Sets the copyright statement of the generated image,
  ///namely it inserts a <tt>%%Copyright:</tt> DSC field to the header of
  ///the EPS file.
  GraphToEps<T> &copyright(const std::string &t) {_copyright=t;return *this;}

protected:
  bool isInsideNode(dim2::Point<double> p, double r,int t)
  {
    switch(t) {
    case CIRCLE:
    case MALE:
    case FEMALE:
      return p.normSquare()<=r*r;
    case SQUARE:
      return p.x<=r&&p.x>=-r&&p.y<=r&&p.y>=-r;
    case DIAMOND:
      return p.x+p.y<=r && p.x-p.y<=r && -p.x+p.y<=r && -p.x-p.y<=r;
    }
    return false;
  }

public:
  ~GraphToEps() { }

  ///Draws the graph.

  ///Like other functions using
  ///\ref named-templ-func-param "named template parameters",
  ///this function calls the algorithm itself, i.e. in this case
  ///it draws the graph.
  void run() {
    const double EPSILON=1e-9;
    if(dontPrint) return;

    _graph_to_eps_bits::_NegY<typename T::CoordsMapType>
      mycoords(_coords,_negY);

    os << "%!PS-Adobe-2.0 EPSF-2.0\n";
    if(_title.size()>0) os << "%%Title: " << _title << '\n';
     if(_copyright.size()>0) os << "%%Copyright: " << _copyright << '\n';
    os << "%%Creator: LEMON, graphToEps()\n";

    {
      os << "%%CreationDate: ";
#ifndef WIN32
      timeval tv;
      gettimeofday(&tv, 0);

      char cbuf[26];
      ctime_r(&tv.tv_sec,cbuf);
      os << cbuf;
#else
      os << bits::getWinFormattedDate();
      os << std::endl;
#endif
    }

    if (_autoArcWidthScale) {
      double max_w=0;
      for(ArcIt e(g);e!=INVALID;++e)
        max_w=std::max(double(_arcWidths[e]),max_w);
      if(max_w>EPSILON) {
        _arcWidthScale/=max_w;
      }
    }

    if (_autoNodeScale) {
      double max_s=0;
      for(NodeIt n(g);n!=INVALID;++n)
        max_s=std::max(double(_nodeSizes[n]),max_s);
      if(max_s>EPSILON) {
        _nodeScale/=max_s;
      }
    }

    double diag_len = 1;
    if(!(_absoluteNodeSizes&&_absoluteArcWidths)) {
      dim2::Box<double> bb;
      for(NodeIt n(g);n!=INVALID;++n) bb.add(mycoords[n]);
      if (bb.empty()) {
        bb = dim2::Box<double>(dim2::Point<double>(0,0));
      }
      diag_len = std::sqrt((bb.bottomLeft()-bb.topRight()).normSquare());
      if(diag_len<EPSILON) diag_len = 1;
      if(!_absoluteNodeSizes) _nodeScale*=diag_len;
      if(!_absoluteArcWidths) _arcWidthScale*=diag_len;
    }

    dim2::Box<double> bb;
    for(NodeIt n(g);n!=INVALID;++n) {
      double ns=_nodeSizes[n]*_nodeScale;
      dim2::Point<double> p(ns,ns);
      switch(_nodeShapes[n]) {
      case CIRCLE:
      case SQUARE:
      case DIAMOND:
        bb.add(p+mycoords[n]);
        bb.add(-p+mycoords[n]);
        break;
      case MALE:
        bb.add(-p+mycoords[n]);
        bb.add(dim2::Point<double>(1.5*ns,1.5*std::sqrt(3.0)*ns)+mycoords[n]);
        break;
      case FEMALE:
        bb.add(p+mycoords[n]);
        bb.add(dim2::Point<double>(-ns,-3.01*ns)+mycoords[n]);
        break;
      }
    }
    if (bb.empty()) {
      bb = dim2::Box<double>(dim2::Point<double>(0,0));
    }

    if(_scaleToA4)
      os <<"%%BoundingBox: 0 0 596 842\n%%DocumentPaperSizes: a4\n";
    else {
      if(_preScale) {
        //Rescale so that BoundingBox won't be neither to big nor too small.
        while(bb.height()*_scale>1000||bb.width()*_scale>1000) _scale/=10;
        while(bb.height()*_scale<100||bb.width()*_scale<100) _scale*=10;
      }

      os << "%%BoundingBox: "
         << int(floor(bb.left()   * _scale - _xBorder)) << ' '
         << int(floor(bb.bottom() * _scale - _yBorder)) << ' '
         << int(ceil(bb.right()  * _scale + _xBorder)) << ' '
         << int(ceil(bb.top()    * _scale + _yBorder)) << '\n';
    }

    os << "%%EndComments\n";

    //x1 y1 x2 y2 x3 y3 cr cg cb w
    os << "/lb { setlinewidth setrgbcolor newpath moveto\n"
       << "      4 2 roll 1 index 1 index curveto stroke } bind def\n";
    os << "/l { setlinewidth setrgbcolor newpath moveto lineto stroke }"
       << " bind def\n";
    //x y r
    os << "/c { newpath dup 3 index add 2 index moveto 0 360 arc closepath }"
       << " bind def\n";
    //x y r
    os << "/sq { newpath 2 index 1 index add 2 index 2 index add moveto\n"
       << "      2 index 1 index sub 2 index 2 index add lineto\n"
       << "      2 index 1 index sub 2 index 2 index sub lineto\n"
       << "      2 index 1 index add 2 index 2 index sub lineto\n"
       << "      closepath pop pop pop} bind def\n";
    //x y r
    os << "/di { newpath 2 index 1 index add 2 index moveto\n"
       << "      2 index             2 index 2 index add lineto\n"
       << "      2 index 1 index sub 2 index             lineto\n"
       << "      2 index             2 index 2 index sub lineto\n"
       << "      closepath pop pop pop} bind def\n";
    // x y r cr cg cb
    os << "/nc { 0 0 0 setrgbcolor 5 index 5 index 5 index c fill\n"
       << "     setrgbcolor " << 1+_nodeBorderQuotient << " div c fill\n"
       << "   } bind def\n";
    os << "/nsq { 0 0 0 setrgbcolor 5 index 5 index 5 index sq fill\n"
       << "     setrgbcolor " << 1+_nodeBorderQuotient << " div sq fill\n"
       << "   } bind def\n";
    os << "/ndi { 0 0 0 setrgbcolor 5 index 5 index 5 index di fill\n"
       << "     setrgbcolor " << 1+_nodeBorderQuotient << " div di fill\n"
       << "   } bind def\n";
    os << "/nfemale { 0 0 0 setrgbcolor 3 index "
       << _nodeBorderQuotient/(1+_nodeBorderQuotient)
       << " 1.5 mul mul setlinewidth\n"
       << "  newpath 5 index 5 index moveto "
       << "5 index 5 index 5 index 3.01 mul sub\n"
       << "  lineto 5 index 4 index .7 mul sub 5 index 5 index 2.2 mul sub"
       << " moveto\n"
       << "  5 index 4 index .7 mul add 5 index 5 index 2.2 mul sub lineto "
       << "stroke\n"
       << "  5 index 5 index 5 index c fill\n"
       << "  setrgbcolor " << 1+_nodeBorderQuotient << " div c fill\n"
       << "  } bind def\n";
    os << "/nmale {\n"
       << "  0 0 0 setrgbcolor 3 index "
       << _nodeBorderQuotient/(1+_nodeBorderQuotient)
       <<" 1.5 mul mul setlinewidth\n"
       << "  newpath 5 index 5 index moveto\n"
       << "  5 index 4 index 1 mul 1.5 mul add\n"
       << "  5 index 5 index 3 sqrt 1.5 mul mul add\n"
       << "  1 index 1 index lineto\n"
       << "  1 index 1 index 7 index sub moveto\n"
       << "  1 index 1 index lineto\n"
       << "  exch 5 index 3 sqrt .5 mul mul sub exch 5 index .5 mul sub"
       << " lineto\n"
       << "  stroke\n"
       << "  5 index 5 index 5 index c fill\n"
       << "  setrgbcolor " << 1+_nodeBorderQuotient << " div c fill\n"
       << "  } bind def\n";


    os << "/arrl " << _arrowLength << " def\n";
    os << "/arrw " << _arrowWidth << " def\n";
    // l dx_norm dy_norm
    os << "/lrl { 2 index mul exch 2 index mul exch rlineto pop} bind def\n";
    //len w dx_norm dy_norm x1 y1 cr cg cb
    os << "/arr { setrgbcolor /y1 exch def /x1 exch def /dy exch def /dx "
       << "exch def\n"
       << "       /w exch def /len exch def\n"
      //<< "0.1 setlinewidth x1 y1 moveto dx len mul dy len mul rlineto stroke"
       << "       newpath x1 dy w 2 div mul add y1 dx w 2 div mul sub moveto\n"
       << "       len w sub arrl sub dx dy lrl\n"
       << "       arrw dy dx neg lrl\n"
       << "       dx arrl w add mul dy w 2 div arrw add mul sub\n"
       << "       dy arrl w add mul dx w 2 div arrw add mul add rlineto\n"
       << "       dx arrl w add mul neg dy w 2 div arrw add mul sub\n"
       << "       dy arrl w add mul neg dx w 2 div arrw add mul add rlineto\n"
       << "       arrw dy dx neg lrl\n"
       << "       len w sub arrl sub neg dx dy lrl\n"
       << "       closepath fill } bind def\n";
    os << "/cshow { 2 index 2 index moveto dup stringwidth pop\n"
       << "         neg 2 div fosi .35 mul neg rmoveto show pop pop} def\n";

    os << "\ngsave\n";
    if(_scaleToA4)
      if(bb.height()>bb.width()) {
        double sc= std::min((A4HEIGHT-2*A4BORDER)/bb.height(),
                  (A4WIDTH-2*A4BORDER)/bb.width());
        os << ((A4WIDTH -2*A4BORDER)-sc*bb.width())/2 + A4BORDER << ' '
           << ((A4HEIGHT-2*A4BORDER)-sc*bb.height())/2 + A4BORDER
           << " translate\n"
           << sc << " dup scale\n"
           << -bb.left() << ' ' << -bb.bottom() << " translate\n";
      }
      else {
        double sc= std::min((A4HEIGHT-2*A4BORDER)/bb.width(),
                  (A4WIDTH-2*A4BORDER)/bb.height());
        os << ((A4WIDTH -2*A4BORDER)-sc*bb.height())/2 + A4BORDER << ' '
           << ((A4HEIGHT-2*A4BORDER)-sc*bb.width())/2 + A4BORDER
           << " translate\n"
           << sc << " dup scale\n90 rotate\n"
           << -bb.left() << ' ' << -bb.top() << " translate\n";
        }
    else if(_scale!=1.0) os << _scale << " dup scale\n";

    if(_showArcs) {
      os << "%Arcs:\ngsave\n";
      if(_enableParallel) {
        std::vector<Arc> el;
        for(ArcIt e(g);e!=INVALID;++e)
          if((!_undirected||g.source(e)<g.target(e))&&_arcWidths[e]>0
             &&g.source(e)!=g.target(e))
            el.push_back(e);
        std::sort(el.begin(),el.end(),arcLess(g));

        typename std::vector<Arc>::iterator j;
        for(typename std::vector<Arc>::iterator i=el.begin();i!=el.end();i=j) {
          for(j=i+1;j!=el.end()&&isParallel(*i,*j);++j) ;

          double sw=0;
          for(typename std::vector<Arc>::iterator e=i;e!=j;++e)
            sw+=_arcWidths[*e]*_arcWidthScale+_parArcDist;
          sw-=_parArcDist;
          sw/=-2.0;
          dim2::Point<double>
            dvec(mycoords[g.target(*i)]-mycoords[g.source(*i)]);
          double l=std::sqrt(dvec.normSquare());
          dim2::Point<double> d(dvec/std::max(l,EPSILON));
          dim2::Point<double> m;
//           m=dim2::Point<double>(mycoords[g.target(*i)]+
//                                 mycoords[g.source(*i)])/2.0;

//            m=dim2::Point<double>(mycoords[g.source(*i)])+
//             dvec*(double(_nodeSizes[g.source(*i)])/
//                (_nodeSizes[g.source(*i)]+_nodeSizes[g.target(*i)]));

          m=dim2::Point<double>(mycoords[g.source(*i)])+
            d*(l+_nodeSizes[g.source(*i)]-_nodeSizes[g.target(*i)])/2.0;

          for(typename std::vector<Arc>::iterator e=i;e!=j;++e) {
            sw+=_arcWidths[*e]*_arcWidthScale/2.0;
            dim2::Point<double> mm=m+rot90(d)*sw/.75;
            if(_drawArrows) {
              int node_shape;
              dim2::Point<double> s=mycoords[g.source(*e)];
              dim2::Point<double> t=mycoords[g.target(*e)];
              double rn=_nodeSizes[g.target(*e)]*_nodeScale;
              node_shape=_nodeShapes[g.target(*e)];
              dim2::Bezier3 bez(s,mm,mm,t);
              double t1=0,t2=1;
              for(int ii=0;ii<INTERPOL_PREC;++ii)
                if(isInsideNode(bez((t1+t2)/2)-t,rn,node_shape)) t2=(t1+t2)/2;
                else t1=(t1+t2)/2;
              dim2::Point<double> apoint=bez((t1+t2)/2);
              rn = _arrowLength+_arcWidths[*e]*_arcWidthScale;
              rn*=rn;
              t2=(t1+t2)/2;t1=0;
              for(int ii=0;ii<INTERPOL_PREC;++ii)
                if((bez((t1+t2)/2)-apoint).normSquare()>rn) t1=(t1+t2)/2;
                else t2=(t1+t2)/2;
              dim2::Point<double> linend=bez((t1+t2)/2);
              bez=bez.before((t1+t2)/2);
//               rn=_nodeSizes[g.source(*e)]*_nodeScale;
//               node_shape=_nodeShapes[g.source(*e)];
//               t1=0;t2=1;
//               for(int i=0;i<INTERPOL_PREC;++i)
//                 if(isInsideNode(bez((t1+t2)/2)-t,rn,node_shape))
//                   t1=(t1+t2)/2;
//                 else t2=(t1+t2)/2;
//               bez=bez.after((t1+t2)/2);
              os << _arcWidths[*e]*_arcWidthScale << " setlinewidth "
                 << _arcColors[*e].red() << ' '
                 << _arcColors[*e].green() << ' '
                 << _arcColors[*e].blue() << " setrgbcolor newpath\n"
                 << bez.p1.x << ' ' <<  bez.p1.y << " moveto\n"
                 << bez.p2.x << ' ' << bez.p2.y << ' '
                 << bez.p3.x << ' ' << bez.p3.y << ' '
                 << bez.p4.x << ' ' << bez.p4.y << " curveto stroke\n";
              dim2::Point<double> dd(rot90(linend-apoint));
              dd*=(.5*_arcWidths[*e]*_arcWidthScale+_arrowWidth)/
                std::sqrt(dd.normSquare());
              os << "newpath " << psOut(apoint) << " moveto "
                 << psOut(linend+dd) << " lineto "
                 << psOut(linend-dd) << " lineto closepath fill\n";
            }
            else {
              os << mycoords[g.source(*e)].x << ' '
                 << mycoords[g.source(*e)].y << ' '
                 << mm.x << ' ' << mm.y << ' '
                 << mycoords[g.target(*e)].x << ' '
                 << mycoords[g.target(*e)].y << ' '
                 << _arcColors[*e].red() << ' '
                 << _arcColors[*e].green() << ' '
                 << _arcColors[*e].blue() << ' '
                 << _arcWidths[*e]*_arcWidthScale << " lb\n";
            }
            sw+=_arcWidths[*e]*_arcWidthScale/2.0+_parArcDist;
          }
        }
      }
      else for(ArcIt e(g);e!=INVALID;++e)
        if((!_undirected||g.source(e)<g.target(e))&&_arcWidths[e]>0
           &&g.source(e)!=g.target(e)) {
          if(_drawArrows) {
            dim2::Point<double> d(mycoords[g.target(e)]-mycoords[g.source(e)]);
            double rn=_nodeSizes[g.target(e)]*_nodeScale;
            int node_shape=_nodeShapes[g.target(e)];
            double t1=0,t2=1;
            for(int i=0;i<INTERPOL_PREC;++i)
              if(isInsideNode((-(t1+t2)/2)*d,rn,node_shape)) t1=(t1+t2)/2;
              else t2=(t1+t2)/2;
            double l=std::sqrt(d.normSquare());
            d/=l;

            os << l*(1-(t1+t2)/2) << ' '
               << _arcWidths[e]*_arcWidthScale << ' '
               << d.x << ' ' << d.y << ' '
               << mycoords[g.source(e)].x << ' '
               << mycoords[g.source(e)].y << ' '
               << _arcColors[e].red() << ' '
               << _arcColors[e].green() << ' '
               << _arcColors[e].blue() << " arr\n";
          }
          else os << mycoords[g.source(e)].x << ' '
                  << mycoords[g.source(e)].y << ' '
                  << mycoords[g.target(e)].x << ' '
                  << mycoords[g.target(e)].y << ' '
                  << _arcColors[e].red() << ' '
                  << _arcColors[e].green() << ' '
                  << _arcColors[e].blue() << ' '
                  << _arcWidths[e]*_arcWidthScale << " l\n";
        }
      os << "grestore\n";
    }
    if(_showNodes) {
      os << "%Nodes:\ngsave\n";
      for(NodeIt n(g);n!=INVALID;++n) {
        os << mycoords[n].x << ' ' << mycoords[n].y << ' '
           << _nodeSizes[n]*_nodeScale << ' '
           << _nodeColors[n].red() << ' '
           << _nodeColors[n].green() << ' '
           << _nodeColors[n].blue() << ' ';
        switch(_nodeShapes[n]) {
        case CIRCLE:
          os<< "nc";break;
        case SQUARE:
          os<< "nsq";break;
        case DIAMOND:
          os<< "ndi";break;
        case MALE:
          os<< "nmale";break;
        case FEMALE:
          os<< "nfemale";break;
        }
        os<<'\n';
      }
      os << "grestore\n";
    }
    if(_showNodeText) {
      os << "%Node texts:\ngsave\n";
      os << "/fosi " << _nodeTextSize << " def\n";
      os << "(Helvetica) findfont fosi scalefont setfont\n";
      for(NodeIt n(g);n!=INVALID;++n) {
        switch(_nodeTextColorType) {
        case DIST_COL:
          os << psOut(distantColor(_nodeColors[n])) << " setrgbcolor\n";
          break;
        case DIST_BW:
          os << psOut(distantBW(_nodeColors[n])) << " setrgbcolor\n";
          break;
        case CUST_COL:
          os << psOut(distantColor(_nodeTextColors[n])) << " setrgbcolor\n";
          break;
        default:
          os << "0 0 0 setrgbcolor\n";
        }
        os << mycoords[n].x << ' ' << mycoords[n].y
           << " (" << _nodeTexts[n] << ") cshow\n";
      }
      os << "grestore\n";
    }
    if(_showNodePsText) {
      os << "%Node PS blocks:\ngsave\n";
      for(NodeIt n(g);n!=INVALID;++n)
        os << mycoords[n].x << ' ' << mycoords[n].y
           << " moveto\n" << _nodePsTexts[n] << "\n";
      os << "grestore\n";
    }

    os << "grestore\nshowpage\n";

    //CleanUp:
    if(_pleaseRemoveOsStream) {delete &os;}
  }

  ///\name Aliases
  ///These are just some aliases to other parameter setting functions.

  ///@{

  ///An alias for arcWidths()
  template<class X> GraphToEps<ArcWidthsTraits<X> > edgeWidths(const X &x)
  {
    return arcWidths(x);
  }

  ///An alias for arcColors()
  template<class X> GraphToEps<ArcColorsTraits<X> >
  edgeColors(const X &x)
  {
    return arcColors(x);
  }

  ///An alias for arcWidthScale()
  GraphToEps<T> &edgeWidthScale(double d) {return arcWidthScale(d);}

  ///An alias for autoArcWidthScale()
  GraphToEps<T> &autoEdgeWidthScale(bool b=true)
  {
    return autoArcWidthScale(b);
  }

  ///An alias for absoluteArcWidths()
  GraphToEps<T> &absoluteEdgeWidths(bool b=true)
  {
    return absoluteArcWidths(b);
  }

  ///An alias for parArcDist()
  GraphToEps<T> &parEdgeDist(double d) {return parArcDist(d);}

  ///An alias for hideArcs()
  GraphToEps<T> &hideEdges(bool b=true) {return hideArcs(b);}

  ///@}
};

template<class T>
const int GraphToEps<T>::INTERPOL_PREC = 20;
template<class T>
const double GraphToEps<T>::A4HEIGHT = 841.8897637795276;
template<class T>
const double GraphToEps<T>::A4WIDTH  = 595.275590551181;
template<class T>
const double GraphToEps<T>::A4BORDER = 15;


///Generates an EPS file from a graph

///\ingroup eps_io
///Generates an EPS file from a graph.
///\param g Reference to the graph to be printed.
///\param os Reference to the output stream.
///By default, it is <tt>std::cout</tt>.
///
///This function also has a lot of
///\ref named-templ-func-param "named parameters",
///they are declared as the members of class \ref GraphToEps. The following
///example shows how to use these parameters.
///\code
/// graphToEps(g,os).scale(10).coords(coords)
///              .nodeScale(2).nodeSizes(sizes)
///              .arcWidthScale(.4).run();
///\endcode
///
///For more detailed examples, see the \ref graph_to_eps_demo.cc demo file.
///
///\warning Don't forget to put the \ref GraphToEps::run() "run()"
///to the end of the parameter list.
///\sa GraphToEps
///\sa graphToEps(GR &g, const char *file_name)
template<class GR>
GraphToEps<DefaultGraphToEpsTraits<GR> >
graphToEps(GR &g, std::ostream& os=std::cout)
{
  return
    GraphToEps<DefaultGraphToEpsTraits<GR> >(DefaultGraphToEpsTraits<GR>(g,os));
}

///Generates an EPS file from a graph

///\ingroup eps_io
///This function does the same as
///\ref graphToEps(GR &g,std::ostream& os)
///but it writes its output into the file \c file_name
///instead of a stream.
///\sa graphToEps(GR &g, std::ostream& os)
template<class GR>
GraphToEps<DefaultGraphToEpsTraits<GR> >
graphToEps(GR &g,const char *file_name)
{
  std::ostream* os = new std::ofstream(file_name);
  if (!(*os)) {
    delete os;
    throw IoError("Cannot write file", file_name);
  }
  return GraphToEps<DefaultGraphToEpsTraits<GR> >
    (DefaultGraphToEpsTraits<GR>(g,*os,true));
}

///Generates an EPS file from a graph

///\ingroup eps_io
///This function does the same as
///\ref graphToEps(GR &g,std::ostream& os)
///but it writes its output into the file \c file_name
///instead of a stream.
///\sa graphToEps(GR &g, std::ostream& os)
template<class GR>
GraphToEps<DefaultGraphToEpsTraits<GR> >
graphToEps(GR &g,const std::string& file_name)
{
  std::ostream* os = new std::ofstream(file_name.c_str());
  if (!(*os)) {
    delete os;
    throw IoError("Cannot write file", file_name);
  }
  return GraphToEps<DefaultGraphToEpsTraits<GR> >
    (DefaultGraphToEpsTraits<GR>(g,*os,true));
}

} //END OF NAMESPACE LEMON

#endif // LEMON_GRAPH_TO_EPS_H







lemon/grid_graph.h

/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2009
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef GRID_GRAPH_H
#define GRID_GRAPH_H

#include <lemon/core.h>
#include <lemon/bits/graph_extender.h>
#include <lemon/dim2.h>
#include <lemon/assert.h>

///\ingroup graphs
///\file
///\brief GridGraph class.

namespace lemon {

  class GridGraphBase {

  public:

    typedef GridGraphBase Graph;

    class Node;
    class Edge;
    class Arc;

  public:

    GridGraphBase() {}

  protected:

    void construct(int width, int height) {
       _width = width; _height = height;
      _node_num = width * height;
      _edge_num = 2 * _node_num - width - height;
      _edge_limit = _node_num - _width;
    }

  public:

    Node operator()(int i, int j) const {
      LEMON_DEBUG(0 <= i && i < _width &&
                  0 <= j  && j < _height, "Index out of range");
      return Node(i + j * _width);
    }

    int col(Node n) const {
      return n._id % _width;
    }

    int row(Node n) const {
      return n._id / _width;
    }

    dim2::Point<int> pos(Node n) const {
      return dim2::Point<int>(col(n), row(n));
    }

    int width() const {
      return _width;
    }

    int height() const {
      return _height;
    }

    typedef True NodeNumTag;
    typedef True EdgeNumTag;
    typedef True ArcNumTag;

    int nodeNum() const { return _node_num; }
    int edgeNum() const { return _edge_num; }
    int arcNum() const { return 2 * _edge_num; }

    Node u(Edge edge) const {
      if (edge._id < _edge_limit) {
        return edge._id;
      } else {
        return (edge._id - _edge_limit) % (_width - 1) +
          (edge._id - _edge_limit) / (_width - 1) * _width;
      }
    }

    Node v(Edge edge) const {
      if (edge._id < _edge_limit) {
        return edge._id + _width;
      } else {
        return (edge._id - _edge_limit) % (_width - 1) +
          (edge._id - _edge_limit) / (_width - 1) * _width + 1;
      }
    }

    Node source(Arc arc) const {
      return (arc._id & 1) == 1 ? u(arc) : v(arc);
    }

    Node target(Arc arc) const {
      return (arc._id & 1) == 1 ? v(arc) : u(arc);
    }

    static int id(Node node) { return node._id; }
    static int id(Edge edge) { return edge._id; }
    static int id(Arc arc) { return arc._id; }

    int maxNodeId() const { return _node_num - 1; }
    int maxEdgeId() const { return _edge_num - 1; }
    int maxArcId() const { return 2 * _edge_num - 1; }

    static Node nodeFromId(int id) { return Node(id);}
    static Edge edgeFromId(int id) { return Edge(id);}
    static Arc arcFromId(int id) { return Arc(id);}

    typedef True FindEdgeTag;
    typedef True FindArcTag;

    Edge findEdge(Node u, Node v, Edge prev = INVALID) const {
      if (prev != INVALID) return INVALID;
      if (v._id > u._id) {
        if (v._id - u._id == _width)
          return Edge(u._id);
        if (v._id - u._id == 1 && u._id % _width < _width - 1) {
          return Edge(u._id / _width * (_width - 1) +
                      u._id % _width + _edge_limit);
        }
      } else {
        if (u._id - v._id == _width)
          return Edge(v._id);
        if (u._id - v._id == 1 && v._id % _width < _width - 1) {
          return Edge(v._id / _width * (_width - 1) +
                      v._id % _width + _edge_limit);
        }
      }
      return INVALID;
    }

    Arc findArc(Node u, Node v, Arc prev = INVALID) const {
      if (prev != INVALID) return INVALID;
      if (v._id > u._id) {
        if (v._id - u._id == _width)
          return Arc((u._id << 1) | 1);
        if (v._id - u._id == 1 && u._id % _width < _width - 1) {
          return Arc(((u._id / _width * (_width - 1) +
                       u._id % _width + _edge_limit) << 1) | 1);
        }
      } else {
        if (u._id - v._id == _width)
          return Arc(v._id << 1);
        if (u._id - v._id == 1 && v._id % _width < _width - 1) {
          return Arc((v._id / _width * (_width - 1) +
                       v._id % _width + _edge_limit) << 1);
        }
      }
      return INVALID;
    }

    class Node {
      friend class GridGraphBase;

    protected:
      int _id;
      Node(int id) : _id(id) {}
    public:
      Node() {}
      Node (Invalid) : _id(-1) {}
      bool operator==(const Node node) const {return _id == node._id;}
      bool operator!=(const Node node) const {return _id != node._id;}
      bool operator<(const Node node) const {return _id < node._id;}
    };

    class Edge {
      friend class GridGraphBase;
      friend class Arc;

    protected:
      int _id;

      Edge(int id) : _id(id) {}

    public:
      Edge() {}
      Edge (Invalid) : _id(-1) {}
      bool operator==(const Edge edge) const {return _id == edge._id;}
      bool operator!=(const Edge edge) const {return _id != edge._id;}
      bool operator<(const Edge edge) const {return _id < edge._id;}
    };

    class Arc {
      friend class GridGraphBase;

    protected:
      int _id;

      Arc(int id) : _id(id) {}

    public:
      Arc() {}
      Arc (Invalid) : _id(-1) {}
      operator Edge() const { return _id != -1 ? Edge(_id >> 1) : INVALID; }
      bool operator==(const Arc arc) const {return _id == arc._id;}
      bool operator!=(const Arc arc) const {return _id != arc._id;}
      bool operator<(const Arc arc) const {return _id < arc._id;}
    };

    static bool direction(Arc arc) {
      return (arc._id & 1) == 1;
    }

    static Arc direct(Edge edge, bool dir) {
      return Arc((edge._id << 1) | (dir ? 1 : 0));
    }

    void first(Node& node) const {
      node._id = _node_num - 1;
    }

    static void next(Node& node) {
      --node._id;
    }

    void first(Edge& edge) const {
      edge._id = _edge_num - 1;
    }

    static void next(Edge& edge) {
      --edge._id;
    }

    void first(Arc& arc) const {
      arc._id = 2 * _edge_num - 1;
    }

    static void next(Arc& arc) {
      --arc._id;
    }

    void firstOut(Arc& arc, const Node& node) const {
      if (node._id % _width < _width - 1) {
        arc._id = (_edge_limit + node._id % _width +
                   (node._id / _width) * (_width - 1)) << 1 | 1;
        return;
      }
      if (node._id < _node_num - _width) {
        arc._id = node._id << 1 | 1;
        return;
      }
      if (node._id % _width > 0) {
        arc._id = (_edge_limit + node._id % _width +
                   (node._id / _width) * (_width - 1) - 1) << 1;
        return;
      }
      if (node._id >= _width) {
        arc._id = (node._id - _width) << 1;
        return;
      }
      arc._id = -1;
    }

    void nextOut(Arc& arc) const {
      int nid = arc._id >> 1;
      if ((arc._id & 1) == 1) {
        if (nid >= _edge_limit) {
          nid = (nid - _edge_limit) % (_width - 1) +
            (nid - _edge_limit) / (_width - 1) * _width;
          if (nid < _node_num - _width) {
            arc._id = nid << 1 | 1;
            return;
          }
        }
        if (nid % _width > 0) {
          arc._id = (_edge_limit + nid % _width +
                     (nid / _width) * (_width - 1) - 1) << 1;
          return;
        }
        if (nid >= _width) {
          arc._id = (nid - _width) << 1;
          return;
        }
      } else {
        if (nid >= _edge_limit) {
          nid = (nid - _edge_limit) % (_width - 1) +
            (nid - _edge_limit) / (_width - 1) * _width + 1;
          if (nid >= _width) {
            arc._id = (nid - _width) << 1;
            return;
          }
        }
      }
      arc._id = -1;
    }

    void firstIn(Arc& arc, const Node& node) const {
      if (node._id % _width < _width - 1) {
        arc._id = (_edge_limit + node._id % _width +
                   (node._id / _width) * (_width - 1)) << 1;
        return;
      }
      if (node._id < _node_num - _width) {
        arc._id = node._id << 1;
        return;
      }
      if (node._id % _width > 0) {
        arc._id = (_edge_limit + node._id % _width +
                   (node._id / _width) * (_width - 1) - 1) << 1 | 1;
        return;
      }
      if (node._id >= _width) {
        arc._id = (node._id - _width) << 1 | 1;
        return;
      }
      arc._id = -1;
    }

    void nextIn(Arc& arc) const {
      int nid = arc._id >> 1;
      if ((arc._id & 1) == 0) {
        if (nid >= _edge_limit) {
          nid = (nid - _edge_limit) % (_width - 1) +
            (nid - _edge_limit) / (_width - 1) * _width;
          if (nid < _node_num - _width) {
            arc._id = nid << 1;
            return;
          }
        }
        if (nid % _width > 0) {
          arc._id = (_edge_limit + nid % _width +
                     (nid / _width) * (_width - 1) - 1) << 1 | 1;
          return;
        }
        if (nid >= _width) {
          arc._id = (nid - _width) << 1 | 1;
          return;
        }
      } else {
        if (nid >= _edge_limit) {
          nid = (nid - _edge_limit) % (_width - 1) +
            (nid - _edge_limit) / (_width - 1) * _width + 1;
          if (nid >= _width) {
            arc._id = (nid - _width) << 1 | 1;
            return;
          }
        }
      }
      arc._id = -1;
    }

    void firstInc(Edge& edge, bool& dir, const Node& node) const {
      if (node._id % _width < _width - 1) {
        edge._id = _edge_limit + node._id % _width +
          (node._id / _width) * (_width - 1);
        dir = true;
        return;
      }
      if (node._id < _node_num - _width) {
        edge._id = node._id;
        dir = true;
        return;
      }
      if (node._id % _width > 0) {
        edge._id = _edge_limit + node._id % _width +
          (node._id / _width) * (_width - 1) - 1;
        dir = false;
        return;
      }
      if (node._id >= _width) {
        edge._id = node._id - _width;
        dir = false;
        return;
      }
      edge._id = -1;
      dir = true;
    }

    void nextInc(Edge& edge, bool& dir) const {
      int nid = edge._id;
      if (dir) {
        if (nid >= _edge_limit) {
          nid = (nid - _edge_limit) % (_width - 1) +
            (nid - _edge_limit) / (_width - 1) * _width;
          if (nid < _node_num - _width) {
            edge._id = nid;
            return;
          }
        }
        if (nid % _width > 0) {
          edge._id = _edge_limit + nid % _width +
            (nid / _width) * (_width - 1) - 1;
          dir = false;
          return;
        }
        if (nid >= _width) {
          edge._id = nid - _width;
          dir = false;
          return;
        }
      } else {
        if (nid >= _edge_limit) {
          nid = (nid - _edge_limit) % (_width - 1) +
            (nid - _edge_limit) / (_width - 1) * _width + 1;
          if (nid >= _width) {
            edge._id = nid - _width;
            return;
          }
        }
      }
      edge._id = -1;
      dir = true;
    }

    Arc right(Node n) const {
      if (n._id % _width < _width - 1) {
        return Arc(((_edge_limit + n._id % _width +
                    (n._id / _width) * (_width - 1)) << 1) | 1);
      } else {
        return INVALID;
      }
    }

    Arc left(Node n) const {
      if (n._id % _width > 0) {
        return Arc((_edge_limit + n._id % _width +
                     (n._id / _width) * (_width - 1) - 1) << 1);
      } else {
        return INVALID;
      }
    }

    Arc up(Node n) const {
      if (n._id < _edge_limit) {
        return Arc((n._id << 1) | 1);
      } else {
        return INVALID;
      }
    }

    Arc down(Node n) const {
      if (n._id >= _width) {
        return Arc((n._id - _width) << 1);
      } else {
        return INVALID;
      }
    }

  private:
    int _width, _height;
    int _node_num, _edge_num;
    int _edge_limit;
  };


  typedef GraphExtender<GridGraphBase> ExtendedGridGraphBase;

  /// \ingroup graphs
  ///
  /// \brief Grid graph class
  ///
  /// GridGraph implements a special graph type. The nodes of the
  /// graph can be indexed by two integer values \c (i,j) where \c i is
  /// in the range <tt>[0..width()-1]</tt> and j is in the range
  /// <tt>[0..height()-1]</tt>. Two nodes are connected in the graph if
  /// the indices differ exactly on one position and the difference is
  /// also exactly one. The nodes of the graph can be obtained by position
  /// using the \c operator()() function and the indices of the nodes can
  /// be obtained using \c pos(), \c col() and \c row() members. The outgoing
  /// arcs can be retrieved with the \c right(), \c up(), \c left()
  /// and \c down() functions, where the bottom-left corner is the
  /// origin.
  ///
  /// This class is completely static and it needs constant memory space.
  /// Thus you can neither add nor delete nodes or edges, however
  /// the structure can be resized using resize().
  ///
  /// \image html grid_graph.png
  /// \image latex grid_graph.eps "Grid graph" width=\textwidth
  ///
  /// A short example about the basic usage:
  ///\code
  /// GridGraph graph(rows, cols);
  /// GridGraph::NodeMap<int> val(graph);
  /// for (int i = 0; i < graph.width(); ++i) {
  ///   for (int j = 0; j < graph.height(); ++j) {
  ///     val[graph(i, j)] = i + j;
  ///   }
  /// }
  ///\endcode
  ///
  /// This type fully conforms to the \ref concepts::Graph "Graph concept".
  /// Most of its member functions and nested classes are documented
  /// only in the concept class.
  ///
  /// This class provides constant time counting for nodes, edges and arcs.
  class GridGraph : public ExtendedGridGraphBase {
    typedef ExtendedGridGraphBase Parent;

  public:

    /// \brief Map to get the indices of the nodes as \ref dim2::Point
    /// "dim2::Point<int>".
    ///
    /// Map to get the indices of the nodes as \ref dim2::Point
    /// "dim2::Point<int>".
    class IndexMap {
    public:
      /// \brief The key type of the map
      typedef GridGraph::Node Key;
      /// \brief The value type of the map
      typedef dim2::Point<int> Value;

      /// \brief Constructor
      IndexMap(const GridGraph& graph) : _graph(graph) {}

      /// \brief The subscript operator
      Value operator[](Key key) const {
        return _graph.pos(key);
      }

    private:
      const GridGraph& _graph;
    };

    /// \brief Map to get the column of the nodes.
    ///
    /// Map to get the column of the nodes.
    class ColMap {
    public:
      /// \brief The key type of the map
      typedef GridGraph::Node Key;
      /// \brief The value type of the map
      typedef int Value;

      /// \brief Constructor
      ColMap(const GridGraph& graph) : _graph(graph) {}

      /// \brief The subscript operator
      Value operator[](Key key) const {
        return _graph.col(key);
      }

    private:
      const GridGraph& _graph;
    };

    /// \brief Map to get the row of the nodes.
    ///
    /// Map to get the row of the nodes.
    class RowMap {
    public:
      /// \brief The key type of the map
      typedef GridGraph::Node Key;
      /// \brief The value type of the map
      typedef int Value;

      /// \brief Constructor
      RowMap(const GridGraph& graph) : _graph(graph) {}

      /// \brief The subscript operator
      Value operator[](Key key) const {
        return _graph.row(key);
      }

    private:
      const GridGraph& _graph;
    };

    /// \brief Constructor
    ///
    /// Construct a grid graph with the given size.
    GridGraph(int width, int height) { construct(width, height); }

    /// \brief Resizes the graph
    ///
    /// This function resizes the graph. It fully destroys and
    /// rebuilds the structure, therefore the maps of the graph will be
    /// reallocated automatically and the previous values will be lost.
    void resize(int width, int height) {
      Parent::notifier(Arc()).clear();
      Parent::notifier(Edge()).clear();
      Parent::notifier(Node()).clear();
      construct(width, height);
      Parent::notifier(Node()).build();
      Parent::notifier(Edge()).build();
      Parent::notifier(Arc()).build();
    }

    /// \brief The node on the given position.
    ///
    /// Gives back the node on the given position.
    Node operator()(int i, int j) const {
      return Parent::operator()(i, j);
    }

    /// \brief The column index of the node.
    ///
    /// Gives back the column index of the node.
    int col(Node n) const {
      return Parent::col(n);
    }

    /// \brief The row index of the node.
    ///
    /// Gives back the row index of the node.
    int row(Node n) const {
      return Parent::row(n);
    }

    /// \brief The position of the node.
    ///
    /// Gives back the position of the node, ie. the <tt>(col,row)</tt> pair.
    dim2::Point<int> pos(Node n) const {
      return Parent::pos(n);
    }

    /// \brief The number of the columns.
    ///
    /// Gives back the number of the columns.
    int width() const {
      return Parent::width();
    }

    /// \brief The number of the rows.
    ///
    /// Gives back the number of the rows.
    int height() const {
      return Parent::height();
    }

    /// \brief The arc goes right from the node.
    ///
    /// Gives back the arc goes right from the node. If there is not
    /// outgoing arc then it gives back INVALID.
    Arc right(Node n) const {
      return Parent::right(n);
    }

    /// \brief The arc goes left from the node.
    ///
    /// Gives back the arc goes left from the node. If there is not
    /// outgoing arc then it gives back INVALID.
    Arc left(Node n) const {
      return Parent::left(n);
    }

    /// \brief The arc goes up from the node.
    ///
    /// Gives back the arc goes up from the node. If there is not
    /// outgoing arc then it gives back INVALID.
    Arc up(Node n) const {
      return Parent::up(n);
    }

    /// \brief The arc goes down from the node.
    ///
    /// Gives back the arc goes down from the node. If there is not
    /// outgoing arc then it gives back INVALID.
    Arc down(Node n) const {
      return Parent::down(n);
    }

    /// \brief Index map of the grid graph
    ///
    /// Just returns an IndexMap for the grid graph.
    IndexMap indexMap() const {
      return IndexMap(*this);
    }

    /// \brief Row map of the grid graph
    ///
    /// Just returns a RowMap for the grid graph.
    RowMap rowMap() const {
      return RowMap(*this);
    }

    /// \brief Column map of the grid graph
    ///
    /// Just returns a ColMap for the grid graph.
    ColMap colMap() const {
      return ColMap(*this);
    }

  };

}
#endif
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/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2010
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_HAO_ORLIN_H
#define LEMON_HAO_ORLIN_H

#include <vector>
#include <list>
#include <limits>

#include <lemon/maps.h>
#include <lemon/core.h>
#include <lemon/tolerance.h>

/// \file
/// \ingroup min_cut
/// \brief Implementation of the Hao-Orlin algorithm.
///
/// Implementation of the Hao-Orlin algorithm for finding a minimum cut
/// in a digraph.

namespace lemon {

  /// \ingroup min_cut
  ///
  /// \brief Hao-Orlin algorithm for finding a minimum cut in a digraph.
  ///
  /// This class implements the Hao-Orlin algorithm for finding a minimum
  /// value cut in a directed graph \f$D=(V,A)\f$.
  /// It takes a fixed node \f$ source \in V \f$ and
  /// consists of two phases: in the first phase it determines a
  /// minimum cut with \f$ source \f$ on the source-side (i.e. a set
  /// \f$ X\subsetneq V \f$ with \f$ source \in X \f$ and minimal outgoing
  /// capacity) and in the second phase it determines a minimum cut
  /// with \f$ source \f$ on the sink-side (i.e. a set
  /// \f$ X\subsetneq V \f$ with \f$ source \notin X \f$ and minimal outgoing
  /// capacity). Obviously, the smaller of these two cuts will be a
  /// minimum cut of \f$ D \f$. The algorithm is a modified
  /// preflow push-relabel algorithm. Our implementation calculates
  /// the minimum cut in \f$ O(n^2\sqrt{m}) \f$ time (we use the
  /// highest-label rule), or in \f$O(nm)\f$ for unit capacities. The
  /// purpose of such algorithm is e.g. testing network reliability.
  ///
  /// For an undirected graph you can run just the first phase of the
  /// algorithm or you can use the algorithm of Nagamochi and Ibaraki,
  /// which solves the undirected problem in \f$ O(nm + n^2 \log n) \f$
  /// time. It is implemented in the NagamochiIbaraki algorithm class.
  ///
  /// \tparam GR The type of the digraph the algorithm runs on.
  /// \tparam CAP The type of the arc map containing the capacities,
  /// which can be any numreric type. The default map type is
  /// \ref concepts::Digraph::ArcMap "GR::ArcMap<int>".
  /// \tparam TOL Tolerance class for handling inexact computations. The
  /// default tolerance type is \ref Tolerance "Tolerance<CAP::Value>".
#ifdef DOXYGEN
  template <typename GR, typename CAP, typename TOL>
#else
  template <typename GR,
            typename CAP = typename GR::template ArcMap<int>,
            typename TOL = Tolerance<typename CAP::Value> >
#endif
  class HaoOrlin {
  public:

    /// The digraph type of the algorithm
    typedef GR Digraph;
    /// The capacity map type of the algorithm
    typedef CAP CapacityMap;
    /// The tolerance type of the algorithm
    typedef TOL Tolerance;

  private:

    typedef typename CapacityMap::Value Value;

    TEMPLATE_DIGRAPH_TYPEDEFS(Digraph);

    const Digraph& _graph;
    const CapacityMap* _capacity;

    typedef typename Digraph::template ArcMap<Value> FlowMap;
    FlowMap* _flow;

    Node _source;

    int _node_num;

    // Bucketing structure
    std::vector<Node> _first, _last;
    typename Digraph::template NodeMap<Node>* _next;
    typename Digraph::template NodeMap<Node>* _prev;
    typename Digraph::template NodeMap<bool>* _active;
    typename Digraph::template NodeMap<int>* _bucket;

    std::vector<bool> _dormant;

    std::list<std::list<int> > _sets;
    std::list<int>::iterator _highest;

    typedef typename Digraph::template NodeMap<Value> ExcessMap;
    ExcessMap* _excess;

    typedef typename Digraph::template NodeMap<bool> SourceSetMap;
    SourceSetMap* _source_set;

    Value _min_cut;

    typedef typename Digraph::template NodeMap<bool> MinCutMap;
    MinCutMap* _min_cut_map;

    Tolerance _tolerance;

  public:

    /// \brief Constructor
    ///
    /// Constructor of the algorithm class.
    HaoOrlin(const Digraph& graph, const CapacityMap& capacity,
             const Tolerance& tolerance = Tolerance()) :
      _graph(graph), _capacity(&capacity), _flow(0), _source(),
      _node_num(), _first(), _last(), _next(0), _prev(0),
      _active(0), _bucket(0), _dormant(), _sets(), _highest(),
      _excess(0), _source_set(0), _min_cut(), _min_cut_map(0),
      _tolerance(tolerance) {}

    ~HaoOrlin() {
      if (_min_cut_map) {
        delete _min_cut_map;
      }
      if (_source_set) {
        delete _source_set;
      }
      if (_excess) {
        delete _excess;
      }
      if (_next) {
        delete _next;
      }
      if (_prev) {
        delete _prev;
      }
      if (_active) {
        delete _active;
      }
      if (_bucket) {
        delete _bucket;
      }
      if (_flow) {
        delete _flow;
      }
    }

    /// \brief Set the tolerance used by the algorithm.
    ///
    /// This function sets the tolerance object used by the algorithm.
    /// \return <tt>(*this)</tt>
    HaoOrlin& tolerance(const Tolerance& tolerance) {
      _tolerance = tolerance;
      return *this;
    }

    /// \brief Returns a const reference to the tolerance.
    ///
    /// This function returns a const reference to the tolerance object
    /// used by the algorithm.
    const Tolerance& tolerance() const {
      return _tolerance;
    }

  private:

    void activate(const Node& i) {
      (*_active)[i] = true;

      int bucket = (*_bucket)[i];

      if ((*_prev)[i] == INVALID || (*_active)[(*_prev)[i]]) return;
      //unlace
      (*_next)[(*_prev)[i]] = (*_next)[i];
      if ((*_next)[i] != INVALID) {
        (*_prev)[(*_next)[i]] = (*_prev)[i];
      } else {
        _last[bucket] = (*_prev)[i];
      }
      //lace
      (*_next)[i] = _first[bucket];
      (*_prev)[_first[bucket]] = i;
      (*_prev)[i] = INVALID;
      _first[bucket] = i;
    }

    void deactivate(const Node& i) {
      (*_active)[i] = false;
      int bucket = (*_bucket)[i];

      if ((*_next)[i] == INVALID || !(*_active)[(*_next)[i]]) return;

      //unlace
      (*_prev)[(*_next)[i]] = (*_prev)[i];
      if ((*_prev)[i] != INVALID) {
        (*_next)[(*_prev)[i]] = (*_next)[i];
      } else {
        _first[bucket] = (*_next)[i];
      }
      //lace
      (*_prev)[i] = _last[bucket];
      (*_next)[_last[bucket]] = i;
      (*_next)[i] = INVALID;
      _last[bucket] = i;
    }

    void addItem(const Node& i, int bucket) {
      (*_bucket)[i] = bucket;
      if (_last[bucket] != INVALID) {
        (*_prev)[i] = _last[bucket];
        (*_next)[_last[bucket]] = i;
        (*_next)[i] = INVALID;
        _last[bucket] = i;
      } else {
        (*_prev)[i] = INVALID;
        _first[bucket] = i;
        (*_next)[i] = INVALID;
        _last[bucket] = i;
      }
    }

    void findMinCutOut() {

      for (NodeIt n(_graph); n != INVALID; ++n) {
        (*_excess)[n] = 0;
        (*_source_set)[n] = false;
      }

      for (ArcIt a(_graph); a != INVALID; ++a) {
        (*_flow)[a] = 0;
      }

      int bucket_num = 0;
      std::vector<Node> queue(_node_num);
      int qfirst = 0, qlast = 0, qsep = 0;

      {
        typename Digraph::template NodeMap<bool> reached(_graph, false);

        reached[_source] = true;
        bool first_set = true;

        for (NodeIt t(_graph); t != INVALID; ++t) {
          if (reached[t]) continue;
          _sets.push_front(std::list<int>());

          queue[qlast++] = t;
          reached[t] = true;

          while (qfirst != qlast) {
            if (qsep == qfirst) {
              ++bucket_num;
              _sets.front().push_front(bucket_num);
              _dormant[bucket_num] = !first_set;
              _first[bucket_num] = _last[bucket_num] = INVALID;
              qsep = qlast;
            }

            Node n = queue[qfirst++];
            addItem(n, bucket_num);

            for (InArcIt a(_graph, n); a != INVALID; ++a) {
              Node u = _graph.source(a);
              if (!reached[u] && _tolerance.positive((*_capacity)[a])) {
                reached[u] = true;
                queue[qlast++] = u;
              }
            }
          }
          first_set = false;
        }

        ++bucket_num;
        (*_bucket)[_source] = 0;
        _dormant[0] = true;
      }
      (*_source_set)[_source] = true;

      Node target = _last[_sets.back().back()];
      {
        for (OutArcIt a(_graph, _source); a != INVALID; ++a) {
          if (_tolerance.positive((*_capacity)[a])) {
            Node u = _graph.target(a);
            (*_flow)[a] = (*_capacity)[a];
            (*_excess)[u] += (*_capacity)[a];
            if (!(*_active)[u] && u != _source) {
              activate(u);
            }
          }
        }

        if ((*_active)[target]) {
          deactivate(target);
        }

        _highest = _sets.back().begin();
        while (_highest != _sets.back().end() &&
               !(*_active)[_first[*_highest]]) {
          ++_highest;
        }
      }

      while (true) {
        while (_highest != _sets.back().end()) {
          Node n = _first[*_highest];
          Value excess = (*_excess)[n];
          int next_bucket = _node_num;

          int under_bucket;
          if (++std::list<int>::iterator(_highest) == _sets.back().end()) {
            under_bucket = -1;
          } else {
            under_bucket = *(++std::list<int>::iterator(_highest));
          }

          for (OutArcIt a(_graph, n); a != INVALID; ++a) {
            Node v = _graph.target(a);
            if (_dormant[(*_bucket)[v]]) continue;
            Value rem = (*_capacity)[a] - (*_flow)[a];
            if (!_tolerance.positive(rem)) continue;
            if ((*_bucket)[v] == under_bucket) {
              if (!(*_active)[v] && v != target) {
                activate(v);
              }
              if (!_tolerance.less(rem, excess)) {
                (*_flow)[a] += excess;
                (*_excess)[v] += excess;
                excess = 0;
                goto no_more_push;
              } else {
                excess -= rem;
                (*_excess)[v] += rem;
                (*_flow)[a] = (*_capacity)[a];
              }
            } else if (next_bucket > (*_bucket)[v]) {
              next_bucket = (*_bucket)[v];
            }
          }

          for (InArcIt a(_graph, n); a != INVALID; ++a) {
            Node v = _graph.source(a);
            if (_dormant[(*_bucket)[v]]) continue;
            Value rem = (*_flow)[a];
            if (!_tolerance.positive(rem)) continue;
            if ((*_bucket)[v] == under_bucket) {
              if (!(*_active)[v] && v != target) {
                activate(v);
              }
              if (!_tolerance.less(rem, excess)) {
                (*_flow)[a] -= excess;
                (*_excess)[v] += excess;
                excess = 0;
                goto no_more_push;
              } else {
                excess -= rem;
                (*_excess)[v] += rem;
                (*_flow)[a] = 0;
              }
            } else if (next_bucket > (*_bucket)[v]) {
              next_bucket = (*_bucket)[v];
            }
          }

        no_more_push:

          (*_excess)[n] = excess;

          if (excess != 0) {
            if ((*_next)[n] == INVALID) {
              typename std::list<std::list<int> >::iterator new_set =
                _sets.insert(--_sets.end(), std::list<int>());
              new_set->splice(new_set->end(), _sets.back(),
                              _sets.back().begin(), ++_highest);
              for (std::list<int>::iterator it = new_set->begin();
                   it != new_set->end(); ++it) {
                _dormant[*it] = true;
              }
              while (_highest != _sets.back().end() &&
                     !(*_active)[_first[*_highest]]) {
                ++_highest;
              }
            } else if (next_bucket == _node_num) {
              _first[(*_bucket)[n]] = (*_next)[n];
              (*_prev)[(*_next)[n]] = INVALID;

              std::list<std::list<int> >::iterator new_set =
                _sets.insert(--_sets.end(), std::list<int>());

              new_set->push_front(bucket_num);
              (*_bucket)[n] = bucket_num;
              _first[bucket_num] = _last[bucket_num] = n;
              (*_next)[n] = INVALID;
              (*_prev)[n] = INVALID;
              _dormant[bucket_num] = true;
              ++bucket_num;

              while (_highest != _sets.back().end() &&
                     !(*_active)[_first[*_highest]]) {
                ++_highest;
              }
            } else {
              _first[*_highest] = (*_next)[n];
              (*_prev)[(*_next)[n]] = INVALID;

              while (next_bucket != *_highest) {
                --_highest;
              }

              if (_highest == _sets.back().begin()) {
                _sets.back().push_front(bucket_num);
                _dormant[bucket_num] = false;
                _first[bucket_num] = _last[bucket_num] = INVALID;
                ++bucket_num;
              }
              --_highest;

              (*_bucket)[n] = *_highest;
              (*_next)[n] = _first[*_highest];
              if (_first[*_highest] != INVALID) {
                (*_prev)[_first[*_highest]] = n;
              } else {
                _last[*_highest] = n;
              }
              _first[*_highest] = n;
            }
          } else {

            deactivate(n);
            if (!(*_active)[_first[*_highest]]) {
              ++_highest;
              if (_highest != _sets.back().end() &&
                  !(*_active)[_first[*_highest]]) {
                _highest = _sets.back().end();
              }
            }
          }
        }

        if ((*_excess)[target] < _min_cut) {
          _min_cut = (*_excess)[target];
          for (NodeIt i(_graph); i != INVALID; ++i) {
            (*_min_cut_map)[i] = true;
          }
          for (std::list<int>::iterator it = _sets.back().begin();
               it != _sets.back().end(); ++it) {
            Node n = _first[*it];
            while (n != INVALID) {
              (*_min_cut_map)[n] = false;
              n = (*_next)[n];
            }
          }
        }

        {
          Node new_target;
          if ((*_prev)[target] != INVALID || (*_next)[target] != INVALID) {
            if ((*_next)[target] == INVALID) {
              _last[(*_bucket)[target]] = (*_prev)[target];
              new_target = (*_prev)[target];
            } else {
              (*_prev)[(*_next)[target]] = (*_prev)[target];
              new_target = (*_next)[target];
            }
            if ((*_prev)[target] == INVALID) {
              _first[(*_bucket)[target]] = (*_next)[target];
            } else {
              (*_next)[(*_prev)[target]] = (*_next)[target];
            }
          } else {
            _sets.back().pop_back();
            if (_sets.back().empty()) {
              _sets.pop_back();
              if (_sets.empty())
                break;
              for (std::list<int>::iterator it = _sets.back().begin();
                   it != _sets.back().end(); ++it) {
                _dormant[*it] = false;
              }
            }
            new_target = _last[_sets.back().back()];
          }

          (*_bucket)[target] = 0;

          (*_source_set)[target] = true;
          for (OutArcIt a(_graph, target); a != INVALID; ++a) {
            Value rem = (*_capacity)[a] - (*_flow)[a];
            if (!_tolerance.positive(rem)) continue;
            Node v = _graph.target(a);
            if (!(*_active)[v] && !(*_source_set)[v]) {
              activate(v);
            }
            (*_excess)[v] += rem;
            (*_flow)[a] = (*_capacity)[a];
          }

          for (InArcIt a(_graph, target); a != INVALID; ++a) {
            Value rem = (*_flow)[a];
            if (!_tolerance.positive(rem)) continue;
            Node v = _graph.source(a);
            if (!(*_active)[v] && !(*_source_set)[v]) {
              activate(v);
            }
            (*_excess)[v] += rem;
            (*_flow)[a] = 0;
          }

          target = new_target;
          if ((*_active)[target]) {
            deactivate(target);
          }

          _highest = _sets.back().begin();
          while (_highest != _sets.back().end() &&
                 !(*_active)[_first[*_highest]]) {
            ++_highest;
          }
        }
      }
    }

    void findMinCutIn() {

      for (NodeIt n(_graph); n != INVALID; ++n) {
        (*_excess)[n] = 0;
        (*_source_set)[n] = false;
      }

      for (ArcIt a(_graph); a != INVALID; ++a) {
        (*_flow)[a] = 0;
      }

      int bucket_num = 0;
      std::vector<Node> queue(_node_num);
      int qfirst = 0, qlast = 0, qsep = 0;

      {
        typename Digraph::template NodeMap<bool> reached(_graph, false);

        reached[_source] = true;

        bool first_set = true;

        for (NodeIt t(_graph); t != INVALID; ++t) {
          if (reached[t]) continue;
          _sets.push_front(std::list<int>());

          queue[qlast++] = t;
          reached[t] = true;

          while (qfirst != qlast) {
            if (qsep == qfirst) {
              ++bucket_num;
              _sets.front().push_front(bucket_num);
              _dormant[bucket_num] = !first_set;
              _first[bucket_num] = _last[bucket_num] = INVALID;
              qsep = qlast;
            }

            Node n = queue[qfirst++];
            addItem(n, bucket_num);

            for (OutArcIt a(_graph, n); a != INVALID; ++a) {
              Node u = _graph.target(a);
              if (!reached[u] && _tolerance.positive((*_capacity)[a])) {
                reached[u] = true;
                queue[qlast++] = u;
              }
            }
          }
          first_set = false;
        }

        ++bucket_num;
        (*_bucket)[_source] = 0;
        _dormant[0] = true;
      }
      (*_source_set)[_source] = true;

      Node target = _last[_sets.back().back()];
      {
        for (InArcIt a(_graph, _source); a != INVALID; ++a) {
          if (_tolerance.positive((*_capacity)[a])) {
            Node u = _graph.source(a);
            (*_flow)[a] = (*_capacity)[a];
            (*_excess)[u] += (*_capacity)[a];
            if (!(*_active)[u] && u != _source) {
              activate(u);
            }
          }
        }
        if ((*_active)[target]) {
          deactivate(target);
        }

        _highest = _sets.back().begin();
        while (_highest != _sets.back().end() &&
               !(*_active)[_first[*_highest]]) {
          ++_highest;
        }
      }


      while (true) {
        while (_highest != _sets.back().end()) {
          Node n = _first[*_highest];
          Value excess = (*_excess)[n];
          int next_bucket = _node_num;

          int under_bucket;
          if (++std::list<int>::iterator(_highest) == _sets.back().end()) {
            under_bucket = -1;
          } else {
            under_bucket = *(++std::list<int>::iterator(_highest));
          }

          for (InArcIt a(_graph, n); a != INVALID; ++a) {
            Node v = _graph.source(a);
            if (_dormant[(*_bucket)[v]]) continue;
            Value rem = (*_capacity)[a] - (*_flow)[a];
            if (!_tolerance.positive(rem)) continue;
            if ((*_bucket)[v] == under_bucket) {
              if (!(*_active)[v] && v != target) {
                activate(v);
              }
              if (!_tolerance.less(rem, excess)) {
                (*_flow)[a] += excess;
                (*_excess)[v] += excess;
                excess = 0;
                goto no_more_push;
              } else {
                excess -= rem;
                (*_excess)[v] += rem;
                (*_flow)[a] = (*_capacity)[a];
              }
            } else if (next_bucket > (*_bucket)[v]) {
              next_bucket = (*_bucket)[v];
            }
          }

          for (OutArcIt a(_graph, n); a != INVALID; ++a) {
            Node v = _graph.target(a);
            if (_dormant[(*_bucket)[v]]) continue;
            Value rem = (*_flow)[a];
            if (!_tolerance.positive(rem)) continue;
            if ((*_bucket)[v] == under_bucket) {
              if (!(*_active)[v] && v != target) {
                activate(v);
              }
              if (!_tolerance.less(rem, excess)) {
                (*_flow)[a] -= excess;
                (*_excess)[v] += excess;
                excess = 0;
                goto no_more_push;
              } else {
                excess -= rem;
                (*_excess)[v] += rem;
                (*_flow)[a] = 0;
              }
            } else if (next_bucket > (*_bucket)[v]) {
              next_bucket = (*_bucket)[v];
            }
          }

        no_more_push:

          (*_excess)[n] = excess;

          if (excess != 0) {
            if ((*_next)[n] == INVALID) {
              typename std::list<std::list<int> >::iterator new_set =
                _sets.insert(--_sets.end(), std::list<int>());
              new_set->splice(new_set->end(), _sets.back(),
                              _sets.back().begin(), ++_highest);
              for (std::list<int>::iterator it = new_set->begin();
                   it != new_set->end(); ++it) {
                _dormant[*it] = true;
              }
              while (_highest != _sets.back().end() &&
                     !(*_active)[_first[*_highest]]) {
                ++_highest;
              }
            } else if (next_bucket == _node_num) {
              _first[(*_bucket)[n]] = (*_next)[n];
              (*_prev)[(*_next)[n]] = INVALID;

              std::list<std::list<int> >::iterator new_set =
                _sets.insert(--_sets.end(), std::list<int>());

              new_set->push_front(bucket_num);
              (*_bucket)[n] = bucket_num;
              _first[bucket_num] = _last[bucket_num] = n;
              (*_next)[n] = INVALID;
              (*_prev)[n] = INVALID;
              _dormant[bucket_num] = true;
              ++bucket_num;

              while (_highest != _sets.back().end() &&
                     !(*_active)[_first[*_highest]]) {
                ++_highest;
              }
            } else {
              _first[*_highest] = (*_next)[n];
              (*_prev)[(*_next)[n]] = INVALID;

              while (next_bucket != *_highest) {
                --_highest;
              }
              if (_highest == _sets.back().begin()) {
                _sets.back().push_front(bucket_num);
                _dormant[bucket_num] = false;
                _first[bucket_num] = _last[bucket_num] = INVALID;
                ++bucket_num;
              }
              --_highest;

              (*_bucket)[n] = *_highest;
              (*_next)[n] = _first[*_highest];
              if (_first[*_highest] != INVALID) {
                (*_prev)[_first[*_highest]] = n;
              } else {
                _last[*_highest] = n;
              }
              _first[*_highest] = n;
            }
          } else {

            deactivate(n);
            if (!(*_active)[_first[*_highest]]) {
              ++_highest;
              if (_highest != _sets.back().end() &&
                  !(*_active)[_first[*_highest]]) {
                _highest = _sets.back().end();
              }
            }
          }
        }

        if ((*_excess)[target] < _min_cut) {
          _min_cut = (*_excess)[target];
          for (NodeIt i(_graph); i != INVALID; ++i) {
            (*_min_cut_map)[i] = false;
          }
          for (std::list<int>::iterator it = _sets.back().begin();
               it != _sets.back().end(); ++it) {
            Node n = _first[*it];
            while (n != INVALID) {
              (*_min_cut_map)[n] = true;
              n = (*_next)[n];
            }
          }
        }

        {
          Node new_target;
          if ((*_prev)[target] != INVALID || (*_next)[target] != INVALID) {
            if ((*_next)[target] == INVALID) {
              _last[(*_bucket)[target]] = (*_prev)[target];
              new_target = (*_prev)[target];
            } else {
              (*_prev)[(*_next)[target]] = (*_prev)[target];
              new_target = (*_next)[target];
            }
            if ((*_prev)[target] == INVALID) {
              _first[(*_bucket)[target]] = (*_next)[target];
            } else {
              (*_next)[(*_prev)[target]] = (*_next)[target];
            }
          } else {
            _sets.back().pop_back();
            if (_sets.back().empty()) {
              _sets.pop_back();
              if (_sets.empty())
                break;
              for (std::list<int>::iterator it = _sets.back().begin();
                   it != _sets.back().end(); ++it) {
                _dormant[*it] = false;
              }
            }
            new_target = _last[_sets.back().back()];
          }

          (*_bucket)[target] = 0;

          (*_source_set)[target] = true;
          for (InArcIt a(_graph, target); a != INVALID; ++a) {
            Value rem = (*_capacity)[a] - (*_flow)[a];
            if (!_tolerance.positive(rem)) continue;
            Node v = _graph.source(a);
            if (!(*_active)[v] && !(*_source_set)[v]) {
              activate(v);
            }
            (*_excess)[v] += rem;
            (*_flow)[a] = (*_capacity)[a];
          }

          for (OutArcIt a(_graph, target); a != INVALID; ++a) {
            Value rem = (*_flow)[a];
            if (!_tolerance.positive(rem)) continue;
            Node v = _graph.target(a);
            if (!(*_active)[v] && !(*_source_set)[v]) {
              activate(v);
            }
            (*_excess)[v] += rem;
            (*_flow)[a] = 0;
          }

          target = new_target;
          if ((*_active)[target]) {
            deactivate(target);
          }

          _highest = _sets.back().begin();
          while (_highest != _sets.back().end() &&
                 !(*_active)[_first[*_highest]]) {
            ++_highest;
          }
        }
      }
    }

  public:

    /// \name Execution Control
    /// The simplest way to execute the algorithm is to use
    /// one of the member functions called \ref run().
    /// \n
    /// If you need better control on the execution,
    /// you have to call one of the \ref init() functions first, then
    /// \ref calculateOut() and/or \ref calculateIn().

    /// @{

    /// \brief Initialize the internal data structures.
    ///
    /// This function initializes the internal data structures. It creates
    /// the maps and some bucket structures for the algorithm.
    /// The first node is used as the source node for the push-relabel
    /// algorithm.
    void init() {
      init(NodeIt(_graph));
    }

    /// \brief Initialize the internal data structures.
    ///
    /// This function initializes the internal data structures. It creates
    /// the maps and some bucket structures for the algorithm.
    /// The given node is used as the source node for the push-relabel
    /// algorithm.
    void init(const Node& source) {
      _source = source;

      _node_num = countNodes(_graph);

      _first.resize(_node_num);
      _last.resize(_node_num);

      _dormant.resize(_node_num);

      if (!_flow) {
        _flow = new FlowMap(_graph);
      }
      if (!_next) {
        _next = new typename Digraph::template NodeMap<Node>(_graph);
      }
      if (!_prev) {
        _prev = new typename Digraph::template NodeMap<Node>(_graph);
      }
      if (!_active) {
        _active = new typename Digraph::template NodeMap<bool>(_graph);
      }
      if (!_bucket) {
        _bucket = new typename Digraph::template NodeMap<int>(_graph);
      }
      if (!_excess) {
        _excess = new ExcessMap(_graph);
      }
      if (!_source_set) {
        _source_set = new SourceSetMap(_graph);
      }
      if (!_min_cut_map) {
        _min_cut_map = new MinCutMap(_graph);
      }

      _min_cut = std::numeric_limits<Value>::max();
    }


    /// \brief Calculate a minimum cut with \f$ source \f$ on the
    /// source-side.
    ///
    /// This function calculates a minimum cut with \f$ source \f$ on the
    /// source-side (i.e. a set \f$ X\subsetneq V \f$ with
    /// \f$ source \in X \f$ and minimal outgoing capacity).
    ///
    /// \pre \ref init() must be called before using this function.
    void calculateOut() {
      findMinCutOut();
    }

    /// \brief Calculate a minimum cut with \f$ source \f$ on the
    /// sink-side.
    ///
    /// This function calculates a minimum cut with \f$ source \f$ on the
    /// sink-side (i.e. a set \f$ X\subsetneq V \f$ with
    /// \f$ source \notin X \f$ and minimal outgoing capacity).
    ///
    /// \pre \ref init() must be called before using this function.
    void calculateIn() {
      findMinCutIn();
    }


    /// \brief Run the algorithm.
    ///
    /// This function runs the algorithm. It finds nodes \c source and
    /// \c target arbitrarily and then calls \ref init(), \ref calculateOut()
    /// and \ref calculateIn().
    void run() {
      init();
      calculateOut();
      calculateIn();
    }

    /// \brief Run the algorithm.
    ///
    /// This function runs the algorithm. It uses the given \c source node,
    /// finds a proper \c target node and then calls the \ref init(),
    /// \ref calculateOut() and \ref calculateIn().
    void run(const Node& s) {
      init(s);
      calculateOut();
      calculateIn();
    }

    /// @}

    /// \name Query Functions
    /// The result of the %HaoOrlin algorithm
    /// can be obtained using these functions.\n
    /// \ref run(), \ref calculateOut() or \ref calculateIn()
    /// should be called before using them.

    /// @{

    /// \brief Return the value of the minimum cut.
    ///
    /// This function returns the value of the minimum cut.
    ///
    /// \pre \ref run(), \ref calculateOut() or \ref calculateIn()
    /// must be called before using this function.
    Value minCutValue() const {
      return _min_cut;
    }


    /// \brief Return a minimum cut.
    ///
    /// This function sets \c cutMap to the characteristic vector of a
    /// minimum value cut: it will give a non-empty set \f$ X\subsetneq V \f$
    /// with minimal outgoing capacity (i.e. \c cutMap will be \c true exactly
    /// for the nodes of \f$ X \f$).
    ///
    /// \param cutMap A \ref concepts::WriteMap "writable" node map with
    /// \c bool (or convertible) value type.
    ///
    /// \return The value of the minimum cut.
    ///
    /// \pre \ref run(), \ref calculateOut() or \ref calculateIn()
    /// must be called before using this function.
    template <typename CutMap>
    Value minCutMap(CutMap& cutMap) const {
      for (NodeIt it(_graph); it != INVALID; ++it) {
        cutMap.set(it, (*_min_cut_map)[it]);
      }
      return _min_cut;
    }

    /// @}

  }; //class HaoOrlin

} //namespace lemon

#endif //LEMON_HAO_ORLIN_H







lemon/hartmann_orlin_mmc.h

/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2010
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_HARTMANN_ORLIN_MMC_H
#define LEMON_HARTMANN_ORLIN_MMC_H

/// \ingroup min_mean_cycle
///
/// \file
/// \brief Hartmann-Orlin's algorithm for finding a minimum mean cycle.

#include <vector>
#include <limits>
#include <lemon/core.h>
#include <lemon/path.h>
#include <lemon/tolerance.h>
#include <lemon/connectivity.h>

namespace lemon {

  /// \brief Default traits class of HartmannOrlinMmc class.
  ///
  /// Default traits class of HartmannOrlinMmc class.
  /// \tparam GR The type of the digraph.
  /// \tparam CM The type of the cost map.
  /// It must conform to the \ref concepts::ReadMap "ReadMap" concept.
#ifdef DOXYGEN
  template <typename GR, typename CM>
#else
  template <typename GR, typename CM,
    bool integer = std::numeric_limits<typename CM::Value>::is_integer>
#endif
  struct HartmannOrlinMmcDefaultTraits
  {
    /// The type of the digraph
    typedef GR Digraph;
    /// The type of the cost map
    typedef CM CostMap;
    /// The type of the arc costs
    typedef typename CostMap::Value Cost;

    /// \brief The large cost type used for internal computations
    ///
    /// The large cost type used for internal computations.
    /// It is \c long \c long if the \c Cost type is integer,
    /// otherwise it is \c double.
    /// \c Cost must be convertible to \c LargeCost.
    typedef double LargeCost;

    /// The tolerance type used for internal computations
    typedef lemon::Tolerance<LargeCost> Tolerance;

    /// \brief The path type of the found cycles
    ///
    /// The path type of the found cycles.
    /// It must conform to the \ref lemon::concepts::Path "Path" concept
    /// and it must have an \c addFront() function.
    typedef lemon::Path<Digraph> Path;
  };

  // Default traits class for integer cost types
  template <typename GR, typename CM>
  struct HartmannOrlinMmcDefaultTraits<GR, CM, true>
  {
    typedef GR Digraph;
    typedef CM CostMap;
    typedef typename CostMap::Value Cost;
#ifdef LEMON_HAVE_LONG_LONG
    typedef long long LargeCost;
#else
    typedef long LargeCost;
#endif
    typedef lemon::Tolerance<LargeCost> Tolerance;
    typedef lemon::Path<Digraph> Path;
  };


  /// \addtogroup min_mean_cycle
  /// @{

  /// \brief Implementation of the Hartmann-Orlin algorithm for finding
  /// a minimum mean cycle.
  ///
  /// This class implements the Hartmann-Orlin algorithm for finding
  /// a directed cycle of minimum mean cost in a digraph
  /// \ref amo93networkflows, \ref dasdan98minmeancycle.
  /// It is an improved version of \ref KarpMmc "Karp"'s original algorithm,
  /// it applies an efficient early termination scheme.
  /// It runs in time O(ne) and uses space O(n<sup>2</sup>+e).
  ///
  /// \tparam GR The type of the digraph the algorithm runs on.
  /// \tparam CM The type of the cost map. The default
  /// map type is \ref concepts::Digraph::ArcMap "GR::ArcMap<int>".
  /// \tparam TR The traits class that defines various types used by the
  /// algorithm. By default, it is \ref HartmannOrlinMmcDefaultTraits
  /// "HartmannOrlinMmcDefaultTraits<GR, CM>".
  /// In most cases, this parameter should not be set directly,
  /// consider to use the named template parameters instead.
#ifdef DOXYGEN
  template <typename GR, typename CM, typename TR>
#else
  template < typename GR,
             typename CM = typename GR::template ArcMap<int>,
             typename TR = HartmannOrlinMmcDefaultTraits<GR, CM> >
#endif
  class HartmannOrlinMmc
  {
  public:

    /// The type of the digraph
    typedef typename TR::Digraph Digraph;
    /// The type of the cost map
    typedef typename TR::CostMap CostMap;
    /// The type of the arc costs
    typedef typename TR::Cost Cost;

    /// \brief The large cost type
    ///
    /// The large cost type used for internal computations.
    /// By default, it is \c long \c long if the \c Cost type is integer,
    /// otherwise it is \c double.
    typedef typename TR::LargeCost LargeCost;

    /// The tolerance type
    typedef typename TR::Tolerance Tolerance;

    /// \brief The path type of the found cycles
    ///
    /// The path type of the found cycles.
    /// Using the \ref HartmannOrlinMmcDefaultTraits "default traits class",
    /// it is \ref lemon::Path "Path<Digraph>".
    typedef typename TR::Path Path;

    /// The \ref HartmannOrlinMmcDefaultTraits "traits class" of the algorithm
    typedef TR Traits;

  private:

    TEMPLATE_DIGRAPH_TYPEDEFS(Digraph);

    // Data sturcture for path data
    struct PathData
    {
      LargeCost dist;
      Arc pred;
      PathData(LargeCost d, Arc p = INVALID) :
        dist(d), pred(p) {}
    };

    typedef typename Digraph::template NodeMap<std::vector<PathData> >
      PathDataNodeMap;

  private:

    // The digraph the algorithm runs on
    const Digraph &_gr;
    // The cost of the arcs
    const CostMap &_cost;

    // Data for storing the strongly connected components
    int _comp_num;
    typename Digraph::template NodeMap<int> _comp;
    std::vector<std::vector<Node> > _comp_nodes;
    std::vector<Node>* _nodes;
    typename Digraph::template NodeMap<std::vector<Arc> > _out_arcs;

    // Data for the found cycles
    bool _curr_found, _best_found;
    LargeCost _curr_cost, _best_cost;
    int _curr_size, _best_size;
    Node _curr_node, _best_node;
    int _curr_level, _best_level;

    Path *_cycle_path;
    bool _local_path;

    // Node map for storing path data
    PathDataNodeMap _data;
    // The processed nodes in the last round
    std::vector<Node> _process;

    Tolerance _tolerance;

    // Infinite constant
    const LargeCost INF;

  public:

    /// \name Named Template Parameters
    /// @{

    template <typename T>
    struct SetLargeCostTraits : public Traits {
      typedef T LargeCost;
      typedef lemon::Tolerance<T> Tolerance;
    };

    /// \brief \ref named-templ-param "Named parameter" for setting
    /// \c LargeCost type.
    ///
    /// \ref named-templ-param "Named parameter" for setting \c LargeCost
    /// type. It is used for internal computations in the algorithm.
    template <typename T>
    struct SetLargeCost
      : public HartmannOrlinMmc<GR, CM, SetLargeCostTraits<T> > {
      typedef HartmannOrlinMmc<GR, CM, SetLargeCostTraits<T> > Create;
    };

    template <typename T>
    struct SetPathTraits : public Traits {
      typedef T Path;
    };

    /// \brief \ref named-templ-param "Named parameter" for setting
    /// \c %Path type.
    ///
    /// \ref named-templ-param "Named parameter" for setting the \c %Path
    /// type of the found cycles.
    /// It must conform to the \ref lemon::concepts::Path "Path" concept
    /// and it must have an \c addFront() function.
    template <typename T>
    struct SetPath
      : public HartmannOrlinMmc<GR, CM, SetPathTraits<T> > {
      typedef HartmannOrlinMmc<GR, CM, SetPathTraits<T> > Create;
    };

    /// @}

  protected:

    HartmannOrlinMmc() {}

  public:

    /// \brief Constructor.
    ///
    /// The constructor of the class.
    ///
    /// \param digraph The digraph the algorithm runs on.
    /// \param cost The costs of the arcs.
    HartmannOrlinMmc( const Digraph &digraph,
                      const CostMap &cost ) :
      _gr(digraph), _cost(cost), _comp(digraph), _out_arcs(digraph),
      _best_found(false), _best_cost(0), _best_size(1),
      _cycle_path(NULL), _local_path(false), _data(digraph),
      INF(std::numeric_limits<LargeCost>::has_infinity ?
          std::numeric_limits<LargeCost>::infinity() :
          std::numeric_limits<LargeCost>::max())
    {}

    /// Destructor.
    ~HartmannOrlinMmc() {
      if (_local_path) delete _cycle_path;
    }

    /// \brief Set the path structure for storing the found cycle.
    ///
    /// This function sets an external path structure for storing the
    /// found cycle.
    ///
    /// If you don't call this function before calling \ref run() or
    /// \ref findCycleMean(), it will allocate a local \ref Path "path"
    /// structure. The destuctor deallocates this automatically
    /// allocated object, of course.
    ///
    /// \note The algorithm calls only the \ref lemon::Path::addFront()
    /// "addFront()" function of the given path structure.
    ///
    /// \return <tt>(*this)</tt>
    HartmannOrlinMmc& cycle(Path &path) {
      if (_local_path) {
        delete _cycle_path;
        _local_path = false;
      }
      _cycle_path = &path;
      return *this;
    }

    /// \brief Set the tolerance used by the algorithm.
    ///
    /// This function sets the tolerance object used by the algorithm.
    ///
    /// \return <tt>(*this)</tt>
    HartmannOrlinMmc& tolerance(const Tolerance& tolerance) {
      _tolerance = tolerance;
      return *this;
    }

    /// \brief Return a const reference to the tolerance.
    ///
    /// This function returns a const reference to the tolerance object
    /// used by the algorithm.
    const Tolerance& tolerance() const {
      return _tolerance;
    }

    /// \name Execution control
    /// The simplest way to execute the algorithm is to call the \ref run()
    /// function.\n
    /// If you only need the minimum mean cost, you may call
    /// \ref findCycleMean().

    /// @{

    /// \brief Run the algorithm.
    ///
    /// This function runs the algorithm.
    /// It can be called more than once (e.g. if the underlying digraph
    /// and/or the arc costs have been modified).
    ///
    /// \return \c true if a directed cycle exists in the digraph.
    ///
    /// \note <tt>mmc.run()</tt> is just a shortcut of the following code.
    /// \code
    ///   return mmc.findCycleMean() && mmc.findCycle();
    /// \endcode
    bool run() {
      return findCycleMean() && findCycle();
    }

    /// \brief Find the minimum cycle mean.
    ///
    /// This function finds the minimum mean cost of the directed
    /// cycles in the digraph.
    ///
    /// \return \c true if a directed cycle exists in the digraph.
    bool findCycleMean() {
      // Initialization and find strongly connected components
      init();
      findComponents();

      // Find the minimum cycle mean in the components
      for (int comp = 0; comp < _comp_num; ++comp) {
        if (!initComponent(comp)) continue;
        processRounds();

        // Update the best cycle (global minimum mean cycle)
        if ( _curr_found && (!_best_found ||
             _curr_cost * _best_size < _best_cost * _curr_size) ) {
          _best_found = true;
          _best_cost = _curr_cost;
          _best_size = _curr_size;
          _best_node = _curr_node;
          _best_level = _curr_level;
        }
      }
      return _best_found;
    }

    /// \brief Find a minimum mean directed cycle.
    ///
    /// This function finds a directed cycle of minimum mean cost
    /// in the digraph using the data computed by findCycleMean().
    ///
    /// \return \c true if a directed cycle exists in the digraph.
    ///
    /// \pre \ref findCycleMean() must be called before using this function.
    bool findCycle() {
      if (!_best_found) return false;
      IntNodeMap reached(_gr, -1);
      int r = _best_level + 1;
      Node u = _best_node;
      while (reached[u] < 0) {
        reached[u] = --r;
        u = _gr.source(_data[u][r].pred);
      }
      r = reached[u];
      Arc e = _data[u][r].pred;
      _cycle_path->addFront(e);
      _best_cost = _cost[e];
      _best_size = 1;
      Node v;
      while ((v = _gr.source(e)) != u) {
        e = _data[v][--r].pred;
        _cycle_path->addFront(e);
        _best_cost += _cost[e];
        ++_best_size;
      }
      return true;
    }

    /// @}

    /// \name Query Functions
    /// The results of the algorithm can be obtained using these
    /// functions.\n
    /// The algorithm should be executed before using them.

    /// @{

    /// \brief Return the total cost of the found cycle.
    ///
    /// This function returns the total cost of the found cycle.
    ///
    /// \pre \ref run() or \ref findCycleMean() must be called before
    /// using this function.
    Cost cycleCost() const {
      return static_cast<Cost>(_best_cost);
    }

    /// \brief Return the number of arcs on the found cycle.
    ///
    /// This function returns the number of arcs on the found cycle.
    ///
    /// \pre \ref run() or \ref findCycleMean() must be called before
    /// using this function.
    int cycleSize() const {
      return _best_size;
    }

    /// \brief Return the mean cost of the found cycle.
    ///
    /// This function returns the mean cost of the found cycle.
    ///
    /// \note <tt>alg.cycleMean()</tt> is just a shortcut of the
    /// following code.
    /// \code
    ///   return static_cast<double>(alg.cycleCost()) / alg.cycleSize();
    /// \endcode
    ///
    /// \pre \ref run() or \ref findCycleMean() must be called before
    /// using this function.
    double cycleMean() const {
      return static_cast<double>(_best_cost) / _best_size;
    }

    /// \brief Return the found cycle.
    ///
    /// This function returns a const reference to the path structure
    /// storing the found cycle.
    ///
    /// \pre \ref run() or \ref findCycle() must be called before using
    /// this function.
    const Path& cycle() const {
      return *_cycle_path;
    }

    ///@}

  private:

    // Initialization
    void init() {
      if (!_cycle_path) {
        _local_path = true;
        _cycle_path = new Path;
      }
      _cycle_path->clear();
      _best_found = false;
      _best_cost = 0;
      _best_size = 1;
      _cycle_path->clear();
      for (NodeIt u(_gr); u != INVALID; ++u)
        _data[u].clear();
    }

    // Find strongly connected components and initialize _comp_nodes
    // and _out_arcs
    void findComponents() {
      _comp_num = stronglyConnectedComponents(_gr, _comp);
      _comp_nodes.resize(_comp_num);
      if (_comp_num == 1) {
        _comp_nodes[0].clear();
        for (NodeIt n(_gr); n != INVALID; ++n) {
          _comp_nodes[0].push_back(n);
          _out_arcs[n].clear();
          for (OutArcIt a(_gr, n); a != INVALID; ++a) {
            _out_arcs[n].push_back(a);
          }
        }
      } else {
        for (int i = 0; i < _comp_num; ++i)
          _comp_nodes[i].clear();
        for (NodeIt n(_gr); n != INVALID; ++n) {
          int k = _comp[n];
          _comp_nodes[k].push_back(n);
          _out_arcs[n].clear();
          for (OutArcIt a(_gr, n); a != INVALID; ++a) {
            if (_comp[_gr.target(a)] == k) _out_arcs[n].push_back(a);
          }
        }
      }
    }

    // Initialize path data for the current component
    bool initComponent(int comp) {
      _nodes = &(_comp_nodes[comp]);
      int n = _nodes->size();
      if (n < 1 || (n == 1 && _out_arcs[(*_nodes)[0]].size() == 0)) {
        return false;
      }
      for (int i = 0; i < n; ++i) {
        _data[(*_nodes)[i]].resize(n + 1, PathData(INF));
      }
      return true;
    }

    // Process all rounds of computing path data for the current component.
    // _data[v][k] is the cost of a shortest directed walk from the root
    // node to node v containing exactly k arcs.
    void processRounds() {
      Node start = (*_nodes)[0];
      _data[start][0] = PathData(0);
      _process.clear();
      _process.push_back(start);

      int k, n = _nodes->size();
      int next_check = 4;
      bool terminate = false;
      for (k = 1; k <= n && int(_process.size()) < n && !terminate; ++k) {
        processNextBuildRound(k);
        if (k == next_check || k == n) {
          terminate = checkTermination(k);
          next_check = next_check * 3 / 2;
        }
      }
      for ( ; k <= n && !terminate; ++k) {
        processNextFullRound(k);
        if (k == next_check || k == n) {
          terminate = checkTermination(k);
          next_check = next_check * 3 / 2;
        }
      }
    }

    // Process one round and rebuild _process
    void processNextBuildRound(int k) {
      std::vector<Node> next;
      Node u, v;
      Arc e;
      LargeCost d;
      for (int i = 0; i < int(_process.size()); ++i) {
        u = _process[i];
        for (int j = 0; j < int(_out_arcs[u].size()); ++j) {
          e = _out_arcs[u][j];
          v = _gr.target(e);
          d = _data[u][k-1].dist + _cost[e];
          if (_tolerance.less(d, _data[v][k].dist)) {
            if (_data[v][k].dist == INF) next.push_back(v);
            _data[v][k] = PathData(d, e);
          }
        }
      }
      _process.swap(next);
    }

    // Process one round using _nodes instead of _process
    void processNextFullRound(int k) {
      Node u, v;
      Arc e;
      LargeCost d;
      for (int i = 0; i < int(_nodes->size()); ++i) {
        u = (*_nodes)[i];
        for (int j = 0; j < int(_out_arcs[u].size()); ++j) {
          e = _out_arcs[u][j];
          v = _gr.target(e);
          d = _data[u][k-1].dist + _cost[e];
          if (_tolerance.less(d, _data[v][k].dist)) {
            _data[v][k] = PathData(d, e);
          }
        }
      }
    }

    // Check early termination
    bool checkTermination(int k) {
      typedef std::pair<int, int> Pair;
      typename GR::template NodeMap<Pair> level(_gr, Pair(-1, 0));
      typename GR::template NodeMap<LargeCost> pi(_gr);
      int n = _nodes->size();
      LargeCost cost;
      int size;
      Node u;

      // Search for cycles that are already found
      _curr_found = false;
      for (int i = 0; i < n; ++i) {
        u = (*_nodes)[i];
        if (_data[u][k].dist == INF) continue;
        for (int j = k; j >= 0; --j) {
          if (level[u].first == i && level[u].second > 0) {
            // A cycle is found
            cost = _data[u][level[u].second].dist - _data[u][j].dist;
            size = level[u].second - j;
            if (!_curr_found || cost * _curr_size < _curr_cost * size) {
              _curr_cost = cost;
              _curr_size = size;
              _curr_node = u;
              _curr_level = level[u].second;
              _curr_found = true;
            }
          }
          level[u] = Pair(i, j);
          if (j != 0) {
            u = _gr.source(_data[u][j].pred);
          }
        }
      }

      // If at least one cycle is found, check the optimality condition
      LargeCost d;
      if (_curr_found && k < n) {
        // Find node potentials
        for (int i = 0; i < n; ++i) {
          u = (*_nodes)[i];
          pi[u] = INF;
          for (int j = 0; j <= k; ++j) {
            if (_data[u][j].dist < INF) {
              d = _data[u][j].dist * _curr_size - j * _curr_cost;
              if (_tolerance.less(d, pi[u])) pi[u] = d;
            }
          }
        }

        // Check the optimality condition for all arcs
        bool done = true;
        for (ArcIt a(_gr); a != INVALID; ++a) {
          if (_tolerance.less(_cost[a] * _curr_size - _curr_cost,
                              pi[_gr.target(a)] - pi[_gr.source(a)]) ) {
            done = false;
            break;
          }
        }
        return done;
      }
      return (k == n);
    }

  }; //class HartmannOrlinMmc

  ///@}

} //namespace lemon

#endif //LEMON_HARTMANN_ORLIN_MMC_H
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/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2010
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_CONCEPTS_HEAP_H
#define LEMON_CONCEPTS_HEAP_H

///\ingroup concept
///\file
///\brief The concept of heaps.

#include <lemon/core.h>
#include <lemon/concept_check.h>

namespace lemon {

  namespace concepts {

    /// \addtogroup concept
    /// @{

    /// \brief The heap concept.
    ///
    /// This concept class describes the main interface of heaps.
    /// The various \ref heaps "heap structures" are efficient
    /// implementations of the abstract data type \e priority \e queue.
    /// They store items with specified values called \e priorities
    /// in such a way that finding and removing the item with minimum
    /// priority are efficient. The basic operations are adding and
    /// erasing items, changing the priority of an item, etc.
    ///
    /// Heaps are crucial in several algorithms, such as Dijkstra and Prim.
    /// Any class that conforms to this concept can be used easily in such
    /// algorithms.
    ///
    /// \tparam PR Type of the priorities of the items.
    /// \tparam IM A read-writable item map with \c int values, used
    /// internally to handle the cross references.
    /// \tparam CMP A functor class for comparing the priorities.
    /// The default is \c std::less<PR>.
#ifdef DOXYGEN
    template <typename PR, typename IM, typename CMP>
#else
    template <typename PR, typename IM, typename CMP = std::less<PR> >
#endif
    class Heap {
    public:

      /// Type of the item-int map.
      typedef IM ItemIntMap;
      /// Type of the priorities.
      typedef PR Prio;
      /// Type of the items stored in the heap.
      typedef typename ItemIntMap::Key Item;

      /// \brief Type to represent the states of the items.
      ///
      /// Each item has a state associated to it. It can be "in heap",
      /// "pre-heap" or "post-heap". The latter two are indifferent from the
      /// heap's point of view, but may be useful to the user.
      ///
      /// The item-int map must be initialized in such way that it assigns
      /// \c PRE_HEAP (<tt>-1</tt>) to any element to be put in the heap.
      enum State {
        IN_HEAP = 0,    ///< = 0. The "in heap" state constant.
        PRE_HEAP = -1,  ///< = -1. The "pre-heap" state constant.
        POST_HEAP = -2  ///< = -2. The "post-heap" state constant.
      };

      /// \brief Constructor.
      ///
      /// Constructor.
      /// \param map A map that assigns \c int values to keys of type
      /// \c Item. It is used internally by the heap implementations to
      /// handle the cross references. The assigned value must be
      /// \c PRE_HEAP (<tt>-1</tt>) for each item.
#ifdef DOXYGEN
      explicit Heap(ItemIntMap &map) {}
#else
      explicit Heap(ItemIntMap&) {}
#endif

      /// \brief Constructor.
      ///
      /// Constructor.
      /// \param map A map that assigns \c int values to keys of type
      /// \c Item. It is used internally by the heap implementations to
      /// handle the cross references. The assigned value must be
      /// \c PRE_HEAP (<tt>-1</tt>) for each item.
      /// \param comp The function object used for comparing the priorities.
#ifdef DOXYGEN
      explicit Heap(ItemIntMap &map, const CMP &comp) {}
#else
      explicit Heap(ItemIntMap&, const CMP&) {}
#endif

      /// \brief The number of items stored in the heap.
      ///
      /// This function returns the number of items stored in the heap.
      int size() const { return 0; }

      /// \brief Check if the heap is empty.
      ///
      /// This function returns \c true if the heap is empty.
      bool empty() const { return false; }

      /// \brief Make the heap empty.
      ///
      /// This functon makes the heap empty.
      /// It does not change the cross reference map. If you want to reuse
      /// a heap that is not surely empty, you should first clear it and
      /// then you should set the cross reference map to \c PRE_HEAP
      /// for each item.
      void clear() {}

      /// \brief Insert an item into the heap with the given priority.
      ///
      /// This function inserts the given item into the heap with the
      /// given priority.
      /// \param i The item to insert.
      /// \param p The priority of the item.
      /// \pre \e i must not be stored in the heap.
#ifdef DOXYGEN
      void push(const Item &i, const Prio &p) {}
#else
      void push(const Item&, const Prio&) {}
#endif

      /// \brief Return the item having minimum priority.
      ///
      /// This function returns the item having minimum priority.
      /// \pre The heap must be non-empty.
      Item top() const { return Item(); }

      /// \brief The minimum priority.
      ///
      /// This function returns the minimum priority.
      /// \pre The heap must be non-empty.
      Prio prio() const { return Prio(); }

      /// \brief Remove the item having minimum priority.
      ///
      /// This function removes the item having minimum priority.
      /// \pre The heap must be non-empty.
      void pop() {}

      /// \brief Remove the given item from the heap.
      ///
      /// This function removes the given item from the heap if it is
      /// already stored.
      /// \param i The item to delete.
      /// \pre \e i must be in the heap.
#ifdef DOXYGEN
      void erase(const Item &i) {}
#else
      void erase(const Item&) {}
#endif

      /// \brief The priority of the given item.
      ///
      /// This function returns the priority of the given item.
      /// \param i The item.
      /// \pre \e i must be in the heap.
#ifdef DOXYGEN
      Prio operator[](const Item &i) const {}
#else
      Prio operator[](const Item&) const { return Prio(); }
#endif

      /// \brief Set the priority of an item or insert it, if it is
      /// not stored in the heap.
      ///
      /// This method sets the priority of the given item if it is
      /// already stored in the heap. Otherwise it inserts the given
      /// item into the heap with the given priority.
      ///
      /// \param i The item.
      /// \param p The priority.
#ifdef DOXYGEN
      void set(const Item &i, const Prio &p) {}
#else
      void set(const Item&, const Prio&) {}
#endif

      /// \brief Decrease the priority of an item to the given value.
      ///
      /// This function decreases the priority of an item to the given value.
      /// \param i The item.
      /// \param p The priority.
      /// \pre \e i must be stored in the heap with priority at least \e p.
#ifdef DOXYGEN
      void decrease(const Item &i, const Prio &p) {}
#else
      void decrease(const Item&, const Prio&) {}
#endif

      /// \brief Increase the priority of an item to the given value.
      ///
      /// This function increases the priority of an item to the given value.
      /// \param i The item.
      /// \param p The priority.
      /// \pre \e i must be stored in the heap with priority at most \e p.
#ifdef DOXYGEN
      void increase(const Item &i, const Prio &p) {}
#else
      void increase(const Item&, const Prio&) {}
#endif

      /// \brief Return the state of an item.
      ///
      /// This method returns \c PRE_HEAP if the given item has never
      /// been in the heap, \c IN_HEAP if it is in the heap at the moment,
      /// and \c POST_HEAP otherwise.
      /// In the latter case it is possible that the item will get back
      /// to the heap again.
      /// \param i The item.
#ifdef DOXYGEN
      State state(const Item &i) const {}
#else
      State state(const Item&) const { return PRE_HEAP; }
#endif

      /// \brief Set the state of an item in the heap.
      ///
      /// This function sets the state of the given item in the heap.
      /// It can be used to manually clear the heap when it is important
      /// to achive better time complexity.
      /// \param i The item.
      /// \param st The state. It should not be \c IN_HEAP.
#ifdef DOXYGEN
      void state(const Item& i, State st) {}
#else
      void state(const Item&, State) {}
#endif


      template <typename _Heap>
      struct Constraints {
      public:
        void constraints() {
          typedef typename _Heap::Item OwnItem;
          typedef typename _Heap::Prio OwnPrio;
          typedef typename _Heap::State OwnState;

          Item item;
          Prio prio;
          item=Item();
          prio=Prio();
          ignore_unused_variable_warning(item);
          ignore_unused_variable_warning(prio);

          OwnItem own_item;
          OwnPrio own_prio;
          OwnState own_state;
          own_item=Item();
          own_prio=Prio();
          ignore_unused_variable_warning(own_item);
          ignore_unused_variable_warning(own_prio);
          ignore_unused_variable_warning(own_state);

          _Heap heap1(map);
          _Heap heap2 = heap1;
          ignore_unused_variable_warning(heap1);
          ignore_unused_variable_warning(heap2);

          int s = heap.size();
          ignore_unused_variable_warning(s);
          bool e = heap.empty();
          ignore_unused_variable_warning(e);

          prio = heap.prio();
          item = heap.top();
          prio = heap[item];
          own_prio = heap.prio();
          own_item = heap.top();
          own_prio = heap[own_item];

          heap.push(item, prio);
          heap.push(own_item, own_prio);
          heap.pop();

          heap.set(item, prio);
          heap.decrease(item, prio);
          heap.increase(item, prio);
          heap.set(own_item, own_prio);
          heap.decrease(own_item, own_prio);
          heap.increase(own_item, own_prio);

          heap.erase(item);
          heap.erase(own_item);
          heap.clear();

          own_state = heap.state(own_item);
          heap.state(own_item, own_state);

          own_state = _Heap::PRE_HEAP;
          own_state = _Heap::IN_HEAP;
          own_state = _Heap::POST_HEAP;
        }

        _Heap& heap;
        ItemIntMap& map;
      };
    };

    /// @}
  } // namespace lemon
}
#endif
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//Implementation of the Robertson-Seymour-Thomas Pfaffian algorithm

//Copyright (C) 2013 B. Szalkai



//This program is free software: you can redistribute it and/or modify

//it under the terms of the GNU Lesser General Public License as published by

//the Free Software Foundation, either version 3 of the License, or

//(at your option) any later version.



//This program is distributed in the hope that it will be useful,

//but WITHOUT ANY WARRANTY; without even the implied warranty of

//MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the

//GNU Lesser General Public License for more details.



//You should have received a copy of the GNU Lesser General Public License

//along with this program.  If not, see <http://www.gnu.org/licenses/>.



#ifndef HEAWOOD_H

#define HEAWOOD_H



#include <lemon/dfs.h>



using namespace lemon;



class Heawood

{

public:

    // Return values for query()

    enum

    {

        // Graph is isomorphic to the Heawood graph

        HEAWOOD,

        // Why the graph is not isomorphic to the Heawood graph

        WRONG_NODE_COUNT,

        WRONG_EDGE_COUNT,

        WRONG_DEGREE,

        NOT_CONNECTED,

        NOT_BIPARTITE,

        WRONG_BIPARTITION_SIZE,

        NOT_PROJECTIVE

    };



    static const char *queryResultToString(int result);



    // node count, uniform degree, edge count of the Heawood graph

    static const int N, D, M;



    // Returns if g meets all the following requirements:

    // 3-regular, connected, bipartite (7--7), each two points with the same color have exactly one neighbor

    // The last condition can be reformulated as follows:

    //     for each vertex v, the endpoints of the six 2-paths starting from v are all different

    // A bipartition of the graph will be returned if bipartition != null

    template <class G> static int query(G &g, typename G::template NodeMap<bool> *bipartition = NULL)

    {

        typedef typename G::Node Node;

        typedef typename G::NodeIt NodeIt;

        typedef typename G::EdgeIt EdgeIt;

        typedef typename G::IncEdgeIt IncEdgeIt;



        // number of nodes and edges?

        if (countNodes(g) != N) return WRONG_NODE_COUNT;

        if (countEdges(g) != M) return WRONG_EDGE_COUNT;



        // create a list of nodes

        Node nodes[N];

        {

            int i = 0;

            for (NodeIt n(g); n != INVALID; ++n)

            {

                // regularity?

                int d = 0;

                for (IncEdgeIt e(g, n); e != INVALID; ++e) d++;

                if (d != D) return WRONG_DEGREE;



                nodes[i++] = n;

            }

        }



        Dfs<G> dfs(g);

        dfs.run(nodes[0]);

        // this will contain a bipartition

        Node sorted[N];

        int leftPointer = 0, rightPointer = N-1;

        for (int i = 0; i < N; i++)

        {

            Node &n = nodes[i];

            // graph must be connected

            if (!dfs.reached(n)) return NOT_CONNECTED;

            if (dfs.dist(n) & 1) sorted[leftPointer++] = n; else sorted[rightPointer--] = n;

        }

        // is the graph bipartite?

        for (EdgeIt e(g); e != INVALID; ++e)

        {

            int group1 = (dfs.dist(g.u(e)) & 1);

            int group2 = (dfs.dist(g.v(e)) & 1);

            if (group1 == group2) return NOT_BIPARTITE;

        }

        // number of vertices must be 7--7

        if (leftPointer != N/2) return WRONG_BIPARTITION_SIZE;



        // check projective plane axioms

        for (int group = 0; group <= N/2; group += N/2)

        {

            for (int i = 0; i < N/2; i++)

            {

                bool was[N/2];

                for (int x = 0; x < N/2; x++) was[x] = false;



                Node &n1 = sorted[group + i];

                // enumerate all 2-long walks from i

                for (IncEdgeIt e(g,n1); e != INVALID; ++e)

                {

                    Node n2 = g.oppositeNode(n1,e);

                    for (IncEdgeIt f(g,n2); f != INVALID; ++f)

                    {

                        Node n3 = g.oppositeNode(n2,f);

                        if (n3 == n1) continue;

                        // now we have a 2-path: n1, n2, n3

                        for (int j = 0; j < N/2; j++) if (n3 == sorted[group + j])

                        {

                            if (was[j]) return NOT_PROJECTIVE; // two nodes have more than one common neighbors

                            was[j] = true;

                            break;

                        }

                    } // for second edge

                } // for first edge

            } // for starting vertex

        } // for group



        // return the bipartition as well

        if (bipartition)

            for (int i = 0; i < N; i++) (*bipartition)[sorted[i]] = (i < N/2);

        return HEAWOOD;

    }

};



#endif








lemon/howard_mmc.h

/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2010
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_HOWARD_MMC_H
#define LEMON_HOWARD_MMC_H

/// \ingroup min_mean_cycle
///
/// \file
/// \brief Howard's algorithm for finding a minimum mean cycle.

#include <vector>
#include <limits>
#include <lemon/core.h>
#include <lemon/path.h>
#include <lemon/tolerance.h>
#include <lemon/connectivity.h>

namespace lemon {

  /// \brief Default traits class of HowardMmc class.
  ///
  /// Default traits class of HowardMmc class.
  /// \tparam GR The type of the digraph.
  /// \tparam CM The type of the cost map.
  /// It must conform to the \ref concepts::ReadMap "ReadMap" concept.
#ifdef DOXYGEN
  template <typename GR, typename CM>
#else
  template <typename GR, typename CM,
    bool integer = std::numeric_limits<typename CM::Value>::is_integer>
#endif
  struct HowardMmcDefaultTraits
  {
    /// The type of the digraph
    typedef GR Digraph;
    /// The type of the cost map
    typedef CM CostMap;
    /// The type of the arc costs
    typedef typename CostMap::Value Cost;

    /// \brief The large cost type used for internal computations
    ///
    /// The large cost type used for internal computations.
    /// It is \c long \c long if the \c Cost type is integer,
    /// otherwise it is \c double.
    /// \c Cost must be convertible to \c LargeCost.
    typedef double LargeCost;

    /// The tolerance type used for internal computations
    typedef lemon::Tolerance<LargeCost> Tolerance;

    /// \brief The path type of the found cycles
    ///
    /// The path type of the found cycles.
    /// It must conform to the \ref lemon::concepts::Path "Path" concept
    /// and it must have an \c addBack() function.
    typedef lemon::Path<Digraph> Path;
  };

  // Default traits class for integer cost types
  template <typename GR, typename CM>
  struct HowardMmcDefaultTraits<GR, CM, true>
  {
    typedef GR Digraph;
    typedef CM CostMap;
    typedef typename CostMap::Value Cost;
#ifdef LEMON_HAVE_LONG_LONG
    typedef long long LargeCost;
#else
    typedef long LargeCost;
#endif
    typedef lemon::Tolerance<LargeCost> Tolerance;
    typedef lemon::Path<Digraph> Path;
  };


  /// \addtogroup min_mean_cycle
  /// @{

  /// \brief Implementation of Howard's algorithm for finding a minimum
  /// mean cycle.
  ///
  /// This class implements Howard's policy iteration algorithm for finding
  /// a directed cycle of minimum mean cost in a digraph
  /// \ref amo93networkflows, \ref dasdan98minmeancycle.
  /// This class provides the most efficient algorithm for the
  /// minimum mean cycle problem, though the best known theoretical
  /// bound on its running time is exponential.
  ///
  /// \tparam GR The type of the digraph the algorithm runs on.
  /// \tparam CM The type of the cost map. The default
  /// map type is \ref concepts::Digraph::ArcMap "GR::ArcMap<int>".
  /// \tparam TR The traits class that defines various types used by the
  /// algorithm. By default, it is \ref HowardMmcDefaultTraits
  /// "HowardMmcDefaultTraits<GR, CM>".
  /// In most cases, this parameter should not be set directly,
  /// consider to use the named template parameters instead.
#ifdef DOXYGEN
  template <typename GR, typename CM, typename TR>
#else
  template < typename GR,
             typename CM = typename GR::template ArcMap<int>,
             typename TR = HowardMmcDefaultTraits<GR, CM> >
#endif
  class HowardMmc
  {
  public:

    /// The type of the digraph
    typedef typename TR::Digraph Digraph;
    /// The type of the cost map
    typedef typename TR::CostMap CostMap;
    /// The type of the arc costs
    typedef typename TR::Cost Cost;

    /// \brief The large cost type
    ///
    /// The large cost type used for internal computations.
    /// By default, it is \c long \c long if the \c Cost type is integer,
    /// otherwise it is \c double.
    typedef typename TR::LargeCost LargeCost;

    /// The tolerance type
    typedef typename TR::Tolerance Tolerance;

    /// \brief The path type of the found cycles
    ///
    /// The path type of the found cycles.
    /// Using the \ref HowardMmcDefaultTraits "default traits class",
    /// it is \ref lemon::Path "Path<Digraph>".
    typedef typename TR::Path Path;

    /// The \ref HowardMmcDefaultTraits "traits class" of the algorithm
    typedef TR Traits;

  private:

    TEMPLATE_DIGRAPH_TYPEDEFS(Digraph);

    // The digraph the algorithm runs on
    const Digraph &_gr;
    // The cost of the arcs
    const CostMap &_cost;

    // Data for the found cycles
    bool _curr_found, _best_found;
    LargeCost _curr_cost, _best_cost;
    int _curr_size, _best_size;
    Node _curr_node, _best_node;

    Path *_cycle_path;
    bool _local_path;

    // Internal data used by the algorithm
    typename Digraph::template NodeMap<Arc> _policy;
    typename Digraph::template NodeMap<bool> _reached;
    typename Digraph::template NodeMap<int> _level;
    typename Digraph::template NodeMap<LargeCost> _dist;

    // Data for storing the strongly connected components
    int _comp_num;
    typename Digraph::template NodeMap<int> _comp;
    std::vector<std::vector<Node> > _comp_nodes;
    std::vector<Node>* _nodes;
    typename Digraph::template NodeMap<std::vector<Arc> > _in_arcs;

    // Queue used for BFS search
    std::vector<Node> _queue;
    int _qfront, _qback;

    Tolerance _tolerance;

    // Infinite constant
    const LargeCost INF;

  public:

    /// \name Named Template Parameters
    /// @{

    template <typename T>
    struct SetLargeCostTraits : public Traits {
      typedef T LargeCost;
      typedef lemon::Tolerance<T> Tolerance;
    };

    /// \brief \ref named-templ-param "Named parameter" for setting
    /// \c LargeCost type.
    ///
    /// \ref named-templ-param "Named parameter" for setting \c LargeCost
    /// type. It is used for internal computations in the algorithm.
    template <typename T>
    struct SetLargeCost
      : public HowardMmc<GR, CM, SetLargeCostTraits<T> > {
      typedef HowardMmc<GR, CM, SetLargeCostTraits<T> > Create;
    };

    template <typename T>
    struct SetPathTraits : public Traits {
      typedef T Path;
    };

    /// \brief \ref named-templ-param "Named parameter" for setting
    /// \c %Path type.
    ///
    /// \ref named-templ-param "Named parameter" for setting the \c %Path
    /// type of the found cycles.
    /// It must conform to the \ref lemon::concepts::Path "Path" concept
    /// and it must have an \c addBack() function.
    template <typename T>
    struct SetPath
      : public HowardMmc<GR, CM, SetPathTraits<T> > {
      typedef HowardMmc<GR, CM, SetPathTraits<T> > Create;
    };

    /// @}

  protected:

    HowardMmc() {}

  public:

    /// \brief Constructor.
    ///
    /// The constructor of the class.
    ///
    /// \param digraph The digraph the algorithm runs on.
    /// \param cost The costs of the arcs.
    HowardMmc( const Digraph &digraph,
               const CostMap &cost ) :
      _gr(digraph), _cost(cost), _best_found(false),
      _best_cost(0), _best_size(1), _cycle_path(NULL), _local_path(false),
      _policy(digraph), _reached(digraph), _level(digraph), _dist(digraph),
      _comp(digraph), _in_arcs(digraph),
      INF(std::numeric_limits<LargeCost>::has_infinity ?
          std::numeric_limits<LargeCost>::infinity() :
          std::numeric_limits<LargeCost>::max())
    {}

    /// Destructor.
    ~HowardMmc() {
      if (_local_path) delete _cycle_path;
    }

    /// \brief Set the path structure for storing the found cycle.
    ///
    /// This function sets an external path structure for storing the
    /// found cycle.
    ///
    /// If you don't call this function before calling \ref run() or
    /// \ref findCycleMean(), it will allocate a local \ref Path "path"
    /// structure. The destuctor deallocates this automatically
    /// allocated object, of course.
    ///
    /// \note The algorithm calls only the \ref lemon::Path::addBack()
    /// "addBack()" function of the given path structure.
    ///
    /// \return <tt>(*this)</tt>
    HowardMmc& cycle(Path &path) {
      if (_local_path) {
        delete _cycle_path;
        _local_path = false;
      }
      _cycle_path = &path;
      return *this;
    }

    /// \brief Set the tolerance used by the algorithm.
    ///
    /// This function sets the tolerance object used by the algorithm.
    ///
    /// \return <tt>(*this)</tt>
    HowardMmc& tolerance(const Tolerance& tolerance) {
      _tolerance = tolerance;
      return *this;
    }

    /// \brief Return a const reference to the tolerance.
    ///
    /// This function returns a const reference to the tolerance object
    /// used by the algorithm.
    const Tolerance& tolerance() const {
      return _tolerance;
    }

    /// \name Execution control
    /// The simplest way to execute the algorithm is to call the \ref run()
    /// function.\n
    /// If you only need the minimum mean cost, you may call
    /// \ref findCycleMean().

    /// @{

    /// \brief Run the algorithm.
    ///
    /// This function runs the algorithm.
    /// It can be called more than once (e.g. if the underlying digraph
    /// and/or the arc costs have been modified).
    ///
    /// \return \c true if a directed cycle exists in the digraph.
    ///
    /// \note <tt>mmc.run()</tt> is just a shortcut of the following code.
    /// \code
    ///   return mmc.findCycleMean() && mmc.findCycle();
    /// \endcode
    bool run() {
      return findCycleMean() && findCycle();
    }

    /// \brief Find the minimum cycle mean.
    ///
    /// This function finds the minimum mean cost of the directed
    /// cycles in the digraph.
    ///
    /// \return \c true if a directed cycle exists in the digraph.
    bool findCycleMean() {
      // Initialize and find strongly connected components
      init();
      findComponents();

      // Find the minimum cycle mean in the components
      for (int comp = 0; comp < _comp_num; ++comp) {
        // Find the minimum mean cycle in the current component
        if (!buildPolicyGraph(comp)) continue;
        while (true) {
          findPolicyCycle();
          if (!computeNodeDistances()) break;
        }
        // Update the best cycle (global minimum mean cycle)
        if ( _curr_found && (!_best_found ||
             _curr_cost * _best_size < _best_cost * _curr_size) ) {
          _best_found = true;
          _best_cost = _curr_cost;
          _best_size = _curr_size;
          _best_node = _curr_node;
        }
      }
      return _best_found;
    }

    /// \brief Find a minimum mean directed cycle.
    ///
    /// This function finds a directed cycle of minimum mean cost
    /// in the digraph using the data computed by findCycleMean().
    ///
    /// \return \c true if a directed cycle exists in the digraph.
    ///
    /// \pre \ref findCycleMean() must be called before using this function.
    bool findCycle() {
      if (!_best_found) return false;
      _cycle_path->addBack(_policy[_best_node]);
      for ( Node v = _best_node;
            (v = _gr.target(_policy[v])) != _best_node; ) {
        _cycle_path->addBack(_policy[v]);
      }
      return true;
    }

    /// @}

    /// \name Query Functions
    /// The results of the algorithm can be obtained using these
    /// functions.\n
    /// The algorithm should be executed before using them.

    /// @{

    /// \brief Return the total cost of the found cycle.
    ///
    /// This function returns the total cost of the found cycle.
    ///
    /// \pre \ref run() or \ref findCycleMean() must be called before
    /// using this function.
    Cost cycleCost() const {
      return static_cast<Cost>(_best_cost);
    }

    /// \brief Return the number of arcs on the found cycle.
    ///
    /// This function returns the number of arcs on the found cycle.
    ///
    /// \pre \ref run() or \ref findCycleMean() must be called before
    /// using this function.
    int cycleSize() const {
      return _best_size;
    }

    /// \brief Return the mean cost of the found cycle.
    ///
    /// This function returns the mean cost of the found cycle.
    ///
    /// \note <tt>alg.cycleMean()</tt> is just a shortcut of the
    /// following code.
    /// \code
    ///   return static_cast<double>(alg.cycleCost()) / alg.cycleSize();
    /// \endcode
    ///
    /// \pre \ref run() or \ref findCycleMean() must be called before
    /// using this function.
    double cycleMean() const {
      return static_cast<double>(_best_cost) / _best_size;
    }

    /// \brief Return the found cycle.
    ///
    /// This function returns a const reference to the path structure
    /// storing the found cycle.
    ///
    /// \pre \ref run() or \ref findCycle() must be called before using
    /// this function.
    const Path& cycle() const {
      return *_cycle_path;
    }

    ///@}

  private:

    // Initialize
    void init() {
      if (!_cycle_path) {
        _local_path = true;
        _cycle_path = new Path;
      }
      _queue.resize(countNodes(_gr));
      _best_found = false;
      _best_cost = 0;
      _best_size = 1;
      _cycle_path->clear();
    }

    // Find strongly connected components and initialize _comp_nodes
    // and _in_arcs
    void findComponents() {
      _comp_num = stronglyConnectedComponents(_gr, _comp);
      _comp_nodes.resize(_comp_num);
      if (_comp_num == 1) {
        _comp_nodes[0].clear();
        for (NodeIt n(_gr); n != INVALID; ++n) {
          _comp_nodes[0].push_back(n);
          _in_arcs[n].clear();
          for (InArcIt a(_gr, n); a != INVALID; ++a) {
            _in_arcs[n].push_back(a);
          }
        }
      } else {
        for (int i = 0; i < _comp_num; ++i)
          _comp_nodes[i].clear();
        for (NodeIt n(_gr); n != INVALID; ++n) {
          int k = _comp[n];
          _comp_nodes[k].push_back(n);
          _in_arcs[n].clear();
          for (InArcIt a(_gr, n); a != INVALID; ++a) {
            if (_comp[_gr.source(a)] == k) _in_arcs[n].push_back(a);
          }
        }
      }
    }

    // Build the policy graph in the given strongly connected component
    // (the out-degree of every node is 1)
    bool buildPolicyGraph(int comp) {
      _nodes = &(_comp_nodes[comp]);
      if (_nodes->size() < 1 ||
          (_nodes->size() == 1 && _in_arcs[(*_nodes)[0]].size() == 0)) {
        return false;
      }
      for (int i = 0; i < int(_nodes->size()); ++i) {
        _dist[(*_nodes)[i]] = INF;
      }
      Node u, v;
      Arc e;
      for (int i = 0; i < int(_nodes->size()); ++i) {
        v = (*_nodes)[i];
        for (int j = 0; j < int(_in_arcs[v].size()); ++j) {
          e = _in_arcs[v][j];
          u = _gr.source(e);
          if (_cost[e] < _dist[u]) {
            _dist[u] = _cost[e];
            _policy[u] = e;
          }
        }
      }
      return true;
    }

    // Find the minimum mean cycle in the policy graph
    void findPolicyCycle() {
      for (int i = 0; i < int(_nodes->size()); ++i) {
        _level[(*_nodes)[i]] = -1;
      }
      LargeCost ccost;
      int csize;
      Node u, v;
      _curr_found = false;
      for (int i = 0; i < int(_nodes->size()); ++i) {
        u = (*_nodes)[i];
        if (_level[u] >= 0) continue;
        for (; _level[u] < 0; u = _gr.target(_policy[u])) {
          _level[u] = i;
        }
        if (_level[u] == i) {
          // A cycle is found
          ccost = _cost[_policy[u]];
          csize = 1;
          for (v = u; (v = _gr.target(_policy[v])) != u; ) {
            ccost += _cost[_policy[v]];
            ++csize;
          }
          if ( !_curr_found ||
               (ccost * _curr_size < _curr_cost * csize) ) {
            _curr_found = true;
            _curr_cost = ccost;
            _curr_size = csize;
            _curr_node = u;
          }
        }
      }
    }

    // Contract the policy graph and compute node distances
    bool computeNodeDistances() {
      // Find the component of the main cycle and compute node distances
      // using reverse BFS
      for (int i = 0; i < int(_nodes->size()); ++i) {
        _reached[(*_nodes)[i]] = false;
      }
      _qfront = _qback = 0;
      _queue[0] = _curr_node;
      _reached[_curr_node] = true;
      _dist[_curr_node] = 0;
      Node u, v;
      Arc e;
      while (_qfront <= _qback) {
        v = _queue[_qfront++];
        for (int j = 0; j < int(_in_arcs[v].size()); ++j) {
          e = _in_arcs[v][j];
          u = _gr.source(e);
          if (_policy[u] == e && !_reached[u]) {
            _reached[u] = true;
            _dist[u] = _dist[v] + _cost[e] * _curr_size - _curr_cost;
            _queue[++_qback] = u;
          }
        }
      }

      // Connect all other nodes to this component and compute node
      // distances using reverse BFS
      _qfront = 0;
      while (_qback < int(_nodes->size())-1) {
        v = _queue[_qfront++];
        for (int j = 0; j < int(_in_arcs[v].size()); ++j) {
          e = _in_arcs[v][j];
          u = _gr.source(e);
          if (!_reached[u]) {
            _reached[u] = true;
            _policy[u] = e;
            _dist[u] = _dist[v] + _cost[e] * _curr_size - _curr_cost;
            _queue[++_qback] = u;
          }
        }
      }

      // Improve node distances
      bool improved = false;
      for (int i = 0; i < int(_nodes->size()); ++i) {
        v = (*_nodes)[i];
        for (int j = 0; j < int(_in_arcs[v].size()); ++j) {
          e = _in_arcs[v][j];
          u = _gr.source(e);
          LargeCost delta = _dist[v] + _cost[e] * _curr_size - _curr_cost;
          if (_tolerance.less(delta, _dist[u])) {
            _dist[u] = delta;
            _policy[u] = e;
            improved = true;
          }
        }
      }
      return improved;
    }

  }; //class HowardMmc

  ///@}

} //namespace lemon

#endif //LEMON_HOWARD_MMC_H







lemon/hypercube_graph.h

/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2009
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef HYPERCUBE_GRAPH_H
#define HYPERCUBE_GRAPH_H

#include <vector>
#include <lemon/core.h>
#include <lemon/assert.h>
#include <lemon/bits/graph_extender.h>

///\ingroup graphs
///\file
///\brief HypercubeGraph class.

namespace lemon {

  class HypercubeGraphBase {

  public:

    typedef HypercubeGraphBase Graph;

    class Node;
    class Edge;
    class Arc;

  public:

    HypercubeGraphBase() {}

  protected:

    void construct(int dim) {
      LEMON_ASSERT(dim >= 1, "The number of dimensions must be at least 1.");
      _dim = dim;
      _node_num = 1 << dim;
      _edge_num = dim * (1 << (dim-1));
    }

  public:

    typedef True NodeNumTag;
    typedef True EdgeNumTag;
    typedef True ArcNumTag;

    int nodeNum() const { return _node_num; }
    int edgeNum() const { return _edge_num; }
    int arcNum() const { return 2 * _edge_num; }

    int maxNodeId() const { return _node_num - 1; }
    int maxEdgeId() const { return _edge_num - 1; }
    int maxArcId() const { return 2 * _edge_num - 1; }

    static Node nodeFromId(int id) { return Node(id); }
    static Edge edgeFromId(int id) { return Edge(id); }
    static Arc arcFromId(int id) { return Arc(id); }

    static int id(Node node) { return node._id; }
    static int id(Edge edge) { return edge._id; }
    static int id(Arc arc) { return arc._id; }

    Node u(Edge edge) const {
      int base = edge._id & ((1 << (_dim-1)) - 1);
      int k = edge._id >> (_dim-1);
      return ((base >> k) << (k+1)) | (base & ((1 << k) - 1));
    }

    Node v(Edge edge) const {
      int base = edge._id & ((1 << (_dim-1)) - 1);
      int k = edge._id >> (_dim-1);
      return ((base >> k) << (k+1)) | (base & ((1 << k) - 1)) | (1 << k);
    }

    Node source(Arc arc) const {
      return (arc._id & 1) == 1 ? u(arc) : v(arc);
    }

    Node target(Arc arc) const {
      return (arc._id & 1) == 1 ? v(arc) : u(arc);
    }

    typedef True FindEdgeTag;
    typedef True FindArcTag;

    Edge findEdge(Node u, Node v, Edge prev = INVALID) const {
      if (prev != INVALID) return INVALID;
      int d = u._id ^ v._id;
      int k = 0;
      if (d == 0) return INVALID;
      for ( ; (d & 1) == 0; d >>= 1) ++k;
      if (d >> 1 != 0) return INVALID;
      return (k << (_dim-1)) | ((u._id >> (k+1)) << k) |
        (u._id & ((1 << k) - 1));
    }

    Arc findArc(Node u, Node v, Arc prev = INVALID) const {
      Edge edge = findEdge(u, v, prev);
      if (edge == INVALID) return INVALID;
      int k = edge._id >> (_dim-1);
      return ((u._id >> k) & 1) == 1 ? edge._id << 1 : (edge._id << 1) | 1;
    }

    class Node {
      friend class HypercubeGraphBase;

    protected:
      int _id;
      Node(int id) : _id(id) {}
    public:
      Node() {}
      Node (Invalid) : _id(-1) {}
      bool operator==(const Node node) const {return _id == node._id;}
      bool operator!=(const Node node) const {return _id != node._id;}
      bool operator<(const Node node) const {return _id < node._id;}
    };

    class Edge {
      friend class HypercubeGraphBase;
      friend class Arc;

    protected:
      int _id;

      Edge(int id) : _id(id) {}

    public:
      Edge() {}
      Edge (Invalid) : _id(-1) {}
      bool operator==(const Edge edge) const {return _id == edge._id;}
      bool operator!=(const Edge edge) const {return _id != edge._id;}
      bool operator<(const Edge edge) const {return _id < edge._id;}
    };

    class Arc {
      friend class HypercubeGraphBase;

    protected:
      int _id;

      Arc(int id) : _id(id) {}

    public:
      Arc() {}
      Arc (Invalid) : _id(-1) {}
      operator Edge() const { return _id != -1 ? Edge(_id >> 1) : INVALID; }
      bool operator==(const Arc arc) const {return _id == arc._id;}
      bool operator!=(const Arc arc) const {return _id != arc._id;}
      bool operator<(const Arc arc) const {return _id < arc._id;}
    };

    void first(Node& node) const {
      node._id = _node_num - 1;
    }

    static void next(Node& node) {
      --node._id;
    }

    void first(Edge& edge) const {
      edge._id = _edge_num - 1;
    }

    static void next(Edge& edge) {
      --edge._id;
    }

    void first(Arc& arc) const {
      arc._id = 2 * _edge_num - 1;
    }

    static void next(Arc& arc) {
      --arc._id;
    }

    void firstInc(Edge& edge, bool& dir, const Node& node) const {
      edge._id = node._id >> 1;
      dir = (node._id & 1) == 0;
    }

    void nextInc(Edge& edge, bool& dir) const {
      Node n = dir ? u(edge) : v(edge);
      int k = (edge._id >> (_dim-1)) + 1;
      if (k < _dim) {
        edge._id = (k << (_dim-1)) |
          ((n._id >> (k+1)) << k) | (n._id & ((1 << k) - 1));
        dir = ((n._id >> k) & 1) == 0;
      } else {
        edge._id = -1;
        dir = true;
      }
    }

    void firstOut(Arc& arc, const Node& node) const {
      arc._id = ((node._id >> 1) << 1) | (~node._id & 1);
    }

    void nextOut(Arc& arc) const {
      Node n = (arc._id & 1) == 1 ? u(arc) : v(arc);
      int k = (arc._id >> _dim) + 1;
      if (k < _dim) {
        arc._id = (k << (_dim-1)) |
          ((n._id >> (k+1)) << k) | (n._id & ((1 << k) - 1));
        arc._id = (arc._id << 1) | (~(n._id >> k) & 1);
      } else {
        arc._id = -1;
      }
    }

    void firstIn(Arc& arc, const Node& node) const {
      arc._id = ((node._id >> 1) << 1) | (node._id & 1);
    }

    void nextIn(Arc& arc) const {
      Node n = (arc._id & 1) == 1 ? v(arc) : u(arc);
      int k = (arc._id >> _dim) + 1;
      if (k < _dim) {
        arc._id = (k << (_dim-1)) |
          ((n._id >> (k+1)) << k) | (n._id & ((1 << k) - 1));
        arc._id = (arc._id << 1) | ((n._id >> k) & 1);
      } else {
        arc._id = -1;
      }
    }

    static bool direction(Arc arc) {
      return (arc._id & 1) == 1;
    }

    static Arc direct(Edge edge, bool dir) {
      return Arc((edge._id << 1) | (dir ? 1 : 0));
    }

    int dimension() const {
      return _dim;
    }

    bool projection(Node node, int n) const {
      return static_cast<bool>(node._id & (1 << n));
    }

    int dimension(Edge edge) const {
      return edge._id >> (_dim-1);
    }

    int dimension(Arc arc) const {
      return arc._id >> _dim;
    }

    static int index(Node node) {
      return node._id;
    }

    Node operator()(int ix) const {
      return Node(ix);
    }

  private:
    int _dim;
    int _node_num, _edge_num;
  };


  typedef GraphExtender<HypercubeGraphBase> ExtendedHypercubeGraphBase;

  /// \ingroup graphs
  ///
  /// \brief Hypercube graph class
  ///
  /// HypercubeGraph implements a special graph type. The nodes of the
  /// graph are indexed with integers having at most \c dim binary digits.
  /// Two nodes are connected in the graph if and only if their indices
  /// differ only on one position in the binary form.
  /// This class is completely static and it needs constant memory space.
  /// Thus you can neither add nor delete nodes or edges, however,
  /// the structure can be resized using resize().
  ///
  /// This type fully conforms to the \ref concepts::Graph "Graph concept".
  /// Most of its member functions and nested classes are documented
  /// only in the concept class.
  ///
  /// This class provides constant time counting for nodes, edges and arcs.
  ///
  /// \note The type of the indices is chosen to \c int for efficiency
  /// reasons. Thus the maximum dimension of this implementation is 26
  /// (assuming that the size of \c int is 32 bit).
  class HypercubeGraph : public ExtendedHypercubeGraphBase {
    typedef ExtendedHypercubeGraphBase Parent;

  public:

    /// \brief Constructs a hypercube graph with \c dim dimensions.
    ///
    /// Constructs a hypercube graph with \c dim dimensions.
    HypercubeGraph(int dim) { construct(dim); }

    /// \brief Resizes the graph
    ///
    /// This function resizes the graph. It fully destroys and
    /// rebuilds the structure, therefore the maps of the graph will be
    /// reallocated automatically and the previous values will be lost.
    void resize(int dim) {
      Parent::notifier(Arc()).clear();
      Parent::notifier(Edge()).clear();
      Parent::notifier(Node()).clear();
      construct(dim);
      Parent::notifier(Node()).build();
      Parent::notifier(Edge()).build();
      Parent::notifier(Arc()).build();
    }

    /// \brief The number of dimensions.
    ///
    /// Gives back the number of dimensions.
    int dimension() const {
      return Parent::dimension();
    }

    /// \brief Returns \c true if the n'th bit of the node is one.
    ///
    /// Returns \c true if the n'th bit of the node is one.
    bool projection(Node node, int n) const {
      return Parent::projection(node, n);
    }

    /// \brief The dimension id of an edge.
    ///
    /// Gives back the dimension id of the given edge.
    /// It is in the range <tt>[0..dim-1]</tt>.
    int dimension(Edge edge) const {
      return Parent::dimension(edge);
    }

    /// \brief The dimension id of an arc.
    ///
    /// Gives back the dimension id of the given arc.
    /// It is in the range <tt>[0..dim-1]</tt>.
    int dimension(Arc arc) const {
      return Parent::dimension(arc);
    }

    /// \brief The index of a node.
    ///
    /// Gives back the index of the given node.
    /// The lower bits of the integer describes the node.
    static int index(Node node) {
      return Parent::index(node);
    }

    /// \brief Gives back a node by its index.
    ///
    /// Gives back a node by its index.
    Node operator()(int ix) const {
      return Parent::operator()(ix);
    }

    /// \brief Number of nodes.
    int nodeNum() const { return Parent::nodeNum(); }
    /// \brief Number of edges.
    int edgeNum() const { return Parent::edgeNum(); }
    /// \brief Number of arcs.
    int arcNum() const { return Parent::arcNum(); }

    /// \brief Linear combination map.
    ///
    /// This map makes possible to give back a linear combination
    /// for each node. It works like the \c std::accumulate function,
    /// so it accumulates the \c bf binary function with the \c fv first
    /// value. The map accumulates only on that positions (dimensions)
    /// where the index of the node is one. The values that have to be
    /// accumulated should be given by the \c begin and \c end iterators
    /// and the length of this range should be equal to the dimension
    /// number of the graph.
    ///
    ///\code
    /// const int DIM = 3;
    /// HypercubeGraph graph(DIM);
    /// dim2::Point<double> base[DIM];
    /// for (int k = 0; k < DIM; ++k) {
    ///   base[k].x = rnd();
    ///   base[k].y = rnd();
    /// }
    /// HypercubeGraph::HyperMap<dim2::Point<double> >
    ///   pos(graph, base, base + DIM, dim2::Point<double>(0.0, 0.0));
    ///\endcode
    ///
    /// \see HypercubeGraph
    template <typename T, typename BF = std::plus<T> >
    class HyperMap {
    public:

      /// \brief The key type of the map
      typedef Node Key;
      /// \brief The value type of the map
      typedef T Value;

      /// \brief Constructor for HyperMap.
      ///
      /// Construct a HyperMap for the given graph. The values that have
      /// to be accumulated should be given by the \c begin and \c end
      /// iterators and the length of this range should be equal to the
      /// dimension number of the graph.
      ///
      /// This map accumulates the \c bf binary function with the \c fv
      /// first value on that positions (dimensions) where the index of
      /// the node is one.
      template <typename It>
      HyperMap(const Graph& graph, It begin, It end,
               T fv = 0, const BF& bf = BF())
        : _graph(graph), _values(begin, end), _first_value(fv), _bin_func(bf)
      {
        LEMON_ASSERT(_values.size() == graph.dimension(),
                     "Wrong size of range");
      }

      /// \brief The partial accumulated value.
      ///
      /// Gives back the partial accumulated value.
      Value operator[](const Key& k) const {
        Value val = _first_value;
        int id = _graph.index(k);
        int n = 0;
        while (id != 0) {
          if (id & 1) {
            val = _bin_func(val, _values[n]);
          }
          id >>= 1;
          ++n;
        }
        return val;
      }

    private:
      const Graph& _graph;
      std::vector<T> _values;
      T _first_value;
      BF _bin_func;
    };

  };

}

#endif
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 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
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 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
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 *
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 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
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 *
 */

#ifndef LEMON_KARP_MMC_H
#define LEMON_KARP_MMC_H

/// \ingroup min_mean_cycle
///
/// \file
/// \brief Karp's algorithm for finding a minimum mean cycle.

#include <vector>
#include <limits>
#include <lemon/core.h>
#include <lemon/path.h>
#include <lemon/tolerance.h>
#include <lemon/connectivity.h>

namespace lemon {

  /// \brief Default traits class of KarpMmc class.
  ///
  /// Default traits class of KarpMmc class.
  /// \tparam GR The type of the digraph.
  /// \tparam CM The type of the cost map.
  /// It must conform to the \ref concepts::ReadMap "ReadMap" concept.
#ifdef DOXYGEN
  template <typename GR, typename CM>
#else
  template <typename GR, typename CM,
    bool integer = std::numeric_limits<typename CM::Value>::is_integer>
#endif
  struct KarpMmcDefaultTraits
  {
    /// The type of the digraph
    typedef GR Digraph;
    /// The type of the cost map
    typedef CM CostMap;
    /// The type of the arc costs
    typedef typename CostMap::Value Cost;

    /// \brief The large cost type used for internal computations
    ///
    /// The large cost type used for internal computations.
    /// It is \c long \c long if the \c Cost type is integer,
    /// otherwise it is \c double.
    /// \c Cost must be convertible to \c LargeCost.
    typedef double LargeCost;

    /// The tolerance type used for internal computations
    typedef lemon::Tolerance<LargeCost> Tolerance;

    /// \brief The path type of the found cycles
    ///
    /// The path type of the found cycles.
    /// It must conform to the \ref lemon::concepts::Path "Path" concept
    /// and it must have an \c addFront() function.
    typedef lemon::Path<Digraph> Path;
  };

  // Default traits class for integer cost types
  template <typename GR, typename CM>
  struct KarpMmcDefaultTraits<GR, CM, true>
  {
    typedef GR Digraph;
    typedef CM CostMap;
    typedef typename CostMap::Value Cost;
#ifdef LEMON_HAVE_LONG_LONG
    typedef long long LargeCost;
#else
    typedef long LargeCost;
#endif
    typedef lemon::Tolerance<LargeCost> Tolerance;
    typedef lemon::Path<Digraph> Path;
  };


  /// \addtogroup min_mean_cycle
  /// @{

  /// \brief Implementation of Karp's algorithm for finding a minimum
  /// mean cycle.
  ///
  /// This class implements Karp's algorithm for finding a directed
  /// cycle of minimum mean cost in a digraph
  /// \ref amo93networkflows, \ref dasdan98minmeancycle.
  /// It runs in time O(ne) and uses space O(n<sup>2</sup>+e).
  ///
  /// \tparam GR The type of the digraph the algorithm runs on.
  /// \tparam CM The type of the cost map. The default
  /// map type is \ref concepts::Digraph::ArcMap "GR::ArcMap<int>".
  /// \tparam TR The traits class that defines various types used by the
  /// algorithm. By default, it is \ref KarpMmcDefaultTraits
  /// "KarpMmcDefaultTraits<GR, CM>".
  /// In most cases, this parameter should not be set directly,
  /// consider to use the named template parameters instead.
#ifdef DOXYGEN
  template <typename GR, typename CM, typename TR>
#else
  template < typename GR,
             typename CM = typename GR::template ArcMap<int>,
             typename TR = KarpMmcDefaultTraits<GR, CM> >
#endif
  class KarpMmc
  {
  public:

    /// The type of the digraph
    typedef typename TR::Digraph Digraph;
    /// The type of the cost map
    typedef typename TR::CostMap CostMap;
    /// The type of the arc costs
    typedef typename TR::Cost Cost;

    /// \brief The large cost type
    ///
    /// The large cost type used for internal computations.
    /// By default, it is \c long \c long if the \c Cost type is integer,
    /// otherwise it is \c double.
    typedef typename TR::LargeCost LargeCost;

    /// The tolerance type
    typedef typename TR::Tolerance Tolerance;

    /// \brief The path type of the found cycles
    ///
    /// The path type of the found cycles.
    /// Using the \ref KarpMmcDefaultTraits "default traits class",
    /// it is \ref lemon::Path "Path<Digraph>".
    typedef typename TR::Path Path;

    /// The \ref KarpMmcDefaultTraits "traits class" of the algorithm
    typedef TR Traits;

  private:

    TEMPLATE_DIGRAPH_TYPEDEFS(Digraph);

    // Data sturcture for path data
    struct PathData
    {
      LargeCost dist;
      Arc pred;
      PathData(LargeCost d, Arc p = INVALID) :
        dist(d), pred(p) {}
    };

    typedef typename Digraph::template NodeMap<std::vector<PathData> >
      PathDataNodeMap;

  private:

    // The digraph the algorithm runs on
    const Digraph &_gr;
    // The cost of the arcs
    const CostMap &_cost;

    // Data for storing the strongly connected components
    int _comp_num;
    typename Digraph::template NodeMap<int> _comp;
    std::vector<std::vector<Node> > _comp_nodes;
    std::vector<Node>* _nodes;
    typename Digraph::template NodeMap<std::vector<Arc> > _out_arcs;

    // Data for the found cycle
    LargeCost _cycle_cost;
    int _cycle_size;
    Node _cycle_node;

    Path *_cycle_path;
    bool _local_path;

    // Node map for storing path data
    PathDataNodeMap _data;
    // The processed nodes in the last round
    std::vector<Node> _process;

    Tolerance _tolerance;

    // Infinite constant
    const LargeCost INF;

  public:

    /// \name Named Template Parameters
    /// @{

    template <typename T>
    struct SetLargeCostTraits : public Traits {
      typedef T LargeCost;
      typedef lemon::Tolerance<T> Tolerance;
    };

    /// \brief \ref named-templ-param "Named parameter" for setting
    /// \c LargeCost type.
    ///
    /// \ref named-templ-param "Named parameter" for setting \c LargeCost
    /// type. It is used for internal computations in the algorithm.
    template <typename T>
    struct SetLargeCost
      : public KarpMmc<GR, CM, SetLargeCostTraits<T> > {
      typedef KarpMmc<GR, CM, SetLargeCostTraits<T> > Create;
    };

    template <typename T>
    struct SetPathTraits : public Traits {
      typedef T Path;
    };

    /// \brief \ref named-templ-param "Named parameter" for setting
    /// \c %Path type.
    ///
    /// \ref named-templ-param "Named parameter" for setting the \c %Path
    /// type of the found cycles.
    /// It must conform to the \ref lemon::concepts::Path "Path" concept
    /// and it must have an \c addFront() function.
    template <typename T>
    struct SetPath
      : public KarpMmc<GR, CM, SetPathTraits<T> > {
      typedef KarpMmc<GR, CM, SetPathTraits<T> > Create;
    };

    /// @}

  protected:

    KarpMmc() {}

  public:

    /// \brief Constructor.
    ///
    /// The constructor of the class.
    ///
    /// \param digraph The digraph the algorithm runs on.
    /// \param cost The costs of the arcs.
    KarpMmc( const Digraph &digraph,
             const CostMap &cost ) :
      _gr(digraph), _cost(cost), _comp(digraph), _out_arcs(digraph),
      _cycle_cost(0), _cycle_size(1), _cycle_node(INVALID),
      _cycle_path(NULL), _local_path(false), _data(digraph),
      INF(std::numeric_limits<LargeCost>::has_infinity ?
          std::numeric_limits<LargeCost>::infinity() :
          std::numeric_limits<LargeCost>::max())
    {}

    /// Destructor.
    ~KarpMmc() {
      if (_local_path) delete _cycle_path;
    }

    /// \brief Set the path structure for storing the found cycle.
    ///
    /// This function sets an external path structure for storing the
    /// found cycle.
    ///
    /// If you don't call this function before calling \ref run() or
    /// \ref findCycleMean(), it will allocate a local \ref Path "path"
    /// structure. The destuctor deallocates this automatically
    /// allocated object, of course.
    ///
    /// \note The algorithm calls only the \ref lemon::Path::addFront()
    /// "addFront()" function of the given path structure.
    ///
    /// \return <tt>(*this)</tt>
    KarpMmc& cycle(Path &path) {
      if (_local_path) {
        delete _cycle_path;
        _local_path = false;
      }
      _cycle_path = &path;
      return *this;
    }

    /// \brief Set the tolerance used by the algorithm.
    ///
    /// This function sets the tolerance object used by the algorithm.
    ///
    /// \return <tt>(*this)</tt>
    KarpMmc& tolerance(const Tolerance& tolerance) {
      _tolerance = tolerance;
      return *this;
    }

    /// \brief Return a const reference to the tolerance.
    ///
    /// This function returns a const reference to the tolerance object
    /// used by the algorithm.
    const Tolerance& tolerance() const {
      return _tolerance;
    }

    /// \name Execution control
    /// The simplest way to execute the algorithm is to call the \ref run()
    /// function.\n
    /// If you only need the minimum mean cost, you may call
    /// \ref findCycleMean().

    /// @{

    /// \brief Run the algorithm.
    ///
    /// This function runs the algorithm.
    /// It can be called more than once (e.g. if the underlying digraph
    /// and/or the arc costs have been modified).
    ///
    /// \return \c true if a directed cycle exists in the digraph.
    ///
    /// \note <tt>mmc.run()</tt> is just a shortcut of the following code.
    /// \code
    ///   return mmc.findCycleMean() && mmc.findCycle();
    /// \endcode
    bool run() {
      return findCycleMean() && findCycle();
    }

    /// \brief Find the minimum cycle mean.
    ///
    /// This function finds the minimum mean cost of the directed
    /// cycles in the digraph.
    ///
    /// \return \c true if a directed cycle exists in the digraph.
    bool findCycleMean() {
      // Initialization and find strongly connected components
      init();
      findComponents();

      // Find the minimum cycle mean in the components
      for (int comp = 0; comp < _comp_num; ++comp) {
        if (!initComponent(comp)) continue;
        processRounds();
        updateMinMean();
      }
      return (_cycle_node != INVALID);
    }

    /// \brief Find a minimum mean directed cycle.
    ///
    /// This function finds a directed cycle of minimum mean cost
    /// in the digraph using the data computed by findCycleMean().
    ///
    /// \return \c true if a directed cycle exists in the digraph.
    ///
    /// \pre \ref findCycleMean() must be called before using this function.
    bool findCycle() {
      if (_cycle_node == INVALID) return false;
      IntNodeMap reached(_gr, -1);
      int r = _data[_cycle_node].size();
      Node u = _cycle_node;
      while (reached[u] < 0) {
        reached[u] = --r;
        u = _gr.source(_data[u][r].pred);
      }
      r = reached[u];
      Arc e = _data[u][r].pred;
      _cycle_path->addFront(e);
      _cycle_cost = _cost[e];
      _cycle_size = 1;
      Node v;
      while ((v = _gr.source(e)) != u) {
        e = _data[v][--r].pred;
        _cycle_path->addFront(e);
        _cycle_cost += _cost[e];
        ++_cycle_size;
      }
      return true;
    }

    /// @}

    /// \name Query Functions
    /// The results of the algorithm can be obtained using these
    /// functions.\n
    /// The algorithm should be executed before using them.

    /// @{

    /// \brief Return the total cost of the found cycle.
    ///
    /// This function returns the total cost of the found cycle.
    ///
    /// \pre \ref run() or \ref findCycleMean() must be called before
    /// using this function.
    Cost cycleCost() const {
      return static_cast<Cost>(_cycle_cost);
    }

    /// \brief Return the number of arcs on the found cycle.
    ///
    /// This function returns the number of arcs on the found cycle.
    ///
    /// \pre \ref run() or \ref findCycleMean() must be called before
    /// using this function.
    int cycleSize() const {
      return _cycle_size;
    }

    /// \brief Return the mean cost of the found cycle.
    ///
    /// This function returns the mean cost of the found cycle.
    ///
    /// \note <tt>alg.cycleMean()</tt> is just a shortcut of the
    /// following code.
    /// \code
    ///   return static_cast<double>(alg.cycleCost()) / alg.cycleSize();
    /// \endcode
    ///
    /// \pre \ref run() or \ref findCycleMean() must be called before
    /// using this function.
    double cycleMean() const {
      return static_cast<double>(_cycle_cost) / _cycle_size;
    }

    /// \brief Return the found cycle.
    ///
    /// This function returns a const reference to the path structure
    /// storing the found cycle.
    ///
    /// \pre \ref run() or \ref findCycle() must be called before using
    /// this function.
    const Path& cycle() const {
      return *_cycle_path;
    }

    ///@}

  private:

    // Initialization
    void init() {
      if (!_cycle_path) {
        _local_path = true;
        _cycle_path = new Path;
      }
      _cycle_path->clear();
      _cycle_cost = 0;
      _cycle_size = 1;
      _cycle_node = INVALID;
      for (NodeIt u(_gr); u != INVALID; ++u)
        _data[u].clear();
    }

    // Find strongly connected components and initialize _comp_nodes
    // and _out_arcs
    void findComponents() {
      _comp_num = stronglyConnectedComponents(_gr, _comp);
      _comp_nodes.resize(_comp_num);
      if (_comp_num == 1) {
        _comp_nodes[0].clear();
        for (NodeIt n(_gr); n != INVALID; ++n) {
          _comp_nodes[0].push_back(n);
          _out_arcs[n].clear();
          for (OutArcIt a(_gr, n); a != INVALID; ++a) {
            _out_arcs[n].push_back(a);
          }
        }
      } else {
        for (int i = 0; i < _comp_num; ++i)
          _comp_nodes[i].clear();
        for (NodeIt n(_gr); n != INVALID; ++n) {
          int k = _comp[n];
          _comp_nodes[k].push_back(n);
          _out_arcs[n].clear();
          for (OutArcIt a(_gr, n); a != INVALID; ++a) {
            if (_comp[_gr.target(a)] == k) _out_arcs[n].push_back(a);
          }
        }
      }
    }

    // Initialize path data for the current component
    bool initComponent(int comp) {
      _nodes = &(_comp_nodes[comp]);
      int n = _nodes->size();
      if (n < 1 || (n == 1 && _out_arcs[(*_nodes)[0]].size() == 0)) {
        return false;
      }
      for (int i = 0; i < n; ++i) {
        _data[(*_nodes)[i]].resize(n + 1, PathData(INF));
      }
      return true;
    }

    // Process all rounds of computing path data for the current component.
    // _data[v][k] is the cost of a shortest directed walk from the root
    // node to node v containing exactly k arcs.
    void processRounds() {
      Node start = (*_nodes)[0];
      _data[start][0] = PathData(0);
      _process.clear();
      _process.push_back(start);

      int k, n = _nodes->size();
      for (k = 1; k <= n && int(_process.size()) < n; ++k) {
        processNextBuildRound(k);
      }
      for ( ; k <= n; ++k) {
        processNextFullRound(k);
      }
    }

    // Process one round and rebuild _process
    void processNextBuildRound(int k) {
      std::vector<Node> next;
      Node u, v;
      Arc e;
      LargeCost d;
      for (int i = 0; i < int(_process.size()); ++i) {
        u = _process[i];
        for (int j = 0; j < int(_out_arcs[u].size()); ++j) {
          e = _out_arcs[u][j];
          v = _gr.target(e);
          d = _data[u][k-1].dist + _cost[e];
          if (_tolerance.less(d, _data[v][k].dist)) {
            if (_data[v][k].dist == INF) next.push_back(v);
            _data[v][k] = PathData(d, e);
          }
        }
      }
      _process.swap(next);
    }

    // Process one round using _nodes instead of _process
    void processNextFullRound(int k) {
      Node u, v;
      Arc e;
      LargeCost d;
      for (int i = 0; i < int(_nodes->size()); ++i) {
        u = (*_nodes)[i];
        for (int j = 0; j < int(_out_arcs[u].size()); ++j) {
          e = _out_arcs[u][j];
          v = _gr.target(e);
          d = _data[u][k-1].dist + _cost[e];
          if (_tolerance.less(d, _data[v][k].dist)) {
            _data[v][k] = PathData(d, e);
          }
        }
      }
    }

    // Update the minimum cycle mean
    void updateMinMean() {
      int n = _nodes->size();
      for (int i = 0; i < n; ++i) {
        Node u = (*_nodes)[i];
        if (_data[u][n].dist == INF) continue;
        LargeCost cost, max_cost = 0;
        int size, max_size = 1;
        bool found_curr = false;
        for (int k = 0; k < n; ++k) {
          if (_data[u][k].dist == INF) continue;
          cost = _data[u][n].dist - _data[u][k].dist;
          size = n - k;
          if (!found_curr || cost * max_size > max_cost * size) {
            found_curr = true;
            max_cost = cost;
            max_size = size;
          }
        }
        if ( found_curr && (_cycle_node == INVALID ||
             max_cost * _cycle_size < _cycle_cost * max_size) ) {
          _cycle_cost = max_cost;
          _cycle_size = max_size;
          _cycle_node = u;
        }
      }
    }

  }; //class KarpMmc

  ///@}

} //namespace lemon

#endif //LEMON_KARP_MMC_H







lemon/kruskal.h

/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2009
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_KRUSKAL_H
#define LEMON_KRUSKAL_H

#include <algorithm>
#include <vector>
#include <lemon/unionfind.h>
#include <lemon/maps.h>

#include <lemon/core.h>
#include <lemon/bits/traits.h>

///\ingroup spantree
///\file
///\brief Kruskal's algorithm to compute a minimum cost spanning tree
///
///Kruskal's algorithm to compute a minimum cost spanning tree.
///

namespace lemon {

  namespace _kruskal_bits {

    // Kruskal for directed graphs.

    template <typename Digraph, typename In, typename Out>
    typename disable_if<lemon::UndirectedTagIndicator<Digraph>,
                       typename In::value_type::second_type >::type
    kruskal(const Digraph& digraph, const In& in, Out& out,dummy<0> = 0) {
      typedef typename In::value_type::second_type Value;
      typedef typename Digraph::template NodeMap<int> IndexMap;
      typedef typename Digraph::Node Node;

      IndexMap index(digraph);
      UnionFind<IndexMap> uf(index);
      for (typename Digraph::NodeIt it(digraph); it != INVALID; ++it) {
        uf.insert(it);
      }

      Value tree_value = 0;
      for (typename In::const_iterator it = in.begin(); it != in.end(); ++it) {
        if (uf.join(digraph.target(it->first),digraph.source(it->first))) {
          out.set(it->first, true);
          tree_value += it->second;
        }
        else {
          out.set(it->first, false);
        }
      }
      return tree_value;
    }

    // Kruskal for undirected graphs.

    template <typename Graph, typename In, typename Out>
    typename enable_if<lemon::UndirectedTagIndicator<Graph>,
                       typename In::value_type::second_type >::type
    kruskal(const Graph& graph, const In& in, Out& out,dummy<1> = 1) {
      typedef typename In::value_type::second_type Value;
      typedef typename Graph::template NodeMap<int> IndexMap;
      typedef typename Graph::Node Node;

      IndexMap index(graph);
      UnionFind<IndexMap> uf(index);
      for (typename Graph::NodeIt it(graph); it != INVALID; ++it) {
        uf.insert(it);
      }

      Value tree_value = 0;
      for (typename In::const_iterator it = in.begin(); it != in.end(); ++it) {
        if (uf.join(graph.u(it->first),graph.v(it->first))) {
          out.set(it->first, true);
          tree_value += it->second;
        }
        else {
          out.set(it->first, false);
        }
      }
      return tree_value;
    }


    template <typename Sequence>
    struct PairComp {
      typedef typename Sequence::value_type Value;
      bool operator()(const Value& left, const Value& right) {
        return left.second < right.second;
      }
    };

    template <typename In, typename Enable = void>
    struct SequenceInputIndicator {
      static const bool value = false;
    };

    template <typename In>
    struct SequenceInputIndicator<In,
      typename exists<typename In::value_type::first_type>::type> {
      static const bool value = true;
    };

    template <typename In, typename Enable = void>
    struct MapInputIndicator {
      static const bool value = false;
    };

    template <typename In>
    struct MapInputIndicator<In,
      typename exists<typename In::Value>::type> {
      static const bool value = true;
    };

    template <typename In, typename Enable = void>
    struct SequenceOutputIndicator {
      static const bool value = false;
    };

    template <typename Out>
    struct SequenceOutputIndicator<Out,
      typename exists<typename Out::value_type>::type> {
      static const bool value = true;
    };

    template <typename Out, typename Enable = void>
    struct MapOutputIndicator {
      static const bool value = false;
    };

    template <typename Out>
    struct MapOutputIndicator<Out,
      typename exists<typename Out::Value>::type> {
      static const bool value = true;
    };

    template <typename In, typename InEnable = void>
    struct KruskalValueSelector {};

    template <typename In>
    struct KruskalValueSelector<In,
      typename enable_if<SequenceInputIndicator<In>, void>::type>
    {
      typedef typename In::value_type::second_type Value;
    };

    template <typename In>
    struct KruskalValueSelector<In,
      typename enable_if<MapInputIndicator<In>, void>::type>
    {
      typedef typename In::Value Value;
    };

    template <typename Graph, typename In, typename Out,
              typename InEnable = void>
    struct KruskalInputSelector {};

    template <typename Graph, typename In, typename Out,
              typename InEnable = void>
    struct KruskalOutputSelector {};

    template <typename Graph, typename In, typename Out>
    struct KruskalInputSelector<Graph, In, Out,
      typename enable_if<SequenceInputIndicator<In>, void>::type >
    {
      typedef typename In::value_type::second_type Value;

      static Value kruskal(const Graph& graph, const In& in, Out& out) {
        return KruskalOutputSelector<Graph, In, Out>::
          kruskal(graph, in, out);
      }

    };

    template <typename Graph, typename In, typename Out>
    struct KruskalInputSelector<Graph, In, Out,
      typename enable_if<MapInputIndicator<In>, void>::type >
    {
      typedef typename In::Value Value;
      static Value kruskal(const Graph& graph, const In& in, Out& out) {
        typedef typename In::Key MapArc;
        typedef typename In::Value Value;
        typedef typename ItemSetTraits<Graph, MapArc>::ItemIt MapArcIt;
        typedef std::vector<std::pair<MapArc, Value> > Sequence;
        Sequence seq;

        for (MapArcIt it(graph); it != INVALID; ++it) {
          seq.push_back(std::make_pair(it, in[it]));
        }

        std::sort(seq.begin(), seq.end(), PairComp<Sequence>());
        return KruskalOutputSelector<Graph, Sequence, Out>::
          kruskal(graph, seq, out);
      }
    };

    template <typename T>
    struct RemoveConst {
      typedef T type;
    };

    template <typename T>
    struct RemoveConst<const T> {
      typedef T type;
    };

    template <typename Graph, typename In, typename Out>
    struct KruskalOutputSelector<Graph, In, Out,
      typename enable_if<SequenceOutputIndicator<Out>, void>::type >
    {
      typedef typename In::value_type::second_type Value;

      static Value kruskal(const Graph& graph, const In& in, Out& out) {
        typedef LoggerBoolMap<typename RemoveConst<Out>::type> Map;
        Map map(out);
        return _kruskal_bits::kruskal(graph, in, map);
      }

    };

    template <typename Graph, typename In, typename Out>
    struct KruskalOutputSelector<Graph, In, Out,
      typename enable_if<MapOutputIndicator<Out>, void>::type >
    {
      typedef typename In::value_type::second_type Value;

      static Value kruskal(const Graph& graph, const In& in, Out& out) {
        return _kruskal_bits::kruskal(graph, in, out);
      }
    };

  }

  /// \ingroup spantree
  ///
  /// \brief Kruskal's algorithm for finding a minimum cost spanning tree of
  /// a graph.
  ///
  /// This function runs Kruskal's algorithm to find a minimum cost
  /// spanning tree of a graph.
  /// Due to some C++ hacking, it accepts various input and output types.
  ///
  /// \param g The graph the algorithm runs on.
  /// It can be either \ref concepts::Digraph "directed" or
  /// \ref concepts::Graph "undirected".
  /// If the graph is directed, the algorithm consider it to be
  /// undirected by disregarding the direction of the arcs.
  ///
  /// \param in This object is used to describe the arc/edge costs.
  /// It can be one of the following choices.
  /// - An STL compatible 'Forward Container' with
  /// <tt>std::pair<GR::Arc,C></tt> or
  /// <tt>std::pair<GR::Edge,C></tt> as its <tt>value_type</tt>, where
  /// \c C is the type of the costs. The pairs indicates the arcs/edges
  /// along with the assigned cost. <em>They must be in a
  /// cost-ascending order.</em>
  /// - Any readable arc/edge map. The values of the map indicate the
  /// arc/edge costs.
  ///
  /// \retval out Here we also have a choice.
  /// - It can be a writable arc/edge map with \c bool value type. After
  /// running the algorithm it will contain the found minimum cost spanning
  /// tree: the value of an arc/edge will be set to \c true if it belongs
  /// to the tree, otherwise it will be set to \c false. The value of
  /// each arc/edge will be set exactly once.
  /// - It can also be an iteraror of an STL Container with
  /// <tt>GR::Arc</tt> or <tt>GR::Edge</tt> as its
  /// <tt>value_type</tt>.  The algorithm copies the elements of the
  /// found tree into this sequence.  For example, if we know that the
  /// spanning tree of the graph \c g has say 53 arcs, then we can
  /// put its arcs into an STL vector \c tree with a code like this.
  ///\code
  /// std::vector<Arc> tree(53);
  /// kruskal(g,cost,tree.begin());
  ///\endcode
  /// Or if we don't know in advance the size of the tree, we can
  /// write this.
  ///\code
  /// std::vector<Arc> tree;
  /// kruskal(g,cost,std::back_inserter(tree));
  ///\endcode
  ///
  /// \return The total cost of the found spanning tree.
  ///
  /// \note If the input graph is not (weakly) connected, a spanning
  /// forest is calculated instead of a spanning tree.

#ifdef DOXYGEN
  template <typename Graph, typename In, typename Out>
  Value kruskal(const Graph& g, const In& in, Out& out)
#else
  template <class Graph, class In, class Out>
  inline typename _kruskal_bits::KruskalValueSelector<In>::Value
  kruskal(const Graph& graph, const In& in, Out& out)
#endif
  {
    return _kruskal_bits::KruskalInputSelector<Graph, In, Out>::
      kruskal(graph, in, out);
  }


  template <class Graph, class In, class Out>
  inline typename _kruskal_bits::KruskalValueSelector<In>::Value
  kruskal(const Graph& graph, const In& in, const Out& out)
  {
    return _kruskal_bits::KruskalInputSelector<Graph, In, const Out>::
      kruskal(graph, in, out);
  }

} //namespace lemon

#endif //LEMON_KRUSKAL_H







lemon/lgf_reader.h

/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2011
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

///\ingroup lemon_io
///\file
///\brief \ref lgf-format "LEMON Graph Format" reader.


#ifndef LEMON_LGF_READER_H
#define LEMON_LGF_READER_H

#include <iostream>
#include <fstream>
#include <sstream>

#include <set>
#include <map>

#include <lemon/core.h>

#include <lemon/lgf_writer.h>

#include <lemon/concept_check.h>
#include <lemon/concepts/maps.h>

namespace lemon {

  namespace _reader_bits {

    template <typename Value>
    struct DefaultConverter {
      Value operator()(const std::string& str) {
        std::istringstream is(str);
        Value value;
        if (!(is >> value)) {
          throw FormatError("Cannot read token");
        }

        char c;
        if (is >> std::ws >> c) {
          throw FormatError("Remaining characters in token");
        }
        return value;
      }
    };

    template <>
    struct DefaultConverter<std::string> {
      std::string operator()(const std::string& str) {
        return str;
      }
    };

    template <typename _Item>
    class MapStorageBase {
    public:
      typedef _Item Item;

    public:
      MapStorageBase() {}
      virtual ~MapStorageBase() {}

      virtual void set(const Item& item, const std::string& value) = 0;

    };

    template <typename _Item, typename _Map,
              typename _Converter = DefaultConverter<typename _Map::Value> >
    class MapStorage : public MapStorageBase<_Item> {
    public:
      typedef _Map Map;
      typedef _Converter Converter;
      typedef _Item Item;

    private:
      Map& _map;
      Converter _converter;

    public:
      MapStorage(Map& map, const Converter& converter = Converter())
        : _map(map), _converter(converter) {}
      virtual ~MapStorage() {}

      virtual void set(const Item& item ,const std::string& value) {
        _map.set(item, _converter(value));
      }
    };

    template <typename _GR, bool _dir, typename _Map,
              typename _Converter = DefaultConverter<typename _Map::Value> >
    class GraphArcMapStorage : public MapStorageBase<typename _GR::Edge> {
    public:
      typedef _Map Map;
      typedef _Converter Converter;
      typedef _GR GR;
      typedef typename GR::Edge Item;
      static const bool dir = _dir;

    private:
      const GR& _graph;
      Map& _map;
      Converter _converter;

    public:
      GraphArcMapStorage(const GR& graph, Map& map,
                         const Converter& converter = Converter())
        : _graph(graph), _map(map), _converter(converter) {}
      virtual ~GraphArcMapStorage() {}

      virtual void set(const Item& item ,const std::string& value) {
        _map.set(_graph.direct(item, dir), _converter(value));
      }
    };

    class ValueStorageBase {
    public:
      ValueStorageBase() {}
      virtual ~ValueStorageBase() {}

      virtual void set(const std::string&) = 0;
    };

    template <typename _Value, typename _Converter = DefaultConverter<_Value> >
    class ValueStorage : public ValueStorageBase {
    public:
      typedef _Value Value;
      typedef _Converter Converter;

    private:
      Value& _value;
      Converter _converter;

    public:
      ValueStorage(Value& value, const Converter& converter = Converter())
        : _value(value), _converter(converter) {}

      virtual void set(const std::string& value) {
        _value = _converter(value);
      }
    };

    template <typename Value>
    struct MapLookUpConverter {
      const std::map<std::string, Value>& _map;

      MapLookUpConverter(const std::map<std::string, Value>& map)
        : _map(map) {}

      Value operator()(const std::string& str) {
        typename std::map<std::string, Value>::const_iterator it =
          _map.find(str);
        if (it == _map.end()) {
          std::ostringstream msg;
          msg << "Item not found: " << str;
          throw FormatError(msg.str());
        }
        return it->second;
      }
    };

    template <typename GR>
    struct GraphArcLookUpConverter {
      const GR& _graph;
      const std::map<std::string, typename GR::Edge>& _map;

      GraphArcLookUpConverter(const GR& graph,
                              const std::map<std::string,
                                             typename GR::Edge>& map)
        : _graph(graph), _map(map) {}

      typename GR::Arc operator()(const std::string& str) {
        if (str.empty() || (str[0] != '+' && str[0] != '-')) {
          throw FormatError("Item must start with '+' or '-'");
        }
        typename std::map<std::string, typename GR::Edge>
          ::const_iterator it = _map.find(str.substr(1));
        if (it == _map.end()) {
          throw FormatError("Item not found");
        }
        return _graph.direct(it->second, str[0] == '+');
      }
    };

    inline bool isWhiteSpace(char c) {
      return c == ' ' || c == '\t' || c == '\v' ||
        c == '\n' || c == '\r' || c == '\f';
    }

    inline bool isOct(char c) {
      return '0' <= c && c <='7';
    }

    inline int valueOct(char c) {
      LEMON_ASSERT(isOct(c), "The character is not octal.");
      return c - '0';
    }

    inline bool isHex(char c) {
      return ('0' <= c && c <= '9') ||
        ('a' <= c && c <= 'z') ||
        ('A' <= c && c <= 'Z');
    }

    inline int valueHex(char c) {
      LEMON_ASSERT(isHex(c), "The character is not hexadecimal.");
      if ('0' <= c && c <= '9') return c - '0';
      if ('a' <= c && c <= 'z') return c - 'a' + 10;
      return c - 'A' + 10;
    }

    inline bool isIdentifierFirstChar(char c) {
      return ('a' <= c && c <= 'z') ||
        ('A' <= c && c <= 'Z') || c == '_';
    }

    inline bool isIdentifierChar(char c) {
      return isIdentifierFirstChar(c) ||
        ('0' <= c && c <= '9');
    }

    inline char readEscape(std::istream& is) {
      char c;
      if (!is.get(c))
        throw FormatError("Escape format error");

      switch (c) {
      case '\\':
        return '\\';
      case '\"':
        return '\"';
      case '\'':
        return '\'';
      case '\?':
        return '\?';
      case 'a':
        return '\a';
      case 'b':
        return '\b';
      case 'f':
        return '\f';
      case 'n':
        return '\n';
      case 'r':
        return '\r';
      case 't':
        return '\t';
      case 'v':
        return '\v';
      case 'x':
        {
          int code;
          if (!is.get(c) || !isHex(c))
            throw FormatError("Escape format error");
          else if (code = valueHex(c), !is.get(c) || !isHex(c)) is.putback(c);
          else code = code * 16 + valueHex(c);
          return code;
        }
      default:
        {
          int code;
          if (!isOct(c))
            throw FormatError("Escape format error");
          else if (code = valueOct(c), !is.get(c) || !isOct(c))
            is.putback(c);
          else if (code = code * 8 + valueOct(c), !is.get(c) || !isOct(c))
            is.putback(c);
          else code = code * 8 + valueOct(c);
          return code;
        }
      }
    }

    inline std::istream& readToken(std::istream& is, std::string& str) {
      std::ostringstream os;

      char c;
      is >> std::ws;

      if (!is.get(c))
        return is;

      if (c == '\"') {
        while (is.get(c) && c != '\"') {
          if (c == '\\')
            c = readEscape(is);
          os << c;
        }
        if (!is)
          throw FormatError("Quoted format error");
      } else {
        is.putback(c);
        while (is.get(c) && !isWhiteSpace(c)) {
          if (c == '\\')
            c = readEscape(is);
          os << c;
        }
        if (!is) {
          is.clear();
        } else {
          is.putback(c);
        }
      }
      str = os.str();
      return is;
    }

    class Section {
    public:
      virtual ~Section() {}
      virtual void process(std::istream& is, int& line_num) = 0;
    };

    template <typename Functor>
    class LineSection : public Section {
    private:

      Functor _functor;

    public:

      LineSection(const Functor& functor) : _functor(functor) {}
      virtual ~LineSection() {}

      virtual void process(std::istream& is, int& line_num) {
        char c;
        std::string line;
        while (is.get(c) && c != '@') {
          if (c == '\n') {
            ++line_num;
          } else if (c == '#') {
            getline(is, line);
            ++line_num;
          } else if (!isWhiteSpace(c)) {
            is.putback(c);
            getline(is, line);
            _functor(line);
            ++line_num;
          }
        }
        if (is) is.putback(c);
        else if (is.eof()) is.clear();
      }
    };

    template <typename Functor>
    class StreamSection : public Section {
    private:

      Functor _functor;

    public:

      StreamSection(const Functor& functor) : _functor(functor) {}
      virtual ~StreamSection() {}

      virtual void process(std::istream& is, int& line_num) {
        _functor(is, line_num);
        char c;
        std::string line;
        while (is.get(c) && c != '@') {
          if (c == '\n') {
            ++line_num;
          } else if (!isWhiteSpace(c)) {
            getline(is, line);
            ++line_num;
          }
        }
        if (is) is.putback(c);
        else if (is.eof()) is.clear();
      }
    };

  }

  template <typename DGR>
  class DigraphReader;

  template <typename TDGR>
  DigraphReader<TDGR> digraphReader(TDGR& digraph, std::istream& is = std::cin);
  template <typename TDGR>
  DigraphReader<TDGR> digraphReader(TDGR& digraph, const std::string& fn);
  template <typename TDGR>
  DigraphReader<TDGR> digraphReader(TDGR& digraph, const char *fn);

  /// \ingroup lemon_io
  ///
  /// \brief \ref lgf-format "LGF" reader for directed graphs
  ///
  /// This utility reads an \ref lgf-format "LGF" file.
  ///
  /// The reading method does a batch processing. The user creates a
  /// reader object, then various reading rules can be added to the
  /// reader, and eventually the reading is executed with the \c run()
  /// member function. A map reading rule can be added to the reader
  /// with the \c nodeMap() or \c arcMap() members. An optional
  /// converter parameter can also be added as a standard functor
  /// converting from \c std::string to the value type of the map. If it
  /// is set, it will determine how the tokens in the file should be
  /// converted to the value type of the map. If the functor is not set,
  /// then a default conversion will be used. One map can be read into
  /// multiple map objects at the same time. The \c attribute(), \c
  /// node() and \c arc() functions are used to add attribute reading
  /// rules.
  ///
  ///\code
  /// DigraphReader<DGR>(digraph, std::cin).
  ///   nodeMap("coordinates", coord_map).
  ///   arcMap("capacity", cap_map).
  ///   node("source", src).
  ///   node("target", trg).
  ///   attribute("caption", caption).
  ///   run();
  ///\endcode
  ///
  /// By default, the reader uses the first section in the file of the
  /// proper type. If a section has an optional name, then it can be
  /// selected for reading by giving an optional name parameter to the
  /// \c nodes(), \c arcs() or \c attributes() functions.
  ///
  /// The \c useNodes() and \c useArcs() functions are used to tell the reader
  /// that the nodes or arcs should not be constructed (added to the
  /// graph) during the reading, but instead the label map of the items
  /// are given as a parameter of these functions. An
  /// application of these functions is multipass reading, which is
  /// important if two \c \@arcs sections must be read from the
  /// file. In this case the first phase would read the node set and one
  /// of the arc sets, while the second phase would read the second arc
  /// set into an \e ArcSet class (\c SmartArcSet or \c ListArcSet).
  /// The previously read label node map should be passed to the \c
  /// useNodes() functions. Another application of multipass reading when
  /// paths are given as a node map or an arc map.
  /// It is impossible to read this in
  /// a single pass, because the arcs are not constructed when the node
  /// maps are read.
  template <typename DGR>
  class DigraphReader {
  public:

    typedef DGR Digraph;

  private:

    TEMPLATE_DIGRAPH_TYPEDEFS(DGR);

    std::istream* _is;
    bool local_is;
    std::string _filename;

    DGR& _digraph;

    std::string _nodes_caption;
    std::string _arcs_caption;
    std::string _attributes_caption;

    typedef std::map<std::string, Node> NodeIndex;
    NodeIndex _node_index;
    typedef std::map<std::string, Arc> ArcIndex;
    ArcIndex _arc_index;

    typedef std::vector<std::pair<std::string,
      _reader_bits::MapStorageBase<Node>*> > NodeMaps;
    NodeMaps _node_maps;

    typedef std::vector<std::pair<std::string,
      _reader_bits::MapStorageBase<Arc>*> >ArcMaps;
    ArcMaps _arc_maps;

    typedef std::multimap<std::string, _reader_bits::ValueStorageBase*>
      Attributes;
    Attributes _attributes;

    bool _use_nodes;
    bool _use_arcs;

    bool _skip_nodes;
    bool _skip_arcs;

    int line_num;
    std::istringstream line;

  public:

    /// \brief Constructor
    ///
    /// Construct a directed graph reader, which reads from the given
    /// input stream.
    DigraphReader(DGR& digraph, std::istream& is = std::cin)
      : _is(&is), local_is(false), _digraph(digraph),
        _use_nodes(false), _use_arcs(false),
        _skip_nodes(false), _skip_arcs(false) {}

    /// \brief Constructor
    ///
    /// Construct a directed graph reader, which reads from the given
    /// file.
    DigraphReader(DGR& digraph, const std::string& fn)
      : _is(new std::ifstream(fn.c_str())), local_is(true),
        _filename(fn), _digraph(digraph),
        _use_nodes(false), _use_arcs(false),
        _skip_nodes(false), _skip_arcs(false) {
      if (!(*_is)) {
        delete _is;
        throw IoError("Cannot open file", fn);
      }
    }

    /// \brief Constructor
    ///
    /// Construct a directed graph reader, which reads from the given
    /// file.
    DigraphReader(DGR& digraph, const char* fn)
      : _is(new std::ifstream(fn)), local_is(true),
        _filename(fn), _digraph(digraph),
        _use_nodes(false), _use_arcs(false),
        _skip_nodes(false), _skip_arcs(false) {
      if (!(*_is)) {
        delete _is;
        throw IoError("Cannot open file", fn);
      }
    }

    /// \brief Destructor
    ~DigraphReader() {
      for (typename NodeMaps::iterator it = _node_maps.begin();
           it != _node_maps.end(); ++it) {
        delete it->second;
      }

      for (typename ArcMaps::iterator it = _arc_maps.begin();
           it != _arc_maps.end(); ++it) {
        delete it->second;
      }

      for (typename Attributes::iterator it = _attributes.begin();
           it != _attributes.end(); ++it) {
        delete it->second;
      }

      if (local_is) {
        delete _is;
      }

    }

  private:

    template <typename TDGR>
    friend DigraphReader<TDGR> digraphReader(TDGR& digraph, std::istream& is);
    template <typename TDGR>
    friend DigraphReader<TDGR> digraphReader(TDGR& digraph,
                                             const std::string& fn);
    template <typename TDGR>
    friend DigraphReader<TDGR> digraphReader(TDGR& digraph, const char *fn);

    DigraphReader(DigraphReader& other)
      : _is(other._is), local_is(other.local_is), _digraph(other._digraph),
        _use_nodes(other._use_nodes), _use_arcs(other._use_arcs),
        _skip_nodes(other._skip_nodes), _skip_arcs(other._skip_arcs) {

      other._is = 0;
      other.local_is = false;

      _node_index.swap(other._node_index);
      _arc_index.swap(other._arc_index);

      _node_maps.swap(other._node_maps);
      _arc_maps.swap(other._arc_maps);
      _attributes.swap(other._attributes);

      _nodes_caption = other._nodes_caption;
      _arcs_caption = other._arcs_caption;
      _attributes_caption = other._attributes_caption;

    }

    DigraphReader& operator=(const DigraphReader&);

  public:

    /// \name Reading Rules
    /// @{

    /// \brief Node map reading rule
    ///
    /// Add a node map reading rule to the reader.
    template <typename Map>
    DigraphReader& nodeMap(const std::string& caption, Map& map) {
      checkConcept<concepts::WriteMap<Node, typename Map::Value>, Map>();
      _reader_bits::MapStorageBase<Node>* storage =
        new _reader_bits::MapStorage<Node, Map>(map);
      _node_maps.push_back(std::make_pair(caption, storage));
      return *this;
    }

    /// \brief Node map reading rule
    ///
    /// Add a node map reading rule with specialized converter to the
    /// reader.
    template <typename Map, typename Converter>
    DigraphReader& nodeMap(const std::string& caption, Map& map,
                           const Converter& converter = Converter()) {
      checkConcept<concepts::WriteMap<Node, typename Map::Value>, Map>();
      _reader_bits::MapStorageBase<Node>* storage =
        new _reader_bits::MapStorage<Node, Map, Converter>(map, converter);
      _node_maps.push_back(std::make_pair(caption, storage));
      return *this;
    }

    /// \brief Arc map reading rule
    ///
    /// Add an arc map reading rule to the reader.
    template <typename Map>
    DigraphReader& arcMap(const std::string& caption, Map& map) {
      checkConcept<concepts::WriteMap<Arc, typename Map::Value>, Map>();
      _reader_bits::MapStorageBase<Arc>* storage =
        new _reader_bits::MapStorage<Arc, Map>(map);
      _arc_maps.push_back(std::make_pair(caption, storage));
      return *this;
    }

    /// \brief Arc map reading rule
    ///
    /// Add an arc map reading rule with specialized converter to the
    /// reader.
    template <typename Map, typename Converter>
    DigraphReader& arcMap(const std::string& caption, Map& map,
                          const Converter& converter = Converter()) {
      checkConcept<concepts::WriteMap<Arc, typename Map::Value>, Map>();
      _reader_bits::MapStorageBase<Arc>* storage =
        new _reader_bits::MapStorage<Arc, Map, Converter>(map, converter);
      _arc_maps.push_back(std::make_pair(caption, storage));
      return *this;
    }

    /// \brief Attribute reading rule
    ///
    /// Add an attribute reading rule to the reader.
    template <typename Value>
    DigraphReader& attribute(const std::string& caption, Value& value) {
      _reader_bits::ValueStorageBase* storage =
        new _reader_bits::ValueStorage<Value>(value);
      _attributes.insert(std::make_pair(caption, storage));
      return *this;
    }

    /// \brief Attribute reading rule
    ///
    /// Add an attribute reading rule with specialized converter to the
    /// reader.
    template <typename Value, typename Converter>
    DigraphReader& attribute(const std::string& caption, Value& value,
                             const Converter& converter = Converter()) {
      _reader_bits::ValueStorageBase* storage =
        new _reader_bits::ValueStorage<Value, Converter>(value, converter);
      _attributes.insert(std::make_pair(caption, storage));
      return *this;
    }

    /// \brief Node reading rule
    ///
    /// Add a node reading rule to reader.
    DigraphReader& node(const std::string& caption, Node& node) {
      typedef _reader_bits::MapLookUpConverter<Node> Converter;
      Converter converter(_node_index);
      _reader_bits::ValueStorageBase* storage =
        new _reader_bits::ValueStorage<Node, Converter>(node, converter);
      _attributes.insert(std::make_pair(caption, storage));
      return *this;
    }

    /// \brief Arc reading rule
    ///
    /// Add an arc reading rule to reader.
    DigraphReader& arc(const std::string& caption, Arc& arc) {
      typedef _reader_bits::MapLookUpConverter<Arc> Converter;
      Converter converter(_arc_index);
      _reader_bits::ValueStorageBase* storage =
        new _reader_bits::ValueStorage<Arc, Converter>(arc, converter);
      _attributes.insert(std::make_pair(caption, storage));
      return *this;
    }

    /// @}

    /// \name Select Section by Name
    /// @{

    /// \brief Set \c \@nodes section to be read
    ///
    /// Set \c \@nodes section to be read
    DigraphReader& nodes(const std::string& caption) {
      _nodes_caption = caption;
      return *this;
    }

    /// \brief Set \c \@arcs section to be read
    ///
    /// Set \c \@arcs section to be read
    DigraphReader& arcs(const std::string& caption) {
      _arcs_caption = caption;
      return *this;
    }

    /// \brief Set \c \@attributes section to be read
    ///
    /// Set \c \@attributes section to be read
    DigraphReader& attributes(const std::string& caption) {
      _attributes_caption = caption;
      return *this;
    }

    /// @}

    /// \name Using Previously Constructed Node or Arc Set
    /// @{

    /// \brief Use previously constructed node set
    ///
    /// Use previously constructed node set, and specify the node
    /// label map.
    template <typename Map>
    DigraphReader& useNodes(const Map& map) {
      checkConcept<concepts::ReadMap<Node, typename Map::Value>, Map>();
      LEMON_ASSERT(!_use_nodes, "Multiple usage of useNodes() member");
      _use_nodes = true;
      _writer_bits::DefaultConverter<typename Map::Value> converter;
      for (NodeIt n(_digraph); n != INVALID; ++n) {
        _node_index.insert(std::make_pair(converter(map[n]), n));
      }
      return *this;
    }

    /// \brief Use previously constructed node set
    ///
    /// Use previously constructed node set, and specify the node
    /// label map and a functor which converts the label map values to
    /// \c std::string.
    template <typename Map, typename Converter>
    DigraphReader& useNodes(const Map& map,
                            const Converter& converter = Converter()) {
      checkConcept<concepts::ReadMap<Node, typename Map::Value>, Map>();
      LEMON_ASSERT(!_use_nodes, "Multiple usage of useNodes() member");
      _use_nodes = true;
      for (NodeIt n(_digraph); n != INVALID; ++n) {
        _node_index.insert(std::make_pair(converter(map[n]), n));
      }
      return *this;
    }

    /// \brief Use previously constructed arc set
    ///
    /// Use previously constructed arc set, and specify the arc
    /// label map.
    template <typename Map>
    DigraphReader& useArcs(const Map& map) {
      checkConcept<concepts::ReadMap<Arc, typename Map::Value>, Map>();
      LEMON_ASSERT(!_use_arcs, "Multiple usage of useArcs() member");
      _use_arcs = true;
      _writer_bits::DefaultConverter<typename Map::Value> converter;
      for (ArcIt a(_digraph); a != INVALID; ++a) {
        _arc_index.insert(std::make_pair(converter(map[a]), a));
      }
      return *this;
    }

    /// \brief Use previously constructed arc set
    ///
    /// Use previously constructed arc set, and specify the arc
    /// label map and a functor which converts the label map values to
    /// \c std::string.
    template <typename Map, typename Converter>
    DigraphReader& useArcs(const Map& map,
                           const Converter& converter = Converter()) {
      checkConcept<concepts::ReadMap<Arc, typename Map::Value>, Map>();
      LEMON_ASSERT(!_use_arcs, "Multiple usage of useArcs() member");
      _use_arcs = true;
      for (ArcIt a(_digraph); a != INVALID; ++a) {
        _arc_index.insert(std::make_pair(converter(map[a]), a));
      }
      return *this;
    }

    /// \brief Skips the reading of node section
    ///
    /// Omit the reading of the node section. This implies that each node
    /// map reading rule will be abandoned, and the nodes of the graph
    /// will not be constructed, which usually cause that the arc set
    /// could not be read due to lack of node name resolving.
    /// Therefore \c skipArcs() function should also be used, or
    /// \c useNodes() should be used to specify the label of the nodes.
    DigraphReader& skipNodes() {
      LEMON_ASSERT(!_skip_nodes, "Skip nodes already set");
      _skip_nodes = true;
      return *this;
    }

    /// \brief Skips the reading of arc section
    ///
    /// Omit the reading of the arc section. This implies that each arc
    /// map reading rule will be abandoned, and the arcs of the graph
    /// will not be constructed.
    DigraphReader& skipArcs() {
      LEMON_ASSERT(!_skip_arcs, "Skip arcs already set");
      _skip_arcs = true;
      return *this;
    }

    /// @}

  private:

    bool readLine() {
      std::string str;
      while(++line_num, std::getline(*_is, str)) {
        line.clear(); line.str(str);
        char c;
        if (line >> std::ws >> c && c != '#') {
          line.putback(c);
          return true;
        }
      }
      return false;
    }

    bool readSuccess() {
      return static_cast<bool>(*_is);
    }

    void skipSection() {
      char c;
      while (readSuccess() && line >> c && c != '@') {
        readLine();
      }
      if (readSuccess()) {
        line.putback(c);
      }
    }

    void readNodes() {

      std::vector<int> map_index(_node_maps.size());
      int map_num, label_index;

      char c;
      if (!readLine() || !(line >> c) || c == '@') {
        if (readSuccess() && line) line.putback(c);
        if (!_node_maps.empty())
          throw FormatError("Cannot find map names");
        return;
      }
      line.putback(c);

      {
        std::map<std::string, int> maps;

        std::string map;
        int index = 0;
        while (_reader_bits::readToken(line, map)) {
          if (maps.find(map) != maps.end()) {
            std::ostringstream msg;
            msg << "Multiple occurence of node map: " << map;
            throw FormatError(msg.str());
          }
          maps.insert(std::make_pair(map, index));
          ++index;
        }

        for (int i = 0; i < static_cast<int>(_node_maps.size()); ++i) {
          std::map<std::string, int>::iterator jt =
            maps.find(_node_maps[i].first);
          if (jt == maps.end()) {
            std::ostringstream msg;
            msg << "Map not found: " << _node_maps[i].first;
            throw FormatError(msg.str());
          }
          map_index[i] = jt->second;
        }

        {
          std::map<std::string, int>::iterator jt = maps.find("label");
          if (jt != maps.end()) {
            label_index = jt->second;
          } else {
            label_index = -1;
          }
        }
        map_num = maps.size();
      }

      while (readLine() && line >> c && c != '@') {
        line.putback(c);

        std::vector<std::string> tokens(map_num);
        for (int i = 0; i < map_num; ++i) {
          if (!_reader_bits::readToken(line, tokens[i])) {
            std::ostringstream msg;
            msg << "Column not found (" << i + 1 << ")";
            throw FormatError(msg.str());
          }
        }
        if (line >> std::ws >> c)
          throw FormatError("Extra character at the end of line");

        Node n;
        if (!_use_nodes) {
          n = _digraph.addNode();
          if (label_index != -1)
            _node_index.insert(std::make_pair(tokens[label_index], n));
        } else {
          if (label_index == -1)
            throw FormatError("Label map not found");
          typename std::map<std::string, Node>::iterator it =
            _node_index.find(tokens[label_index]);
          if (it == _node_index.end()) {
            std::ostringstream msg;
            msg << "Node with label not found: " << tokens[label_index];
            throw FormatError(msg.str());
          }
          n = it->second;
        }

        for (int i = 0; i < static_cast<int>(_node_maps.size()); ++i) {
          _node_maps[i].second->set(n, tokens[map_index[i]]);
        }

      }
      if (readSuccess()) {
        line.putback(c);
      }
    }

    void readArcs() {

      std::vector<int> map_index(_arc_maps.size());
      int map_num, label_index;

      char c;
      if (!readLine() || !(line >> c) || c == '@') {
        if (readSuccess() && line) line.putback(c);
        if (!_arc_maps.empty())
          throw FormatError("Cannot find map names");
        return;
      }
      line.putback(c);

      {
        std::map<std::string, int> maps;

        std::string map;
        int index = 0;
        while (_reader_bits::readToken(line, map)) {
          if(map == "-") {
              if(index!=0)
                throw FormatError("'-' is not allowed as a map name");
              else if (line >> std::ws >> c)
                throw FormatError("Extra character at the end of line");
              else break;
            }
          if (maps.find(map) != maps.end()) {
            std::ostringstream msg;
            msg << "Multiple occurence of arc map: " << map;
            throw FormatError(msg.str());
          }
          maps.insert(std::make_pair(map, index));
          ++index;
        }

        for (int i = 0; i < static_cast<int>(_arc_maps.size()); ++i) {
          std::map<std::string, int>::iterator jt =
            maps.find(_arc_maps[i].first);
          if (jt == maps.end()) {
            std::ostringstream msg;
            msg << "Map not found: " << _arc_maps[i].first;
            throw FormatError(msg.str());
          }
          map_index[i] = jt->second;
        }

        {
          std::map<std::string, int>::iterator jt = maps.find("label");
          if (jt != maps.end()) {
            label_index = jt->second;
          } else {
            label_index = -1;
          }
        }
        map_num = maps.size();
      }

      while (readLine() && line >> c && c != '@') {
        line.putback(c);

        std::string source_token;
        std::string target_token;

        if (!_reader_bits::readToken(line, source_token))
          throw FormatError("Source not found");

        if (!_reader_bits::readToken(line, target_token))
          throw FormatError("Target not found");

        std::vector<std::string> tokens(map_num);
        for (int i = 0; i < map_num; ++i) {
          if (!_reader_bits::readToken(line, tokens[i])) {
            std::ostringstream msg;
            msg << "Column not found (" << i + 1 << ")";
            throw FormatError(msg.str());
          }
        }
        if (line >> std::ws >> c)
          throw FormatError("Extra character at the end of line");

        Arc a;
        if (!_use_arcs) {

          typename NodeIndex::iterator it;

          it = _node_index.find(source_token);
          if (it == _node_index.end()) {
            std::ostringstream msg;
            msg << "Item not found: " << source_token;
            throw FormatError(msg.str());
          }
          Node source = it->second;

          it = _node_index.find(target_token);
          if (it == _node_index.end()) {
            std::ostringstream msg;
            msg << "Item not found: " << target_token;
            throw FormatError(msg.str());
          }
          Node target = it->second;

          a = _digraph.addArc(source, target);
          if (label_index != -1)
            _arc_index.insert(std::make_pair(tokens[label_index], a));
        } else {
          if (label_index == -1)
            throw FormatError("Label map not found");
          typename std::map<std::string, Arc>::iterator it =
            _arc_index.find(tokens[label_index]);
          if (it == _arc_index.end()) {
            std::ostringstream msg;
            msg << "Arc with label not found: " << tokens[label_index];
            throw FormatError(msg.str());
          }
          a = it->second;
        }

        for (int i = 0; i < static_cast<int>(_arc_maps.size()); ++i) {
          _arc_maps[i].second->set(a, tokens[map_index[i]]);
        }

      }
      if (readSuccess()) {
        line.putback(c);
      }
    }

    void readAttributes() {

      std::set<std::string> read_attr;

      char c;
      while (readLine() && line >> c && c != '@') {
        line.putback(c);

        std::string attr, token;
        if (!_reader_bits::readToken(line, attr))
          throw FormatError("Attribute name not found");
        if (!_reader_bits::readToken(line, token))
          throw FormatError("Attribute value not found");
        if (line >> c)
          throw FormatError("Extra character at the end of line");

        {
          std::set<std::string>::iterator it = read_attr.find(attr);
          if (it != read_attr.end()) {
            std::ostringstream msg;
            msg << "Multiple occurence of attribute: " << attr;
            throw FormatError(msg.str());
          }
          read_attr.insert(attr);
        }

        {
          typename Attributes::iterator it = _attributes.lower_bound(attr);
          while (it != _attributes.end() && it->first == attr) {
            it->second->set(token);
            ++it;
          }
        }

      }
      if (readSuccess()) {
        line.putback(c);
      }
      for (typename Attributes::iterator it = _attributes.begin();
           it != _attributes.end(); ++it) {
        if (read_attr.find(it->first) == read_attr.end()) {
          std::ostringstream msg;
          msg << "Attribute not found: " << it->first;
          throw FormatError(msg.str());
        }
      }
    }

  public:

    /// \name Execution of the Reader
    /// @{

    /// \brief Start the batch processing
    ///
    /// This function starts the batch processing
    void run() {
      LEMON_ASSERT(_is != 0, "This reader assigned to an other reader");

      bool nodes_done = _skip_nodes;
      bool arcs_done = _skip_arcs;
      bool attributes_done = false;

      line_num = 0;
      readLine();
      skipSection();

      while (readSuccess()) {
        try {
          char c;
          std::string section, caption;
          line >> c;
          _reader_bits::readToken(line, section);
          _reader_bits::readToken(line, caption);

          if (line >> c)
            throw FormatError("Extra character at the end of line");

          if (section == "nodes" && !nodes_done) {
            if (_nodes_caption.empty() || _nodes_caption == caption) {
              readNodes();
              nodes_done = true;
            }
          } else if ((section == "arcs" || section == "edges") &&
                     !arcs_done) {
            if (_arcs_caption.empty() || _arcs_caption == caption) {
              readArcs();
              arcs_done = true;
            }
          } else if (section == "attributes" && !attributes_done) {
            if (_attributes_caption.empty() || _attributes_caption == caption) {
              readAttributes();
              attributes_done = true;
            }
          } else {
            readLine();
            skipSection();
          }
        } catch (FormatError& error) {
          error.line(line_num);
          error.file(_filename);
          throw;
        }
      }

      if (!nodes_done) {
        throw FormatError("Section @nodes not found");
      }

      if (!arcs_done) {
        throw FormatError("Section @arcs not found");
      }

      if (!attributes_done && !_attributes.empty()) {
        throw FormatError("Section @attributes not found");
      }

    }

    /// @}

  };

  /// \ingroup lemon_io
  ///
  /// \brief Return a \ref DigraphReader class
  ///
  /// This function just returns a \ref DigraphReader class.
  ///
  /// With this function a digraph can be read from an
  /// \ref lgf-format "LGF" file or input stream with several maps and
  /// attributes. For example, there is network flow problem on a
  /// digraph, i.e. a digraph with a \e capacity map on the arcs and
  /// \e source and \e target nodes. This digraph can be read with the
  /// following code:
  ///
  ///\code
  ///ListDigraph digraph;
  ///ListDigraph::ArcMap<int> cm(digraph);
  ///ListDigraph::Node src, trg;
  ///digraphReader(digraph, std::cin).
  ///  arcMap("capacity", cap).
  ///  node("source", src).
  ///  node("target", trg).
  ///  run();
  ///\endcode
  ///
  /// For a complete documentation, please see the \ref DigraphReader
  /// class documentation.
  /// \warning Don't forget to put the \ref DigraphReader::run() "run()"
  /// to the end of the parameter list.
  /// \relates DigraphReader
  /// \sa digraphReader(TDGR& digraph, const std::string& fn)
  /// \sa digraphReader(TDGR& digraph, const char* fn)
  template <typename TDGR>
  DigraphReader<TDGR> digraphReader(TDGR& digraph, std::istream& is) {
    DigraphReader<TDGR> tmp(digraph, is);
    return tmp;
  }

  /// \brief Return a \ref DigraphReader class
  ///
  /// This function just returns a \ref DigraphReader class.
  /// \relates DigraphReader
  /// \sa digraphReader(TDGR& digraph, std::istream& is)
  template <typename TDGR>
  DigraphReader<TDGR> digraphReader(TDGR& digraph, const std::string& fn) {
    DigraphReader<TDGR> tmp(digraph, fn);
    return tmp;
  }

  /// \brief Return a \ref DigraphReader class
  ///
  /// This function just returns a \ref DigraphReader class.
  /// \relates DigraphReader
  /// \sa digraphReader(TDGR& digraph, std::istream& is)
  template <typename TDGR>
  DigraphReader<TDGR> digraphReader(TDGR& digraph, const char* fn) {
    DigraphReader<TDGR> tmp(digraph, fn);
    return tmp;
  }

  template <typename GR>
  class GraphReader;

  template <typename TGR>
  GraphReader<TGR> graphReader(TGR& graph, std::istream& is = std::cin);
  template <typename TGR>
  GraphReader<TGR> graphReader(TGR& graph, const std::string& fn);
  template <typename TGR>
  GraphReader<TGR> graphReader(TGR& graph, const char *fn);

  /// \ingroup lemon_io
  ///
  /// \brief \ref lgf-format "LGF" reader for undirected graphs
  ///
  /// This utility reads an \ref lgf-format "LGF" file.
  ///
  /// It can be used almost the same way as \c DigraphReader.
  /// The only difference is that this class can handle edges and
  /// edge maps as well as arcs and arc maps.
  ///
  /// The columns in the \c \@edges (or \c \@arcs) section are the
  /// edge maps. However, if there are two maps with the same name
  /// prefixed with \c '+' and \c '-', then these can be read into an
  /// arc map.  Similarly, an attribute can be read into an arc, if
  /// it's value is an edge label prefixed with \c '+' or \c '-'.
  template <typename GR>
  class GraphReader {
  public:

    typedef GR Graph;

  private:

    TEMPLATE_GRAPH_TYPEDEFS(GR);

    std::istream* _is;
    bool local_is;
    std::string _filename;

    GR& _graph;

    std::string _nodes_caption;
    std::string _edges_caption;
    std::string _attributes_caption;

    typedef std::map<std::string, Node> NodeIndex;
    NodeIndex _node_index;
    typedef std::map<std::string, Edge> EdgeIndex;
    EdgeIndex _edge_index;

    typedef std::vector<std::pair<std::string,
      _reader_bits::MapStorageBase<Node>*> > NodeMaps;
    NodeMaps _node_maps;

    typedef std::vector<std::pair<std::string,
      _reader_bits::MapStorageBase<Edge>*> > EdgeMaps;
    EdgeMaps _edge_maps;

    typedef std::multimap<std::string, _reader_bits::ValueStorageBase*>
      Attributes;
    Attributes _attributes;

    bool _use_nodes;
    bool _use_edges;

    bool _skip_nodes;
    bool _skip_edges;

    int line_num;
    std::istringstream line;

  public:

    /// \brief Constructor
    ///
    /// Construct an undirected graph reader, which reads from the given
    /// input stream.
    GraphReader(GR& graph, std::istream& is = std::cin)
      : _is(&is), local_is(false), _graph(graph),
        _use_nodes(false), _use_edges(false),
        _skip_nodes(false), _skip_edges(false) {}

    /// \brief Constructor
    ///
    /// Construct an undirected graph reader, which reads from the given
    /// file.
    GraphReader(GR& graph, const std::string& fn)
      : _is(new std::ifstream(fn.c_str())), local_is(true),
        _filename(fn), _graph(graph),
        _use_nodes(false), _use_edges(false),
        _skip_nodes(false), _skip_edges(false) {
      if (!(*_is)) {
        delete _is;
        throw IoError("Cannot open file", fn);
      }
    }

    /// \brief Constructor
    ///
    /// Construct an undirected graph reader, which reads from the given
    /// file.
    GraphReader(GR& graph, const char* fn)
      : _is(new std::ifstream(fn)), local_is(true),
        _filename(fn), _graph(graph),
        _use_nodes(false), _use_edges(false),
        _skip_nodes(false), _skip_edges(false) {
      if (!(*_is)) {
        delete _is;
        throw IoError("Cannot open file", fn);
      }
    }

    /// \brief Destructor
    ~GraphReader() {
      for (typename NodeMaps::iterator it = _node_maps.begin();
           it != _node_maps.end(); ++it) {
        delete it->second;
      }

      for (typename EdgeMaps::iterator it = _edge_maps.begin();
           it != _edge_maps.end(); ++it) {
        delete it->second;
      }

      for (typename Attributes::iterator it = _attributes.begin();
           it != _attributes.end(); ++it) {
        delete it->second;
      }

      if (local_is) {
        delete _is;
      }

    }

  private:
    template <typename TGR>
    friend GraphReader<TGR> graphReader(TGR& graph, std::istream& is);
    template <typename TGR>
    friend GraphReader<TGR> graphReader(TGR& graph, const std::string& fn);
    template <typename TGR>
    friend GraphReader<TGR> graphReader(TGR& graph, const char *fn);

    GraphReader(GraphReader& other)
      : _is(other._is), local_is(other.local_is), _graph(other._graph),
        _use_nodes(other._use_nodes), _use_edges(other._use_edges),
        _skip_nodes(other._skip_nodes), _skip_edges(other._skip_edges) {

      other._is = 0;
      other.local_is = false;

      _node_index.swap(other._node_index);
      _edge_index.swap(other._edge_index);

      _node_maps.swap(other._node_maps);
      _edge_maps.swap(other._edge_maps);
      _attributes.swap(other._attributes);

      _nodes_caption = other._nodes_caption;
      _edges_caption = other._edges_caption;
      _attributes_caption = other._attributes_caption;

    }

    GraphReader& operator=(const GraphReader&);

  public:

    /// \name Reading Rules
    /// @{

    /// \brief Node map reading rule
    ///
    /// Add a node map reading rule to the reader.
    template <typename Map>
    GraphReader& nodeMap(const std::string& caption, Map& map) {
      checkConcept<concepts::WriteMap<Node, typename Map::Value>, Map>();
      _reader_bits::MapStorageBase<Node>* storage =
        new _reader_bits::MapStorage<Node, Map>(map);
      _node_maps.push_back(std::make_pair(caption, storage));
      return *this;
    }

    /// \brief Node map reading rule
    ///
    /// Add a node map reading rule with specialized converter to the
    /// reader.
    template <typename Map, typename Converter>
    GraphReader& nodeMap(const std::string& caption, Map& map,
                           const Converter& converter = Converter()) {
      checkConcept<concepts::WriteMap<Node, typename Map::Value>, Map>();
      _reader_bits::MapStorageBase<Node>* storage =
        new _reader_bits::MapStorage<Node, Map, Converter>(map, converter);
      _node_maps.push_back(std::make_pair(caption, storage));
      return *this;
    }

    /// \brief Edge map reading rule
    ///
    /// Add an edge map reading rule to the reader.
    template <typename Map>
    GraphReader& edgeMap(const std::string& caption, Map& map) {
      checkConcept<concepts::WriteMap<Edge, typename Map::Value>, Map>();
      _reader_bits::MapStorageBase<Edge>* storage =
        new _reader_bits::MapStorage<Edge, Map>(map);
      _edge_maps.push_back(std::make_pair(caption, storage));
      return *this;
    }

    /// \brief Edge map reading rule
    ///
    /// Add an edge map reading rule with specialized converter to the
    /// reader.
    template <typename Map, typename Converter>
    GraphReader& edgeMap(const std::string& caption, Map& map,
                          const Converter& converter = Converter()) {
      checkConcept<concepts::WriteMap<Edge, typename Map::Value>, Map>();
      _reader_bits::MapStorageBase<Edge>* storage =
        new _reader_bits::MapStorage<Edge, Map, Converter>(map, converter);
      _edge_maps.push_back(std::make_pair(caption, storage));
      return *this;
    }

    /// \brief Arc map reading rule
    ///
    /// Add an arc map reading rule to the reader.
    template <typename Map>
    GraphReader& arcMap(const std::string& caption, Map& map) {
      checkConcept<concepts::WriteMap<Arc, typename Map::Value>, Map>();
      _reader_bits::MapStorageBase<Edge>* forward_storage =
        new _reader_bits::GraphArcMapStorage<Graph, true, Map>(_graph, map);
      _edge_maps.push_back(std::make_pair('+' + caption, forward_storage));
      _reader_bits::MapStorageBase<Edge>* backward_storage =
        new _reader_bits::GraphArcMapStorage<GR, false, Map>(_graph, map);
      _edge_maps.push_back(std::make_pair('-' + caption, backward_storage));
      return *this;
    }

    /// \brief Arc map reading rule
    ///
    /// Add an arc map reading rule with specialized converter to the
    /// reader.
    template <typename Map, typename Converter>
    GraphReader& arcMap(const std::string& caption, Map& map,
                          const Converter& converter = Converter()) {
      checkConcept<concepts::WriteMap<Arc, typename Map::Value>, Map>();
      _reader_bits::MapStorageBase<Edge>* forward_storage =
        new _reader_bits::GraphArcMapStorage<GR, true, Map, Converter>
        (_graph, map, converter);
      _edge_maps.push_back(std::make_pair('+' + caption, forward_storage));
      _reader_bits::MapStorageBase<Edge>* backward_storage =
        new _reader_bits::GraphArcMapStorage<GR, false, Map, Converter>
        (_graph, map, converter);
      _edge_maps.push_back(std::make_pair('-' + caption, backward_storage));
      return *this;
    }

    /// \brief Attribute reading rule
    ///
    /// Add an attribute reading rule to the reader.
    template <typename Value>
    GraphReader& attribute(const std::string& caption, Value& value) {
      _reader_bits::ValueStorageBase* storage =
        new _reader_bits::ValueStorage<Value>(value);
      _attributes.insert(std::make_pair(caption, storage));
      return *this;
    }

    /// \brief Attribute reading rule
    ///
    /// Add an attribute reading rule with specialized converter to the
    /// reader.
    template <typename Value, typename Converter>
    GraphReader& attribute(const std::string& caption, Value& value,
                             const Converter& converter = Converter()) {
      _reader_bits::ValueStorageBase* storage =
        new _reader_bits::ValueStorage<Value, Converter>(value, converter);
      _attributes.insert(std::make_pair(caption, storage));
      return *this;
    }

    /// \brief Node reading rule
    ///
    /// Add a node reading rule to reader.
    GraphReader& node(const std::string& caption, Node& node) {
      typedef _reader_bits::MapLookUpConverter<Node> Converter;
      Converter converter(_node_index);
      _reader_bits::ValueStorageBase* storage =
        new _reader_bits::ValueStorage<Node, Converter>(node, converter);
      _attributes.insert(std::make_pair(caption, storage));
      return *this;
    }

    /// \brief Edge reading rule
    ///
    /// Add an edge reading rule to reader.
    GraphReader& edge(const std::string& caption, Edge& edge) {
      typedef _reader_bits::MapLookUpConverter<Edge> Converter;
      Converter converter(_edge_index);
      _reader_bits::ValueStorageBase* storage =
        new _reader_bits::ValueStorage<Edge, Converter>(edge, converter);
      _attributes.insert(std::make_pair(caption, storage));
      return *this;
    }

    /// \brief Arc reading rule
    ///
    /// Add an arc reading rule to reader.
    GraphReader& arc(const std::string& caption, Arc& arc) {
      typedef _reader_bits::GraphArcLookUpConverter<GR> Converter;
      Converter converter(_graph, _edge_index);
      _reader_bits::ValueStorageBase* storage =
        new _reader_bits::ValueStorage<Arc, Converter>(arc, converter);
      _attributes.insert(std::make_pair(caption, storage));
      return *this;
    }

    /// @}

    /// \name Select Section by Name
    /// @{

    /// \brief Set \c \@nodes section to be read
    ///
    /// Set \c \@nodes section to be read.
    GraphReader& nodes(const std::string& caption) {
      _nodes_caption = caption;
      return *this;
    }

    /// \brief Set \c \@edges section to be read
    ///
    /// Set \c \@edges section to be read.
    GraphReader& edges(const std::string& caption) {
      _edges_caption = caption;
      return *this;
    }

    /// \brief Set \c \@attributes section to be read
    ///
    /// Set \c \@attributes section to be read.
    GraphReader& attributes(const std::string& caption) {
      _attributes_caption = caption;
      return *this;
    }

    /// @}

    /// \name Using Previously Constructed Node or Edge Set
    /// @{

    /// \brief Use previously constructed node set
    ///
    /// Use previously constructed node set, and specify the node
    /// label map.
    template <typename Map>
    GraphReader& useNodes(const Map& map) {
      checkConcept<concepts::ReadMap<Node, typename Map::Value>, Map>();
      LEMON_ASSERT(!_use_nodes, "Multiple usage of useNodes() member");
      _use_nodes = true;
      _writer_bits::DefaultConverter<typename Map::Value> converter;
      for (NodeIt n(_graph); n != INVALID; ++n) {
        _node_index.insert(std::make_pair(converter(map[n]), n));
      }
      return *this;
    }

    /// \brief Use previously constructed node set
    ///
    /// Use previously constructed node set, and specify the node
    /// label map and a functor which converts the label map values to
    /// \c std::string.
    template <typename Map, typename Converter>
    GraphReader& useNodes(const Map& map,
                            const Converter& converter = Converter()) {
      checkConcept<concepts::ReadMap<Node, typename Map::Value>, Map>();
      LEMON_ASSERT(!_use_nodes, "Multiple usage of useNodes() member");
      _use_nodes = true;
      for (NodeIt n(_graph); n != INVALID; ++n) {
        _node_index.insert(std::make_pair(converter(map[n]), n));
      }
      return *this;
    }

    /// \brief Use previously constructed edge set
    ///
    /// Use previously constructed edge set, and specify the edge
    /// label map.
    template <typename Map>
    GraphReader& useEdges(const Map& map) {
      checkConcept<concepts::ReadMap<Edge, typename Map::Value>, Map>();
      LEMON_ASSERT(!_use_edges, "Multiple usage of useEdges() member");
      _use_edges = true;
      _writer_bits::DefaultConverter<typename Map::Value> converter;
      for (EdgeIt a(_graph); a != INVALID; ++a) {
        _edge_index.insert(std::make_pair(converter(map[a]), a));
      }
      return *this;
    }

    /// \brief Use previously constructed edge set
    ///
    /// Use previously constructed edge set, and specify the edge
    /// label map and a functor which converts the label map values to
    /// \c std::string.
    template <typename Map, typename Converter>
    GraphReader& useEdges(const Map& map,
                            const Converter& converter = Converter()) {
      checkConcept<concepts::ReadMap<Edge, typename Map::Value>, Map>();
      LEMON_ASSERT(!_use_edges, "Multiple usage of useEdges() member");
      _use_edges = true;
      for (EdgeIt a(_graph); a != INVALID; ++a) {
        _edge_index.insert(std::make_pair(converter(map[a]), a));
      }
      return *this;
    }

    /// \brief Skip the reading of node section
    ///
    /// Omit the reading of the node section. This implies that each node
    /// map reading rule will be abandoned, and the nodes of the graph
    /// will not be constructed, which usually cause that the edge set
    /// could not be read due to lack of node name
    /// could not be read due to lack of node name resolving.
    /// Therefore \c skipEdges() function should also be used, or
    /// \c useNodes() should be used to specify the label of the nodes.
    GraphReader& skipNodes() {
      LEMON_ASSERT(!_skip_nodes, "Skip nodes already set");
      _skip_nodes = true;
      return *this;
    }

    /// \brief Skip the reading of edge section
    ///
    /// Omit the reading of the edge section. This implies that each edge
    /// map reading rule will be abandoned, and the edges of the graph
    /// will not be constructed.
    GraphReader& skipEdges() {
      LEMON_ASSERT(!_skip_edges, "Skip edges already set");
      _skip_edges = true;
      return *this;
    }

    /// @}

  private:

    bool readLine() {
      std::string str;
      while(++line_num, std::getline(*_is, str)) {
        line.clear(); line.str(str);
        char c;
        if (line >> std::ws >> c && c != '#') {
          line.putback(c);
          return true;
        }
      }
      return false;
    }

    bool readSuccess() {
      return static_cast<bool>(*_is);
    }

    void skipSection() {
      char c;
      while (readSuccess() && line >> c && c != '@') {
        readLine();
      }
      if (readSuccess()) {
        line.putback(c);
      }
    }

    void readNodes() {

      std::vector<int> map_index(_node_maps.size());
      int map_num, label_index;

      char c;
      if (!readLine() || !(line >> c) || c == '@') {
        if (readSuccess() && line) line.putback(c);
        if (!_node_maps.empty())
          throw FormatError("Cannot find map names");
        return;
      }
      line.putback(c);

      {
        std::map<std::string, int> maps;

        std::string map;
        int index = 0;
        while (_reader_bits::readToken(line, map)) {
          if (maps.find(map) != maps.end()) {
            std::ostringstream msg;
            msg << "Multiple occurence of node map: " << map;
            throw FormatError(msg.str());
          }
          maps.insert(std::make_pair(map, index));
          ++index;
        }

        for (int i = 0; i < static_cast<int>(_node_maps.size()); ++i) {
          std::map<std::string, int>::iterator jt =
            maps.find(_node_maps[i].first);
          if (jt == maps.end()) {
            std::ostringstream msg;
            msg << "Map not found: " << _node_maps[i].first;
            throw FormatError(msg.str());
          }
          map_index[i] = jt->second;
        }

        {
          std::map<std::string, int>::iterator jt = maps.find("label");
          if (jt != maps.end()) {
            label_index = jt->second;
          } else {
            label_index = -1;
          }
        }
        map_num = maps.size();
      }

      while (readLine() && line >> c && c != '@') {
        line.putback(c);

        std::vector<std::string> tokens(map_num);
        for (int i = 0; i < map_num; ++i) {
          if (!_reader_bits::readToken(line, tokens[i])) {
            std::ostringstream msg;
            msg << "Column not found (" << i + 1 << ")";
            throw FormatError(msg.str());
          }
        }
        if (line >> std::ws >> c)
          throw FormatError("Extra character at the end of line");

        Node n;
        if (!_use_nodes) {
          n = _graph.addNode();
          if (label_index != -1)
            _node_index.insert(std::make_pair(tokens[label_index], n));
        } else {
          if (label_index == -1)
            throw FormatError("Label map not found");
          typename std::map<std::string, Node>::iterator it =
            _node_index.find(tokens[label_index]);
          if (it == _node_index.end()) {
            std::ostringstream msg;
            msg << "Node with label not found: " << tokens[label_index];
            throw FormatError(msg.str());
          }
          n = it->second;
        }

        for (int i = 0; i < static_cast<int>(_node_maps.size()); ++i) {
          _node_maps[i].second->set(n, tokens[map_index[i]]);
        }

      }
      if (readSuccess()) {
        line.putback(c);
      }
    }

    void readEdges() {

      std::vector<int> map_index(_edge_maps.size());
      int map_num, label_index;

      char c;
      if (!readLine() || !(line >> c) || c == '@') {
        if (readSuccess() && line) line.putback(c);
        if (!_edge_maps.empty())
          throw FormatError("Cannot find map names");
        return;
      }
      line.putback(c);

      {
        std::map<std::string, int> maps;

        std::string map;
        int index = 0;
        while (_reader_bits::readToken(line, map)) {
          if(map == "-") {
              if(index!=0)
                throw FormatError("'-' is not allowed as a map name");
              else if (line >> std::ws >> c)
                throw FormatError("Extra character at the end of line");
              else break;
            }
          if (maps.find(map) != maps.end()) {
            std::ostringstream msg;
            msg << "Multiple occurence of edge map: " << map;
            throw FormatError(msg.str());
          }
          maps.insert(std::make_pair(map, index));
          ++index;
        }

        for (int i = 0; i < static_cast<int>(_edge_maps.size()); ++i) {
          std::map<std::string, int>::iterator jt =
            maps.find(_edge_maps[i].first);
          if (jt == maps.end()) {
            std::ostringstream msg;
            msg << "Map not found: " << _edge_maps[i].first;
            throw FormatError(msg.str());
          }
          map_index[i] = jt->second;
        }

        {
          std::map<std::string, int>::iterator jt = maps.find("label");
          if (jt != maps.end()) {
            label_index = jt->second;
          } else {
            label_index = -1;
          }
        }
        map_num = maps.size();
      }

      while (readLine() && line >> c && c != '@') {
        line.putback(c);

        std::string source_token;
        std::string target_token;

        if (!_reader_bits::readToken(line, source_token))
          throw FormatError("Node u not found");

        if (!_reader_bits::readToken(line, target_token))
          throw FormatError("Node v not found");

        std::vector<std::string> tokens(map_num);
        for (int i = 0; i < map_num; ++i) {
          if (!_reader_bits::readToken(line, tokens[i])) {
            std::ostringstream msg;
            msg << "Column not found (" << i + 1 << ")";
            throw FormatError(msg.str());
          }
        }
        if (line >> std::ws >> c)
          throw FormatError("Extra character at the end of line");

        Edge e;
        if (!_use_edges) {

          typename NodeIndex::iterator it;

          it = _node_index.find(source_token);
          if (it == _node_index.end()) {
            std::ostringstream msg;
            msg << "Item not found: " << source_token;
            throw FormatError(msg.str());
          }
          Node source = it->second;

          it = _node_index.find(target_token);
          if (it == _node_index.end()) {
            std::ostringstream msg;
            msg << "Item not found: " << target_token;
            throw FormatError(msg.str());
          }
          Node target = it->second;

          e = _graph.addEdge(source, target);
          if (label_index != -1)
            _edge_index.insert(std::make_pair(tokens[label_index], e));
        } else {
          if (label_index == -1)
            throw FormatError("Label map not found");
          typename std::map<std::string, Edge>::iterator it =
            _edge_index.find(tokens[label_index]);
          if (it == _edge_index.end()) {
            std::ostringstream msg;
            msg << "Edge with label not found: " << tokens[label_index];
            throw FormatError(msg.str());
          }
          e = it->second;
        }

        for (int i = 0; i < static_cast<int>(_edge_maps.size()); ++i) {
          _edge_maps[i].second->set(e, tokens[map_index[i]]);
        }

      }
      if (readSuccess()) {
        line.putback(c);
      }
    }

    void readAttributes() {

      std::set<std::string> read_attr;

      char c;
      while (readLine() && line >> c && c != '@') {
        line.putback(c);

        std::string attr, token;
        if (!_reader_bits::readToken(line, attr))
          throw FormatError("Attribute name not found");
        if (!_reader_bits::readToken(line, token))
          throw FormatError("Attribute value not found");
        if (line >> c)
          throw FormatError("Extra character at the end of line");

        {
          std::set<std::string>::iterator it = read_attr.find(attr);
          if (it != read_attr.end()) {
            std::ostringstream msg;
            msg << "Multiple occurence of attribute: " << attr;
            throw FormatError(msg.str());
          }
          read_attr.insert(attr);
        }

        {
          typename Attributes::iterator it = _attributes.lower_bound(attr);
          while (it != _attributes.end() && it->first == attr) {
            it->second->set(token);
            ++it;
          }
        }

      }
      if (readSuccess()) {
        line.putback(c);
      }
      for (typename Attributes::iterator it = _attributes.begin();
           it != _attributes.end(); ++it) {
        if (read_attr.find(it->first) == read_attr.end()) {
          std::ostringstream msg;
          msg << "Attribute not found: " << it->first;
          throw FormatError(msg.str());
        }
      }
    }

  public:

    /// \name Execution of the Reader
    /// @{

    /// \brief Start the batch processing
    ///
    /// This function starts the batch processing
    void run() {

      LEMON_ASSERT(_is != 0, "This reader assigned to an other reader");

      bool nodes_done = _skip_nodes;
      bool edges_done = _skip_edges;
      bool attributes_done = false;

      line_num = 0;
      readLine();
      skipSection();

      while (readSuccess()) {
        try {
          char c;
          std::string section, caption;
          line >> c;
          _reader_bits::readToken(line, section);
          _reader_bits::readToken(line, caption);

          if (line >> c)
            throw FormatError("Extra character at the end of line");

          if (section == "nodes" && !nodes_done) {
            if (_nodes_caption.empty() || _nodes_caption == caption) {
              readNodes();
              nodes_done = true;
            }
          } else if ((section == "edges" || section == "arcs") &&
                     !edges_done) {
            if (_edges_caption.empty() || _edges_caption == caption) {
              readEdges();
              edges_done = true;
            }
          } else if (section == "attributes" && !attributes_done) {
            if (_attributes_caption.empty() || _attributes_caption == caption) {
              readAttributes();
              attributes_done = true;
            }
          } else {
            readLine();
            skipSection();
          }
        } catch (FormatError& error) {
          error.line(line_num);
          error.file(_filename);
          throw;
        }
      }

      if (!nodes_done) {
        throw FormatError("Section @nodes not found");
      }

      if (!edges_done) {
        throw FormatError("Section @edges not found");
      }

      if (!attributes_done && !_attributes.empty()) {
        throw FormatError("Section @attributes not found");
      }

    }

    /// @}

  };

  /// \ingroup lemon_io
  ///
  /// \brief Return a \ref GraphReader class
  ///
  /// This function just returns a \ref GraphReader class.
  ///
  /// With this function a graph can be read from an
  /// \ref lgf-format "LGF" file or input stream with several maps and
  /// attributes. For example, there is weighted matching problem on a
  /// graph, i.e. a graph with a \e weight map on the edges. This
  /// graph can be read with the following code:
  ///
  ///\code
  ///ListGraph graph;
  ///ListGraph::EdgeMap<int> weight(graph);
  ///graphReader(graph, std::cin).
  ///  edgeMap("weight", weight).
  ///  run();
  ///\endcode
  ///
  /// For a complete documentation, please see the \ref GraphReader
  /// class documentation.
  /// \warning Don't forget to put the \ref GraphReader::run() "run()"
  /// to the end of the parameter list.
  /// \relates GraphReader
  /// \sa graphReader(TGR& graph, const std::string& fn)
  /// \sa graphReader(TGR& graph, const char* fn)
  template <typename TGR>
  GraphReader<TGR> graphReader(TGR& graph, std::istream& is) {
    GraphReader<TGR> tmp(graph, is);
    return tmp;
  }

  /// \brief Return a \ref GraphReader class
  ///
  /// This function just returns a \ref GraphReader class.
  /// \relates GraphReader
  /// \sa graphReader(TGR& graph, std::istream& is)
  template <typename TGR>
  GraphReader<TGR> graphReader(TGR& graph, const std::string& fn) {
    GraphReader<TGR> tmp(graph, fn);
    return tmp;
  }

  /// \brief Return a \ref GraphReader class
  ///
  /// This function just returns a \ref GraphReader class.
  /// \relates GraphReader
  /// \sa graphReader(TGR& graph, std::istream& is)
  template <typename TGR>
  GraphReader<TGR> graphReader(TGR& graph, const char* fn) {
    GraphReader<TGR> tmp(graph, fn);
    return tmp;
  }

  class SectionReader;

  SectionReader sectionReader(std::istream& is);
  SectionReader sectionReader(const std::string& fn);
  SectionReader sectionReader(const char* fn);

  /// \ingroup lemon_io
  ///
  /// \brief Section reader class
  ///
  /// In the \ref lgf-format "LGF" file extra sections can be placed,
  /// which contain any data in arbitrary format. Such sections can be
  /// read with this class. A reading rule can be added to the class
  /// with two different functions. With the \c sectionLines() function a
  /// functor can process the section line-by-line, while with the \c
  /// sectionStream() member the section can be read from an input
  /// stream.
  class SectionReader {
  private:

    std::istream* _is;
    bool local_is;
    std::string _filename;

    typedef std::map<std::string, _reader_bits::Section*> Sections;
    Sections _sections;

    int line_num;
    std::istringstream line;

  public:

    /// \brief Constructor
    ///
    /// Construct a section reader, which reads from the given input
    /// stream.
    SectionReader(std::istream& is)
      : _is(&is), local_is(false) {}

    /// \brief Constructor
    ///
    /// Construct a section reader, which reads from the given file.
    SectionReader(const std::string& fn)
      : _is(new std::ifstream(fn.c_str())), local_is(true),
        _filename(fn) {
      if (!(*_is)) {
        delete _is;
        throw IoError("Cannot open file", fn);
      }
    }

    /// \brief Constructor
    ///
    /// Construct a section reader, which reads from the given file.
    SectionReader(const char* fn)
      : _is(new std::ifstream(fn)), local_is(true),
        _filename(fn) {
      if (!(*_is)) {
        delete _is;
        throw IoError("Cannot open file", fn);
      }
    }

    /// \brief Destructor
    ~SectionReader() {
      for (Sections::iterator it = _sections.begin();
           it != _sections.end(); ++it) {
        delete it->second;
      }

      if (local_is) {
        delete _is;
      }

    }

  private:

    friend SectionReader sectionReader(std::istream& is);
    friend SectionReader sectionReader(const std::string& fn);
    friend SectionReader sectionReader(const char* fn);

    SectionReader(SectionReader& other)
      : _is(other._is), local_is(other.local_is) {

      other._is = 0;
      other.local_is = false;

      _sections.swap(other._sections);
    }

    SectionReader& operator=(const SectionReader&);

  public:

    /// \name Section Readers
    /// @{

    /// \brief Add a section processor with line oriented reading
    ///
    /// The first parameter is the type descriptor of the section, the
    /// second is a functor, which takes just one \c std::string
    /// parameter. At the reading process, each line of the section
    /// will be given to the functor object. However, the empty lines
    /// and the comment lines are filtered out, and the leading
    /// whitespaces are trimmed from each processed string.
    ///
    /// For example, let's see a section, which contain several
    /// integers, which should be inserted into a vector.
    ///\code
    ///  @numbers
    ///  12 45 23
    ///  4
    ///  23 6
    ///\endcode
    ///
    /// The functor is implemented as a struct:
    ///\code
    ///  struct NumberSection {
    ///    std::vector<int>& _data;
    ///    NumberSection(std::vector<int>& data) : _data(data) {}
    ///    void operator()(const std::string& line) {
    ///      std::istringstream ls(line);
    ///      int value;
    ///      while (ls >> value) _data.push_back(value);
    ///    }
    ///  };
    ///
    ///  // ...
    ///
    ///  reader.sectionLines("numbers", NumberSection(vec));
    ///\endcode
    template <typename Functor>
    SectionReader& sectionLines(const std::string& type, Functor functor) {
      LEMON_ASSERT(!type.empty(), "Type is empty.");
      LEMON_ASSERT(_sections.find(type) == _sections.end(),
                   "Multiple reading of section.");
      _sections.insert(std::make_pair(type,
        new _reader_bits::LineSection<Functor>(functor)));
      return *this;
    }


    /// \brief Add a section processor with stream oriented reading
    ///
    /// The first parameter is the type of the section, the second is
    /// a functor, which takes an \c std::istream& and an \c int&
    /// parameter, the latter regard to the line number of stream. The
    /// functor can read the input while the section go on, and the
    /// line number should be modified accordingly.
    template <typename Functor>
    SectionReader& sectionStream(const std::string& type, Functor functor) {
      LEMON_ASSERT(!type.empty(), "Type is empty.");
      LEMON_ASSERT(_sections.find(type) == _sections.end(),
                   "Multiple reading of section.");
      _sections.insert(std::make_pair(type,
         new _reader_bits::StreamSection<Functor>(functor)));
      return *this;
    }

    /// @}

  private:

    bool readLine() {
      std::string str;
      while(++line_num, std::getline(*_is, str)) {
        line.clear(); line.str(str);
        char c;
        if (line >> std::ws >> c && c != '#') {
          line.putback(c);
          return true;
        }
      }
      return false;
    }

    bool readSuccess() {
      return static_cast<bool>(*_is);
    }

    void skipSection() {
      char c;
      while (readSuccess() && line >> c && c != '@') {
        readLine();
      }
      if (readSuccess()) {
        line.putback(c);
      }
    }

  public:


    /// \name Execution of the Reader
    /// @{

    /// \brief Start the batch processing
    ///
    /// This function starts the batch processing.
    void run() {

      LEMON_ASSERT(_is != 0, "This reader assigned to an other reader");

      std::set<std::string> extra_sections;

      line_num = 0;
      readLine();
      skipSection();

      while (readSuccess()) {
        try {
          char c;
          std::string section, caption;
          line >> c;
          _reader_bits::readToken(line, section);
          _reader_bits::readToken(line, caption);

          if (line >> c)
            throw FormatError("Extra character at the end of line");

          if (extra_sections.find(section) != extra_sections.end()) {
            std::ostringstream msg;
            msg << "Multiple occurence of section: " << section;
            throw FormatError(msg.str());
          }
          Sections::iterator it = _sections.find(section);
          if (it != _sections.end()) {
            extra_sections.insert(section);
            it->second->process(*_is, line_num);
          }
          readLine();
          skipSection();
        } catch (FormatError& error) {
          error.line(line_num);
          error.file(_filename);
          throw;
        }
      }
      for (Sections::iterator it = _sections.begin();
           it != _sections.end(); ++it) {
        if (extra_sections.find(it->first) == extra_sections.end()) {
          std::ostringstream os;
          os << "Cannot find section: " << it->first;
          throw FormatError(os.str());
        }
      }
    }

    /// @}

  };

  /// \ingroup lemon_io
  ///
  /// \brief Return a \ref SectionReader class
  ///
  /// This function just returns a \ref SectionReader class.
  ///
  /// Please see SectionReader documentation about the custom section
  /// input.
  ///
  /// \relates SectionReader
  /// \sa sectionReader(const std::string& fn)
  /// \sa sectionReader(const char *fn)
  inline SectionReader sectionReader(std::istream& is) {
    SectionReader tmp(is);
    return tmp;
  }

  /// \brief Return a \ref SectionReader class
  ///
  /// This function just returns a \ref SectionReader class.
  /// \relates SectionReader
  /// \sa sectionReader(std::istream& is)
  inline SectionReader sectionReader(const std::string& fn) {
    SectionReader tmp(fn);
    return tmp;
  }

  /// \brief Return a \ref SectionReader class
  ///
  /// This function just returns a \ref SectionReader class.
  /// \relates SectionReader
  /// \sa sectionReader(std::istream& is)
  inline SectionReader sectionReader(const char* fn) {
    SectionReader tmp(fn);
    return tmp;
  }

  /// \ingroup lemon_io
  ///
  /// \brief Reader for the contents of the \ref lgf-format "LGF" file
  ///
  /// This class can be used to read the sections, the map names and
  /// the attributes from a file. Usually, the LEMON programs know
  /// that, which type of graph, which maps and which attributes
  /// should be read from a file, but in general tools (like glemon)
  /// the contents of an LGF file should be guessed somehow. This class
  /// reads the graph and stores the appropriate information for
  /// reading the graph.
  ///
  ///\code
  /// LgfContents contents("graph.lgf");
  /// contents.run();
  ///
  /// // Does it contain any node section and arc section?
  /// if (contents.nodeSectionNum() == 0 || contents.arcSectionNum()) {
  ///   std::cerr << "Failure, cannot find graph." << std::endl;
  ///   return -1;
  /// }
  /// std::cout << "The name of the default node section: "
  ///           << contents.nodeSection(0) << std::endl;
  /// std::cout << "The number of the arc maps: "
  ///           << contents.arcMaps(0).size() << std::endl;
  /// std::cout << "The name of second arc map: "
  ///           << contents.arcMaps(0)[1] << std::endl;
  ///\endcode
  class LgfContents {
  private:

    std::istream* _is;
    bool local_is;

    std::vector<std::string> _node_sections;
    std::vector<std::string> _edge_sections;
    std::vector<std::string> _attribute_sections;
    std::vector<std::string> _extra_sections;

    std::vector<bool> _arc_sections;

    std::vector<std::vector<std::string> > _node_maps;
    std::vector<std::vector<std::string> > _edge_maps;

    std::vector<std::vector<std::string> > _attributes;


    int line_num;
    std::istringstream line;

  public:

    /// \brief Constructor
    ///
    /// Construct an \e LGF contents reader, which reads from the given
    /// input stream.
    LgfContents(std::istream& is)
      : _is(&is), local_is(false) {}

    /// \brief Constructor
    ///
    /// Construct an \e LGF contents reader, which reads from the given
    /// file.
    LgfContents(const std::string& fn)
      : _is(new std::ifstream(fn.c_str())), local_is(true) {
      if (!(*_is)) {
        delete _is;
        throw IoError("Cannot open file", fn);
      }
    }

    /// \brief Constructor
    ///
    /// Construct an \e LGF contents reader, which reads from the given
    /// file.
    LgfContents(const char* fn)
      : _is(new std::ifstream(fn)), local_is(true) {
      if (!(*_is)) {
        delete _is;
        throw IoError("Cannot open file", fn);
      }
    }

    /// \brief Destructor
    ~LgfContents() {
      if (local_is) delete _is;
    }

  private:

    LgfContents(const LgfContents&);
    LgfContents& operator=(const LgfContents&);

  public:


    /// \name Node Sections
    /// @{

    /// \brief Gives back the number of node sections in the file.
    ///
    /// Gives back the number of node sections in the file.
    int nodeSectionNum() const {
      return _node_sections.size();
    }

    /// \brief Returns the node section name at the given position.
    ///
    /// Returns the node section name at the given position.
    const std::string& nodeSection(int i) const {
      return _node_sections[i];
    }

    /// \brief Gives back the node maps for the given section.
    ///
    /// Gives back the node maps for the given section.
    const std::vector<std::string>& nodeMapNames(int i) const {
      return _node_maps[i];
    }

    /// @}

    /// \name Arc/Edge Sections
    /// @{

    /// \brief Gives back the number of arc/edge sections in the file.
    ///
    /// Gives back the number of arc/edge sections in the file.
    /// \note It is synonym of \c edgeSectionNum().
    int arcSectionNum() const {
      return _edge_sections.size();
    }

    /// \brief Returns the arc/edge section name at the given position.
    ///
    /// Returns the arc/edge section name at the given position.
    /// \note It is synonym of \c edgeSection().
    const std::string& arcSection(int i) const {
      return _edge_sections[i];
    }

    /// \brief Gives back the arc/edge maps for the given section.
    ///
    /// Gives back the arc/edge maps for the given section.
    /// \note It is synonym of \c edgeMapNames().
    const std::vector<std::string>& arcMapNames(int i) const {
      return _edge_maps[i];
    }

    /// @}

    /// \name Synonyms
    /// @{

    /// \brief Gives back the number of arc/edge sections in the file.
    ///
    /// Gives back the number of arc/edge sections in the file.
    /// \note It is synonym of \c arcSectionNum().
    int edgeSectionNum() const {
      return _edge_sections.size();
    }

    /// \brief Returns the section name at the given position.
    ///
    /// Returns the section name at the given position.
    /// \note It is synonym of \c arcSection().
    const std::string& edgeSection(int i) const {
      return _edge_sections[i];
    }

    /// \brief Gives back the edge maps for the given section.
    ///
    /// Gives back the edge maps for the given section.
    /// \note It is synonym of \c arcMapNames().
    const std::vector<std::string>& edgeMapNames(int i) const {
      return _edge_maps[i];
    }

    /// @}

    /// \name Attribute Sections
    /// @{

    /// \brief Gives back the number of attribute sections in the file.
    ///
    /// Gives back the number of attribute sections in the file.
    int attributeSectionNum() const {
      return _attribute_sections.size();
    }

    /// \brief Returns the attribute section name at the given position.
    ///
    /// Returns the attribute section name at the given position.
    const std::string& attributeSectionNames(int i) const {
      return _attribute_sections[i];
    }

    /// \brief Gives back the attributes for the given section.
    ///
    /// Gives back the attributes for the given section.
    const std::vector<std::string>& attributes(int i) const {
      return _attributes[i];
    }

    /// @}

    /// \name Extra Sections
    /// @{

    /// \brief Gives back the number of extra sections in the file.
    ///
    /// Gives back the number of extra sections in the file.
    int extraSectionNum() const {
      return _extra_sections.size();
    }

    /// \brief Returns the extra section type at the given position.
    ///
    /// Returns the section type at the given position.
    const std::string& extraSection(int i) const {
      return _extra_sections[i];
    }

    /// @}

  private:

    bool readLine() {
      std::string str;
      while(++line_num, std::getline(*_is, str)) {
        line.clear(); line.str(str);
        char c;
        if (line >> std::ws >> c && c != '#') {
          line.putback(c);
          return true;
        }
      }
      return false;
    }

    bool readSuccess() {
      return static_cast<bool>(*_is);
    }

    void skipSection() {
      char c;
      while (readSuccess() && line >> c && c != '@') {
        readLine();
      }
      if (readSuccess()) {
        line.putback(c);
      }
    }

    void readMaps(std::vector<std::string>& maps) {
      char c;
      if (!readLine() || !(line >> c) || c == '@') {
        if (readSuccess() && line) line.putback(c);
        return;
      }
      line.putback(c);
      std::string map;
      while (_reader_bits::readToken(line, map)) {
        maps.push_back(map);
      }
    }

    void readAttributes(std::vector<std::string>& attrs) {
      readLine();
      char c;
      while (readSuccess() && line >> c && c != '@') {
        line.putback(c);
        std::string attr;
        _reader_bits::readToken(line, attr);
        attrs.push_back(attr);
        readLine();
      }
      line.putback(c);
    }

  public:

    /// \name Execution of the Contents Reader
    /// @{

    /// \brief Starts the reading
    ///
    /// This function starts the reading.
    void run() {

      readLine();
      skipSection();

      while (readSuccess()) {

        char c;
        line >> c;

        std::string section, caption;
        _reader_bits::readToken(line, section);
        _reader_bits::readToken(line, caption);

        if (section == "nodes") {
          _node_sections.push_back(caption);
          _node_maps.push_back(std::vector<std::string>());
          readMaps(_node_maps.back());
          readLine(); skipSection();
        } else if (section == "arcs" || section == "edges") {
          _edge_sections.push_back(caption);
          _arc_sections.push_back(section == "arcs");
          _edge_maps.push_back(std::vector<std::string>());
          readMaps(_edge_maps.back());
          readLine(); skipSection();
        } else if (section == "attributes") {
          _attribute_sections.push_back(caption);
          _attributes.push_back(std::vector<std::string>());
          readAttributes(_attributes.back());
        } else {
          _extra_sections.push_back(section);
          readLine(); skipSection();
        }
      }
    }

    /// @}

  };
}

#endif







lemon/lgf_writer.h

/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2010
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

///\ingroup lemon_io
///\file
///\brief \ref lgf-format "LEMON Graph Format" writer.


#ifndef LEMON_LGF_WRITER_H
#define LEMON_LGF_WRITER_H

#include <iostream>
#include <fstream>
#include <sstream>

#include <algorithm>

#include <vector>
#include <functional>

#include <lemon/core.h>
#include <lemon/maps.h>

#include <lemon/concept_check.h>
#include <lemon/concepts/maps.h>

namespace lemon {

  namespace _writer_bits {

    template <typename Value>
    struct DefaultConverter {
      std::string operator()(const Value& value) {
        std::ostringstream os;
        os << value;
        return os.str();
      }
    };

    template <typename T>
    bool operator<(const T&, const T&) {
      throw FormatError("Label map is not comparable");
    }

    template <typename _Map>
    class MapLess {
    public:
      typedef _Map Map;
      typedef typename Map::Key Item;

    private:
      const Map& _map;

    public:
      MapLess(const Map& map) : _map(map) {}

      bool operator()(const Item& left, const Item& right) {
        return _map[left] < _map[right];
      }
    };

    template <typename _Graph, bool _dir, typename _Map>
    class GraphArcMapLess {
    public:
      typedef _Map Map;
      typedef _Graph Graph;
      typedef typename Graph::Edge Item;

    private:
      const Graph& _graph;
      const Map& _map;

    public:
      GraphArcMapLess(const Graph& graph, const Map& map)
        : _graph(graph), _map(map) {}

      bool operator()(const Item& left, const Item& right) {
        return _map[_graph.direct(left, _dir)] <
          _map[_graph.direct(right, _dir)];
      }
    };

    template <typename _Item>
    class MapStorageBase {
    public:
      typedef _Item Item;

    public:
      MapStorageBase() {}
      virtual ~MapStorageBase() {}

      virtual std::string get(const Item& item) = 0;
      virtual void sort(std::vector<Item>&) = 0;
    };

    template <typename _Item, typename _Map,
              typename _Converter = DefaultConverter<typename _Map::Value> >
    class MapStorage : public MapStorageBase<_Item> {
    public:
      typedef _Map Map;
      typedef _Converter Converter;
      typedef _Item Item;

    private:
      const Map& _map;
      Converter _converter;

    public:
      MapStorage(const Map& map, const Converter& converter = Converter())
        : _map(map), _converter(converter) {}
      virtual ~MapStorage() {}

      virtual std::string get(const Item& item) {
        return _converter(_map[item]);
      }
      virtual void sort(std::vector<Item>& items) {
        MapLess<Map> less(_map);
        std::sort(items.begin(), items.end(), less);
      }
    };

    template <typename _Graph, bool _dir, typename _Map,
              typename _Converter = DefaultConverter<typename _Map::Value> >
    class GraphArcMapStorage : public MapStorageBase<typename _Graph::Edge> {
    public:
      typedef _Map Map;
      typedef _Converter Converter;
      typedef _Graph Graph;
      typedef typename Graph::Edge Item;
      static const bool dir = _dir;

    private:
      const Graph& _graph;
      const Map& _map;
      Converter _converter;

    public:
      GraphArcMapStorage(const Graph& graph, const Map& map,
                         const Converter& converter = Converter())
        : _graph(graph), _map(map), _converter(converter) {}
      virtual ~GraphArcMapStorage() {}

      virtual std::string get(const Item& item) {
        return _converter(_map[_graph.direct(item, dir)]);
      }
      virtual void sort(std::vector<Item>& items) {
        GraphArcMapLess<Graph, dir, Map> less(_graph, _map);
        std::sort(items.begin(), items.end(), less);
      }
    };

    class ValueStorageBase {
    public:
      ValueStorageBase() {}
      virtual ~ValueStorageBase() {}

      virtual std::string get() = 0;
    };

    template <typename _Value, typename _Converter = DefaultConverter<_Value> >
    class ValueStorage : public ValueStorageBase {
    public:
      typedef _Value Value;
      typedef _Converter Converter;

    private:
      const Value& _value;
      Converter _converter;

    public:
      ValueStorage(const Value& value, const Converter& converter = Converter())
        : _value(value), _converter(converter) {}

      virtual std::string get() {
        return _converter(_value);
      }
    };

    template <typename Value>
    struct MapLookUpConverter {
      const std::map<Value, std::string>& _map;

      MapLookUpConverter(const std::map<Value, std::string>& map)
        : _map(map) {}

      std::string operator()(const Value& str) {
        typename std::map<Value, std::string>::const_iterator it =
          _map.find(str);
        if (it == _map.end()) {
          throw FormatError("Item not found");
        }
        return it->second;
      }
    };

    template <typename Graph>
    struct GraphArcLookUpConverter {
      const Graph& _graph;
      const std::map<typename Graph::Edge, std::string>& _map;

      GraphArcLookUpConverter(const Graph& graph,
                              const std::map<typename Graph::Edge,
                                             std::string>& map)
        : _graph(graph), _map(map) {}

      std::string operator()(const typename Graph::Arc& val) {
        typename std::map<typename Graph::Edge, std::string>
          ::const_iterator it = _map.find(val);
        if (it == _map.end()) {
          throw FormatError("Item not found");
        }
        return (_graph.direction(val) ? '+' : '-') + it->second;
      }
    };

    inline bool isWhiteSpace(char c) {
      return c == ' ' || c == '\t' || c == '\v' ||
        c == '\n' || c == '\r' || c == '\f';
    }

    inline bool isEscaped(char c) {
      return c == '\\' || c == '\"' || c == '\'' ||
        c == '\a' || c == '\b';
    }

    inline static void writeEscape(std::ostream& os, char c) {
      switch (c) {
      case '\\':
        os << "\\\\";
        return;
      case '\"':
        os << "\\\"";
        return;
      case '\a':
        os << "\\a";
        return;
      case '\b':
        os << "\\b";
        return;
      case '\f':
        os << "\\f";
        return;
      case '\r':
        os << "\\r";
        return;
      case '\n':
        os << "\\n";
        return;
      case '\t':
        os << "\\t";
        return;
      case '\v':
        os << "\\v";
        return;
      default:
        if (c < 0x20) {
          std::ios::fmtflags flags = os.flags();
          os << '\\' << std::oct << static_cast<int>(c);
          os.flags(flags);
        } else {
          os << c;
        }
        return;
      }
    }

    inline bool requireEscape(const std::string& str) {
      if (str.empty() || str[0] == '@') return true;
      std::istringstream is(str);
      char c;
      while (is.get(c)) {
        if (isWhiteSpace(c) || isEscaped(c)) {
          return true;
        }
      }
      return false;
    }

    inline std::ostream& writeToken(std::ostream& os, const std::string& str) {

      if (requireEscape(str)) {
        os << '\"';
        for (std::string::const_iterator it = str.begin();
             it != str.end(); ++it) {
          writeEscape(os, *it);
        }
        os << '\"';
      } else {
        os << str;
      }
      return os;
    }

    class Section {
    public:
      virtual ~Section() {}
      virtual void process(std::ostream& os) = 0;
    };

    template <typename Functor>
    class LineSection : public Section {
    private:

      Functor _functor;

    public:

      LineSection(const Functor& functor) : _functor(functor) {}
      virtual ~LineSection() {}

      virtual void process(std::ostream& os) {
        std::string line;
        while (!(line = _functor()).empty()) os << line << std::endl;
      }
    };

    template <typename Functor>
    class StreamSection : public Section {
    private:

      Functor _functor;

    public:

      StreamSection(const Functor& functor) : _functor(functor) {}
      virtual ~StreamSection() {}

      virtual void process(std::ostream& os) {
        _functor(os);
      }
    };

  }

  template <typename DGR>
  class DigraphWriter;

  template <typename TDGR>
  DigraphWriter<TDGR> digraphWriter(const TDGR& digraph,
                                   std::ostream& os = std::cout);
  template <typename TDGR>
  DigraphWriter<TDGR> digraphWriter(const TDGR& digraph, const std::string& fn);

  template <typename TDGR>
  DigraphWriter<TDGR> digraphWriter(const TDGR& digraph, const char* fn);


  /// \ingroup lemon_io
  ///
  /// \brief \ref lgf-format "LGF" writer for directed graphs
  ///
  /// This utility writes an \ref lgf-format "LGF" file.
  ///
  /// The writing method does a batch processing. The user creates a
  /// writer object, then various writing rules can be added to the
  /// writer, and eventually the writing is executed with the \c run()
  /// member function. A map writing rule can be added to the writer
  /// with the \c nodeMap() or \c arcMap() members. An optional
  /// converter parameter can also be added as a standard functor
  /// converting from the value type of the map to \c std::string. If it
  /// is set, it will determine how the value type of the map is written to
  /// the output stream. If the functor is not set, then a default
  /// conversion will be used. The \c attribute(), \c node() and \c
  /// arc() functions are used to add attribute writing rules.
  ///
  ///\code
  /// DigraphWriter<DGR>(digraph, std::cout).
  ///   nodeMap("coordinates", coord_map).
  ///   nodeMap("size", size).
  ///   nodeMap("title", title).
  ///   arcMap("capacity", cap_map).
  ///   node("source", src).
  ///   node("target", trg).
  ///   attribute("caption", caption).
  ///   run();
  ///\endcode
  ///
  ///
  /// By default, the writer does not write additional captions to the
  /// sections, but they can be give as an optional parameter of
  /// the \c nodes(), \c arcs() or \c
  /// attributes() functions.
  ///
  /// The \c skipNodes() and \c skipArcs() functions forbid the
  /// writing of the sections. If two arc sections should be written
  /// to the output, it can be done in two passes, the first pass
  /// writes the node section and the first arc section, then the
  /// second pass skips the node section and writes just the arc
  /// section to the stream. The output stream can be retrieved with
  /// the \c ostream() function, hence the second pass can append its
  /// output to the output of the first pass.
  template <typename DGR>
  class DigraphWriter {
  public:

    typedef DGR Digraph;
    TEMPLATE_DIGRAPH_TYPEDEFS(DGR);

  private:


    std::ostream* _os;
    bool local_os;

    const DGR& _digraph;

    std::string _nodes_caption;
    std::string _arcs_caption;
    std::string _attributes_caption;

    typedef std::map<Node, std::string> NodeIndex;
    NodeIndex _node_index;
    typedef std::map<Arc, std::string> ArcIndex;
    ArcIndex _arc_index;

    typedef std::vector<std::pair<std::string,
      _writer_bits::MapStorageBase<Node>* > > NodeMaps;
    NodeMaps _node_maps;

    typedef std::vector<std::pair<std::string,
      _writer_bits::MapStorageBase<Arc>* > >ArcMaps;
    ArcMaps _arc_maps;

    typedef std::vector<std::pair<std::string,
      _writer_bits::ValueStorageBase*> > Attributes;
    Attributes _attributes;

    bool _skip_nodes;
    bool _skip_arcs;

  public:

    /// \brief Constructor
    ///
    /// Construct a directed graph writer, which writes to the given
    /// output stream.
    DigraphWriter(const DGR& digraph, std::ostream& os = std::cout)
      : _os(&os), local_os(false), _digraph(digraph),
        _skip_nodes(false), _skip_arcs(false) {}

    /// \brief Constructor
    ///
    /// Construct a directed graph writer, which writes to the given
    /// output file.
    DigraphWriter(const DGR& digraph, const std::string& fn)
      : _os(new std::ofstream(fn.c_str())), local_os(true), _digraph(digraph),
        _skip_nodes(false), _skip_arcs(false) {
      if (!(*_os)) {
        delete _os;
        throw IoError("Cannot write file", fn);
      }
    }

    /// \brief Constructor
    ///
    /// Construct a directed graph writer, which writes to the given
    /// output file.
    DigraphWriter(const DGR& digraph, const char* fn)
      : _os(new std::ofstream(fn)), local_os(true), _digraph(digraph),
        _skip_nodes(false), _skip_arcs(false) {
      if (!(*_os)) {
        delete _os;
        throw IoError("Cannot write file", fn);
      }
    }

    /// \brief Destructor
    ~DigraphWriter() {
      for (typename NodeMaps::iterator it = _node_maps.begin();
           it != _node_maps.end(); ++it) {
        delete it->second;
      }

      for (typename ArcMaps::iterator it = _arc_maps.begin();
           it != _arc_maps.end(); ++it) {
        delete it->second;
      }

      for (typename Attributes::iterator it = _attributes.begin();
           it != _attributes.end(); ++it) {
        delete it->second;
      }

      if (local_os) {
        delete _os;
      }
    }

  private:

    template <typename TDGR>
    friend DigraphWriter<TDGR> digraphWriter(const TDGR& digraph,
                                             std::ostream& os);
    template <typename TDGR>
    friend DigraphWriter<TDGR> digraphWriter(const TDGR& digraph,
                                             const std::string& fn);
    template <typename TDGR>
    friend DigraphWriter<TDGR> digraphWriter(const TDGR& digraph,
                                             const char *fn);

    DigraphWriter(DigraphWriter& other)
      : _os(other._os), local_os(other.local_os), _digraph(other._digraph),
        _skip_nodes(other._skip_nodes), _skip_arcs(other._skip_arcs) {

      other._os = 0;
      other.local_os = false;

      _node_index.swap(other._node_index);
      _arc_index.swap(other._arc_index);

      _node_maps.swap(other._node_maps);
      _arc_maps.swap(other._arc_maps);
      _attributes.swap(other._attributes);

      _nodes_caption = other._nodes_caption;
      _arcs_caption = other._arcs_caption;
      _attributes_caption = other._attributes_caption;
    }

    DigraphWriter& operator=(const DigraphWriter&);

  public:

    /// \name Writing Rules
    /// @{

    /// \brief Node map writing rule
    ///
    /// Add a node map writing rule to the writer.
    template <typename Map>
    DigraphWriter& nodeMap(const std::string& caption, const Map& map) {
      checkConcept<concepts::ReadMap<Node, typename Map::Value>, Map>();
      _writer_bits::MapStorageBase<Node>* storage =
        new _writer_bits::MapStorage<Node, Map>(map);
      _node_maps.push_back(std::make_pair(caption, storage));
      return *this;
    }

    /// \brief Node map writing rule
    ///
    /// Add a node map writing rule with specialized converter to the
    /// writer.
    template <typename Map, typename Converter>
    DigraphWriter& nodeMap(const std::string& caption, const Map& map,
                           const Converter& converter = Converter()) {
      checkConcept<concepts::ReadMap<Node, typename Map::Value>, Map>();
      _writer_bits::MapStorageBase<Node>* storage =
        new _writer_bits::MapStorage<Node, Map, Converter>(map, converter);
      _node_maps.push_back(std::make_pair(caption, storage));
      return *this;
    }

    /// \brief Arc map writing rule
    ///
    /// Add an arc map writing rule to the writer.
    template <typename Map>
    DigraphWriter& arcMap(const std::string& caption, const Map& map) {
      checkConcept<concepts::ReadMap<Arc, typename Map::Value>, Map>();
      _writer_bits::MapStorageBase<Arc>* storage =
        new _writer_bits::MapStorage<Arc, Map>(map);
      _arc_maps.push_back(std::make_pair(caption, storage));
      return *this;
    }

    /// \brief Arc map writing rule
    ///
    /// Add an arc map writing rule with specialized converter to the
    /// writer.
    template <typename Map, typename Converter>
    DigraphWriter& arcMap(const std::string& caption, const Map& map,
                          const Converter& converter = Converter()) {
      checkConcept<concepts::ReadMap<Arc, typename Map::Value>, Map>();
      _writer_bits::MapStorageBase<Arc>* storage =
        new _writer_bits::MapStorage<Arc, Map, Converter>(map, converter);
      _arc_maps.push_back(std::make_pair(caption, storage));
      return *this;
    }

    /// \brief Attribute writing rule
    ///
    /// Add an attribute writing rule to the writer.
    template <typename Value>
    DigraphWriter& attribute(const std::string& caption, const Value& value) {
      _writer_bits::ValueStorageBase* storage =
        new _writer_bits::ValueStorage<Value>(value);
      _attributes.push_back(std::make_pair(caption, storage));
      return *this;
    }

    /// \brief Attribute writing rule
    ///
    /// Add an attribute writing rule with specialized converter to the
    /// writer.
    template <typename Value, typename Converter>
    DigraphWriter& attribute(const std::string& caption, const Value& value,
                             const Converter& converter = Converter()) {
      _writer_bits::ValueStorageBase* storage =
        new _writer_bits::ValueStorage<Value, Converter>(value, converter);
      _attributes.push_back(std::make_pair(caption, storage));
      return *this;
    }

    /// \brief Node writing rule
    ///
    /// Add a node writing rule to the writer.
    DigraphWriter& node(const std::string& caption, const Node& node) {
      typedef _writer_bits::MapLookUpConverter<Node> Converter;
      Converter converter(_node_index);
      _writer_bits::ValueStorageBase* storage =
        new _writer_bits::ValueStorage<Node, Converter>(node, converter);
      _attributes.push_back(std::make_pair(caption, storage));
      return *this;
    }

    /// \brief Arc writing rule
    ///
    /// Add an arc writing rule to writer.
    DigraphWriter& arc(const std::string& caption, const Arc& arc) {
      typedef _writer_bits::MapLookUpConverter<Arc> Converter;
      Converter converter(_arc_index);
      _writer_bits::ValueStorageBase* storage =
        new _writer_bits::ValueStorage<Arc, Converter>(arc, converter);
      _attributes.push_back(std::make_pair(caption, storage));
      return *this;
    }

    /// \name Section Captions
    /// @{

    /// \brief Add an additional caption to the \c \@nodes section
    ///
    /// Add an additional caption to the \c \@nodes section.
    DigraphWriter& nodes(const std::string& caption) {
      _nodes_caption = caption;
      return *this;
    }

    /// \brief Add an additional caption to the \c \@arcs section
    ///
    /// Add an additional caption to the \c \@arcs section.
    DigraphWriter& arcs(const std::string& caption) {
      _arcs_caption = caption;
      return *this;
    }

    /// \brief Add an additional caption to the \c \@attributes section
    ///
    /// Add an additional caption to the \c \@attributes section.
    DigraphWriter& attributes(const std::string& caption) {
      _attributes_caption = caption;
      return *this;
    }

    /// \name Skipping Section
    /// @{

    /// \brief Skip writing the node set
    ///
    /// The \c \@nodes section will not be written to the stream.
    DigraphWriter& skipNodes() {
      LEMON_ASSERT(!_skip_nodes, "Multiple usage of skipNodes() member");
      _skip_nodes = true;
      return *this;
    }

    /// \brief Skip writing arc set
    ///
    /// The \c \@arcs section will not be written to the stream.
    DigraphWriter& skipArcs() {
      LEMON_ASSERT(!_skip_arcs, "Multiple usage of skipArcs() member");
      _skip_arcs = true;
      return *this;
    }

    /// @}

  private:

    void writeNodes() {
      _writer_bits::MapStorageBase<Node>* label = 0;
      for (typename NodeMaps::iterator it = _node_maps.begin();
           it != _node_maps.end(); ++it) {
        if (it->first == "label") {
          label = it->second;
          break;
        }
      }

      *_os << "@nodes";
      if (!_nodes_caption.empty()) {
        _writer_bits::writeToken(*_os << ' ', _nodes_caption);
      }
      *_os << std::endl;

      if (label == 0) {
        *_os << "label" << '\t';
      }
      for (typename NodeMaps::iterator it = _node_maps.begin();
           it != _node_maps.end(); ++it) {
        _writer_bits::writeToken(*_os, it->first) << '\t';
      }
      *_os << std::endl;

      std::vector<Node> nodes;
      for (NodeIt n(_digraph); n != INVALID; ++n) {
        nodes.push_back(n);
      }

      if (label == 0) {
        IdMap<DGR, Node> id_map(_digraph);
        _writer_bits::MapLess<IdMap<DGR, Node> > id_less(id_map);
        std::sort(nodes.begin(), nodes.end(), id_less);
      } else {
        label->sort(nodes);
      }

      for (int i = 0; i < static_cast<int>(nodes.size()); ++i) {
        Node n = nodes[i];
        if (label == 0) {
          std::ostringstream os;
          os << _digraph.id(n);
          _writer_bits::writeToken(*_os, os.str());
          *_os << '\t';
          _node_index.insert(std::make_pair(n, os.str()));
        }
        for (typename NodeMaps::iterator it = _node_maps.begin();
             it != _node_maps.end(); ++it) {
          std::string value = it->second->get(n);
          _writer_bits::writeToken(*_os, value);
          if (it->first == "label") {
            _node_index.insert(std::make_pair(n, value));
          }
          *_os << '\t';
        }
        *_os << std::endl;
      }
    }

    void createNodeIndex() {
      _writer_bits::MapStorageBase<Node>* label = 0;
      for (typename NodeMaps::iterator it = _node_maps.begin();
           it != _node_maps.end(); ++it) {
        if (it->first == "label") {
          label = it->second;
          break;
        }
      }

      if (label == 0) {
        for (NodeIt n(_digraph); n != INVALID; ++n) {
          std::ostringstream os;
          os << _digraph.id(n);
          _node_index.insert(std::make_pair(n, os.str()));
        }
      } else {
        for (NodeIt n(_digraph); n != INVALID; ++n) {
          std::string value = label->get(n);
          _node_index.insert(std::make_pair(n, value));
        }
      }
    }

    void writeArcs() {
      _writer_bits::MapStorageBase<Arc>* label = 0;
      for (typename ArcMaps::iterator it = _arc_maps.begin();
           it != _arc_maps.end(); ++it) {
        if (it->first == "label") {
          label = it->second;
          break;
        }
      }

      *_os << "@arcs";
      if (!_arcs_caption.empty()) {
        _writer_bits::writeToken(*_os << ' ', _arcs_caption);
      }
      *_os << std::endl;

      *_os << '\t' << '\t';
      if (label == 0) {
        *_os << "label" << '\t';
      }
      for (typename ArcMaps::iterator it = _arc_maps.begin();
           it != _arc_maps.end(); ++it) {
        _writer_bits::writeToken(*_os, it->first) << '\t';
      }
      *_os << std::endl;

      std::vector<Arc> arcs;
      for (ArcIt n(_digraph); n != INVALID; ++n) {
        arcs.push_back(n);
      }

      if (label == 0) {
        IdMap<DGR, Arc> id_map(_digraph);
        _writer_bits::MapLess<IdMap<DGR, Arc> > id_less(id_map);
        std::sort(arcs.begin(), arcs.end(), id_less);
      } else {
        label->sort(arcs);
      }

      for (int i = 0; i < static_cast<int>(arcs.size()); ++i) {
        Arc a = arcs[i];
        _writer_bits::writeToken(*_os, _node_index.
                                 find(_digraph.source(a))->second);
        *_os << '\t';
        _writer_bits::writeToken(*_os, _node_index.
                                 find(_digraph.target(a))->second);
        *_os << '\t';
        if (label == 0) {
          std::ostringstream os;
          os << _digraph.id(a);
          _writer_bits::writeToken(*_os, os.str());
          *_os << '\t';
          _arc_index.insert(std::make_pair(a, os.str()));
        }
        for (typename ArcMaps::iterator it = _arc_maps.begin();
             it != _arc_maps.end(); ++it) {
          std::string value = it->second->get(a);
          _writer_bits::writeToken(*_os, value);
          if (it->first == "label") {
            _arc_index.insert(std::make_pair(a, value));
          }
          *_os << '\t';
        }
        *_os << std::endl;
      }
    }

    void createArcIndex() {
      _writer_bits::MapStorageBase<Arc>* label = 0;
      for (typename ArcMaps::iterator it = _arc_maps.begin();
           it != _arc_maps.end(); ++it) {
        if (it->first == "label") {
          label = it->second;
          break;
        }
      }

      if (label == 0) {
        for (ArcIt a(_digraph); a != INVALID; ++a) {
          std::ostringstream os;
          os << _digraph.id(a);
          _arc_index.insert(std::make_pair(a, os.str()));
        }
      } else {
        for (ArcIt a(_digraph); a != INVALID; ++a) {
          std::string value = label->get(a);
          _arc_index.insert(std::make_pair(a, value));
        }
      }
    }

    void writeAttributes() {
      if (_attributes.empty()) return;
      *_os << "@attributes";
      if (!_attributes_caption.empty()) {
        _writer_bits::writeToken(*_os << ' ', _attributes_caption);
      }
      *_os << std::endl;
      for (typename Attributes::iterator it = _attributes.begin();
           it != _attributes.end(); ++it) {
        _writer_bits::writeToken(*_os, it->first) << ' ';
        _writer_bits::writeToken(*_os, it->second->get());
        *_os << std::endl;
      }
    }

  public:

    /// \name Execution of the Writer
    /// @{

    /// \brief Start the batch processing
    ///
    /// This function starts the batch processing.
    void run() {
      if (!_skip_nodes) {
        writeNodes();
      } else {
        createNodeIndex();
      }
      if (!_skip_arcs) {
        writeArcs();
      } else {
        createArcIndex();
      }
      writeAttributes();
    }

    /// \brief Give back the stream of the writer
    ///
    /// Give back the stream of the writer.
    std::ostream& ostream() {
      return *_os;
    }

    /// @}
  };

  /// \ingroup lemon_io
  ///
  /// \brief Return a \ref DigraphWriter class
  ///
  /// This function just returns a \ref DigraphWriter class.
  ///
  /// With this function a digraph can be write to a file or output
  /// stream in \ref lgf-format "LGF" format with several maps and
  /// attributes. For example, with the following code a network flow
  /// problem can be written to the standard output, i.e. a digraph
  /// with a \e capacity map on the arcs and \e source and \e target
  /// nodes:
  ///
  ///\code
  ///ListDigraph digraph;
  ///ListDigraph::ArcMap<int> cap(digraph);
  ///ListDigraph::Node src, trg;
  ///  // Setting the capacity map and source and target nodes
  ///digraphWriter(digraph, std::cout).
  ///  arcMap("capacity", cap).
  ///  node("source", src).
  ///  node("target", trg).
  ///  run();
  ///\endcode
  ///
  /// For a complete documentation, please see the \ref DigraphWriter
  /// class documentation.
  /// \warning Don't forget to put the \ref DigraphWriter::run() "run()"
  /// to the end of the parameter list.
  /// \relates DigraphWriter
  /// \sa digraphWriter(const TDGR& digraph, const std::string& fn)
  /// \sa digraphWriter(const TDGR& digraph, const char* fn)
  template <typename TDGR>
  DigraphWriter<TDGR> digraphWriter(const TDGR& digraph, std::ostream& os) {
    DigraphWriter<TDGR> tmp(digraph, os);
    return tmp;
  }

  /// \brief Return a \ref DigraphWriter class
  ///
  /// This function just returns a \ref DigraphWriter class.
  /// \relates DigraphWriter
  /// \sa digraphWriter(const TDGR& digraph, std::ostream& os)
  template <typename TDGR>
  DigraphWriter<TDGR> digraphWriter(const TDGR& digraph,
                                    const std::string& fn) {
    DigraphWriter<TDGR> tmp(digraph, fn);
    return tmp;
  }

  /// \brief Return a \ref DigraphWriter class
  ///
  /// This function just returns a \ref DigraphWriter class.
  /// \relates DigraphWriter
  /// \sa digraphWriter(const TDGR& digraph, std::ostream& os)
  template <typename TDGR>
  DigraphWriter<TDGR> digraphWriter(const TDGR& digraph, const char* fn) {
    DigraphWriter<TDGR> tmp(digraph, fn);
    return tmp;
  }

  template <typename GR>
  class GraphWriter;

  template <typename TGR>
  GraphWriter<TGR> graphWriter(const TGR& graph, std::ostream& os = std::cout);
  template <typename TGR>
  GraphWriter<TGR> graphWriter(const TGR& graph, const std::string& fn);
  template <typename TGR>
  GraphWriter<TGR> graphWriter(const TGR& graph, const char* fn);

  /// \ingroup lemon_io
  ///
  /// \brief \ref lgf-format "LGF" writer for directed graphs
  ///
  /// This utility writes an \ref lgf-format "LGF" file.
  ///
  /// It can be used almost the same way as \c DigraphWriter.
  /// The only difference is that this class can handle edges and
  /// edge maps as well as arcs and arc maps.
  ///
  /// The arc maps are written into the file as two columns, the
  /// caption of the columns are the name of the map prefixed with \c
  /// '+' and \c '-'. The arcs are written into the \c \@attributes
  /// section as a \c '+' or a \c '-' prefix (depends on the direction
  /// of the arc) and the label of corresponding edge.
  template <typename GR>
  class GraphWriter {
  public:

    typedef GR Graph;
    TEMPLATE_GRAPH_TYPEDEFS(GR);

  private:


    std::ostream* _os;
    bool local_os;

    const GR& _graph;

    std::string _nodes_caption;
    std::string _edges_caption;
    std::string _attributes_caption;

    typedef std::map<Node, std::string> NodeIndex;
    NodeIndex _node_index;
    typedef std::map<Edge, std::string> EdgeIndex;
    EdgeIndex _edge_index;

    typedef std::vector<std::pair<std::string,
      _writer_bits::MapStorageBase<Node>* > > NodeMaps;
    NodeMaps _node_maps;

    typedef std::vector<std::pair<std::string,
      _writer_bits::MapStorageBase<Edge>* > >EdgeMaps;
    EdgeMaps _edge_maps;

    typedef std::vector<std::pair<std::string,
      _writer_bits::ValueStorageBase*> > Attributes;
    Attributes _attributes;

    bool _skip_nodes;
    bool _skip_edges;

  public:

    /// \brief Constructor
    ///
    /// Construct a directed graph writer, which writes to the given
    /// output stream.
    GraphWriter(const GR& graph, std::ostream& os = std::cout)
      : _os(&os), local_os(false), _graph(graph),
        _skip_nodes(false), _skip_edges(false) {}

    /// \brief Constructor
    ///
    /// Construct a directed graph writer, which writes to the given
    /// output file.
    GraphWriter(const GR& graph, const std::string& fn)
      : _os(new std::ofstream(fn.c_str())), local_os(true), _graph(graph),
        _skip_nodes(false), _skip_edges(false) {
      if (!(*_os)) {
        delete _os;
        throw IoError("Cannot write file", fn);
      }
    }

    /// \brief Constructor
    ///
    /// Construct a directed graph writer, which writes to the given
    /// output file.
    GraphWriter(const GR& graph, const char* fn)
      : _os(new std::ofstream(fn)), local_os(true), _graph(graph),
        _skip_nodes(false), _skip_edges(false) {
      if (!(*_os)) {
        delete _os;
        throw IoError("Cannot write file", fn);
      }
    }

    /// \brief Destructor
    ~GraphWriter() {
      for (typename NodeMaps::iterator it = _node_maps.begin();
           it != _node_maps.end(); ++it) {
        delete it->second;
      }

      for (typename EdgeMaps::iterator it = _edge_maps.begin();
           it != _edge_maps.end(); ++it) {
        delete it->second;
      }

      for (typename Attributes::iterator it = _attributes.begin();
           it != _attributes.end(); ++it) {
        delete it->second;
      }

      if (local_os) {
        delete _os;
      }
    }

  private:

    template <typename TGR>
    friend GraphWriter<TGR> graphWriter(const TGR& graph, std::ostream& os);
    template <typename TGR>
    friend GraphWriter<TGR> graphWriter(const TGR& graph,
                                        const std::string& fn);
    template <typename TGR>
    friend GraphWriter<TGR> graphWriter(const TGR& graph, const char *fn);

    GraphWriter(GraphWriter& other)
      : _os(other._os), local_os(other.local_os), _graph(other._graph),
        _skip_nodes(other._skip_nodes), _skip_edges(other._skip_edges) {

      other._os = 0;
      other.local_os = false;

      _node_index.swap(other._node_index);
      _edge_index.swap(other._edge_index);

      _node_maps.swap(other._node_maps);
      _edge_maps.swap(other._edge_maps);
      _attributes.swap(other._attributes);

      _nodes_caption = other._nodes_caption;
      _edges_caption = other._edges_caption;
      _attributes_caption = other._attributes_caption;
    }

    GraphWriter& operator=(const GraphWriter&);

  public:

    /// \name Writing Rules
    /// @{

    /// \brief Node map writing rule
    ///
    /// Add a node map writing rule to the writer.
    template <typename Map>
    GraphWriter& nodeMap(const std::string& caption, const Map& map) {
      checkConcept<concepts::ReadMap<Node, typename Map::Value>, Map>();
      _writer_bits::MapStorageBase<Node>* storage =
        new _writer_bits::MapStorage<Node, Map>(map);
      _node_maps.push_back(std::make_pair(caption, storage));
      return *this;
    }

    /// \brief Node map writing rule
    ///
    /// Add a node map writing rule with specialized converter to the
    /// writer.
    template <typename Map, typename Converter>
    GraphWriter& nodeMap(const std::string& caption, const Map& map,
                           const Converter& converter = Converter()) {
      checkConcept<concepts::ReadMap<Node, typename Map::Value>, Map>();
      _writer_bits::MapStorageBase<Node>* storage =
        new _writer_bits::MapStorage<Node, Map, Converter>(map, converter);
      _node_maps.push_back(std::make_pair(caption, storage));
      return *this;
    }

    /// \brief Edge map writing rule
    ///
    /// Add an edge map writing rule to the writer.
    template <typename Map>
    GraphWriter& edgeMap(const std::string& caption, const Map& map) {
      checkConcept<concepts::ReadMap<Edge, typename Map::Value>, Map>();
      _writer_bits::MapStorageBase<Edge>* storage =
        new _writer_bits::MapStorage<Edge, Map>(map);
      _edge_maps.push_back(std::make_pair(caption, storage));
      return *this;
    }

    /// \brief Edge map writing rule
    ///
    /// Add an edge map writing rule with specialized converter to the
    /// writer.
    template <typename Map, typename Converter>
    GraphWriter& edgeMap(const std::string& caption, const Map& map,
                          const Converter& converter = Converter()) {
      checkConcept<concepts::ReadMap<Edge, typename Map::Value>, Map>();
      _writer_bits::MapStorageBase<Edge>* storage =
        new _writer_bits::MapStorage<Edge, Map, Converter>(map, converter);
      _edge_maps.push_back(std::make_pair(caption, storage));
      return *this;
    }

    /// \brief Arc map writing rule
    ///
    /// Add an arc map writing rule to the writer.
    template <typename Map>
    GraphWriter& arcMap(const std::string& caption, const Map& map) {
      checkConcept<concepts::ReadMap<Arc, typename Map::Value>, Map>();
      _writer_bits::MapStorageBase<Edge>* forward_storage =
        new _writer_bits::GraphArcMapStorage<GR, true, Map>(_graph, map);
      _edge_maps.push_back(std::make_pair('+' + caption, forward_storage));
      _writer_bits::MapStorageBase<Edge>* backward_storage =
        new _writer_bits::GraphArcMapStorage<GR, false, Map>(_graph, map);
      _edge_maps.push_back(std::make_pair('-' + caption, backward_storage));
      return *this;
    }

    /// \brief Arc map writing rule
    ///
    /// Add an arc map writing rule with specialized converter to the
    /// writer.
    template <typename Map, typename Converter>
    GraphWriter& arcMap(const std::string& caption, const Map& map,
                          const Converter& converter = Converter()) {
      checkConcept<concepts::ReadMap<Arc, typename Map::Value>, Map>();
      _writer_bits::MapStorageBase<Edge>* forward_storage =
        new _writer_bits::GraphArcMapStorage<GR, true, Map, Converter>
        (_graph, map, converter);
      _edge_maps.push_back(std::make_pair('+' + caption, forward_storage));
      _writer_bits::MapStorageBase<Edge>* backward_storage =
        new _writer_bits::GraphArcMapStorage<GR, false, Map, Converter>
        (_graph, map, converter);
      _edge_maps.push_back(std::make_pair('-' + caption, backward_storage));
      return *this;
    }

    /// \brief Attribute writing rule
    ///
    /// Add an attribute writing rule to the writer.
    template <typename Value>
    GraphWriter& attribute(const std::string& caption, const Value& value) {
      _writer_bits::ValueStorageBase* storage =
        new _writer_bits::ValueStorage<Value>(value);
      _attributes.push_back(std::make_pair(caption, storage));
      return *this;
    }

    /// \brief Attribute writing rule
    ///
    /// Add an attribute writing rule with specialized converter to the
    /// writer.
    template <typename Value, typename Converter>
    GraphWriter& attribute(const std::string& caption, const Value& value,
                             const Converter& converter = Converter()) {
      _writer_bits::ValueStorageBase* storage =
        new _writer_bits::ValueStorage<Value, Converter>(value, converter);
      _attributes.push_back(std::make_pair(caption, storage));
      return *this;
    }

    /// \brief Node writing rule
    ///
    /// Add a node writing rule to the writer.
    GraphWriter& node(const std::string& caption, const Node& node) {
      typedef _writer_bits::MapLookUpConverter<Node> Converter;
      Converter converter(_node_index);
      _writer_bits::ValueStorageBase* storage =
        new _writer_bits::ValueStorage<Node, Converter>(node, converter);
      _attributes.push_back(std::make_pair(caption, storage));
      return *this;
    }

    /// \brief Edge writing rule
    ///
    /// Add an edge writing rule to writer.
    GraphWriter& edge(const std::string& caption, const Edge& edge) {
      typedef _writer_bits::MapLookUpConverter<Edge> Converter;
      Converter converter(_edge_index);
      _writer_bits::ValueStorageBase* storage =
        new _writer_bits::ValueStorage<Edge, Converter>(edge, converter);
      _attributes.push_back(std::make_pair(caption, storage));
      return *this;
    }

    /// \brief Arc writing rule
    ///
    /// Add an arc writing rule to writer.
    GraphWriter& arc(const std::string& caption, const Arc& arc) {
      typedef _writer_bits::GraphArcLookUpConverter<GR> Converter;
      Converter converter(_graph, _edge_index);
      _writer_bits::ValueStorageBase* storage =
        new _writer_bits::ValueStorage<Arc, Converter>(arc, converter);
      _attributes.push_back(std::make_pair(caption, storage));
      return *this;
    }

    /// \name Section Captions
    /// @{

    /// \brief Add an additional caption to the \c \@nodes section
    ///
    /// Add an additional caption to the \c \@nodes section.
    GraphWriter& nodes(const std::string& caption) {
      _nodes_caption = caption;
      return *this;
    }

    /// \brief Add an additional caption to the \c \@arcs section
    ///
    /// Add an additional caption to the \c \@arcs section.
    GraphWriter& edges(const std::string& caption) {
      _edges_caption = caption;
      return *this;
    }

    /// \brief Add an additional caption to the \c \@attributes section
    ///
    /// Add an additional caption to the \c \@attributes section.
    GraphWriter& attributes(const std::string& caption) {
      _attributes_caption = caption;
      return *this;
    }

    /// \name Skipping Section
    /// @{

    /// \brief Skip writing the node set
    ///
    /// The \c \@nodes section will not be written to the stream.
    GraphWriter& skipNodes() {
      LEMON_ASSERT(!_skip_nodes, "Multiple usage of skipNodes() member");
      _skip_nodes = true;
      return *this;
    }

    /// \brief Skip writing edge set
    ///
    /// The \c \@edges section will not be written to the stream.
    GraphWriter& skipEdges() {
      LEMON_ASSERT(!_skip_edges, "Multiple usage of skipEdges() member");
      _skip_edges = true;
      return *this;
    }

    /// @}

  private:

    void writeNodes() {
      _writer_bits::MapStorageBase<Node>* label = 0;
      for (typename NodeMaps::iterator it = _node_maps.begin();
           it != _node_maps.end(); ++it) {
        if (it->first == "label") {
          label = it->second;
          break;
        }
      }

      *_os << "@nodes";
      if (!_nodes_caption.empty()) {
        _writer_bits::writeToken(*_os << ' ', _nodes_caption);
      }
      *_os << std::endl;

      if (label == 0) {
        *_os << "label" << '\t';
      }
      for (typename NodeMaps::iterator it = _node_maps.begin();
           it != _node_maps.end(); ++it) {
        _writer_bits::writeToken(*_os, it->first) << '\t';
      }
      *_os << std::endl;

      std::vector<Node> nodes;
      for (NodeIt n(_graph); n != INVALID; ++n) {
        nodes.push_back(n);
      }

      if (label == 0) {
        IdMap<GR, Node> id_map(_graph);
        _writer_bits::MapLess<IdMap<GR, Node> > id_less(id_map);
        std::sort(nodes.begin(), nodes.end(), id_less);
      } else {
        label->sort(nodes);
      }

      for (int i = 0; i < static_cast<int>(nodes.size()); ++i) {
        Node n = nodes[i];
        if (label == 0) {
          std::ostringstream os;
          os << _graph.id(n);
          _writer_bits::writeToken(*_os, os.str());
          *_os << '\t';
          _node_index.insert(std::make_pair(n, os.str()));
        }
        for (typename NodeMaps::iterator it = _node_maps.begin();
             it != _node_maps.end(); ++it) {
          std::string value = it->second->get(n);
          _writer_bits::writeToken(*_os, value);
          if (it->first == "label") {
            _node_index.insert(std::make_pair(n, value));
          }
          *_os << '\t';
        }
        *_os << std::endl;
      }
    }

    void createNodeIndex() {
      _writer_bits::MapStorageBase<Node>* label = 0;
      for (typename NodeMaps::iterator it = _node_maps.begin();
           it != _node_maps.end(); ++it) {
        if (it->first == "label") {
          label = it->second;
          break;
        }
      }

      if (label == 0) {
        for (NodeIt n(_graph); n != INVALID; ++n) {
          std::ostringstream os;
          os << _graph.id(n);
          _node_index.insert(std::make_pair(n, os.str()));
        }
      } else {
        for (NodeIt n(_graph); n != INVALID; ++n) {
          std::string value = label->get(n);
          _node_index.insert(std::make_pair(n, value));
        }
      }
    }

    void writeEdges() {
      _writer_bits::MapStorageBase<Edge>* label = 0;
      for (typename EdgeMaps::iterator it = _edge_maps.begin();
           it != _edge_maps.end(); ++it) {
        if (it->first == "label") {
          label = it->second;
          break;
        }
      }

      *_os << "@edges";
      if (!_edges_caption.empty()) {
        _writer_bits::writeToken(*_os << ' ', _edges_caption);
      }
      *_os << std::endl;

      *_os << '\t' << '\t';
      if (label == 0) {
        *_os << "label" << '\t';
      }
      for (typename EdgeMaps::iterator it = _edge_maps.begin();
           it != _edge_maps.end(); ++it) {
        _writer_bits::writeToken(*_os, it->first) << '\t';
      }
      *_os << std::endl;

      std::vector<Edge> edges;
      for (EdgeIt n(_graph); n != INVALID; ++n) {
        edges.push_back(n);
      }

      if (label == 0) {
        IdMap<GR, Edge> id_map(_graph);
        _writer_bits::MapLess<IdMap<GR, Edge> > id_less(id_map);
        std::sort(edges.begin(), edges.end(), id_less);
      } else {
        label->sort(edges);
      }

      for (int i = 0; i < static_cast<int>(edges.size()); ++i) {
        Edge e = edges[i];
        _writer_bits::writeToken(*_os, _node_index.
                                 find(_graph.u(e))->second);
        *_os << '\t';
        _writer_bits::writeToken(*_os, _node_index.
                                 find(_graph.v(e))->second);
        *_os << '\t';
        if (label == 0) {
          std::ostringstream os;
          os << _graph.id(e);
          _writer_bits::writeToken(*_os, os.str());
          *_os << '\t';
          _edge_index.insert(std::make_pair(e, os.str()));
        }
        for (typename EdgeMaps::iterator it = _edge_maps.begin();
             it != _edge_maps.end(); ++it) {
          std::string value = it->second->get(e);
          _writer_bits::writeToken(*_os, value);
          if (it->first == "label") {
            _edge_index.insert(std::make_pair(e, value));
          }
          *_os << '\t';
        }
        *_os << std::endl;
      }
    }

    void createEdgeIndex() {
      _writer_bits::MapStorageBase<Edge>* label = 0;
      for (typename EdgeMaps::iterator it = _edge_maps.begin();
           it != _edge_maps.end(); ++it) {
        if (it->first == "label") {
          label = it->second;
          break;
        }
      }

      if (label == 0) {
        for (EdgeIt e(_graph); e != INVALID; ++e) {
          std::ostringstream os;
          os << _graph.id(e);
          _edge_index.insert(std::make_pair(e, os.str()));
        }
      } else {
        for (EdgeIt e(_graph); e != INVALID; ++e) {
          std::string value = label->get(e);
          _edge_index.insert(std::make_pair(e, value));
        }
      }
    }

    void writeAttributes() {
      if (_attributes.empty()) return;
      *_os << "@attributes";
      if (!_attributes_caption.empty()) {
        _writer_bits::writeToken(*_os << ' ', _attributes_caption);
      }
      *_os << std::endl;
      for (typename Attributes::iterator it = _attributes.begin();
           it != _attributes.end(); ++it) {
        _writer_bits::writeToken(*_os, it->first) << ' ';
        _writer_bits::writeToken(*_os, it->second->get());
        *_os << std::endl;
      }
    }

  public:

    /// \name Execution of the Writer
    /// @{

    /// \brief Start the batch processing
    ///
    /// This function starts the batch processing.
    void run() {
      if (!_skip_nodes) {
        writeNodes();
      } else {
        createNodeIndex();
      }
      if (!_skip_edges) {
        writeEdges();
      } else {
        createEdgeIndex();
      }
      writeAttributes();
    }

    /// \brief Give back the stream of the writer
    ///
    /// Give back the stream of the writer
    std::ostream& ostream() {
      return *_os;
    }

    /// @}
  };

  /// \ingroup lemon_io
  ///
  /// \brief Return a \ref GraphWriter class
  ///
  /// This function just returns a \ref GraphWriter class.
  ///
  /// With this function a graph can be write to a file or output
  /// stream in \ref lgf-format "LGF" format with several maps and
  /// attributes. For example, with the following code a weighted
  /// matching problem can be written to the standard output, i.e. a
  /// graph with a \e weight map on the edges:
  ///
  ///\code
  ///ListGraph graph;
  ///ListGraph::EdgeMap<int> weight(graph);
  ///  // Setting the weight map
  ///graphWriter(graph, std::cout).
  ///  edgeMap("weight", weight).
  ///  run();
  ///\endcode
  ///
  /// For a complete documentation, please see the \ref GraphWriter
  /// class documentation.
  /// \warning Don't forget to put the \ref GraphWriter::run() "run()"
  /// to the end of the parameter list.
  /// \relates GraphWriter
  /// \sa graphWriter(const TGR& graph, const std::string& fn)
  /// \sa graphWriter(const TGR& graph, const char* fn)
  template <typename TGR>
  GraphWriter<TGR> graphWriter(const TGR& graph, std::ostream& os) {
    GraphWriter<TGR> tmp(graph, os);
    return tmp;
  }

  /// \brief Return a \ref GraphWriter class
  ///
  /// This function just returns a \ref GraphWriter class.
  /// \relates GraphWriter
  /// \sa graphWriter(const TGR& graph, std::ostream& os)
  template <typename TGR>
  GraphWriter<TGR> graphWriter(const TGR& graph, const std::string& fn) {
    GraphWriter<TGR> tmp(graph, fn);
    return tmp;
  }

  /// \brief Return a \ref GraphWriter class
  ///
  /// This function just returns a \ref GraphWriter class.
  /// \relates GraphWriter
  /// \sa graphWriter(const TGR& graph, std::ostream& os)
  template <typename TGR>
  GraphWriter<TGR> graphWriter(const TGR& graph, const char* fn) {
    GraphWriter<TGR> tmp(graph, fn);
    return tmp;
  }

  class SectionWriter;

  SectionWriter sectionWriter(std::istream& is);
  SectionWriter sectionWriter(const std::string& fn);
  SectionWriter sectionWriter(const char* fn);

  /// \ingroup lemon_io
  ///
  /// \brief Section writer class
  ///
  /// In the \ref lgf-format "LGF" file extra sections can be placed,
  /// which contain any data in arbitrary format. Such sections can be
  /// written with this class. A writing rule can be added to the
  /// class with two different functions. With the \c sectionLines()
  /// function a generator can write the section line-by-line, while
  /// with the \c sectionStream() member the section can be written to
  /// an output stream.
  class SectionWriter {
  private:

    std::ostream* _os;
    bool local_os;

    typedef std::vector<std::pair<std::string, _writer_bits::Section*> >
    Sections;

    Sections _sections;

  public:

    /// \brief Constructor
    ///
    /// Construct a section writer, which writes to the given output
    /// stream.
    SectionWriter(std::ostream& os)
      : _os(&os), local_os(false) {}

    /// \brief Constructor
    ///
    /// Construct a section writer, which writes into the given file.
    SectionWriter(const std::string& fn)
      : _os(new std::ofstream(fn.c_str())), local_os(true) {
      if (!(*_os)) {
        delete _os;
        throw IoError("Cannot write file", fn);
      }
    }

    /// \brief Constructor
    ///
    /// Construct a section writer, which writes into the given file.
    SectionWriter(const char* fn)
      : _os(new std::ofstream(fn)), local_os(true) {
      if (!(*_os)) {
        delete _os;
        throw IoError("Cannot write file", fn);
      }
    }

    /// \brief Destructor
    ~SectionWriter() {
      for (Sections::iterator it = _sections.begin();
           it != _sections.end(); ++it) {
        delete it->second;
      }

      if (local_os) {
        delete _os;
      }

    }

  private:

    friend SectionWriter sectionWriter(std::ostream& os);
    friend SectionWriter sectionWriter(const std::string& fn);
    friend SectionWriter sectionWriter(const char* fn);

    SectionWriter(SectionWriter& other)
      : _os(other._os), local_os(other.local_os) {

      other._os = 0;
      other.local_os = false;

      _sections.swap(other._sections);
    }

    SectionWriter& operator=(const SectionWriter&);

  public:

    /// \name Section Writers
    /// @{

    /// \brief Add a section writer with line oriented writing
    ///
    /// The first parameter is the type descriptor of the section, the
    /// second is a generator with std::string values. At the writing
    /// process, the returned \c std::string will be written into the
    /// output file until it is an empty string.
    ///
    /// For example, an integer vector is written into a section.
    ///\code
    ///  @numbers
    ///  12 45 23 78
    ///  4 28 38 28
    ///  23 6 16
    ///\endcode
    ///
    /// The generator is implemented as a struct.
    ///\code
    ///  struct NumberSection {
    ///    std::vector<int>::const_iterator _it, _end;
    ///    NumberSection(const std::vector<int>& data)
    ///      : _it(data.begin()), _end(data.end()) {}
    ///    std::string operator()() {
    ///      int rem_in_line = 4;
    ///      std::ostringstream ls;
    ///      while (rem_in_line > 0 && _it != _end) {
    ///        ls << *(_it++) << ' ';
    ///        --rem_in_line;
    ///      }
    ///      return ls.str();
    ///    }
    ///  };
    ///
    ///  // ...
    ///
    ///  writer.sectionLines("numbers", NumberSection(vec));
    ///\endcode
    template <typename Functor>
    SectionWriter& sectionLines(const std::string& type, Functor functor) {
      LEMON_ASSERT(!type.empty(), "Type is empty.");
      _sections.push_back(std::make_pair(type,
        new _writer_bits::LineSection<Functor>(functor)));
      return *this;
    }


    /// \brief Add a section writer with stream oriented writing
    ///
    /// The first parameter is the type of the section, the second is
    /// a functor, which takes a \c std::ostream& parameter. The
    /// functor writes the section to the output stream.
    /// \warning The last line must be closed with end-line character.
    template <typename Functor>
    SectionWriter& sectionStream(const std::string& type, Functor functor) {
      LEMON_ASSERT(!type.empty(), "Type is empty.");
      _sections.push_back(std::make_pair(type,
         new _writer_bits::StreamSection<Functor>(functor)));
      return *this;
    }

    /// @}

  public:


    /// \name Execution of the Writer
    /// @{

    /// \brief Start the batch processing
    ///
    /// This function starts the batch processing.
    void run() {

      LEMON_ASSERT(_os != 0, "This writer is assigned to an other writer");

      for (Sections::iterator it = _sections.begin();
           it != _sections.end(); ++it) {
        (*_os) << '@' << it->first << std::endl;
        it->second->process(*_os);
      }
    }

    /// \brief Give back the stream of the writer
    ///
    /// Returns the stream of the writer
    std::ostream& ostream() {
      return *_os;
    }

    /// @}

  };

  /// \ingroup lemon_io
  ///
  /// \brief Return a \ref SectionWriter class
  ///
  /// This function just returns a \ref SectionWriter class.
  ///
  /// Please see SectionWriter documentation about the custom section
  /// output.
  ///
  /// \relates SectionWriter
  /// \sa sectionWriter(const std::string& fn)
  /// \sa sectionWriter(const char *fn)
  inline SectionWriter sectionWriter(std::ostream& os) {
    SectionWriter tmp(os);
    return tmp;
  }

  /// \brief Return a \ref SectionWriter class
  ///
  /// This function just returns a \ref SectionWriter class.
  /// \relates SectionWriter
  /// \sa sectionWriter(std::ostream& os)
  inline SectionWriter sectionWriter(const std::string& fn) {
    SectionWriter tmp(fn);
    return tmp;
  }

  /// \brief Return a \ref SectionWriter class
  ///
  /// This function just returns a \ref SectionWriter class.
  /// \relates SectionWriter
  /// \sa sectionWriter(std::ostream& os)
  inline SectionWriter sectionWriter(const char* fn) {
    SectionWriter tmp(fn);
    return tmp;
  }
}

#endif







lemon/list_graph.h

/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2010
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_LIST_GRAPH_H
#define LEMON_LIST_GRAPH_H

///\ingroup graphs
///\file
///\brief ListDigraph and ListGraph classes.

#include <lemon/core.h>
#include <lemon/error.h>
#include <lemon/bits/graph_extender.h>

#include <vector>
#include <list>

namespace lemon {

  class ListDigraph;

  class ListDigraphBase {

  protected:
    struct NodeT {
      int first_in, first_out;
      int prev, next;
    };

    struct ArcT {
      int target, source;
      int prev_in, prev_out;
      int next_in, next_out;
    };

    std::vector<NodeT> nodes;

    int first_node;

    int first_free_node;

    std::vector<ArcT> arcs;

    int first_free_arc;

  public:

    typedef ListDigraphBase Digraph;

    class Node {
      friend class ListDigraphBase;
      friend class ListDigraph;
    protected:

      int id;
      explicit Node(int pid) { id = pid;}

    public:
      Node() {}
      Node (Invalid) { id = -1; }
      bool operator==(const Node& node) const {return id == node.id;}
      bool operator!=(const Node& node) const {return id != node.id;}
      bool operator<(const Node& node) const {return id < node.id;}
    };

    class Arc {
      friend class ListDigraphBase;
      friend class ListDigraph;
    protected:

      int id;
      explicit Arc(int pid) { id = pid;}

    public:
      Arc() {}
      Arc (Invalid) { id = -1; }
      bool operator==(const Arc& arc) const {return id == arc.id;}
      bool operator!=(const Arc& arc) const {return id != arc.id;}
      bool operator<(const Arc& arc) const {return id < arc.id;}
    };



    ListDigraphBase()
      : nodes(), first_node(-1),
        first_free_node(-1), arcs(), first_free_arc(-1) {}


    int maxNodeId() const { return nodes.size()-1; }
    int maxArcId() const { return arcs.size()-1; }

    Node source(Arc e) const { return Node(arcs[e.id].source); }
    Node target(Arc e) const { return Node(arcs[e.id].target); }


    void first(Node& node) const {
      node.id = first_node;
    }

    void next(Node& node) const {
      node.id = nodes[node.id].next;
    }


    void first(Arc& arc) const {
      int n;
      for(n = first_node;
          n != -1 && nodes[n].first_out == -1;
          n = nodes[n].next) {}
      arc.id = (n == -1) ? -1 : nodes[n].first_out;
    }

    void next(Arc& arc) const {
      if (arcs[arc.id].next_out != -1) {
        arc.id = arcs[arc.id].next_out;
      } else {
        int n;
        for(n = nodes[arcs[arc.id].source].next;
            n != -1 && nodes[n].first_out == -1;
            n = nodes[n].next) {}
        arc.id = (n == -1) ? -1 : nodes[n].first_out;
      }
    }

    void firstOut(Arc &e, const Node& v) const {
      e.id = nodes[v.id].first_out;
    }
    void nextOut(Arc &e) const {
      e.id=arcs[e.id].next_out;
    }

    void firstIn(Arc &e, const Node& v) const {
      e.id = nodes[v.id].first_in;
    }
    void nextIn(Arc &e) const {
      e.id=arcs[e.id].next_in;
    }


    static int id(Node v) { return v.id; }
    static int id(Arc e) { return e.id; }

    static Node nodeFromId(int id) { return Node(id);}
    static Arc arcFromId(int id) { return Arc(id);}

    bool valid(Node n) const {
      return n.id >= 0 && n.id < static_cast<int>(nodes.size()) &&
        nodes[n.id].prev != -2;
    }

    bool valid(Arc a) const {
      return a.id >= 0 && a.id < static_cast<int>(arcs.size()) &&
        arcs[a.id].prev_in != -2;
    }

    Node addNode() {
      int n;

      if(first_free_node==-1) {
        n = nodes.size();
        nodes.push_back(NodeT());
      } else {
        n = first_free_node;
        first_free_node = nodes[n].next;
      }

      nodes[n].next = first_node;
      if(first_node != -1) nodes[first_node].prev = n;
      first_node = n;
      nodes[n].prev = -1;

      nodes[n].first_in = nodes[n].first_out = -1;

      return Node(n);
    }

    Arc addArc(Node u, Node v) {
      int n;

      if (first_free_arc == -1) {
        n = arcs.size();
        arcs.push_back(ArcT());
      } else {
        n = first_free_arc;
        first_free_arc = arcs[n].next_in;
      }

      arcs[n].source = u.id;
      arcs[n].target = v.id;

      arcs[n].next_out = nodes[u.id].first_out;
      if(nodes[u.id].first_out != -1) {
        arcs[nodes[u.id].first_out].prev_out = n;
      }

      arcs[n].next_in = nodes[v.id].first_in;
      if(nodes[v.id].first_in != -1) {
        arcs[nodes[v.id].first_in].prev_in = n;
      }

      arcs[n].prev_in = arcs[n].prev_out = -1;

      nodes[u.id].first_out = nodes[v.id].first_in = n;

      return Arc(n);
    }

    void erase(const Node& node) {
      int n = node.id;

      if(nodes[n].next != -1) {
        nodes[nodes[n].next].prev = nodes[n].prev;
      }

      if(nodes[n].prev != -1) {
        nodes[nodes[n].prev].next = nodes[n].next;
      } else {
        first_node = nodes[n].next;
      }

      nodes[n].next = first_free_node;
      first_free_node = n;
      nodes[n].prev = -2;

    }

    void erase(const Arc& arc) {
      int n = arc.id;

      if(arcs[n].next_in!=-1) {
        arcs[arcs[n].next_in].prev_in = arcs[n].prev_in;
      }

      if(arcs[n].prev_in!=-1) {
        arcs[arcs[n].prev_in].next_in = arcs[n].next_in;
      } else {
        nodes[arcs[n].target].first_in = arcs[n].next_in;
      }


      if(arcs[n].next_out!=-1) {
        arcs[arcs[n].next_out].prev_out = arcs[n].prev_out;
      }

      if(arcs[n].prev_out!=-1) {
        arcs[arcs[n].prev_out].next_out = arcs[n].next_out;
      } else {
        nodes[arcs[n].source].first_out = arcs[n].next_out;
      }

      arcs[n].next_in = first_free_arc;
      first_free_arc = n;
      arcs[n].prev_in = -2;
    }

    void clear() {
      arcs.clear();
      nodes.clear();
      first_node = first_free_node = first_free_arc = -1;
    }

  protected:
    void changeTarget(Arc e, Node n)
    {
      if(arcs[e.id].next_in != -1)
        arcs[arcs[e.id].next_in].prev_in = arcs[e.id].prev_in;
      if(arcs[e.id].prev_in != -1)
        arcs[arcs[e.id].prev_in].next_in = arcs[e.id].next_in;
      else nodes[arcs[e.id].target].first_in = arcs[e.id].next_in;
      if (nodes[n.id].first_in != -1) {
        arcs[nodes[n.id].first_in].prev_in = e.id;
      }
      arcs[e.id].target = n.id;
      arcs[e.id].prev_in = -1;
      arcs[e.id].next_in = nodes[n.id].first_in;
      nodes[n.id].first_in = e.id;
    }
    void changeSource(Arc e, Node n)
    {
      if(arcs[e.id].next_out != -1)
        arcs[arcs[e.id].next_out].prev_out = arcs[e.id].prev_out;
      if(arcs[e.id].prev_out != -1)
        arcs[arcs[e.id].prev_out].next_out = arcs[e.id].next_out;
      else nodes[arcs[e.id].source].first_out = arcs[e.id].next_out;
      if (nodes[n.id].first_out != -1) {
        arcs[nodes[n.id].first_out].prev_out = e.id;
      }
      arcs[e.id].source = n.id;
      arcs[e.id].prev_out = -1;
      arcs[e.id].next_out = nodes[n.id].first_out;
      nodes[n.id].first_out = e.id;
    }

  };

  typedef DigraphExtender<ListDigraphBase> ExtendedListDigraphBase;

  /// \addtogroup graphs
  /// @{

  ///A general directed graph structure.

  ///\ref ListDigraph is a versatile and fast directed graph
  ///implementation based on linked lists that are stored in
  ///\c std::vector structures.
  ///
  ///This type fully conforms to the \ref concepts::Digraph "Digraph concept"
  ///and it also provides several useful additional functionalities.
  ///Most of its member functions and nested classes are documented
  ///only in the concept class.
  ///
  ///This class provides only linear time counting for nodes and arcs.
  ///
  ///\sa concepts::Digraph
  ///\sa ListGraph
  class ListDigraph : public ExtendedListDigraphBase {
    typedef ExtendedListDigraphBase Parent;

  private:
    /// Digraphs are \e not copy constructible. Use DigraphCopy instead.
    ListDigraph(const ListDigraph &) :ExtendedListDigraphBase() {};
    /// \brief Assignment of a digraph to another one is \e not allowed.
    /// Use DigraphCopy instead.
    void operator=(const ListDigraph &) {}
  public:

    /// Constructor

    /// Constructor.
    ///
    ListDigraph() {}

    ///Add a new node to the digraph.

    ///This function adds a new node to the digraph.
    ///\return The new node.
    Node addNode() { return Parent::addNode(); }

    ///Add a new arc to the digraph.

    ///This function adds a new arc to the digraph with source node \c s
    ///and target node \c t.
    ///\return The new arc.
    Arc addArc(Node s, Node t) {
      return Parent::addArc(s, t);
    }

    ///\brief Erase a node from the digraph.
    ///
    ///This function erases the given node along with its outgoing and
    ///incoming arcs from the digraph.
    ///
    ///\note All iterators referencing the removed node or the connected
    ///arcs are invalidated, of course.
    void erase(Node n) { Parent::erase(n); }

    ///\brief Erase an arc from the digraph.
    ///
    ///This function erases the given arc from the digraph.
    ///
    ///\note All iterators referencing the removed arc are invalidated,
    ///of course.
    void erase(Arc a) { Parent::erase(a); }

    /// Node validity check

    /// This function gives back \c true if the given node is valid,
    /// i.e. it is a real node of the digraph.
    ///
    /// \warning A removed node could become valid again if new nodes are
    /// added to the digraph.
    bool valid(Node n) const { return Parent::valid(n); }

    /// Arc validity check

    /// This function gives back \c true if the given arc is valid,
    /// i.e. it is a real arc of the digraph.
    ///
    /// \warning A removed arc could become valid again if new arcs are
    /// added to the digraph.
    bool valid(Arc a) const { return Parent::valid(a); }

    /// Change the target node of an arc

    /// This function changes the target node of the given arc \c a to \c n.
    ///
    ///\note \c ArcIt and \c OutArcIt iterators referencing the changed
    ///arc remain valid, but \c InArcIt iterators are invalidated.
    ///
    ///\warning This functionality cannot be used together with the Snapshot
    ///feature.
    void changeTarget(Arc a, Node n) {
      Parent::changeTarget(a,n);
    }
    /// Change the source node of an arc

    /// This function changes the source node of the given arc \c a to \c n.
    ///
    ///\note \c InArcIt iterators referencing the changed arc remain
    ///valid, but \c ArcIt and \c OutArcIt iterators are invalidated.
    ///
    ///\warning This functionality cannot be used together with the Snapshot
    ///feature.
    void changeSource(Arc a, Node n) {
      Parent::changeSource(a,n);
    }

    /// Reverse the direction of an arc.

    /// This function reverses the direction of the given arc.
    ///\note \c ArcIt, \c OutArcIt and \c InArcIt iterators referencing
    ///the changed arc are invalidated.
    ///
    ///\warning This functionality cannot be used together with the Snapshot
    ///feature.
    void reverseArc(Arc a) {
      Node t=target(a);
      changeTarget(a,source(a));
      changeSource(a,t);
    }

    ///Contract two nodes.

    ///This function contracts the given two nodes.
    ///Node \c v is removed, but instead of deleting its
    ///incident arcs, they are joined to node \c u.
    ///If the last parameter \c r is \c true (this is the default value),
    ///then the newly created loops are removed.
    ///
    ///\note The moved arcs are joined to node \c u using changeSource()
    ///or changeTarget(), thus \c ArcIt and \c OutArcIt iterators are
    ///invalidated for the outgoing arcs of node \c v and \c InArcIt
    ///iterators are invalidated for the incomming arcs of \c v.
    ///Moreover all iterators referencing node \c v or the removed
    ///loops are also invalidated. Other iterators remain valid.
    ///
    ///\warning This functionality cannot be used together with the Snapshot
    ///feature.
    void contract(Node u, Node v, bool r = true)
    {
      for(OutArcIt e(*this,v);e!=INVALID;) {
        OutArcIt f=e;
        ++f;
        if(r && target(e)==u) erase(e);
        else changeSource(e,u);
        e=f;
      }
      for(InArcIt e(*this,v);e!=INVALID;) {
        InArcIt f=e;
        ++f;
        if(r && source(e)==u) erase(e);
        else changeTarget(e,u);
        e=f;
      }
      erase(v);
    }

    ///Split a node.

    ///This function splits the given node. First, a new node is added
    ///to the digraph, then the source of each outgoing arc of node \c n
    ///is moved to this new node.
    ///If the second parameter \c connect is \c true (this is the default
    ///value), then a new arc from node \c n to the newly created node
    ///is also added.
    ///\return The newly created node.
    ///
    ///\note All iterators remain valid.
    ///
    ///\warning This functionality cannot be used together with the
    ///Snapshot feature.
    Node split(Node n, bool connect = true) {
      Node b = addNode();
      nodes[b.id].first_out=nodes[n.id].first_out;
      nodes[n.id].first_out=-1;
      for(int i=nodes[b.id].first_out; i!=-1; i=arcs[i].next_out) {
        arcs[i].source=b.id;
      }
      if (connect) addArc(n,b);
      return b;
    }

    ///Split an arc.

    ///This function splits the given arc. First, a new node \c v is
    ///added to the digraph, then the target node of the original arc
    ///is set to \c v. Finally, an arc from \c v to the original target
    ///is added.
    ///\return The newly created node.
    ///
    ///\note \c InArcIt iterators referencing the original arc are
    ///invalidated. Other iterators remain valid.
    ///
    ///\warning This functionality cannot be used together with the
    ///Snapshot feature.
    Node split(Arc a) {
      Node v = addNode();
      addArc(v,target(a));
      changeTarget(a,v);
      return v;
    }

    ///Clear the digraph.

    ///This function erases all nodes and arcs from the digraph.
    ///
    ///\note All iterators of the digraph are invalidated, of course.
    void clear() {
      Parent::clear();
    }

    /// Reserve memory for nodes.

    /// Using this function, it is possible to avoid superfluous memory
    /// allocation: if you know that the digraph you want to build will
    /// be large (e.g. it will contain millions of nodes and/or arcs),
    /// then it is worth reserving space for this amount before starting
    /// to build the digraph.
    /// \sa reserveArc()
    void reserveNode(int n) { nodes.reserve(n); };

    /// Reserve memory for arcs.

    /// Using this function, it is possible to avoid superfluous memory
    /// allocation: if you know that the digraph you want to build will
    /// be large (e.g. it will contain millions of nodes and/or arcs),
    /// then it is worth reserving space for this amount before starting
    /// to build the digraph.
    /// \sa reserveNode()
    void reserveArc(int m) { arcs.reserve(m); };

    /// \brief Class to make a snapshot of the digraph and restore
    /// it later.
    ///
    /// Class to make a snapshot of the digraph and restore it later.
    ///
    /// The newly added nodes and arcs can be removed using the
    /// restore() function.
    ///
    /// \note After a state is restored, you cannot restore a later state,
    /// i.e. you cannot add the removed nodes and arcs again using
    /// another Snapshot instance.
    ///
    /// \warning Node and arc deletions and other modifications (e.g.
    /// reversing, contracting, splitting arcs or nodes) cannot be
    /// restored. These events invalidate the snapshot.
    /// However, the arcs and nodes that were added to the digraph after
    /// making the current snapshot can be removed without invalidating it.
    class Snapshot {
    protected:

      typedef Parent::NodeNotifier NodeNotifier;

      class NodeObserverProxy : public NodeNotifier::ObserverBase {
      public:

        NodeObserverProxy(Snapshot& _snapshot)
          : snapshot(_snapshot) {}

        using NodeNotifier::ObserverBase::attach;
        using NodeNotifier::ObserverBase::detach;
        using NodeNotifier::ObserverBase::attached;

      protected:

        virtual void add(const Node& node) {
          snapshot.addNode(node);
        }
        virtual void add(const std::vector<Node>& nodes) {
          for (int i = nodes.size() - 1; i >= 0; ++i) {
            snapshot.addNode(nodes[i]);
          }
        }
        virtual void erase(const Node& node) {
          snapshot.eraseNode(node);
        }
        virtual void erase(const std::vector<Node>& nodes) {
          for (int i = 0; i < int(nodes.size()); ++i) {
            snapshot.eraseNode(nodes[i]);
          }
        }
        virtual void build() {
          Node node;
          std::vector<Node> nodes;
          for (notifier()->first(node); node != INVALID;
               notifier()->next(node)) {
            nodes.push_back(node);
          }
          for (int i = nodes.size() - 1; i >= 0; --i) {
            snapshot.addNode(nodes[i]);
          }
        }
        virtual void clear() {
          Node node;
          for (notifier()->first(node); node != INVALID;
               notifier()->next(node)) {
            snapshot.eraseNode(node);
          }
        }

        Snapshot& snapshot;
      };

      class ArcObserverProxy : public ArcNotifier::ObserverBase {
      public:

        ArcObserverProxy(Snapshot& _snapshot)
          : snapshot(_snapshot) {}

        using ArcNotifier::ObserverBase::attach;
        using ArcNotifier::ObserverBase::detach;
        using ArcNotifier::ObserverBase::attached;

      protected:

        virtual void add(const Arc& arc) {
          snapshot.addArc(arc);
        }
        virtual void add(const std::vector<Arc>& arcs) {
          for (int i = arcs.size() - 1; i >= 0; ++i) {
            snapshot.addArc(arcs[i]);
          }
        }
        virtual void erase(const Arc& arc) {
          snapshot.eraseArc(arc);
        }
        virtual void erase(const std::vector<Arc>& arcs) {
          for (int i = 0; i < int(arcs.size()); ++i) {
            snapshot.eraseArc(arcs[i]);
          }
        }
        virtual void build() {
          Arc arc;
          std::vector<Arc> arcs;
          for (notifier()->first(arc); arc != INVALID;
               notifier()->next(arc)) {
            arcs.push_back(arc);
          }
          for (int i = arcs.size() - 1; i >= 0; --i) {
            snapshot.addArc(arcs[i]);
          }
        }
        virtual void clear() {
          Arc arc;
          for (notifier()->first(arc); arc != INVALID;
               notifier()->next(arc)) {
            snapshot.eraseArc(arc);
          }
        }

        Snapshot& snapshot;
      };

      ListDigraph *digraph;

      NodeObserverProxy node_observer_proxy;
      ArcObserverProxy arc_observer_proxy;

      std::list<Node> added_nodes;
      std::list<Arc> added_arcs;


      void addNode(const Node& node) {
        added_nodes.push_front(node);
      }
      void eraseNode(const Node& node) {
        std::list<Node>::iterator it =
          std::find(added_nodes.begin(), added_nodes.end(), node);
        if (it == added_nodes.end()) {
          clear();
          arc_observer_proxy.detach();
          throw NodeNotifier::ImmediateDetach();
        } else {
          added_nodes.erase(it);
        }
      }

      void addArc(const Arc& arc) {
        added_arcs.push_front(arc);
      }
      void eraseArc(const Arc& arc) {
        std::list<Arc>::iterator it =
          std::find(added_arcs.begin(), added_arcs.end(), arc);
        if (it == added_arcs.end()) {
          clear();
          node_observer_proxy.detach();
          throw ArcNotifier::ImmediateDetach();
        } else {
          added_arcs.erase(it);
        }
      }

      void attach(ListDigraph &_digraph) {
        digraph = &_digraph;
        node_observer_proxy.attach(digraph->notifier(Node()));
        arc_observer_proxy.attach(digraph->notifier(Arc()));
      }

      void detach() {
        node_observer_proxy.detach();
        arc_observer_proxy.detach();
      }

      bool attached() const {
        return node_observer_proxy.attached();
      }

      void clear() {
        added_nodes.clear();
        added_arcs.clear();
      }

    public:

      /// \brief Default constructor.
      ///
      /// Default constructor.
      /// You have to call save() to actually make a snapshot.
      Snapshot()
        : digraph(0), node_observer_proxy(*this),
          arc_observer_proxy(*this) {}

      /// \brief Constructor that immediately makes a snapshot.
      ///
      /// This constructor immediately makes a snapshot of the given digraph.
      Snapshot(ListDigraph &gr)
        : node_observer_proxy(*this),
          arc_observer_proxy(*this) {
        attach(gr);
      }

      /// \brief Make a snapshot.
      ///
      /// This function makes a snapshot of the given digraph.
      /// It can be called more than once. In case of a repeated
      /// call, the previous snapshot gets lost.
      void save(ListDigraph &gr) {
        if (attached()) {
          detach();
          clear();
        }
        attach(gr);
      }

      /// \brief Undo the changes until the last snapshot.
      ///
      /// This function undos the changes until the last snapshot
      /// created by save() or Snapshot(ListDigraph&).
      ///
      /// \warning This method invalidates the snapshot, i.e. repeated
      /// restoring is not supported unless you call save() again.
      void restore() {
        detach();
        for(std::list<Arc>::iterator it = added_arcs.begin();
            it != added_arcs.end(); ++it) {
          digraph->erase(*it);
        }
        for(std::list<Node>::iterator it = added_nodes.begin();
            it != added_nodes.end(); ++it) {
          digraph->erase(*it);
        }
        clear();
      }

      /// \brief Returns \c true if the snapshot is valid.
      ///
      /// This function returns \c true if the snapshot is valid.
      bool valid() const {
        return attached();
      }
    };

  };

  ///@}

  class ListGraphBase {

  protected:

    struct NodeT {
      int first_out;
      int prev, next;
    };

    struct ArcT {
      int target;
      int prev_out, next_out;
    };

    std::vector<NodeT> nodes;

    int first_node;

    int first_free_node;

    std::vector<ArcT> arcs;

    int first_free_arc;

  public:

    typedef ListGraphBase Graph;

    class Node {
      friend class ListGraphBase;
    protected:

      int id;
      explicit Node(int pid) { id = pid;}

    public:
      Node() {}
      Node (Invalid) { id = -1; }
      bool operator==(const Node& node) const {return id == node.id;}
      bool operator!=(const Node& node) const {return id != node.id;}
      bool operator<(const Node& node) const {return id < node.id;}
    };

    class Edge {
      friend class ListGraphBase;
    protected:

      int id;
      explicit Edge(int pid) { id = pid;}

    public:
      Edge() {}
      Edge (Invalid) { id = -1; }
      bool operator==(const Edge& edge) const {return id == edge.id;}
      bool operator!=(const Edge& edge) const {return id != edge.id;}
      bool operator<(const Edge& edge) const {return id < edge.id;}
    };

    class Arc {
      friend class ListGraphBase;
    protected:

      int id;
      explicit Arc(int pid) { id = pid;}

    public:
      operator Edge() const {
        return id != -1 ? edgeFromId(id / 2) : INVALID;
      }

      Arc() {}
      Arc (Invalid) { id = -1; }
      bool operator==(const Arc& arc) const {return id == arc.id;}
      bool operator!=(const Arc& arc) const {return id != arc.id;}
      bool operator<(const Arc& arc) const {return id < arc.id;}
    };

    ListGraphBase()
      : nodes(), first_node(-1),
        first_free_node(-1), arcs(), first_free_arc(-1) {}


    int maxNodeId() const { return nodes.size()-1; }
    int maxEdgeId() const { return arcs.size() / 2 - 1; }
    int maxArcId() const { return arcs.size()-1; }

    Node source(Arc e) const { return Node(arcs[e.id ^ 1].target); }
    Node target(Arc e) const { return Node(arcs[e.id].target); }

    Node u(Edge e) const { return Node(arcs[2 * e.id].target); }
    Node v(Edge e) const { return Node(arcs[2 * e.id + 1].target); }

    static bool direction(Arc e) {
      return (e.id & 1) == 1;
    }

    static Arc direct(Edge e, bool d) {
      return Arc(e.id * 2 + (d ? 1 : 0));
    }

    void first(Node& node) const {
      node.id = first_node;
    }

    void next(Node& node) const {
      node.id = nodes[node.id].next;
    }

    void first(Arc& e) const {
      int n = first_node;
      while (n != -1 && nodes[n].first_out == -1) {
        n = nodes[n].next;
      }
      e.id = (n == -1) ? -1 : nodes[n].first_out;
    }

    void next(Arc& e) const {
      if (arcs[e.id].next_out != -1) {
        e.id = arcs[e.id].next_out;
      } else {
        int n = nodes[arcs[e.id ^ 1].target].next;
        while(n != -1 && nodes[n].first_out == -1) {
          n = nodes[n].next;
        }
        e.id = (n == -1) ? -1 : nodes[n].first_out;
      }
    }

    void first(Edge& e) const {
      int n = first_node;
      while (n != -1) {
        e.id = nodes[n].first_out;
        while ((e.id & 1) != 1) {
          e.id = arcs[e.id].next_out;
        }
        if (e.id != -1) {
          e.id /= 2;
          return;
        }
        n = nodes[n].next;
      }
      e.id = -1;
    }

    void next(Edge& e) const {
      int n = arcs[e.id * 2].target;
      e.id = arcs[(e.id * 2) | 1].next_out;
      while ((e.id & 1) != 1) {
        e.id = arcs[e.id].next_out;
      }
      if (e.id != -1) {
        e.id /= 2;
        return;
      }
      n = nodes[n].next;
      while (n != -1) {
        e.id = nodes[n].first_out;
        while ((e.id & 1) != 1) {
          e.id = arcs[e.id].next_out;
        }
        if (e.id != -1) {
          e.id /= 2;
          return;
        }
        n = nodes[n].next;
      }
      e.id = -1;
    }

    void firstOut(Arc &e, const Node& v) const {
      e.id = nodes[v.id].first_out;
    }
    void nextOut(Arc &e) const {
      e.id = arcs[e.id].next_out;
    }

    void firstIn(Arc &e, const Node& v) const {
      e.id = ((nodes[v.id].first_out) ^ 1);
      if (e.id == -2) e.id = -1;
    }
    void nextIn(Arc &e) const {
      e.id = ((arcs[e.id ^ 1].next_out) ^ 1);
      if (e.id == -2) e.id = -1;
    }

    void firstInc(Edge &e, bool& d, const Node& v) const {
      int a = nodes[v.id].first_out;
      if (a != -1 ) {
        e.id = a / 2;
        d = ((a & 1) == 1);
      } else {
        e.id = -1;
        d = true;
      }
    }
    void nextInc(Edge &e, bool& d) const {
      int a = (arcs[(e.id * 2) | (d ? 1 : 0)].next_out);
      if (a != -1 ) {
        e.id = a / 2;
        d = ((a & 1) == 1);
      } else {
        e.id = -1;
        d = true;
      }
    }

    static int id(Node v) { return v.id; }
    static int id(Arc e) { return e.id; }
    static int id(Edge e) { return e.id; }

    static Node nodeFromId(int id) { return Node(id);}
    static Arc arcFromId(int id) { return Arc(id);}
    static Edge edgeFromId(int id) { return Edge(id);}

    bool valid(Node n) const {
      return n.id >= 0 && n.id < static_cast<int>(nodes.size()) &&
        nodes[n.id].prev != -2;
    }

    bool valid(Arc a) const {
      return a.id >= 0 && a.id < static_cast<int>(arcs.size()) &&
        arcs[a.id].prev_out != -2;
    }

    bool valid(Edge e) const {
      return e.id >= 0 && 2 * e.id < static_cast<int>(arcs.size()) &&
        arcs[2 * e.id].prev_out != -2;
    }

    Node addNode() {
      int n;

      if(first_free_node==-1) {
        n = nodes.size();
        nodes.push_back(NodeT());
      } else {
        n = first_free_node;
        first_free_node = nodes[n].next;
      }

      nodes[n].next = first_node;
      if (first_node != -1) nodes[first_node].prev = n;
      first_node = n;
      nodes[n].prev = -1;

      nodes[n].first_out = -1;

      return Node(n);
    }

    Edge addEdge(Node u, Node v) {
      int n;

      if (first_free_arc == -1) {
        n = arcs.size();
        arcs.push_back(ArcT());
        arcs.push_back(ArcT());
      } else {
        n = first_free_arc;
        first_free_arc = arcs[n].next_out;
      }

      arcs[n].target = u.id;
      arcs[n | 1].target = v.id;

      arcs[n].next_out = nodes[v.id].first_out;
      if (nodes[v.id].first_out != -1) {
        arcs[nodes[v.id].first_out].prev_out = n;
      }
      arcs[n].prev_out = -1;
      nodes[v.id].first_out = n;

      arcs[n | 1].next_out = nodes[u.id].first_out;
      if (nodes[u.id].first_out != -1) {
        arcs[nodes[u.id].first_out].prev_out = (n | 1);
      }
      arcs[n | 1].prev_out = -1;
      nodes[u.id].first_out = (n | 1);

      return Edge(n / 2);
    }

    void erase(const Node& node) {
      int n = node.id;

      if(nodes[n].next != -1) {
        nodes[nodes[n].next].prev = nodes[n].prev;
      }

      if(nodes[n].prev != -1) {
        nodes[nodes[n].prev].next = nodes[n].next;
      } else {
        first_node = nodes[n].next;
      }

      nodes[n].next = first_free_node;
      first_free_node = n;
      nodes[n].prev = -2;
    }

    void erase(const Edge& edge) {
      int n = edge.id * 2;

      if (arcs[n].next_out != -1) {
        arcs[arcs[n].next_out].prev_out = arcs[n].prev_out;
      }

      if (arcs[n].prev_out != -1) {
        arcs[arcs[n].prev_out].next_out = arcs[n].next_out;
      } else {
        nodes[arcs[n | 1].target].first_out = arcs[n].next_out;
      }

      if (arcs[n | 1].next_out != -1) {
        arcs[arcs[n | 1].next_out].prev_out = arcs[n | 1].prev_out;
      }

      if (arcs[n | 1].prev_out != -1) {
        arcs[arcs[n | 1].prev_out].next_out = arcs[n | 1].next_out;
      } else {
        nodes[arcs[n].target].first_out = arcs[n | 1].next_out;
      }

      arcs[n].next_out = first_free_arc;
      first_free_arc = n;
      arcs[n].prev_out = -2;
      arcs[n | 1].prev_out = -2;

    }

    void clear() {
      arcs.clear();
      nodes.clear();
      first_node = first_free_node = first_free_arc = -1;
    }

  protected:

    void changeV(Edge e, Node n) {
      if(arcs[2 * e.id].next_out != -1) {
        arcs[arcs[2 * e.id].next_out].prev_out = arcs[2 * e.id].prev_out;
      }
      if(arcs[2 * e.id].prev_out != -1) {
        arcs[arcs[2 * e.id].prev_out].next_out =
          arcs[2 * e.id].next_out;
      } else {
        nodes[arcs[(2 * e.id) | 1].target].first_out =
          arcs[2 * e.id].next_out;
      }

      if (nodes[n.id].first_out != -1) {
        arcs[nodes[n.id].first_out].prev_out = 2 * e.id;
      }
      arcs[(2 * e.id) | 1].target = n.id;
      arcs[2 * e.id].prev_out = -1;
      arcs[2 * e.id].next_out = nodes[n.id].first_out;
      nodes[n.id].first_out = 2 * e.id;
    }

    void changeU(Edge e, Node n) {
      if(arcs[(2 * e.id) | 1].next_out != -1) {
        arcs[arcs[(2 * e.id) | 1].next_out].prev_out =
          arcs[(2 * e.id) | 1].prev_out;
      }
      if(arcs[(2 * e.id) | 1].prev_out != -1) {
        arcs[arcs[(2 * e.id) | 1].prev_out].next_out =
          arcs[(2 * e.id) | 1].next_out;
      } else {
        nodes[arcs[2 * e.id].target].first_out =
          arcs[(2 * e.id) | 1].next_out;
      }

      if (nodes[n.id].first_out != -1) {
        arcs[nodes[n.id].first_out].prev_out = ((2 * e.id) | 1);
      }
      arcs[2 * e.id].target = n.id;
      arcs[(2 * e.id) | 1].prev_out = -1;
      arcs[(2 * e.id) | 1].next_out = nodes[n.id].first_out;
      nodes[n.id].first_out = ((2 * e.id) | 1);
    }

  };

  typedef GraphExtender<ListGraphBase> ExtendedListGraphBase;


  /// \addtogroup graphs
  /// @{

  ///A general undirected graph structure.

  ///\ref ListGraph is a versatile and fast undirected graph
  ///implementation based on linked lists that are stored in
  ///\c std::vector structures.
  ///
  ///This type fully conforms to the \ref concepts::Graph "Graph concept"
  ///and it also provides several useful additional functionalities.
  ///Most of its member functions and nested classes are documented
  ///only in the concept class.
  ///
  ///This class provides only linear time counting for nodes, edges and arcs.
  ///
  ///\sa concepts::Graph
  ///\sa ListDigraph
  class ListGraph : public ExtendedListGraphBase {
    typedef ExtendedListGraphBase Parent;

  private:
    /// Graphs are \e not copy constructible. Use GraphCopy instead.
    ListGraph(const ListGraph &) :ExtendedListGraphBase()  {};
    /// \brief Assignment of a graph to another one is \e not allowed.
    /// Use GraphCopy instead.
    void operator=(const ListGraph &) {}
  public:
    /// Constructor

    /// Constructor.
    ///
    ListGraph() {}

    typedef Parent::OutArcIt IncEdgeIt;

    /// \brief Add a new node to the graph.
    ///
    /// This function adds a new node to the graph.
    /// \return The new node.
    Node addNode() { return Parent::addNode(); }

    /// \brief Add a new edge to the graph.
    ///
    /// This function adds a new edge to the graph between nodes
    /// \c u and \c v with inherent orientation from node \c u to
    /// node \c v.
    /// \return The new edge.
    Edge addEdge(Node u, Node v) {
      return Parent::addEdge(u, v);
    }

    ///\brief Erase a node from the graph.
    ///
    /// This function erases the given node along with its incident arcs
    /// from the graph.
    ///
    /// \note All iterators referencing the removed node or the incident
    /// edges are invalidated, of course.
    void erase(Node n) { Parent::erase(n); }

    ///\brief Erase an edge from the graph.
    ///
    /// This function erases the given edge from the graph.
    ///
    /// \note All iterators referencing the removed edge are invalidated,
    /// of course.
    void erase(Edge e) { Parent::erase(e); }
    /// Node validity check

    /// This function gives back \c true if the given node is valid,
    /// i.e. it is a real node of the graph.
    ///
    /// \warning A removed node could become valid again if new nodes are
    /// added to the graph.
    bool valid(Node n) const { return Parent::valid(n); }
    /// Edge validity check

    /// This function gives back \c true if the given edge is valid,
    /// i.e. it is a real edge of the graph.
    ///
    /// \warning A removed edge could become valid again if new edges are
    /// added to the graph.
    bool valid(Edge e) const { return Parent::valid(e); }
    /// Arc validity check

    /// This function gives back \c true if the given arc is valid,
    /// i.e. it is a real arc of the graph.
    ///
    /// \warning A removed arc could become valid again if new edges are
    /// added to the graph.
    bool valid(Arc a) const { return Parent::valid(a); }

    /// \brief Change the first node of an edge.
    ///
    /// This function changes the first node of the given edge \c e to \c n.
    ///
    ///\note \c EdgeIt and \c ArcIt iterators referencing the
    ///changed edge are invalidated and all other iterators whose
    ///base node is the changed node are also invalidated.
    ///
    ///\warning This functionality cannot be used together with the
    ///Snapshot feature.
    void changeU(Edge e, Node n) {
      Parent::changeU(e,n);
    }
    /// \brief Change the second node of an edge.
    ///
    /// This function changes the second node of the given edge \c e to \c n.
    ///
    ///\note \c EdgeIt iterators referencing the changed edge remain
    ///valid, but \c ArcIt iterators referencing the changed edge and
    ///all other iterators whose base node is the changed node are also
    ///invalidated.
    ///
    ///\warning This functionality cannot be used together with the
    ///Snapshot feature.
    void changeV(Edge e, Node n) {
      Parent::changeV(e,n);
    }

    /// \brief Contract two nodes.
    ///
    /// This function contracts the given two nodes.
    /// Node \c b is removed, but instead of deleting
    /// its incident edges, they are joined to node \c a.
    /// If the last parameter \c r is \c true (this is the default value),
    /// then the newly created loops are removed.
    ///
    /// \note The moved edges are joined to node \c a using changeU()
    /// or changeV(), thus all edge and arc iterators whose base node is
    /// \c b are invalidated.
    /// Moreover all iterators referencing node \c b or the removed
    /// loops are also invalidated. Other iterators remain valid.
    ///
    ///\warning This functionality cannot be used together with the
    ///Snapshot feature.
    void contract(Node a, Node b, bool r = true) {
      for(IncEdgeIt e(*this, b); e!=INVALID;) {
        IncEdgeIt f = e; ++f;
        if (r && runningNode(e) == a) {
          erase(e);
        } else if (u(e) == b) {
          changeU(e, a);
        } else {
          changeV(e, a);
        }
        e = f;
      }
      erase(b);
    }

    ///Clear the graph.

    ///This function erases all nodes and arcs from the graph.
    ///
    ///\note All iterators of the graph are invalidated, of course.
    void clear() {
      Parent::clear();
    }

    /// Reserve memory for nodes.

    /// Using this function, it is possible to avoid superfluous memory
    /// allocation: if you know that the graph you want to build will
    /// be large (e.g. it will contain millions of nodes and/or edges),
    /// then it is worth reserving space for this amount before starting
    /// to build the graph.
    /// \sa reserveEdge()
    void reserveNode(int n) { nodes.reserve(n); };

    /// Reserve memory for edges.

    /// Using this function, it is possible to avoid superfluous memory
    /// allocation: if you know that the graph you want to build will
    /// be large (e.g. it will contain millions of nodes and/or edges),
    /// then it is worth reserving space for this amount before starting
    /// to build the graph.
    /// \sa reserveNode()
    void reserveEdge(int m) { arcs.reserve(2 * m); };

    /// \brief Class to make a snapshot of the graph and restore
    /// it later.
    ///
    /// Class to make a snapshot of the graph and restore it later.
    ///
    /// The newly added nodes and edges can be removed
    /// using the restore() function.
    ///
    /// \note After a state is restored, you cannot restore a later state,
    /// i.e. you cannot add the removed nodes and edges again using
    /// another Snapshot instance.
    ///
    /// \warning Node and edge deletions and other modifications
    /// (e.g. changing the end-nodes of edges or contracting nodes)
    /// cannot be restored. These events invalidate the snapshot.
    /// However, the edges and nodes that were added to the graph after
    /// making the current snapshot can be removed without invalidating it.
    class Snapshot {
    protected:

      typedef Parent::NodeNotifier NodeNotifier;

      class NodeObserverProxy : public NodeNotifier::ObserverBase {
      public:

        NodeObserverProxy(Snapshot& _snapshot)
          : snapshot(_snapshot) {}

        using NodeNotifier::ObserverBase::attach;
        using NodeNotifier::ObserverBase::detach;
        using NodeNotifier::ObserverBase::attached;

      protected:

        virtual void add(const Node& node) {
          snapshot.addNode(node);
        }
        virtual void add(const std::vector<Node>& nodes) {
          for (int i = nodes.size() - 1; i >= 0; ++i) {
            snapshot.addNode(nodes[i]);
          }
        }
        virtual void erase(const Node& node) {
          snapshot.eraseNode(node);
        }
        virtual void erase(const std::vector<Node>& nodes) {
          for (int i = 0; i < int(nodes.size()); ++i) {
            snapshot.eraseNode(nodes[i]);
          }
        }
        virtual void build() {
          Node node;
          std::vector<Node> nodes;
          for (notifier()->first(node); node != INVALID;
               notifier()->next(node)) {
            nodes.push_back(node);
          }
          for (int i = nodes.size() - 1; i >= 0; --i) {
            snapshot.addNode(nodes[i]);
          }
        }
        virtual void clear() {
          Node node;
          for (notifier()->first(node); node != INVALID;
               notifier()->next(node)) {
            snapshot.eraseNode(node);
          }
        }

        Snapshot& snapshot;
      };

      class EdgeObserverProxy : public EdgeNotifier::ObserverBase {
      public:

        EdgeObserverProxy(Snapshot& _snapshot)
          : snapshot(_snapshot) {}

        using EdgeNotifier::ObserverBase::attach;
        using EdgeNotifier::ObserverBase::detach;
        using EdgeNotifier::ObserverBase::attached;

      protected:

        virtual void add(const Edge& edge) {
          snapshot.addEdge(edge);
        }
        virtual void add(const std::vector<Edge>& edges) {
          for (int i = edges.size() - 1; i >= 0; ++i) {
            snapshot.addEdge(edges[i]);
          }
        }
        virtual void erase(const Edge& edge) {
          snapshot.eraseEdge(edge);
        }
        virtual void erase(const std::vector<Edge>& edges) {
          for (int i = 0; i < int(edges.size()); ++i) {
            snapshot.eraseEdge(edges[i]);
          }
        }
        virtual void build() {
          Edge edge;
          std::vector<Edge> edges;
          for (notifier()->first(edge); edge != INVALID;
               notifier()->next(edge)) {
            edges.push_back(edge);
          }
          for (int i = edges.size() - 1; i >= 0; --i) {
            snapshot.addEdge(edges[i]);
          }
        }
        virtual void clear() {
          Edge edge;
          for (notifier()->first(edge); edge != INVALID;
               notifier()->next(edge)) {
            snapshot.eraseEdge(edge);
          }
        }

        Snapshot& snapshot;
      };

      ListGraph *graph;

      NodeObserverProxy node_observer_proxy;
      EdgeObserverProxy edge_observer_proxy;

      std::list<Node> added_nodes;
      std::list<Edge> added_edges;


      void addNode(const Node& node) {
        added_nodes.push_front(node);
      }
      void eraseNode(const Node& node) {
        std::list<Node>::iterator it =
          std::find(added_nodes.begin(), added_nodes.end(), node);
        if (it == added_nodes.end()) {
          clear();
          edge_observer_proxy.detach();
          throw NodeNotifier::ImmediateDetach();
        } else {
          added_nodes.erase(it);
        }
      }

      void addEdge(const Edge& edge) {
        added_edges.push_front(edge);
      }
      void eraseEdge(const Edge& edge) {
        std::list<Edge>::iterator it =
          std::find(added_edges.begin(), added_edges.end(), edge);
        if (it == added_edges.end()) {
          clear();
          node_observer_proxy.detach();
          throw EdgeNotifier::ImmediateDetach();
        } else {
          added_edges.erase(it);
        }
      }

      void attach(ListGraph &_graph) {
        graph = &_graph;
        node_observer_proxy.attach(graph->notifier(Node()));
        edge_observer_proxy.attach(graph->notifier(Edge()));
      }

      void detach() {
        node_observer_proxy.detach();
        edge_observer_proxy.detach();
      }

      bool attached() const {
        return node_observer_proxy.attached();
      }

      void clear() {
        added_nodes.clear();
        added_edges.clear();
      }

    public:

      /// \brief Default constructor.
      ///
      /// Default constructor.
      /// You have to call save() to actually make a snapshot.
      Snapshot()
        : graph(0), node_observer_proxy(*this),
          edge_observer_proxy(*this) {}

      /// \brief Constructor that immediately makes a snapshot.
      ///
      /// This constructor immediately makes a snapshot of the given graph.
      Snapshot(ListGraph &gr)
        : node_observer_proxy(*this),
          edge_observer_proxy(*this) {
        attach(gr);
      }

      /// \brief Make a snapshot.
      ///
      /// This function makes a snapshot of the given graph.
      /// It can be called more than once. In case of a repeated
      /// call, the previous snapshot gets lost.
      void save(ListGraph &gr) {
        if (attached()) {
          detach();
          clear();
        }
        attach(gr);
      }

      /// \brief Undo the changes until the last snapshot.
      ///
      /// This function undos the changes until the last snapshot
      /// created by save() or Snapshot(ListGraph&).
      ///
      /// \warning This method invalidates the snapshot, i.e. repeated
      /// restoring is not supported unless you call save() again.
      void restore() {
        detach();
        for(std::list<Edge>::iterator it = added_edges.begin();
            it != added_edges.end(); ++it) {
          graph->erase(*it);
        }
        for(std::list<Node>::iterator it = added_nodes.begin();
            it != added_nodes.end(); ++it) {
          graph->erase(*it);
        }
        clear();
      }

      /// \brief Returns \c true if the snapshot is valid.
      ///
      /// This function returns \c true if the snapshot is valid.
      bool valid() const {
        return attached();
      }
    };
  };

  /// @}
} //namespace lemon


#endif







lemon/lp.h

/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2010
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_LP_H
#define LEMON_LP_H

#include<lemon/config.h>


#ifdef LEMON_HAVE_GLPK
#include <lemon/glpk.h>
#elif LEMON_HAVE_CPLEX
#include <lemon/cplex.h>
#elif LEMON_HAVE_SOPLEX
#include <lemon/soplex.h>
#elif LEMON_HAVE_CLP
#include <lemon/clp.h>
#endif

///\file
///\brief Defines a default LP solver
///\ingroup lp_group
namespace lemon {

#ifdef DOXYGEN
  ///The default LP solver identifier

  ///The default LP solver identifier.
  ///\ingroup lp_group
  ///
  ///Currently, the possible values are \c GLPK, \c CPLEX,
  ///\c SOPLEX or \c CLP
#define LEMON_DEFAULT_LP SOLVER
  ///The default LP solver

  ///The default LP solver.
  ///\ingroup lp_group
  ///
  ///Currently, it is either \c GlpkLp, \c CplexLp, \c SoplexLp or \c ClpLp
  typedef GlpkLp Lp;

  ///The default MIP solver identifier

  ///The default MIP solver identifier.
  ///\ingroup lp_group
  ///
  ///Currently, the possible values are \c GLPK or \c CPLEX
#define LEMON_DEFAULT_MIP SOLVER
  ///The default MIP solver.

  ///The default MIP solver.
  ///\ingroup lp_group
  ///
  ///Currently, it is either \c GlpkMip or \c CplexMip
  typedef GlpkMip Mip;
#else
#ifdef LEMON_HAVE_GLPK
# define LEMON_DEFAULT_LP GLPK
  typedef GlpkLp Lp;
# define LEMON_DEFAULT_MIP GLPK
  typedef GlpkMip Mip;
#elif LEMON_HAVE_CPLEX
# define LEMON_DEFAULT_LP CPLEX
  typedef CplexLp Lp;
# define LEMON_DEFAULT_MIP CPLEX
  typedef CplexMip Mip;
#elif LEMON_HAVE_SOPLEX
# define DEFAULT_LP SOPLEX
  typedef SoplexLp Lp;
#elif LEMON_HAVE_CLP
# define DEFAULT_LP CLP
  typedef ClpLp Lp;
#endif
#endif

} //namespace lemon

#endif //LEMON_LP_H







lemon/lp_base.h

/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2011
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_LP_BASE_H
#define LEMON_LP_BASE_H

#include<iostream>
#include<vector>
#include<map>
#include<limits>
#include<lemon/math.h>

#include<lemon/error.h>
#include<lemon/assert.h>

#include<lemon/core.h>
#include<lemon/bits/solver_bits.h>

///\file
///\brief The interface of the LP solver interface.
///\ingroup lp_group
namespace lemon {

  ///Common base class for LP and MIP solvers

  ///Usually this class is not used directly, please use one of the concrete
  ///implementations of the solver interface.
  ///\ingroup lp_group
  class LpBase {

  protected:

    _solver_bits::VarIndex rows;
    _solver_bits::VarIndex cols;

  public:

    ///Possible outcomes of an LP solving procedure
    enum SolveExitStatus {
      /// = 0. It means that the problem has been successfully solved: either
      ///an optimal solution has been found or infeasibility/unboundedness
      ///has been proved.
      SOLVED = 0,
      /// = 1. Any other case (including the case when some user specified
      ///limit has been exceeded).
      UNSOLVED = 1
    };

    ///Direction of the optimization
    enum Sense {
      /// Minimization
      MIN,
      /// Maximization
      MAX
    };

    ///Enum for \c messageLevel() parameter
    enum MessageLevel {
      /// No output (default value).
      MESSAGE_NOTHING,
      /// Error messages only.
      MESSAGE_ERROR,
      /// Warnings.
      MESSAGE_WARNING,
      /// Normal output.
      MESSAGE_NORMAL,
      /// Verbose output.
      MESSAGE_VERBOSE
    };


    ///The floating point type used by the solver
    typedef double Value;
    ///The infinity constant
    static const Value INF;
    ///The not a number constant
    static const Value NaN;

    friend class Col;
    friend class ColIt;
    friend class Row;
    friend class RowIt;

    ///Refer to a column of the LP.

    ///This type is used to refer to a column of the LP.
    ///
    ///Its value remains valid and correct even after the addition or erase of
    ///other columns.
    ///
    ///\note This class is similar to other Item types in LEMON, like
    ///Node and Arc types in digraph.
    class Col {
      friend class LpBase;
    protected:
      int _id;
      explicit Col(int id) : _id(id) {}
    public:
      typedef Value ExprValue;
      typedef True LpCol;
      /// Default constructor

      /// \warning The default constructor sets the Col to an
      /// undefined value.
      Col() {}
      /// Invalid constructor \& conversion.

      /// This constructor initializes the Col to be invalid.
      /// \sa Invalid for more details.
      Col(const Invalid&) : _id(-1) {}
      /// Equality operator

      /// Two \ref Col "Col"s are equal if and only if they point to
      /// the same LP column or both are invalid.
      bool operator==(Col c) const  {return _id == c._id;}
      /// Inequality operator

      /// \sa operator==(Col c)
      ///
      bool operator!=(Col c) const  {return _id != c._id;}
      /// Artificial ordering operator.

      /// To allow the use of this object in std::map or similar
      /// associative container we require this.
      ///
      /// \note This operator only have to define some strict ordering of
      /// the items; this order has nothing to do with the iteration
      /// ordering of the items.
      bool operator<(Col c) const  {return _id < c._id;}
    };

    ///Iterator for iterate over the columns of an LP problem

    /// Its usage is quite simple, for example, you can count the number
    /// of columns in an LP \c lp:
    ///\code
    /// int count=0;
    /// for (LpBase::ColIt c(lp); c!=INVALID; ++c) ++count;
    ///\endcode
    class ColIt : public Col {
      const LpBase *_solver;
    public:
      /// Default constructor

      /// \warning The default constructor sets the iterator
      /// to an undefined value.
      ColIt() {}
      /// Sets the iterator to the first Col

      /// Sets the iterator to the first Col.
      ///
      ColIt(const LpBase &solver) : _solver(&solver)
      {
        _solver->cols.firstItem(_id);
      }
      /// Invalid constructor \& conversion

      /// Initialize the iterator to be invalid.
      /// \sa Invalid for more details.
      ColIt(const Invalid&) : Col(INVALID) {}
      /// Next column

      /// Assign the iterator to the next column.
      ///
      ColIt &operator++()
      {
        _solver->cols.nextItem(_id);
        return *this;
      }
    };

    /// \brief Returns the ID of the column.
    static int id(const Col& col) { return col._id; }
    /// \brief Returns the column with the given ID.
    ///
    /// \pre The argument should be a valid column ID in the LP problem.
    static Col colFromId(int id) { return Col(id); }

    ///Refer to a row of the LP.

    ///This type is used to refer to a row of the LP.
    ///
    ///Its value remains valid and correct even after the addition or erase of
    ///other rows.
    ///
    ///\note This class is similar to other Item types in LEMON, like
    ///Node and Arc types in digraph.
    class Row {
      friend class LpBase;
    protected:
      int _id;
      explicit Row(int id) : _id(id) {}
    public:
      typedef Value ExprValue;
      typedef True LpRow;
      /// Default constructor

      /// \warning The default constructor sets the Row to an
      /// undefined value.
      Row() {}
      /// Invalid constructor \& conversion.

      /// This constructor initializes the Row to be invalid.
      /// \sa Invalid for more details.
      Row(const Invalid&) : _id(-1) {}
      /// Equality operator

      /// Two \ref Row "Row"s are equal if and only if they point to
      /// the same LP row or both are invalid.
      bool operator==(Row r) const  {return _id == r._id;}
      /// Inequality operator

      /// \sa operator==(Row r)
      ///
      bool operator!=(Row r) const  {return _id != r._id;}
      /// Artificial ordering operator.

      /// To allow the use of this object in std::map or similar
      /// associative container we require this.
      ///
      /// \note This operator only have to define some strict ordering of
      /// the items; this order has nothing to do with the iteration
      /// ordering of the items.
      bool operator<(Row r) const  {return _id < r._id;}
    };

    ///Iterator for iterate over the rows of an LP problem

    /// Its usage is quite simple, for example, you can count the number
    /// of rows in an LP \c lp:
    ///\code
    /// int count=0;
    /// for (LpBase::RowIt c(lp); c!=INVALID; ++c) ++count;
    ///\endcode
    class RowIt : public Row {
      const LpBase *_solver;
    public:
      /// Default constructor

      /// \warning The default constructor sets the iterator
      /// to an undefined value.
      RowIt() {}
      /// Sets the iterator to the first Row

      /// Sets the iterator to the first Row.
      ///
      RowIt(const LpBase &solver) : _solver(&solver)
      {
        _solver->rows.firstItem(_id);
      }
      /// Invalid constructor \& conversion

      /// Initialize the iterator to be invalid.
      /// \sa Invalid for more details.
      RowIt(const Invalid&) : Row(INVALID) {}
      /// Next row

      /// Assign the iterator to the next row.
      ///
      RowIt &operator++()
      {
        _solver->rows.nextItem(_id);
        return *this;
      }
    };

    /// \brief Returns the ID of the row.
    static int id(const Row& row) { return row._id; }
    /// \brief Returns the row with the given ID.
    ///
    /// \pre The argument should be a valid row ID in the LP problem.
    static Row rowFromId(int id) { return Row(id); }

  public:

    ///Linear expression of variables and a constant component

    ///This data structure stores a linear expression of the variables
    ///(\ref Col "Col"s) and also has a constant component.
    ///
    ///There are several ways to access and modify the contents of this
    ///container.
    ///\code
    ///e[v]=5;
    ///e[v]+=12;
    ///e.erase(v);
    ///\endcode
    ///or you can also iterate through its elements.
    ///\code
    ///double s=0;
    ///for(LpBase::Expr::ConstCoeffIt i(e);i!=INVALID;++i)
    ///  s+=*i * primal(i);
    ///\endcode
    ///(This code computes the primal value of the expression).
    ///- Numbers (<tt>double</tt>'s)
    ///and variables (\ref Col "Col"s) directly convert to an
    ///\ref Expr and the usual linear operations are defined, so
    ///\code
    ///v+w
    ///2*v-3.12*(v-w/2)+2
    ///v*2.1+(3*v+(v*12+w+6)*3)/2
    ///\endcode
    ///are valid expressions.
    ///The usual assignment operations are also defined.
    ///\code
    ///e=v+w;
    ///e+=2*v-3.12*(v-w/2)+2;
    ///e*=3.4;
    ///e/=5;
    ///\endcode
    ///- The constant member can be set and read by dereference
    ///  operator (unary *)
    ///
    ///\code
    ///*e=12;
    ///double c=*e;
    ///\endcode
    ///
    ///\sa Constr
    class Expr {
      friend class LpBase;
    public:
      /// The key type of the expression
      typedef LpBase::Col Key;
      /// The value type of the expression
      typedef LpBase::Value Value;

    protected:
      Value const_comp;
      std::map<int, Value> comps;

    public:
      typedef True SolverExpr;
      /// Default constructor

      /// Construct an empty expression, the coefficients and
      /// the constant component are initialized to zero.
      Expr() : const_comp(0) {}
      /// Construct an expression from a column

      /// Construct an expression, which has a term with \c c variable
      /// and 1.0 coefficient.
      Expr(const Col &c) : const_comp(0) {
        typedef std::map<int, Value>::value_type pair_type;
        comps.insert(pair_type(id(c), 1));
      }
      /// Construct an expression from a constant

      /// Construct an expression, which's constant component is \c v.
      ///
      Expr(const Value &v) : const_comp(v) {}
      /// Returns the coefficient of the column
      Value operator[](const Col& c) const {
        std::map<int, Value>::const_iterator it=comps.find(id(c));
        if (it != comps.end()) {
          return it->second;
        } else {
          return 0;
        }
      }
      /// Returns the coefficient of the column
      Value& operator[](const Col& c) {
        return comps[id(c)];
      }
      /// Sets the coefficient of the column
      void set(const Col &c, const Value &v) {
        if (v != 0.0) {
          typedef std::map<int, Value>::value_type pair_type;
          comps.insert(pair_type(id(c), v));
        } else {
          comps.erase(id(c));
        }
      }
      /// Returns the constant component of the expression
      Value& operator*() { return const_comp; }
      /// Returns the constant component of the expression
      const Value& operator*() const { return const_comp; }
      /// \brief Removes the coefficients which's absolute value does
      /// not exceed \c epsilon. It also sets to zero the constant
      /// component, if it does not exceed epsilon in absolute value.
      void simplify(Value epsilon = 0.0) {
        std::map<int, Value>::iterator it=comps.begin();
        while (it != comps.end()) {
          std::map<int, Value>::iterator jt=it;
          ++jt;
          if (std::fabs((*it).second) <= epsilon) comps.erase(it);
          it=jt;
        }
        if (std::fabs(const_comp) <= epsilon) const_comp = 0;
      }

      void simplify(Value epsilon = 0.0) const {
        const_cast<Expr*>(this)->simplify(epsilon);
      }

      ///Sets all coefficients and the constant component to 0.
      void clear() {
        comps.clear();
        const_comp=0;
      }

      ///Compound assignment
      Expr &operator+=(const Expr &e) {
        for (std::map<int, Value>::const_iterator it=e.comps.begin();
             it!=e.comps.end(); ++it)
          comps[it->first]+=it->second;
        const_comp+=e.const_comp;
        return *this;
      }
      ///Compound assignment
      Expr &operator-=(const Expr &e) {
        for (std::map<int, Value>::const_iterator it=e.comps.begin();
             it!=e.comps.end(); ++it)
          comps[it->first]-=it->second;
        const_comp-=e.const_comp;
        return *this;
      }
      ///Multiply with a constant
      Expr &operator*=(const Value &v) {
        for (std::map<int, Value>::iterator it=comps.begin();
             it!=comps.end(); ++it)
          it->second*=v;
        const_comp*=v;
        return *this;
      }
      ///Division with a constant
      Expr &operator/=(const Value &c) {
        for (std::map<int, Value>::iterator it=comps.begin();
             it!=comps.end(); ++it)
          it->second/=c;
        const_comp/=c;
        return *this;
      }

      ///Iterator over the expression

      ///The iterator iterates over the terms of the expression.
      ///
      ///\code
      ///double s=0;
      ///for(LpBase::Expr::CoeffIt i(e);i!=INVALID;++i)
      ///  s+= *i * primal(i);
      ///\endcode
      class CoeffIt {
      private:

        std::map<int, Value>::iterator _it, _end;

      public:

        /// Sets the iterator to the first term

        /// Sets the iterator to the first term of the expression.
        ///
        CoeffIt(Expr& e)
          : _it(e.comps.begin()), _end(e.comps.end()){}

        /// Convert the iterator to the column of the term
        operator Col() const {
          return colFromId(_it->first);
        }

        /// Returns the coefficient of the term
        Value& operator*() { return _it->second; }

        /// Returns the coefficient of the term
        const Value& operator*() const { return _it->second; }
        /// Next term

        /// Assign the iterator to the next term.
        ///
        CoeffIt& operator++() { ++_it; return *this; }

        /// Equality operator
        bool operator==(Invalid) const { return _it == _end; }
        /// Inequality operator
        bool operator!=(Invalid) const { return _it != _end; }
      };

      /// Const iterator over the expression

      ///The iterator iterates over the terms of the expression.
      ///
      ///\code
      ///double s=0;
      ///for(LpBase::Expr::ConstCoeffIt i(e);i!=INVALID;++i)
      ///  s+=*i * primal(i);
      ///\endcode
      class ConstCoeffIt {
      private:

        std::map<int, Value>::const_iterator _it, _end;

      public:

        /// Sets the iterator to the first term

        /// Sets the iterator to the first term of the expression.
        ///
        ConstCoeffIt(const Expr& e)
          : _it(e.comps.begin()), _end(e.comps.end()){}

        /// Convert the iterator to the column of the term
        operator Col() const {
          return colFromId(_it->first);
        }

        /// Returns the coefficient of the term
        const Value& operator*() const { return _it->second; }

        /// Next term

        /// Assign the iterator to the next term.
        ///
        ConstCoeffIt& operator++() { ++_it; return *this; }

        /// Equality operator
        bool operator==(Invalid) const { return _it == _end; }
        /// Inequality operator
        bool operator!=(Invalid) const { return _it != _end; }
      };

    };

    ///Linear constraint

    ///This data stucture represents a linear constraint in the LP.
    ///Basically it is a linear expression with a lower or an upper bound
    ///(or both). These parts of the constraint can be obtained by the member
    ///functions \ref expr(), \ref lowerBound() and \ref upperBound(),
    ///respectively.
    ///There are two ways to construct a constraint.
    ///- You can set the linear expression and the bounds directly
    ///  by the functions above.
    ///- The operators <tt>\<=</tt>, <tt>==</tt> and  <tt>\>=</tt>
    ///  are defined between expressions, or even between constraints whenever
    ///  it makes sense. Therefore if \c e and \c f are linear expressions and
    ///  \c s and \c t are numbers, then the followings are valid expressions
    ///  and thus they can be used directly e.g. in \ref addRow() whenever
    ///  it makes sense.
    ///\code
    ///  e<=s
    ///  e<=f
    ///  e==f
    ///  s<=e<=t
    ///  e>=t
    ///\endcode
    ///\warning The validity of a constraint is checked only at run
    ///time, so e.g. \ref addRow(<tt>x[1]\<=x[2]<=5</tt>) will
    ///compile, but will fail an assertion.
    class Constr
    {
    public:
      typedef LpBase::Expr Expr;
      typedef Expr::Key Key;
      typedef Expr::Value Value;

    protected:
      Expr _expr;
      Value _lb,_ub;
    public:
      ///\e
      Constr() : _expr(), _lb(NaN), _ub(NaN) {}
      ///\e
      Constr(Value lb, const Expr &e, Value ub) :
        _expr(e), _lb(lb), _ub(ub) {}
      Constr(const Expr &e) :
        _expr(e), _lb(NaN), _ub(NaN) {}
      ///\e
      void clear()
      {
        _expr.clear();
        _lb=_ub=NaN;
      }

      ///Reference to the linear expression
      Expr &expr() { return _expr; }
      ///Cont reference to the linear expression
      const Expr &expr() const { return _expr; }
      ///Reference to the lower bound.

      ///\return
      ///- \ref INF "INF": the constraint is lower unbounded.
      ///- \ref NaN "NaN": lower bound has not been set.
      ///- finite number: the lower bound
      Value &lowerBound() { return _lb; }
      ///The const version of \ref lowerBound()
      const Value &lowerBound() const { return _lb; }
      ///Reference to the upper bound.

      ///\return
      ///- \ref INF "INF": the constraint is upper unbounded.
      ///- \ref NaN "NaN": upper bound has not been set.
      ///- finite number: the upper bound
      Value &upperBound() { return _ub; }
      ///The const version of \ref upperBound()
      const Value &upperBound() const { return _ub; }
      ///Is the constraint lower bounded?
      bool lowerBounded() const {
        return _lb != -INF && !isNaN(_lb);
      }
      ///Is the constraint upper bounded?
      bool upperBounded() const {
        return _ub != INF && !isNaN(_ub);
      }

    };

    ///Linear expression of rows

    ///This data structure represents a column of the matrix,
    ///thas is it strores a linear expression of the dual variables
    ///(\ref Row "Row"s).
    ///
    ///There are several ways to access and modify the contents of this
    ///container.
    ///\code
    ///e[v]=5;
    ///e[v]+=12;
    ///e.erase(v);
    ///\endcode
    ///or you can also iterate through its elements.
    ///\code
    ///double s=0;
    ///for(LpBase::DualExpr::ConstCoeffIt i(e);i!=INVALID;++i)
    ///  s+=*i;
    ///\endcode
    ///(This code computes the sum of all coefficients).
    ///- Numbers (<tt>double</tt>'s)
    ///and variables (\ref Row "Row"s) directly convert to an
    ///\ref DualExpr and the usual linear operations are defined, so
    ///\code
    ///v+w
    ///2*v-3.12*(v-w/2)
    ///v*2.1+(3*v+(v*12+w)*3)/2
    ///\endcode
    ///are valid \ref DualExpr dual expressions.
    ///The usual assignment operations are also defined.
    ///\code
    ///e=v+w;
    ///e+=2*v-3.12*(v-w/2);
    ///e*=3.4;
    ///e/=5;
    ///\endcode
    ///
    ///\sa Expr
    class DualExpr {
      friend class LpBase;
    public:
      /// The key type of the expression
      typedef LpBase::Row Key;
      /// The value type of the expression
      typedef LpBase::Value Value;

    protected:
      std::map<int, Value> comps;

    public:
      typedef True SolverExpr;
      /// Default constructor

      /// Construct an empty expression, the coefficients are
      /// initialized to zero.
      DualExpr() {}
      /// Construct an expression from a row

      /// Construct an expression, which has a term with \c r dual
      /// variable and 1.0 coefficient.
      DualExpr(const Row &r) {
        typedef std::map<int, Value>::value_type pair_type;
        comps.insert(pair_type(id(r), 1));
      }
      /// Returns the coefficient of the row
      Value operator[](const Row& r) const {
        std::map<int, Value>::const_iterator it = comps.find(id(r));
        if (it != comps.end()) {
          return it->second;
        } else {
          return 0;
        }
      }
      /// Returns the coefficient of the row
      Value& operator[](const Row& r) {
        return comps[id(r)];
      }
      /// Sets the coefficient of the row
      void set(const Row &r, const Value &v) {
        if (v != 0.0) {
          typedef std::map<int, Value>::value_type pair_type;
          comps.insert(pair_type(id(r), v));
        } else {
          comps.erase(id(r));
        }
      }
      /// \brief Removes the coefficients which's absolute value does
      /// not exceed \c epsilon.
      void simplify(Value epsilon = 0.0) {
        std::map<int, Value>::iterator it=comps.begin();
        while (it != comps.end()) {
          std::map<int, Value>::iterator jt=it;
          ++jt;
          if (std::fabs((*it).second) <= epsilon) comps.erase(it);
          it=jt;
        }
      }

      void simplify(Value epsilon = 0.0) const {
        const_cast<DualExpr*>(this)->simplify(epsilon);
      }

      ///Sets all coefficients to 0.
      void clear() {
        comps.clear();
      }
      ///Compound assignment
      DualExpr &operator+=(const DualExpr &e) {
        for (std::map<int, Value>::const_iterator it=e.comps.begin();
             it!=e.comps.end(); ++it)
          comps[it->first]+=it->second;
        return *this;
      }
      ///Compound assignment
      DualExpr &operator-=(const DualExpr &e) {
        for (std::map<int, Value>::const_iterator it=e.comps.begin();
             it!=e.comps.end(); ++it)
          comps[it->first]-=it->second;
        return *this;
      }
      ///Multiply with a constant
      DualExpr &operator*=(const Value &v) {
        for (std::map<int, Value>::iterator it=comps.begin();
             it!=comps.end(); ++it)
          it->second*=v;
        return *this;
      }
      ///Division with a constant
      DualExpr &operator/=(const Value &v) {
        for (std::map<int, Value>::iterator it=comps.begin();
             it!=comps.end(); ++it)
          it->second/=v;
        return *this;
      }

      ///Iterator over the expression

      ///The iterator iterates over the terms of the expression.
      ///
      ///\code
      ///double s=0;
      ///for(LpBase::DualExpr::CoeffIt i(e);i!=INVALID;++i)
      ///  s+= *i * dual(i);
      ///\endcode
      class CoeffIt {
      private:

        std::map<int, Value>::iterator _it, _end;

      public:

        /// Sets the iterator to the first term

        /// Sets the iterator to the first term of the expression.
        ///
        CoeffIt(DualExpr& e)
          : _it(e.comps.begin()), _end(e.comps.end()){}

        /// Convert the iterator to the row of the term
        operator Row() const {
          return rowFromId(_it->first);
        }

        /// Returns the coefficient of the term
        Value& operator*() { return _it->second; }

        /// Returns the coefficient of the term
        const Value& operator*() const { return _it->second; }

        /// Next term

        /// Assign the iterator to the next term.
        ///
        CoeffIt& operator++() { ++_it; return *this; }

        /// Equality operator
        bool operator==(Invalid) const { return _it == _end; }
        /// Inequality operator
        bool operator!=(Invalid) const { return _it != _end; }
      };

      ///Iterator over the expression

      ///The iterator iterates over the terms of the expression.
      ///
      ///\code
      ///double s=0;
      ///for(LpBase::DualExpr::ConstCoeffIt i(e);i!=INVALID;++i)
      ///  s+= *i * dual(i);
      ///\endcode
      class ConstCoeffIt {
      private:

        std::map<int, Value>::const_iterator _it, _end;

      public:

        /// Sets the iterator to the first term

        /// Sets the iterator to the first term of the expression.
        ///
        ConstCoeffIt(const DualExpr& e)
          : _it(e.comps.begin()), _end(e.comps.end()){}

        /// Convert the iterator to the row of the term
        operator Row() const {
          return rowFromId(_it->first);
        }

        /// Returns the coefficient of the term
        const Value& operator*() const { return _it->second; }

        /// Next term

        /// Assign the iterator to the next term.
        ///
        ConstCoeffIt& operator++() { ++_it; return *this; }

        /// Equality operator
        bool operator==(Invalid) const { return _it == _end; }
        /// Inequality operator
        bool operator!=(Invalid) const { return _it != _end; }
      };
    };


  protected:

    class InsertIterator {
    private:

      std::map<int, Value>& _host;
      const _solver_bits::VarIndex& _index;

    public:

      typedef std::output_iterator_tag iterator_category;
      typedef void difference_type;
      typedef void value_type;
      typedef void reference;
      typedef void pointer;

      InsertIterator(std::map<int, Value>& host,
                   const _solver_bits::VarIndex& index)
        : _host(host), _index(index) {}

      InsertIterator& operator=(const std::pair<int, Value>& value) {
        typedef std::map<int, Value>::value_type pair_type;
        _host.insert(pair_type(_index[value.first], value.second));
        return *this;
      }

      InsertIterator& operator*() { return *this; }
      InsertIterator& operator++() { return *this; }
      InsertIterator operator++(int) { return *this; }

    };

    class ExprIterator {
    private:
      std::map<int, Value>::const_iterator _host_it;
      const _solver_bits::VarIndex& _index;
    public:

      typedef std::bidirectional_iterator_tag iterator_category;
      typedef std::ptrdiff_t difference_type;
      typedef const std::pair<int, Value> value_type;
      typedef value_type reference;

      class pointer {
      public:
        pointer(value_type& _value) : value(_value) {}
        value_type* operator->() { return &value; }
      private:
        value_type value;
      };

      ExprIterator(const std::map<int, Value>::const_iterator& host_it,
                   const _solver_bits::VarIndex& index)
        : _host_it(host_it), _index(index) {}

      reference operator*() {
        return std::make_pair(_index(_host_it->first), _host_it->second);
      }

      pointer operator->() {
        return pointer(operator*());
      }

      ExprIterator& operator++() { ++_host_it; return *this; }
      ExprIterator operator++(int) {
        ExprIterator tmp(*this); ++_host_it; return tmp;
      }

      ExprIterator& operator--() { --_host_it; return *this; }
      ExprIterator operator--(int) {
        ExprIterator tmp(*this); --_host_it; return tmp;
      }

      bool operator==(const ExprIterator& it) const {
        return _host_it == it._host_it;
      }

      bool operator!=(const ExprIterator& it) const {
        return _host_it != it._host_it;
      }

    };

  protected:

    //Abstract virtual functions

    virtual int _addColId(int col) { return cols.addIndex(col); }
    virtual int _addRowId(int row) { return rows.addIndex(row); }

    virtual void _eraseColId(int col) { cols.eraseIndex(col); }
    virtual void _eraseRowId(int row) { rows.eraseIndex(row); }

    virtual int _addCol() = 0;
    virtual int _addRow() = 0;

    virtual int _addRow(Value l, ExprIterator b, ExprIterator e, Value u) {
      int row = _addRow();
      _setRowCoeffs(row, b, e);
      _setRowLowerBound(row, l);
      _setRowUpperBound(row, u);
      return row;
    }

    virtual void _eraseCol(int col) = 0;
    virtual void _eraseRow(int row) = 0;

    virtual void _getColName(int col, std::string& name) const = 0;
    virtual void _setColName(int col, const std::string& name) = 0;
    virtual int _colByName(const std::string& name) const = 0;

    virtual void _getRowName(int row, std::string& name) const = 0;
    virtual void _setRowName(int row, const std::string& name) = 0;
    virtual int _rowByName(const std::string& name) const = 0;

    virtual void _setRowCoeffs(int i, ExprIterator b, ExprIterator e) = 0;
    virtual void _getRowCoeffs(int i, InsertIterator b) const = 0;

    virtual void _setColCoeffs(int i, ExprIterator b, ExprIterator e) = 0;
    virtual void _getColCoeffs(int i, InsertIterator b) const = 0;

    virtual void _setCoeff(int row, int col, Value value) = 0;
    virtual Value _getCoeff(int row, int col) const = 0;

    virtual void _setColLowerBound(int i, Value value) = 0;
    virtual Value _getColLowerBound(int i) const = 0;

    virtual void _setColUpperBound(int i, Value value) = 0;
    virtual Value _getColUpperBound(int i) const = 0;

    virtual void _setRowLowerBound(int i, Value value) = 0;
    virtual Value _getRowLowerBound(int i) const = 0;

    virtual void _setRowUpperBound(int i, Value value) = 0;
    virtual Value _getRowUpperBound(int i) const = 0;

    virtual void _setObjCoeffs(ExprIterator b, ExprIterator e) = 0;
    virtual void _getObjCoeffs(InsertIterator b) const = 0;

    virtual void _setObjCoeff(int i, Value obj_coef) = 0;
    virtual Value _getObjCoeff(int i) const = 0;

    virtual void _setSense(Sense) = 0;
    virtual Sense _getSense() const = 0;

    virtual void _clear() = 0;

    virtual const char* _solverName() const = 0;

    virtual void _messageLevel(MessageLevel level) = 0;

    //Own protected stuff

    //Constant component of the objective function
    Value obj_const_comp;

    LpBase() : rows(), cols(), obj_const_comp(0) {}

  public:

    /// Virtual destructor
    virtual ~LpBase() {}

    ///Gives back the name of the solver.
    const char* solverName() const {return _solverName();}

    ///\name Build Up and Modify the LP

    ///@{

    ///Add a new empty column (i.e a new variable) to the LP
    Col addCol() { Col c; c._id = _addColId(_addCol()); return c;}

    ///\brief Adds several new columns (i.e variables) at once
    ///
    ///This magic function takes a container as its argument and fills
    ///its elements with new columns (i.e. variables)
    ///\param t can be
    ///- a standard STL compatible iterable container with
    ///\ref Col as its \c values_type like
    ///\code
    ///std::vector<LpBase::Col>
    ///std::list<LpBase::Col>
    ///\endcode
    ///- a standard STL compatible iterable container with
    ///\ref Col as its \c mapped_type like
    ///\code
    ///std::map<AnyType,LpBase::Col>
    ///\endcode
    ///- an iterable lemon \ref concepts::WriteMap "write map" like
    ///\code
    ///ListGraph::NodeMap<LpBase::Col>
    ///ListGraph::ArcMap<LpBase::Col>
    ///\endcode
    ///\return The number of the created column.
#ifdef DOXYGEN
    template<class T>
    int addColSet(T &t) { return 0;}
#else
    template<class T>
    typename enable_if<typename T::value_type::LpCol,int>::type
    addColSet(T &t,dummy<0> = 0) {
      int s=0;
      for(typename T::iterator i=t.begin();i!=t.end();++i) {*i=addCol();s++;}
      return s;
    }
    template<class T>
    typename enable_if<typename T::value_type::second_type::LpCol,
                       int>::type
    addColSet(T &t,dummy<1> = 1) {
      int s=0;
      for(typename T::iterator i=t.begin();i!=t.end();++i) {
        i->second=addCol();
        s++;
      }
      return s;
    }
    template<class T>
    typename enable_if<typename T::MapIt::Value::LpCol,
                       int>::type
    addColSet(T &t,dummy<2> = 2) {
      int s=0;
      for(typename T::MapIt i(t); i!=INVALID; ++i)
        {
          i.set(addCol());
          s++;
        }
      return s;
    }
#endif

    ///Set a column (i.e a dual constraint) of the LP

    ///\param c is the column to be modified
    ///\param e is a dual linear expression (see \ref DualExpr)
    ///a better one.
    void col(Col c, const DualExpr &e) {
      e.simplify();
      _setColCoeffs(cols(id(c)), ExprIterator(e.comps.begin(), rows),
                    ExprIterator(e.comps.end(), rows));
    }

    ///Get a column (i.e a dual constraint) of the LP

    ///\param c is the column to get
    ///\return the dual expression associated to the column
    DualExpr col(Col c) const {
      DualExpr e;
      _getColCoeffs(cols(id(c)), InsertIterator(e.comps, rows));
      return e;
    }

    ///Add a new column to the LP

    ///\param e is a dual linear expression (see \ref DualExpr)
    ///\param o is the corresponding component of the objective
    ///function. It is 0 by default.
    ///\return The created column.
    Col addCol(const DualExpr &e, Value o = 0) {
      Col c=addCol();
      col(c,e);
      objCoeff(c,o);
      return c;
    }

    ///Add a new empty row (i.e a new constraint) to the LP

    ///This function adds a new empty row (i.e a new constraint) to the LP.
    ///\return The created row
    Row addRow() { Row r; r._id = _addRowId(_addRow()); return r;}

    ///\brief Add several new rows (i.e constraints) at once
    ///
    ///This magic function takes a container as its argument and fills
    ///its elements with new row (i.e. variables)
    ///\param t can be
    ///- a standard STL compatible iterable container with
    ///\ref Row as its \c values_type like
    ///\code
    ///std::vector<LpBase::Row>
    ///std::list<LpBase::Row>
    ///\endcode
    ///- a standard STL compatible iterable container with
    ///\ref Row as its \c mapped_type like
    ///\code
    ///std::map<AnyType,LpBase::Row>
    ///\endcode
    ///- an iterable lemon \ref concepts::WriteMap "write map" like
    ///\code
    ///ListGraph::NodeMap<LpBase::Row>
    ///ListGraph::ArcMap<LpBase::Row>
    ///\endcode
    ///\return The number of rows created.
#ifdef DOXYGEN
    template<class T>
    int addRowSet(T &t) { return 0;}
#else
    template<class T>
    typename enable_if<typename T::value_type::LpRow,int>::type
    addRowSet(T &t, dummy<0> = 0) {
      int s=0;
      for(typename T::iterator i=t.begin();i!=t.end();++i) {*i=addRow();s++;}
      return s;
    }
    template<class T>
    typename enable_if<typename T::value_type::second_type::LpRow, int>::type
    addRowSet(T &t, dummy<1> = 1) {
      int s=0;
      for(typename T::iterator i=t.begin();i!=t.end();++i) {
        i->second=addRow();
        s++;
      }
      return s;
    }
    template<class T>
    typename enable_if<typename T::MapIt::Value::LpRow, int>::type
    addRowSet(T &t, dummy<2> = 2) {
      int s=0;
      for(typename T::MapIt i(t); i!=INVALID; ++i)
        {
          i.set(addRow());
          s++;
        }
      return s;
    }
#endif

    ///Set a row (i.e a constraint) of the LP

    ///\param r is the row to be modified
    ///\param l is lower bound (-\ref INF means no bound)
    ///\param e is a linear expression (see \ref Expr)
    ///\param u is the upper bound (\ref INF means no bound)
    void row(Row r, Value l, const Expr &e, Value u) {
      e.simplify();
      _setRowCoeffs(rows(id(r)), ExprIterator(e.comps.begin(), cols),
                    ExprIterator(e.comps.end(), cols));
      _setRowLowerBound(rows(id(r)),l - *e);
      _setRowUpperBound(rows(id(r)),u - *e);
    }

    ///Set a row (i.e a constraint) of the LP

    ///\param r is the row to be modified
    ///\param c is a linear expression (see \ref Constr)
    void row(Row r, const Constr &c) {
      row(r, c.lowerBounded()?c.lowerBound():-INF,
          c.expr(), c.upperBounded()?c.upperBound():INF);
    }


    ///Get a row (i.e a constraint) of the LP

    ///\param r is the row to get
    ///\return the expression associated to the row
    Expr row(Row r) const {
      Expr e;
      _getRowCoeffs(rows(id(r)), InsertIterator(e.comps, cols));
      return e;
    }

    ///Add a new row (i.e a new constraint) to the LP

    ///\param l is the lower bound (-\ref INF means no bound)
    ///\param e is a linear expression (see \ref Expr)
    ///\param u is the upper bound (\ref INF means no bound)
    ///\return The created row.
    Row addRow(Value l,const Expr &e, Value u) {
      Row r;
      e.simplify();
      r._id = _addRowId(_addRow(l - *e, ExprIterator(e.comps.begin(), cols),
                                ExprIterator(e.comps.end(), cols), u - *e));
      return r;
    }

    ///Add a new row (i.e a new constraint) to the LP

    ///\param c is a linear expression (see \ref Constr)
    ///\return The created row.
    Row addRow(const Constr &c) {
      Row r;
      c.expr().simplify();
      r._id = _addRowId(_addRow(c.lowerBounded()?c.lowerBound()-*c.expr():-INF,
                                ExprIterator(c.expr().comps.begin(), cols),
                                ExprIterator(c.expr().comps.end(), cols),
                                c.upperBounded()?c.upperBound()-*c.expr():INF));
      return r;
    }
    ///Erase a column (i.e a variable) from the LP

    ///\param c is the column to be deleted
    void erase(Col c) {
      _eraseCol(cols(id(c)));
      _eraseColId(cols(id(c)));
    }
    ///Erase a row (i.e a constraint) from the LP

    ///\param r is the row to be deleted
    void erase(Row r) {
      _eraseRow(rows(id(r)));
      _eraseRowId(rows(id(r)));
    }

    /// Get the name of a column

    ///\param c is the coresponding column
    ///\return The name of the colunm
    std::string colName(Col c) const {
      std::string name;
      _getColName(cols(id(c)), name);
      return name;
    }

    /// Set the name of a column

    ///\param c is the coresponding column
    ///\param name The name to be given
    void colName(Col c, const std::string& name) {
      _setColName(cols(id(c)), name);
    }

    /// Get the column by its name

    ///\param name The name of the column
    ///\return the proper column or \c INVALID
    Col colByName(const std::string& name) const {
      int k = _colByName(name);
      return k != -1 ? Col(cols[k]) : Col(INVALID);
    }

    /// Get the name of a row

    ///\param r is the coresponding row
    ///\return The name of the row
    std::string rowName(Row r) const {
      std::string name;
      _getRowName(rows(id(r)), name);
      return name;
    }

    /// Set the name of a row

    ///\param r is the coresponding row
    ///\param name The name to be given
    void rowName(Row r, const std::string& name) {
      _setRowName(rows(id(r)), name);
    }

    /// Get the row by its name

    ///\param name The name of the row
    ///\return the proper row or \c INVALID
    Row rowByName(const std::string& name) const {
      int k = _rowByName(name);
      return k != -1 ? Row(rows[k]) : Row(INVALID);
    }

    /// Set an element of the coefficient matrix of the LP

    ///\param r is the row of the element to be modified
    ///\param c is the column of the element to be modified
    ///\param val is the new value of the coefficient
    void coeff(Row r, Col c, Value val) {
      _setCoeff(rows(id(r)),cols(id(c)), val);
    }

    /// Get an element of the coefficient matrix of the LP

    ///\param r is the row of the element
    ///\param c is the column of the element
    ///\return the corresponding coefficient
    Value coeff(Row r, Col c) const {
      return _getCoeff(rows(id(r)),cols(id(c)));
    }

    /// Set the lower bound of a column (i.e a variable)

    /// The lower bound of a variable (column) has to be given by an
    /// extended number of type Value, i.e. a finite number of type
    /// Value or -\ref INF.
    void colLowerBound(Col c, Value value) {
      _setColLowerBound(cols(id(c)),value);
    }

    /// Get the lower bound of a column (i.e a variable)

    /// This function returns the lower bound for column (variable) \c c
    /// (this might be -\ref INF as well).
    ///\return The lower bound for column \c c
    Value colLowerBound(Col c) const {
      return _getColLowerBound(cols(id(c)));
    }

    ///\brief Set the lower bound of  several columns
    ///(i.e variables) at once
    ///
    ///This magic function takes a container as its argument
    ///and applies the function on all of its elements.
    ///The lower bound of a variable (column) has to be given by an
    ///extended number of type Value, i.e. a finite number of type
    ///Value or -\ref INF.
#ifdef DOXYGEN
    template<class T>
    void colLowerBound(T &t, Value value) { return 0;}
#else
    template<class T>
    typename enable_if<typename T::value_type::LpCol,void>::type
    colLowerBound(T &t, Value value,dummy<0> = 0) {
      for(typename T::iterator i=t.begin();i!=t.end();++i) {
        colLowerBound(*i, value);
      }
    }
    template<class T>
    typename enable_if<typename T::value_type::second_type::LpCol,
                       void>::type
    colLowerBound(T &t, Value value,dummy<1> = 1) {
      for(typename T::iterator i=t.begin();i!=t.end();++i) {
        colLowerBound(i->second, value);
      }
    }
    template<class T>
    typename enable_if<typename T::MapIt::Value::LpCol,
                       void>::type
    colLowerBound(T &t, Value value,dummy<2> = 2) {
      for(typename T::MapIt i(t); i!=INVALID; ++i){
        colLowerBound(*i, value);
      }
    }
#endif

    /// Set the upper bound of a column (i.e a variable)

    /// The upper bound of a variable (column) has to be given by an
    /// extended number of type Value, i.e. a finite number of type
    /// Value or \ref INF.
    void colUpperBound(Col c, Value value) {
      _setColUpperBound(cols(id(c)),value);
    };

    /// Get the upper bound of a column (i.e a variable)

    /// This function returns the upper bound for column (variable) \c c
    /// (this might be \ref INF as well).
    /// \return The upper bound for column \c c
    Value colUpperBound(Col c) const {
      return _getColUpperBound(cols(id(c)));
    }

    ///\brief Set the upper bound of  several columns
    ///(i.e variables) at once
    ///
    ///This magic function takes a container as its argument
    ///and applies the function on all of its elements.
    ///The upper bound of a variable (column) has to be given by an
    ///extended number of type Value, i.e. a finite number of type
    ///Value or \ref INF.
#ifdef DOXYGEN
    template<class T>
    void colUpperBound(T &t, Value value) { return 0;}
#else
    template<class T1>
    typename enable_if<typename T1::value_type::LpCol,void>::type
    colUpperBound(T1 &t, Value value,dummy<0> = 0) {
      for(typename T1::iterator i=t.begin();i!=t.end();++i) {
        colUpperBound(*i, value);
      }
    }
    template<class T1>
    typename enable_if<typename T1::value_type::second_type::LpCol,
                       void>::type
    colUpperBound(T1 &t, Value value,dummy<1> = 1) {
      for(typename T1::iterator i=t.begin();i!=t.end();++i) {
        colUpperBound(i->second, value);
      }
    }
    template<class T1>
    typename enable_if<typename T1::MapIt::Value::LpCol,
                       void>::type
    colUpperBound(T1 &t, Value value,dummy<2> = 2) {
      for(typename T1::MapIt i(t); i!=INVALID; ++i){
        colUpperBound(*i, value);
      }
    }
#endif

    /// Set the lower and the upper bounds of a column (i.e a variable)

    /// The lower and the upper bounds of
    /// a variable (column) have to be given by an
    /// extended number of type Value, i.e. a finite number of type
    /// Value, -\ref INF or \ref INF.
    void colBounds(Col c, Value lower, Value upper) {
      _setColLowerBound(cols(id(c)),lower);
      _setColUpperBound(cols(id(c)),upper);
    }

    ///\brief Set the lower and the upper bound of several columns
    ///(i.e variables) at once
    ///
    ///This magic function takes a container as its argument
    ///and applies the function on all of its elements.
    /// The lower and the upper bounds of
    /// a variable (column) have to be given by an
    /// extended number of type Value, i.e. a finite number of type
    /// Value, -\ref INF or \ref INF.
#ifdef DOXYGEN
    template<class T>
    void colBounds(T &t, Value lower, Value upper) { return 0;}
#else
    template<class T2>
    typename enable_if<typename T2::value_type::LpCol,void>::type
    colBounds(T2 &t, Value lower, Value upper,dummy<0> = 0) {
      for(typename T2::iterator i=t.begin();i!=t.end();++i) {
        colBounds(*i, lower, upper);
      }
    }
    template<class T2>
    typename enable_if<typename T2::value_type::second_type::LpCol, void>::type
    colBounds(T2 &t, Value lower, Value upper,dummy<1> = 1) {
      for(typename T2::iterator i=t.begin();i!=t.end();++i) {
        colBounds(i->second, lower, upper);
      }
    }
    template<class T2>
    typename enable_if<typename T2::MapIt::Value::LpCol, void>::type
    colBounds(T2 &t, Value lower, Value upper,dummy<2> = 2) {
      for(typename T2::MapIt i(t); i!=INVALID; ++i){
        colBounds(*i, lower, upper);
      }
    }
#endif

    /// Set the lower bound of a row (i.e a constraint)

    /// The lower bound of a constraint (row) has to be given by an
    /// extended number of type Value, i.e. a finite number of type
    /// Value or -\ref INF.
    void rowLowerBound(Row r, Value value) {
      _setRowLowerBound(rows(id(r)),value);
    }

    /// Get the lower bound of a row (i.e a constraint)

    /// This function returns the lower bound for row (constraint) \c c
    /// (this might be -\ref INF as well).
    ///\return The lower bound for row \c r
    Value rowLowerBound(Row r) const {
      return _getRowLowerBound(rows(id(r)));
    }

    /// Set the upper bound of a row (i.e a constraint)

    /// The upper bound of a constraint (row) has to be given by an
    /// extended number of type Value, i.e. a finite number of type
    /// Value or -\ref INF.
    void rowUpperBound(Row r, Value value) {
      _setRowUpperBound(rows(id(r)),value);
    }

    /// Get the upper bound of a row (i.e a constraint)

    /// This function returns the upper bound for row (constraint) \c c
    /// (this might be -\ref INF as well).
    ///\return The upper bound for row \c r
    Value rowUpperBound(Row r) const {
      return _getRowUpperBound(rows(id(r)));
    }

    ///Set an element of the objective function
    void objCoeff(Col c, Value v) {_setObjCoeff(cols(id(c)),v); };

    ///Get an element of the objective function
    Value objCoeff(Col c) const { return _getObjCoeff(cols(id(c))); };

    ///Set the objective function

    ///\param e is a linear expression of type \ref Expr.
    ///
    void obj(const Expr& e) {
      _setObjCoeffs(ExprIterator(e.comps.begin(), cols),
                    ExprIterator(e.comps.end(), cols));
      obj_const_comp = *e;
    }

    ///Get the objective function

    ///\return the objective function as a linear expression of type
    ///Expr.
    Expr obj() const {
      Expr e;
      _getObjCoeffs(InsertIterator(e.comps, cols));
      *e = obj_const_comp;
      return e;
    }


    ///Set the direction of optimization
    void sense(Sense sense) { _setSense(sense); }

    ///Query the direction of the optimization
    Sense sense() const {return _getSense(); }

    ///Set the sense to maximization
    void max() { _setSense(MAX); }

    ///Set the sense to maximization
    void min() { _setSense(MIN); }

    ///Clears the problem
    void clear() { _clear(); }

    /// Sets the message level of the solver
    void messageLevel(MessageLevel level) { _messageLevel(level); }

    ///@}

  };

  /// Addition

  ///\relates LpBase::Expr
  ///
  inline LpBase::Expr operator+(const LpBase::Expr &a, const LpBase::Expr &b) {
    LpBase::Expr tmp(a);
    tmp+=b;
    return tmp;
  }
  ///Substraction

  ///\relates LpBase::Expr
  ///
  inline LpBase::Expr operator-(const LpBase::Expr &a, const LpBase::Expr &b) {
    LpBase::Expr tmp(a);
    tmp-=b;
    return tmp;
  }
  ///Multiply with constant

  ///\relates LpBase::Expr
  ///
  inline LpBase::Expr operator*(const LpBase::Expr &a, const LpBase::Value &b) {
    LpBase::Expr tmp(a);
    tmp*=b;
    return tmp;
  }

  ///Multiply with constant

  ///\relates LpBase::Expr
  ///
  inline LpBase::Expr operator*(const LpBase::Value &a, const LpBase::Expr &b) {
    LpBase::Expr tmp(b);
    tmp*=a;
    return tmp;
  }
  ///Divide with constant

  ///\relates LpBase::Expr
  ///
  inline LpBase::Expr operator/(const LpBase::Expr &a, const LpBase::Value &b) {
    LpBase::Expr tmp(a);
    tmp/=b;
    return tmp;
  }

  ///Create constraint

  ///\relates LpBase::Constr
  ///
  inline LpBase::Constr operator<=(const LpBase::Expr &e,
                                   const LpBase::Expr &f) {
    return LpBase::Constr(0, f - e, LpBase::NaN);
  }

  ///Create constraint

  ///\relates LpBase::Constr
  ///
  inline LpBase::Constr operator<=(const LpBase::Value &e,
                                   const LpBase::Expr &f) {
    return LpBase::Constr(e, f, LpBase::NaN);
  }

  ///Create constraint

  ///\relates LpBase::Constr
  ///
  inline LpBase::Constr operator<=(const LpBase::Expr &e,
                                   const LpBase::Value &f) {
    return LpBase::Constr(LpBase::NaN, e, f);
  }

  ///Create constraint

  ///\relates LpBase::Constr
  ///
  inline LpBase::Constr operator>=(const LpBase::Expr &e,
                                   const LpBase::Expr &f) {
    return LpBase::Constr(0, e - f, LpBase::NaN);
  }


  ///Create constraint

  ///\relates LpBase::Constr
  ///
  inline LpBase::Constr operator>=(const LpBase::Value &e,
                                   const LpBase::Expr &f) {
    return LpBase::Constr(LpBase::NaN, f, e);
  }


  ///Create constraint

  ///\relates LpBase::Constr
  ///
  inline LpBase::Constr operator>=(const LpBase::Expr &e,
                                   const LpBase::Value &f) {
    return LpBase::Constr(f, e, LpBase::NaN);
  }

  ///Create constraint

  ///\relates LpBase::Constr
  ///
  inline LpBase::Constr operator==(const LpBase::Expr &e,
                                   const LpBase::Value &f) {
    return LpBase::Constr(f, e, f);
  }

  ///Create constraint

  ///\relates LpBase::Constr
  ///
  inline LpBase::Constr operator==(const LpBase::Expr &e,
                                   const LpBase::Expr &f) {
    return LpBase::Constr(0, f - e, 0);
  }

  ///Create constraint

  ///\relates LpBase::Constr
  ///
  inline LpBase::Constr operator<=(const LpBase::Value &n,
                                   const LpBase::Constr &c) {
    LpBase::Constr tmp(c);
    LEMON_ASSERT(isNaN(tmp.lowerBound()), "Wrong LP constraint");
    tmp.lowerBound()=n;
    return tmp;
  }
  ///Create constraint

  ///\relates LpBase::Constr
  ///
  inline LpBase::Constr operator<=(const LpBase::Constr &c,
                                   const LpBase::Value &n)
  {
    LpBase::Constr tmp(c);
    LEMON_ASSERT(isNaN(tmp.upperBound()), "Wrong LP constraint");
    tmp.upperBound()=n;
    return tmp;
  }

  ///Create constraint

  ///\relates LpBase::Constr
  ///
  inline LpBase::Constr operator>=(const LpBase::Value &n,
                                   const LpBase::Constr &c) {
    LpBase::Constr tmp(c);
    LEMON_ASSERT(isNaN(tmp.upperBound()), "Wrong LP constraint");
    tmp.upperBound()=n;
    return tmp;
  }
  ///Create constraint

  ///\relates LpBase::Constr
  ///
  inline LpBase::Constr operator>=(const LpBase::Constr &c,
                                   const LpBase::Value &n)
  {
    LpBase::Constr tmp(c);
    LEMON_ASSERT(isNaN(tmp.lowerBound()), "Wrong LP constraint");
    tmp.lowerBound()=n;
    return tmp;
  }

  ///Addition

  ///\relates LpBase::DualExpr
  ///
  inline LpBase::DualExpr operator+(const LpBase::DualExpr &a,
                                    const LpBase::DualExpr &b) {
    LpBase::DualExpr tmp(a);
    tmp+=b;
    return tmp;
  }
  ///Substraction

  ///\relates LpBase::DualExpr
  ///
  inline LpBase::DualExpr operator-(const LpBase::DualExpr &a,
                                    const LpBase::DualExpr &b) {
    LpBase::DualExpr tmp(a);
    tmp-=b;
    return tmp;
  }
  ///Multiply with constant

  ///\relates LpBase::DualExpr
  ///
  inline LpBase::DualExpr operator*(const LpBase::DualExpr &a,
                                    const LpBase::Value &b) {
    LpBase::DualExpr tmp(a);
    tmp*=b;
    return tmp;
  }

  ///Multiply with constant

  ///\relates LpBase::DualExpr
  ///
  inline LpBase::DualExpr operator*(const LpBase::Value &a,
                                    const LpBase::DualExpr &b) {
    LpBase::DualExpr tmp(b);
    tmp*=a;
    return tmp;
  }
  ///Divide with constant

  ///\relates LpBase::DualExpr
  ///
  inline LpBase::DualExpr operator/(const LpBase::DualExpr &a,
                                    const LpBase::Value &b) {
    LpBase::DualExpr tmp(a);
    tmp/=b;
    return tmp;
  }

  /// \ingroup lp_group
  ///
  /// \brief Common base class for LP solvers
  ///
  /// This class is an abstract base class for LP solvers. This class
  /// provides a full interface for set and modify an LP problem,
  /// solve it and retrieve the solution. You can use one of the
  /// descendants as a concrete implementation, or the \c Lp
  /// default LP solver. However, if you would like to handle LP
  /// solvers as reference or pointer in a generic way, you can use
  /// this class directly.
  class LpSolver : virtual public LpBase {
  public:

    /// The problem types for primal and dual problems
    enum ProblemType {
      /// = 0. Feasible solution hasn't been found (but may exist).
      UNDEFINED = 0,
      /// = 1. The problem has no feasible solution.
      INFEASIBLE = 1,
      /// = 2. Feasible solution found.
      FEASIBLE = 2,
      /// = 3. Optimal solution exists and found.
      OPTIMAL = 3,
      /// = 4. The cost function is unbounded.
      UNBOUNDED = 4
    };

    ///The basis status of variables
    enum VarStatus {
      /// The variable is in the basis
      BASIC,
      /// The variable is free, but not basic
      FREE,
      /// The variable has active lower bound
      LOWER,
      /// The variable has active upper bound
      UPPER,
      /// The variable is non-basic and fixed
      FIXED
    };

  protected:

    virtual SolveExitStatus _solve() = 0;

    virtual Value _getPrimal(int i) const = 0;
    virtual Value _getDual(int i) const = 0;

    virtual Value _getPrimalRay(int i) const = 0;
    virtual Value _getDualRay(int i) const = 0;

    virtual Value _getPrimalValue() const = 0;

    virtual VarStatus _getColStatus(int i) const = 0;
    virtual VarStatus _getRowStatus(int i) const = 0;

    virtual ProblemType _getPrimalType() const = 0;
    virtual ProblemType _getDualType() const = 0;

  public:

    ///Allocate a new LP problem instance
    virtual LpSolver* newSolver() const = 0;
    ///Make a copy of the LP problem
    virtual LpSolver* cloneSolver() const = 0;

    ///\name Solve the LP

    ///@{

    ///\e Solve the LP problem at hand
    ///
    ///\return The result of the optimization procedure. Possible
    ///values and their meanings can be found in the documentation of
    ///\ref SolveExitStatus.
    SolveExitStatus solve() { return _solve(); }

    ///@}

    ///\name Obtain the Solution

    ///@{

    /// The type of the primal problem
    ProblemType primalType() const {
      return _getPrimalType();
    }

    /// The type of the dual problem
    ProblemType dualType() const {
      return _getDualType();
    }

    /// Return the primal value of the column

    /// Return the primal value of the column.
    /// \pre The problem is solved.
    Value primal(Col c) const { return _getPrimal(cols(id(c))); }

    /// Return the primal value of the expression

    /// Return the primal value of the expression, i.e. the dot
    /// product of the primal solution and the expression.
    /// \pre The problem is solved.
    Value primal(const Expr& e) const {
      double res = *e;
      for (Expr::ConstCoeffIt c(e); c != INVALID; ++c) {
        res += *c * primal(c);
      }
      return res;
    }
    /// Returns a component of the primal ray

    /// The primal ray is solution of the modified primal problem,
    /// where we change each finite bound to 0, and we looking for a
    /// negative objective value in case of minimization, and positive
    /// objective value for maximization. If there is such solution,
    /// that proofs the unsolvability of the dual problem, and if a
    /// feasible primal solution exists, then the unboundness of
    /// primal problem.
    ///
    /// \pre The problem is solved and the dual problem is infeasible.
    /// \note Some solvers does not provide primal ray calculation
    /// functions.
    Value primalRay(Col c) const { return _getPrimalRay(cols(id(c))); }

    /// Return the dual value of the row

    /// Return the dual value of the row.
    /// \pre The problem is solved.
    Value dual(Row r) const { return _getDual(rows(id(r))); }

    /// Return the dual value of the dual expression

    /// Return the dual value of the dual expression, i.e. the dot
    /// product of the dual solution and the dual expression.
    /// \pre The problem is solved.
    Value dual(const DualExpr& e) const {
      double res = 0.0;
      for (DualExpr::ConstCoeffIt r(e); r != INVALID; ++r) {
        res += *r * dual(r);
      }
      return res;
    }

    /// Returns a component of the dual ray

    /// The dual ray is solution of the modified primal problem, where
    /// we change each finite bound to 0 (i.e. the objective function
    /// coefficients in the primal problem), and we looking for a
    /// ositive objective value. If there is such solution, that
    /// proofs the unsolvability of the primal problem, and if a
    /// feasible dual solution exists, then the unboundness of
    /// dual problem.
    ///
    /// \pre The problem is solved and the primal problem is infeasible.
    /// \note Some solvers does not provide dual ray calculation
    /// functions.
    Value dualRay(Row r) const { return _getDualRay(rows(id(r))); }

    /// Return the basis status of the column

    /// \see VarStatus
    VarStatus colStatus(Col c) const { return _getColStatus(cols(id(c))); }

    /// Return the basis status of the row

    /// \see VarStatus
    VarStatus rowStatus(Row r) const { return _getRowStatus(rows(id(r))); }

    ///The value of the objective function

    ///\return
    ///- \ref INF or -\ref INF means either infeasibility or unboundedness
    /// of the primal problem, depending on whether we minimize or maximize.
    ///- \ref NaN if no primal solution is found.
    ///- The (finite) objective value if an optimal solution is found.
    Value primal() const { return _getPrimalValue()+obj_const_comp;}
    ///@}

  protected:

  };


  /// \ingroup lp_group
  ///
  /// \brief Common base class for MIP solvers
  ///
  /// This class is an abstract base class for MIP solvers. This class
  /// provides a full interface for set and modify an MIP problem,
  /// solve it and retrieve the solution. You can use one of the
  /// descendants as a concrete implementation, or the \c Lp
  /// default MIP solver. However, if you would like to handle MIP
  /// solvers as reference or pointer in a generic way, you can use
  /// this class directly.
  class MipSolver : virtual public LpBase {
  public:

    /// The problem types for MIP problems
    enum ProblemType {
      /// = 0. Feasible solution hasn't been found (but may exist).
      UNDEFINED = 0,
      /// = 1. The problem has no feasible solution.
      INFEASIBLE = 1,
      /// = 2. Feasible solution found.
      FEASIBLE = 2,
      /// = 3. Optimal solution exists and found.
      OPTIMAL = 3,
      /// = 4. The cost function is unbounded.
      ///The Mip or at least the relaxed problem is unbounded.
      UNBOUNDED = 4
    };

    ///Allocate a new MIP problem instance
    virtual MipSolver* newSolver() const = 0;
    ///Make a copy of the MIP problem
    virtual MipSolver* cloneSolver() const = 0;

    ///\name Solve the MIP

    ///@{

    /// Solve the MIP problem at hand
    ///
    ///\return The result of the optimization procedure. Possible
    ///values and their meanings can be found in the documentation of
    ///\ref SolveExitStatus.
    SolveExitStatus solve() { return _solve(); }

    ///@}

    ///\name Set Column Type
    ///@{

    ///Possible variable (column) types (e.g. real, integer, binary etc.)
    enum ColTypes {
      /// = 0. Continuous variable (default).
      REAL = 0,
      /// = 1. Integer variable.
      INTEGER = 1
    };

    ///Sets the type of the given column to the given type

    ///Sets the type of the given column to the given type.
    ///
    void colType(Col c, ColTypes col_type) {
      _setColType(cols(id(c)),col_type);
    }

    ///Gives back the type of the column.

    ///Gives back the type of the column.
    ///
    ColTypes colType(Col c) const {
      return _getColType(cols(id(c)));
    }
    ///@}

    ///\name Obtain the Solution

    ///@{

    /// The type of the MIP problem
    ProblemType type() const {
      return _getType();
    }

    /// Return the value of the row in the solution

    ///  Return the value of the row in the solution.
    /// \pre The problem is solved.
    Value sol(Col c) const { return _getSol(cols(id(c))); }

    /// Return the value of the expression in the solution

    /// Return the value of the expression in the solution, i.e. the
    /// dot product of the solution and the expression.
    /// \pre The problem is solved.
    Value sol(const Expr& e) const {
      double res = *e;
      for (Expr::ConstCoeffIt c(e); c != INVALID; ++c) {
        res += *c * sol(c);
      }
      return res;
    }
    ///The value of the objective function

    ///\return
    ///- \ref INF or -\ref INF means either infeasibility or unboundedness
    /// of the problem, depending on whether we minimize or maximize.
    ///- \ref NaN if no primal solution is found.
    ///- The (finite) objective value if an optimal solution is found.
    Value solValue() const { return _getSolValue()+obj_const_comp;}
    ///@}

  protected:

    virtual SolveExitStatus _solve() = 0;
    virtual ColTypes _getColType(int col) const = 0;
    virtual void _setColType(int col, ColTypes col_type) = 0;
    virtual ProblemType _getType() const = 0;
    virtual Value _getSol(int i) const = 0;
    virtual Value _getSolValue() const = 0;

  };



} //namespace lemon

#endif //LEMON_LP_BASE_H
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 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2010
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_LP_SKELETON_H
#define LEMON_LP_SKELETON_H

#include <lemon/lp_base.h>

///\file
///\brief Skeleton file to implement LP/MIP solver interfaces
///
///The classes in this file do nothing, but they can serve as skeletons when
///implementing an interface to new solvers.
namespace lemon {

  ///A skeleton class to implement LP/MIP solver base interface

  ///This class does nothing, but it can serve as a skeleton when
  ///implementing an interface to new solvers.
  class SkeletonSolverBase : public virtual LpBase {
    int col_num,row_num;

  protected:

    SkeletonSolverBase()
      : col_num(-1), row_num(-1) {}

    /// \e
    virtual int _addCol();
    /// \e
    virtual int _addRow();
    /// \e
    virtual int _addRow(Value l, ExprIterator b, ExprIterator e, Value u);
    /// \e
    virtual void _eraseCol(int i);
    /// \e
    virtual void _eraseRow(int i);

    /// \e
    virtual void _getColName(int col, std::string& name) const;
    /// \e
    virtual void _setColName(int col, const std::string& name);
    /// \e
    virtual int _colByName(const std::string& name) const;

    /// \e
    virtual void _getRowName(int row, std::string& name) const;
    /// \e
    virtual void _setRowName(int row, const std::string& name);
    /// \e
    virtual int _rowByName(const std::string& name) const;

    /// \e
    virtual void _setRowCoeffs(int i, ExprIterator b, ExprIterator e);
    /// \e
    virtual void _getRowCoeffs(int i, InsertIterator b) const;
    /// \e
    virtual void _setColCoeffs(int i, ExprIterator b, ExprIterator e);
    /// \e
    virtual void _getColCoeffs(int i, InsertIterator b) const;

    /// Set one element of the coefficient matrix
    virtual void _setCoeff(int row, int col, Value value);

    /// Get one element of the coefficient matrix
    virtual Value _getCoeff(int row, int col) const;

    /// The lower bound of a variable (column) have to be given by an
    /// extended number of type Value, i.e. a finite number of type
    /// Value or -\ref INF.
    virtual void _setColLowerBound(int i, Value value);
    /// \e

    /// The lower bound of a variable (column) is an
    /// extended number of type Value, i.e. a finite number of type
    /// Value or -\ref INF.
    virtual Value _getColLowerBound(int i) const;

    /// The upper bound of a variable (column) have to be given by an
    /// extended number of type Value, i.e. a finite number of type
    /// Value or \ref INF.
    virtual void _setColUpperBound(int i, Value value);
    /// \e

    /// The upper bound of a variable (column) is an
    /// extended number of type Value, i.e. a finite number of type
    /// Value or \ref INF.
    virtual Value _getColUpperBound(int i) const;

    /// The lower bound of a constraint (row) have to be given by an
    /// extended number of type Value, i.e. a finite number of type
    /// Value or -\ref INF.
    virtual void _setRowLowerBound(int i, Value value);
    /// \e

    /// The lower bound of a constraint (row) is an
    /// extended number of type Value, i.e. a finite number of type
    /// Value or -\ref INF.
    virtual Value _getRowLowerBound(int i) const;

    /// The upper bound of a constraint (row) have to be given by an
    /// extended number of type Value, i.e. a finite number of type
    /// Value or \ref INF.
    virtual void _setRowUpperBound(int i, Value value);
    /// \e

    /// The upper bound of a constraint (row) is an
    /// extended number of type Value, i.e. a finite number of type
    /// Value or \ref INF.
    virtual Value _getRowUpperBound(int i) const;

    /// \e
    virtual void _setObjCoeffs(ExprIterator b, ExprIterator e);
    /// \e
    virtual void _getObjCoeffs(InsertIterator b) const;

    /// \e
    virtual void _setObjCoeff(int i, Value obj_coef);
    /// \e
    virtual Value _getObjCoeff(int i) const;

    ///\e
    virtual void _setSense(Sense);
    ///\e
    virtual Sense _getSense() const;

    ///\e
    virtual void _clear();

    ///\e
    virtual void _messageLevel(MessageLevel);
  };

  /// \brief Skeleton class for an LP solver interface
  ///
  ///This class does nothing, but it can serve as a skeleton when
  ///implementing an interface to new solvers.

  ///\ingroup lp_group
  class LpSkeleton : public LpSolver, public SkeletonSolverBase {
  public:
    ///\e
    LpSkeleton() : LpSolver(), SkeletonSolverBase() {}
    ///\e
    virtual LpSkeleton* newSolver() const;
    ///\e
    virtual LpSkeleton* cloneSolver() const;
  protected:

    ///\e
    virtual SolveExitStatus _solve();

    ///\e
    virtual Value _getPrimal(int i) const;
    ///\e
    virtual Value _getDual(int i) const;

    ///\e
    virtual Value _getPrimalValue() const;

    ///\e
    virtual Value _getPrimalRay(int i) const;
    ///\e
    virtual Value _getDualRay(int i) const;

    ///\e
    virtual ProblemType _getPrimalType() const;
    ///\e
    virtual ProblemType _getDualType() const;

    ///\e
    virtual VarStatus _getColStatus(int i) const;
    ///\e
    virtual VarStatus _getRowStatus(int i) const;

    ///\e
    virtual const char* _solverName() const;

  };

  /// \brief Skeleton class for a MIP solver interface
  ///
  ///This class does nothing, but it can serve as a skeleton when
  ///implementing an interface to new solvers.
  ///\ingroup lp_group
  class MipSkeleton : public MipSolver, public SkeletonSolverBase {
  public:
    ///\e
    MipSkeleton() : MipSolver(), SkeletonSolverBase() {}
    ///\e
    virtual MipSkeleton* newSolver() const;
    ///\e
    virtual MipSkeleton* cloneSolver() const;

  protected:
    ///\e
    virtual SolveExitStatus _solve();

    ///\e
    virtual Value _getSol(int i) const;

    ///\e
    virtual Value _getSolValue() const;

    ///\e
    virtual ProblemType _getType() const;

    ///\e
    virtual const char* _solverName() const;
  };

} //namespace lemon

#endif







lemon/concepts/maps.h

/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2009
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_CONCEPTS_MAPS_H
#define LEMON_CONCEPTS_MAPS_H

#include <lemon/core.h>
#include <lemon/concept_check.h>

///\ingroup map_concepts
///\file
///\brief The concept of maps.

namespace lemon {

  namespace concepts {

    /// \addtogroup map_concepts
    /// @{

    /// Readable map concept

    /// Readable map concept.
    ///
    template<typename K, typename T>
    class ReadMap
    {
    public:
      /// The key type of the map.
      typedef K Key;
      /// \brief The value type of the map.
      /// (The type of objects associated with the keys).
      typedef T Value;

      /// Returns the value associated with the given key.
      Value operator[](const Key &) const {
        return *static_cast<Value *>(0);
      }

      template<typename _ReadMap>
      struct Constraints {
        void constraints() {
          Value val = m[key];
          val = m[key];
          typename _ReadMap::Value own_val = m[own_key];
          own_val = m[own_key];

          ignore_unused_variable_warning(key);
          ignore_unused_variable_warning(val);
          ignore_unused_variable_warning(own_key);
          ignore_unused_variable_warning(own_val);
        }
        const Key& key;
        const typename _ReadMap::Key& own_key;
        const _ReadMap& m;
      };

    };


    /// Writable map concept

    /// Writable map concept.
    ///
    template<typename K, typename T>
    class WriteMap
    {
    public:
      /// The key type of the map.
      typedef K Key;
      /// \brief The value type of the map.
      /// (The type of objects associated with the keys).
      typedef T Value;

      /// Sets the value associated with the given key.
      void set(const Key &, const Value &) {}

      /// Default constructor.
      WriteMap() {}

      template <typename _WriteMap>
      struct Constraints {
        void constraints() {
          m.set(key, val);
          m.set(own_key, own_val);

          ignore_unused_variable_warning(key);
          ignore_unused_variable_warning(val);
          ignore_unused_variable_warning(own_key);
          ignore_unused_variable_warning(own_val);
        }
        const Key& key;
        const Value& val;
        const typename _WriteMap::Key& own_key;
        const typename _WriteMap::Value& own_val;
        _WriteMap& m;
      };
    };

    /// Read/writable map concept

    /// Read/writable map concept.
    ///
    template<typename K, typename T>
    class ReadWriteMap : public ReadMap<K,T>,
                         public WriteMap<K,T>
    {
    public:
      /// The key type of the map.
      typedef K Key;
      /// \brief The value type of the map.
      /// (The type of objects associated with the keys).
      typedef T Value;

      /// Returns the value associated with the given key.
      Value operator[](const Key &) const {
        return *static_cast<Value *>(0);
      }

      /// Sets the value associated with the given key.
      void set(const Key &, const Value &) {}

      template<typename _ReadWriteMap>
      struct Constraints {
        void constraints() {
          checkConcept<ReadMap<K, T>, _ReadWriteMap >();
          checkConcept<WriteMap<K, T>, _ReadWriteMap >();
        }
      };
    };


    /// Dereferable map concept

    /// Dereferable map concept.
    ///
    template<typename K, typename T, typename R, typename CR>
    class ReferenceMap : public ReadWriteMap<K,T>
    {
    public:
      /// Tag for reference maps.
      typedef True ReferenceMapTag;
      /// The key type of the map.
      typedef K Key;
      /// \brief The value type of the map.
      /// (The type of objects associated with the keys).
      typedef T Value;
      /// The reference type of the map.
      typedef R Reference;
      /// The const reference type of the map.
      typedef CR ConstReference;

    public:

      /// Returns a reference to the value associated with the given key.
      Reference operator[](const Key &) {
        return *static_cast<Value *>(0);
      }

      /// Returns a const reference to the value associated with the given key.
      ConstReference operator[](const Key &) const {
        return *static_cast<Value *>(0);
      }

      /// Sets the value associated with the given key.
      void set(const Key &k,const Value &t) { operator[](k)=t; }

      template<typename _ReferenceMap>
      struct Constraints {
        typename enable_if<typename _ReferenceMap::ReferenceMapTag, void>::type
        constraints() {
          checkConcept<ReadWriteMap<K, T>, _ReferenceMap >();
          ref = m[key];
          m[key] = val;
          m[key] = ref;
          m[key] = cref;
          own_ref = m[own_key];
          m[own_key] = own_val;
          m[own_key] = own_ref;
          m[own_key] = own_cref;
          m[key] = m[own_key];
          m[own_key] = m[key];
        }
        const Key& key;
        Value& val;
        Reference ref;
        ConstReference cref;
        const typename _ReferenceMap::Key& own_key;
        typename _ReferenceMap::Value& own_val;
        typename _ReferenceMap::Reference own_ref;
        typename _ReferenceMap::ConstReference own_cref;
        _ReferenceMap& m;
      };
    };

    // @}

  } //namespace concepts

} //namespace lemon

#endif







lemon/maps.h

/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2011
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_MAPS_H
#define LEMON_MAPS_H

#include <iterator>
#include <functional>
#include <vector>
#include <map>

#include <lemon/core.h>

///\file
///\ingroup maps
///\brief Miscellaneous property maps

namespace lemon {

  /// \addtogroup maps
  /// @{

  /// Base class of maps.

  /// Base class of maps. It provides the necessary type definitions
  /// required by the map %concepts.
  template<typename K, typename V>
  class MapBase {
  public:
    /// \brief The key type of the map.
    typedef K Key;
    /// \brief The value type of the map.
    /// (The type of objects associated with the keys).
    typedef V Value;
  };


  /// Null map. (a.k.a. DoNothingMap)

  /// This map can be used if you have to provide a map only for
  /// its type definitions, or if you have to provide a writable map,
  /// but data written to it is not required (i.e. it will be sent to
  /// <tt>/dev/null</tt>).
  /// It conforms to the \ref concepts::ReadWriteMap "ReadWriteMap" concept.
  ///
  /// \sa ConstMap
  template<typename K, typename V>
  class NullMap : public MapBase<K, V> {
  public:
    ///\e
    typedef K Key;
    ///\e
    typedef V Value;

    /// Gives back a default constructed element.
    Value operator[](const Key&) const { return Value(); }
    /// Absorbs the value.
    void set(const Key&, const Value&) {}
  };

  /// Returns a \c NullMap class

  /// This function just returns a \c NullMap class.
  /// \relates NullMap
  template <typename K, typename V>
  NullMap<K, V> nullMap() {
    return NullMap<K, V>();
  }


  /// Constant map.

  /// This \ref concepts::ReadMap "readable map" assigns a specified
  /// value to each key.
  ///
  /// In other aspects it is equivalent to \c NullMap.
  /// So it conforms to the \ref concepts::ReadWriteMap "ReadWriteMap"
  /// concept, but it absorbs the data written to it.
  ///
  /// The simplest way of using this map is through the constMap()
  /// function.
  ///
  /// \sa NullMap
  /// \sa IdentityMap
  template<typename K, typename V>
  class ConstMap : public MapBase<K, V> {
  private:
    V _value;
  public:
    ///\e
    typedef K Key;
    ///\e
    typedef V Value;

    /// Default constructor

    /// Default constructor.
    /// The value of the map will be default constructed.
    ConstMap() {}

    /// Constructor with specified initial value

    /// Constructor with specified initial value.
    /// \param v The initial value of the map.
    ConstMap(const Value &v) : _value(v) {}

    /// Gives back the specified value.
    Value operator[](const Key&) const { return _value; }

    /// Absorbs the value.
    void set(const Key&, const Value&) {}

    /// Sets the value that is assigned to each key.
    void setAll(const Value &v) {
      _value = v;
    }

    template<typename V1>
    ConstMap(const ConstMap<K, V1> &, const Value &v) : _value(v) {}
  };

  /// Returns a \c ConstMap class

  /// This function just returns a \c ConstMap class.
  /// \relates ConstMap
  template<typename K, typename V>
  inline ConstMap<K, V> constMap(const V &v) {
    return ConstMap<K, V>(v);
  }

  template<typename K, typename V>
  inline ConstMap<K, V> constMap() {
    return ConstMap<K, V>();
  }


  template<typename T, T v>
  struct Const {};

  /// Constant map with inlined constant value.

  /// This \ref concepts::ReadMap "readable map" assigns a specified
  /// value to each key.
  ///
  /// In other aspects it is equivalent to \c NullMap.
  /// So it conforms to the \ref concepts::ReadWriteMap "ReadWriteMap"
  /// concept, but it absorbs the data written to it.
  ///
  /// The simplest way of using this map is through the constMap()
  /// function.
  ///
  /// \sa NullMap
  /// \sa IdentityMap
  template<typename K, typename V, V v>
  class ConstMap<K, Const<V, v> > : public MapBase<K, V> {
  public:
    ///\e
    typedef K Key;
    ///\e
    typedef V Value;

    /// Constructor.
    ConstMap() {}

    /// Gives back the specified value.
    Value operator[](const Key&) const { return v; }

    /// Absorbs the value.
    void set(const Key&, const Value&) {}
  };

  /// Returns a \c ConstMap class with inlined constant value

  /// This function just returns a \c ConstMap class with inlined
  /// constant value.
  /// \relates ConstMap
  template<typename K, typename V, V v>
  inline ConstMap<K, Const<V, v> > constMap() {
    return ConstMap<K, Const<V, v> >();
  }


  /// Identity map.

  /// This \ref concepts::ReadMap "read-only map" gives back the given
  /// key as value without any modification.
  ///
  /// \sa ConstMap
  template <typename T>
  class IdentityMap : public MapBase<T, T> {
  public:
    ///\e
    typedef T Key;
    ///\e
    typedef T Value;

    /// Gives back the given value without any modification.
    Value operator[](const Key &k) const {
      return k;
    }
  };

  /// Returns an \c IdentityMap class

  /// This function just returns an \c IdentityMap class.
  /// \relates IdentityMap
  template<typename T>
  inline IdentityMap<T> identityMap() {
    return IdentityMap<T>();
  }


  /// \brief Map for storing values for integer keys from the range
  /// <tt>[0..size-1]</tt>.
  ///
  /// This map is essentially a wrapper for \c std::vector. It assigns
  /// values to integer keys from the range <tt>[0..size-1]</tt>.
  /// It can be used together with some data structures, e.g.
  /// heap types and \c UnionFind, when the used items are small
  /// integers. This map conforms to the \ref concepts::ReferenceMap
  /// "ReferenceMap" concept.
  ///
  /// The simplest way of using this map is through the rangeMap()
  /// function.
  template <typename V>
  class RangeMap : public MapBase<int, V> {
    template <typename V1>
    friend class RangeMap;
  private:

    typedef std::vector<V> Vector;
    Vector _vector;

  public:

    /// Key type
    typedef int Key;
    /// Value type
    typedef V Value;
    /// Reference type
    typedef typename Vector::reference Reference;
    /// Const reference type
    typedef typename Vector::const_reference ConstReference;

    typedef True ReferenceMapTag;

  public:

    /// Constructor with specified default value.
    RangeMap(int size = 0, const Value &value = Value())
      : _vector(size, value) {}

    /// Constructs the map from an appropriate \c std::vector.
    template <typename V1>
    RangeMap(const std::vector<V1>& vector)
      : _vector(vector.begin(), vector.end()) {}

    /// Constructs the map from another \c RangeMap.
    template <typename V1>
    RangeMap(const RangeMap<V1> &c)
      : _vector(c._vector.begin(), c._vector.end()) {}

    /// Returns the size of the map.
    int size() {
      return _vector.size();
    }

    /// Resizes the map.

    /// Resizes the underlying \c std::vector container, so changes the
    /// keyset of the map.
    /// \param size The new size of the map. The new keyset will be the
    /// range <tt>[0..size-1]</tt>.
    /// \param value The default value to assign to the new keys.
    void resize(int size, const Value &value = Value()) {
      _vector.resize(size, value);
    }

  private:

    RangeMap& operator=(const RangeMap&);

  public:

    ///\e
    Reference operator[](const Key &k) {
      return _vector[k];
    }

    ///\e
    ConstReference operator[](const Key &k) const {
      return _vector[k];
    }

    ///\e
    void set(const Key &k, const Value &v) {
      _vector[k] = v;
    }
  };

  /// Returns a \c RangeMap class

  /// This function just returns a \c RangeMap class.
  /// \relates RangeMap
  template<typename V>
  inline RangeMap<V> rangeMap(int size = 0, const V &value = V()) {
    return RangeMap<V>(size, value);
  }

  /// \brief Returns a \c RangeMap class created from an appropriate
  /// \c std::vector

  /// This function just returns a \c RangeMap class created from an
  /// appropriate \c std::vector.
  /// \relates RangeMap
  template<typename V>
  inline RangeMap<V> rangeMap(const std::vector<V> &vector) {
    return RangeMap<V>(vector);
  }


  /// Map type based on \c std::map

  /// This map is essentially a wrapper for \c std::map with addition
  /// that you can specify a default value for the keys that are not
  /// stored actually. This value can be different from the default
  /// contructed value (i.e. \c %Value()).
  /// This type conforms to the \ref concepts::ReferenceMap "ReferenceMap"
  /// concept.
  ///
  /// This map is useful if a default value should be assigned to most of
  /// the keys and different values should be assigned only to a few
  /// keys (i.e. the map is "sparse").
  /// The name of this type also refers to this important usage.
  ///
  /// Apart form that, this map can be used in many other cases since it
  /// is based on \c std::map, which is a general associative container.
  /// However, keep in mind that it is usually not as efficient as other
  /// maps.
  ///
  /// The simplest way of using this map is through the sparseMap()
  /// function.
  template <typename K, typename V, typename Comp = std::less<K> >
  class SparseMap : public MapBase<K, V> {
    template <typename K1, typename V1, typename C1>
    friend class SparseMap;
  public:

    /// Key type
    typedef K Key;
    /// Value type
    typedef V Value;
    /// Reference type
    typedef Value& Reference;
    /// Const reference type
    typedef const Value& ConstReference;

    typedef True ReferenceMapTag;

  private:

    typedef std::map<K, V, Comp> Map;
    Map _map;
    Value _value;

  public:

    /// \brief Constructor with specified default value.
    SparseMap(const Value &value = Value()) : _value(value) {}
    /// \brief Constructs the map from an appropriate \c std::map, and
    /// explicitly specifies a default value.
    template <typename V1, typename Comp1>
    SparseMap(const std::map<Key, V1, Comp1> &map,
              const Value &value = Value())
      : _map(map.begin(), map.end()), _value(value) {}

    /// \brief Constructs the map from another \c SparseMap.
    template<typename V1, typename Comp1>
    SparseMap(const SparseMap<Key, V1, Comp1> &c)
      : _map(c._map.begin(), c._map.end()), _value(c._value) {}

  private:

    SparseMap& operator=(const SparseMap&);

  public:

    ///\e
    Reference operator[](const Key &k) {
      typename Map::iterator it = _map.lower_bound(k);
      if (it != _map.end() && !_map.key_comp()(k, it->first))
        return it->second;
      else
        return _map.insert(it, std::make_pair(k, _value))->second;
    }

    ///\e
    ConstReference operator[](const Key &k) const {
      typename Map::const_iterator it = _map.find(k);
      if (it != _map.end())
        return it->second;
      else
        return _value;
    }

    ///\e
    void set(const Key &k, const Value &v) {
      typename Map::iterator it = _map.lower_bound(k);
      if (it != _map.end() && !_map.key_comp()(k, it->first))
        it->second = v;
      else
        _map.insert(it, std::make_pair(k, v));
    }

    ///\e
    void setAll(const Value &v) {
      _value = v;
      _map.clear();
    }
  };

  /// Returns a \c SparseMap class

  /// This function just returns a \c SparseMap class with specified
  /// default value.
  /// \relates SparseMap
  template<typename K, typename V, typename Compare>
  inline SparseMap<K, V, Compare> sparseMap(const V& value = V()) {
    return SparseMap<K, V, Compare>(value);
  }

  template<typename K, typename V>
  inline SparseMap<K, V, std::less<K> > sparseMap(const V& value = V()) {
    return SparseMap<K, V, std::less<K> >(value);
  }

  /// \brief Returns a \c SparseMap class created from an appropriate
  /// \c std::map

  /// This function just returns a \c SparseMap class created from an
  /// appropriate \c std::map.
  /// \relates SparseMap
  template<typename K, typename V, typename Compare>
  inline SparseMap<K, V, Compare>
    sparseMap(const std::map<K, V, Compare> &map, const V& value = V())
  {
    return SparseMap<K, V, Compare>(map, value);
  }

  /// @}

  /// \addtogroup map_adaptors
  /// @{

  /// Composition of two maps

  /// This \ref concepts::ReadMap "read-only map" returns the
  /// composition of two given maps. That is to say, if \c m1 is of
  /// type \c M1 and \c m2 is of \c M2, then for
  /// \code
  ///   ComposeMap<M1, M2> cm(m1,m2);
  /// \endcode
  /// <tt>cm[x]</tt> will be equal to <tt>m1[m2[x]]</tt>.
  ///
  /// The \c Key type of the map is inherited from \c M2 and the
  /// \c Value type is from \c M1.
  /// \c M2::Value must be convertible to \c M1::Key.
  ///
  /// The simplest way of using this map is through the composeMap()
  /// function.
  ///
  /// \sa CombineMap
  template <typename M1, typename M2>
  class ComposeMap : public MapBase<typename M2::Key, typename M1::Value> {
    const M1 &_m1;
    const M2 &_m2;
  public:
    ///\e
    typedef typename M2::Key Key;
    ///\e
    typedef typename M1::Value Value;

    /// Constructor
    ComposeMap(const M1 &m1, const M2 &m2) : _m1(m1), _m2(m2) {}

    ///\e
    typename MapTraits<M1>::ConstReturnValue
    operator[](const Key &k) const { return _m1[_m2[k]]; }
  };

  /// Returns a \c ComposeMap class

  /// This function just returns a \c ComposeMap class.
  ///
  /// If \c m1 and \c m2 are maps and the \c Value type of \c m2 is
  /// convertible to the \c Key of \c m1, then <tt>composeMap(m1,m2)[x]</tt>
  /// will be equal to <tt>m1[m2[x]]</tt>.
  ///
  /// \relates ComposeMap
  template <typename M1, typename M2>
  inline ComposeMap<M1, M2> composeMap(const M1 &m1, const M2 &m2) {
    return ComposeMap<M1, M2>(m1, m2);
  }


  /// Combination of two maps using an STL (binary) functor.

  /// This \ref concepts::ReadMap "read-only map" takes two maps and a
  /// binary functor and returns the combination of the two given maps
  /// using the functor.
  /// That is to say, if \c m1 is of type \c M1 and \c m2 is of \c M2
  /// and \c f is of \c F, then for
  /// \code
  ///   CombineMap<M1,M2,F,V> cm(m1,m2,f);
  /// \endcode
  /// <tt>cm[x]</tt> will be equal to <tt>f(m1[x],m2[x])</tt>.
  ///
  /// The \c Key type of the map is inherited from \c M1 (\c M1::Key
  /// must be convertible to \c M2::Key) and the \c Value type is \c V.
  /// \c M2::Value and \c M1::Value must be convertible to the
  /// corresponding input parameter of \c F and the return type of \c F
  /// must be convertible to \c V.
  ///
  /// The simplest way of using this map is through the combineMap()
  /// function.
  ///
  /// \sa ComposeMap
  template<typename M1, typename M2, typename F,
           typename V = typename F::result_type>
  class CombineMap : public MapBase<typename M1::Key, V> {
    const M1 &_m1;
    const M2 &_m2;
    F _f;
  public:
    ///\e
    typedef typename M1::Key Key;
    ///\e
    typedef V Value;

    /// Constructor
    CombineMap(const M1 &m1, const M2 &m2, const F &f = F())
      : _m1(m1), _m2(m2), _f(f) {}
    ///\e
    Value operator[](const Key &k) const { return _f(_m1[k],_m2[k]); }
  };

  /// Returns a \c CombineMap class

  /// This function just returns a \c CombineMap class.
  ///
  /// For example, if \c m1 and \c m2 are both maps with \c double
  /// values, then
  /// \code
  ///   combineMap(m1,m2,std::plus<double>())
  /// \endcode
  /// is equivalent to
  /// \code
  ///   addMap(m1,m2)
  /// \endcode
  ///
  /// This function is specialized for adaptable binary function
  /// classes and C++ functions.
  ///
  /// \relates CombineMap
  template<typename M1, typename M2, typename F, typename V>
  inline CombineMap<M1, M2, F, V>
  combineMap(const M1 &m1, const M2 &m2, const F &f) {
    return CombineMap<M1, M2, F, V>(m1,m2,f);
  }

  template<typename M1, typename M2, typename F>
  inline CombineMap<M1, M2, F, typename F::result_type>
  combineMap(const M1 &m1, const M2 &m2, const F &f) {
    return combineMap<M1, M2, F, typename F::result_type>(m1,m2,f);
  }

  template<typename M1, typename M2, typename K1, typename K2, typename V>
  inline CombineMap<M1, M2, V (*)(K1, K2), V>
  combineMap(const M1 &m1, const M2 &m2, V (*f)(K1, K2)) {
    return combineMap<M1, M2, V (*)(K1, K2), V>(m1,m2,f);
  }


  /// Converts an STL style (unary) functor to a map

  /// This \ref concepts::ReadMap "read-only map" returns the value
  /// of a given functor. Actually, it just wraps the functor and
  /// provides the \c Key and \c Value typedefs.
  ///
  /// Template parameters \c K and \c V will become its \c Key and
  /// \c Value. In most cases they have to be given explicitly because
  /// a functor typically does not provide \c argument_type and
  /// \c result_type typedefs.
  /// Parameter \c F is the type of the used functor.
  ///
  /// The simplest way of using this map is through the functorToMap()
  /// function.
  ///
  /// \sa MapToFunctor
  template<typename F,
           typename K = typename F::argument_type,
           typename V = typename F::result_type>
  class FunctorToMap : public MapBase<K, V> {
    F _f;
  public:
    ///\e
    typedef K Key;
    ///\e
    typedef V Value;

    /// Constructor
    FunctorToMap(const F &f = F()) : _f(f) {}
    ///\e
    Value operator[](const Key &k) const { return _f(k); }
  };

  /// Returns a \c FunctorToMap class

  /// This function just returns a \c FunctorToMap class.
  ///
  /// This function is specialized for adaptable binary function
  /// classes and C++ functions.
  ///
  /// \relates FunctorToMap
  template<typename K, typename V, typename F>
  inline FunctorToMap<F, K, V> functorToMap(const F &f) {
    return FunctorToMap<F, K, V>(f);
  }

  template <typename F>
  inline FunctorToMap<F, typename F::argument_type, typename F::result_type>
    functorToMap(const F &f)
  {
    return FunctorToMap<F, typename F::argument_type,
      typename F::result_type>(f);
  }

  template <typename K, typename V>
  inline FunctorToMap<V (*)(K), K, V> functorToMap(V (*f)(K)) {
    return FunctorToMap<V (*)(K), K, V>(f);
  }


  /// Converts a map to an STL style (unary) functor

  /// This class converts a map to an STL style (unary) functor.
  /// That is it provides an <tt>operator()</tt> to read its values.
  ///
  /// For the sake of convenience it also works as a usual
  /// \ref concepts::ReadMap "readable map", i.e. <tt>operator[]</tt>
  /// and the \c Key and \c Value typedefs also exist.
  ///
  /// The simplest way of using this map is through the mapToFunctor()
  /// function.
  ///
  ///\sa FunctorToMap
  template <typename M>
  class MapToFunctor : public MapBase<typename M::Key, typename M::Value> {
    const M &_m;
  public:
    ///\e
    typedef typename M::Key Key;
    ///\e
    typedef typename M::Value Value;

    typedef typename M::Key argument_type;
    typedef typename M::Value result_type;

    /// Constructor
    MapToFunctor(const M &m) : _m(m) {}
    ///\e
    Value operator()(const Key &k) const { return _m[k]; }
    ///\e
    Value operator[](const Key &k) const { return _m[k]; }
  };

  /// Returns a \c MapToFunctor class

  /// This function just returns a \c MapToFunctor class.
  /// \relates MapToFunctor
  template<typename M>
  inline MapToFunctor<M> mapToFunctor(const M &m) {
    return MapToFunctor<M>(m);
  }


  /// \brief Map adaptor to convert the \c Value type of a map to
  /// another type using the default conversion.

  /// Map adaptor to convert the \c Value type of a \ref concepts::ReadMap
  /// "readable map" to another type using the default conversion.
  /// The \c Key type of it is inherited from \c M and the \c Value
  /// type is \c V.
  /// This type conforms to the \ref concepts::ReadMap "ReadMap" concept.
  ///
  /// The simplest way of using this map is through the convertMap()
  /// function.
  template <typename M, typename V>
  class ConvertMap : public MapBase<typename M::Key, V> {
    const M &_m;
  public:
    ///\e
    typedef typename M::Key Key;
    ///\e
    typedef V Value;

    /// Constructor

    /// Constructor.
    /// \param m The underlying map.
    ConvertMap(const M &m) : _m(m) {}

    ///\e
    Value operator[](const Key &k) const { return _m[k]; }
  };

  /// Returns a \c ConvertMap class

  /// This function just returns a \c ConvertMap class.
  /// \relates ConvertMap
  template<typename V, typename M>
  inline ConvertMap<M, V> convertMap(const M &map) {
    return ConvertMap<M, V>(map);
  }


  /// Applies all map setting operations to two maps

  /// This map has two \ref concepts::WriteMap "writable map" parameters
  /// and each write request will be passed to both of them.
  /// If \c M1 is also \ref concepts::ReadMap "readable", then the read
  /// operations will return the corresponding values of \c M1.
  ///
  /// The \c Key and \c Value types are inherited from \c M1.
  /// The \c Key and \c Value of \c M2 must be convertible from those
  /// of \c M1.
  ///
  /// The simplest way of using this map is through the forkMap()
  /// function.
  template<typename  M1, typename M2>
  class ForkMap : public MapBase<typename M1::Key, typename M1::Value> {
    M1 &_m1;
    M2 &_m2;
  public:
    ///\e
    typedef typename M1::Key Key;
    ///\e
    typedef typename M1::Value Value;

    /// Constructor
    ForkMap(M1 &m1, M2 &m2) : _m1(m1), _m2(m2) {}
    /// Returns the value associated with the given key in the first map.
    Value operator[](const Key &k) const { return _m1[k]; }
    /// Sets the value associated with the given key in both maps.
    void set(const Key &k, const Value &v) { _m1.set(k,v); _m2.set(k,v); }
  };

  /// Returns a \c ForkMap class

  /// This function just returns a \c ForkMap class.
  /// \relates ForkMap
  template <typename M1, typename M2>
  inline ForkMap<M1,M2> forkMap(M1 &m1, M2 &m2) {
    return ForkMap<M1,M2>(m1,m2);
  }


  /// Sum of two maps

  /// This \ref concepts::ReadMap "read-only map" returns the sum
  /// of the values of the two given maps.
  /// Its \c Key and \c Value types are inherited from \c M1.
  /// The \c Key and \c Value of \c M2 must be convertible to those of
  /// \c M1.
  ///
  /// If \c m1 is of type \c M1 and \c m2 is of \c M2, then for
  /// \code
  ///   AddMap<M1,M2> am(m1,m2);
  /// \endcode
  /// <tt>am[x]</tt> will be equal to <tt>m1[x]+m2[x]</tt>.
  ///
  /// The simplest way of using this map is through the addMap()
  /// function.
  ///
  /// \sa SubMap, MulMap, DivMap
  /// \sa ShiftMap, ShiftWriteMap
  template<typename M1, typename M2>
  class AddMap : public MapBase<typename M1::Key, typename M1::Value> {
    const M1 &_m1;
    const M2 &_m2;
  public:
    ///\e
    typedef typename M1::Key Key;
    ///\e
    typedef typename M1::Value Value;

    /// Constructor
    AddMap(const M1 &m1, const M2 &m2) : _m1(m1), _m2(m2) {}
    ///\e
    Value operator[](const Key &k) const { return _m1[k]+_m2[k]; }
  };

  /// Returns an \c AddMap class

  /// This function just returns an \c AddMap class.
  ///
  /// For example, if \c m1 and \c m2 are both maps with \c double
  /// values, then <tt>addMap(m1,m2)[x]</tt> will be equal to
  /// <tt>m1[x]+m2[x]</tt>.
  ///
  /// \relates AddMap
  template<typename M1, typename M2>
  inline AddMap<M1, M2> addMap(const M1 &m1, const M2 &m2) {
    return AddMap<M1, M2>(m1,m2);
  }


  /// Difference of two maps

  /// This \ref concepts::ReadMap "read-only map" returns the difference
  /// of the values of the two given maps.
  /// Its \c Key and \c Value types are inherited from \c M1.
  /// The \c Key and \c Value of \c M2 must be convertible to those of
  /// \c M1.
  ///
  /// If \c m1 is of type \c M1 and \c m2 is of \c M2, then for
  /// \code
  ///   SubMap<M1,M2> sm(m1,m2);
  /// \endcode
  /// <tt>sm[x]</tt> will be equal to <tt>m1[x]-m2[x]</tt>.
  ///
  /// The simplest way of using this map is through the subMap()
  /// function.
  ///
  /// \sa AddMap, MulMap, DivMap
  template<typename M1, typename M2>
  class SubMap : public MapBase<typename M1::Key, typename M1::Value> {
    const M1 &_m1;
    const M2 &_m2;
  public:
    ///\e
    typedef typename M1::Key Key;
    ///\e
    typedef typename M1::Value Value;

    /// Constructor
    SubMap(const M1 &m1, const M2 &m2) : _m1(m1), _m2(m2) {}
    ///\e
    Value operator[](const Key &k) const { return _m1[k]-_m2[k]; }
  };

  /// Returns a \c SubMap class

  /// This function just returns a \c SubMap class.
  ///
  /// For example, if \c m1 and \c m2 are both maps with \c double
  /// values, then <tt>subMap(m1,m2)[x]</tt> will be equal to
  /// <tt>m1[x]-m2[x]</tt>.
  ///
  /// \relates SubMap
  template<typename M1, typename M2>
  inline SubMap<M1, M2> subMap(const M1 &m1, const M2 &m2) {
    return SubMap<M1, M2>(m1,m2);
  }


  /// Product of two maps

  /// This \ref concepts::ReadMap "read-only map" returns the product
  /// of the values of the two given maps.
  /// Its \c Key and \c Value types are inherited from \c M1.
  /// The \c Key and \c Value of \c M2 must be convertible to those of
  /// \c M1.
  ///
  /// If \c m1 is of type \c M1 and \c m2 is of \c M2, then for
  /// \code
  ///   MulMap<M1,M2> mm(m1,m2);
  /// \endcode
  /// <tt>mm[x]</tt> will be equal to <tt>m1[x]*m2[x]</tt>.
  ///
  /// The simplest way of using this map is through the mulMap()
  /// function.
  ///
  /// \sa AddMap, SubMap, DivMap
  /// \sa ScaleMap, ScaleWriteMap
  template<typename M1, typename M2>
  class MulMap : public MapBase<typename M1::Key, typename M1::Value> {
    const M1 &_m1;
    const M2 &_m2;
  public:
    ///\e
    typedef typename M1::Key Key;
    ///\e
    typedef typename M1::Value Value;

    /// Constructor
    MulMap(const M1 &m1,const M2 &m2) : _m1(m1), _m2(m2) {}
    ///\e
    Value operator[](const Key &k) const { return _m1[k]*_m2[k]; }
  };

  /// Returns a \c MulMap class

  /// This function just returns a \c MulMap class.
  ///
  /// For example, if \c m1 and \c m2 are both maps with \c double
  /// values, then <tt>mulMap(m1,m2)[x]</tt> will be equal to
  /// <tt>m1[x]*m2[x]</tt>.
  ///
  /// \relates MulMap
  template<typename M1, typename M2>
  inline MulMap<M1, M2> mulMap(const M1 &m1,const M2 &m2) {
    return MulMap<M1, M2>(m1,m2);
  }


  /// Quotient of two maps

  /// This \ref concepts::ReadMap "read-only map" returns the quotient
  /// of the values of the two given maps.
  /// Its \c Key and \c Value types are inherited from \c M1.
  /// The \c Key and \c Value of \c M2 must be convertible to those of
  /// \c M1.
  ///
  /// If \c m1 is of type \c M1 and \c m2 is of \c M2, then for
  /// \code
  ///   DivMap<M1,M2> dm(m1,m2);
  /// \endcode
  /// <tt>dm[x]</tt> will be equal to <tt>m1[x]/m2[x]</tt>.
  ///
  /// The simplest way of using this map is through the divMap()
  /// function.
  ///
  /// \sa AddMap, SubMap, MulMap
  template<typename M1, typename M2>
  class DivMap : public MapBase<typename M1::Key, typename M1::Value> {
    const M1 &_m1;
    const M2 &_m2;
  public:
    ///\e
    typedef typename M1::Key Key;
    ///\e
    typedef typename M1::Value Value;

    /// Constructor
    DivMap(const M1 &m1,const M2 &m2) : _m1(m1), _m2(m2) {}
    ///\e
    Value operator[](const Key &k) const { return _m1[k]/_m2[k]; }
  };

  /// Returns a \c DivMap class

  /// This function just returns a \c DivMap class.
  ///
  /// For example, if \c m1 and \c m2 are both maps with \c double
  /// values, then <tt>divMap(m1,m2)[x]</tt> will be equal to
  /// <tt>m1[x]/m2[x]</tt>.
  ///
  /// \relates DivMap
  template<typename M1, typename M2>
  inline DivMap<M1, M2> divMap(const M1 &m1,const M2 &m2) {
    return DivMap<M1, M2>(m1,m2);
  }


  /// Shifts a map with a constant.

  /// This \ref concepts::ReadMap "read-only map" returns the sum of
  /// the given map and a constant value (i.e. it shifts the map with
  /// the constant). Its \c Key and \c Value are inherited from \c M.
  ///
  /// Actually,
  /// \code
  ///   ShiftMap<M> sh(m,v);
  /// \endcode
  /// is equivalent to
  /// \code
  ///   ConstMap<M::Key, M::Value> cm(v);
  ///   AddMap<M, ConstMap<M::Key, M::Value> > sh(m,cm);
  /// \endcode
  ///
  /// The simplest way of using this map is through the shiftMap()
  /// function.
  ///
  /// \sa ShiftWriteMap
  template<typename M, typename C = typename M::Value>
  class ShiftMap : public MapBase<typename M::Key, typename M::Value> {
    const M &_m;
    C _v;
  public:
    ///\e
    typedef typename M::Key Key;
    ///\e
    typedef typename M::Value Value;

    /// Constructor

    /// Constructor.
    /// \param m The undelying map.
    /// \param v The constant value.
    ShiftMap(const M &m, const C &v) : _m(m), _v(v) {}
    ///\e
    Value operator[](const Key &k) const { return _m[k]+_v; }
  };

  /// Shifts a map with a constant (read-write version).

  /// This \ref concepts::ReadWriteMap "read-write map" returns the sum
  /// of the given map and a constant value (i.e. it shifts the map with
  /// the constant). Its \c Key and \c Value are inherited from \c M.
  /// It makes also possible to write the map.
  ///
  /// The simplest way of using this map is through the shiftWriteMap()
  /// function.
  ///
  /// \sa ShiftMap
  template<typename M, typename C = typename M::Value>
  class ShiftWriteMap : public MapBase<typename M::Key, typename M::Value> {
    M &_m;
    C _v;
  public:
    ///\e
    typedef typename M::Key Key;
    ///\e
    typedef typename M::Value Value;

    /// Constructor

    /// Constructor.
    /// \param m The undelying map.
    /// \param v The constant value.
    ShiftWriteMap(M &m, const C &v) : _m(m), _v(v) {}
    ///\e
    Value operator[](const Key &k) const { return _m[k]+_v; }
    ///\e
    void set(const Key &k, const Value &v) { _m.set(k, v-_v); }
  };

  /// Returns a \c ShiftMap class

  /// This function just returns a \c ShiftMap class.
  ///
  /// For example, if \c m is a map with \c double values and \c v is
  /// \c double, then <tt>shiftMap(m,v)[x]</tt> will be equal to
  /// <tt>m[x]+v</tt>.
  ///
  /// \relates ShiftMap
  template<typename M, typename C>
  inline ShiftMap<M, C> shiftMap(const M &m, const C &v) {
    return ShiftMap<M, C>(m,v);
  }

  /// Returns a \c ShiftWriteMap class

  /// This function just returns a \c ShiftWriteMap class.
  ///
  /// For example, if \c m is a map with \c double values and \c v is
  /// \c double, then <tt>shiftWriteMap(m,v)[x]</tt> will be equal to
  /// <tt>m[x]+v</tt>.
  /// Moreover it makes also possible to write the map.
  ///
  /// \relates ShiftWriteMap
  template<typename M, typename C>
  inline ShiftWriteMap<M, C> shiftWriteMap(M &m, const C &v) {
    return ShiftWriteMap<M, C>(m,v);
  }


  /// Scales a map with a constant.

  /// This \ref concepts::ReadMap "read-only map" returns the value of
  /// the given map multiplied from the left side with a constant value.
  /// Its \c Key and \c Value are inherited from \c M.
  ///
  /// Actually,
  /// \code
  ///   ScaleMap<M> sc(m,v);
  /// \endcode
  /// is equivalent to
  /// \code
  ///   ConstMap<M::Key, M::Value> cm(v);
  ///   MulMap<ConstMap<M::Key, M::Value>, M> sc(cm,m);
  /// \endcode
  ///
  /// The simplest way of using this map is through the scaleMap()
  /// function.
  ///
  /// \sa ScaleWriteMap
  template<typename M, typename C = typename M::Value>
  class ScaleMap : public MapBase<typename M::Key, typename M::Value> {
    const M &_m;
    C _v;
  public:
    ///\e
    typedef typename M::Key Key;
    ///\e
    typedef typename M::Value Value;

    /// Constructor

    /// Constructor.
    /// \param m The undelying map.
    /// \param v The constant value.
    ScaleMap(const M &m, const C &v) : _m(m), _v(v) {}
    ///\e
    Value operator[](const Key &k) const { return _v*_m[k]; }
  };

  /// Scales a map with a constant (read-write version).

  /// This \ref concepts::ReadWriteMap "read-write map" returns the value of
  /// the given map multiplied from the left side with a constant value.
  /// Its \c Key and \c Value are inherited from \c M.
  /// It can also be used as write map if the \c / operator is defined
  /// between \c Value and \c C and the given multiplier is not zero.
  ///
  /// The simplest way of using this map is through the scaleWriteMap()
  /// function.
  ///
  /// \sa ScaleMap
  template<typename M, typename C = typename M::Value>
  class ScaleWriteMap : public MapBase<typename M::Key, typename M::Value> {
    M &_m;
    C _v;
  public:
    ///\e
    typedef typename M::Key Key;
    ///\e
    typedef typename M::Value Value;

    /// Constructor

    /// Constructor.
    /// \param m The undelying map.
    /// \param v The constant value.
    ScaleWriteMap(M &m, const C &v) : _m(m), _v(v) {}
    ///\e
    Value operator[](const Key &k) const { return _v*_m[k]; }
    ///\e
    void set(const Key &k, const Value &v) { _m.set(k, v/_v); }
  };

  /// Returns a \c ScaleMap class

  /// This function just returns a \c ScaleMap class.
  ///
  /// For example, if \c m is a map with \c double values and \c v is
  /// \c double, then <tt>scaleMap(m,v)[x]</tt> will be equal to
  /// <tt>v*m[x]</tt>.
  ///
  /// \relates ScaleMap
  template<typename M, typename C>
  inline ScaleMap<M, C> scaleMap(const M &m, const C &v) {
    return ScaleMap<M, C>(m,v);
  }

  /// Returns a \c ScaleWriteMap class

  /// This function just returns a \c ScaleWriteMap class.
  ///
  /// For example, if \c m is a map with \c double values and \c v is
  /// \c double, then <tt>scaleWriteMap(m,v)[x]</tt> will be equal to
  /// <tt>v*m[x]</tt>.
  /// Moreover it makes also possible to write the map.
  ///
  /// \relates ScaleWriteMap
  template<typename M, typename C>
  inline ScaleWriteMap<M, C> scaleWriteMap(M &m, const C &v) {
    return ScaleWriteMap<M, C>(m,v);
  }


  /// Negative of a map

  /// This \ref concepts::ReadMap "read-only map" returns the negative
  /// of the values of the given map (using the unary \c - operator).
  /// Its \c Key and \c Value are inherited from \c M.
  ///
  /// If M::Value is \c int, \c double etc., then
  /// \code
  ///   NegMap<M> neg(m);
  /// \endcode
  /// is equivalent to
  /// \code
  ///   ScaleMap<M> neg(m,-1);
  /// \endcode
  ///
  /// The simplest way of using this map is through the negMap()
  /// function.
  ///
  /// \sa NegWriteMap
  template<typename M>
  class NegMap : public MapBase<typename M::Key, typename M::Value> {
    const M& _m;
  public:
    ///\e
    typedef typename M::Key Key;
    ///\e
    typedef typename M::Value Value;

    /// Constructor
    NegMap(const M &m) : _m(m) {}
    ///\e
    Value operator[](const Key &k) const { return -_m[k]; }
  };

  /// Negative of a map (read-write version)

  /// This \ref concepts::ReadWriteMap "read-write map" returns the
  /// negative of the values of the given map (using the unary \c -
  /// operator).
  /// Its \c Key and \c Value are inherited from \c M.
  /// It makes also possible to write the map.
  ///
  /// If M::Value is \c int, \c double etc., then
  /// \code
  ///   NegWriteMap<M> neg(m);
  /// \endcode
  /// is equivalent to
  /// \code
  ///   ScaleWriteMap<M> neg(m,-1);
  /// \endcode
  ///
  /// The simplest way of using this map is through the negWriteMap()
  /// function.
  ///
  /// \sa NegMap
  template<typename M>
  class NegWriteMap : public MapBase<typename M::Key, typename M::Value> {
    M &_m;
  public:
    ///\e
    typedef typename M::Key Key;
    ///\e
    typedef typename M::Value Value;

    /// Constructor
    NegWriteMap(M &m) : _m(m) {}
    ///\e
    Value operator[](const Key &k) const { return -_m[k]; }
    ///\e
    void set(const Key &k, const Value &v) { _m.set(k, -v); }
  };

  /// Returns a \c NegMap class

  /// This function just returns a \c NegMap class.
  ///
  /// For example, if \c m is a map with \c double values, then
  /// <tt>negMap(m)[x]</tt> will be equal to <tt>-m[x]</tt>.
  ///
  /// \relates NegMap
  template <typename M>
  inline NegMap<M> negMap(const M &m) {
    return NegMap<M>(m);
  }

  /// Returns a \c NegWriteMap class

  /// This function just returns a \c NegWriteMap class.
  ///
  /// For example, if \c m is a map with \c double values, then
  /// <tt>negWriteMap(m)[x]</tt> will be equal to <tt>-m[x]</tt>.
  /// Moreover it makes also possible to write the map.
  ///
  /// \relates NegWriteMap
  template <typename M>
  inline NegWriteMap<M> negWriteMap(M &m) {
    return NegWriteMap<M>(m);
  }


  /// Absolute value of a map

  /// This \ref concepts::ReadMap "read-only map" returns the absolute
  /// value of the values of the given map.
  /// Its \c Key and \c Value are inherited from \c M.
  /// \c Value must be comparable to \c 0 and the unary \c -
  /// operator must be defined for it, of course.
  ///
  /// The simplest way of using this map is through the absMap()
  /// function.
  template<typename M>
  class AbsMap : public MapBase<typename M::Key, typename M::Value> {
    const M &_m;
  public:
    ///\e
    typedef typename M::Key Key;
    ///\e
    typedef typename M::Value Value;

    /// Constructor
    AbsMap(const M &m) : _m(m) {}
    ///\e
    Value operator[](const Key &k) const {
      Value tmp = _m[k];
      return tmp >= 0 ? tmp : -tmp;
    }

  };

  /// Returns an \c AbsMap class

  /// This function just returns an \c AbsMap class.
  ///
  /// For example, if \c m is a map with \c double values, then
  /// <tt>absMap(m)[x]</tt> will be equal to <tt>m[x]</tt> if
  /// it is positive or zero and <tt>-m[x]</tt> if <tt>m[x]</tt> is
  /// negative.
  ///
  /// \relates AbsMap
  template<typename M>
  inline AbsMap<M> absMap(const M &m) {
    return AbsMap<M>(m);
  }

  /// @}

  // Logical maps and map adaptors:

  /// \addtogroup maps
  /// @{

  /// Constant \c true map.

  /// This \ref concepts::ReadMap "read-only map" assigns \c true to
  /// each key.
  ///
  /// Note that
  /// \code
  ///   TrueMap<K> tm;
  /// \endcode
  /// is equivalent to
  /// \code
  ///   ConstMap<K,bool> tm(true);
  /// \endcode
  ///
  /// \sa FalseMap
  /// \sa ConstMap
  template <typename K>
  class TrueMap : public MapBase<K, bool> {
  public:
    ///\e
    typedef K Key;
    ///\e
    typedef bool Value;

    /// Gives back \c true.
    Value operator[](const Key&) const { return true; }
  };

  /// Returns a \c TrueMap class

  /// This function just returns a \c TrueMap class.
  /// \relates TrueMap
  template<typename K>
  inline TrueMap<K> trueMap() {
    return TrueMap<K>();
  }


  /// Constant \c false map.

  /// This \ref concepts::ReadMap "read-only map" assigns \c false to
  /// each key.
  ///
  /// Note that
  /// \code
  ///   FalseMap<K> fm;
  /// \endcode
  /// is equivalent to
  /// \code
  ///   ConstMap<K,bool> fm(false);
  /// \endcode
  ///
  /// \sa TrueMap
  /// \sa ConstMap
  template <typename K>
  class FalseMap : public MapBase<K, bool> {
  public:
    ///\e
    typedef K Key;
    ///\e
    typedef bool Value;

    /// Gives back \c false.
    Value operator[](const Key&) const { return false; }
  };

  /// Returns a \c FalseMap class

  /// This function just returns a \c FalseMap class.
  /// \relates FalseMap
  template<typename K>
  inline FalseMap<K> falseMap() {
    return FalseMap<K>();
  }

  /// @}

  /// \addtogroup map_adaptors
  /// @{

  /// Logical 'and' of two maps

  /// This \ref concepts::ReadMap "read-only map" returns the logical
  /// 'and' of the values of the two given maps.
  /// Its \c Key type is inherited from \c M1 and its \c Value type is
  /// \c bool. \c M2::Key must be convertible to \c M1::Key.
  ///
  /// If \c m1 is of type \c M1 and \c m2 is of \c M2, then for
  /// \code
  ///   AndMap<M1,M2> am(m1,m2);
  /// \endcode
  /// <tt>am[x]</tt> will be equal to <tt>m1[x]&&m2[x]</tt>.
  ///
  /// The simplest way of using this map is through the andMap()
  /// function.
  ///
  /// \sa OrMap
  /// \sa NotMap, NotWriteMap
  template<typename M1, typename M2>
  class AndMap : public MapBase<typename M1::Key, bool> {
    const M1 &_m1;
    const M2 &_m2;
  public:
    ///\e
    typedef typename M1::Key Key;
    ///\e
    typedef bool Value;

    /// Constructor
    AndMap(const M1 &m1, const M2 &m2) : _m1(m1), _m2(m2) {}
    ///\e
    Value operator[](const Key &k) const { return _m1[k]&&_m2[k]; }
  };

  /// Returns an \c AndMap class

  /// This function just returns an \c AndMap class.
  ///
  /// For example, if \c m1 and \c m2 are both maps with \c bool values,
  /// then <tt>andMap(m1,m2)[x]</tt> will be equal to
  /// <tt>m1[x]&&m2[x]</tt>.
  ///
  /// \relates AndMap
  template<typename M1, typename M2>
  inline AndMap<M1, M2> andMap(const M1 &m1, const M2 &m2) {
    return AndMap<M1, M2>(m1,m2);
  }


  /// Logical 'or' of two maps

  /// This \ref concepts::ReadMap "read-only map" returns the logical
  /// 'or' of the values of the two given maps.
  /// Its \c Key type is inherited from \c M1 and its \c Value type is
  /// \c bool. \c M2::Key must be convertible to \c M1::Key.
  ///
  /// If \c m1 is of type \c M1 and \c m2 is of \c M2, then for
  /// \code
  ///   OrMap<M1,M2> om(m1,m2);
  /// \endcode
  /// <tt>om[x]</tt> will be equal to <tt>m1[x]||m2[x]</tt>.
  ///
  /// The simplest way of using this map is through the orMap()
  /// function.
  ///
  /// \sa AndMap
  /// \sa NotMap, NotWriteMap
  template<typename M1, typename M2>
  class OrMap : public MapBase<typename M1::Key, bool> {
    const M1 &_m1;
    const M2 &_m2;
  public:
    ///\e
    typedef typename M1::Key Key;
    ///\e
    typedef bool Value;

    /// Constructor
    OrMap(const M1 &m1, const M2 &m2) : _m1(m1), _m2(m2) {}
    ///\e
    Value operator[](const Key &k) const { return _m1[k]||_m2[k]; }
  };

  /// Returns an \c OrMap class

  /// This function just returns an \c OrMap class.
  ///
  /// For example, if \c m1 and \c m2 are both maps with \c bool values,
  /// then <tt>orMap(m1,m2)[x]</tt> will be equal to
  /// <tt>m1[x]||m2[x]</tt>.
  ///
  /// \relates OrMap
  template<typename M1, typename M2>
  inline OrMap<M1, M2> orMap(const M1 &m1, const M2 &m2) {
    return OrMap<M1, M2>(m1,m2);
  }


  /// Logical 'not' of a map

  /// This \ref concepts::ReadMap "read-only map" returns the logical
  /// negation of the values of the given map.
  /// Its \c Key is inherited from \c M and its \c Value is \c bool.
  ///
  /// The simplest way of using this map is through the notMap()
  /// function.
  ///
  /// \sa NotWriteMap
  template <typename M>
  class NotMap : public MapBase<typename M::Key, bool> {
    const M &_m;
  public:
    ///\e
    typedef typename M::Key Key;
    ///\e
    typedef bool Value;

    /// Constructor
    NotMap(const M &m) : _m(m) {}
    ///\e
    Value operator[](const Key &k) const { return !_m[k]; }
  };

  /// Logical 'not' of a map (read-write version)

  /// This \ref concepts::ReadWriteMap "read-write map" returns the
  /// logical negation of the values of the given map.
  /// Its \c Key is inherited from \c M and its \c Value is \c bool.
  /// It makes also possible to write the map. When a value is set,
  /// the opposite value is set to the original map.
  ///
  /// The simplest way of using this map is through the notWriteMap()
  /// function.
  ///
  /// \sa NotMap
  template <typename M>
  class NotWriteMap : public MapBase<typename M::Key, bool> {
    M &_m;
  public:
    ///\e
    typedef typename M::Key Key;
    ///\e
    typedef bool Value;

    /// Constructor
    NotWriteMap(M &m) : _m(m) {}
    ///\e
    Value operator[](const Key &k) const { return !_m[k]; }
    ///\e
    void set(const Key &k, bool v) { _m.set(k, !v); }
  };

  /// Returns a \c NotMap class

  /// This function just returns a \c NotMap class.
  ///
  /// For example, if \c m is a map with \c bool values, then
  /// <tt>notMap(m)[x]</tt> will be equal to <tt>!m[x]</tt>.
  ///
  /// \relates NotMap
  template <typename M>
  inline NotMap<M> notMap(const M &m) {
    return NotMap<M>(m);
  }

  /// Returns a \c NotWriteMap class

  /// This function just returns a \c NotWriteMap class.
  ///
  /// For example, if \c m is a map with \c bool values, then
  /// <tt>notWriteMap(m)[x]</tt> will be equal to <tt>!m[x]</tt>.
  /// Moreover it makes also possible to write the map.
  ///
  /// \relates NotWriteMap
  template <typename M>
  inline NotWriteMap<M> notWriteMap(M &m) {
    return NotWriteMap<M>(m);
  }


  /// Combination of two maps using the \c == operator

  /// This \ref concepts::ReadMap "read-only map" assigns \c true to
  /// the keys for which the corresponding values of the two maps are
  /// equal.
  /// Its \c Key type is inherited from \c M1 and its \c Value type is
  /// \c bool. \c M2::Key must be convertible to \c M1::Key.
  ///
  /// If \c m1 is of type \c M1 and \c m2 is of \c M2, then for
  /// \code
  ///   EqualMap<M1,M2> em(m1,m2);
  /// \endcode
  /// <tt>em[x]</tt> will be equal to <tt>m1[x]==m2[x]</tt>.
  ///
  /// The simplest way of using this map is through the equalMap()
  /// function.
  ///
  /// \sa LessMap
  template<typename M1, typename M2>
  class EqualMap : public MapBase<typename M1::Key, bool> {
    const M1 &_m1;
    const M2 &_m2;
  public:
    ///\e
    typedef typename M1::Key Key;
    ///\e
    typedef bool Value;

    /// Constructor
    EqualMap(const M1 &m1, const M2 &m2) : _m1(m1), _m2(m2) {}
    ///\e
    Value operator[](const Key &k) const { return _m1[k]==_m2[k]; }
  };

  /// Returns an \c EqualMap class

  /// This function just returns an \c EqualMap class.
  ///
  /// For example, if \c m1 and \c m2 are maps with keys and values of
  /// the same type, then <tt>equalMap(m1,m2)[x]</tt> will be equal to
  /// <tt>m1[x]==m2[x]</tt>.
  ///
  /// \relates EqualMap
  template<typename M1, typename M2>
  inline EqualMap<M1, M2> equalMap(const M1 &m1, const M2 &m2) {
    return EqualMap<M1, M2>(m1,m2);
  }


  /// Combination of two maps using the \c < operator

  /// This \ref concepts::ReadMap "read-only map" assigns \c true to
  /// the keys for which the corresponding value of the first map is
  /// less then the value of the second map.
  /// Its \c Key type is inherited from \c M1 and its \c Value type is
  /// \c bool. \c M2::Key must be convertible to \c M1::Key.
  ///
  /// If \c m1 is of type \c M1 and \c m2 is of \c M2, then for
  /// \code
  ///   LessMap<M1,M2> lm(m1,m2);
  /// \endcode
  /// <tt>lm[x]</tt> will be equal to <tt>m1[x]<m2[x]</tt>.
  ///
  /// The simplest way of using this map is through the lessMap()
  /// function.
  ///
  /// \sa EqualMap
  template<typename M1, typename M2>
  class LessMap : public MapBase<typename M1::Key, bool> {
    const M1 &_m1;
    const M2 &_m2;
  public:
    ///\e
    typedef typename M1::Key Key;
    ///\e
    typedef bool Value;

    /// Constructor
    LessMap(const M1 &m1, const M2 &m2) : _m1(m1), _m2(m2) {}
    ///\e
    Value operator[](const Key &k) const { return _m1[k]<_m2[k]; }
  };

  /// Returns an \c LessMap class

  /// This function just returns an \c LessMap class.
  ///
  /// For example, if \c m1 and \c m2 are maps with keys and values of
  /// the same type, then <tt>lessMap(m1,m2)[x]</tt> will be equal to
  /// <tt>m1[x]<m2[x]</tt>.
  ///
  /// \relates LessMap
  template<typename M1, typename M2>
  inline LessMap<M1, M2> lessMap(const M1 &m1, const M2 &m2) {
    return LessMap<M1, M2>(m1,m2);
  }

  namespace _maps_bits {

    template <typename _Iterator, typename Enable = void>
    struct IteratorTraits {
      typedef typename std::iterator_traits<_Iterator>::value_type Value;
    };

    template <typename _Iterator>
    struct IteratorTraits<_Iterator,
      typename exists<typename _Iterator::container_type>::type>
    {
      typedef typename _Iterator::container_type::value_type Value;
    };

  }

  /// @}

  /// \addtogroup maps
  /// @{

  /// \brief Writable bool map for logging each \c true assigned element
  ///
  /// A \ref concepts::WriteMap "writable" bool map for logging
  /// each \c true assigned element, i.e it copies subsequently each
  /// keys set to \c true to the given iterator.
  /// The most important usage of it is storing certain nodes or arcs
  /// that were marked \c true by an algorithm.
  ///
  /// There are several algorithms that provide solutions through bool
  /// maps and most of them assign \c true at most once for each key.
  /// In these cases it is a natural request to store each \c true
  /// assigned elements (in order of the assignment), which can be
  /// easily done with LoggerBoolMap.
  ///
  /// The simplest way of using this map is through the loggerBoolMap()
  /// function.
  ///
  /// \tparam IT The type of the iterator.
  /// \tparam KEY The key type of the map. The default value set
  /// according to the iterator type should work in most cases.
  ///
  /// \note The container of the iterator must contain enough space
  /// for the elements or the iterator should be an inserter iterator.
#ifdef DOXYGEN
  template <typename IT, typename KEY>
#else
  template <typename IT,
            typename KEY = typename _maps_bits::IteratorTraits<IT>::Value>
#endif
  class LoggerBoolMap : public MapBase<KEY, bool> {
  public:

    ///\e
    typedef KEY Key;
    ///\e
    typedef bool Value;
    ///\e
    typedef IT Iterator;

    /// Constructor
    LoggerBoolMap(Iterator it)
      : _begin(it), _end(it) {}

    /// Gives back the given iterator set for the first key
    Iterator begin() const {
      return _begin;
    }

    /// Gives back the the 'after the last' iterator
    Iterator end() const {
      return _end;
    }

    /// The set function of the map
    void set(const Key& key, Value value) {
      if (value) {
        *_end++ = key;
      }
    }

  private:
    Iterator _begin;
    Iterator _end;
  };

  /// Returns a \c LoggerBoolMap class

  /// This function just returns a \c LoggerBoolMap class.
  ///
  /// The most important usage of it is storing certain nodes or arcs
  /// that were marked \c true by an algorithm.
  /// For example, it makes easier to store the nodes in the processing
  /// order of Dfs algorithm, as the following examples show.
  /// \code
  ///   std::vector<Node> v;
  ///   dfs(g).processedMap(loggerBoolMap(std::back_inserter(v))).run(s);
  /// \endcode
  /// \code
  ///   std::vector<Node> v(countNodes(g));
  ///   dfs(g).processedMap(loggerBoolMap(v.begin())).run(s);
  /// \endcode
  ///
  /// \note The container of the iterator must contain enough space
  /// for the elements or the iterator should be an inserter iterator.
  ///
  /// \note LoggerBoolMap is just \ref concepts::WriteMap "writable", so
  /// it cannot be used when a readable map is needed, for example, as
  /// \c ReachedMap for \c Bfs, \c Dfs and \c Dijkstra algorithms.
  ///
  /// \relates LoggerBoolMap
  template<typename Iterator>
  inline LoggerBoolMap<Iterator> loggerBoolMap(Iterator it) {
    return LoggerBoolMap<Iterator>(it);
  }

  /// @}

  /// \addtogroup graph_maps
  /// @{

  /// \brief Provides an immutable and unique id for each item in a graph.
  ///
  /// IdMap provides a unique and immutable id for each item of the
  /// same type (\c Node, \c Arc or \c Edge) in a graph. This id is
  ///  - \b unique: different items get different ids,
  ///  - \b immutable: the id of an item does not change (even if you
  ///    delete other nodes).
  ///
  /// Using this map you get access (i.e. can read) the inner id values of
  /// the items stored in the graph, which is returned by the \c id()
  /// function of the graph. This map can be inverted with its member
  /// class \c InverseMap or with the \c operator()() member.
  ///
  /// \tparam GR The graph type.
  /// \tparam K The key type of the map (\c GR::Node, \c GR::Arc or
  /// \c GR::Edge).
  ///
  /// \see RangeIdMap
  template <typename GR, typename K>
  class IdMap : public MapBase<K, int> {
  public:
    /// The graph type of IdMap.
    typedef GR Graph;
    typedef GR Digraph;
    /// The key type of IdMap (\c Node, \c Arc or \c Edge).
    typedef K Item;
    /// The key type of IdMap (\c Node, \c Arc or \c Edge).
    typedef K Key;
    /// The value type of IdMap.
    typedef int Value;

    /// \brief Constructor.
    ///
    /// Constructor of the map.
    explicit IdMap(const Graph& graph) : _graph(&graph) {}

    /// \brief Gives back the \e id of the item.
    ///
    /// Gives back the immutable and unique \e id of the item.
    int operator[](const Item& item) const { return _graph->id(item);}

    /// \brief Gives back the \e item by its id.
    ///
    /// Gives back the \e item by its id.
    Item operator()(int id) { return _graph->fromId(id, Item()); }

  private:
    const Graph* _graph;

  public:

    /// \brief The inverse map type of IdMap.
    ///
    /// The inverse map type of IdMap. The subscript operator gives back
    /// an item by its id.
    /// This type conforms to the \ref concepts::ReadMap "ReadMap" concept.
    /// \see inverse()
    class InverseMap {
    public:

      /// \brief Constructor.
      ///
      /// Constructor for creating an id-to-item map.
      explicit InverseMap(const Graph& graph) : _graph(&graph) {}

      /// \brief Constructor.
      ///
      /// Constructor for creating an id-to-item map.
      explicit InverseMap(const IdMap& map) : _graph(map._graph) {}

      /// \brief Gives back an item by its id.
      ///
      /// Gives back an item by its id.
      Item operator[](int id) const { return _graph->fromId(id, Item());}

    private:
      const Graph* _graph;
    };

    /// \brief Gives back the inverse of the map.
    ///
    /// Gives back the inverse of the IdMap.
    InverseMap inverse() const { return InverseMap(*_graph);}
  };

  /// \brief Returns an \c IdMap class.
  ///
  /// This function just returns an \c IdMap class.
  /// \relates IdMap
  template <typename K, typename GR>
  inline IdMap<GR, K> idMap(const GR& graph) {
    return IdMap<GR, K>(graph);
  }

  /// \brief General cross reference graph map type.

  /// This class provides simple invertable graph maps.
  /// It wraps a standard graph map (\c NodeMap, \c ArcMap or \c EdgeMap)
  /// and if a key is set to a new value, then stores it in the inverse map.
  /// The graph items can be accessed by their values either using
  /// \c InverseMap or \c operator()(), and the values of the map can be
  /// accessed with an STL compatible forward iterator (\c ValueIt).
  ///
  /// This map is intended to be used when all associated values are
  /// different (the map is actually invertable) or there are only a few
  /// items with the same value.
  /// Otherwise consider to use \c IterableValueMap, which is more
  /// suitable and more efficient for such cases. It provides iterators
  /// to traverse the items with the same associated value, but
  /// it does not have \c InverseMap.
  ///
  /// This type is not reference map, so it cannot be modified with
  /// the subscript operator.
  ///
  /// \tparam GR The graph type.
  /// \tparam K The key type of the map (\c GR::Node, \c GR::Arc or
  /// \c GR::Edge).
  /// \tparam V The value type of the map.
  ///
  /// \see IterableValueMap
  template <typename GR, typename K, typename V>
  class CrossRefMap
    : protected ItemSetTraits<GR, K>::template Map<V>::Type {
  private:

    typedef typename ItemSetTraits<GR, K>::
      template Map<V>::Type Map;

    typedef std::multimap<V, K> Container;
    Container _inv_map;

  public:

    /// The graph type of CrossRefMap.
    typedef GR Graph;
    typedef GR Digraph;
    /// The key type of CrossRefMap (\c Node, \c Arc or \c Edge).
    typedef K Item;
    /// The key type of CrossRefMap (\c Node, \c Arc or \c Edge).
    typedef K Key;
    /// The value type of CrossRefMap.
    typedef V Value;

    /// \brief Constructor.
    ///
    /// Construct a new CrossRefMap for the given graph.
    explicit CrossRefMap(const Graph& graph) : Map(graph) {}

    /// \brief Forward iterator for values.
    ///
    /// This iterator is an STL compatible forward
    /// iterator on the values of the map. The values can
    /// be accessed in the <tt>[beginValue, endValue)</tt> range.
    /// They are considered with multiplicity, so each value is
    /// traversed for each item it is assigned to.
    class ValueIt
      : public std::iterator<std::forward_iterator_tag, Value> {
      friend class CrossRefMap;
    private:
      ValueIt(typename Container::const_iterator _it)
        : it(_it) {}
    public:

      /// Constructor
      ValueIt() {}

      /// \e
      ValueIt& operator++() { ++it; return *this; }
      /// \e
      ValueIt operator++(int) {
        ValueIt tmp(*this);
        operator++();
        return tmp;
      }

      /// \e
      const Value& operator*() const { return it->first; }
      /// \e
      const Value* operator->() const { return &(it->first); }

      /// \e
      bool operator==(ValueIt jt) const { return it == jt.it; }
      /// \e
      bool operator!=(ValueIt jt) const { return it != jt.it; }

    private:
      typename Container::const_iterator it;
    };

    /// Alias for \c ValueIt
    typedef ValueIt ValueIterator;

    /// \brief Returns an iterator to the first value.
    ///
    /// Returns an STL compatible iterator to the
    /// first value of the map. The values of the
    /// map can be accessed in the <tt>[beginValue, endValue)</tt>
    /// range.
    ValueIt beginValue() const {
      return ValueIt(_inv_map.begin());
    }

    /// \brief Returns an iterator after the last value.
    ///
    /// Returns an STL compatible iterator after the
    /// last value of the map. The values of the
    /// map can be accessed in the <tt>[beginValue, endValue)</tt>
    /// range.
    ValueIt endValue() const {
      return ValueIt(_inv_map.end());
    }

    /// \brief Sets the value associated with the given key.
    ///
    /// Sets the value associated with the given key.
    void set(const Key& key, const Value& val) {
      Value oldval = Map::operator[](key);
      typename Container::iterator it;
      for (it = _inv_map.equal_range(oldval).first;
           it != _inv_map.equal_range(oldval).second; ++it) {
        if (it->second == key) {
          _inv_map.erase(it);
          break;
        }
      }
      _inv_map.insert(std::make_pair(val, key));
      Map::set(key, val);
    }

    /// \brief Returns the value associated with the given key.
    ///
    /// Returns the value associated with the given key.
    typename MapTraits<Map>::ConstReturnValue
    operator[](const Key& key) const {
      return Map::operator[](key);
    }

    /// \brief Gives back an item by its value.
    ///
    /// This function gives back an item that is assigned to
    /// the given value or \c INVALID if no such item exists.
    /// If there are more items with the same associated value,
    /// only one of them is returned.
    Key operator()(const Value& val) const {
      typename Container::const_iterator it = _inv_map.find(val);
      return it != _inv_map.end() ? it->second : INVALID;
    }

    /// \brief Returns the number of items with the given value.
    ///
    /// This function returns the number of items with the given value
    /// associated with it.
    int count(const Value &val) const {
      return _inv_map.count(val);
    }

  protected:

    /// \brief Erase the key from the map and the inverse map.
    ///
    /// Erase the key from the map and the inverse map. It is called by the
    /// \c AlterationNotifier.
    virtual void erase(const Key& key) {
      Value val = Map::operator[](key);
      typename Container::iterator it;
      for (it = _inv_map.equal_range(val).first;
           it != _inv_map.equal_range(val).second; ++it) {
        if (it->second == key) {
          _inv_map.erase(it);
          break;
        }
      }
      Map::erase(key);
    }

    /// \brief Erase more keys from the map and the inverse map.
    ///
    /// Erase more keys from the map and the inverse map. It is called by the
    /// \c AlterationNotifier.
    virtual void erase(const std::vector<Key>& keys) {
      for (int i = 0; i < int(keys.size()); ++i) {
        Value val = Map::operator[](keys[i]);
        typename Container::iterator it;
        for (it = _inv_map.equal_range(val).first;
             it != _inv_map.equal_range(val).second; ++it) {
          if (it->second == keys[i]) {
            _inv_map.erase(it);
            break;
          }
        }
      }
      Map::erase(keys);
    }

    /// \brief Clear the keys from the map and the inverse map.
    ///
    /// Clear the keys from the map and the inverse map. It is called by the
    /// \c AlterationNotifier.
    virtual void clear() {
      _inv_map.clear();
      Map::clear();
    }

  public:

    /// \brief The inverse map type of CrossRefMap.
    ///
    /// The inverse map type of CrossRefMap. The subscript operator gives
    /// back an item by its value.
    /// This type conforms to the \ref concepts::ReadMap "ReadMap" concept.
    /// \see inverse()
    class InverseMap {
    public:
      /// \brief Constructor
      ///
      /// Constructor of the InverseMap.
      explicit InverseMap(const CrossRefMap& inverted)
        : _inverted(inverted) {}

      /// The value type of the InverseMap.
      typedef typename CrossRefMap::Key Value;
      /// The key type of the InverseMap.
      typedef typename CrossRefMap::Value Key;

      /// \brief Subscript operator.
      ///
      /// Subscript operator. It gives back an item
      /// that is assigned to the given value or \c INVALID
      /// if no such item exists.
      Value operator[](const Key& key) const {
        return _inverted(key);
      }

    private:
      const CrossRefMap& _inverted;
    };

    /// \brief Gives back the inverse of the map.
    ///
    /// Gives back the inverse of the CrossRefMap.
    InverseMap inverse() const {
      return InverseMap(*this);
    }

  };

  /// \brief Provides continuous and unique id for the
  /// items of a graph.
  ///
  /// RangeIdMap provides a unique and continuous
  /// id for each item of a given type (\c Node, \c Arc or
  /// \c Edge) in a graph. This id is
  ///  - \b unique: different items get different ids,
  ///  - \b continuous: the range of the ids is the set of integers
  ///    between 0 and \c n-1, where \c n is the number of the items of
  ///    this type (\c Node, \c Arc or \c Edge).
  ///  - So, the ids can change when deleting an item of the same type.
  ///
  /// Thus this id is not (necessarily) the same as what can get using
  /// the \c id() function of the graph or \ref IdMap.
  /// This map can be inverted with its member class \c InverseMap,
  /// or with the \c operator()() member.
  ///
  /// \tparam GR The graph type.
  /// \tparam K The key type of the map (\c GR::Node, \c GR::Arc or
  /// \c GR::Edge).
  ///
  /// \see IdMap
  template <typename GR, typename K>
  class RangeIdMap
    : protected ItemSetTraits<GR, K>::template Map<int>::Type {

    typedef typename ItemSetTraits<GR, K>::template Map<int>::Type Map;

  public:
    /// The graph type of RangeIdMap.
    typedef GR Graph;
    typedef GR Digraph;
    /// The key type of RangeIdMap (\c Node, \c Arc or \c Edge).
    typedef K Item;
    /// The key type of RangeIdMap (\c Node, \c Arc or \c Edge).
    typedef K Key;
    /// The value type of RangeIdMap.
    typedef int Value;

    /// \brief Constructor.
    ///
    /// Constructor.
    explicit RangeIdMap(const Graph& gr) : Map(gr) {
      Item it;
      const typename Map::Notifier* nf = Map::notifier();
      for (nf->first(it); it != INVALID; nf->next(it)) {
        Map::set(it, _inv_map.size());
        _inv_map.push_back(it);
      }
    }

  protected:

    /// \brief Adds a new key to the map.
    ///
    /// Add a new key to the map. It is called by the
    /// \c AlterationNotifier.
    virtual void add(const Item& item) {
      Map::add(item);
      Map::set(item, _inv_map.size());
      _inv_map.push_back(item);
    }

    /// \brief Add more new keys to the map.
    ///
    /// Add more new keys to the map. It is called by the
    /// \c AlterationNotifier.
    virtual void add(const std::vector<Item>& items) {
      Map::add(items);
      for (int i = 0; i < int(items.size()); ++i) {
        Map::set(items[i], _inv_map.size());
        _inv_map.push_back(items[i]);
      }
    }

    /// \brief Erase the key from the map.
    ///
    /// Erase the key from the map. It is called by the
    /// \c AlterationNotifier.
    virtual void erase(const Item& item) {
      Map::set(_inv_map.back(), Map::operator[](item));
      _inv_map[Map::operator[](item)] = _inv_map.back();
      _inv_map.pop_back();
      Map::erase(item);
    }

    /// \brief Erase more keys from the map.
    ///
    /// Erase more keys from the map. It is called by the
    /// \c AlterationNotifier.
    virtual void erase(const std::vector<Item>& items) {
      for (int i = 0; i < int(items.size()); ++i) {
        Map::set(_inv_map.back(), Map::operator[](items[i]));
        _inv_map[Map::operator[](items[i])] = _inv_map.back();
        _inv_map.pop_back();
      }
      Map::erase(items);
    }

    /// \brief Build the unique map.
    ///
    /// Build the unique map. It is called by the
    /// \c AlterationNotifier.
    virtual void build() {
      Map::build();
      Item it;
      const typename Map::Notifier* nf = Map::notifier();
      for (nf->first(it); it != INVALID; nf->next(it)) {
        Map::set(it, _inv_map.size());
        _inv_map.push_back(it);
      }
    }

    /// \brief Clear the keys from the map.
    ///
    /// Clear the keys from the map. It is called by the
    /// \c AlterationNotifier.
    virtual void clear() {
      _inv_map.clear();
      Map::clear();
    }

  public:

    /// \brief Returns the maximal value plus one.
    ///
    /// Returns the maximal value plus one in the map.
    unsigned int size() const {
      return _inv_map.size();
    }

    /// \brief Swaps the position of the two items in the map.
    ///
    /// Swaps the position of the two items in the map.
    void swap(const Item& p, const Item& q) {
      int pi = Map::operator[](p);
      int qi = Map::operator[](q);
      Map::set(p, qi);
      _inv_map[qi] = p;
      Map::set(q, pi);
      _inv_map[pi] = q;
    }

    /// \brief Gives back the \e range \e id of the item
    ///
    /// Gives back the \e range \e id of the item.
    int operator[](const Item& item) const {
      return Map::operator[](item);
    }

    /// \brief Gives back the item belonging to a \e range \e id
    ///
    /// Gives back the item belonging to the given \e range \e id.
    Item operator()(int id) const {
      return _inv_map[id];
    }

  private:

    typedef std::vector<Item> Container;
    Container _inv_map;

  public:

    /// \brief The inverse map type of RangeIdMap.
    ///
    /// The inverse map type of RangeIdMap. The subscript operator gives
    /// back an item by its \e range \e id.
    /// This type conforms to the \ref concepts::ReadMap "ReadMap" concept.
    class InverseMap {
    public:
      /// \brief Constructor
      ///
      /// Constructor of the InverseMap.
      explicit InverseMap(const RangeIdMap& inverted)
        : _inverted(inverted) {}


      /// The value type of the InverseMap.
      typedef typename RangeIdMap::Key Value;
      /// The key type of the InverseMap.
      typedef typename RangeIdMap::Value Key;

      /// \brief Subscript operator.
      ///
      /// Subscript operator. It gives back the item
      /// that the given \e range \e id currently belongs to.
      Value operator[](const Key& key) const {
        return _inverted(key);
      }

      /// \brief Size of the map.
      ///
      /// Returns the size of the map.
      unsigned int size() const {
        return _inverted.size();
      }

    private:
      const RangeIdMap& _inverted;
    };

    /// \brief Gives back the inverse of the map.
    ///
    /// Gives back the inverse of the RangeIdMap.
    const InverseMap inverse() const {
      return InverseMap(*this);
    }
  };

  /// \brief Returns a \c RangeIdMap class.
  ///
  /// This function just returns an \c RangeIdMap class.
  /// \relates RangeIdMap
  template <typename K, typename GR>
  inline RangeIdMap<GR, K> rangeIdMap(const GR& graph) {
    return RangeIdMap<GR, K>(graph);
  }

  /// \brief Dynamic iterable \c bool map.
  ///
  /// This class provides a special graph map type which can store a
  /// \c bool value for graph items (\c Node, \c Arc or \c Edge).
  /// For both \c true and \c false values it is possible to iterate on
  /// the keys mapped to the value.
  ///
  /// This type is a reference map, so it can be modified with the
  /// subscript operator.
  ///
  /// \tparam GR The graph type.
  /// \tparam K The key type of the map (\c GR::Node, \c GR::Arc or
  /// \c GR::Edge).
  ///
  /// \see IterableIntMap, IterableValueMap
  /// \see CrossRefMap
  template <typename GR, typename K>
  class IterableBoolMap
    : protected ItemSetTraits<GR, K>::template Map<int>::Type {
  private:
    typedef GR Graph;

    typedef typename ItemSetTraits<GR, K>::ItemIt KeyIt;
    typedef typename ItemSetTraits<GR, K>::template Map<int>::Type Parent;

    std::vector<K> _array;
    int _sep;

  public:

    /// Indicates that the map is reference map.
    typedef True ReferenceMapTag;

    /// The key type
    typedef K Key;
    /// The value type
    typedef bool Value;
    /// The const reference type.
    typedef const Value& ConstReference;

  private:

    int position(const Key& key) const {
      return Parent::operator[](key);
    }

  public:

    /// \brief Reference to the value of the map.
    ///
    /// This class is similar to the \c bool type. It can be converted to
    /// \c bool and it provides the same operators.
    class Reference {
      friend class IterableBoolMap;
    private:
      Reference(IterableBoolMap& map, const Key& key)
        : _key(key), _map(map) {}
    public:

      Reference& operator=(const Reference& value) {
        _map.set(_key, static_cast<bool>(value));
         return *this;
      }

      operator bool() const {
        return static_cast<const IterableBoolMap&>(_map)[_key];
      }

      Reference& operator=(bool value) {
        _map.set(_key, value);
        return *this;
      }
      Reference& operator&=(bool value) {
        _map.set(_key, _map[_key] & value);
        return *this;
      }
      Reference& operator|=(bool value) {
        _map.set(_key, _map[_key] | value);
        return *this;
      }
      Reference& operator^=(bool value) {
        _map.set(_key, _map[_key] ^ value);
        return *this;
      }
    private:
      Key _key;
      IterableBoolMap& _map;
    };

    /// \brief Constructor of the map with a default value.
    ///
    /// Constructor of the map with a default value.
    explicit IterableBoolMap(const Graph& graph, bool def = false)
      : Parent(graph) {
      typename Parent::Notifier* nf = Parent::notifier();
      Key it;
      for (nf->first(it); it != INVALID; nf->next(it)) {
        Parent::set(it, _array.size());
        _array.push_back(it);
      }
      _sep = (def ? _array.size() : 0);
    }

    /// \brief Const subscript operator of the map.
    ///
    /// Const subscript operator of the map.
    bool operator[](const Key& key) const {
      return position(key) < _sep;
    }

    /// \brief Subscript operator of the map.
    ///
    /// Subscript operator of the map.
    Reference operator[](const Key& key) {
      return Reference(*this, key);
    }

    /// \brief Set operation of the map.
    ///
    /// Set operation of the map.
    void set(const Key& key, bool value) {
      int pos = position(key);
      if (value) {
        if (pos < _sep) return;
        Key tmp = _array[_sep];
        _array[_sep] = key;
        Parent::set(key, _sep);
        _array[pos] = tmp;
        Parent::set(tmp, pos);
        ++_sep;
      } else {
        if (pos >= _sep) return;
        --_sep;
        Key tmp = _array[_sep];
        _array[_sep] = key;
        Parent::set(key, _sep);
        _array[pos] = tmp;
        Parent::set(tmp, pos);
      }
    }

    /// \brief Set all items.
    ///
    /// Set all items in the map.
    /// \note Constant time operation.
    void setAll(bool value) {
      _sep = (value ? _array.size() : 0);
    }

    /// \brief Returns the number of the keys mapped to \c true.
    ///
    /// Returns the number of the keys mapped to \c true.
    int trueNum() const {
      return _sep;
    }

    /// \brief Returns the number of the keys mapped to \c false.
    ///
    /// Returns the number of the keys mapped to \c false.
    int falseNum() const {
      return _array.size() - _sep;
    }

    /// \brief Iterator for the keys mapped to \c true.
    ///
    /// Iterator for the keys mapped to \c true. It works
    /// like a graph item iterator, it can be converted to
    /// the key type of the map, incremented with \c ++ operator, and
    /// if the iterator leaves the last valid key, it will be equal to
    /// \c INVALID.
    class TrueIt : public Key {
    public:
      typedef Key Parent;

      /// \brief Creates an iterator.
      ///
      /// Creates an iterator. It iterates on the
      /// keys mapped to \c true.
      /// \param map The IterableBoolMap.
      explicit TrueIt(const IterableBoolMap& map)
        : Parent(map._sep > 0 ? map._array[map._sep - 1] : INVALID),
          _map(&map) {}

      /// \brief Invalid constructor \& conversion.
      ///
      /// This constructor initializes the iterator to be invalid.
      /// \sa Invalid for more details.
      TrueIt(Invalid) : Parent(INVALID), _map(0) {}

      /// \brief Increment operator.
      ///
      /// Increment operator.
      TrueIt& operator++() {
        int pos = _map->position(*this);
        Parent::operator=(pos > 0 ? _map->_array[pos - 1] : INVALID);
        return *this;
      }

    private:
      const IterableBoolMap* _map;
    };

    /// \brief Iterator for the keys mapped to \c false.
    ///
    /// Iterator for the keys mapped to \c false. It works
    /// like a graph item iterator, it can be converted to
    /// the key type of the map, incremented with \c ++ operator, and
    /// if the iterator leaves the last valid key, it will be equal to
    /// \c INVALID.
    class FalseIt : public Key {
    public:
      typedef Key Parent;

      /// \brief Creates an iterator.
      ///
      /// Creates an iterator. It iterates on the
      /// keys mapped to \c false.
      /// \param map The IterableBoolMap.
      explicit FalseIt(const IterableBoolMap& map)
        : Parent(map._sep < int(map._array.size()) ?
                 map._array.back() : INVALID), _map(&map) {}

      /// \brief Invalid constructor \& conversion.
      ///
      /// This constructor initializes the iterator to be invalid.
      /// \sa Invalid for more details.
      FalseIt(Invalid) : Parent(INVALID), _map(0) {}

      /// \brief Increment operator.
      ///
      /// Increment operator.
      FalseIt& operator++() {
        int pos = _map->position(*this);
        Parent::operator=(pos > _map->_sep ? _map->_array[pos - 1] : INVALID);
        return *this;
      }

    private:
      const IterableBoolMap* _map;
    };

    /// \brief Iterator for the keys mapped to a given value.
    ///
    /// Iterator for the keys mapped to a given value. It works
    /// like a graph item iterator, it can be converted to
    /// the key type of the map, incremented with \c ++ operator, and
    /// if the iterator leaves the last valid key, it will be equal to
    /// \c INVALID.
    class ItemIt : public Key {
    public:
      typedef Key Parent;

      /// \brief Creates an iterator with a value.
      ///
      /// Creates an iterator with a value. It iterates on the
      /// keys mapped to the given value.
      /// \param map The IterableBoolMap.
      /// \param value The value.
      ItemIt(const IterableBoolMap& map, bool value)
        : Parent(value ?
                 (map._sep > 0 ?
                  map._array[map._sep - 1] : INVALID) :
                 (map._sep < int(map._array.size()) ?
                  map._array.back() : INVALID)), _map(&map) {}

      /// \brief Invalid constructor \& conversion.
      ///
      /// This constructor initializes the iterator to be invalid.
      /// \sa Invalid for more details.
      ItemIt(Invalid) : Parent(INVALID), _map(0) {}

      /// \brief Increment operator.
      ///
      /// Increment operator.
      ItemIt& operator++() {
        int pos = _map->position(*this);
        int _sep = pos >= _map->_sep ? _map->_sep : 0;
        Parent::operator=(pos > _sep ? _map->_array[pos - 1] : INVALID);
        return *this;
      }

    private:
      const IterableBoolMap* _map;
    };

  protected:

    virtual void add(const Key& key) {
      Parent::add(key);
      Parent::set(key, _array.size());
      _array.push_back(key);
    }

    virtual void add(const std::vector<Key>& keys) {
      Parent::add(keys);
      for (int i = 0; i < int(keys.size()); ++i) {
        Parent::set(keys[i], _array.size());
        _array.push_back(keys[i]);
      }
    }

    virtual void erase(const Key& key) {
      int pos = position(key);
      if (pos < _sep) {
        --_sep;
        Parent::set(_array[_sep], pos);
        _array[pos] = _array[_sep];
        Parent::set(_array.back(), _sep);
        _array[_sep] = _array.back();
        _array.pop_back();
      } else {
        Parent::set(_array.back(), pos);
        _array[pos] = _array.back();
        _array.pop_back();
      }
      Parent::erase(key);
    }

    virtual void erase(const std::vector<Key>& keys) {
      for (int i = 0; i < int(keys.size()); ++i) {
        int pos = position(keys[i]);
        if (pos < _sep) {
          --_sep;
          Parent::set(_array[_sep], pos);
          _array[pos] = _array[_sep];
          Parent::set(_array.back(), _sep);
          _array[_sep] = _array.back();
          _array.pop_back();
        } else {
          Parent::set(_array.back(), pos);
          _array[pos] = _array.back();
          _array.pop_back();
        }
      }
      Parent::erase(keys);
    }

    virtual void build() {
      Parent::build();
      typename Parent::Notifier* nf = Parent::notifier();
      Key it;
      for (nf->first(it); it != INVALID; nf->next(it)) {
        Parent::set(it, _array.size());
        _array.push_back(it);
      }
      _sep = 0;
    }

    virtual void clear() {
      _array.clear();
      _sep = 0;
      Parent::clear();
    }

  };


  namespace _maps_bits {
    template <typename Item>
    struct IterableIntMapNode {
      IterableIntMapNode() : value(-1) {}
      IterableIntMapNode(int _value) : value(_value) {}
      Item prev, next;
      int value;
    };
  }

  /// \brief Dynamic iterable integer map.
  ///
  /// This class provides a special graph map type which can store an
  /// integer value for graph items (\c Node, \c Arc or \c Edge).
  /// For each non-negative value it is possible to iterate on the keys
  /// mapped to the value.
  ///
  /// This map is intended to be used with small integer values, for which
  /// it is efficient, and supports iteration only for non-negative values.
  /// If you need large values and/or iteration for negative integers,
  /// consider to use \ref IterableValueMap instead.
  ///
  /// This type is a reference map, so it can be modified with the
  /// subscript operator.
  ///
  /// \note The size of the data structure depends on the largest
  /// value in the map.
  ///
  /// \tparam GR The graph type.
  /// \tparam K The key type of the map (\c GR::Node, \c GR::Arc or
  /// \c GR::Edge).
  ///
  /// \see IterableBoolMap, IterableValueMap
  /// \see CrossRefMap
  template <typename GR, typename K>
  class IterableIntMap
    : protected ItemSetTraits<GR, K>::
        template Map<_maps_bits::IterableIntMapNode<K> >::Type {
  public:
    typedef typename ItemSetTraits<GR, K>::
      template Map<_maps_bits::IterableIntMapNode<K> >::Type Parent;

    /// The key type
    typedef K Key;
    /// The value type
    typedef int Value;
    /// The graph type
    typedef GR Graph;

    /// \brief Constructor of the map.
    ///
    /// Constructor of the map. It sets all values to -1.
    explicit IterableIntMap(const Graph& graph)
      : Parent(graph) {}

    /// \brief Constructor of the map with a given value.
    ///
    /// Constructor of the map with a given value.
    explicit IterableIntMap(const Graph& graph, int value)
      : Parent(graph, _maps_bits::IterableIntMapNode<K>(value)) {
      if (value >= 0) {
        for (typename Parent::ItemIt it(*this); it != INVALID; ++it) {
          lace(it);
        }
      }
    }

  private:

    void unlace(const Key& key) {
      typename Parent::Value& node = Parent::operator[](key);
      if (node.value < 0) return;
      if (node.prev != INVALID) {
        Parent::operator[](node.prev).next = node.next;
      } else {
        _first[node.value] = node.next;
      }
      if (node.next != INVALID) {
        Parent::operator[](node.next).prev = node.prev;
      }
      while (!_first.empty() && _first.back() == INVALID) {
        _first.pop_back();
      }
    }

    void lace(const Key& key) {
      typename Parent::Value& node = Parent::operator[](key);
      if (node.value < 0) return;
      if (node.value >= int(_first.size())) {
        _first.resize(node.value + 1, INVALID);
      }
      node.prev = INVALID;
      node.next = _first[node.value];
      if (node.next != INVALID) {
        Parent::operator[](node.next).prev = key;
      }
      _first[node.value] = key;
    }

  public:

    /// Indicates that the map is reference map.
    typedef True ReferenceMapTag;

    /// \brief Reference to the value of the map.
    ///
    /// This class is similar to the \c int type. It can
    /// be converted to \c int and it has the same operators.
    class Reference {
      friend class IterableIntMap;
    private:
      Reference(IterableIntMap& map, const Key& key)
        : _key(key), _map(map) {}
    public:

      Reference& operator=(const Reference& value) {
        _map.set(_key, static_cast<const int&>(value));
         return *this;
      }

      operator const int&() const {
        return static_cast<const IterableIntMap&>(_map)[_key];
      }

      Reference& operator=(int value) {
        _map.set(_key, value);
        return *this;
      }
      Reference& operator++() {
        _map.set(_key, _map[_key] + 1);
        return *this;
      }
      int operator++(int) {
        int value = _map[_key];
        _map.set(_key, value + 1);
        return value;
      }
      Reference& operator--() {
        _map.set(_key, _map[_key] - 1);
        return *this;
      }
      int operator--(int) {
        int value = _map[_key];
        _map.set(_key, value - 1);
        return value;
      }
      Reference& operator+=(int value) {
        _map.set(_key, _map[_key] + value);
        return *this;
      }
      Reference& operator-=(int value) {
        _map.set(_key, _map[_key] - value);
        return *this;
      }
      Reference& operator*=(int value) {
        _map.set(_key, _map[_key] * value);
        return *this;
      }
      Reference& operator/=(int value) {
        _map.set(_key, _map[_key] / value);
        return *this;
      }
      Reference& operator%=(int value) {
        _map.set(_key, _map[_key] % value);
        return *this;
      }
      Reference& operator&=(int value) {
        _map.set(_key, _map[_key] & value);
        return *this;
      }
      Reference& operator|=(int value) {
        _map.set(_key, _map[_key] | value);
        return *this;
      }
      Reference& operator^=(int value) {
        _map.set(_key, _map[_key] ^ value);
        return *this;
      }
      Reference& operator<<=(int value) {
        _map.set(_key, _map[_key] << value);
        return *this;
      }
      Reference& operator>>=(int value) {
        _map.set(_key, _map[_key] >> value);
        return *this;
      }

    private:
      Key _key;
      IterableIntMap& _map;
    };

    /// The const reference type.
    typedef const Value& ConstReference;

    /// \brief Gives back the maximal value plus one.
    ///
    /// Gives back the maximal value plus one.
    int size() const {
      return _first.size();
    }

    /// \brief Set operation of the map.
    ///
    /// Set operation of the map.
    void set(const Key& key, const Value& value) {
      unlace(key);
      Parent::operator[](key).value = value;
      lace(key);
    }

    /// \brief Const subscript operator of the map.
    ///
    /// Const subscript operator of the map.
    const Value& operator[](const Key& key) const {
      return Parent::operator[](key).value;
    }

    /// \brief Subscript operator of the map.
    ///
    /// Subscript operator of the map.
    Reference operator[](const Key& key) {
      return Reference(*this, key);
    }

    /// \brief Iterator for the keys with the same value.
    ///
    /// Iterator for the keys with the same value. It works
    /// like a graph item iterator, it can be converted to
    /// the item type of the map, incremented with \c ++ operator, and
    /// if the iterator leaves the last valid item, it will be equal to
    /// \c INVALID.
    class ItemIt : public Key {
    public:
      typedef Key Parent;

      /// \brief Invalid constructor \& conversion.
      ///
      /// This constructor initializes the iterator to be invalid.
      /// \sa Invalid for more details.
      ItemIt(Invalid) : Parent(INVALID), _map(0) {}

      /// \brief Creates an iterator with a value.
      ///
      /// Creates an iterator with a value. It iterates on the
      /// keys mapped to the given value.
      /// \param map The IterableIntMap.
      /// \param value The value.
      ItemIt(const IterableIntMap& map, int value) : _map(&map) {
        if (value < 0 || value >= int(_map->_first.size())) {
          Parent::operator=(INVALID);
        } else {
          Parent::operator=(_map->_first[value]);
        }
      }

      /// \brief Increment operator.
      ///
      /// Increment operator.
      ItemIt& operator++() {
        Parent::operator=(_map->IterableIntMap::Parent::
                          operator[](static_cast<Parent&>(*this)).next);
        return *this;
      }

    private:
      const IterableIntMap* _map;
    };

  protected:

    virtual void erase(const Key& key) {
      unlace(key);
      Parent::erase(key);
    }

    virtual void erase(const std::vector<Key>& keys) {
      for (int i = 0; i < int(keys.size()); ++i) {
        unlace(keys[i]);
      }
      Parent::erase(keys);
    }

    virtual void clear() {
      _first.clear();
      Parent::clear();
    }

  private:
    std::vector<Key> _first;
  };

  namespace _maps_bits {
    template <typename Item, typename Value>
    struct IterableValueMapNode {
      IterableValueMapNode(Value _value = Value()) : value(_value) {}
      Item prev, next;
      Value value;
    };
  }

  /// \brief Dynamic iterable map for comparable values.
  ///
  /// This class provides a special graph map type which can store a
  /// comparable value for graph items (\c Node, \c Arc or \c Edge).
  /// For each value it is possible to iterate on the keys mapped to
  /// the value (\c ItemIt), and the values of the map can be accessed
  /// with an STL compatible forward iterator (\c ValueIt).
  /// The map stores a linked list for each value, which contains
  /// the items mapped to the value, and the used values are stored
  /// in balanced binary tree (\c std::map).
  ///
  /// \ref IterableBoolMap and \ref IterableIntMap are similar classes
  /// specialized for \c bool and \c int values, respectively.
  ///
  /// This type is not reference map, so it cannot be modified with
  /// the subscript operator.
  ///
  /// \tparam GR The graph type.
  /// \tparam K The key type of the map (\c GR::Node, \c GR::Arc or
  /// \c GR::Edge).
  /// \tparam V The value type of the map. It can be any comparable
  /// value type.
  ///
  /// \see IterableBoolMap, IterableIntMap
  /// \see CrossRefMap
  template <typename GR, typename K, typename V>
  class IterableValueMap
    : protected ItemSetTraits<GR, K>::
        template Map<_maps_bits::IterableValueMapNode<K, V> >::Type {
  public:
    typedef typename ItemSetTraits<GR, K>::
      template Map<_maps_bits::IterableValueMapNode<K, V> >::Type Parent;

    /// The key type
    typedef K Key;
    /// The value type
    typedef V Value;
    /// The graph type
    typedef GR Graph;

  public:

    /// \brief Constructor of the map with a given value.
    ///
    /// Constructor of the map with a given value.
    explicit IterableValueMap(const Graph& graph,
                              const Value& value = Value())
      : Parent(graph, _maps_bits::IterableValueMapNode<K, V>(value)) {
      for (typename Parent::ItemIt it(*this); it != INVALID; ++it) {
        lace(it);
      }
    }

  protected:

    void unlace(const Key& key) {
      typename Parent::Value& node = Parent::operator[](key);
      if (node.prev != INVALID) {
        Parent::operator[](node.prev).next = node.next;
      } else {
        if (node.next != INVALID) {
          _first[node.value] = node.next;
        } else {
          _first.erase(node.value);
        }
      }
      if (node.next != INVALID) {
        Parent::operator[](node.next).prev = node.prev;
      }
    }

    void lace(const Key& key) {
      typename Parent::Value& node = Parent::operator[](key);
      typename std::map<Value, Key>::iterator it = _first.find(node.value);
      if (it == _first.end()) {
        node.prev = node.next = INVALID;
        _first.insert(std::make_pair(node.value, key));
      } else {
        node.prev = INVALID;
        node.next = it->second;
        if (node.next != INVALID) {
          Parent::operator[](node.next).prev = key;
        }
        it->second = key;
      }
    }

  public:

    /// \brief Forward iterator for values.
    ///
    /// This iterator is an STL compatible forward
    /// iterator on the values of the map. The values can
    /// be accessed in the <tt>[beginValue, endValue)</tt> range.
    class ValueIt
      : public std::iterator<std::forward_iterator_tag, Value> {
      friend class IterableValueMap;
    private:
      ValueIt(typename std::map<Value, Key>::const_iterator _it)
        : it(_it) {}
    public:

      /// Constructor
      ValueIt() {}

      /// \e
      ValueIt& operator++() { ++it; return *this; }
      /// \e
      ValueIt operator++(int) {
        ValueIt tmp(*this);
        operator++();
        return tmp;
      }

      /// \e
      const Value& operator*() const { return it->first; }
      /// \e
      const Value* operator->() const { return &(it->first); }

      /// \e
      bool operator==(ValueIt jt) const { return it == jt.it; }
      /// \e
      bool operator!=(ValueIt jt) const { return it != jt.it; }

    private:
      typename std::map<Value, Key>::const_iterator it;
    };

    /// \brief Returns an iterator to the first value.
    ///
    /// Returns an STL compatible iterator to the
    /// first value of the map. The values of the
    /// map can be accessed in the <tt>[beginValue, endValue)</tt>
    /// range.
    ValueIt beginValue() const {
      return ValueIt(_first.begin());
    }

    /// \brief Returns an iterator after the last value.
    ///
    /// Returns an STL compatible iterator after the
    /// last value of the map. The values of the
    /// map can be accessed in the <tt>[beginValue, endValue)</tt>
    /// range.
    ValueIt endValue() const {
      return ValueIt(_first.end());
    }

    /// \brief Set operation of the map.
    ///
    /// Set operation of the map.
    void set(const Key& key, const Value& value) {
      unlace(key);
      Parent::operator[](key).value = value;
      lace(key);
    }

    /// \brief Const subscript operator of the map.
    ///
    /// Const subscript operator of the map.
    const Value& operator[](const Key& key) const {
      return Parent::operator[](key).value;
    }

    /// \brief Iterator for the keys with the same value.
    ///
    /// Iterator for the keys with the same value. It works
    /// like a graph item iterator, it can be converted to
    /// the item type of the map, incremented with \c ++ operator, and
    /// if the iterator leaves the last valid item, it will be equal to
    /// \c INVALID.
    class ItemIt : public Key {
    public:
      typedef Key Parent;

      /// \brief Invalid constructor \& conversion.
      ///
      /// This constructor initializes the iterator to be invalid.
      /// \sa Invalid for more details.
      ItemIt(Invalid) : Parent(INVALID), _map(0) {}

      /// \brief Creates an iterator with a value.
      ///
      /// Creates an iterator with a value. It iterates on the
      /// keys which have the given value.
      /// \param map The IterableValueMap
      /// \param value The value
      ItemIt(const IterableValueMap& map, const Value& value) : _map(&map) {
        typename std::map<Value, Key>::const_iterator it =
          map._first.find(value);
        if (it == map._first.end()) {
          Parent::operator=(INVALID);
        } else {
          Parent::operator=(it->second);
        }
      }

      /// \brief Increment operator.
      ///
      /// Increment Operator.
      ItemIt& operator++() {
        Parent::operator=(_map->IterableValueMap::Parent::
                          operator[](static_cast<Parent&>(*this)).next);
        return *this;
      }


    private:
      const IterableValueMap* _map;
    };

  protected:

    virtual void add(const Key& key) {
      Parent::add(key);
      lace(key);
    }

    virtual void add(const std::vector<Key>& keys) {
      Parent::add(keys);
      for (int i = 0; i < int(keys.size()); ++i) {
        lace(keys[i]);
      }
    }

    virtual void erase(const Key& key) {
      unlace(key);
      Parent::erase(key);
    }

    virtual void erase(const std::vector<Key>& keys) {
      for (int i = 0; i < int(keys.size()); ++i) {
        unlace(keys[i]);
      }
      Parent::erase(keys);
    }

    virtual void build() {
      Parent::build();
      for (typename Parent::ItemIt it(*this); it != INVALID; ++it) {
        lace(it);
      }
    }

    virtual void clear() {
      _first.clear();
      Parent::clear();
    }

  private:
    std::map<Value, Key> _first;
  };

  /// \brief Map of the source nodes of arcs in a digraph.
  ///
  /// SourceMap provides access for the source node of each arc in a digraph,
  /// which is returned by the \c source() function of the digraph.
  /// \tparam GR The digraph type.
  /// \see TargetMap
  template <typename GR>
  class SourceMap {
  public:

    /// The key type (the \c Arc type of the digraph).
    typedef typename GR::Arc Key;
    /// The value type (the \c Node type of the digraph).
    typedef typename GR::Node Value;

    /// \brief Constructor
    ///
    /// Constructor.
    /// \param digraph The digraph that the map belongs to.
    explicit SourceMap(const GR& digraph) : _graph(digraph) {}

    /// \brief Returns the source node of the given arc.
    ///
    /// Returns the source node of the given arc.
    Value operator[](const Key& arc) const {
      return _graph.source(arc);
    }

  private:
    const GR& _graph;
  };

  /// \brief Returns a \c SourceMap class.
  ///
  /// This function just returns an \c SourceMap class.
  /// \relates SourceMap
  template <typename GR>
  inline SourceMap<GR> sourceMap(const GR& graph) {
    return SourceMap<GR>(graph);
  }

  /// \brief Map of the target nodes of arcs in a digraph.
  ///
  /// TargetMap provides access for the target node of each arc in a digraph,
  /// which is returned by the \c target() function of the digraph.
  /// \tparam GR The digraph type.
  /// \see SourceMap
  template <typename GR>
  class TargetMap {
  public:

    /// The key type (the \c Arc type of the digraph).
    typedef typename GR::Arc Key;
    /// The value type (the \c Node type of the digraph).
    typedef typename GR::Node Value;

    /// \brief Constructor
    ///
    /// Constructor.
    /// \param digraph The digraph that the map belongs to.
    explicit TargetMap(const GR& digraph) : _graph(digraph) {}

    /// \brief Returns the target node of the given arc.
    ///
    /// Returns the target node of the given arc.
    Value operator[](const Key& e) const {
      return _graph.target(e);
    }

  private:
    const GR& _graph;
  };

  /// \brief Returns a \c TargetMap class.
  ///
  /// This function just returns a \c TargetMap class.
  /// \relates TargetMap
  template <typename GR>
  inline TargetMap<GR> targetMap(const GR& graph) {
    return TargetMap<GR>(graph);
  }

  /// \brief Map of the "forward" directed arc view of edges in a graph.
  ///
  /// ForwardMap provides access for the "forward" directed arc view of
  /// each edge in a graph, which is returned by the \c direct() function
  /// of the graph with \c true parameter.
  /// \tparam GR The graph type.
  /// \see BackwardMap
  template <typename GR>
  class ForwardMap {
  public:

    /// The key type (the \c Edge type of the digraph).
    typedef typename GR::Edge Key;
    /// The value type (the \c Arc type of the digraph).
    typedef typename GR::Arc Value;

    /// \brief Constructor
    ///
    /// Constructor.
    /// \param graph The graph that the map belongs to.
    explicit ForwardMap(const GR& graph) : _graph(graph) {}

    /// \brief Returns the "forward" directed arc view of the given edge.
    ///
    /// Returns the "forward" directed arc view of the given edge.
    Value operator[](const Key& key) const {
      return _graph.direct(key, true);
    }

  private:
    const GR& _graph;
  };

  /// \brief Returns a \c ForwardMap class.
  ///
  /// This function just returns an \c ForwardMap class.
  /// \relates ForwardMap
  template <typename GR>
  inline ForwardMap<GR> forwardMap(const GR& graph) {
    return ForwardMap<GR>(graph);
  }

  /// \brief Map of the "backward" directed arc view of edges in a graph.
  ///
  /// BackwardMap provides access for the "backward" directed arc view of
  /// each edge in a graph, which is returned by the \c direct() function
  /// of the graph with \c false parameter.
  /// \tparam GR The graph type.
  /// \see ForwardMap
  template <typename GR>
  class BackwardMap {
  public:

    /// The key type (the \c Edge type of the digraph).
    typedef typename GR::Edge Key;
    /// The value type (the \c Arc type of the digraph).
    typedef typename GR::Arc Value;

    /// \brief Constructor
    ///
    /// Constructor.
    /// \param graph The graph that the map belongs to.
    explicit BackwardMap(const GR& graph) : _graph(graph) {}

    /// \brief Returns the "backward" directed arc view of the given edge.
    ///
    /// Returns the "backward" directed arc view of the given edge.
    Value operator[](const Key& key) const {
      return _graph.direct(key, false);
    }

  private:
    const GR& _graph;
  };

  /// \brief Returns a \c BackwardMap class

  /// This function just returns a \c BackwardMap class.
  /// \relates BackwardMap
  template <typename GR>
  inline BackwardMap<GR> backwardMap(const GR& graph) {
    return BackwardMap<GR>(graph);
  }

  /// \brief Map of the in-degrees of nodes in a digraph.
  ///
  /// This map returns the in-degree of a node. Once it is constructed,
  /// the degrees are stored in a standard \c NodeMap, so each query is done
  /// in constant time. On the other hand, the values are updated automatically
  /// whenever the digraph changes.
  ///
  /// \warning Besides \c addNode() and \c addArc(), a digraph structure
  /// may provide alternative ways to modify the digraph.
  /// The correct behavior of InDegMap is not guarantied if these additional
  /// features are used. For example, the functions
  /// \ref ListDigraph::changeSource() "changeSource()",
  /// \ref ListDigraph::changeTarget() "changeTarget()" and
  /// \ref ListDigraph::reverseArc() "reverseArc()"
  /// of \ref ListDigraph will \e not update the degree values correctly.
  ///
  /// \sa OutDegMap
  template <typename GR>
  class InDegMap
    : protected ItemSetTraits<GR, typename GR::Arc>
      ::ItemNotifier::ObserverBase {

  public:

    /// The graph type of InDegMap
    typedef GR Graph;
    typedef GR Digraph;
    /// The key type
    typedef typename Digraph::Node Key;
    /// The value type
    typedef int Value;

    typedef typename ItemSetTraits<Digraph, typename Digraph::Arc>
    ::ItemNotifier::ObserverBase Parent;

  private:

    class AutoNodeMap
      : public ItemSetTraits<Digraph, Key>::template Map<int>::Type {
    public:

      typedef typename ItemSetTraits<Digraph, Key>::
      template Map<int>::Type Parent;

      AutoNodeMap(const Digraph& digraph) : Parent(digraph, 0) {}

      virtual void add(const Key& key) {
        Parent::add(key);
        Parent::set(key, 0);
      }

      virtual void add(const std::vector<Key>& keys) {
        Parent::add(keys);
        for (int i = 0; i < int(keys.size()); ++i) {
          Parent::set(keys[i], 0);
        }
      }

      virtual void build() {
        Parent::build();
        Key it;
        typename Parent::Notifier* nf = Parent::notifier();
        for (nf->first(it); it != INVALID; nf->next(it)) {
          Parent::set(it, 0);
        }
      }
    };

  public:

    /// \brief Constructor.
    ///
    /// Constructor for creating an in-degree map.
    explicit InDegMap(const Digraph& graph)
      : _digraph(graph), _deg(graph) {
      Parent::attach(_digraph.notifier(typename Digraph::Arc()));

      for(typename Digraph::NodeIt it(_digraph); it != INVALID; ++it) {
        _deg[it] = countInArcs(_digraph, it);
      }
    }

    /// \brief Gives back the in-degree of a Node.
    ///
    /// Gives back the in-degree of a Node.
    int operator[](const Key& key) const {
      return _deg[key];
    }

  protected:

    typedef typename Digraph::Arc Arc;

    virtual void add(const Arc& arc) {
      ++_deg[_digraph.target(arc)];
    }

    virtual void add(const std::vector<Arc>& arcs) {
      for (int i = 0; i < int(arcs.size()); ++i) {
        ++_deg[_digraph.target(arcs[i])];
      }
    }

    virtual void erase(const Arc& arc) {
      --_deg[_digraph.target(arc)];
    }

    virtual void erase(const std::vector<Arc>& arcs) {
      for (int i = 0; i < int(arcs.size()); ++i) {
        --_deg[_digraph.target(arcs[i])];
      }
    }

    virtual void build() {
      for(typename Digraph::NodeIt it(_digraph); it != INVALID; ++it) {
        _deg[it] = countInArcs(_digraph, it);
      }
    }

    virtual void clear() {
      for(typename Digraph::NodeIt it(_digraph); it != INVALID; ++it) {
        _deg[it] = 0;
      }
    }
  private:

    const Digraph& _digraph;
    AutoNodeMap _deg;
  };

  /// \brief Map of the out-degrees of nodes in a digraph.
  ///
  /// This map returns the out-degree of a node. Once it is constructed,
  /// the degrees are stored in a standard \c NodeMap, so each query is done
  /// in constant time. On the other hand, the values are updated automatically
  /// whenever the digraph changes.
  ///
  /// \warning Besides \c addNode() and \c addArc(), a digraph structure
  /// may provide alternative ways to modify the digraph.
  /// The correct behavior of OutDegMap is not guarantied if these additional
  /// features are used. For example, the functions
  /// \ref ListDigraph::changeSource() "changeSource()",
  /// \ref ListDigraph::changeTarget() "changeTarget()" and
  /// \ref ListDigraph::reverseArc() "reverseArc()"
  /// of \ref ListDigraph will \e not update the degree values correctly.
  ///
  /// \sa InDegMap
  template <typename GR>
  class OutDegMap
    : protected ItemSetTraits<GR, typename GR::Arc>
      ::ItemNotifier::ObserverBase {

  public:

    /// The graph type of OutDegMap
    typedef GR Graph;
    typedef GR Digraph;
    /// The key type
    typedef typename Digraph::Node Key;
    /// The value type
    typedef int Value;

    typedef typename ItemSetTraits<Digraph, typename Digraph::Arc>
    ::ItemNotifier::ObserverBase Parent;

  private:

    class AutoNodeMap
      : public ItemSetTraits<Digraph, Key>::template Map<int>::Type {
    public:

      typedef typename ItemSetTraits<Digraph, Key>::
      template Map<int>::Type Parent;

      AutoNodeMap(const Digraph& digraph) : Parent(digraph, 0) {}

      virtual void add(const Key& key) {
        Parent::add(key);
        Parent::set(key, 0);
      }
      virtual void add(const std::vector<Key>& keys) {
        Parent::add(keys);
        for (int i = 0; i < int(keys.size()); ++i) {
          Parent::set(keys[i], 0);
        }
      }
      virtual void build() {
        Parent::build();
        Key it;
        typename Parent::Notifier* nf = Parent::notifier();
        for (nf->first(it); it != INVALID; nf->next(it)) {
          Parent::set(it, 0);
        }
      }
    };

  public:

    /// \brief Constructor.
    ///
    /// Constructor for creating an out-degree map.
    explicit OutDegMap(const Digraph& graph)
      : _digraph(graph), _deg(graph) {
      Parent::attach(_digraph.notifier(typename Digraph::Arc()));

      for(typename Digraph::NodeIt it(_digraph); it != INVALID; ++it) {
        _deg[it] = countOutArcs(_digraph, it);
      }
    }

    /// \brief Gives back the out-degree of a Node.
    ///
    /// Gives back the out-degree of a Node.
    int operator[](const Key& key) const {
      return _deg[key];
    }

  protected:

    typedef typename Digraph::Arc Arc;

    virtual void add(const Arc& arc) {
      ++_deg[_digraph.source(arc)];
    }

    virtual void add(const std::vector<Arc>& arcs) {
      for (int i = 0; i < int(arcs.size()); ++i) {
        ++_deg[_digraph.source(arcs[i])];
      }
    }

    virtual void erase(const Arc& arc) {
      --_deg[_digraph.source(arc)];
    }

    virtual void erase(const std::vector<Arc>& arcs) {
      for (int i = 0; i < int(arcs.size()); ++i) {
        --_deg[_digraph.source(arcs[i])];
      }
    }

    virtual void build() {
      for(typename Digraph::NodeIt it(_digraph); it != INVALID; ++it) {
        _deg[it] = countOutArcs(_digraph, it);
      }
    }

    virtual void clear() {
      for(typename Digraph::NodeIt it(_digraph); it != INVALID; ++it) {
        _deg[it] = 0;
      }
    }
  private:

    const Digraph& _digraph;
    AutoNodeMap _deg;
  };

  /// \brief Potential difference map
  ///
  /// PotentialDifferenceMap returns the difference between the potentials of
  /// the source and target nodes of each arc in a digraph, i.e. it returns
  /// \code
  ///   potential[gr.target(arc)] - potential[gr.source(arc)].
  /// \endcode
  /// \tparam GR The digraph type.
  /// \tparam POT A node map storing the potentials.
  template <typename GR, typename POT>
  class PotentialDifferenceMap {
  public:
    /// Key type
    typedef typename GR::Arc Key;
    /// Value type
    typedef typename POT::Value Value;

    /// \brief Constructor
    ///
    /// Contructor of the map.
    explicit PotentialDifferenceMap(const GR& gr,
                                    const POT& potential)
      : _digraph(gr), _potential(potential) {}

    /// \brief Returns the potential difference for the given arc.
    ///
    /// Returns the potential difference for the given arc, i.e.
    /// \code
    ///   potential[gr.target(arc)] - potential[gr.source(arc)].
    /// \endcode
    Value operator[](const Key& arc) const {
      return _potential[_digraph.target(arc)] -
        _potential[_digraph.source(arc)];
    }

  private:
    const GR& _digraph;
    const POT& _potential;
  };

  /// \brief Returns a PotentialDifferenceMap.
  ///
  /// This function just returns a PotentialDifferenceMap.
  /// \relates PotentialDifferenceMap
  template <typename GR, typename POT>
  PotentialDifferenceMap<GR, POT>
  potentialDifferenceMap(const GR& gr, const POT& potential) {
    return PotentialDifferenceMap<GR, POT>(gr, potential);
  }


  /// \brief Copy the values of a graph map to another map.
  ///
  /// This function copies the values of a graph map to another graph map.
  /// \c To::Key must be equal or convertible to \c From::Key and
  /// \c From::Value must be equal or convertible to \c To::Value.
  ///
  /// For example, an edge map of \c int value type can be copied to
  /// an arc map of \c double value type in an undirected graph, but
  /// an arc map cannot be copied to an edge map.
  /// Note that even a \ref ConstMap can be copied to a standard graph map,
  /// but \ref mapFill() can also be used for this purpose.
  ///
  /// \param gr The graph for which the maps are defined.
  /// \param from The map from which the values have to be copied.
  /// It must conform to the \ref concepts::ReadMap "ReadMap" concept.
  /// \param to The map to which the values have to be copied.
  /// It must conform to the \ref concepts::WriteMap "WriteMap" concept.
  template <typename GR, typename From, typename To>
  void mapCopy(const GR& gr, const From& from, To& to) {
    typedef typename To::Key Item;
    typedef typename ItemSetTraits<GR, Item>::ItemIt ItemIt;

    for (ItemIt it(gr); it != INVALID; ++it) {
      to.set(it, from[it]);
    }
  }

  /// \brief Compare two graph maps.
  ///
  /// This function compares the values of two graph maps. It returns
  /// \c true if the maps assign the same value for all items in the graph.
  /// The \c Key type of the maps (\c Node, \c Arc or \c Edge) must be equal
  /// and their \c Value types must be comparable using \c %operator==().
  ///
  /// \param gr The graph for which the maps are defined.
  /// \param map1 The first map.
  /// \param map2 The second map.
  template <typename GR, typename Map1, typename Map2>
  bool mapCompare(const GR& gr, const Map1& map1, const Map2& map2) {
    typedef typename Map2::Key Item;
    typedef typename ItemSetTraits<GR, Item>::ItemIt ItemIt;

    for (ItemIt it(gr); it != INVALID; ++it) {
      if (!(map1[it] == map2[it])) return false;
    }
    return true;
  }

  /// \brief Return an item having minimum value of a graph map.
  ///
  /// This function returns an item (\c Node, \c Arc or \c Edge) having
  /// minimum value of the given graph map.
  /// If the item set is empty, it returns \c INVALID.
  ///
  /// \param gr The graph for which the map is defined.
  /// \param map The graph map.
  template <typename GR, typename Map>
  typename Map::Key mapMin(const GR& gr, const Map& map) {
    return mapMin(gr, map, std::less<typename Map::Value>());
  }

  /// \brief Return an item having minimum value of a graph map.
  ///
  /// This function returns an item (\c Node, \c Arc or \c Edge) having
  /// minimum value of the given graph map.
  /// If the item set is empty, it returns \c INVALID.
  ///
  /// \param gr The graph for which the map is defined.
  /// \param map The graph map.
  /// \param comp Comparison function object.
  template <typename GR, typename Map, typename Comp>
  typename Map::Key mapMin(const GR& gr, const Map& map, const Comp& comp) {
    typedef typename Map::Key Item;
    typedef typename Map::Value Value;
    typedef typename ItemSetTraits<GR, Item>::ItemIt ItemIt;

    ItemIt min_item(gr);
    if (min_item == INVALID) return INVALID;
    Value min = map[min_item];
    for (ItemIt it(gr); it != INVALID; ++it) {
      if (comp(map[it], min)) {
        min = map[it];
        min_item = it;
      }
    }
    return min_item;
  }

  /// \brief Return an item having maximum value of a graph map.
  ///
  /// This function returns an item (\c Node, \c Arc or \c Edge) having
  /// maximum value of the given graph map.
  /// If the item set is empty, it returns \c INVALID.
  ///
  /// \param gr The graph for which the map is defined.
  /// \param map The graph map.
  template <typename GR, typename Map>
  typename Map::Key mapMax(const GR& gr, const Map& map) {
    return mapMax(gr, map, std::less<typename Map::Value>());
  }

  /// \brief Return an item having maximum value of a graph map.
  ///
  /// This function returns an item (\c Node, \c Arc or \c Edge) having
  /// maximum value of the given graph map.
  /// If the item set is empty, it returns \c INVALID.
  ///
  /// \param gr The graph for which the map is defined.
  /// \param map The graph map.
  /// \param comp Comparison function object.
  template <typename GR, typename Map, typename Comp>
  typename Map::Key mapMax(const GR& gr, const Map& map, const Comp& comp) {
    typedef typename Map::Key Item;
    typedef typename Map::Value Value;
    typedef typename ItemSetTraits<GR, Item>::ItemIt ItemIt;

    ItemIt max_item(gr);
    if (max_item == INVALID) return INVALID;
    Value max = map[max_item];
    for (ItemIt it(gr); it != INVALID; ++it) {
      if (comp(max, map[it])) {
        max = map[it];
        max_item = it;
      }
    }
    return max_item;
  }

  /// \brief Return the minimum value of a graph map.
  ///
  /// This function returns the minimum value of the given graph map.
  /// The corresponding item set of the graph must not be empty.
  ///
  /// \param gr The graph for which the map is defined.
  /// \param map The graph map.
  template <typename GR, typename Map>
  typename Map::Value mapMinValue(const GR& gr, const Map& map) {
    return map[mapMin(gr, map, std::less<typename Map::Value>())];
  }

  /// \brief Return the minimum value of a graph map.
  ///
  /// This function returns the minimum value of the given graph map.
  /// The corresponding item set of the graph must not be empty.
  ///
  /// \param gr The graph for which the map is defined.
  /// \param map The graph map.
  /// \param comp Comparison function object.
  template <typename GR, typename Map, typename Comp>
  typename Map::Value
  mapMinValue(const GR& gr, const Map& map, const Comp& comp) {
    return map[mapMin(gr, map, comp)];
  }

  /// \brief Return the maximum value of a graph map.
  ///
  /// This function returns the maximum value of the given graph map.
  /// The corresponding item set of the graph must not be empty.
  ///
  /// \param gr The graph for which the map is defined.
  /// \param map The graph map.
  template <typename GR, typename Map>
  typename Map::Value mapMaxValue(const GR& gr, const Map& map) {
    return map[mapMax(gr, map, std::less<typename Map::Value>())];
  }

  /// \brief Return the maximum value of a graph map.
  ///
  /// This function returns the maximum value of the given graph map.
  /// The corresponding item set of the graph must not be empty.
  ///
  /// \param gr The graph for which the map is defined.
  /// \param map The graph map.
  /// \param comp Comparison function object.
  template <typename GR, typename Map, typename Comp>
  typename Map::Value
  mapMaxValue(const GR& gr, const Map& map, const Comp& comp) {
    return map[mapMax(gr, map, comp)];
  }

  /// \brief Return an item having a specified value in a graph map.
  ///
  /// This function returns an item (\c Node, \c Arc or \c Edge) having
  /// the specified assigned value in the given graph map.
  /// If no such item exists, it returns \c INVALID.
  ///
  /// \param gr The graph for which the map is defined.
  /// \param map The graph map.
  /// \param val The value that have to be found.
  template <typename GR, typename Map>
  typename Map::Key
  mapFind(const GR& gr, const Map& map, const typename Map::Value& val) {
    typedef typename Map::Key Item;
    typedef typename ItemSetTraits<GR, Item>::ItemIt ItemIt;

    for (ItemIt it(gr); it != INVALID; ++it) {
      if (map[it] == val) return it;
    }
    return INVALID;
  }

  /// \brief Return an item having value for which a certain predicate is
  /// true in a graph map.
  ///
  /// This function returns an item (\c Node, \c Arc or \c Edge) having
  /// such assigned value for which the specified predicate is true
  /// in the given graph map.
  /// If no such item exists, it returns \c INVALID.
  ///
  /// \param gr The graph for which the map is defined.
  /// \param map The graph map.
  /// \param pred The predicate function object.
  template <typename GR, typename Map, typename Pred>
  typename Map::Key
  mapFindIf(const GR& gr, const Map& map, const Pred& pred) {
    typedef typename Map::Key Item;
    typedef typename ItemSetTraits<GR, Item>::ItemIt ItemIt;

    for (ItemIt it(gr); it != INVALID; ++it) {
      if (pred(map[it])) return it;
    }
    return INVALID;
  }

  /// \brief Return the number of items having a specified value in a
  /// graph map.
  ///
  /// This function returns the number of items (\c Node, \c Arc or \c Edge)
  /// having the specified assigned value in the given graph map.
  ///
  /// \param gr The graph for which the map is defined.
  /// \param map The graph map.
  /// \param val The value that have to be counted.
  template <typename GR, typename Map>
  int mapCount(const GR& gr, const Map& map, const typename Map::Value& val) {
    typedef typename Map::Key Item;
    typedef typename ItemSetTraits<GR, Item>::ItemIt ItemIt;

    int cnt = 0;
    for (ItemIt it(gr); it != INVALID; ++it) {
      if (map[it] == val) ++cnt;
    }
    return cnt;
  }

  /// \brief Return the number of items having values for which a certain
  /// predicate is true in a graph map.
  ///
  /// This function returns the number of items (\c Node, \c Arc or \c Edge)
  /// having such assigned values for which the specified predicate is true
  /// in the given graph map.
  ///
  /// \param gr The graph for which the map is defined.
  /// \param map The graph map.
  /// \param pred The predicate function object.
  template <typename GR, typename Map, typename Pred>
  int mapCountIf(const GR& gr, const Map& map, const Pred& pred) {
    typedef typename Map::Key Item;
    typedef typename ItemSetTraits<GR, Item>::ItemIt ItemIt;

    int cnt = 0;
    for (ItemIt it(gr); it != INVALID; ++it) {
      if (pred(map[it])) ++cnt;
    }
    return cnt;
  }

  /// \brief Fill a graph map with a certain value.
  ///
  /// This function sets the specified value for all items (\c Node,
  /// \c Arc or \c Edge) in the given graph map.
  ///
  /// \param gr The graph for which the map is defined.
  /// \param map The graph map. It must conform to the
  /// \ref concepts::WriteMap "WriteMap" concept.
  /// \param val The value.
  template <typename GR, typename Map>
  void mapFill(const GR& gr, Map& map, const typename Map::Value& val) {
    typedef typename Map::Key Item;
    typedef typename ItemSetTraits<GR, Item>::ItemIt ItemIt;

    for (ItemIt it(gr); it != INVALID; ++it) {
      map.set(it, val);
    }
  }

  /// @}
}

#endif // LEMON_MAPS_H
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/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2009
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_BITS_MAP_EXTENDER_H
#define LEMON_BITS_MAP_EXTENDER_H

#include <iterator>

#include <lemon/bits/traits.h>

#include <lemon/concept_check.h>
#include <lemon/concepts/maps.h>

//\file
//\brief Extenders for iterable maps.

namespace lemon {

  // \ingroup graphbits
  //
  // \brief Extender for maps
  template <typename _Map>
  class MapExtender : public _Map {
    typedef _Map Parent;
    typedef typename Parent::GraphType GraphType;

  public:

    typedef MapExtender Map;
    typedef typename Parent::Key Item;

    typedef typename Parent::Key Key;
    typedef typename Parent::Value Value;
    typedef typename Parent::Reference Reference;
    typedef typename Parent::ConstReference ConstReference;

    typedef typename Parent::ReferenceMapTag ReferenceMapTag;

    class MapIt;
    class ConstMapIt;

    friend class MapIt;
    friend class ConstMapIt;

  public:

    MapExtender(const GraphType& graph)
      : Parent(graph) {}

    MapExtender(const GraphType& graph, const Value& value)
      : Parent(graph, value) {}

  private:
    MapExtender& operator=(const MapExtender& cmap) {
      return operator=<MapExtender>(cmap);
    }

    template <typename CMap>
    MapExtender& operator=(const CMap& cmap) {
      Parent::operator=(cmap);
      return *this;
    }

  public:
    class MapIt : public Item {
      typedef Item Parent;

    public:

      typedef typename Map::Value Value;

      MapIt() : map(NULL) {}

      MapIt(Invalid i) : Parent(i), map(NULL) {}

      explicit MapIt(Map& _map) : map(&_map) {
        map->notifier()->first(*this);
      }

      MapIt(const Map& _map, const Item& item)
        : Parent(item), map(&_map) {}

      MapIt& operator++() {
        map->notifier()->next(*this);
        return *this;
      }

      typename MapTraits<Map>::ConstReturnValue operator*() const {
        return (*map)[*this];
      }

      typename MapTraits<Map>::ReturnValue operator*() {
        return (*map)[*this];
      }

      void set(const Value& value) {
        map->set(*this, value);
      }

    protected:
      Map* map;

    };

    class ConstMapIt : public Item {
      typedef Item Parent;

    public:

      typedef typename Map::Value Value;

      ConstMapIt() : map(NULL) {}

      ConstMapIt(Invalid i) : Parent(i), map(NULL) {}

      explicit ConstMapIt(Map& _map) : map(&_map) {
        map->notifier()->first(*this);
      }

      ConstMapIt(const Map& _map, const Item& item)
        : Parent(item), map(_map) {}

      ConstMapIt& operator++() {
        map->notifier()->next(*this);
        return *this;
      }

      typename MapTraits<Map>::ConstReturnValue operator*() const {
        return map[*this];
      }

    protected:
      const Map* map;
    };

    class ItemIt : public Item {
      typedef Item Parent;

    public:
      ItemIt() : map(NULL) {}


      ItemIt(Invalid i) : Parent(i), map(NULL) {}

      explicit ItemIt(Map& _map) : map(&_map) {
        map->notifier()->first(*this);
      }

      ItemIt(const Map& _map, const Item& item)
        : Parent(item), map(&_map) {}

      ItemIt& operator++() {
        map->notifier()->next(*this);
        return *this;
      }

    protected:
      const Map* map;

    };
  };

  // \ingroup graphbits
  //
  // \brief Extender for maps which use a subset of the items.
  template <typename _Graph, typename _Map>
  class SubMapExtender : public _Map {
    typedef _Map Parent;
    typedef _Graph GraphType;

  public:

    typedef SubMapExtender Map;
    typedef typename Parent::Key Item;

    typedef typename Parent::Key Key;
    typedef typename Parent::Value Value;
    typedef typename Parent::Reference Reference;
    typedef typename Parent::ConstReference ConstReference;

    typedef typename Parent::ReferenceMapTag ReferenceMapTag;

    class MapIt;
    class ConstMapIt;

    friend class MapIt;
    friend class ConstMapIt;

  public:

    SubMapExtender(const GraphType& _graph)
      : Parent(_graph), graph(_graph) {}

    SubMapExtender(const GraphType& _graph, const Value& _value)
      : Parent(_graph, _value), graph(_graph) {}

  private:
    SubMapExtender& operator=(const SubMapExtender& cmap) {
      return operator=<MapExtender>(cmap);
    }

    template <typename CMap>
    SubMapExtender& operator=(const CMap& cmap) {
      checkConcept<concepts::ReadMap<Key, Value>, CMap>();
      Item it;
      for (graph.first(it); it != INVALID; graph.next(it)) {
        Parent::set(it, cmap[it]);
      }
      return *this;
    }

  public:
    class MapIt : public Item {
      typedef Item Parent;

    public:
      typedef typename Map::Value Value;

      MapIt() : map(NULL) {}

      MapIt(Invalid i) : Parent(i), map(NULL) { }

      explicit MapIt(Map& _map) : map(&_map) {
        map->graph.first(*this);
      }

      MapIt(const Map& _map, const Item& item)
        : Parent(item), map(&_map) {}

      MapIt& operator++() {
        map->graph.next(*this);
        return *this;
      }

      typename MapTraits<Map>::ConstReturnValue operator*() const {
        return (*map)[*this];
      }

      typename MapTraits<Map>::ReturnValue operator*() {
        return (*map)[*this];
      }

      void set(const Value& value) {
        map->set(*this, value);
      }

    protected:
      Map* map;

    };

    class ConstMapIt : public Item {
      typedef Item Parent;

    public:

      typedef typename Map::Value Value;

      ConstMapIt() : map(NULL) {}

      ConstMapIt(Invalid i) : Parent(i), map(NULL) { }

      explicit ConstMapIt(Map& _map) : map(&_map) {
        map->graph.first(*this);
      }

      ConstMapIt(const Map& _map, const Item& item)
        : Parent(item), map(&_map) {}

      ConstMapIt& operator++() {
        map->graph.next(*this);
        return *this;
      }

      typename MapTraits<Map>::ConstReturnValue operator*() const {
        return (*map)[*this];
      }

    protected:
      const Map* map;
    };

    class ItemIt : public Item {
      typedef Item Parent;

    public:
      ItemIt() : map(NULL) {}


      ItemIt(Invalid i) : Parent(i), map(NULL) { }

      explicit ItemIt(Map& _map) : map(&_map) {
        map->graph.first(*this);
      }

      ItemIt(const Map& _map, const Item& item)
        : Parent(item), map(&_map) {}

      ItemIt& operator++() {
        map->graph.next(*this);
        return *this;
      }

    protected:
      const Map* map;

    };

  private:

    const GraphType& graph;

  };

}

#endif
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/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2010
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_MATCHING_H
#define LEMON_MATCHING_H

#include <vector>
#include <queue>
#include <set>
#include <limits>

#include <lemon/core.h>
#include <lemon/unionfind.h>
#include <lemon/bin_heap.h>
#include <lemon/maps.h>
#include <lemon/fractional_matching.h>

///\ingroup matching
///\file
///\brief Maximum matching algorithms in general graphs.

namespace lemon {

  /// \ingroup matching
  ///
  /// \brief Maximum cardinality matching in general graphs
  ///
  /// This class implements Edmonds' alternating forest matching algorithm
  /// for finding a maximum cardinality matching in a general undirected graph.
  /// It can be started from an arbitrary initial matching
  /// (the default is the empty one).
  ///
  /// The dual solution of the problem is a map of the nodes to
  /// \ref MaxMatching::Status "Status", having values \c EVEN (or \c D),
  /// \c ODD (or \c A) and \c MATCHED (or \c C) defining the Gallai-Edmonds
  /// decomposition of the graph. The nodes in \c EVEN/D induce a subgraph
  /// with factor-critical components, the nodes in \c ODD/A form the
  /// canonical barrier, and the nodes in \c MATCHED/C induce a graph having
  /// a perfect matching. The number of the factor-critical components
  /// minus the number of barrier nodes is a lower bound on the
  /// unmatched nodes, and the matching is optimal if and only if this bound is
  /// tight. This decomposition can be obtained using \ref status() or
  /// \ref statusMap() after running the algorithm.
  ///
  /// \tparam GR The undirected graph type the algorithm runs on.
  template <typename GR>
  class MaxMatching {
  public:

    /// The graph type of the algorithm
    typedef GR Graph;
    /// The type of the matching map
    typedef typename Graph::template NodeMap<typename Graph::Arc>
    MatchingMap;

    ///\brief Status constants for Gallai-Edmonds decomposition.
    ///
    ///These constants are used for indicating the Gallai-Edmonds
    ///decomposition of a graph. The nodes with status \c EVEN (or \c D)
    ///induce a subgraph with factor-critical components, the nodes with
    ///status \c ODD (or \c A) form the canonical barrier, and the nodes
    ///with status \c MATCHED (or \c C) induce a subgraph having a
    ///perfect matching.
    enum Status {
      EVEN = 1,       ///< = 1. (\c D is an alias for \c EVEN.)
      D = 1,
      MATCHED = 0,    ///< = 0. (\c C is an alias for \c MATCHED.)
      C = 0,
      ODD = -1,       ///< = -1. (\c A is an alias for \c ODD.)
      A = -1,
      UNMATCHED = -2  ///< = -2.
    };

    /// The type of the status map
    typedef typename Graph::template NodeMap<Status> StatusMap;

  private:

    TEMPLATE_GRAPH_TYPEDEFS(Graph);

    typedef UnionFindEnum<IntNodeMap> BlossomSet;
    typedef ExtendFindEnum<IntNodeMap> TreeSet;
    typedef RangeMap<Node> NodeIntMap;
    typedef MatchingMap EarMap;
    typedef std::vector<Node> NodeQueue;

    const Graph& _graph;
    MatchingMap* _matching;
    StatusMap* _status;

    EarMap* _ear;

    IntNodeMap* _blossom_set_index;
    BlossomSet* _blossom_set;
    NodeIntMap* _blossom_rep;

    IntNodeMap* _tree_set_index;
    TreeSet* _tree_set;

    NodeQueue _node_queue;
    int _process, _postpone, _last;

    int _node_num;

  private:

    void createStructures() {
      _node_num = countNodes(_graph);
      if (!_matching) {
        _matching = new MatchingMap(_graph);
      }
      if (!_status) {
        _status = new StatusMap(_graph);
      }
      if (!_ear) {
        _ear = new EarMap(_graph);
      }
      if (!_blossom_set) {
        _blossom_set_index = new IntNodeMap(_graph);
        _blossom_set = new BlossomSet(*_blossom_set_index);
      }
      if (!_blossom_rep) {
        _blossom_rep = new NodeIntMap(_node_num);
      }
      if (!_tree_set) {
        _tree_set_index = new IntNodeMap(_graph);
        _tree_set = new TreeSet(*_tree_set_index);
      }
      _node_queue.resize(_node_num);
    }

    void destroyStructures() {
      if (_matching) {
        delete _matching;
      }
      if (_status) {
        delete _status;
      }
      if (_ear) {
        delete _ear;
      }
      if (_blossom_set) {
        delete _blossom_set;
        delete _blossom_set_index;
      }
      if (_blossom_rep) {
        delete _blossom_rep;
      }
      if (_tree_set) {
        delete _tree_set_index;
        delete _tree_set;
      }
    }

    void processDense(const Node& n) {
      _process = _postpone = _last = 0;
      _node_queue[_last++] = n;

      while (_process != _last) {
        Node u = _node_queue[_process++];
        for (OutArcIt a(_graph, u); a != INVALID; ++a) {
          Node v = _graph.target(a);
          if ((*_status)[v] == MATCHED) {
            extendOnArc(a);
          } else if ((*_status)[v] == UNMATCHED) {
            augmentOnArc(a);
            return;
          }
        }
      }

      while (_postpone != _last) {
        Node u = _node_queue[_postpone++];

        for (OutArcIt a(_graph, u); a != INVALID ; ++a) {
          Node v = _graph.target(a);

          if ((*_status)[v] == EVEN) {
            if (_blossom_set->find(u) != _blossom_set->find(v)) {
              shrinkOnEdge(a);
            }
          }

          while (_process != _last) {
            Node w = _node_queue[_process++];
            for (OutArcIt b(_graph, w); b != INVALID; ++b) {
              Node x = _graph.target(b);
              if ((*_status)[x] == MATCHED) {
                extendOnArc(b);
              } else if ((*_status)[x] == UNMATCHED) {
                augmentOnArc(b);
                return;
              }
            }
          }
        }
      }
    }

    void processSparse(const Node& n) {
      _process = _last = 0;
      _node_queue[_last++] = n;
      while (_process != _last) {
        Node u = _node_queue[_process++];
        for (OutArcIt a(_graph, u); a != INVALID; ++a) {
          Node v = _graph.target(a);

          if ((*_status)[v] == EVEN) {
            if (_blossom_set->find(u) != _blossom_set->find(v)) {
              shrinkOnEdge(a);
            }
          } else if ((*_status)[v] == MATCHED) {
            extendOnArc(a);
          } else if ((*_status)[v] == UNMATCHED) {
            augmentOnArc(a);
            return;
          }
        }
      }
    }

    void shrinkOnEdge(const Edge& e) {
      Node nca = INVALID;

      {
        std::set<Node> left_set, right_set;

        Node left = (*_blossom_rep)[_blossom_set->find(_graph.u(e))];
        left_set.insert(left);

        Node right = (*_blossom_rep)[_blossom_set->find(_graph.v(e))];
        right_set.insert(right);

        while (true) {
          if ((*_matching)[left] == INVALID) break;
          left = _graph.target((*_matching)[left]);
          left = (*_blossom_rep)[_blossom_set->
                                 find(_graph.target((*_ear)[left]))];
          if (right_set.find(left) != right_set.end()) {
            nca = left;
            break;
          }
          left_set.insert(left);

          if ((*_matching)[right] == INVALID) break;
          right = _graph.target((*_matching)[right]);
          right = (*_blossom_rep)[_blossom_set->
                                  find(_graph.target((*_ear)[right]))];
          if (left_set.find(right) != left_set.end()) {
            nca = right;
            break;
          }
          right_set.insert(right);
        }

        if (nca == INVALID) {
          if ((*_matching)[left] == INVALID) {
            nca = right;
            while (left_set.find(nca) == left_set.end()) {
              nca = _graph.target((*_matching)[nca]);
              nca =(*_blossom_rep)[_blossom_set->
                                   find(_graph.target((*_ear)[nca]))];
            }
          } else {
            nca = left;
            while (right_set.find(nca) == right_set.end()) {
              nca = _graph.target((*_matching)[nca]);
              nca = (*_blossom_rep)[_blossom_set->
                                   find(_graph.target((*_ear)[nca]))];
            }
          }
        }
      }

      {

        Node node = _graph.u(e);
        Arc arc = _graph.direct(e, true);
        Node base = (*_blossom_rep)[_blossom_set->find(node)];

        while (base != nca) {
          (*_ear)[node] = arc;

          Node n = node;
          while (n != base) {
            n = _graph.target((*_matching)[n]);
            Arc a = (*_ear)[n];
            n = _graph.target(a);
            (*_ear)[n] = _graph.oppositeArc(a);
          }
          node = _graph.target((*_matching)[base]);
          _tree_set->erase(base);
          _tree_set->erase(node);
          _blossom_set->insert(node, _blossom_set->find(base));
          (*_status)[node] = EVEN;
          _node_queue[_last++] = node;
          arc = _graph.oppositeArc((*_ear)[node]);
          node = _graph.target((*_ear)[node]);
          base = (*_blossom_rep)[_blossom_set->find(node)];
          _blossom_set->join(_graph.target(arc), base);
        }
      }

      (*_blossom_rep)[_blossom_set->find(nca)] = nca;

      {

        Node node = _graph.v(e);
        Arc arc = _graph.direct(e, false);
        Node base = (*_blossom_rep)[_blossom_set->find(node)];

        while (base != nca) {
          (*_ear)[node] = arc;

          Node n = node;
          while (n != base) {
            n = _graph.target((*_matching)[n]);
            Arc a = (*_ear)[n];
            n = _graph.target(a);
            (*_ear)[n] = _graph.oppositeArc(a);
          }
          node = _graph.target((*_matching)[base]);
          _tree_set->erase(base);
          _tree_set->erase(node);
          _blossom_set->insert(node, _blossom_set->find(base));
          (*_status)[node] = EVEN;
          _node_queue[_last++] = node;
          arc = _graph.oppositeArc((*_ear)[node]);
          node = _graph.target((*_ear)[node]);
          base = (*_blossom_rep)[_blossom_set->find(node)];
          _blossom_set->join(_graph.target(arc), base);
        }
      }

      (*_blossom_rep)[_blossom_set->find(nca)] = nca;
    }

    void extendOnArc(const Arc& a) {
      Node base = _graph.source(a);
      Node odd = _graph.target(a);

      (*_ear)[odd] = _graph.oppositeArc(a);
      Node even = _graph.target((*_matching)[odd]);
      (*_blossom_rep)[_blossom_set->insert(even)] = even;
      (*_status)[odd] = ODD;
      (*_status)[even] = EVEN;
      int tree = _tree_set->find((*_blossom_rep)[_blossom_set->find(base)]);
      _tree_set->insert(odd, tree);
      _tree_set->insert(even, tree);
      _node_queue[_last++] = even;

    }

    void augmentOnArc(const Arc& a) {
      Node even = _graph.source(a);
      Node odd = _graph.target(a);

      int tree = _tree_set->find((*_blossom_rep)[_blossom_set->find(even)]);

      (*_matching)[odd] = _graph.oppositeArc(a);
      (*_status)[odd] = MATCHED;

      Arc arc = (*_matching)[even];
      (*_matching)[even] = a;

      while (arc != INVALID) {
        odd = _graph.target(arc);
        arc = (*_ear)[odd];
        even = _graph.target(arc);
        (*_matching)[odd] = arc;
        arc = (*_matching)[even];
        (*_matching)[even] = _graph.oppositeArc((*_matching)[odd]);
      }

      for (typename TreeSet::ItemIt it(*_tree_set, tree);
           it != INVALID; ++it) {
        if ((*_status)[it] == ODD) {
          (*_status)[it] = MATCHED;
        } else {
          int blossom = _blossom_set->find(it);
          for (typename BlossomSet::ItemIt jt(*_blossom_set, blossom);
               jt != INVALID; ++jt) {
            (*_status)[jt] = MATCHED;
          }
          _blossom_set->eraseClass(blossom);
        }
      }
      _tree_set->eraseClass(tree);

    }

  public:

    /// \brief Constructor
    ///
    /// Constructor.
    MaxMatching(const Graph& graph)
      : _graph(graph), _matching(0), _status(0), _ear(0),
        _blossom_set_index(0), _blossom_set(0), _blossom_rep(0),
        _tree_set_index(0), _tree_set(0) {}

    ~MaxMatching() {
      destroyStructures();
    }

    /// \name Execution Control
    /// The simplest way to execute the algorithm is to use the
    /// \c run() member function.\n
    /// If you need better control on the execution, you have to call
    /// one of the functions \ref init(), \ref greedyInit() or
    /// \ref matchingInit() first, then you can start the algorithm with
    /// \ref startSparse() or \ref startDense().

    ///@{

    /// \brief Set the initial matching to the empty matching.
    ///
    /// This function sets the initial matching to the empty matching.
    void init() {
      createStructures();
      for(NodeIt n(_graph); n != INVALID; ++n) {
        (*_matching)[n] = INVALID;
        (*_status)[n] = UNMATCHED;
      }
    }

    /// \brief Find an initial matching in a greedy way.
    ///
    /// This function finds an initial matching in a greedy way.
    void greedyInit() {
      createStructures();
      for (NodeIt n(_graph); n != INVALID; ++n) {
        (*_matching)[n] = INVALID;
        (*_status)[n] = UNMATCHED;
      }
      for (NodeIt n(_graph); n != INVALID; ++n) {
        if ((*_matching)[n] == INVALID) {
          for (OutArcIt a(_graph, n); a != INVALID ; ++a) {
            Node v = _graph.target(a);
            if ((*_matching)[v] == INVALID && v != n) {
              (*_matching)[n] = a;
              (*_status)[n] = MATCHED;
              (*_matching)[v] = _graph.oppositeArc(a);
              (*_status)[v] = MATCHED;
              break;
            }
          }
        }
      }
    }


    /// \brief Initialize the matching from a map.
    ///
    /// This function initializes the matching from a \c bool valued edge
    /// map. This map should have the property that there are no two incident
    /// edges with \c true value, i.e. it really contains a matching.
    /// \return \c true if the map contains a matching.
    template <typename MatchingMap>
    bool matchingInit(const MatchingMap& matching) {
      createStructures();

      for (NodeIt n(_graph); n != INVALID; ++n) {
        (*_matching)[n] = INVALID;
        (*_status)[n] = UNMATCHED;
      }
      for(EdgeIt e(_graph); e!=INVALID; ++e) {
        if (matching[e]) {

          Node u = _graph.u(e);
          if ((*_matching)[u] != INVALID) return false;
          (*_matching)[u] = _graph.direct(e, true);
          (*_status)[u] = MATCHED;

          Node v = _graph.v(e);
          if ((*_matching)[v] != INVALID) return false;
          (*_matching)[v] = _graph.direct(e, false);
          (*_status)[v] = MATCHED;
        }
      }
      return true;
    }

    /// \brief Start Edmonds' algorithm
    ///
    /// This function runs the original Edmonds' algorithm.
    ///
    /// \pre \ref init(), \ref greedyInit() or \ref matchingInit() must be
    /// called before using this function.
    void startSparse() {
      for(NodeIt n(_graph); n != INVALID; ++n) {
        if ((*_status)[n] == UNMATCHED) {
          (*_blossom_rep)[_blossom_set->insert(n)] = n;
          _tree_set->insert(n);
          (*_status)[n] = EVEN;
          processSparse(n);
        }
      }
    }

    /// \brief Start Edmonds' algorithm with a heuristic improvement
    /// for dense graphs
    ///
    /// This function runs Edmonds' algorithm with a heuristic of postponing
    /// shrinks, therefore resulting in a faster algorithm for dense graphs.
    ///
    /// \pre \ref init(), \ref greedyInit() or \ref matchingInit() must be
    /// called before using this function.
    void startDense() {
      for(NodeIt n(_graph); n != INVALID; ++n) {
        if ((*_status)[n] == UNMATCHED) {
          (*_blossom_rep)[_blossom_set->insert(n)] = n;
          _tree_set->insert(n);
          (*_status)[n] = EVEN;
          processDense(n);
        }
      }
    }


    /// \brief Run Edmonds' algorithm
    ///
    /// This function runs Edmonds' algorithm. An additional heuristic of
    /// postponing shrinks is used for relatively dense graphs
    /// (for which <tt>m>=2*n</tt> holds).
    void run() {
      if (countEdges(_graph) < 2 * countNodes(_graph)) {
        greedyInit();
        startSparse();
      } else {
        init();
        startDense();
      }
    }

    /// @}

    /// \name Primal Solution
    /// Functions to get the primal solution, i.e. the maximum matching.

    /// @{

    /// \brief Return the size (cardinality) of the matching.
    ///
    /// This function returns the size (cardinality) of the current matching.
    /// After run() it returns the size of the maximum matching in the graph.
    int matchingSize() const {
      int size = 0;
      for (NodeIt n(_graph); n != INVALID; ++n) {
        if ((*_matching)[n] != INVALID) {
          ++size;
        }
      }
      return size / 2;
    }

    /// \brief Return \c true if the given edge is in the matching.
    ///
    /// This function returns \c true if the given edge is in the current
    /// matching.
    bool matching(const Edge& edge) const {
      return edge == (*_matching)[_graph.u(edge)];
    }

    /// \brief Return the matching arc (or edge) incident to the given node.
    ///
    /// This function returns the matching arc (or edge) incident to the
    /// given node in the current matching or \c INVALID if the node is
    /// not covered by the matching.
    Arc matching(const Node& n) const {
      return (*_matching)[n];
    }

    /// \brief Return a const reference to the matching map.
    ///
    /// This function returns a const reference to a node map that stores
    /// the matching arc (or edge) incident to each node.
    const MatchingMap& matchingMap() const {
      return *_matching;
    }

    /// \brief Return the mate of the given node.
    ///
    /// This function returns the mate of the given node in the current
    /// matching or \c INVALID if the node is not covered by the matching.
    Node mate(const Node& n) const {
      return (*_matching)[n] != INVALID ?
        _graph.target((*_matching)[n]) : INVALID;
    }

    /// @}

    /// \name Dual Solution
    /// Functions to get the dual solution, i.e. the Gallai-Edmonds
    /// decomposition.

    /// @{

    /// \brief Return the status of the given node in the Edmonds-Gallai
    /// decomposition.
    ///
    /// This function returns the \ref Status "status" of the given node
    /// in the Edmonds-Gallai decomposition.
    Status status(const Node& n) const {
      return (*_status)[n];
    }

    /// \brief Return a const reference to the status map, which stores
    /// the Edmonds-Gallai decomposition.
    ///
    /// This function returns a const reference to a node map that stores the
    /// \ref Status "status" of each node in the Edmonds-Gallai decomposition.
    const StatusMap& statusMap() const {
      return *_status;
    }

    /// \brief Return \c true if the given node is in the barrier.
    ///
    /// This function returns \c true if the given node is in the barrier.
    bool barrier(const Node& n) const {
      return (*_status)[n] == ODD;
    }

    /// @}

  };

  /// \ingroup matching
  ///
  /// \brief Weighted matching in general graphs
  ///
  /// This class provides an efficient implementation of Edmond's
  /// maximum weighted matching algorithm. The implementation is based
  /// on extensive use of priority queues and provides
  /// \f$O(nm\log n)\f$ time complexity.
  ///
  /// The maximum weighted matching problem is to find a subset of the
  /// edges in an undirected graph with maximum overall weight for which
  /// each node has at most one incident edge.
  /// It can be formulated with the following linear program.
  /// \f[ \sum_{e \in \delta(u)}x_e \le 1 \quad \forall u\in V\f]
  /** \f[ \sum_{e \in \gamma(B)}x_e \le \frac{\vert B \vert - 1}{2}
      \quad \forall B\in\mathcal{O}\f] */
  /// \f[x_e \ge 0\quad \forall e\in E\f]
  /// \f[\max \sum_{e\in E}x_ew_e\f]
  /// where \f$\delta(X)\f$ is the set of edges incident to a node in
  /// \f$X\f$, \f$\gamma(X)\f$ is the set of edges with both ends in
  /// \f$X\f$ and \f$\mathcal{O}\f$ is the set of odd cardinality
  /// subsets of the nodes.
  ///
  /// The algorithm calculates an optimal matching and a proof of the
  /// optimality. The solution of the dual problem can be used to check
  /// the result of the algorithm. The dual linear problem is the
  /// following.
  /** \f[ y_u + y_v + \sum_{B \in \mathcal{O}, uv \in \gamma(B)}
      z_B \ge w_{uv} \quad \forall uv\in E\f] */
  /// \f[y_u \ge 0 \quad \forall u \in V\f]
  /// \f[z_B \ge 0 \quad \forall B \in \mathcal{O}\f]
  /** \f[\min \sum_{u \in V}y_u + \sum_{B \in \mathcal{O}}
      \frac{\vert B \vert - 1}{2}z_B\f] */
  ///
  /// The algorithm can be executed with the run() function.
  /// After it the matching (the primal solution) and the dual solution
  /// can be obtained using the query functions and the
  /// \ref MaxWeightedMatching::BlossomIt "BlossomIt" nested class,
  /// which is able to iterate on the nodes of a blossom.
  /// If the value type is integer, then the dual solution is multiplied
  /// by \ref MaxWeightedMatching::dualScale "4".
  ///
  /// \tparam GR The undirected graph type the algorithm runs on.
  /// \tparam WM The type edge weight map. The default type is
  /// \ref concepts::Graph::EdgeMap "GR::EdgeMap<int>".
#ifdef DOXYGEN
  template <typename GR, typename WM>
#else
  template <typename GR,
            typename WM = typename GR::template EdgeMap<int> >
#endif
  class MaxWeightedMatching {
  public:

    /// The graph type of the algorithm
    typedef GR Graph;
    /// The type of the edge weight map
    typedef WM WeightMap;
    /// The value type of the edge weights
    typedef typename WeightMap::Value Value;

    /// The type of the matching map
    typedef typename Graph::template NodeMap<typename Graph::Arc>
    MatchingMap;

    /// \brief Scaling factor for dual solution
    ///
    /// Scaling factor for dual solution. It is equal to 4 or 1
    /// according to the value type.
    static const int dualScale =
      std::numeric_limits<Value>::is_integer ? 4 : 1;

  private:

    TEMPLATE_GRAPH_TYPEDEFS(Graph);

    typedef typename Graph::template NodeMap<Value> NodePotential;
    typedef std::vector<Node> BlossomNodeList;

    struct BlossomVariable {
      int begin, end;
      Value value;

      BlossomVariable(int _begin, int _end, Value _value)
        : begin(_begin), end(_end), value(_value) {}

    };

    typedef std::vector<BlossomVariable> BlossomPotential;

    const Graph& _graph;
    const WeightMap& _weight;

    MatchingMap* _matching;

    NodePotential* _node_potential;

    BlossomPotential _blossom_potential;
    BlossomNodeList _blossom_node_list;

    int _node_num;
    int _blossom_num;

    typedef RangeMap<int> IntIntMap;

    enum Status {
      EVEN = -1, MATCHED = 0, ODD = 1
    };

    typedef HeapUnionFind<Value, IntNodeMap> BlossomSet;
    struct BlossomData {
      int tree;
      Status status;
      Arc pred, next;
      Value pot, offset;
      Node base;
    };

    IntNodeMap *_blossom_index;
    BlossomSet *_blossom_set;
    RangeMap<BlossomData>* _blossom_data;

    IntNodeMap *_node_index;
    IntArcMap *_node_heap_index;

    struct NodeData {

      NodeData(IntArcMap& node_heap_index)
        : heap(node_heap_index) {}

      int blossom;
      Value pot;
      BinHeap<Value, IntArcMap> heap;
      std::map<int, Arc> heap_index;

      int tree;
    };

    RangeMap<NodeData>* _node_data;

    typedef ExtendFindEnum<IntIntMap> TreeSet;

    IntIntMap *_tree_set_index;
    TreeSet *_tree_set;

    IntNodeMap *_delta1_index;
    BinHeap<Value, IntNodeMap> *_delta1;

    IntIntMap *_delta2_index;
    BinHeap<Value, IntIntMap> *_delta2;

    IntEdgeMap *_delta3_index;
    BinHeap<Value, IntEdgeMap> *_delta3;

    IntIntMap *_delta4_index;
    BinHeap<Value, IntIntMap> *_delta4;

    Value _delta_sum;
    int _unmatched;

    typedef MaxWeightedFractionalMatching<Graph, WeightMap> FractionalMatching;
    FractionalMatching *_fractional;

    void createStructures() {
      _node_num = countNodes(_graph);
      _blossom_num = _node_num * 3 / 2;

      if (!_matching) {
        _matching = new MatchingMap(_graph);
      }

      if (!_node_potential) {
        _node_potential = new NodePotential(_graph);
      }

      if (!_blossom_set) {
        _blossom_index = new IntNodeMap(_graph);
        _blossom_set = new BlossomSet(*_blossom_index);
        _blossom_data = new RangeMap<BlossomData>(_blossom_num);
      } else if (_blossom_data->size() != _blossom_num) {
        delete _blossom_data;
        _blossom_data = new RangeMap<BlossomData>(_blossom_num);
      }

      if (!_node_index) {
        _node_index = new IntNodeMap(_graph);
        _node_heap_index = new IntArcMap(_graph);
        _node_data = new RangeMap<NodeData>(_node_num,
                                            NodeData(*_node_heap_index));
      } else {
        delete _node_data;
        _node_data = new RangeMap<NodeData>(_node_num,
                                            NodeData(*_node_heap_index));
      }

      if (!_tree_set) {
        _tree_set_index = new IntIntMap(_blossom_num);
        _tree_set = new TreeSet(*_tree_set_index);
      } else {
        _tree_set_index->resize(_blossom_num);
      }

      if (!_delta1) {
        _delta1_index = new IntNodeMap(_graph);
        _delta1 = new BinHeap<Value, IntNodeMap>(*_delta1_index);
      }

      if (!_delta2) {
        _delta2_index = new IntIntMap(_blossom_num);
        _delta2 = new BinHeap<Value, IntIntMap>(*_delta2_index);
      } else {
        _delta2_index->resize(_blossom_num);
      }

      if (!_delta3) {
        _delta3_index = new IntEdgeMap(_graph);
        _delta3 = new BinHeap<Value, IntEdgeMap>(*_delta3_index);
      }

      if (!_delta4) {
        _delta4_index = new IntIntMap(_blossom_num);
        _delta4 = new BinHeap<Value, IntIntMap>(*_delta4_index);
      } else {
        _delta4_index->resize(_blossom_num);
      }
    }

    void destroyStructures() {
      if (_matching) {
        delete _matching;
      }
      if (_node_potential) {
        delete _node_potential;
      }
      if (_blossom_set) {
        delete _blossom_index;
        delete _blossom_set;
        delete _blossom_data;
      }

      if (_node_index) {
        delete _node_index;
        delete _node_heap_index;
        delete _node_data;
      }

      if (_tree_set) {
        delete _tree_set_index;
        delete _tree_set;
      }
      if (_delta1) {
        delete _delta1_index;
        delete _delta1;
      }
      if (_delta2) {
        delete _delta2_index;
        delete _delta2;
      }
      if (_delta3) {
        delete _delta3_index;
        delete _delta3;
      }
      if (_delta4) {
        delete _delta4_index;
        delete _delta4;
      }
    }

    void matchedToEven(int blossom, int tree) {
      if (_delta2->state(blossom) == _delta2->IN_HEAP) {
        _delta2->erase(blossom);
      }

      if (!_blossom_set->trivial(blossom)) {
        (*_blossom_data)[blossom].pot -=
          2 * (_delta_sum - (*_blossom_data)[blossom].offset);
      }

      for (typename BlossomSet::ItemIt n(*_blossom_set, blossom);
           n != INVALID; ++n) {

        _blossom_set->increase(n, std::numeric_limits<Value>::max());
        int ni = (*_node_index)[n];

        (*_node_data)[ni].heap.clear();
        (*_node_data)[ni].heap_index.clear();

        (*_node_data)[ni].pot += _delta_sum - (*_blossom_data)[blossom].offset;

        _delta1->push(n, (*_node_data)[ni].pot);

        for (InArcIt e(_graph, n); e != INVALID; ++e) {
          Node v = _graph.source(e);
          int vb = _blossom_set->find(v);
          int vi = (*_node_index)[v];

          Value rw = (*_node_data)[ni].pot + (*_node_data)[vi].pot -
            dualScale * _weight[e];

          if ((*_blossom_data)[vb].status == EVEN) {
            if (_delta3->state(e) != _delta3->IN_HEAP && blossom != vb) {
              _delta3->push(e, rw / 2);
            }
          } else {
            typename std::map<int, Arc>::iterator it =
              (*_node_data)[vi].heap_index.find(tree);

            if (it != (*_node_data)[vi].heap_index.end()) {
              if ((*_node_data)[vi].heap[it->second] > rw) {
                (*_node_data)[vi].heap.replace(it->second, e);
                (*_node_data)[vi].heap.decrease(e, rw);
                it->second = e;
              }
            } else {
              (*_node_data)[vi].heap.push(e, rw);
              (*_node_data)[vi].heap_index.insert(std::make_pair(tree, e));
            }

            if ((*_blossom_set)[v] > (*_node_data)[vi].heap.prio()) {
              _blossom_set->decrease(v, (*_node_data)[vi].heap.prio());

              if ((*_blossom_data)[vb].status == MATCHED) {
                if (_delta2->state(vb) != _delta2->IN_HEAP) {
                  _delta2->push(vb, _blossom_set->classPrio(vb) -
                               (*_blossom_data)[vb].offset);
                } else if ((*_delta2)[vb] > _blossom_set->classPrio(vb) -
                           (*_blossom_data)[vb].offset) {
                  _delta2->decrease(vb, _blossom_set->classPrio(vb) -
                                   (*_blossom_data)[vb].offset);
                }
              }
            }
          }
        }
      }
      (*_blossom_data)[blossom].offset = 0;
    }

    void matchedToOdd(int blossom) {
      if (_delta2->state(blossom) == _delta2->IN_HEAP) {
        _delta2->erase(blossom);
      }
      (*_blossom_data)[blossom].offset += _delta_sum;
      if (!_blossom_set->trivial(blossom)) {
        _delta4->push(blossom, (*_blossom_data)[blossom].pot / 2 +
                      (*_blossom_data)[blossom].offset);
      }
    }

    void evenToMatched(int blossom, int tree) {
      if (!_blossom_set->trivial(blossom)) {
        (*_blossom_data)[blossom].pot += 2 * _delta_sum;
      }

      for (typename BlossomSet::ItemIt n(*_blossom_set, blossom);
           n != INVALID; ++n) {
        int ni = (*_node_index)[n];
        (*_node_data)[ni].pot -= _delta_sum;

        _delta1->erase(n);

        for (InArcIt e(_graph, n); e != INVALID; ++e) {
          Node v = _graph.source(e);
          int vb = _blossom_set->find(v);
          int vi = (*_node_index)[v];

          Value rw = (*_node_data)[ni].pot + (*_node_data)[vi].pot -
            dualScale * _weight[e];

          if (vb == blossom) {
            if (_delta3->state(e) == _delta3->IN_HEAP) {
              _delta3->erase(e);
            }
          } else if ((*_blossom_data)[vb].status == EVEN) {

            if (_delta3->state(e) == _delta3->IN_HEAP) {
              _delta3->erase(e);
            }

            int vt = _tree_set->find(vb);

            if (vt != tree) {

              Arc r = _graph.oppositeArc(e);

              typename std::map<int, Arc>::iterator it =
                (*_node_data)[ni].heap_index.find(vt);

              if (it != (*_node_data)[ni].heap_index.end()) {
                if ((*_node_data)[ni].heap[it->second] > rw) {
                  (*_node_data)[ni].heap.replace(it->second, r);
                  (*_node_data)[ni].heap.decrease(r, rw);
                  it->second = r;
                }
              } else {
                (*_node_data)[ni].heap.push(r, rw);
                (*_node_data)[ni].heap_index.insert(std::make_pair(vt, r));
              }

              if ((*_blossom_set)[n] > (*_node_data)[ni].heap.prio()) {
                _blossom_set->decrease(n, (*_node_data)[ni].heap.prio());

                if (_delta2->state(blossom) != _delta2->IN_HEAP) {
                  _delta2->push(blossom, _blossom_set->classPrio(blossom) -
                               (*_blossom_data)[blossom].offset);
                } else if ((*_delta2)[blossom] >
                           _blossom_set->classPrio(blossom) -
                           (*_blossom_data)[blossom].offset){
                  _delta2->decrease(blossom, _blossom_set->classPrio(blossom) -
                                   (*_blossom_data)[blossom].offset);
                }
              }
            }
          } else {

            typename std::map<int, Arc>::iterator it =
              (*_node_data)[vi].heap_index.find(tree);

            if (it != (*_node_data)[vi].heap_index.end()) {
              (*_node_data)[vi].heap.erase(it->second);
              (*_node_data)[vi].heap_index.erase(it);
              if ((*_node_data)[vi].heap.empty()) {
                _blossom_set->increase(v, std::numeric_limits<Value>::max());
              } else if ((*_blossom_set)[v] < (*_node_data)[vi].heap.prio()) {
                _blossom_set->increase(v, (*_node_data)[vi].heap.prio());
              }

              if ((*_blossom_data)[vb].status == MATCHED) {
                if (_blossom_set->classPrio(vb) ==
                    std::numeric_limits<Value>::max()) {
                  _delta2->erase(vb);
                } else if ((*_delta2)[vb] < _blossom_set->classPrio(vb) -
                           (*_blossom_data)[vb].offset) {
                  _delta2->increase(vb, _blossom_set->classPrio(vb) -
                                   (*_blossom_data)[vb].offset);
                }
              }
            }
          }
        }
      }
    }

    void oddToMatched(int blossom) {
      (*_blossom_data)[blossom].offset -= _delta_sum;

      if (_blossom_set->classPrio(blossom) !=
          std::numeric_limits<Value>::max()) {
        _delta2->push(blossom, _blossom_set->classPrio(blossom) -
                      (*_blossom_data)[blossom].offset);
      }

      if (!_blossom_set->trivial(blossom)) {
        _delta4->erase(blossom);
      }
    }

    void oddToEven(int blossom, int tree) {
      if (!_blossom_set->trivial(blossom)) {
        _delta4->erase(blossom);
        (*_blossom_data)[blossom].pot -=
          2 * (2 * _delta_sum - (*_blossom_data)[blossom].offset);
      }

      for (typename BlossomSet::ItemIt n(*_blossom_set, blossom);
           n != INVALID; ++n) {
        int ni = (*_node_index)[n];

        _blossom_set->increase(n, std::numeric_limits<Value>::max());

        (*_node_data)[ni].heap.clear();
        (*_node_data)[ni].heap_index.clear();
        (*_node_data)[ni].pot +=
          2 * _delta_sum - (*_blossom_data)[blossom].offset;

        _delta1->push(n, (*_node_data)[ni].pot);

        for (InArcIt e(_graph, n); e != INVALID; ++e) {
          Node v = _graph.source(e);
          int vb = _blossom_set->find(v);
          int vi = (*_node_index)[v];

          Value rw = (*_node_data)[ni].pot + (*_node_data)[vi].pot -
            dualScale * _weight[e];

          if ((*_blossom_data)[vb].status == EVEN) {
            if (_delta3->state(e) != _delta3->IN_HEAP && blossom != vb) {
              _delta3->push(e, rw / 2);
            }
          } else {

            typename std::map<int, Arc>::iterator it =
              (*_node_data)[vi].heap_index.find(tree);

            if (it != (*_node_data)[vi].heap_index.end()) {
              if ((*_node_data)[vi].heap[it->second] > rw) {
                (*_node_data)[vi].heap.replace(it->second, e);
                (*_node_data)[vi].heap.decrease(e, rw);
                it->second = e;
              }
            } else {
              (*_node_data)[vi].heap.push(e, rw);
              (*_node_data)[vi].heap_index.insert(std::make_pair(tree, e));
            }

            if ((*_blossom_set)[v] > (*_node_data)[vi].heap.prio()) {
              _blossom_set->decrease(v, (*_node_data)[vi].heap.prio());

              if ((*_blossom_data)[vb].status == MATCHED) {
                if (_delta2->state(vb) != _delta2->IN_HEAP) {
                  _delta2->push(vb, _blossom_set->classPrio(vb) -
                               (*_blossom_data)[vb].offset);
                } else if ((*_delta2)[vb] > _blossom_set->classPrio(vb) -
                           (*_blossom_data)[vb].offset) {
                  _delta2->decrease(vb, _blossom_set->classPrio(vb) -
                                   (*_blossom_data)[vb].offset);
                }
              }
            }
          }
        }
      }
      (*_blossom_data)[blossom].offset = 0;
    }

    void alternatePath(int even, int tree) {
      int odd;

      evenToMatched(even, tree);
      (*_blossom_data)[even].status = MATCHED;

      while ((*_blossom_data)[even].pred != INVALID) {
        odd = _blossom_set->find(_graph.target((*_blossom_data)[even].pred));
        (*_blossom_data)[odd].status = MATCHED;
        oddToMatched(odd);
        (*_blossom_data)[odd].next = (*_blossom_data)[odd].pred;

        even = _blossom_set->find(_graph.target((*_blossom_data)[odd].pred));
        (*_blossom_data)[even].status = MATCHED;
        evenToMatched(even, tree);
        (*_blossom_data)[even].next =
          _graph.oppositeArc((*_blossom_data)[odd].pred);
      }

    }

    void destroyTree(int tree) {
      for (TreeSet::ItemIt b(*_tree_set, tree); b != INVALID; ++b) {
        if ((*_blossom_data)[b].status == EVEN) {
          (*_blossom_data)[b].status = MATCHED;
          evenToMatched(b, tree);
        } else if ((*_blossom_data)[b].status == ODD) {
          (*_blossom_data)[b].status = MATCHED;
          oddToMatched(b);
        }
      }
      _tree_set->eraseClass(tree);
    }


    void unmatchNode(const Node& node) {
      int blossom = _blossom_set->find(node);
      int tree = _tree_set->find(blossom);

      alternatePath(blossom, tree);
      destroyTree(tree);

      (*_blossom_data)[blossom].base = node;
      (*_blossom_data)[blossom].next = INVALID;
    }

    void augmentOnEdge(const Edge& edge) {

      int left = _blossom_set->find(_graph.u(edge));
      int right = _blossom_set->find(_graph.v(edge));

      int left_tree = _tree_set->find(left);
      alternatePath(left, left_tree);
      destroyTree(left_tree);

      int right_tree = _tree_set->find(right);
      alternatePath(right, right_tree);
      destroyTree(right_tree);

      (*_blossom_data)[left].next = _graph.direct(edge, true);
      (*_blossom_data)[right].next = _graph.direct(edge, false);
    }

    void augmentOnArc(const Arc& arc) {

      int left = _blossom_set->find(_graph.source(arc));
      int right = _blossom_set->find(_graph.target(arc));

      (*_blossom_data)[left].status = MATCHED;

      int right_tree = _tree_set->find(right);
      alternatePath(right, right_tree);
      destroyTree(right_tree);

      (*_blossom_data)[left].next = arc;
      (*_blossom_data)[right].next = _graph.oppositeArc(arc);
    }

    void extendOnArc(const Arc& arc) {
      int base = _blossom_set->find(_graph.target(arc));
      int tree = _tree_set->find(base);

      int odd = _blossom_set->find(_graph.source(arc));
      _tree_set->insert(odd, tree);
      (*_blossom_data)[odd].status = ODD;
      matchedToOdd(odd);
      (*_blossom_data)[odd].pred = arc;

      int even = _blossom_set->find(_graph.target((*_blossom_data)[odd].next));
      (*_blossom_data)[even].pred = (*_blossom_data)[even].next;
      _tree_set->insert(even, tree);
      (*_blossom_data)[even].status = EVEN;
      matchedToEven(even, tree);
    }

    void shrinkOnEdge(const Edge& edge, int tree) {
      int nca = -1;
      std::vector<int> left_path, right_path;

      {
        std::set<int> left_set, right_set;
        int left = _blossom_set->find(_graph.u(edge));
        left_path.push_back(left);
        left_set.insert(left);

        int right = _blossom_set->find(_graph.v(edge));
        right_path.push_back(right);
        right_set.insert(right);

        while (true) {

          if ((*_blossom_data)[left].pred == INVALID) break;

          left =
            _blossom_set->find(_graph.target((*_blossom_data)[left].pred));
          left_path.push_back(left);
          left =
            _blossom_set->find(_graph.target((*_blossom_data)[left].pred));
          left_path.push_back(left);

          left_set.insert(left);

          if (right_set.find(left) != right_set.end()) {
            nca = left;
            break;
          }

          if ((*_blossom_data)[right].pred == INVALID) break;

          right =
            _blossom_set->find(_graph.target((*_blossom_data)[right].pred));
          right_path.push_back(right);
          right =
            _blossom_set->find(_graph.target((*_blossom_data)[right].pred));
          right_path.push_back(right);

          right_set.insert(right);

          if (left_set.find(right) != left_set.end()) {
            nca = right;
            break;
          }

        }

        if (nca == -1) {
          if ((*_blossom_data)[left].pred == INVALID) {
            nca = right;
            while (left_set.find(nca) == left_set.end()) {
              nca =
                _blossom_set->find(_graph.target((*_blossom_data)[nca].pred));
              right_path.push_back(nca);
              nca =
                _blossom_set->find(_graph.target((*_blossom_data)[nca].pred));
              right_path.push_back(nca);
            }
          } else {
            nca = left;
            while (right_set.find(nca) == right_set.end()) {
              nca =
                _blossom_set->find(_graph.target((*_blossom_data)[nca].pred));
              left_path.push_back(nca);
              nca =
                _blossom_set->find(_graph.target((*_blossom_data)[nca].pred));
              left_path.push_back(nca);
            }
          }
        }
      }

      std::vector<int> subblossoms;
      Arc prev;

      prev = _graph.direct(edge, true);
      for (int i = 0; left_path[i] != nca; i += 2) {
        subblossoms.push_back(left_path[i]);
        (*_blossom_data)[left_path[i]].next = prev;
        _tree_set->erase(left_path[i]);

        subblossoms.push_back(left_path[i + 1]);
        (*_blossom_data)[left_path[i + 1]].status = EVEN;
        oddToEven(left_path[i + 1], tree);
        _tree_set->erase(left_path[i + 1]);
        prev = _graph.oppositeArc((*_blossom_data)[left_path[i + 1]].pred);
      }

      int k = 0;
      while (right_path[k] != nca) ++k;

      subblossoms.push_back(nca);
      (*_blossom_data)[nca].next = prev;

      for (int i = k - 2; i >= 0; i -= 2) {
        subblossoms.push_back(right_path[i + 1]);
        (*_blossom_data)[right_path[i + 1]].status = EVEN;
        oddToEven(right_path[i + 1], tree);
        _tree_set->erase(right_path[i + 1]);

        (*_blossom_data)[right_path[i + 1]].next =
          (*_blossom_data)[right_path[i + 1]].pred;

        subblossoms.push_back(right_path[i]);
        _tree_set->erase(right_path[i]);
      }

      int surface =
        _blossom_set->join(subblossoms.begin(), subblossoms.end());

      for (int i = 0; i < int(subblossoms.size()); ++i) {
        if (!_blossom_set->trivial(subblossoms[i])) {
          (*_blossom_data)[subblossoms[i]].pot += 2 * _delta_sum;
        }
        (*_blossom_data)[subblossoms[i]].status = MATCHED;
      }

      (*_blossom_data)[surface].pot = -2 * _delta_sum;
      (*_blossom_data)[surface].offset = 0;
      (*_blossom_data)[surface].status = EVEN;
      (*_blossom_data)[surface].pred = (*_blossom_data)[nca].pred;
      (*_blossom_data)[surface].next = (*_blossom_data)[nca].pred;

      _tree_set->insert(surface, tree);
      _tree_set->erase(nca);
    }

    void splitBlossom(int blossom) {
      Arc next = (*_blossom_data)[blossom].next;
      Arc pred = (*_blossom_data)[blossom].pred;

      int tree = _tree_set->find(blossom);

      (*_blossom_data)[blossom].status = MATCHED;
      oddToMatched(blossom);
      if (_delta2->state(blossom) == _delta2->IN_HEAP) {
        _delta2->erase(blossom);
      }

      std::vector<int> subblossoms;
      _blossom_set->split(blossom, std::back_inserter(subblossoms));

      Value offset = (*_blossom_data)[blossom].offset;
      int b = _blossom_set->find(_graph.source(pred));
      int d = _blossom_set->find(_graph.source(next));

      int ib = -1, id = -1;
      for (int i = 0; i < int(subblossoms.size()); ++i) {
        if (subblossoms[i] == b) ib = i;
        if (subblossoms[i] == d) id = i;

        (*_blossom_data)[subblossoms[i]].offset = offset;
        if (!_blossom_set->trivial(subblossoms[i])) {
          (*_blossom_data)[subblossoms[i]].pot -= 2 * offset;
        }
        if (_blossom_set->classPrio(subblossoms[i]) !=
            std::numeric_limits<Value>::max()) {
          _delta2->push(subblossoms[i],
                        _blossom_set->classPrio(subblossoms[i]) -
                        (*_blossom_data)[subblossoms[i]].offset);
        }
      }

      if (id > ib ? ((id - ib) % 2 == 0) : ((ib - id) % 2 == 1)) {
        for (int i = (id + 1) % subblossoms.size();
             i != ib; i = (i + 2) % subblossoms.size()) {
          int sb = subblossoms[i];
          int tb = subblossoms[(i + 1) % subblossoms.size()];
          (*_blossom_data)[sb].next =
            _graph.oppositeArc((*_blossom_data)[tb].next);
        }

        for (int i = ib; i != id; i = (i + 2) % subblossoms.size()) {
          int sb = subblossoms[i];
          int tb = subblossoms[(i + 1) % subblossoms.size()];
          int ub = subblossoms[(i + 2) % subblossoms.size()];

          (*_blossom_data)[sb].status = ODD;
          matchedToOdd(sb);
          _tree_set->insert(sb, tree);
          (*_blossom_data)[sb].pred = pred;
          (*_blossom_data)[sb].next =
            _graph.oppositeArc((*_blossom_data)[tb].next);

          pred = (*_blossom_data)[ub].next;

          (*_blossom_data)[tb].status = EVEN;
          matchedToEven(tb, tree);
          _tree_set->insert(tb, tree);
          (*_blossom_data)[tb].pred = (*_blossom_data)[tb].next;
        }

        (*_blossom_data)[subblossoms[id]].status = ODD;
        matchedToOdd(subblossoms[id]);
        _tree_set->insert(subblossoms[id], tree);
        (*_blossom_data)[subblossoms[id]].next = next;
        (*_blossom_data)[subblossoms[id]].pred = pred;

      } else {

        for (int i = (ib + 1) % subblossoms.size();
             i != id; i = (i + 2) % subblossoms.size()) {
          int sb = subblossoms[i];
          int tb = subblossoms[(i + 1) % subblossoms.size()];
          (*_blossom_data)[sb].next =
            _graph.oppositeArc((*_blossom_data)[tb].next);
        }

        for (int i = id; i != ib; i = (i + 2) % subblossoms.size()) {
          int sb = subblossoms[i];
          int tb = subblossoms[(i + 1) % subblossoms.size()];
          int ub = subblossoms[(i + 2) % subblossoms.size()];

          (*_blossom_data)[sb].status = ODD;
          matchedToOdd(sb);
          _tree_set->insert(sb, tree);
          (*_blossom_data)[sb].next = next;
          (*_blossom_data)[sb].pred =
            _graph.oppositeArc((*_blossom_data)[tb].next);

          (*_blossom_data)[tb].status = EVEN;
          matchedToEven(tb, tree);
          _tree_set->insert(tb, tree);
          (*_blossom_data)[tb].pred =
            (*_blossom_data)[tb].next =
            _graph.oppositeArc((*_blossom_data)[ub].next);
          next = (*_blossom_data)[ub].next;
        }

        (*_blossom_data)[subblossoms[ib]].status = ODD;
        matchedToOdd(subblossoms[ib]);
        _tree_set->insert(subblossoms[ib], tree);
        (*_blossom_data)[subblossoms[ib]].next = next;
        (*_blossom_data)[subblossoms[ib]].pred = pred;
      }
      _tree_set->erase(blossom);
    }

    void extractBlossom(int blossom, const Node& base, const Arc& matching) {
      if (_blossom_set->trivial(blossom)) {
        int bi = (*_node_index)[base];
        Value pot = (*_node_data)[bi].pot;

        (*_matching)[base] = matching;
        _blossom_node_list.push_back(base);
        (*_node_potential)[base] = pot;
      } else {

        Value pot = (*_blossom_data)[blossom].pot;
        int bn = _blossom_node_list.size();

        std::vector<int> subblossoms;
        _blossom_set->split(blossom, std::back_inserter(subblossoms));
        int b = _blossom_set->find(base);
        int ib = -1;
        for (int i = 0; i < int(subblossoms.size()); ++i) {
          if (subblossoms[i] == b) { ib = i; break; }
        }

        for (int i = 1; i < int(subblossoms.size()); i += 2) {
          int sb = subblossoms[(ib + i) % subblossoms.size()];
          int tb = subblossoms[(ib + i + 1) % subblossoms.size()];

          Arc m = (*_blossom_data)[tb].next;
          extractBlossom(sb, _graph.target(m), _graph.oppositeArc(m));
          extractBlossom(tb, _graph.source(m), m);
        }
        extractBlossom(subblossoms[ib], base, matching);

        int en = _blossom_node_list.size();

        _blossom_potential.push_back(BlossomVariable(bn, en, pot));
      }
    }

    void extractMatching() {
      std::vector<int> blossoms;
      for (typename BlossomSet::ClassIt c(*_blossom_set); c != INVALID; ++c) {
        blossoms.push_back(c);
      }

      for (int i = 0; i < int(blossoms.size()); ++i) {
        if ((*_blossom_data)[blossoms[i]].next != INVALID) {

          Value offset = (*_blossom_data)[blossoms[i]].offset;
          (*_blossom_data)[blossoms[i]].pot += 2 * offset;
          for (typename BlossomSet::ItemIt n(*_blossom_set, blossoms[i]);
               n != INVALID; ++n) {
            (*_node_data)[(*_node_index)[n]].pot -= offset;
          }

          Arc matching = (*_blossom_data)[blossoms[i]].next;
          Node base = _graph.source(matching);
          extractBlossom(blossoms[i], base, matching);
        } else {
          Node base = (*_blossom_data)[blossoms[i]].base;
          extractBlossom(blossoms[i], base, INVALID);
        }
      }
    }

  public:

    /// \brief Constructor
    ///
    /// Constructor.
    MaxWeightedMatching(const Graph& graph, const WeightMap& weight)
      : _graph(graph), _weight(weight), _matching(0),
        _node_potential(0), _blossom_potential(), _blossom_node_list(),
        _node_num(0), _blossom_num(0),

        _blossom_index(0), _blossom_set(0), _blossom_data(0),
        _node_index(0), _node_heap_index(0), _node_data(0),
        _tree_set_index(0), _tree_set(0),

        _delta1_index(0), _delta1(0),
        _delta2_index(0), _delta2(0),
        _delta3_index(0), _delta3(0),
        _delta4_index(0), _delta4(0),

        _delta_sum(), _unmatched(0),

        _fractional(0)
    {}

    ~MaxWeightedMatching() {
      destroyStructures();
      if (_fractional) {
        delete _fractional;
      }
    }

    /// \name Execution Control
    /// The simplest way to execute the algorithm is to use the
    /// \ref run() member function.

    ///@{

    /// \brief Initialize the algorithm
    ///
    /// This function initializes the algorithm.
    void init() {
      createStructures();

      _blossom_node_list.clear();
      _blossom_potential.clear();

      for (ArcIt e(_graph); e != INVALID; ++e) {
        (*_node_heap_index)[e] = BinHeap<Value, IntArcMap>::PRE_HEAP;
      }
      for (NodeIt n(_graph); n != INVALID; ++n) {
        (*_delta1_index)[n] = _delta1->PRE_HEAP;
      }
      for (EdgeIt e(_graph); e != INVALID; ++e) {
        (*_delta3_index)[e] = _delta3->PRE_HEAP;
      }
      for (int i = 0; i < _blossom_num; ++i) {
        (*_delta2_index)[i] = _delta2->PRE_HEAP;
        (*_delta4_index)[i] = _delta4->PRE_HEAP;
      }

      _unmatched = _node_num;

      _delta1->clear();
      _delta2->clear();
      _delta3->clear();
      _delta4->clear();
      _blossom_set->clear();
      _tree_set->clear();

      int index = 0;
      for (NodeIt n(_graph); n != INVALID; ++n) {
        Value max = 0;
        for (OutArcIt e(_graph, n); e != INVALID; ++e) {
          if (_graph.target(e) == n) continue;
          if ((dualScale * _weight[e]) / 2 > max) {
            max = (dualScale * _weight[e]) / 2;
          }
        }
        (*_node_index)[n] = index;
        (*_node_data)[index].heap_index.clear();
        (*_node_data)[index].heap.clear();
        (*_node_data)[index].pot = max;
        _delta1->push(n, max);
        int blossom =
          _blossom_set->insert(n, std::numeric_limits<Value>::max());

        _tree_set->insert(blossom);

        (*_blossom_data)[blossom].status = EVEN;
        (*_blossom_data)[blossom].pred = INVALID;
        (*_blossom_data)[blossom].next = INVALID;
        (*_blossom_data)[blossom].pot = 0;
        (*_blossom_data)[blossom].offset = 0;
        ++index;
      }
      for (EdgeIt e(_graph); e != INVALID; ++e) {
        int si = (*_node_index)[_graph.u(e)];
        int ti = (*_node_index)[_graph.v(e)];
        if (_graph.u(e) != _graph.v(e)) {
          _delta3->push(e, ((*_node_data)[si].pot + (*_node_data)[ti].pot -
                            dualScale * _weight[e]) / 2);
        }
      }
    }

    /// \brief Initialize the algorithm with fractional matching
    ///
    /// This function initializes the algorithm with a fractional
    /// matching. This initialization is also called jumpstart heuristic.
    void fractionalInit() {
      createStructures();

      _blossom_node_list.clear();
      _blossom_potential.clear();

      if (_fractional == 0) {
        _fractional = new FractionalMatching(_graph, _weight, false);
      }
      _fractional->run();

      for (ArcIt e(_graph); e != INVALID; ++e) {
        (*_node_heap_index)[e] = BinHeap<Value, IntArcMap>::PRE_HEAP;
      }
      for (NodeIt n(_graph); n != INVALID; ++n) {
        (*_delta1_index)[n] = _delta1->PRE_HEAP;
      }
      for (EdgeIt e(_graph); e != INVALID; ++e) {
        (*_delta3_index)[e] = _delta3->PRE_HEAP;
      }
      for (int i = 0; i < _blossom_num; ++i) {
        (*_delta2_index)[i] = _delta2->PRE_HEAP;
        (*_delta4_index)[i] = _delta4->PRE_HEAP;
      }

      _unmatched = 0;

      _delta1->clear();
      _delta2->clear();
      _delta3->clear();
      _delta4->clear();
      _blossom_set->clear();
      _tree_set->clear();

      int index = 0;
      for (NodeIt n(_graph); n != INVALID; ++n) {
        Value pot = _fractional->nodeValue(n);
        (*_node_index)[n] = index;
        (*_node_data)[index].pot = pot;
        (*_node_data)[index].heap_index.clear();
        (*_node_data)[index].heap.clear();
        int blossom =
          _blossom_set->insert(n, std::numeric_limits<Value>::max());

        (*_blossom_data)[blossom].status = MATCHED;
        (*_blossom_data)[blossom].pred = INVALID;
        (*_blossom_data)[blossom].next = _fractional->matching(n);
        if (_fractional->matching(n) == INVALID) {
          (*_blossom_data)[blossom].base = n;
        }
        (*_blossom_data)[blossom].pot = 0;
        (*_blossom_data)[blossom].offset = 0;
        ++index;
      }

      typename Graph::template NodeMap<bool> processed(_graph, false);
      for (NodeIt n(_graph); n != INVALID; ++n) {
        if (processed[n]) continue;
        processed[n] = true;
        if (_fractional->matching(n) == INVALID) continue;
        int num = 1;
        Node v = _graph.target(_fractional->matching(n));
        while (n != v) {
          processed[v] = true;
          v = _graph.target(_fractional->matching(v));
          ++num;
        }

        if (num % 2 == 1) {
          std::vector<int> subblossoms(num);

          subblossoms[--num] = _blossom_set->find(n);
          _delta1->push(n, _fractional->nodeValue(n));
          v = _graph.target(_fractional->matching(n));
          while (n != v) {
            subblossoms[--num] = _blossom_set->find(v);
            _delta1->push(v, _fractional->nodeValue(v));
            v = _graph.target(_fractional->matching(v));
          }

          int surface =
            _blossom_set->join(subblossoms.begin(), subblossoms.end());
          (*_blossom_data)[surface].status = EVEN;
          (*_blossom_data)[surface].pred = INVALID;
          (*_blossom_data)[surface].next = INVALID;
          (*_blossom_data)[surface].pot = 0;
          (*_blossom_data)[surface].offset = 0;

          _tree_set->insert(surface);
          ++_unmatched;
        }
      }

      for (EdgeIt e(_graph); e != INVALID; ++e) {
        int si = (*_node_index)[_graph.u(e)];
        int sb = _blossom_set->find(_graph.u(e));
        int ti = (*_node_index)[_graph.v(e)];
        int tb = _blossom_set->find(_graph.v(e));
        if ((*_blossom_data)[sb].status == EVEN &&
            (*_blossom_data)[tb].status == EVEN && sb != tb) {
          _delta3->push(e, ((*_node_data)[si].pot + (*_node_data)[ti].pot -
                            dualScale * _weight[e]) / 2);
        }
      }

      for (NodeIt n(_graph); n != INVALID; ++n) {
        int nb = _blossom_set->find(n);
        if ((*_blossom_data)[nb].status != MATCHED) continue;
        int ni = (*_node_index)[n];

        for (OutArcIt e(_graph, n); e != INVALID; ++e) {
          Node v = _graph.target(e);
          int vb = _blossom_set->find(v);
          int vi = (*_node_index)[v];

          Value rw = (*_node_data)[ni].pot + (*_node_data)[vi].pot -
            dualScale * _weight[e];

          if ((*_blossom_data)[vb].status == EVEN) {

            int vt = _tree_set->find(vb);

            typename std::map<int, Arc>::iterator it =
              (*_node_data)[ni].heap_index.find(vt);

            if (it != (*_node_data)[ni].heap_index.end()) {
              if ((*_node_data)[ni].heap[it->second] > rw) {
                (*_node_data)[ni].heap.replace(it->second, e);
                (*_node_data)[ni].heap.decrease(e, rw);
                it->second = e;
              }
            } else {
              (*_node_data)[ni].heap.push(e, rw);
              (*_node_data)[ni].heap_index.insert(std::make_pair(vt, e));
            }
          }
        }

        if (!(*_node_data)[ni].heap.empty()) {
          _blossom_set->decrease(n, (*_node_data)[ni].heap.prio());
          _delta2->push(nb, _blossom_set->classPrio(nb));
        }
      }
    }

    /// \brief Start the algorithm
    ///
    /// This function starts the algorithm.
    ///
    /// \pre \ref init() or \ref fractionalInit() must be called
    /// before using this function.
    void start() {
      enum OpType {
        D1, D2, D3, D4
      };

      while (_unmatched > 0) {
        Value d1 = !_delta1->empty() ?
          _delta1->prio() : std::numeric_limits<Value>::max();

        Value d2 = !_delta2->empty() ?
          _delta2->prio() : std::numeric_limits<Value>::max();

        Value d3 = !_delta3->empty() ?
          _delta3->prio() : std::numeric_limits<Value>::max();

        Value d4 = !_delta4->empty() ?
          _delta4->prio() : std::numeric_limits<Value>::max();

        _delta_sum = d3; OpType ot = D3;
        if (d1 < _delta_sum) { _delta_sum = d1; ot = D1; }
        if (d2 < _delta_sum) { _delta_sum = d2; ot = D2; }
        if (d4 < _delta_sum) { _delta_sum = d4; ot = D4; }

        switch (ot) {
        case D1:
          {
            Node n = _delta1->top();
            unmatchNode(n);
            --_unmatched;
          }
          break;
        case D2:
          {
            int blossom = _delta2->top();
            Node n = _blossom_set->classTop(blossom);
            Arc a = (*_node_data)[(*_node_index)[n]].heap.top();
            if ((*_blossom_data)[blossom].next == INVALID) {
              augmentOnArc(a);
              --_unmatched;
            } else {
              extendOnArc(a);
            }
          }
          break;
        case D3:
          {
            Edge e = _delta3->top();

            int left_blossom = _blossom_set->find(_graph.u(e));
            int right_blossom = _blossom_set->find(_graph.v(e));

            if (left_blossom == right_blossom) {
              _delta3->pop();
            } else {
              int left_tree = _tree_set->find(left_blossom);
              int right_tree = _tree_set->find(right_blossom);

              if (left_tree == right_tree) {
                shrinkOnEdge(e, left_tree);
              } else {
                augmentOnEdge(e);
                _unmatched -= 2;
              }
            }
          } break;
        case D4:
          splitBlossom(_delta4->top());
          break;
        }
      }
      extractMatching();
    }

    /// \brief Run the algorithm.
    ///
    /// This method runs the \c %MaxWeightedMatching algorithm.
    ///
    /// \note mwm.run() is just a shortcut of the following code.
    /// \code
    ///   mwm.fractionalInit();
    ///   mwm.start();
    /// \endcode
    void run() {
      fractionalInit();
      start();
    }

    /// @}

    /// \name Primal Solution
    /// Functions to get the primal solution, i.e. the maximum weighted
    /// matching.\n
    /// Either \ref run() or \ref start() function should be called before
    /// using them.

    /// @{

    /// \brief Return the weight of the matching.
    ///
    /// This function returns the weight of the found matching.
    ///
    /// \pre Either run() or start() must be called before using this function.
    Value matchingWeight() const {
      Value sum = 0;
      for (NodeIt n(_graph); n != INVALID; ++n) {
        if ((*_matching)[n] != INVALID) {
          sum += _weight[(*_matching)[n]];
        }
      }
      return sum / 2;
    }

    /// \brief Return the size (cardinality) of the matching.
    ///
    /// This function returns the size (cardinality) of the found matching.
    ///
    /// \pre Either run() or start() must be called before using this function.
    int matchingSize() const {
      int num = 0;
      for (NodeIt n(_graph); n != INVALID; ++n) {
        if ((*_matching)[n] != INVALID) {
          ++num;
        }
      }
      return num /= 2;
    }

    /// \brief Return \c true if the given edge is in the matching.
    ///
    /// This function returns \c true if the given edge is in the found
    /// matching.
    ///
    /// \pre Either run() or start() must be called before using this function.
    bool matching(const Edge& edge) const {
      return edge == (*_matching)[_graph.u(edge)];
    }

    /// \brief Return the matching arc (or edge) incident to the given node.
    ///
    /// This function returns the matching arc (or edge) incident to the
    /// given node in the found matching or \c INVALID if the node is
    /// not covered by the matching.
    ///
    /// \pre Either run() or start() must be called before using this function.
    Arc matching(const Node& node) const {
      return (*_matching)[node];
    }

    /// \brief Return a const reference to the matching map.
    ///
    /// This function returns a const reference to a node map that stores
    /// the matching arc (or edge) incident to each node.
    const MatchingMap& matchingMap() const {
      return *_matching;
    }

    /// \brief Return the mate of the given node.
    ///
    /// This function returns the mate of the given node in the found
    /// matching or \c INVALID if the node is not covered by the matching.
    ///
    /// \pre Either run() or start() must be called before using this function.
    Node mate(const Node& node) const {
      return (*_matching)[node] != INVALID ?
        _graph.target((*_matching)[node]) : INVALID;
    }

    /// @}

    /// \name Dual Solution
    /// Functions to get the dual solution.\n
    /// Either \ref run() or \ref start() function should be called before
    /// using them.

    /// @{

    /// \brief Return the value of the dual solution.
    ///
    /// This function returns the value of the dual solution.
    /// It should be equal to the primal value scaled by \ref dualScale
    /// "dual scale".
    ///
    /// \pre Either run() or start() must be called before using this function.
    Value dualValue() const {
      Value sum = 0;
      for (NodeIt n(_graph); n != INVALID; ++n) {
        sum += nodeValue(n);
      }
      for (int i = 0; i < blossomNum(); ++i) {
        sum += blossomValue(i) * (blossomSize(i) / 2);
      }
      return sum;
    }

    /// \brief Return the dual value (potential) of the given node.
    ///
    /// This function returns the dual value (potential) of the given node.
    ///
    /// \pre Either run() or start() must be called before using this function.
    Value nodeValue(const Node& n) const {
      return (*_node_potential)[n];
    }

    /// \brief Return the number of the blossoms in the basis.
    ///
    /// This function returns the number of the blossoms in the basis.
    ///
    /// \pre Either run() or start() must be called before using this function.
    /// \see BlossomIt
    int blossomNum() const {
      return _blossom_potential.size();
    }

    /// \brief Return the number of the nodes in the given blossom.
    ///
    /// This function returns the number of the nodes in the given blossom.
    ///
    /// \pre Either run() or start() must be called before using this function.
    /// \see BlossomIt
    int blossomSize(int k) const {
      return _blossom_potential[k].end - _blossom_potential[k].begin;
    }

    /// \brief Return the dual value (ptential) of the given blossom.
    ///
    /// This function returns the dual value (ptential) of the given blossom.
    ///
    /// \pre Either run() or start() must be called before using this function.
    Value blossomValue(int k) const {
      return _blossom_potential[k].value;
    }

    /// \brief Iterator for obtaining the nodes of a blossom.
    ///
    /// This class provides an iterator for obtaining the nodes of the
    /// given blossom. It lists a subset of the nodes.
    /// Before using this iterator, you must allocate a
    /// MaxWeightedMatching class and execute it.
    class BlossomIt {
    public:

      /// \brief Constructor.
      ///
      /// Constructor to get the nodes of the given variable.
      ///
      /// \pre Either \ref MaxWeightedMatching::run() "algorithm.run()" or
      /// \ref MaxWeightedMatching::start() "algorithm.start()" must be
      /// called before initializing this iterator.
      BlossomIt(const MaxWeightedMatching& algorithm, int variable)
        : _algorithm(&algorithm)
      {
        _index = _algorithm->_blossom_potential[variable].begin;
        _last = _algorithm->_blossom_potential[variable].end;
      }

      /// \brief Conversion to \c Node.
      ///
      /// Conversion to \c Node.
      operator Node() const {
        return _algorithm->_blossom_node_list[_index];
      }

      /// \brief Increment operator.
      ///
      /// Increment operator.
      BlossomIt& operator++() {
        ++_index;
        return *this;
      }

      /// \brief Validity checking
      ///
      /// Checks whether the iterator is invalid.
      bool operator==(Invalid) const { return _index == _last; }

      /// \brief Validity checking
      ///
      /// Checks whether the iterator is valid.
      bool operator!=(Invalid) const { return _index != _last; }

    private:
      const MaxWeightedMatching* _algorithm;
      int _last;
      int _index;
    };

    /// @}

  };

  /// \ingroup matching
  ///
  /// \brief Weighted perfect matching in general graphs
  ///
  /// This class provides an efficient implementation of Edmond's
  /// maximum weighted perfect matching algorithm. The implementation
  /// is based on extensive use of priority queues and provides
  /// \f$O(nm\log n)\f$ time complexity.
  ///
  /// The maximum weighted perfect matching problem is to find a subset of
  /// the edges in an undirected graph with maximum overall weight for which
  /// each node has exactly one incident edge.
  /// It can be formulated with the following linear program.
  /// \f[ \sum_{e \in \delta(u)}x_e = 1 \quad \forall u\in V\f]
  /** \f[ \sum_{e \in \gamma(B)}x_e \le \frac{\vert B \vert - 1}{2}
      \quad \forall B\in\mathcal{O}\f] */
  /// \f[x_e \ge 0\quad \forall e\in E\f]
  /// \f[\max \sum_{e\in E}x_ew_e\f]
  /// where \f$\delta(X)\f$ is the set of edges incident to a node in
  /// \f$X\f$, \f$\gamma(X)\f$ is the set of edges with both ends in
  /// \f$X\f$ and \f$\mathcal{O}\f$ is the set of odd cardinality
  /// subsets of the nodes.
  ///
  /// The algorithm calculates an optimal matching and a proof of the
  /// optimality. The solution of the dual problem can be used to check
  /// the result of the algorithm. The dual linear problem is the
  /// following.
  /** \f[ y_u + y_v + \sum_{B \in \mathcal{O}, uv \in \gamma(B)}z_B \ge
      w_{uv} \quad \forall uv\in E\f] */
  /// \f[z_B \ge 0 \quad \forall B \in \mathcal{O}\f]
  /** \f[\min \sum_{u \in V}y_u + \sum_{B \in \mathcal{O}}
      \frac{\vert B \vert - 1}{2}z_B\f] */
  ///
  /// The algorithm can be executed with the run() function.
  /// After it the matching (the primal solution) and the dual solution
  /// can be obtained using the query functions and the
  /// \ref MaxWeightedPerfectMatching::BlossomIt "BlossomIt" nested class,
  /// which is able to iterate on the nodes of a blossom.
  /// If the value type is integer, then the dual solution is multiplied
  /// by \ref MaxWeightedMatching::dualScale "4".
  ///
  /// \tparam GR The undirected graph type the algorithm runs on.
  /// \tparam WM The type edge weight map. The default type is
  /// \ref concepts::Graph::EdgeMap "GR::EdgeMap<int>".
#ifdef DOXYGEN
  template <typename GR, typename WM>
#else
  template <typename GR,
            typename WM = typename GR::template EdgeMap<int> >
#endif
  class MaxWeightedPerfectMatching {
  public:

    /// The graph type of the algorithm
    typedef GR Graph;
    /// The type of the edge weight map
    typedef WM WeightMap;
    /// The value type of the edge weights
    typedef typename WeightMap::Value Value;

    /// \brief Scaling factor for dual solution
    ///
    /// Scaling factor for dual solution, it is equal to 4 or 1
    /// according to the value type.
    static const int dualScale =
      std::numeric_limits<Value>::is_integer ? 4 : 1;

    /// The type of the matching map
    typedef typename Graph::template NodeMap<typename Graph::Arc>
    MatchingMap;

  private:

    TEMPLATE_GRAPH_TYPEDEFS(Graph);

    typedef typename Graph::template NodeMap<Value> NodePotential;
    typedef std::vector<Node> BlossomNodeList;

    struct BlossomVariable {
      int begin, end;
      Value value;

      BlossomVariable(int _begin, int _end, Value _value)
        : begin(_begin), end(_end), value(_value) {}

    };

    typedef std::vector<BlossomVariable> BlossomPotential;

    const Graph& _graph;
    const WeightMap& _weight;

    MatchingMap* _matching;

    NodePotential* _node_potential;

    BlossomPotential _blossom_potential;
    BlossomNodeList _blossom_node_list;

    int _node_num;
    int _blossom_num;

    typedef RangeMap<int> IntIntMap;

    enum Status {
      EVEN = -1, MATCHED = 0, ODD = 1
    };

    typedef HeapUnionFind<Value, IntNodeMap> BlossomSet;
    struct BlossomData {
      int tree;
      Status status;
      Arc pred, next;
      Value pot, offset;
    };

    IntNodeMap *_blossom_index;
    BlossomSet *_blossom_set;
    RangeMap<BlossomData>* _blossom_data;

    IntNodeMap *_node_index;
    IntArcMap *_node_heap_index;

    struct NodeData {

      NodeData(IntArcMap& node_heap_index)
        : heap(node_heap_index) {}

      int blossom;
      Value pot;
      BinHeap<Value, IntArcMap> heap;
      std::map<int, Arc> heap_index;

      int tree;
    };

    RangeMap<NodeData>* _node_data;

    typedef ExtendFindEnum<IntIntMap> TreeSet;

    IntIntMap *_tree_set_index;
    TreeSet *_tree_set;

    IntIntMap *_delta2_index;
    BinHeap<Value, IntIntMap> *_delta2;

    IntEdgeMap *_delta3_index;
    BinHeap<Value, IntEdgeMap> *_delta3;

    IntIntMap *_delta4_index;
    BinHeap<Value, IntIntMap> *_delta4;

    Value _delta_sum;
    int _unmatched;

    typedef MaxWeightedPerfectFractionalMatching<Graph, WeightMap>
    FractionalMatching;
    FractionalMatching *_fractional;

    void createStructures() {
      _node_num = countNodes(_graph);
      _blossom_num = _node_num * 3 / 2;

      if (!_matching) {
        _matching = new MatchingMap(_graph);
      }

      if (!_node_potential) {
        _node_potential = new NodePotential(_graph);
      }

      if (!_blossom_set) {
        _blossom_index = new IntNodeMap(_graph);
        _blossom_set = new BlossomSet(*_blossom_index);
        _blossom_data = new RangeMap<BlossomData>(_blossom_num);
      } else if (_blossom_data->size() != _blossom_num) {
        delete _blossom_data;
        _blossom_data = new RangeMap<BlossomData>(_blossom_num);
      }

      if (!_node_index) {
        _node_index = new IntNodeMap(_graph);
        _node_heap_index = new IntArcMap(_graph);
        _node_data = new RangeMap<NodeData>(_node_num,
                                            NodeData(*_node_heap_index));
      } else if (_node_data->size() != _node_num) {
        delete _node_data;
        _node_data = new RangeMap<NodeData>(_node_num,
                                            NodeData(*_node_heap_index));
      }

      if (!_tree_set) {
        _tree_set_index = new IntIntMap(_blossom_num);
        _tree_set = new TreeSet(*_tree_set_index);
      } else {
        _tree_set_index->resize(_blossom_num);
      }

      if (!_delta2) {
        _delta2_index = new IntIntMap(_blossom_num);
        _delta2 = new BinHeap<Value, IntIntMap>(*_delta2_index);
      } else {
        _delta2_index->resize(_blossom_num);
      }

      if (!_delta3) {
        _delta3_index = new IntEdgeMap(_graph);
        _delta3 = new BinHeap<Value, IntEdgeMap>(*_delta3_index);
      }

      if (!_delta4) {
        _delta4_index = new IntIntMap(_blossom_num);
        _delta4 = new BinHeap<Value, IntIntMap>(*_delta4_index);
      } else {
        _delta4_index->resize(_blossom_num);
      }
    }

    void destroyStructures() {
      if (_matching) {
        delete _matching;
      }
      if (_node_potential) {
        delete _node_potential;
      }
      if (_blossom_set) {
        delete _blossom_index;
        delete _blossom_set;
        delete _blossom_data;
      }

      if (_node_index) {
        delete _node_index;
        delete _node_heap_index;
        delete _node_data;
      }

      if (_tree_set) {
        delete _tree_set_index;
        delete _tree_set;
      }
      if (_delta2) {
        delete _delta2_index;
        delete _delta2;
      }
      if (_delta3) {
        delete _delta3_index;
        delete _delta3;
      }
      if (_delta4) {
        delete _delta4_index;
        delete _delta4;
      }
    }

    void matchedToEven(int blossom, int tree) {
      if (_delta2->state(blossom) == _delta2->IN_HEAP) {
        _delta2->erase(blossom);
      }

      if (!_blossom_set->trivial(blossom)) {
        (*_blossom_data)[blossom].pot -=
          2 * (_delta_sum - (*_blossom_data)[blossom].offset);
      }

      for (typename BlossomSet::ItemIt n(*_blossom_set, blossom);
           n != INVALID; ++n) {

        _blossom_set->increase(n, std::numeric_limits<Value>::max());
        int ni = (*_node_index)[n];

        (*_node_data)[ni].heap.clear();
        (*_node_data)[ni].heap_index.clear();

        (*_node_data)[ni].pot += _delta_sum - (*_blossom_data)[blossom].offset;

        for (InArcIt e(_graph, n); e != INVALID; ++e) {
          Node v = _graph.source(e);
          int vb = _blossom_set->find(v);
          int vi = (*_node_index)[v];

          Value rw = (*_node_data)[ni].pot + (*_node_data)[vi].pot -
            dualScale * _weight[e];

          if ((*_blossom_data)[vb].status == EVEN) {
            if (_delta3->state(e) != _delta3->IN_HEAP && blossom != vb) {
              _delta3->push(e, rw / 2);
            }
          } else {
            typename std::map<int, Arc>::iterator it =
              (*_node_data)[vi].heap_index.find(tree);

            if (it != (*_node_data)[vi].heap_index.end()) {
              if ((*_node_data)[vi].heap[it->second] > rw) {
                (*_node_data)[vi].heap.replace(it->second, e);
                (*_node_data)[vi].heap.decrease(e, rw);
                it->second = e;
              }
            } else {
              (*_node_data)[vi].heap.push(e, rw);
              (*_node_data)[vi].heap_index.insert(std::make_pair(tree, e));
            }

            if ((*_blossom_set)[v] > (*_node_data)[vi].heap.prio()) {
              _blossom_set->decrease(v, (*_node_data)[vi].heap.prio());

              if ((*_blossom_data)[vb].status == MATCHED) {
                if (_delta2->state(vb) != _delta2->IN_HEAP) {
                  _delta2->push(vb, _blossom_set->classPrio(vb) -
                               (*_blossom_data)[vb].offset);
                } else if ((*_delta2)[vb] > _blossom_set->classPrio(vb) -
                           (*_blossom_data)[vb].offset){
                  _delta2->decrease(vb, _blossom_set->classPrio(vb) -
                                   (*_blossom_data)[vb].offset);
                }
              }
            }
          }
        }
      }
      (*_blossom_data)[blossom].offset = 0;
    }

    void matchedToOdd(int blossom) {
      if (_delta2->state(blossom) == _delta2->IN_HEAP) {
        _delta2->erase(blossom);
      }
      (*_blossom_data)[blossom].offset += _delta_sum;
      if (!_blossom_set->trivial(blossom)) {
        _delta4->push(blossom, (*_blossom_data)[blossom].pot / 2 +
                     (*_blossom_data)[blossom].offset);
      }
    }

    void evenToMatched(int blossom, int tree) {
      if (!_blossom_set->trivial(blossom)) {
        (*_blossom_data)[blossom].pot += 2 * _delta_sum;
      }

      for (typename BlossomSet::ItemIt n(*_blossom_set, blossom);
           n != INVALID; ++n) {
        int ni = (*_node_index)[n];
        (*_node_data)[ni].pot -= _delta_sum;

        for (InArcIt e(_graph, n); e != INVALID; ++e) {
          Node v = _graph.source(e);
          int vb = _blossom_set->find(v);
          int vi = (*_node_index)[v];

          Value rw = (*_node_data)[ni].pot + (*_node_data)[vi].pot -
            dualScale * _weight[e];

          if (vb == blossom) {
            if (_delta3->state(e) == _delta3->IN_HEAP) {
              _delta3->erase(e);
            }
          } else if ((*_blossom_data)[vb].status == EVEN) {

            if (_delta3->state(e) == _delta3->IN_HEAP) {
              _delta3->erase(e);
            }

            int vt = _tree_set->find(vb);

            if (vt != tree) {

              Arc r = _graph.oppositeArc(e);

              typename std::map<int, Arc>::iterator it =
                (*_node_data)[ni].heap_index.find(vt);

              if (it != (*_node_data)[ni].heap_index.end()) {
                if ((*_node_data)[ni].heap[it->second] > rw) {
                  (*_node_data)[ni].heap.replace(it->second, r);
                  (*_node_data)[ni].heap.decrease(r, rw);
                  it->second = r;
                }
              } else {
                (*_node_data)[ni].heap.push(r, rw);
                (*_node_data)[ni].heap_index.insert(std::make_pair(vt, r));
              }

              if ((*_blossom_set)[n] > (*_node_data)[ni].heap.prio()) {
                _blossom_set->decrease(n, (*_node_data)[ni].heap.prio());

                if (_delta2->state(blossom) != _delta2->IN_HEAP) {
                  _delta2->push(blossom, _blossom_set->classPrio(blossom) -
                               (*_blossom_data)[blossom].offset);
                } else if ((*_delta2)[blossom] >
                           _blossom_set->classPrio(blossom) -
                           (*_blossom_data)[blossom].offset){
                  _delta2->decrease(blossom, _blossom_set->classPrio(blossom) -
                                   (*_blossom_data)[blossom].offset);
                }
              }
            }
          } else {

            typename std::map<int, Arc>::iterator it =
              (*_node_data)[vi].heap_index.find(tree);

            if (it != (*_node_data)[vi].heap_index.end()) {
              (*_node_data)[vi].heap.erase(it->second);
              (*_node_data)[vi].heap_index.erase(it);
              if ((*_node_data)[vi].heap.empty()) {
                _blossom_set->increase(v, std::numeric_limits<Value>::max());
              } else if ((*_blossom_set)[v] < (*_node_data)[vi].heap.prio()) {
                _blossom_set->increase(v, (*_node_data)[vi].heap.prio());
              }

              if ((*_blossom_data)[vb].status == MATCHED) {
                if (_blossom_set->classPrio(vb) ==
                    std::numeric_limits<Value>::max()) {
                  _delta2->erase(vb);
                } else if ((*_delta2)[vb] < _blossom_set->classPrio(vb) -
                           (*_blossom_data)[vb].offset) {
                  _delta2->increase(vb, _blossom_set->classPrio(vb) -
                                   (*_blossom_data)[vb].offset);
                }
              }
            }
          }
        }
      }
    }

    void oddToMatched(int blossom) {
      (*_blossom_data)[blossom].offset -= _delta_sum;

      if (_blossom_set->classPrio(blossom) !=
          std::numeric_limits<Value>::max()) {
        _delta2->push(blossom, _blossom_set->classPrio(blossom) -
                       (*_blossom_data)[blossom].offset);
      }

      if (!_blossom_set->trivial(blossom)) {
        _delta4->erase(blossom);
      }
    }

    void oddToEven(int blossom, int tree) {
      if (!_blossom_set->trivial(blossom)) {
        _delta4->erase(blossom);
        (*_blossom_data)[blossom].pot -=
          2 * (2 * _delta_sum - (*_blossom_data)[blossom].offset);
      }

      for (typename BlossomSet::ItemIt n(*_blossom_set, blossom);
           n != INVALID; ++n) {
        int ni = (*_node_index)[n];

        _blossom_set->increase(n, std::numeric_limits<Value>::max());

        (*_node_data)[ni].heap.clear();
        (*_node_data)[ni].heap_index.clear();
        (*_node_data)[ni].pot +=
          2 * _delta_sum - (*_blossom_data)[blossom].offset;

        for (InArcIt e(_graph, n); e != INVALID; ++e) {
          Node v = _graph.source(e);
          int vb = _blossom_set->find(v);
          int vi = (*_node_index)[v];

          Value rw = (*_node_data)[ni].pot + (*_node_data)[vi].pot -
            dualScale * _weight[e];

          if ((*_blossom_data)[vb].status == EVEN) {
            if (_delta3->state(e) != _delta3->IN_HEAP && blossom != vb) {
              _delta3->push(e, rw / 2);
            }
          } else {

            typename std::map<int, Arc>::iterator it =
              (*_node_data)[vi].heap_index.find(tree);

            if (it != (*_node_data)[vi].heap_index.end()) {
              if ((*_node_data)[vi].heap[it->second] > rw) {
                (*_node_data)[vi].heap.replace(it->second, e);
                (*_node_data)[vi].heap.decrease(e, rw);
                it->second = e;
              }
            } else {
              (*_node_data)[vi].heap.push(e, rw);
              (*_node_data)[vi].heap_index.insert(std::make_pair(tree, e));
            }

            if ((*_blossom_set)[v] > (*_node_data)[vi].heap.prio()) {
              _blossom_set->decrease(v, (*_node_data)[vi].heap.prio());

              if ((*_blossom_data)[vb].status == MATCHED) {
                if (_delta2->state(vb) != _delta2->IN_HEAP) {
                  _delta2->push(vb, _blossom_set->classPrio(vb) -
                               (*_blossom_data)[vb].offset);
                } else if ((*_delta2)[vb] > _blossom_set->classPrio(vb) -
                           (*_blossom_data)[vb].offset) {
                  _delta2->decrease(vb, _blossom_set->classPrio(vb) -
                                   (*_blossom_data)[vb].offset);
                }
              }
            }
          }
        }
      }
      (*_blossom_data)[blossom].offset = 0;
    }

    void alternatePath(int even, int tree) {
      int odd;

      evenToMatched(even, tree);
      (*_blossom_data)[even].status = MATCHED;

      while ((*_blossom_data)[even].pred != INVALID) {
        odd = _blossom_set->find(_graph.target((*_blossom_data)[even].pred));
        (*_blossom_data)[odd].status = MATCHED;
        oddToMatched(odd);
        (*_blossom_data)[odd].next = (*_blossom_data)[odd].pred;

        even = _blossom_set->find(_graph.target((*_blossom_data)[odd].pred));
        (*_blossom_data)[even].status = MATCHED;
        evenToMatched(even, tree);
        (*_blossom_data)[even].next =
          _graph.oppositeArc((*_blossom_data)[odd].pred);
      }

    }

    void destroyTree(int tree) {
      for (TreeSet::ItemIt b(*_tree_set, tree); b != INVALID; ++b) {
        if ((*_blossom_data)[b].status == EVEN) {
          (*_blossom_data)[b].status = MATCHED;
          evenToMatched(b, tree);
        } else if ((*_blossom_data)[b].status == ODD) {
          (*_blossom_data)[b].status = MATCHED;
          oddToMatched(b);
        }
      }
      _tree_set->eraseClass(tree);
    }

    void augmentOnEdge(const Edge& edge) {

      int left = _blossom_set->find(_graph.u(edge));
      int right = _blossom_set->find(_graph.v(edge));

      int left_tree = _tree_set->find(left);
      alternatePath(left, left_tree);
      destroyTree(left_tree);

      int right_tree = _tree_set->find(right);
      alternatePath(right, right_tree);
      destroyTree(right_tree);

      (*_blossom_data)[left].next = _graph.direct(edge, true);
      (*_blossom_data)[right].next = _graph.direct(edge, false);
    }

    void extendOnArc(const Arc& arc) {
      int base = _blossom_set->find(_graph.target(arc));
      int tree = _tree_set->find(base);

      int odd = _blossom_set->find(_graph.source(arc));
      _tree_set->insert(odd, tree);
      (*_blossom_data)[odd].status = ODD;
      matchedToOdd(odd);
      (*_blossom_data)[odd].pred = arc;

      int even = _blossom_set->find(_graph.target((*_blossom_data)[odd].next));
      (*_blossom_data)[even].pred = (*_blossom_data)[even].next;
      _tree_set->insert(even, tree);
      (*_blossom_data)[even].status = EVEN;
      matchedToEven(even, tree);
    }

    void shrinkOnEdge(const Edge& edge, int tree) {
      int nca = -1;
      std::vector<int> left_path, right_path;

      {
        std::set<int> left_set, right_set;
        int left = _blossom_set->find(_graph.u(edge));
        left_path.push_back(left);
        left_set.insert(left);

        int right = _blossom_set->find(_graph.v(edge));
        right_path.push_back(right);
        right_set.insert(right);

        while (true) {

          if ((*_blossom_data)[left].pred == INVALID) break;

          left =
            _blossom_set->find(_graph.target((*_blossom_data)[left].pred));
          left_path.push_back(left);
          left =
            _blossom_set->find(_graph.target((*_blossom_data)[left].pred));
          left_path.push_back(left);

          left_set.insert(left);

          if (right_set.find(left) != right_set.end()) {
            nca = left;
            break;
          }

          if ((*_blossom_data)[right].pred == INVALID) break;

          right =
            _blossom_set->find(_graph.target((*_blossom_data)[right].pred));
          right_path.push_back(right);
          right =
            _blossom_set->find(_graph.target((*_blossom_data)[right].pred));
          right_path.push_back(right);

          right_set.insert(right);

          if (left_set.find(right) != left_set.end()) {
            nca = right;
            break;
          }

        }

        if (nca == -1) {
          if ((*_blossom_data)[left].pred == INVALID) {
            nca = right;
            while (left_set.find(nca) == left_set.end()) {
              nca =
                _blossom_set->find(_graph.target((*_blossom_data)[nca].pred));
              right_path.push_back(nca);
              nca =
                _blossom_set->find(_graph.target((*_blossom_data)[nca].pred));
              right_path.push_back(nca);
            }
          } else {
            nca = left;
            while (right_set.find(nca) == right_set.end()) {
              nca =
                _blossom_set->find(_graph.target((*_blossom_data)[nca].pred));
              left_path.push_back(nca);
              nca =
                _blossom_set->find(_graph.target((*_blossom_data)[nca].pred));
              left_path.push_back(nca);
            }
          }
        }
      }

      std::vector<int> subblossoms;
      Arc prev;

      prev = _graph.direct(edge, true);
      for (int i = 0; left_path[i] != nca; i += 2) {
        subblossoms.push_back(left_path[i]);
        (*_blossom_data)[left_path[i]].next = prev;
        _tree_set->erase(left_path[i]);

        subblossoms.push_back(left_path[i + 1]);
        (*_blossom_data)[left_path[i + 1]].status = EVEN;
        oddToEven(left_path[i + 1], tree);
        _tree_set->erase(left_path[i + 1]);
        prev = _graph.oppositeArc((*_blossom_data)[left_path[i + 1]].pred);
      }

      int k = 0;
      while (right_path[k] != nca) ++k;

      subblossoms.push_back(nca);
      (*_blossom_data)[nca].next = prev;

      for (int i = k - 2; i >= 0; i -= 2) {
        subblossoms.push_back(right_path[i + 1]);
        (*_blossom_data)[right_path[i + 1]].status = EVEN;
        oddToEven(right_path[i + 1], tree);
        _tree_set->erase(right_path[i + 1]);

        (*_blossom_data)[right_path[i + 1]].next =
          (*_blossom_data)[right_path[i + 1]].pred;

        subblossoms.push_back(right_path[i]);
        _tree_set->erase(right_path[i]);
      }

      int surface =
        _blossom_set->join(subblossoms.begin(), subblossoms.end());

      for (int i = 0; i < int(subblossoms.size()); ++i) {
        if (!_blossom_set->trivial(subblossoms[i])) {
          (*_blossom_data)[subblossoms[i]].pot += 2 * _delta_sum;
        }
        (*_blossom_data)[subblossoms[i]].status = MATCHED;
      }

      (*_blossom_data)[surface].pot = -2 * _delta_sum;
      (*_blossom_data)[surface].offset = 0;
      (*_blossom_data)[surface].status = EVEN;
      (*_blossom_data)[surface].pred = (*_blossom_data)[nca].pred;
      (*_blossom_data)[surface].next = (*_blossom_data)[nca].pred;

      _tree_set->insert(surface, tree);
      _tree_set->erase(nca);
    }

    void splitBlossom(int blossom) {
      Arc next = (*_blossom_data)[blossom].next;
      Arc pred = (*_blossom_data)[blossom].pred;

      int tree = _tree_set->find(blossom);

      (*_blossom_data)[blossom].status = MATCHED;
      oddToMatched(blossom);
      if (_delta2->state(blossom) == _delta2->IN_HEAP) {
        _delta2->erase(blossom);
      }

      std::vector<int> subblossoms;
      _blossom_set->split(blossom, std::back_inserter(subblossoms));

      Value offset = (*_blossom_data)[blossom].offset;
      int b = _blossom_set->find(_graph.source(pred));
      int d = _blossom_set->find(_graph.source(next));

      int ib = -1, id = -1;
      for (int i = 0; i < int(subblossoms.size()); ++i) {
        if (subblossoms[i] == b) ib = i;
        if (subblossoms[i] == d) id = i;

        (*_blossom_data)[subblossoms[i]].offset = offset;
        if (!_blossom_set->trivial(subblossoms[i])) {
          (*_blossom_data)[subblossoms[i]].pot -= 2 * offset;
        }
        if (_blossom_set->classPrio(subblossoms[i]) !=
            std::numeric_limits<Value>::max()) {
          _delta2->push(subblossoms[i],
                        _blossom_set->classPrio(subblossoms[i]) -
                        (*_blossom_data)[subblossoms[i]].offset);
        }
      }

      if (id > ib ? ((id - ib) % 2 == 0) : ((ib - id) % 2 == 1)) {
        for (int i = (id + 1) % subblossoms.size();
             i != ib; i = (i + 2) % subblossoms.size()) {
          int sb = subblossoms[i];
          int tb = subblossoms[(i + 1) % subblossoms.size()];
          (*_blossom_data)[sb].next =
            _graph.oppositeArc((*_blossom_data)[tb].next);
        }

        for (int i = ib; i != id; i = (i + 2) % subblossoms.size()) {
          int sb = subblossoms[i];
          int tb = subblossoms[(i + 1) % subblossoms.size()];
          int ub = subblossoms[(i + 2) % subblossoms.size()];

          (*_blossom_data)[sb].status = ODD;
          matchedToOdd(sb);
          _tree_set->insert(sb, tree);
          (*_blossom_data)[sb].pred = pred;
          (*_blossom_data)[sb].next =
                           _graph.oppositeArc((*_blossom_data)[tb].next);

          pred = (*_blossom_data)[ub].next;

          (*_blossom_data)[tb].status = EVEN;
          matchedToEven(tb, tree);
          _tree_set->insert(tb, tree);
          (*_blossom_data)[tb].pred = (*_blossom_data)[tb].next;
        }

        (*_blossom_data)[subblossoms[id]].status = ODD;
        matchedToOdd(subblossoms[id]);
        _tree_set->insert(subblossoms[id], tree);
        (*_blossom_data)[subblossoms[id]].next = next;
        (*_blossom_data)[subblossoms[id]].pred = pred;

      } else {

        for (int i = (ib + 1) % subblossoms.size();
             i != id; i = (i + 2) % subblossoms.size()) {
          int sb = subblossoms[i];
          int tb = subblossoms[(i + 1) % subblossoms.size()];
          (*_blossom_data)[sb].next =
            _graph.oppositeArc((*_blossom_data)[tb].next);
        }

        for (int i = id; i != ib; i = (i + 2) % subblossoms.size()) {
          int sb = subblossoms[i];
          int tb = subblossoms[(i + 1) % subblossoms.size()];
          int ub = subblossoms[(i + 2) % subblossoms.size()];

          (*_blossom_data)[sb].status = ODD;
          matchedToOdd(sb);
          _tree_set->insert(sb, tree);
          (*_blossom_data)[sb].next = next;
          (*_blossom_data)[sb].pred =
            _graph.oppositeArc((*_blossom_data)[tb].next);

          (*_blossom_data)[tb].status = EVEN;
          matchedToEven(tb, tree);
          _tree_set->insert(tb, tree);
          (*_blossom_data)[tb].pred =
            (*_blossom_data)[tb].next =
            _graph.oppositeArc((*_blossom_data)[ub].next);
          next = (*_blossom_data)[ub].next;
        }

        (*_blossom_data)[subblossoms[ib]].status = ODD;
        matchedToOdd(subblossoms[ib]);
        _tree_set->insert(subblossoms[ib], tree);
        (*_blossom_data)[subblossoms[ib]].next = next;
        (*_blossom_data)[subblossoms[ib]].pred = pred;
      }
      _tree_set->erase(blossom);
    }

    void extractBlossom(int blossom, const Node& base, const Arc& matching) {
      if (_blossom_set->trivial(blossom)) {
        int bi = (*_node_index)[base];
        Value pot = (*_node_data)[bi].pot;

        (*_matching)[base] = matching;
        _blossom_node_list.push_back(base);
        (*_node_potential)[base] = pot;
      } else {

        Value pot = (*_blossom_data)[blossom].pot;
        int bn = _blossom_node_list.size();

        std::vector<int> subblossoms;
        _blossom_set->split(blossom, std::back_inserter(subblossoms));
        int b = _blossom_set->find(base);
        int ib = -1;
        for (int i = 0; i < int(subblossoms.size()); ++i) {
          if (subblossoms[i] == b) { ib = i; break; }
        }

        for (int i = 1; i < int(subblossoms.size()); i += 2) {
          int sb = subblossoms[(ib + i) % subblossoms.size()];
          int tb = subblossoms[(ib + i + 1) % subblossoms.size()];

          Arc m = (*_blossom_data)[tb].next;
          extractBlossom(sb, _graph.target(m), _graph.oppositeArc(m));
          extractBlossom(tb, _graph.source(m), m);
        }
        extractBlossom(subblossoms[ib], base, matching);

        int en = _blossom_node_list.size();

        _blossom_potential.push_back(BlossomVariable(bn, en, pot));
      }
    }

    void extractMatching() {
      std::vector<int> blossoms;
      for (typename BlossomSet::ClassIt c(*_blossom_set); c != INVALID; ++c) {
        blossoms.push_back(c);
      }

      for (int i = 0; i < int(blossoms.size()); ++i) {

        Value offset = (*_blossom_data)[blossoms[i]].offset;
        (*_blossom_data)[blossoms[i]].pot += 2 * offset;
        for (typename BlossomSet::ItemIt n(*_blossom_set, blossoms[i]);
             n != INVALID; ++n) {
          (*_node_data)[(*_node_index)[n]].pot -= offset;
        }

        Arc matching = (*_blossom_data)[blossoms[i]].next;
        Node base = _graph.source(matching);
        extractBlossom(blossoms[i], base, matching);
      }
    }

  public:

    /// \brief Constructor
    ///
    /// Constructor.
    MaxWeightedPerfectMatching(const Graph& graph, const WeightMap& weight)
      : _graph(graph), _weight(weight), _matching(0),
        _node_potential(0), _blossom_potential(), _blossom_node_list(),
        _node_num(0), _blossom_num(0),

        _blossom_index(0), _blossom_set(0), _blossom_data(0),
        _node_index(0), _node_heap_index(0), _node_data(0),
        _tree_set_index(0), _tree_set(0),

        _delta2_index(0), _delta2(0),
        _delta3_index(0), _delta3(0),
        _delta4_index(0), _delta4(0),

        _delta_sum(), _unmatched(0),

        _fractional(0)
    {}

    ~MaxWeightedPerfectMatching() {
      destroyStructures();
      if (_fractional) {
        delete _fractional;
      }
    }

    /// \name Execution Control
    /// The simplest way to execute the algorithm is to use the
    /// \ref run() member function.

    ///@{

    /// \brief Initialize the algorithm
    ///
    /// This function initializes the algorithm.
    void init() {
      createStructures();

      _blossom_node_list.clear();
      _blossom_potential.clear();

      for (ArcIt e(_graph); e != INVALID; ++e) {
        (*_node_heap_index)[e] = BinHeap<Value, IntArcMap>::PRE_HEAP;
      }
      for (EdgeIt e(_graph); e != INVALID; ++e) {
        (*_delta3_index)[e] = _delta3->PRE_HEAP;
      }
      for (int i = 0; i < _blossom_num; ++i) {
        (*_delta2_index)[i] = _delta2->PRE_HEAP;
        (*_delta4_index)[i] = _delta4->PRE_HEAP;
      }

      _unmatched = _node_num;

      _delta2->clear();
      _delta3->clear();
      _delta4->clear();
      _blossom_set->clear();
      _tree_set->clear();

      int index = 0;
      for (NodeIt n(_graph); n != INVALID; ++n) {
        Value max = - std::numeric_limits<Value>::max();
        for (OutArcIt e(_graph, n); e != INVALID; ++e) {
          if (_graph.target(e) == n) continue;
          if ((dualScale * _weight[e]) / 2 > max) {
            max = (dualScale * _weight[e]) / 2;
          }
        }
        (*_node_index)[n] = index;
        (*_node_data)[index].heap_index.clear();
        (*_node_data)[index].heap.clear();
        (*_node_data)[index].pot = max;
        int blossom =
          _blossom_set->insert(n, std::numeric_limits<Value>::max());

        _tree_set->insert(blossom);

        (*_blossom_data)[blossom].status = EVEN;
        (*_blossom_data)[blossom].pred = INVALID;
        (*_blossom_data)[blossom].next = INVALID;
        (*_blossom_data)[blossom].pot = 0;
        (*_blossom_data)[blossom].offset = 0;
        ++index;
      }
      for (EdgeIt e(_graph); e != INVALID; ++e) {
        int si = (*_node_index)[_graph.u(e)];
        int ti = (*_node_index)[_graph.v(e)];
        if (_graph.u(e) != _graph.v(e)) {
          _delta3->push(e, ((*_node_data)[si].pot + (*_node_data)[ti].pot -
                            dualScale * _weight[e]) / 2);
        }
      }
    }

    /// \brief Initialize the algorithm with fractional matching
    ///
    /// This function initializes the algorithm with a fractional
    /// matching. This initialization is also called jumpstart heuristic.
    void fractionalInit() {
      createStructures();

      _blossom_node_list.clear();
      _blossom_potential.clear();

      if (_fractional == 0) {
        _fractional = new FractionalMatching(_graph, _weight, false);
      }
      if (!_fractional->run()) {
        _unmatched = -1;
        return;
      }

      for (ArcIt e(_graph); e != INVALID; ++e) {
        (*_node_heap_index)[e] = BinHeap<Value, IntArcMap>::PRE_HEAP;
      }
      for (EdgeIt e(_graph); e != INVALID; ++e) {
        (*_delta3_index)[e] = _delta3->PRE_HEAP;
      }
      for (int i = 0; i < _blossom_num; ++i) {
        (*_delta2_index)[i] = _delta2->PRE_HEAP;
        (*_delta4_index)[i] = _delta4->PRE_HEAP;
      }

      _unmatched = 0;

      _delta2->clear();
      _delta3->clear();
      _delta4->clear();
      _blossom_set->clear();
      _tree_set->clear();

      int index = 0;
      for (NodeIt n(_graph); n != INVALID; ++n) {
        Value pot = _fractional->nodeValue(n);
        (*_node_index)[n] = index;
        (*_node_data)[index].pot = pot;
        (*_node_data)[index].heap_index.clear();
        (*_node_data)[index].heap.clear();
        int blossom =
          _blossom_set->insert(n, std::numeric_limits<Value>::max());

        (*_blossom_data)[blossom].status = MATCHED;
        (*_blossom_data)[blossom].pred = INVALID;
        (*_blossom_data)[blossom].next = _fractional->matching(n);
        (*_blossom_data)[blossom].pot = 0;
        (*_blossom_data)[blossom].offset = 0;
        ++index;
      }

      typename Graph::template NodeMap<bool> processed(_graph, false);
      for (NodeIt n(_graph); n != INVALID; ++n) {
        if (processed[n]) continue;
        processed[n] = true;
        if (_fractional->matching(n) == INVALID) continue;
        int num = 1;
        Node v = _graph.target(_fractional->matching(n));
        while (n != v) {
          processed[v] = true;
          v = _graph.target(_fractional->matching(v));
          ++num;
        }

        if (num % 2 == 1) {
          std::vector<int> subblossoms(num);

          subblossoms[--num] = _blossom_set->find(n);
          v = _graph.target(_fractional->matching(n));
          while (n != v) {
            subblossoms[--num] = _blossom_set->find(v);
            v = _graph.target(_fractional->matching(v));
          }

          int surface =
            _blossom_set->join(subblossoms.begin(), subblossoms.end());
          (*_blossom_data)[surface].status = EVEN;
          (*_blossom_data)[surface].pred = INVALID;
          (*_blossom_data)[surface].next = INVALID;
          (*_blossom_data)[surface].pot = 0;
          (*_blossom_data)[surface].offset = 0;

          _tree_set->insert(surface);
          ++_unmatched;
        }
      }

      for (EdgeIt e(_graph); e != INVALID; ++e) {
        int si = (*_node_index)[_graph.u(e)];
        int sb = _blossom_set->find(_graph.u(e));
        int ti = (*_node_index)[_graph.v(e)];
        int tb = _blossom_set->find(_graph.v(e));
        if ((*_blossom_data)[sb].status == EVEN &&
            (*_blossom_data)[tb].status == EVEN && sb != tb) {
          _delta3->push(e, ((*_node_data)[si].pot + (*_node_data)[ti].pot -
                            dualScale * _weight[e]) / 2);
        }
      }

      for (NodeIt n(_graph); n != INVALID; ++n) {
        int nb = _blossom_set->find(n);
        if ((*_blossom_data)[nb].status != MATCHED) continue;
        int ni = (*_node_index)[n];

        for (OutArcIt e(_graph, n); e != INVALID; ++e) {
          Node v = _graph.target(e);
          int vb = _blossom_set->find(v);
          int vi = (*_node_index)[v];

          Value rw = (*_node_data)[ni].pot + (*_node_data)[vi].pot -
            dualScale * _weight[e];

          if ((*_blossom_data)[vb].status == EVEN) {

            int vt = _tree_set->find(vb);

            typename std::map<int, Arc>::iterator it =
              (*_node_data)[ni].heap_index.find(vt);

            if (it != (*_node_data)[ni].heap_index.end()) {
              if ((*_node_data)[ni].heap[it->second] > rw) {
                (*_node_data)[ni].heap.replace(it->second, e);
                (*_node_data)[ni].heap.decrease(e, rw);
                it->second = e;
              }
            } else {
              (*_node_data)[ni].heap.push(e, rw);
              (*_node_data)[ni].heap_index.insert(std::make_pair(vt, e));
            }
          }
        }

        if (!(*_node_data)[ni].heap.empty()) {
          _blossom_set->decrease(n, (*_node_data)[ni].heap.prio());
          _delta2->push(nb, _blossom_set->classPrio(nb));
        }
      }
    }

    /// \brief Start the algorithm
    ///
    /// This function starts the algorithm.
    ///
    /// \pre \ref init() or \ref fractionalInit() must be called before
    /// using this function.
    bool start() {
      enum OpType {
        D2, D3, D4
      };

      if (_unmatched == -1) return false;

      while (_unmatched > 0) {
        Value d2 = !_delta2->empty() ?
          _delta2->prio() : std::numeric_limits<Value>::max();

        Value d3 = !_delta3->empty() ?
          _delta3->prio() : std::numeric_limits<Value>::max();

        Value d4 = !_delta4->empty() ?
          _delta4->prio() : std::numeric_limits<Value>::max();

        _delta_sum = d3; OpType ot = D3;
        if (d2 < _delta_sum) { _delta_sum = d2; ot = D2; }
        if (d4 < _delta_sum) { _delta_sum = d4; ot = D4; }

        if (_delta_sum == std::numeric_limits<Value>::max()) {
          return false;
        }

        switch (ot) {
        case D2:
          {
            int blossom = _delta2->top();
            Node n = _blossom_set->classTop(blossom);
            Arc e = (*_node_data)[(*_node_index)[n]].heap.top();
            extendOnArc(e);
          }
          break;
        case D3:
          {
            Edge e = _delta3->top();

            int left_blossom = _blossom_set->find(_graph.u(e));
            int right_blossom = _blossom_set->find(_graph.v(e));

            if (left_blossom == right_blossom) {
              _delta3->pop();
            } else {
              int left_tree = _tree_set->find(left_blossom);
              int right_tree = _tree_set->find(right_blossom);

              if (left_tree == right_tree) {
                shrinkOnEdge(e, left_tree);
              } else {
                augmentOnEdge(e);
                _unmatched -= 2;
              }
            }
          } break;
        case D4:
          splitBlossom(_delta4->top());
          break;
        }
      }
      extractMatching();
      return true;
    }

    /// \brief Run the algorithm.
    ///
    /// This method runs the \c %MaxWeightedPerfectMatching algorithm.
    ///
    /// \note mwpm.run() is just a shortcut of the following code.
    /// \code
    ///   mwpm.fractionalInit();
    ///   mwpm.start();
    /// \endcode
    bool run() {
      fractionalInit();
      return start();
    }

    /// @}

    /// \name Primal Solution
    /// Functions to get the primal solution, i.e. the maximum weighted
    /// perfect matching.\n
    /// Either \ref run() or \ref start() function should be called before
    /// using them.

    /// @{

    /// \brief Return the weight of the matching.
    ///
    /// This function returns the weight of the found matching.
    ///
    /// \pre Either run() or start() must be called before using this function.
    Value matchingWeight() const {
      Value sum = 0;
      for (NodeIt n(_graph); n != INVALID; ++n) {
        if ((*_matching)[n] != INVALID) {
          sum += _weight[(*_matching)[n]];
        }
      }
      return sum / 2;
    }

    /// \brief Return \c true if the given edge is in the matching.
    ///
    /// This function returns \c true if the given edge is in the found
    /// matching.
    ///
    /// \pre Either run() or start() must be called before using this function.
    bool matching(const Edge& edge) const {
      return static_cast<const Edge&>((*_matching)[_graph.u(edge)]) == edge;
    }

    /// \brief Return the matching arc (or edge) incident to the given node.
    ///
    /// This function returns the matching arc (or edge) incident to the
    /// given node in the found matching or \c INVALID if the node is
    /// not covered by the matching.
    ///
    /// \pre Either run() or start() must be called before using this function.
    Arc matching(const Node& node) const {
      return (*_matching)[node];
    }

    /// \brief Return a const reference to the matching map.
    ///
    /// This function returns a const reference to a node map that stores
    /// the matching arc (or edge) incident to each node.
    const MatchingMap& matchingMap() const {
      return *_matching;
    }

    /// \brief Return the mate of the given node.
    ///
    /// This function returns the mate of the given node in the found
    /// matching or \c INVALID if the node is not covered by the matching.
    ///
    /// \pre Either run() or start() must be called before using this function.
    Node mate(const Node& node) const {
      return _graph.target((*_matching)[node]);
    }

    /// @}

    /// \name Dual Solution
    /// Functions to get the dual solution.\n
    /// Either \ref run() or \ref start() function should be called before
    /// using them.

    /// @{

    /// \brief Return the value of the dual solution.
    ///
    /// This function returns the value of the dual solution.
    /// It should be equal to the primal value scaled by \ref dualScale
    /// "dual scale".
    ///
    /// \pre Either run() or start() must be called before using this function.
    Value dualValue() const {
      Value sum = 0;
      for (NodeIt n(_graph); n != INVALID; ++n) {
        sum += nodeValue(n);
      }
      for (int i = 0; i < blossomNum(); ++i) {
        sum += blossomValue(i) * (blossomSize(i) / 2);
      }
      return sum;
    }

    /// \brief Return the dual value (potential) of the given node.
    ///
    /// This function returns the dual value (potential) of the given node.
    ///
    /// \pre Either run() or start() must be called before using this function.
    Value nodeValue(const Node& n) const {
      return (*_node_potential)[n];
    }

    /// \brief Return the number of the blossoms in the basis.
    ///
    /// This function returns the number of the blossoms in the basis.
    ///
    /// \pre Either run() or start() must be called before using this function.
    /// \see BlossomIt
    int blossomNum() const {
      return _blossom_potential.size();
    }

    /// \brief Return the number of the nodes in the given blossom.
    ///
    /// This function returns the number of the nodes in the given blossom.
    ///
    /// \pre Either run() or start() must be called before using this function.
    /// \see BlossomIt
    int blossomSize(int k) const {
      return _blossom_potential[k].end - _blossom_potential[k].begin;
    }

    /// \brief Return the dual value (ptential) of the given blossom.
    ///
    /// This function returns the dual value (ptential) of the given blossom.
    ///
    /// \pre Either run() or start() must be called before using this function.
    Value blossomValue(int k) const {
      return _blossom_potential[k].value;
    }

    /// \brief Iterator for obtaining the nodes of a blossom.
    ///
    /// This class provides an iterator for obtaining the nodes of the
    /// given blossom. It lists a subset of the nodes.
    /// Before using this iterator, you must allocate a
    /// MaxWeightedPerfectMatching class and execute it.
    class BlossomIt {
    public:

      /// \brief Constructor.
      ///
      /// Constructor to get the nodes of the given variable.
      ///
      /// \pre Either \ref MaxWeightedPerfectMatching::run() "algorithm.run()"
      /// or \ref MaxWeightedPerfectMatching::start() "algorithm.start()"
      /// must be called before initializing this iterator.
      BlossomIt(const MaxWeightedPerfectMatching& algorithm, int variable)
        : _algorithm(&algorithm)
      {
        _index = _algorithm->_blossom_potential[variable].begin;
        _last = _algorithm->_blossom_potential[variable].end;
      }

      /// \brief Conversion to \c Node.
      ///
      /// Conversion to \c Node.
      operator Node() const {
        return _algorithm->_blossom_node_list[_index];
      }

      /// \brief Increment operator.
      ///
      /// Increment operator.
      BlossomIt& operator++() {
        ++_index;
        return *this;
      }

      /// \brief Validity checking
      ///
      /// This function checks whether the iterator is invalid.
      bool operator==(Invalid) const { return _index == _last; }

      /// \brief Validity checking
      ///
      /// This function checks whether the iterator is valid.
      bool operator!=(Invalid) const { return _index != _last; }

    private:
      const MaxWeightedPerfectMatching* _algorithm;
      int _last;
      int _index;
    };

    /// @}

  };

} //END OF NAMESPACE LEMON

#endif //LEMON_MATCHING_H







lemon/math.h

/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2010
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_MATH_H
#define LEMON_MATH_H

///\ingroup misc
///\file
///\brief Some extensions to the standard \c cmath library.
///
///Some extensions to the standard \c cmath library.
///
///This file includes the standard math library (cmath).

#include<cmath>

namespace lemon {

  /// \addtogroup misc
  /// @{

  /// The Euler constant
  const long double E       = 2.7182818284590452353602874713526625L;
  /// log_2(e)
  const long double LOG2E   = 1.4426950408889634073599246810018921L;
  /// log_10(e)
  const long double LOG10E  = 0.4342944819032518276511289189166051L;
  /// ln(2)
  const long double LN2     = 0.6931471805599453094172321214581766L;
  /// ln(10)
  const long double LN10    = 2.3025850929940456840179914546843642L;
  /// pi
  const long double PI      = 3.1415926535897932384626433832795029L;
  /// pi/2
  const long double PI_2    = 1.5707963267948966192313216916397514L;
  /// pi/4
  const long double PI_4    = 0.7853981633974483096156608458198757L;
  /// sqrt(2)
  const long double SQRT2   = 1.4142135623730950488016887242096981L;
  /// 1/sqrt(2)
  const long double SQRT1_2 = 0.7071067811865475244008443621048490L;

  ///Check whether the parameter is NaN or not

  ///This function checks whether the parameter is NaN or not.
  ///Is should be equivalent with std::isnan(), but it is not
  ///provided by all compilers.
  inline bool isNaN(double v)
    {
      return v!=v;
    }

  /// @}

} //namespace lemon

#endif //LEMON_TOLERANCE_H







lemon/min_cost_arborescence.h

/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2010
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_MIN_COST_ARBORESCENCE_H
#define LEMON_MIN_COST_ARBORESCENCE_H

///\ingroup spantree
///\file
///\brief Minimum Cost Arborescence algorithm.

#include <vector>

#include <lemon/list_graph.h>
#include <lemon/bin_heap.h>
#include <lemon/assert.h>

namespace lemon {


  /// \brief Default traits class for MinCostArborescence class.
  ///
  /// Default traits class for MinCostArborescence class.
  /// \param GR Digraph type.
  /// \param CM Type of the cost map.
  template <class GR, class CM>
  struct MinCostArborescenceDefaultTraits{

    /// \brief The digraph type the algorithm runs on.
    typedef GR Digraph;

    /// \brief The type of the map that stores the arc costs.
    ///
    /// The type of the map that stores the arc costs.
    /// It must conform to the \ref concepts::ReadMap "ReadMap" concept.
    typedef CM CostMap;

    /// \brief The value type of the costs.
    ///
    /// The value type of the costs.
    typedef typename CostMap::Value Value;

    /// \brief The type of the map that stores which arcs are in the
    /// arborescence.
    ///
    /// The type of the map that stores which arcs are in the
    /// arborescence.  It must conform to the \ref concepts::WriteMap
    /// "WriteMap" concept, and its value type must be \c bool
    /// (or convertible). Initially it will be set to \c false on each
    /// arc, then it will be set on each arborescence arc once.
    typedef typename Digraph::template ArcMap<bool> ArborescenceMap;

    /// \brief Instantiates a \c ArborescenceMap.
    ///
    /// This function instantiates a \c ArborescenceMap.
    /// \param digraph The digraph to which we would like to calculate
    /// the \c ArborescenceMap.
    static ArborescenceMap *createArborescenceMap(const Digraph &digraph){
      return new ArborescenceMap(digraph);
    }

    /// \brief The type of the \c PredMap
    ///
    /// The type of the \c PredMap. It must confrom to the
    /// \ref concepts::WriteMap "WriteMap" concept, and its value type
    /// must be the \c Arc type of the digraph.
    typedef typename Digraph::template NodeMap<typename Digraph::Arc> PredMap;

    /// \brief Instantiates a \c PredMap.
    ///
    /// This function instantiates a \c PredMap.
    /// \param digraph The digraph to which we would like to define the
    /// \c PredMap.
    static PredMap *createPredMap(const Digraph &digraph){
      return new PredMap(digraph);
    }

  };

  /// \ingroup spantree
  ///
  /// \brief Minimum Cost Arborescence algorithm class.
  ///
  /// This class provides an efficient implementation of the
  /// Minimum Cost Arborescence algorithm. The arborescence is a tree
  /// which is directed from a given source node of the digraph. One or
  /// more sources should be given to the algorithm and it will calculate
  /// the minimum cost subgraph that is the union of arborescences with the
  /// given sources and spans all the nodes which are reachable from the
  /// sources. The time complexity of the algorithm is O(n<sup>2</sup>+e).
  ///
  /// The algorithm also provides an optimal dual solution, therefore
  /// the optimality of the solution can be checked.
  ///
  /// \param GR The digraph type the algorithm runs on.
  /// \param CM A read-only arc map storing the costs of the
  /// arcs. It is read once for each arc, so the map may involve in
  /// relatively time consuming process to compute the arc costs if
  /// it is necessary. The default map type is \ref
  /// concepts::Digraph::ArcMap "Digraph::ArcMap<int>".
  /// \tparam TR The traits class that defines various types used by the
  /// algorithm. By default, it is \ref MinCostArborescenceDefaultTraits
  /// "MinCostArborescenceDefaultTraits<GR, CM>".
  /// In most cases, this parameter should not be set directly,
  /// consider to use the named template parameters instead.
#ifndef DOXYGEN
  template <typename GR,
            typename CM = typename GR::template ArcMap<int>,
            typename TR =
              MinCostArborescenceDefaultTraits<GR, CM> >
#else
  template <typename GR, typename CM, typename TR>
#endif
  class MinCostArborescence {
  public:

    /// \brief The \ref MinCostArborescenceDefaultTraits "traits class"
    /// of the algorithm.
    typedef TR Traits;
    /// The type of the underlying digraph.
    typedef typename Traits::Digraph Digraph;
    /// The type of the map that stores the arc costs.
    typedef typename Traits::CostMap CostMap;
    ///The type of the costs of the arcs.
    typedef typename Traits::Value Value;
    ///The type of the predecessor map.
    typedef typename Traits::PredMap PredMap;
    ///The type of the map that stores which arcs are in the arborescence.
    typedef typename Traits::ArborescenceMap ArborescenceMap;

    typedef MinCostArborescence Create;

  private:

    TEMPLATE_DIGRAPH_TYPEDEFS(Digraph);

    struct CostArc {

      Arc arc;
      Value value;

      CostArc() {}
      CostArc(Arc _arc, Value _value) : arc(_arc), value(_value) {}

    };

    const Digraph *_digraph;
    const CostMap *_cost;

    PredMap *_pred;
    bool local_pred;

    ArborescenceMap *_arborescence;
    bool local_arborescence;

    typedef typename Digraph::template ArcMap<int> ArcOrder;
    ArcOrder *_arc_order;

    typedef typename Digraph::template NodeMap<int> NodeOrder;
    NodeOrder *_node_order;

    typedef typename Digraph::template NodeMap<CostArc> CostArcMap;
    CostArcMap *_cost_arcs;

    struct StackLevel {

      std::vector<CostArc> arcs;
      int node_level;

    };

    std::vector<StackLevel> level_stack;
    std::vector<Node> queue;

    typedef std::vector<typename Digraph::Node> DualNodeList;

    DualNodeList _dual_node_list;

    struct DualVariable {
      int begin, end;
      Value value;

      DualVariable(int _begin, int _end, Value _value)
        : begin(_begin), end(_end), value(_value) {}

    };

    typedef std::vector<DualVariable> DualVariables;

    DualVariables _dual_variables;

    typedef typename Digraph::template NodeMap<int> HeapCrossRef;

    HeapCrossRef *_heap_cross_ref;

    typedef BinHeap<int, HeapCrossRef> Heap;

    Heap *_heap;

  protected:

    MinCostArborescence() {}

  private:

    void createStructures() {
      if (!_pred) {
        local_pred = true;
        _pred = Traits::createPredMap(*_digraph);
      }
      if (!_arborescence) {
        local_arborescence = true;
        _arborescence = Traits::createArborescenceMap(*_digraph);
      }
      if (!_arc_order) {
        _arc_order = new ArcOrder(*_digraph);
      }
      if (!_node_order) {
        _node_order = new NodeOrder(*_digraph);
      }
      if (!_cost_arcs) {
        _cost_arcs = new CostArcMap(*_digraph);
      }
      if (!_heap_cross_ref) {
        _heap_cross_ref = new HeapCrossRef(*_digraph, -1);
      }
      if (!_heap) {
        _heap = new Heap(*_heap_cross_ref);
      }
    }

    void destroyStructures() {
      if (local_arborescence) {
        delete _arborescence;
      }
      if (local_pred) {
        delete _pred;
      }
      if (_arc_order) {
        delete _arc_order;
      }
      if (_node_order) {
        delete _node_order;
      }
      if (_cost_arcs) {
        delete _cost_arcs;
      }
      if (_heap) {
        delete _heap;
      }
      if (_heap_cross_ref) {
        delete _heap_cross_ref;
      }
    }

    Arc prepare(Node node) {
      std::vector<Node> nodes;
      (*_node_order)[node] = _dual_node_list.size();
      StackLevel level;
      level.node_level = _dual_node_list.size();
      _dual_node_list.push_back(node);
      for (InArcIt it(*_digraph, node); it != INVALID; ++it) {
        Arc arc = it;
        Node source = _digraph->source(arc);
        Value value = (*_cost)[it];
        if (source == node || (*_node_order)[source] == -3) continue;
        if ((*_cost_arcs)[source].arc == INVALID) {
          (*_cost_arcs)[source].arc = arc;
          (*_cost_arcs)[source].value = value;
          nodes.push_back(source);
        } else {
          if ((*_cost_arcs)[source].value > value) {
            (*_cost_arcs)[source].arc = arc;
            (*_cost_arcs)[source].value = value;
          }
        }
      }
      CostArc minimum = (*_cost_arcs)[nodes[0]];
      for (int i = 1; i < int(nodes.size()); ++i) {
        if ((*_cost_arcs)[nodes[i]].value < minimum.value) {
          minimum = (*_cost_arcs)[nodes[i]];
        }
      }
      (*_arc_order)[minimum.arc] = _dual_variables.size();
      DualVariable var(_dual_node_list.size() - 1,
                       _dual_node_list.size(), minimum.value);
      _dual_variables.push_back(var);
      for (int i = 0; i < int(nodes.size()); ++i) {
        (*_cost_arcs)[nodes[i]].value -= minimum.value;
        level.arcs.push_back((*_cost_arcs)[nodes[i]]);
        (*_cost_arcs)[nodes[i]].arc = INVALID;
      }
      level_stack.push_back(level);
      return minimum.arc;
    }

    Arc contract(Node node) {
      int node_bottom = bottom(node);
      std::vector<Node> nodes;
      while (!level_stack.empty() &&
             level_stack.back().node_level >= node_bottom) {
        for (int i = 0; i < int(level_stack.back().arcs.size()); ++i) {
          Arc arc = level_stack.back().arcs[i].arc;
          Node source = _digraph->source(arc);
          Value value = level_stack.back().arcs[i].value;
          if ((*_node_order)[source] >= node_bottom) continue;
          if ((*_cost_arcs)[source].arc == INVALID) {
            (*_cost_arcs)[source].arc = arc;
            (*_cost_arcs)[source].value = value;
            nodes.push_back(source);
          } else {
            if ((*_cost_arcs)[source].value > value) {
              (*_cost_arcs)[source].arc = arc;
              (*_cost_arcs)[source].value = value;
            }
          }
        }
        level_stack.pop_back();
      }
      CostArc minimum = (*_cost_arcs)[nodes[0]];
      for (int i = 1; i < int(nodes.size()); ++i) {
        if ((*_cost_arcs)[nodes[i]].value < minimum.value) {
          minimum = (*_cost_arcs)[nodes[i]];
        }
      }
      (*_arc_order)[minimum.arc] = _dual_variables.size();
      DualVariable var(node_bottom, _dual_node_list.size(), minimum.value);
      _dual_variables.push_back(var);
      StackLevel level;
      level.node_level = node_bottom;
      for (int i = 0; i < int(nodes.size()); ++i) {
        (*_cost_arcs)[nodes[i]].value -= minimum.value;
        level.arcs.push_back((*_cost_arcs)[nodes[i]]);
        (*_cost_arcs)[nodes[i]].arc = INVALID;
      }
      level_stack.push_back(level);
      return minimum.arc;
    }

    int bottom(Node node) {
      int k = level_stack.size() - 1;
      while (level_stack[k].node_level > (*_node_order)[node]) {
        --k;
      }
      return level_stack[k].node_level;
    }

    void finalize(Arc arc) {
      Node node = _digraph->target(arc);
      _heap->push(node, (*_arc_order)[arc]);
      _pred->set(node, arc);
      while (!_heap->empty()) {
        Node source = _heap->top();
        _heap->pop();
        (*_node_order)[source] = -1;
        for (OutArcIt it(*_digraph, source); it != INVALID; ++it) {
          if ((*_arc_order)[it] < 0) continue;
          Node target = _digraph->target(it);
          switch(_heap->state(target)) {
          case Heap::PRE_HEAP:
            _heap->push(target, (*_arc_order)[it]);
            _pred->set(target, it);
            break;
          case Heap::IN_HEAP:
            if ((*_arc_order)[it] < (*_heap)[target]) {
              _heap->decrease(target, (*_arc_order)[it]);
              _pred->set(target, it);
            }
            break;
          case Heap::POST_HEAP:
            break;
          }
        }
        _arborescence->set((*_pred)[source], true);
      }
    }


  public:

    /// \name Named Template Parameters

    /// @{

    template <class T>
    struct SetArborescenceMapTraits : public Traits {
      typedef T ArborescenceMap;
      static ArborescenceMap *createArborescenceMap(const Digraph &)
      {
        LEMON_ASSERT(false, "ArborescenceMap is not initialized");
        return 0; // ignore warnings
      }
    };

    /// \brief \ref named-templ-param "Named parameter" for
    /// setting \c ArborescenceMap type
    ///
    /// \ref named-templ-param "Named parameter" for setting
    /// \c ArborescenceMap type.
    /// It must conform to the \ref concepts::WriteMap "WriteMap" concept,
    /// and its value type must be \c bool (or convertible).
    /// Initially it will be set to \c false on each arc,
    /// then it will be set on each arborescence arc once.
    template <class T>
    struct SetArborescenceMap
      : public MinCostArborescence<Digraph, CostMap,
                                   SetArborescenceMapTraits<T> > {
    };

    template <class T>
    struct SetPredMapTraits : public Traits {
      typedef T PredMap;
      static PredMap *createPredMap(const Digraph &)
      {
        LEMON_ASSERT(false, "PredMap is not initialized");
        return 0; // ignore warnings
      }
    };

    /// \brief \ref named-templ-param "Named parameter" for
    /// setting \c PredMap type
    ///
    /// \ref named-templ-param "Named parameter" for setting
    /// \c PredMap type.
    /// It must meet the \ref concepts::WriteMap "WriteMap" concept,
    /// and its value type must be the \c Arc type of the digraph.
    template <class T>
    struct SetPredMap
      : public MinCostArborescence<Digraph, CostMap, SetPredMapTraits<T> > {
    };

    /// @}

    /// \brief Constructor.
    ///
    /// \param digraph The digraph the algorithm will run on.
    /// \param cost The cost map used by the algorithm.
    MinCostArborescence(const Digraph& digraph, const CostMap& cost)
      : _digraph(&digraph), _cost(&cost), _pred(0), local_pred(false),
        _arborescence(0), local_arborescence(false),
        _arc_order(0), _node_order(0), _cost_arcs(0),
        _heap_cross_ref(0), _heap(0) {}

    /// \brief Destructor.
    ~MinCostArborescence() {
      destroyStructures();
    }

    /// \brief Sets the arborescence map.
    ///
    /// Sets the arborescence map.
    /// \return <tt>(*this)</tt>
    MinCostArborescence& arborescenceMap(ArborescenceMap& m) {
      if (local_arborescence) {
        delete _arborescence;
      }
      local_arborescence = false;
      _arborescence = &m;
      return *this;
    }

    /// \brief Sets the predecessor map.
    ///
    /// Sets the predecessor map.
    /// \return <tt>(*this)</tt>
    MinCostArborescence& predMap(PredMap& m) {
      if (local_pred) {
        delete _pred;
      }
      local_pred = false;
      _pred = &m;
      return *this;
    }

    /// \name Execution Control
    /// The simplest way to execute the algorithm is to use
    /// one of the member functions called \c run(...). \n
    /// If you need better control on the execution,
    /// you have to call \ref init() first, then you can add several
    /// source nodes with \ref addSource().
    /// Finally \ref start() will perform the arborescence
    /// computation.

    ///@{

    /// \brief Initializes the internal data structures.
    ///
    /// Initializes the internal data structures.
    ///
    void init() {
      createStructures();
      _heap->clear();
      for (NodeIt it(*_digraph); it != INVALID; ++it) {
        (*_cost_arcs)[it].arc = INVALID;
        (*_node_order)[it] = -3;
        (*_heap_cross_ref)[it] = Heap::PRE_HEAP;
        _pred->set(it, INVALID);
      }
      for (ArcIt it(*_digraph); it != INVALID; ++it) {
        _arborescence->set(it, false);
        (*_arc_order)[it] = -1;
      }
      _dual_node_list.clear();
      _dual_variables.clear();
    }

    /// \brief Adds a new source node.
    ///
    /// Adds a new source node to the algorithm.
    void addSource(Node source) {
      std::vector<Node> nodes;
      nodes.push_back(source);
      while (!nodes.empty()) {
        Node node = nodes.back();
        nodes.pop_back();
        for (OutArcIt it(*_digraph, node); it != INVALID; ++it) {
          Node target = _digraph->target(it);
          if ((*_node_order)[target] == -3) {
            (*_node_order)[target] = -2;
            nodes.push_back(target);
            queue.push_back(target);
          }
        }
      }
      (*_node_order)[source] = -1;
    }

    /// \brief Processes the next node in the priority queue.
    ///
    /// Processes the next node in the priority queue.
    ///
    /// \return The processed node.
    ///
    /// \warning The queue must not be empty.
    Node processNextNode() {
      Node node = queue.back();
      queue.pop_back();
      if ((*_node_order)[node] == -2) {
        Arc arc = prepare(node);
        Node source = _digraph->source(arc);
        while ((*_node_order)[source] != -1) {
          if ((*_node_order)[source] >= 0) {
            arc = contract(source);
          } else {
            arc = prepare(source);
          }
          source = _digraph->source(arc);
        }
        finalize(arc);
        level_stack.clear();
      }
      return node;
    }

    /// \brief Returns the number of the nodes to be processed.
    ///
    /// Returns the number of the nodes to be processed in the priority
    /// queue.
    int queueSize() const {
      return queue.size();
    }

    /// \brief Returns \c false if there are nodes to be processed.
    ///
    /// Returns \c false if there are nodes to be processed.
    bool emptyQueue() const {
      return queue.empty();
    }

    /// \brief Executes the algorithm.
    ///
    /// Executes the algorithm.
    ///
    /// \pre init() must be called and at least one node should be added
    /// with addSource() before using this function.
    ///
    ///\note mca.start() is just a shortcut of the following code.
    ///\code
    ///while (!mca.emptyQueue()) {
    ///  mca.processNextNode();
    ///}
    ///\endcode
    void start() {
      while (!emptyQueue()) {
        processNextNode();
      }
    }

    /// \brief Runs %MinCostArborescence algorithm from node \c s.
    ///
    /// This method runs the %MinCostArborescence algorithm from
    /// a root node \c s.
    ///
    /// \note mca.run(s) is just a shortcut of the following code.
    /// \code
    /// mca.init();
    /// mca.addSource(s);
    /// mca.start();
    /// \endcode
    void run(Node s) {
      init();
      addSource(s);
      start();
    }

    ///@}

    /// \name Query Functions
    /// The result of the %MinCostArborescence algorithm can be obtained
    /// using these functions.\n
    /// Either run() or start() must be called before using them.

    /// @{

    /// \brief Returns the cost of the arborescence.
    ///
    /// Returns the cost of the arborescence.
    Value arborescenceCost() const {
      Value sum = 0;
      for (ArcIt it(*_digraph); it != INVALID; ++it) {
        if (arborescence(it)) {
          sum += (*_cost)[it];
        }
      }
      return sum;
    }

    /// \brief Returns \c true if the arc is in the arborescence.
    ///
    /// Returns \c true if the given arc is in the arborescence.
    /// \param arc An arc of the digraph.
    /// \pre \ref run() must be called before using this function.
    bool arborescence(Arc arc) const {
      return (*_pred)[_digraph->target(arc)] == arc;
    }

    /// \brief Returns a const reference to the arborescence map.
    ///
    /// Returns a const reference to the arborescence map.
    /// \pre \ref run() must be called before using this function.
    const ArborescenceMap& arborescenceMap() const {
      return *_arborescence;
    }

    /// \brief Returns the predecessor arc of the given node.
    ///
    /// Returns the predecessor arc of the given node.
    /// \pre \ref run() must be called before using this function.
    Arc pred(Node node) const {
      return (*_pred)[node];
    }

    /// \brief Returns a const reference to the pred map.
    ///
    /// Returns a const reference to the pred map.
    /// \pre \ref run() must be called before using this function.
    const PredMap& predMap() const {
      return *_pred;
    }

    /// \brief Indicates that a node is reachable from the sources.
    ///
    /// Indicates that a node is reachable from the sources.
    bool reached(Node node) const {
      return (*_node_order)[node] != -3;
    }

    /// \brief Indicates that a node is processed.
    ///
    /// Indicates that a node is processed. The arborescence path exists
    /// from the source to the given node.
    bool processed(Node node) const {
      return (*_node_order)[node] == -1;
    }

    /// \brief Returns the number of the dual variables in basis.
    ///
    /// Returns the number of the dual variables in basis.
    int dualNum() const {
      return _dual_variables.size();
    }

    /// \brief Returns the value of the dual solution.
    ///
    /// Returns the value of the dual solution. It should be
    /// equal to the arborescence value.
    Value dualValue() const {
      Value sum = 0;
      for (int i = 0; i < int(_dual_variables.size()); ++i) {
        sum += _dual_variables[i].value;
      }
      return sum;
    }

    /// \brief Returns the number of the nodes in the dual variable.
    ///
    /// Returns the number of the nodes in the dual variable.
    int dualSize(int k) const {
      return _dual_variables[k].end - _dual_variables[k].begin;
    }

    /// \brief Returns the value of the dual variable.
    ///
    /// Returns the the value of the dual variable.
    Value dualValue(int k) const {
      return _dual_variables[k].value;
    }

    /// \brief LEMON iterator for getting a dual variable.
    ///
    /// This class provides a common style LEMON iterator for getting a
    /// dual variable of \ref MinCostArborescence algorithm.
    /// It iterates over a subset of the nodes.
    class DualIt {
    public:

      /// \brief Constructor.
      ///
      /// Constructor for getting the nodeset of the dual variable
      /// of \ref MinCostArborescence algorithm.
      DualIt(const MinCostArborescence& algorithm, int variable)
        : _algorithm(&algorithm)
      {
        _index = _algorithm->_dual_variables[variable].begin;
        _last = _algorithm->_dual_variables[variable].end;
      }

      /// \brief Conversion to \c Node.
      ///
      /// Conversion to \c Node.
      operator Node() const {
        return _algorithm->_dual_node_list[_index];
      }

      /// \brief Increment operator.
      ///
      /// Increment operator.
      DualIt& operator++() {
        ++_index;
        return *this;
      }

      /// \brief Validity checking
      ///
      /// Checks whether the iterator is invalid.
      bool operator==(Invalid) const {
        return _index == _last;
      }

      /// \brief Validity checking
      ///
      /// Checks whether the iterator is valid.
      bool operator!=(Invalid) const {
        return _index != _last;
      }

    private:
      const MinCostArborescence* _algorithm;
      int _index, _last;
    };

    /// @}

  };

  /// \ingroup spantree
  ///
  /// \brief Function type interface for MinCostArborescence algorithm.
  ///
  /// Function type interface for MinCostArborescence algorithm.
  /// \param digraph The digraph the algorithm runs on.
  /// \param cost An arc map storing the costs.
  /// \param source The source node of the arborescence.
  /// \retval arborescence An arc map with \c bool (or convertible) value
  /// type that stores the arborescence.
  /// \return The total cost of the arborescence.
  ///
  /// \sa MinCostArborescence
  template <typename Digraph, typename CostMap, typename ArborescenceMap>
  typename CostMap::Value minCostArborescence(const Digraph& digraph,
                                              const CostMap& cost,
                                              typename Digraph::Node source,
                                              ArborescenceMap& arborescence) {
    typename MinCostArborescence<Digraph, CostMap>
      ::template SetArborescenceMap<ArborescenceMap>
      ::Create mca(digraph, cost);
    mca.arborescenceMap(arborescence);
    mca.run(source);
    return mca.arborescenceCost();
  }

}

#endif







lemon/nauty_reader.h

/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2009
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_NAUTY_READER_H
#define LEMON_NAUTY_READER_H

#include <vector>
#include <iostream>
#include <string>

/// \ingroup nauty_group
/// \file
/// \brief Nauty file reader.

namespace lemon {

  /// \ingroup nauty_group
  ///
  /// \brief Nauty file reader
  ///
  /// The \e geng program is in the \e gtools suite of the nauty
  /// package. This tool can generate all non-isomorphic undirected
  /// graphs of several classes with given node number (e.g.
  /// general, connected, biconnected, triangle-free, 4-cycle-free,
  /// bipartite and graphs with given edge number and degree
  /// constraints). This function reads a \e nauty \e graph6 \e format
  /// line from the given stream and builds it in the given graph.
  ///
  /// The site of nauty package: http://cs.anu.edu.au/~bdm/nauty/
  ///
  /// For example, the number of all non-isomorphic planar graphs
  /// can be computed with the following code.
  ///\code
  /// int num = 0;
  /// SmartGraph graph;
  /// while (readNautyGraph(graph, std::cin)) {
  ///   PlanarityChecking<SmartGraph> pc(graph);
  ///   if (pc.run()) ++num;
  /// }
  /// std::cout << "Number of planar graphs: " << num << std::endl;
  ///\endcode
  ///
  /// The nauty files are quite huge, therefore instead of the direct
  /// file generation pipelining is recommended. For example,
  ///\code
  /// ./geng -c 10 | ./num_of_planar_graphs
  ///\endcode
  template <typename Graph>
  std::istream& readNautyGraph(Graph& graph, std::istream& is = std::cin) {
    graph.clear();

    std::string line;
    if (getline(is, line)) {
      int index = 0;

      int n;

      if (line[index] == '>') {
        index += 10;
      }

      char c = line[index++]; c -= 63;
      if (c != 63) {
        n = int(c);
      } else {
        c = line[index++]; c -= 63;
        n = (int(c) << 12);
        c = line[index++]; c -= 63;
        n |= (int(c) << 6);
        c = line[index++]; c -= 63;
        n |= int(c);
      }

      std::vector<typename Graph::Node> nodes;
      for (int i = 0; i < n; ++i) {
        nodes.push_back(graph.addNode());
      }

      int bit = -1;
      for (int j = 0; j < n; ++j) {
        for (int i = 0; i < j; ++i) {
          if (bit == -1) {
            c = line[index++]; c -= 63;
            bit = 5;
          }
          bool b = (c & (1 << (bit--))) != 0;

          if (b) {
            graph.addEdge(nodes[i], nodes[j]);
          }
        }
      }
    }
    return is;
  }
}

#endif







lemon/network_simplex.h

/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2010
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_NETWORK_SIMPLEX_H
#define LEMON_NETWORK_SIMPLEX_H

/// \ingroup min_cost_flow_algs
///
/// \file
/// \brief Network Simplex algorithm for finding a minimum cost flow.

#include <vector>
#include <limits>
#include <algorithm>

#include <lemon/core.h>
#include <lemon/math.h>

namespace lemon {

  /// \addtogroup min_cost_flow_algs
  /// @{

  /// \brief Implementation of the primal Network Simplex algorithm
  /// for finding a \ref min_cost_flow "minimum cost flow".
  ///
  /// \ref NetworkSimplex implements the primal Network Simplex algorithm
  /// for finding a \ref min_cost_flow "minimum cost flow"
  /// \ref amo93networkflows, \ref dantzig63linearprog,
  /// \ref kellyoneill91netsimplex.
  /// This algorithm is a highly efficient specialized version of the
  /// linear programming simplex method directly for the minimum cost
  /// flow problem.
  ///
  /// In general, %NetworkSimplex is the fastest implementation available
  /// in LEMON for this problem.
  /// Moreover, it supports both directions of the supply/demand inequality
  /// constraints. For more information, see \ref SupplyType.
  ///
  /// Most of the parameters of the problem (except for the digraph)
  /// can be given using separate functions, and the algorithm can be
  /// executed using the \ref run() function. If some parameters are not
  /// specified, then default values will be used.
  ///
  /// \tparam GR The digraph type the algorithm runs on.
  /// \tparam V The number type used for flow amounts, capacity bounds
  /// and supply values in the algorithm. By default, it is \c int.
  /// \tparam C The number type used for costs and potentials in the
  /// algorithm. By default, it is the same as \c V.
  ///
  /// \warning Both number types must be signed and all input data must
  /// be integer.
  ///
  /// \note %NetworkSimplex provides five different pivot rule
  /// implementations, from which the most efficient one is used
  /// by default. For more information, see \ref PivotRule.
  template <typename GR, typename V = int, typename C = V>
  class NetworkSimplex
  {
  public:

    /// The type of the flow amounts, capacity bounds and supply values
    typedef V Value;
    /// The type of the arc costs
    typedef C Cost;

  public:

    /// \brief Problem type constants for the \c run() function.
    ///
    /// Enum type containing the problem type constants that can be
    /// returned by the \ref run() function of the algorithm.
    enum ProblemType {
      /// The problem has no feasible solution (flow).
      INFEASIBLE,
      /// The problem has optimal solution (i.e. it is feasible and
      /// bounded), and the algorithm has found optimal flow and node
      /// potentials (primal and dual solutions).
      OPTIMAL,
      /// The objective function of the problem is unbounded, i.e.
      /// there is a directed cycle having negative total cost and
      /// infinite upper bound.
      UNBOUNDED
    };

    /// \brief Constants for selecting the type of the supply constraints.
    ///
    /// Enum type containing constants for selecting the supply type,
    /// i.e. the direction of the inequalities in the supply/demand
    /// constraints of the \ref min_cost_flow "minimum cost flow problem".
    ///
    /// The default supply type is \c GEQ, the \c LEQ type can be
    /// selected using \ref supplyType().
    /// The equality form is a special case of both supply types.
    enum SupplyType {
      /// This option means that there are <em>"greater or equal"</em>
      /// supply/demand constraints in the definition of the problem.
      GEQ,
      /// This option means that there are <em>"less or equal"</em>
      /// supply/demand constraints in the definition of the problem.
      LEQ
    };

    /// \brief Constants for selecting the pivot rule.
    ///
    /// Enum type containing constants for selecting the pivot rule for
    /// the \ref run() function.
    ///
    /// \ref NetworkSimplex provides five different pivot rule
    /// implementations that significantly affect the running time
    /// of the algorithm.
    /// By default, \ref BLOCK_SEARCH "Block Search" is used, which
    /// proved to be the most efficient and the most robust on various
    /// test inputs.
    /// However, another pivot rule can be selected using the \ref run()
    /// function with the proper parameter.
    enum PivotRule {

      /// The \e First \e Eligible pivot rule.
      /// The next eligible arc is selected in a wraparound fashion
      /// in every iteration.
      FIRST_ELIGIBLE,

      /// The \e Best \e Eligible pivot rule.
      /// The best eligible arc is selected in every iteration.
      BEST_ELIGIBLE,

      /// The \e Block \e Search pivot rule.
      /// A specified number of arcs are examined in every iteration
      /// in a wraparound fashion and the best eligible arc is selected
      /// from this block.
      BLOCK_SEARCH,

      /// The \e Candidate \e List pivot rule.
      /// In a major iteration a candidate list is built from eligible arcs
      /// in a wraparound fashion and in the following minor iterations
      /// the best eligible arc is selected from this list.
      CANDIDATE_LIST,

      /// The \e Altering \e Candidate \e List pivot rule.
      /// It is a modified version of the Candidate List method.
      /// It keeps only the several best eligible arcs from the former
      /// candidate list and extends this list in every iteration.
      ALTERING_LIST
    };

  private:

    TEMPLATE_DIGRAPH_TYPEDEFS(GR);

    typedef std::vector<int> IntVector;
    typedef std::vector<Value> ValueVector;
    typedef std::vector<Cost> CostVector;
    typedef std::vector<char> BoolVector;
    // Note: vector<char> is used instead of vector<bool> for efficiency reasons

    // State constants for arcs
    enum ArcState {
      STATE_UPPER = -1,
      STATE_TREE  =  0,
      STATE_LOWER =  1
    };

    typedef std::vector<signed char> StateVector;
    // Note: vector<signed char> is used instead of vector<ArcState> for
    // efficiency reasons

  private:

    // Data related to the underlying digraph
    const GR &_graph;
    int _node_num;
    int _arc_num;
    int _all_arc_num;
    int _search_arc_num;

    // Parameters of the problem
    bool _have_lower;
    SupplyType _stype;
    Value _sum_supply;

    // Data structures for storing the digraph
    IntNodeMap _node_id;
    IntArcMap _arc_id;
    IntVector _source;
    IntVector _target;
    bool _arc_mixing;

    // Node and arc data
    ValueVector _lower;
    ValueVector _upper;
    ValueVector _cap;
    CostVector _cost;
    ValueVector _supply;
    ValueVector _flow;
    CostVector _pi;

    // Data for storing the spanning tree structure
    IntVector _parent;
    IntVector _pred;
    IntVector _thread;
    IntVector _rev_thread;
    IntVector _succ_num;
    IntVector _last_succ;
    IntVector _dirty_revs;
    BoolVector _forward;
    StateVector _state;
    int _root;

    // Temporary data used in the current pivot iteration
    int in_arc, join, u_in, v_in, u_out, v_out;
    int first, second, right, last;
    int stem, par_stem, new_stem;
    Value delta;

    const Value MAX;

  public:

    /// \brief Constant for infinite upper bounds (capacities).
    ///
    /// Constant for infinite upper bounds (capacities).
    /// It is \c std::numeric_limits<Value>::infinity() if available,
    /// \c std::numeric_limits<Value>::max() otherwise.
    const Value INF;

  private:

    // Implementation of the First Eligible pivot rule
    class FirstEligiblePivotRule
    {
    private:

      // References to the NetworkSimplex class
      const IntVector  &_source;
      const IntVector  &_target;
      const CostVector &_cost;
      const StateVector &_state;
      const CostVector &_pi;
      int &_in_arc;
      int _search_arc_num;

      // Pivot rule data
      int _next_arc;

    public:

      // Constructor
      FirstEligiblePivotRule(NetworkSimplex &ns) :
        _source(ns._source), _target(ns._target),
        _cost(ns._cost), _state(ns._state), _pi(ns._pi),
        _in_arc(ns.in_arc), _search_arc_num(ns._search_arc_num),
        _next_arc(0)
      {}

      // Find next entering arc
      bool findEnteringArc() {
        Cost c;
        for (int e = _next_arc; e != _search_arc_num; ++e) {
          c = _state[e] * (_cost[e] + _pi[_source[e]] - _pi[_target[e]]);
          if (c < 0) {
            _in_arc = e;
            _next_arc = e + 1;
            return true;
          }
        }
        for (int e = 0; e != _next_arc; ++e) {
          c = _state[e] * (_cost[e] + _pi[_source[e]] - _pi[_target[e]]);
          if (c < 0) {
            _in_arc = e;
            _next_arc = e + 1;
            return true;
          }
        }
        return false;
      }

    }; //class FirstEligiblePivotRule


    // Implementation of the Best Eligible pivot rule
    class BestEligiblePivotRule
    {
    private:

      // References to the NetworkSimplex class
      const IntVector  &_source;
      const IntVector  &_target;
      const CostVector &_cost;
      const StateVector &_state;
      const CostVector &_pi;
      int &_in_arc;
      int _search_arc_num;

    public:

      // Constructor
      BestEligiblePivotRule(NetworkSimplex &ns) :
        _source(ns._source), _target(ns._target),
        _cost(ns._cost), _state(ns._state), _pi(ns._pi),
        _in_arc(ns.in_arc), _search_arc_num(ns._search_arc_num)
      {}

      // Find next entering arc
      bool findEnteringArc() {
        Cost c, min = 0;
        for (int e = 0; e != _search_arc_num; ++e) {
          c = _state[e] * (_cost[e] + _pi[_source[e]] - _pi[_target[e]]);
          if (c < min) {
            min = c;
            _in_arc = e;
          }
        }
        return min < 0;
      }

    }; //class BestEligiblePivotRule


    // Implementation of the Block Search pivot rule
    class BlockSearchPivotRule
    {
    private:

      // References to the NetworkSimplex class
      const IntVector  &_source;
      const IntVector  &_target;
      const CostVector &_cost;
      const StateVector &_state;
      const CostVector &_pi;
      int &_in_arc;
      int _search_arc_num;

      // Pivot rule data
      int _block_size;
      int _next_arc;

    public:

      // Constructor
      BlockSearchPivotRule(NetworkSimplex &ns) :
        _source(ns._source), _target(ns._target),
        _cost(ns._cost), _state(ns._state), _pi(ns._pi),
        _in_arc(ns.in_arc), _search_arc_num(ns._search_arc_num),
        _next_arc(0)
      {
        // The main parameters of the pivot rule
        const double BLOCK_SIZE_FACTOR = 1.0;
        const int MIN_BLOCK_SIZE = 10;

        _block_size = std::max( int(BLOCK_SIZE_FACTOR *
                                    std::sqrt(double(_search_arc_num))),
                                MIN_BLOCK_SIZE );
      }

      // Find next entering arc
      bool findEnteringArc() {
        Cost c, min = 0;
        int cnt = _block_size;
        int e;
        for (e = _next_arc; e != _search_arc_num; ++e) {
          c = _state[e] * (_cost[e] + _pi[_source[e]] - _pi[_target[e]]);
          if (c < min) {
            min = c;
            _in_arc = e;
          }
          if (--cnt == 0) {
            if (min < 0) goto search_end;
            cnt = _block_size;
          }
        }
        for (e = 0; e != _next_arc; ++e) {
          c = _state[e] * (_cost[e] + _pi[_source[e]] - _pi[_target[e]]);
          if (c < min) {
            min = c;
            _in_arc = e;
          }
          if (--cnt == 0) {
            if (min < 0) goto search_end;
            cnt = _block_size;
          }
        }
        if (min >= 0) return false;

      search_end:
        _next_arc = e;
        return true;
      }

    }; //class BlockSearchPivotRule


    // Implementation of the Candidate List pivot rule
    class CandidateListPivotRule
    {
    private:

      // References to the NetworkSimplex class
      const IntVector  &_source;
      const IntVector  &_target;
      const CostVector &_cost;
      const StateVector &_state;
      const CostVector &_pi;
      int &_in_arc;
      int _search_arc_num;

      // Pivot rule data
      IntVector _candidates;
      int _list_length, _minor_limit;
      int _curr_length, _minor_count;
      int _next_arc;

    public:

      /// Constructor
      CandidateListPivotRule(NetworkSimplex &ns) :
        _source(ns._source), _target(ns._target),
        _cost(ns._cost), _state(ns._state), _pi(ns._pi),
        _in_arc(ns.in_arc), _search_arc_num(ns._search_arc_num),
        _next_arc(0)
      {
        // The main parameters of the pivot rule
        const double LIST_LENGTH_FACTOR = 0.25;
        const int MIN_LIST_LENGTH = 10;
        const double MINOR_LIMIT_FACTOR = 0.1;
        const int MIN_MINOR_LIMIT = 3;

        _list_length = std::max( int(LIST_LENGTH_FACTOR *
                                     std::sqrt(double(_search_arc_num))),
                                 MIN_LIST_LENGTH );
        _minor_limit = std::max( int(MINOR_LIMIT_FACTOR * _list_length),
                                 MIN_MINOR_LIMIT );
        _curr_length = _minor_count = 0;
        _candidates.resize(_list_length);
      }

      /// Find next entering arc
      bool findEnteringArc() {
        Cost min, c;
        int e;
        if (_curr_length > 0 && _minor_count < _minor_limit) {
          // Minor iteration: select the best eligible arc from the
          // current candidate list
          ++_minor_count;
          min = 0;
          for (int i = 0; i < _curr_length; ++i) {
            e = _candidates[i];
            c = _state[e] * (_cost[e] + _pi[_source[e]] - _pi[_target[e]]);
            if (c < min) {
              min = c;
              _in_arc = e;
            }
            else if (c >= 0) {
              _candidates[i--] = _candidates[--_curr_length];
            }
          }
          if (min < 0) return true;
        }

        // Major iteration: build a new candidate list
        min = 0;
        _curr_length = 0;
        for (e = _next_arc; e != _search_arc_num; ++e) {
          c = _state[e] * (_cost[e] + _pi[_source[e]] - _pi[_target[e]]);
          if (c < 0) {
            _candidates[_curr_length++] = e;
            if (c < min) {
              min = c;
              _in_arc = e;
            }
            if (_curr_length == _list_length) goto search_end;
          }
        }
        for (e = 0; e != _next_arc; ++e) {
          c = _state[e] * (_cost[e] + _pi[_source[e]] - _pi[_target[e]]);
          if (c < 0) {
            _candidates[_curr_length++] = e;
            if (c < min) {
              min = c;
              _in_arc = e;
            }
            if (_curr_length == _list_length) goto search_end;
          }
        }
        if (_curr_length == 0) return false;

      search_end:
        _minor_count = 1;
        _next_arc = e;
        return true;
      }

    }; //class CandidateListPivotRule


    // Implementation of the Altering Candidate List pivot rule
    class AlteringListPivotRule
    {
    private:

      // References to the NetworkSimplex class
      const IntVector  &_source;
      const IntVector  &_target;
      const CostVector &_cost;
      const StateVector &_state;
      const CostVector &_pi;
      int &_in_arc;
      int _search_arc_num;

      // Pivot rule data
      int _block_size, _head_length, _curr_length;
      int _next_arc;
      IntVector _candidates;
      CostVector _cand_cost;

      // Functor class to compare arcs during sort of the candidate list
      class SortFunc
      {
      private:
        const CostVector &_map;
      public:
        SortFunc(const CostVector &map) : _map(map) {}
        bool operator()(int left, int right) {
          return _map[left] > _map[right];
        }
      };

      SortFunc _sort_func;

    public:

      // Constructor
      AlteringListPivotRule(NetworkSimplex &ns) :
        _source(ns._source), _target(ns._target),
        _cost(ns._cost), _state(ns._state), _pi(ns._pi),
        _in_arc(ns.in_arc), _search_arc_num(ns._search_arc_num),
        _next_arc(0), _cand_cost(ns._search_arc_num), _sort_func(_cand_cost)
      {
        // The main parameters of the pivot rule
        const double BLOCK_SIZE_FACTOR = 1.0;
        const int MIN_BLOCK_SIZE = 10;
        const double HEAD_LENGTH_FACTOR = 0.1;
        const int MIN_HEAD_LENGTH = 3;

        _block_size = std::max( int(BLOCK_SIZE_FACTOR *
                                    std::sqrt(double(_search_arc_num))),
                                MIN_BLOCK_SIZE );
        _head_length = std::max( int(HEAD_LENGTH_FACTOR * _block_size),
                                 MIN_HEAD_LENGTH );
        _candidates.resize(_head_length + _block_size);
        _curr_length = 0;
      }

      // Find next entering arc
      bool findEnteringArc() {
        // Check the current candidate list
        int e;
        for (int i = 0; i != _curr_length; ++i) {
          e = _candidates[i];
          _cand_cost[e] = _state[e] *
            (_cost[e] + _pi[_source[e]] - _pi[_target[e]]);
          if (_cand_cost[e] >= 0) {
            _candidates[i--] = _candidates[--_curr_length];
          }
        }

        // Extend the list
        int cnt = _block_size;
        int limit = _head_length;

        for (e = _next_arc; e != _search_arc_num; ++e) {
          _cand_cost[e] = _state[e] *
            (_cost[e] + _pi[_source[e]] - _pi[_target[e]]);
          if (_cand_cost[e] < 0) {
            _candidates[_curr_length++] = e;
          }
          if (--cnt == 0) {
            if (_curr_length > limit) goto search_end;
            limit = 0;
            cnt = _block_size;
          }
        }
        for (e = 0; e != _next_arc; ++e) {
          _cand_cost[e] = _state[e] *
            (_cost[e] + _pi[_source[e]] - _pi[_target[e]]);
          if (_cand_cost[e] < 0) {
            _candidates[_curr_length++] = e;
          }
          if (--cnt == 0) {
            if (_curr_length > limit) goto search_end;
            limit = 0;
            cnt = _block_size;
          }
        }
        if (_curr_length == 0) return false;

      search_end:

        // Make heap of the candidate list (approximating a partial sort)
        make_heap( _candidates.begin(), _candidates.begin() + _curr_length,
                   _sort_func );

        // Pop the first element of the heap
        _in_arc = _candidates[0];
        _next_arc = e;
        pop_heap( _candidates.begin(), _candidates.begin() + _curr_length,
                  _sort_func );
        _curr_length = std::min(_head_length, _curr_length - 1);
        return true;
      }

    }; //class AlteringListPivotRule

  public:

    /// \brief Constructor.
    ///
    /// The constructor of the class.
    ///
    /// \param graph The digraph the algorithm runs on.
    /// \param arc_mixing Indicate if the arcs have to be stored in a
    /// mixed order in the internal data structure.
    /// In special cases, it could lead to better overall performance,
    /// but it is usually slower. Therefore it is disabled by default.
    NetworkSimplex(const GR& graph, bool arc_mixing = false) :
      _graph(graph), _node_id(graph), _arc_id(graph),
      _arc_mixing(arc_mixing),
      MAX(std::numeric_limits<Value>::max()),
      INF(std::numeric_limits<Value>::has_infinity ?
          std::numeric_limits<Value>::infinity() : MAX)
    {
      // Check the number types
      LEMON_ASSERT(std::numeric_limits<Value>::is_signed,
        "The flow type of NetworkSimplex must be signed");
      LEMON_ASSERT(std::numeric_limits<Cost>::is_signed,
        "The cost type of NetworkSimplex must be signed");

      // Reset data structures
      reset();
    }

    /// \name Parameters
    /// The parameters of the algorithm can be specified using these
    /// functions.

    /// @{

    /// \brief Set the lower bounds on the arcs.
    ///
    /// This function sets the lower bounds on the arcs.
    /// If it is not used before calling \ref run(), the lower bounds
    /// will be set to zero on all arcs.
    ///
    /// \param map An arc map storing the lower bounds.
    /// Its \c Value type must be convertible to the \c Value type
    /// of the algorithm.
    ///
    /// \return <tt>(*this)</tt>
    template <typename LowerMap>
    NetworkSimplex& lowerMap(const LowerMap& map) {
      _have_lower = true;
      for (ArcIt a(_graph); a != INVALID; ++a) {
        _lower[_arc_id[a]] = map[a];
      }
      return *this;
    }

    /// \brief Set the upper bounds (capacities) on the arcs.
    ///
    /// This function sets the upper bounds (capacities) on the arcs.
    /// If it is not used before calling \ref run(), the upper bounds
    /// will be set to \ref INF on all arcs (i.e. the flow value will be
    /// unbounded from above).
    ///
    /// \param map An arc map storing the upper bounds.
    /// Its \c Value type must be convertible to the \c Value type
    /// of the algorithm.
    ///
    /// \return <tt>(*this)</tt>
    template<typename UpperMap>
    NetworkSimplex& upperMap(const UpperMap& map) {
      for (ArcIt a(_graph); a != INVALID; ++a) {
        _upper[_arc_id[a]] = map[a];
      }
      return *this;
    }

    /// \brief Set the costs of the arcs.
    ///
    /// This function sets the costs of the arcs.
    /// If it is not used before calling \ref run(), the costs
    /// will be set to \c 1 on all arcs.
    ///
    /// \param map An arc map storing the costs.
    /// Its \c Value type must be convertible to the \c Cost type
    /// of the algorithm.
    ///
    /// \return <tt>(*this)</tt>
    template<typename CostMap>
    NetworkSimplex& costMap(const CostMap& map) {
      for (ArcIt a(_graph); a != INVALID; ++a) {
        _cost[_arc_id[a]] = map[a];
      }
      return *this;
    }

    /// \brief Set the supply values of the nodes.
    ///
    /// This function sets the supply values of the nodes.
    /// If neither this function nor \ref stSupply() is used before
    /// calling \ref run(), the supply of each node will be set to zero.
    ///
    /// \param map A node map storing the supply values.
    /// Its \c Value type must be convertible to the \c Value type
    /// of the algorithm.
    ///
    /// \return <tt>(*this)</tt>
    template<typename SupplyMap>
    NetworkSimplex& supplyMap(const SupplyMap& map) {
      for (NodeIt n(_graph); n != INVALID; ++n) {
        _supply[_node_id[n]] = map[n];
      }
      return *this;
    }

    /// \brief Set single source and target nodes and a supply value.
    ///
    /// This function sets a single source node and a single target node
    /// and the required flow value.
    /// If neither this function nor \ref supplyMap() is used before
    /// calling \ref run(), the supply of each node will be set to zero.
    ///
    /// Using this function has the same effect as using \ref supplyMap()
    /// with such a map in which \c k is assigned to \c s, \c -k is
    /// assigned to \c t and all other nodes have zero supply value.
    ///
    /// \param s The source node.
    /// \param t The target node.
    /// \param k The required amount of flow from node \c s to node \c t
    /// (i.e. the supply of \c s and the demand of \c t).
    ///
    /// \return <tt>(*this)</tt>
    NetworkSimplex& stSupply(const Node& s, const Node& t, Value k) {
      for (int i = 0; i != _node_num; ++i) {
        _supply[i] = 0;
      }
      _supply[_node_id[s]] =  k;
      _supply[_node_id[t]] = -k;
      return *this;
    }

    /// \brief Set the type of the supply constraints.
    ///
    /// This function sets the type of the supply/demand constraints.
    /// If it is not used before calling \ref run(), the \ref GEQ supply
    /// type will be used.
    ///
    /// For more information, see \ref SupplyType.
    ///
    /// \return <tt>(*this)</tt>
    NetworkSimplex& supplyType(SupplyType supply_type) {
      _stype = supply_type;
      return *this;
    }

    /// @}

    /// \name Execution Control
    /// The algorithm can be executed using \ref run().

    /// @{

    /// \brief Run the algorithm.
    ///
    /// This function runs the algorithm.
    /// The paramters can be specified using functions \ref lowerMap(),
    /// \ref upperMap(), \ref costMap(), \ref supplyMap(), \ref stSupply(),
    /// \ref supplyType().
    /// For example,
    /// \code
    ///   NetworkSimplex<ListDigraph> ns(graph);
    ///   ns.lowerMap(lower).upperMap(upper).costMap(cost)
    ///     .supplyMap(sup).run();
    /// \endcode
    ///
    /// This function can be called more than once. All the given parameters
    /// are kept for the next call, unless \ref resetParams() or \ref reset()
    /// is used, thus only the modified parameters have to be set again.
    /// If the underlying digraph was also modified after the construction
    /// of the class (or the last \ref reset() call), then the \ref reset()
    /// function must be called.
    ///
    /// \param pivot_rule The pivot rule that will be used during the
    /// algorithm. For more information, see \ref PivotRule.
    ///
    /// \return \c INFEASIBLE if no feasible flow exists,
    /// \n \c OPTIMAL if the problem has optimal solution
    /// (i.e. it is feasible and bounded), and the algorithm has found
    /// optimal flow and node potentials (primal and dual solutions),
    /// \n \c UNBOUNDED if the objective function of the problem is
    /// unbounded, i.e. there is a directed cycle having negative total
    /// cost and infinite upper bound.
    ///
    /// \see ProblemType, PivotRule
    /// \see resetParams(), reset()
    ProblemType run(PivotRule pivot_rule = BLOCK_SEARCH) {
      if (!init()) return INFEASIBLE;
      return start(pivot_rule);
    }

    /// \brief Reset all the parameters that have been given before.
    ///
    /// This function resets all the paramaters that have been given
    /// before using functions \ref lowerMap(), \ref upperMap(),
    /// \ref costMap(), \ref supplyMap(), \ref stSupply(), \ref supplyType().
    ///
    /// It is useful for multiple \ref run() calls. Basically, all the given
    /// parameters are kept for the next \ref run() call, unless
    /// \ref resetParams() or \ref reset() is used.
    /// If the underlying digraph was also modified after the construction
    /// of the class or the last \ref reset() call, then the \ref reset()
    /// function must be used, otherwise \ref resetParams() is sufficient.
    ///
    /// For example,
    /// \code
    ///   NetworkSimplex<ListDigraph> ns(graph);
    ///
    ///   // First run
    ///   ns.lowerMap(lower).upperMap(upper).costMap(cost)
    ///     .supplyMap(sup).run();
    ///
    ///   // Run again with modified cost map (resetParams() is not called,
    ///   // so only the cost map have to be set again)
    ///   cost[e] += 100;
    ///   ns.costMap(cost).run();
    ///
    ///   // Run again from scratch using resetParams()
    ///   // (the lower bounds will be set to zero on all arcs)
    ///   ns.resetParams();
    ///   ns.upperMap(capacity).costMap(cost)
    ///     .supplyMap(sup).run();
    /// \endcode
    ///
    /// \return <tt>(*this)</tt>
    ///
    /// \see reset(), run()
    NetworkSimplex& resetParams() {
      for (int i = 0; i != _node_num; ++i) {
        _supply[i] = 0;
      }
      for (int i = 0; i != _arc_num; ++i) {
        _lower[i] = 0;
        _upper[i] = INF;
        _cost[i] = 1;
      }
      _have_lower = false;
      _stype = GEQ;
      return *this;
    }

    /// \brief Reset the internal data structures and all the parameters
    /// that have been given before.
    ///
    /// This function resets the internal data structures and all the
    /// paramaters that have been given before using functions \ref lowerMap(),
    /// \ref upperMap(), \ref costMap(), \ref supplyMap(), \ref stSupply(),
    /// \ref supplyType().
    ///
    /// It is useful for multiple \ref run() calls. Basically, all the given
    /// parameters are kept for the next \ref run() call, unless
    /// \ref resetParams() or \ref reset() is used.
    /// If the underlying digraph was also modified after the construction
    /// of the class or the last \ref reset() call, then the \ref reset()
    /// function must be used, otherwise \ref resetParams() is sufficient.
    ///
    /// See \ref resetParams() for examples.
    ///
    /// \return <tt>(*this)</tt>
    ///
    /// \see resetParams(), run()
    NetworkSimplex& reset() {
      // Resize vectors
      _node_num = countNodes(_graph);
      _arc_num = countArcs(_graph);
      int all_node_num = _node_num + 1;
      int max_arc_num = _arc_num + 2 * _node_num;

      _source.resize(max_arc_num);
      _target.resize(max_arc_num);

      _lower.resize(_arc_num);
      _upper.resize(_arc_num);
      _cap.resize(max_arc_num);
      _cost.resize(max_arc_num);
      _supply.resize(all_node_num);
      _flow.resize(max_arc_num);
      _pi.resize(all_node_num);

      _parent.resize(all_node_num);
      _pred.resize(all_node_num);
      _forward.resize(all_node_num);
      _thread.resize(all_node_num);
      _rev_thread.resize(all_node_num);
      _succ_num.resize(all_node_num);
      _last_succ.resize(all_node_num);
      _state.resize(max_arc_num);

      // Copy the graph
      int i = 0;
      for (NodeIt n(_graph); n != INVALID; ++n, ++i) {
        _node_id[n] = i;
      }
      if (_arc_mixing) {
        // Store the arcs in a mixed order
        int k = std::max(int(std::sqrt(double(_arc_num))), 10);
        int i = 0, j = 0;
        for (ArcIt a(_graph); a != INVALID; ++a) {
          _arc_id[a] = i;
          _source[i] = _node_id[_graph.source(a)];
          _target[i] = _node_id[_graph.target(a)];
          if ((i += k) >= _arc_num) i = ++j;
        }
      } else {
        // Store the arcs in the original order
        int i = 0;
        for (ArcIt a(_graph); a != INVALID; ++a, ++i) {
          _arc_id[a] = i;
          _source[i] = _node_id[_graph.source(a)];
          _target[i] = _node_id[_graph.target(a)];
        }
      }

      // Reset parameters
      resetParams();
      return *this;
    }

    /// @}

    /// \name Query Functions
    /// The results of the algorithm can be obtained using these
    /// functions.\n
    /// The \ref run() function must be called before using them.

    /// @{

    /// \brief Return the total cost of the found flow.
    ///
    /// This function returns the total cost of the found flow.
    /// Its complexity is O(e).
    ///
    /// \note The return type of the function can be specified as a
    /// template parameter. For example,
    /// \code
    ///   ns.totalCost<double>();
    /// \endcode
    /// It is useful if the total cost cannot be stored in the \c Cost
    /// type of the algorithm, which is the default return type of the
    /// function.
    ///
    /// \pre \ref run() must be called before using this function.
    template <typename Number>
    Number totalCost() const {
      Number c = 0;
      for (ArcIt a(_graph); a != INVALID; ++a) {
        int i = _arc_id[a];
        c += Number(_flow[i]) * Number(_cost[i]);
      }
      return c;
    }

#ifndef DOXYGEN
    Cost totalCost() const {
      return totalCost<Cost>();
    }
#endif

    /// \brief Return the flow on the given arc.
    ///
    /// This function returns the flow on the given arc.
    ///
    /// \pre \ref run() must be called before using this function.
    Value flow(const Arc& a) const {
      return _flow[_arc_id[a]];
    }

    /// \brief Return the flow map (the primal solution).
    ///
    /// This function copies the flow value on each arc into the given
    /// map. The \c Value type of the algorithm must be convertible to
    /// the \c Value type of the map.
    ///
    /// \pre \ref run() must be called before using this function.
    template <typename FlowMap>
    void flowMap(FlowMap &map) const {
      for (ArcIt a(_graph); a != INVALID; ++a) {
        map.set(a, _flow[_arc_id[a]]);
      }
    }

    /// \brief Return the potential (dual value) of the given node.
    ///
    /// This function returns the potential (dual value) of the
    /// given node.
    ///
    /// \pre \ref run() must be called before using this function.
    Cost potential(const Node& n) const {
      return _pi[_node_id[n]];
    }

    /// \brief Return the potential map (the dual solution).
    ///
    /// This function copies the potential (dual value) of each node
    /// into the given map.
    /// The \c Cost type of the algorithm must be convertible to the
    /// \c Value type of the map.
    ///
    /// \pre \ref run() must be called before using this function.
    template <typename PotentialMap>
    void potentialMap(PotentialMap &map) const {
      for (NodeIt n(_graph); n != INVALID; ++n) {
        map.set(n, _pi[_node_id[n]]);
      }
    }

    /// @}

  private:

    // Initialize internal data structures
    bool init() {
      if (_node_num == 0) return false;

      // Check the sum of supply values
      _sum_supply = 0;
      for (int i = 0; i != _node_num; ++i) {
        _sum_supply += _supply[i];
      }
      if ( !((_stype == GEQ && _sum_supply <= 0) ||
             (_stype == LEQ && _sum_supply >= 0)) ) return false;

      // Remove non-zero lower bounds
      if (_have_lower) {
        for (int i = 0; i != _arc_num; ++i) {
          Value c = _lower[i];
          if (c >= 0) {
            _cap[i] = _upper[i] < MAX ? _upper[i] - c : INF;
          } else {
            _cap[i] = _upper[i] < MAX + c ? _upper[i] - c : INF;
          }
          _supply[_source[i]] -= c;
          _supply[_target[i]] += c;
        }
      } else {
        for (int i = 0; i != _arc_num; ++i) {
          _cap[i] = _upper[i];
        }
      }

      // Initialize artifical cost
      Cost ART_COST;
      if (std::numeric_limits<Cost>::is_exact) {
        ART_COST = std::numeric_limits<Cost>::max() / 2 + 1;
      } else {
        ART_COST = 0;
        for (int i = 0; i != _arc_num; ++i) {
          if (_cost[i] > ART_COST) ART_COST = _cost[i];
        }
        ART_COST = (ART_COST + 1) * _node_num;
      }

      // Initialize arc maps
      for (int i = 0; i != _arc_num; ++i) {
        _flow[i] = 0;
        _state[i] = STATE_LOWER;
      }

      // Set data for the artificial root node
      _root = _node_num;
      _parent[_root] = -1;
      _pred[_root] = -1;
      _thread[_root] = 0;
      _rev_thread[0] = _root;
      _succ_num[_root] = _node_num + 1;
      _last_succ[_root] = _root - 1;
      _supply[_root] = -_sum_supply;
      _pi[_root] = 0;

      // Add artificial arcs and initialize the spanning tree data structure
      if (_sum_supply == 0) {
        // EQ supply constraints
        _search_arc_num = _arc_num;
        _all_arc_num = _arc_num + _node_num;
        for (int u = 0, e = _arc_num; u != _node_num; ++u, ++e) {
          _parent[u] = _root;
          _pred[u] = e;
          _thread[u] = u + 1;
          _rev_thread[u + 1] = u;
          _succ_num[u] = 1;
          _last_succ[u] = u;
          _cap[e] = INF;
          _state[e] = STATE_TREE;
          if (_supply[u] >= 0) {
            _forward[u] = true;
            _pi[u] = 0;
            _source[e] = u;
            _target[e] = _root;
            _flow[e] = _supply[u];
            _cost[e] = 0;
          } else {
            _forward[u] = false;
            _pi[u] = ART_COST;
            _source[e] = _root;
            _target[e] = u;
            _flow[e] = -_supply[u];
            _cost[e] = ART_COST;
          }
        }
      }
      else if (_sum_supply > 0) {
        // LEQ supply constraints
        _search_arc_num = _arc_num + _node_num;
        int f = _arc_num + _node_num;
        for (int u = 0, e = _arc_num; u != _node_num; ++u, ++e) {
          _parent[u] = _root;
          _thread[u] = u + 1;
          _rev_thread[u + 1] = u;
          _succ_num[u] = 1;
          _last_succ[u] = u;
          if (_supply[u] >= 0) {
            _forward[u] = true;
            _pi[u] = 0;
            _pred[u] = e;
            _source[e] = u;
            _target[e] = _root;
            _cap[e] = INF;
            _flow[e] = _supply[u];
            _cost[e] = 0;
            _state[e] = STATE_TREE;
          } else {
            _forward[u] = false;
            _pi[u] = ART_COST;
            _pred[u] = f;
            _source[f] = _root;
            _target[f] = u;
            _cap[f] = INF;
            _flow[f] = -_supply[u];
            _cost[f] = ART_COST;
            _state[f] = STATE_TREE;
            _source[e] = u;
            _target[e] = _root;
            _cap[e] = INF;
            _flow[e] = 0;
            _cost[e] = 0;
            _state[e] = STATE_LOWER;
            ++f;
          }
        }
        _all_arc_num = f;
      }
      else {
        // GEQ supply constraints
        _search_arc_num = _arc_num + _node_num;
        int f = _arc_num + _node_num;
        for (int u = 0, e = _arc_num; u != _node_num; ++u, ++e) {
          _parent[u] = _root;
          _thread[u] = u + 1;
          _rev_thread[u + 1] = u;
          _succ_num[u] = 1;
          _last_succ[u] = u;
          if (_supply[u] <= 0) {
            _forward[u] = false;
            _pi[u] = 0;
            _pred[u] = e;
            _source[e] = _root;
            _target[e] = u;
            _cap[e] = INF;
            _flow[e] = -_supply[u];
            _cost[e] = 0;
            _state[e] = STATE_TREE;
          } else {
            _forward[u] = true;
            _pi[u] = -ART_COST;
            _pred[u] = f;
            _source[f] = u;
            _target[f] = _root;
            _cap[f] = INF;
            _flow[f] = _supply[u];
            _state[f] = STATE_TREE;
            _cost[f] = ART_COST;
            _source[e] = _root;
            _target[e] = u;
            _cap[e] = INF;
            _flow[e] = 0;
            _cost[e] = 0;
            _state[e] = STATE_LOWER;
            ++f;
          }
        }
        _all_arc_num = f;
      }

      return true;
    }

    // Find the join node
    void findJoinNode() {
      int u = _source[in_arc];
      int v = _target[in_arc];
      while (u != v) {
        if (_succ_num[u] < _succ_num[v]) {
          u = _parent[u];
        } else {
          v = _parent[v];
        }
      }
      join = u;
    }

    // Find the leaving arc of the cycle and returns true if the
    // leaving arc is not the same as the entering arc
    bool findLeavingArc() {
      // Initialize first and second nodes according to the direction
      // of the cycle
      if (_state[in_arc] == STATE_LOWER) {
        first  = _source[in_arc];
        second = _target[in_arc];
      } else {
        first  = _target[in_arc];
        second = _source[in_arc];
      }
      delta = _cap[in_arc];
      int result = 0;
      Value d;
      int e;

      // Search the cycle along the path form the first node to the root
      for (int u = first; u != join; u = _parent[u]) {
        e = _pred[u];
        d = _forward[u] ?
          _flow[e] : (_cap[e] >= MAX ? INF : _cap[e] - _flow[e]);
        if (d < delta) {
          delta = d;
          u_out = u;
          result = 1;
        }
      }
      // Search the cycle along the path form the second node to the root
      for (int u = second; u != join; u = _parent[u]) {
        e = _pred[u];
        d = _forward[u] ?
          (_cap[e] >= MAX ? INF : _cap[e] - _flow[e]) : _flow[e];
        if (d <= delta) {
          delta = d;
          u_out = u;
          result = 2;
        }
      }

      if (result == 1) {
        u_in = first;
        v_in = second;
      } else {
        u_in = second;
        v_in = first;
      }
      return result != 0;
    }

    // Change _flow and _state vectors
    void changeFlow(bool change) {
      // Augment along the cycle
      if (delta > 0) {
        Value val = _state[in_arc] * delta;
        _flow[in_arc] += val;
        for (int u = _source[in_arc]; u != join; u = _parent[u]) {
          _flow[_pred[u]] += _forward[u] ? -val : val;
        }
        for (int u = _target[in_arc]; u != join; u = _parent[u]) {
          _flow[_pred[u]] += _forward[u] ? val : -val;
        }
      }
      // Update the state of the entering and leaving arcs
      if (change) {
        _state[in_arc] = STATE_TREE;
        _state[_pred[u_out]] =
          (_flow[_pred[u_out]] == 0) ? STATE_LOWER : STATE_UPPER;
      } else {
        _state[in_arc] = -_state[in_arc];
      }
    }

    // Update the tree structure
    void updateTreeStructure() {
      int u, w;
      int old_rev_thread = _rev_thread[u_out];
      int old_succ_num = _succ_num[u_out];
      int old_last_succ = _last_succ[u_out];
      v_out = _parent[u_out];

      u = _last_succ[u_in];  // the last successor of u_in
      right = _thread[u];    // the node after it

      // Handle the case when old_rev_thread equals to v_in
      // (it also means that join and v_out coincide)
      if (old_rev_thread == v_in) {
        last = _thread[_last_succ[u_out]];
      } else {
        last = _thread[v_in];
      }

      // Update _thread and _parent along the stem nodes (i.e. the nodes
      // between u_in and u_out, whose parent have to be changed)
      _thread[v_in] = stem = u_in;
      _dirty_revs.clear();
      _dirty_revs.push_back(v_in);
      par_stem = v_in;
      while (stem != u_out) {
        // Insert the next stem node into the thread list
        new_stem = _parent[stem];
        _thread[u] = new_stem;
        _dirty_revs.push_back(u);

        // Remove the subtree of stem from the thread list
        w = _rev_thread[stem];
        _thread[w] = right;
        _rev_thread[right] = w;

        // Change the parent node and shift stem nodes
        _parent[stem] = par_stem;
        par_stem = stem;
        stem = new_stem;

        // Update u and right
        u = _last_succ[stem] == _last_succ[par_stem] ?
          _rev_thread[par_stem] : _last_succ[stem];
        right = _thread[u];
      }
      _parent[u_out] = par_stem;
      _thread[u] = last;
      _rev_thread[last] = u;
      _last_succ[u_out] = u;

      // Remove the subtree of u_out from the thread list except for
      // the case when old_rev_thread equals to v_in
      // (it also means that join and v_out coincide)
      if (old_rev_thread != v_in) {
        _thread[old_rev_thread] = right;
        _rev_thread[right] = old_rev_thread;
      }

      // Update _rev_thread using the new _thread values
      for (int i = 0; i != int(_dirty_revs.size()); ++i) {
        u = _dirty_revs[i];
        _rev_thread[_thread[u]] = u;
      }

      // Update _pred, _forward, _last_succ and _succ_num for the
      // stem nodes from u_out to u_in
      int tmp_sc = 0, tmp_ls = _last_succ[u_out];
      u = u_out;
      while (u != u_in) {
        w = _parent[u];
        _pred[u] = _pred[w];
        _forward[u] = !_forward[w];
        tmp_sc += _succ_num[u] - _succ_num[w];
        _succ_num[u] = tmp_sc;
        _last_succ[w] = tmp_ls;
        u = w;
      }
      _pred[u_in] = in_arc;
      _forward[u_in] = (u_in == _source[in_arc]);
      _succ_num[u_in] = old_succ_num;

      // Set limits for updating _last_succ form v_in and v_out
      // towards the root
      int up_limit_in = -1;
      int up_limit_out = -1;
      if (_last_succ[join] == v_in) {
        up_limit_out = join;
      } else {
        up_limit_in = join;
      }

      // Update _last_succ from v_in towards the root
      for (u = v_in; u != up_limit_in && _last_succ[u] == v_in;
           u = _parent[u]) {
        _last_succ[u] = _last_succ[u_out];
      }
      // Update _last_succ from v_out towards the root
      if (join != old_rev_thread && v_in != old_rev_thread) {
        for (u = v_out; u != up_limit_out && _last_succ[u] == old_last_succ;
             u = _parent[u]) {
          _last_succ[u] = old_rev_thread;
        }
      } else {
        for (u = v_out; u != up_limit_out && _last_succ[u] == old_last_succ;
             u = _parent[u]) {
          _last_succ[u] = _last_succ[u_out];
        }
      }

      // Update _succ_num from v_in to join
      for (u = v_in; u != join; u = _parent[u]) {
        _succ_num[u] += old_succ_num;
      }
      // Update _succ_num from v_out to join
      for (u = v_out; u != join; u = _parent[u]) {
        _succ_num[u] -= old_succ_num;
      }
    }

    // Update potentials
    void updatePotential() {
      Cost sigma = _forward[u_in] ?
        _pi[v_in] - _pi[u_in] - _cost[_pred[u_in]] :
        _pi[v_in] - _pi[u_in] + _cost[_pred[u_in]];
      // Update potentials in the subtree, which has been moved
      int end = _thread[_last_succ[u_in]];
      for (int u = u_in; u != end; u = _thread[u]) {
        _pi[u] += sigma;
      }
    }

    // Heuristic initial pivots
    bool initialPivots() {
      Value curr, total = 0;
      std::vector<Node> supply_nodes, demand_nodes;
      for (NodeIt u(_graph); u != INVALID; ++u) {
        curr = _supply[_node_id[u]];
        if (curr > 0) {
          total += curr;
          supply_nodes.push_back(u);
        }
        else if (curr < 0) {
          demand_nodes.push_back(u);
        }
      }
      if (_sum_supply > 0) total -= _sum_supply;
      if (total <= 0) return true;

      IntVector arc_vector;
      if (_sum_supply >= 0) {
        if (supply_nodes.size() == 1 && demand_nodes.size() == 1) {
          // Perform a reverse graph search from the sink to the source
          typename GR::template NodeMap<bool> reached(_graph, false);
          Node s = supply_nodes[0], t = demand_nodes[0];
          std::vector<Node> stack;
          reached[t] = true;
          stack.push_back(t);
          while (!stack.empty()) {
            Node u, v = stack.back();
            stack.pop_back();
            if (v == s) break;
            for (InArcIt a(_graph, v); a != INVALID; ++a) {
              if (reached[u = _graph.source(a)]) continue;
              int j = _arc_id[a];
              if (_cap[j] >= total) {
                arc_vector.push_back(j);
                reached[u] = true;
                stack.push_back(u);
              }
            }
          }
        } else {
          // Find the min. cost incomming arc for each demand node
          for (int i = 0; i != int(demand_nodes.size()); ++i) {
            Node v = demand_nodes[i];
            Cost c, min_cost = std::numeric_limits<Cost>::max();
            Arc min_arc = INVALID;
            for (InArcIt a(_graph, v); a != INVALID; ++a) {
              c = _cost[_arc_id[a]];
              if (c < min_cost) {
                min_cost = c;
                min_arc = a;
              }
            }
            if (min_arc != INVALID) {
              arc_vector.push_back(_arc_id[min_arc]);
            }
          }
        }
      } else {
        // Find the min. cost outgoing arc for each supply node
        for (int i = 0; i != int(supply_nodes.size()); ++i) {
          Node u = supply_nodes[i];
          Cost c, min_cost = std::numeric_limits<Cost>::max();
          Arc min_arc = INVALID;
          for (OutArcIt a(_graph, u); a != INVALID; ++a) {
            c = _cost[_arc_id[a]];
            if (c < min_cost) {
              min_cost = c;
              min_arc = a;
            }
          }
          if (min_arc != INVALID) {
            arc_vector.push_back(_arc_id[min_arc]);
          }
        }
      }

      // Perform heuristic initial pivots
      for (int i = 0; i != int(arc_vector.size()); ++i) {
        in_arc = arc_vector[i];
        if (_state[in_arc] * (_cost[in_arc] + _pi[_source[in_arc]] -
            _pi[_target[in_arc]]) >= 0) continue;
        findJoinNode();
        bool change = findLeavingArc();
        if (delta >= MAX) return false;
        changeFlow(change);
        if (change) {
          updateTreeStructure();
          updatePotential();
        }
      }
      return true;
    }

    // Execute the algorithm
    ProblemType start(PivotRule pivot_rule) {
      // Select the pivot rule implementation
      switch (pivot_rule) {
        case FIRST_ELIGIBLE:
          return start<FirstEligiblePivotRule>();
        case BEST_ELIGIBLE:
          return start<BestEligiblePivotRule>();
        case BLOCK_SEARCH:
          return start<BlockSearchPivotRule>();
        case CANDIDATE_LIST:
          return start<CandidateListPivotRule>();
        case ALTERING_LIST:
          return start<AlteringListPivotRule>();
      }
      return INFEASIBLE; // avoid warning
    }

    template <typename PivotRuleImpl>
    ProblemType start() {
      PivotRuleImpl pivot(*this);

      // Perform heuristic initial pivots
      if (!initialPivots()) return UNBOUNDED;

      // Execute the Network Simplex algorithm
      while (pivot.findEnteringArc()) {
        findJoinNode();
        bool change = findLeavingArc();
        if (delta >= MAX) return UNBOUNDED;
        changeFlow(change);
        if (change) {
          updateTreeStructure();
          updatePotential();
        }
      }

      // Check feasibility
      for (int e = _search_arc_num; e != _all_arc_num; ++e) {
        if (_flow[e] != 0) return INFEASIBLE;
      }

      // Transform the solution and the supply map to the original form
      if (_have_lower) {
        for (int i = 0; i != _arc_num; ++i) {
          Value c = _lower[i];
          if (c != 0) {
            _flow[i] += c;
            _supply[_source[i]] += c;
            _supply[_target[i]] -= c;
          }
        }
      }

      // Shift potentials to meet the requirements of the GEQ/LEQ type
      // optimality conditions
      if (_sum_supply == 0) {
        if (_stype == GEQ) {
          Cost max_pot = -std::numeric_limits<Cost>::max();
          for (int i = 0; i != _node_num; ++i) {
            if (_pi[i] > max_pot) max_pot = _pi[i];
          }
          if (max_pot > 0) {
            for (int i = 0; i != _node_num; ++i)
              _pi[i] -= max_pot;
          }
        } else {
          Cost min_pot = std::numeric_limits<Cost>::max();
          for (int i = 0; i != _node_num; ++i) {
            if (_pi[i] < min_pot) min_pot = _pi[i];
          }
          if (min_pot < 0) {
            for (int i = 0; i != _node_num; ++i)
              _pi[i] -= min_pot;
          }
        }
      }

      return OPTIMAL;
    }

  }; //class NetworkSimplex

  ///@}

} //namespace lemon

#endif //LEMON_NETWORK_SIMPLEX_H
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/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2009
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_PAIRING_HEAP_H
#define LEMON_PAIRING_HEAP_H

///\file
///\ingroup heaps
///\brief Pairing heap implementation.

#include <vector>
#include <utility>
#include <functional>
#include <lemon/math.h>

namespace lemon {

  /// \ingroup heaps
  ///
  ///\brief Pairing Heap.
  ///
  /// This class implements the \e pairing \e heap data structure.
  /// It fully conforms to the \ref concepts::Heap "heap concept".
  ///
  /// The methods \ref increase() and \ref erase() are not efficient
  /// in a pairing heap. In case of many calls of these operations,
  /// it is better to use other heap structure, e.g. \ref BinHeap
  /// "binary heap".
  ///
  /// \tparam PR Type of the priorities of the items.
  /// \tparam IM A read-writable item map with \c int values, used
  /// internally to handle the cross references.
  /// \tparam CMP A functor class for comparing the priorities.
  /// The default is \c std::less<PR>.
#ifdef DOXYGEN
  template <typename PR, typename IM, typename CMP>
#else
  template <typename PR, typename IM, typename CMP = std::less<PR> >
#endif
  class PairingHeap {
  public:
    /// Type of the item-int map.
    typedef IM ItemIntMap;
    /// Type of the priorities.
    typedef PR Prio;
    /// Type of the items stored in the heap.
    typedef typename ItemIntMap::Key Item;
    /// Functor type for comparing the priorities.
    typedef CMP Compare;

    /// \brief Type to represent the states of the items.
    ///
    /// Each item has a state associated to it. It can be "in heap",
    /// "pre-heap" or "post-heap". The latter two are indifferent from the
    /// heap's point of view, but may be useful to the user.
    ///
    /// The item-int map must be initialized in such way that it assigns
    /// \c PRE_HEAP (<tt>-1</tt>) to any element to be put in the heap.
    enum State {
      IN_HEAP = 0,    ///< = 0.
      PRE_HEAP = -1,  ///< = -1.
      POST_HEAP = -2  ///< = -2.
    };

  private:
    class store;

    std::vector<store> _data;
    int _min;
    ItemIntMap &_iim;
    Compare _comp;
    int _num_items;

  public:
    /// \brief Constructor.
    ///
    /// Constructor.
    /// \param map A map that assigns \c int values to the items.
    /// It is used internally to handle the cross references.
    /// The assigned value must be \c PRE_HEAP (<tt>-1</tt>) for each item.
    explicit PairingHeap(ItemIntMap &map)
      : _min(0), _iim(map), _num_items(0) {}

    /// \brief Constructor.
    ///
    /// Constructor.
    /// \param map A map that assigns \c int values to the items.
    /// It is used internally to handle the cross references.
    /// The assigned value must be \c PRE_HEAP (<tt>-1</tt>) for each item.
    /// \param comp The function object used for comparing the priorities.
    PairingHeap(ItemIntMap &map, const Compare &comp)
      : _min(0), _iim(map), _comp(comp), _num_items(0) {}

    /// \brief The number of items stored in the heap.
    ///
    /// This function returns the number of items stored in the heap.
    int size() const { return _num_items; }

    /// \brief Check if the heap is empty.
    ///
    /// This function returns \c true if the heap is empty.
    bool empty() const { return _num_items==0; }

    /// \brief Make the heap empty.
    ///
    /// This functon makes the heap empty.
    /// It does not change the cross reference map. If you want to reuse
    /// a heap that is not surely empty, you should first clear it and
    /// then you should set the cross reference map to \c PRE_HEAP
    /// for each item.
    void clear() {
      _data.clear();
      _min = 0;
      _num_items = 0;
    }

    /// \brief Set the priority of an item or insert it, if it is
    /// not stored in the heap.
    ///
    /// This method sets the priority of the given item if it is
    /// already stored in the heap. Otherwise it inserts the given
    /// item into the heap with the given priority.
    /// \param item The item.
    /// \param value The priority.
    void set (const Item& item, const Prio& value) {
      int i=_iim[item];
      if ( i>=0 && _data[i].in ) {
        if ( _comp(value, _data[i].prio) ) decrease(item, value);
        if ( _comp(_data[i].prio, value) ) increase(item, value);
      } else push(item, value);
    }

    /// \brief Insert an item into the heap with the given priority.
    ///
    /// This function inserts the given item into the heap with the
    /// given priority.
    /// \param item The item to insert.
    /// \param value The priority of the item.
    /// \pre \e item must not be stored in the heap.
    void push (const Item& item, const Prio& value) {
      int i=_iim[item];
      if( i<0 ) {
        int s=_data.size();
        _iim.set(item, s);
        store st;
        st.name=item;
        _data.push_back(st);
        i=s;
      } else {
        _data[i].parent=_data[i].child=-1;
        _data[i].left_child=false;
        _data[i].degree=0;
        _data[i].in=true;
      }

      _data[i].prio=value;

      if ( _num_items!=0 ) {
        if ( _comp( value, _data[_min].prio) ) {
          fuse(i,_min);
          _min=i;
        }
        else fuse(_min,i);
      }
      else _min=i;

      ++_num_items;
    }

    /// \brief Return the item having minimum priority.
    ///
    /// This function returns the item having minimum priority.
    /// \pre The heap must be non-empty.
    Item top() const { return _data[_min].name; }

    /// \brief The minimum priority.
    ///
    /// This function returns the minimum priority.
    /// \pre The heap must be non-empty.
    const Prio& prio() const { return _data[_min].prio; }

    /// \brief The priority of the given item.
    ///
    /// This function returns the priority of the given item.
    /// \param item The item.
    /// \pre \e item must be in the heap.
    const Prio& operator[](const Item& item) const {
      return _data[_iim[item]].prio;
    }

    /// \brief Remove the item having minimum priority.
    ///
    /// This function removes the item having minimum priority.
    /// \pre The heap must be non-empty.
    void pop() {
      std::vector<int> trees;
      int i=0, child_right = 0;
      _data[_min].in=false;

      if( -1!=_data[_min].child ) {
        i=_data[_min].child;
        trees.push_back(i);
        _data[i].parent = -1;
        _data[_min].child = -1;

        int ch=-1;
        while( _data[i].child!=-1 ) {
          ch=_data[i].child;
          if( _data[ch].left_child && i==_data[ch].parent ) {
            break;
          } else {
            if( _data[ch].left_child ) {
              child_right=_data[ch].parent;
              _data[ch].parent = i;
              --_data[i].degree;
            }
            else {
              child_right=ch;
              _data[i].child=-1;
              _data[i].degree=0;
            }
            _data[child_right].parent = -1;
            trees.push_back(child_right);
            i = child_right;
          }
        }

        int num_child = trees.size();
        int other;
        for( i=0; i<num_child-1; i+=2 ) {
          if ( !_comp(_data[trees[i]].prio, _data[trees[i+1]].prio) ) {
            other=trees[i];
            trees[i]=trees[i+1];
            trees[i+1]=other;
          }
          fuse( trees[i], trees[i+1] );
        }

        i = (0==(num_child % 2)) ? num_child-2 : num_child-1;
        while(i>=2) {
          if ( _comp(_data[trees[i]].prio, _data[trees[i-2]].prio) ) {
            other=trees[i];
            trees[i]=trees[i-2];
            trees[i-2]=other;
          }
          fuse( trees[i-2], trees[i] );
          i-=2;
        }
        _min = trees[0];
      }
      else {
        _min = _data[_min].child;
      }

      if (_min >= 0) _data[_min].left_child = false;
      --_num_items;
    }

    /// \brief Remove the given item from the heap.
    ///
    /// This function removes the given item from the heap if it is
    /// already stored.
    /// \param item The item to delete.
    /// \pre \e item must be in the heap.
    void erase (const Item& item) {
      int i=_iim[item];
      if ( i>=0 && _data[i].in ) {
        decrease( item, _data[_min].prio-1 );
        pop();
      }
    }

    /// \brief Decrease the priority of an item to the given value.
    ///
    /// This function decreases the priority of an item to the given value.
    /// \param item The item.
    /// \param value The priority.
    /// \pre \e item must be stored in the heap with priority at least \e value.
    void decrease (Item item, const Prio& value) {
      int i=_iim[item];
      _data[i].prio=value;
      int p=_data[i].parent;

      if( _data[i].left_child && i!=_data[p].child ) {
        p=_data[p].parent;
      }

      if ( p!=-1 && _comp(value,_data[p].prio) ) {
        cut(i,p);
        if ( _comp(_data[_min].prio,value) ) {
          fuse(_min,i);
        } else {
          fuse(i,_min);
          _min=i;
        }
      }
    }

    /// \brief Increase the priority of an item to the given value.
    ///
    /// This function increases the priority of an item to the given value.
    /// \param item The item.
    /// \param value The priority.
    /// \pre \e item must be stored in the heap with priority at most \e value.
    void increase (Item item, const Prio& value) {
      erase(item);
      push(item,value);
    }

    /// \brief Return the state of an item.
    ///
    /// This method returns \c PRE_HEAP if the given item has never
    /// been in the heap, \c IN_HEAP if it is in the heap at the moment,
    /// and \c POST_HEAP otherwise.
    /// In the latter case it is possible that the item will get back
    /// to the heap again.
    /// \param item The item.
    State state(const Item &item) const {
      int i=_iim[item];
      if( i>=0 ) {
        if( _data[i].in ) i=0;
        else i=-2;
      }
      return State(i);
    }

    /// \brief Set the state of an item in the heap.
    ///
    /// This function sets the state of the given item in the heap.
    /// It can be used to manually clear the heap when it is important
    /// to achive better time complexity.
    /// \param i The item.
    /// \param st The state. It should not be \c IN_HEAP.
    void state(const Item& i, State st) {
      switch (st) {
      case POST_HEAP:
      case PRE_HEAP:
        if (state(i) == IN_HEAP) erase(i);
        _iim[i]=st;
        break;
      case IN_HEAP:
        break;
      }
    }

  private:

    void cut(int a, int b) {
      int child_a;
      switch (_data[a].degree) {
        case 2:
          child_a = _data[_data[a].child].parent;
          if( _data[a].left_child ) {
            _data[child_a].left_child=true;
            _data[b].child=child_a;
            _data[child_a].parent=_data[a].parent;
          }
          else {
            _data[child_a].left_child=false;
            _data[child_a].parent=b;
            if( a!=_data[b].child )
              _data[_data[b].child].parent=child_a;
            else
              _data[b].child=child_a;
          }
          --_data[a].degree;
          _data[_data[a].child].parent=a;
          break;

        case 1:
          child_a = _data[a].child;
          if( !_data[child_a].left_child ) {
            --_data[a].degree;
            if( _data[a].left_child ) {
              _data[child_a].left_child=true;
              _data[child_a].parent=_data[a].parent;
              _data[b].child=child_a;
            }
            else {
              _data[child_a].left_child=false;
              _data[child_a].parent=b;
              if( a!=_data[b].child )
                _data[_data[b].child].parent=child_a;
              else
                _data[b].child=child_a;
            }
            _data[a].child=-1;
          }
          else {
            --_data[b].degree;
            if( _data[a].left_child ) {
              _data[b].child =
                (1==_data[b].degree) ? _data[a].parent : -1;
            } else {
              if (1==_data[b].degree)
                _data[_data[b].child].parent=b;
              else
                _data[b].child=-1;
            }
          }
          break;

        case 0:
          --_data[b].degree;
          if( _data[a].left_child ) {
            _data[b].child =
              (0!=_data[b].degree) ? _data[a].parent : -1;
          } else {
            if( 0!=_data[b].degree )
              _data[_data[b].child].parent=b;
            else
              _data[b].child=-1;
          }
          break;
      }
      _data[a].parent=-1;
      _data[a].left_child=false;
    }

    void fuse(int a, int b) {
      int child_a = _data[a].child;
      int child_b = _data[b].child;
      _data[a].child=b;
      _data[b].parent=a;
      _data[b].left_child=true;

      if( -1!=child_a ) {
        _data[b].child=child_a;
        _data[child_a].parent=b;
        _data[child_a].left_child=false;
        ++_data[b].degree;

        if( -1!=child_b ) {
           _data[b].child=child_b;
           _data[child_b].parent=child_a;
        }
      }
      else { ++_data[a].degree; }
    }

    class store {
      friend class PairingHeap;

      Item name;
      int parent;
      int child;
      bool left_child;
      int degree;
      bool in;
      Prio prio;

      store() : parent(-1), child(-1), left_child(false), degree(0), in(true) {}
    };
  };

} //namespace lemon

#endif //LEMON_PAIRING_HEAP_H
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/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2009
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

///\ingroup concept
///\file
///\brief The concept of paths
///

#ifndef LEMON_CONCEPTS_PATH_H
#define LEMON_CONCEPTS_PATH_H

#include <lemon/core.h>
#include <lemon/concept_check.h>

namespace lemon {
  namespace concepts {

    /// \addtogroup concept
    /// @{

    /// \brief A skeleton structure for representing directed paths in
    /// a digraph.
    ///
    /// A skeleton structure for representing directed paths in a
    /// digraph.
    /// In a sense, a path can be treated as a list of arcs.
    /// LEMON path types just store this list. As a consequence, they cannot
    /// enumerate the nodes on the path directly and a zero length path
    /// cannot store its source node.
    ///
    /// The arcs of a path should be stored in the order of their directions,
    /// i.e. the target node of each arc should be the same as the source
    /// node of the next arc. This consistency could be checked using
    /// \ref checkPath().
    /// The source and target nodes of a (consistent) path can be obtained
    /// using \ref pathSource() and \ref pathTarget().
    ///
    /// A path can be constructed from another path of any type using the
    /// copy constructor or the assignment operator.
    ///
    /// \tparam GR The digraph type in which the path is.
    template <typename GR>
    class Path {
    public:

      /// Type of the underlying digraph.
      typedef GR Digraph;
      /// Arc type of the underlying digraph.
      typedef typename Digraph::Arc Arc;

      class ArcIt;

      /// \brief Default constructor
      Path() {}

      /// \brief Template copy constructor
      template <typename CPath>
      Path(const CPath& cpath) {}

      /// \brief Template assigment operator
      template <typename CPath>
      Path& operator=(const CPath& cpath) {
        ignore_unused_variable_warning(cpath);
        return *this;
      }

      /// Length of the path, i.e. the number of arcs on the path.
      int length() const { return 0;}

      /// Returns whether the path is empty.
      bool empty() const { return true;}

      /// Resets the path to an empty path.
      void clear() {}

      /// \brief LEMON style iterator for enumerating the arcs of a path.
      ///
      /// LEMON style iterator class for enumerating the arcs of a path.
      class ArcIt {
      public:
        /// Default constructor
        ArcIt() {}
        /// Invalid constructor
        ArcIt(Invalid) {}
        /// Sets the iterator to the first arc of the given path
        ArcIt(const Path &) {}

        /// Conversion to \c Arc
        operator Arc() const { return INVALID; }

        /// Next arc
        ArcIt& operator++() {return *this;}

        /// Comparison operator
        bool operator==(const ArcIt&) const {return true;}
        /// Comparison operator
        bool operator!=(const ArcIt&) const {return true;}
        /// Comparison operator
        bool operator<(const ArcIt&) const {return false;}

      };

      template <typename _Path>
      struct Constraints {
        void constraints() {
          Path<Digraph> pc;
          _Path p, pp(pc);
          int l = p.length();
          int e = p.empty();
          p.clear();

          p = pc;

          typename _Path::ArcIt id, ii(INVALID), i(p);

          ++i;
          typename Digraph::Arc ed = i;

          e = (i == ii);
          e = (i != ii);
          e = (i < ii);

          ignore_unused_variable_warning(l);
          ignore_unused_variable_warning(pp);
          ignore_unused_variable_warning(e);
          ignore_unused_variable_warning(id);
          ignore_unused_variable_warning(ii);
          ignore_unused_variable_warning(ed);
        }
      };

    };

    namespace _path_bits {

      template <typename _Digraph, typename _Path, typename RevPathTag = void>
      struct PathDumperConstraints {
        void constraints() {
          int l = p.length();
          int e = p.empty();

          typename _Path::ArcIt id, i(p);

          ++i;
          typename _Digraph::Arc ed = i;

          e = (i == INVALID);
          e = (i != INVALID);

          ignore_unused_variable_warning(l);
          ignore_unused_variable_warning(e);
          ignore_unused_variable_warning(id);
          ignore_unused_variable_warning(ed);
        }
        _Path& p;
      };

      template <typename _Digraph, typename _Path>
      struct PathDumperConstraints<
        _Digraph, _Path,
        typename enable_if<typename _Path::RevPathTag, void>::type
      > {
        void constraints() {
          int l = p.length();
          int e = p.empty();

          typename _Path::RevArcIt id, i(p);

          ++i;
          typename _Digraph::Arc ed = i;

          e = (i == INVALID);
          e = (i != INVALID);

          ignore_unused_variable_warning(l);
          ignore_unused_variable_warning(e);
          ignore_unused_variable_warning(id);
          ignore_unused_variable_warning(ed);
        }
        _Path& p;
      };

    }


    /// \brief A skeleton structure for path dumpers.
    ///
    /// A skeleton structure for path dumpers. The path dumpers are
    /// the generalization of the paths, they can enumerate the arcs
    /// of the path either in forward or in backward order.
    /// These classes are typically not used directly, they are rather
    /// used to be assigned to a real path type.
    ///
    /// The main purpose of this concept is that the shortest path
    /// algorithms can enumerate the arcs easily in reverse order.
    /// In LEMON, such algorithms give back a (reverse) path dumper that
    /// can be assigned to a real path. The dumpers can be implemented as
    /// an adaptor class to the predecessor map.
    ///
    /// \tparam GR The digraph type in which the path is.
    template <typename GR>
    class PathDumper {
    public:

      /// Type of the underlying digraph.
      typedef GR Digraph;
      /// Arc type of the underlying digraph.
      typedef typename Digraph::Arc Arc;

      /// Length of the path, i.e. the number of arcs on the path.
      int length() const { return 0;}

      /// Returns whether the path is empty.
      bool empty() const { return true;}

      /// \brief Forward or reverse dumping
      ///
      /// If this tag is defined to be \c True, then reverse dumping
      /// is provided in the path dumper. In this case, \c RevArcIt
      /// iterator should be implemented instead of \c ArcIt iterator.
      typedef False RevPathTag;

      /// \brief LEMON style iterator for enumerating the arcs of a path.
      ///
      /// LEMON style iterator class for enumerating the arcs of a path.
      class ArcIt {
      public:
        /// Default constructor
        ArcIt() {}
        /// Invalid constructor
        ArcIt(Invalid) {}
        /// Sets the iterator to the first arc of the given path
        ArcIt(const PathDumper&) {}

        /// Conversion to \c Arc
        operator Arc() const { return INVALID; }

        /// Next arc
        ArcIt& operator++() {return *this;}

        /// Comparison operator
        bool operator==(const ArcIt&) const {return true;}
        /// Comparison operator
        bool operator!=(const ArcIt&) const {return true;}
        /// Comparison operator
        bool operator<(const ArcIt&) const {return false;}

      };

      /// \brief LEMON style iterator for enumerating the arcs of a path
      /// in reverse direction.
      ///
      /// LEMON style iterator class for enumerating the arcs of a path
      /// in reverse direction.
      class RevArcIt {
      public:
        /// Default constructor
        RevArcIt() {}
        /// Invalid constructor
        RevArcIt(Invalid) {}
        /// Sets the iterator to the last arc of the given path
        RevArcIt(const PathDumper &) {}

        /// Conversion to \c Arc
        operator Arc() const { return INVALID; }

        /// Next arc
        RevArcIt& operator++() {return *this;}

        /// Comparison operator
        bool operator==(const RevArcIt&) const {return true;}
        /// Comparison operator
        bool operator!=(const RevArcIt&) const {return true;}
        /// Comparison operator
        bool operator<(const RevArcIt&) const {return false;}

      };

      template <typename _Path>
      struct Constraints {
        void constraints() {
          function_requires<_path_bits::
            PathDumperConstraints<Digraph, _Path> >();
        }
      };

    };


    ///@}
  }

} // namespace lemon

#endif
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 *
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///\ingroup paths
///\file
///\brief Classes for representing paths in digraphs.
///

#ifndef LEMON_PATH_H
#define LEMON_PATH_H

#include <vector>
#include <algorithm>

#include <lemon/error.h>
#include <lemon/core.h>
#include <lemon/concepts/path.h>

namespace lemon {

  /// \addtogroup paths
  /// @{


  /// \brief A structure for representing directed paths in a digraph.
  ///
  /// A structure for representing directed path in a digraph.
  /// \tparam GR The digraph type in which the path is.
  ///
  /// In a sense, the path can be treated as a list of arcs. The
  /// lemon path type stores just this list. As a consequence, it
  /// cannot enumerate the nodes of the path and the source node of
  /// a zero length path is undefined.
  ///
  /// This implementation is a back and front insertable and erasable
  /// path type. It can be indexed in O(1) time. The front and back
  /// insertion and erase is done in O(1) (amortized) time. The
  /// implementation uses two vectors for storing the front and back
  /// insertions.
  template <typename GR>
  class Path {
  public:

    typedef GR Digraph;
    typedef typename Digraph::Arc Arc;

    /// \brief Default constructor
    ///
    /// Default constructor
    Path() {}

    /// \brief Template copy constructor
    ///
    /// This constuctor initializes the path from any other path type.
    /// It simply makes a copy of the given path.
    template <typename CPath>
    Path(const CPath& cpath) {
      pathCopy(cpath, *this);
    }

    /// \brief Template copy assignment
    ///
    /// This operator makes a copy of a path of any other type.
    template <typename CPath>
    Path& operator=(const CPath& cpath) {
      pathCopy(cpath, *this);
      return *this;
    }

    /// \brief LEMON style iterator for path arcs
    ///
    /// This class is used to iterate on the arcs of the paths.
    class ArcIt {
      friend class Path;
    public:
      /// \brief Default constructor
      ArcIt() {}
      /// \brief Invalid constructor
      ArcIt(Invalid) : path(0), idx(-1) {}
      /// \brief Initializate the iterator to the first arc of path
      ArcIt(const Path &_path)
        : path(&_path), idx(_path.empty() ? -1 : 0) {}

    private:

      ArcIt(const Path &_path, int _idx)
        : path(&_path), idx(_idx) {}

    public:

      /// \brief Conversion to Arc
      operator const Arc&() const {
        return path->nth(idx);
      }

      /// \brief Next arc
      ArcIt& operator++() {
        ++idx;
        if (idx >= path->length()) idx = -1;
        return *this;
      }

      /// \brief Comparison operator
      bool operator==(const ArcIt& e) const { return idx==e.idx; }
      /// \brief Comparison operator
      bool operator!=(const ArcIt& e) const { return idx!=e.idx; }
      /// \brief Comparison operator
      bool operator<(const ArcIt& e) const { return idx<e.idx; }

    private:
      const Path *path;
      int idx;
    };

    /// \brief Length of the path.
    int length() const { return head.size() + tail.size(); }
    /// \brief Return whether the path is empty.
    bool empty() const { return head.empty() && tail.empty(); }

    /// \brief Reset the path to an empty one.
    void clear() { head.clear(); tail.clear(); }

    /// \brief The nth arc.
    ///
    /// \pre \c n is in the <tt>[0..length() - 1]</tt> range.
    const Arc& nth(int n) const {
      return n < int(head.size()) ? *(head.rbegin() + n) :
        *(tail.begin() + (n - head.size()));
    }

    /// \brief Initialize arc iterator to point to the nth arc
    ///
    /// \pre \c n is in the <tt>[0..length() - 1]</tt> range.
    ArcIt nthIt(int n) const {
      return ArcIt(*this, n);
    }

    /// \brief The first arc of the path
    const Arc& front() const {
      return head.empty() ? tail.front() : head.back();
    }

    /// \brief Add a new arc before the current path
    void addFront(const Arc& arc) {
      head.push_back(arc);
    }

    /// \brief Erase the first arc of the path
    void eraseFront() {
      if (!head.empty()) {
        head.pop_back();
      } else {
        head.clear();
        int halfsize = tail.size() / 2;
        head.resize(halfsize);
        std::copy(tail.begin() + 1, tail.begin() + halfsize + 1,
                  head.rbegin());
        std::copy(tail.begin() + halfsize + 1, tail.end(), tail.begin());
        tail.resize(tail.size() - halfsize - 1);
      }
    }

    /// \brief The last arc of the path
    const Arc& back() const {
      return tail.empty() ? head.front() : tail.back();
    }

    /// \brief Add a new arc behind the current path
    void addBack(const Arc& arc) {
      tail.push_back(arc);
    }

    /// \brief Erase the last arc of the path
    void eraseBack() {
      if (!tail.empty()) {
        tail.pop_back();
      } else {
        int halfsize = head.size() / 2;
        tail.resize(halfsize);
        std::copy(head.begin() + 1, head.begin() + halfsize + 1,
                  tail.rbegin());
        std::copy(head.begin() + halfsize + 1, head.end(), head.begin());
        head.resize(head.size() - halfsize - 1);
      }
    }

    typedef True BuildTag;

    template <typename CPath>
    void build(const CPath& path) {
      int len = path.length();
      tail.reserve(len);
      for (typename CPath::ArcIt it(path); it != INVALID; ++it) {
        tail.push_back(it);
      }
    }

    template <typename CPath>
    void buildRev(const CPath& path) {
      int len = path.length();
      head.reserve(len);
      for (typename CPath::RevArcIt it(path); it != INVALID; ++it) {
        head.push_back(it);
      }
    }

  protected:
    typedef std::vector<Arc> Container;
    Container head, tail;

  };

  /// \brief A structure for representing directed paths in a digraph.
  ///
  /// A structure for representing directed path in a digraph.
  /// \tparam GR The digraph type in which the path is.
  ///
  /// In a sense, the path can be treated as a list of arcs. The
  /// lemon path type stores just this list. As a consequence it
  /// cannot enumerate the nodes in the path and the zero length paths
  /// cannot store the source.
  ///
  /// This implementation is a just back insertable and erasable path
  /// type. It can be indexed in O(1) time. The back insertion and
  /// erasure is amortized O(1) time. This implementation is faster
  /// then the \c Path type because it use just one vector for the
  /// arcs.
  template <typename GR>
  class SimplePath {
  public:

    typedef GR Digraph;
    typedef typename Digraph::Arc Arc;

    /// \brief Default constructor
    ///
    /// Default constructor
    SimplePath() {}

    /// \brief Template copy constructor
    ///
    /// This path can be initialized with any other path type. It just
    /// makes a copy of the given path.
    template <typename CPath>
    SimplePath(const CPath& cpath) {
      pathCopy(cpath, *this);
    }

    /// \brief Template copy assignment
    ///
    /// This path can be initialized with any other path type. It just
    /// makes a copy of the given path.
    template <typename CPath>
    SimplePath& operator=(const CPath& cpath) {
      pathCopy(cpath, *this);
      return *this;
    }

    /// \brief Iterator class to iterate on the arcs of the paths
    ///
    /// This class is used to iterate on the arcs of the paths
    ///
    /// Of course it converts to Digraph::Arc
    class ArcIt {
      friend class SimplePath;
    public:
      /// Default constructor
      ArcIt() {}
      /// Invalid constructor
      ArcIt(Invalid) : path(0), idx(-1) {}
      /// \brief Initializate the constructor to the first arc of path
      ArcIt(const SimplePath &_path)
        : path(&_path), idx(_path.empty() ? -1 : 0) {}

    private:

      /// Constructor with starting point
      ArcIt(const SimplePath &_path, int _idx)
        : idx(_idx), path(&_path) {}

    public:

      ///Conversion to Digraph::Arc
      operator const Arc&() const {
        return path->nth(idx);
      }

      /// Next arc
      ArcIt& operator++() {
        ++idx;
        if (idx >= path->length()) idx = -1;
        return *this;
      }

      /// Comparison operator
      bool operator==(const ArcIt& e) const { return idx==e.idx; }
      /// Comparison operator
      bool operator!=(const ArcIt& e) const { return idx!=e.idx; }
      /// Comparison operator
      bool operator<(const ArcIt& e) const { return idx<e.idx; }

    private:
      const SimplePath *path;
      int idx;
    };

    /// \brief Length of the path.
    int length() const { return data.size(); }
    /// \brief Return true if the path is empty.
    bool empty() const { return data.empty(); }

    /// \brief Reset the path to an empty one.
    void clear() { data.clear(); }

    /// \brief The nth arc.
    ///
    /// \pre \c n is in the <tt>[0..length() - 1]</tt> range.
    const Arc& nth(int n) const {
      return data[n];
    }

    /// \brief  Initializes arc iterator to point to the nth arc.
    ArcIt nthIt(int n) const {
      return ArcIt(*this, n);
    }

    /// \brief The first arc of the path.
    const Arc& front() const {
      return data.front();
    }

    /// \brief The last arc of the path.
    const Arc& back() const {
      return data.back();
    }

    /// \brief Add a new arc behind the current path.
    void addBack(const Arc& arc) {
      data.push_back(arc);
    }

    /// \brief Erase the last arc of the path
    void eraseBack() {
      data.pop_back();
    }

    typedef True BuildTag;

    template <typename CPath>
    void build(const CPath& path) {
      int len = path.length();
      data.resize(len);
      int index = 0;
      for (typename CPath::ArcIt it(path); it != INVALID; ++it) {
        data[index] = it;;
        ++index;
      }
    }

    template <typename CPath>
    void buildRev(const CPath& path) {
      int len = path.length();
      data.resize(len);
      int index = len;
      for (typename CPath::RevArcIt it(path); it != INVALID; ++it) {
        --index;
        data[index] = it;;
      }
    }

  protected:
    typedef std::vector<Arc> Container;
    Container data;

  };

  /// \brief A structure for representing directed paths in a digraph.
  ///
  /// A structure for representing directed path in a digraph.
  /// \tparam GR The digraph type in which the path is.
  ///
  /// In a sense, the path can be treated as a list of arcs. The
  /// lemon path type stores just this list. As a consequence it
  /// cannot enumerate the nodes in the path and the zero length paths
  /// cannot store the source.
  ///
  /// This implementation is a back and front insertable and erasable
  /// path type. It can be indexed in O(k) time, where k is the rank
  /// of the arc in the path. The length can be computed in O(n)
  /// time. The front and back insertion and erasure is O(1) time
  /// and it can be splited and spliced in O(1) time.
  template <typename GR>
  class ListPath {
  public:

    typedef GR Digraph;
    typedef typename Digraph::Arc Arc;

  protected:

    // the std::list<> is incompatible
    // hard to create invalid iterator
    struct Node {
      Arc arc;
      Node *next, *prev;
    };

    Node *first, *last;

    std::allocator<Node> alloc;

  public:

    /// \brief Default constructor
    ///
    /// Default constructor
    ListPath() : first(0), last(0) {}

    /// \brief Template copy constructor
    ///
    /// This path can be initialized with any other path type. It just
    /// makes a copy of the given path.
    template <typename CPath>
    ListPath(const CPath& cpath) : first(0), last(0) {
      pathCopy(cpath, *this);
    }

    /// \brief Destructor of the path
    ///
    /// Destructor of the path
    ~ListPath() {
      clear();
    }

    /// \brief Template copy assignment
    ///
    /// This path can be initialized with any other path type. It just
    /// makes a copy of the given path.
    template <typename CPath>
    ListPath& operator=(const CPath& cpath) {
      pathCopy(cpath, *this);
      return *this;
    }

    /// \brief Iterator class to iterate on the arcs of the paths
    ///
    /// This class is used to iterate on the arcs of the paths
    ///
    /// Of course it converts to Digraph::Arc
    class ArcIt {
      friend class ListPath;
    public:
      /// Default constructor
      ArcIt() {}
      /// Invalid constructor
      ArcIt(Invalid) : path(0), node(0) {}
      /// \brief Initializate the constructor to the first arc of path
      ArcIt(const ListPath &_path)
        : path(&_path), node(_path.first) {}

    protected:

      ArcIt(const ListPath &_path, Node *_node)
        : path(&_path), node(_node) {}


    public:

      ///Conversion to Digraph::Arc
      operator const Arc&() const {
        return node->arc;
      }

      /// Next arc
      ArcIt& operator++() {
        node = node->next;
        return *this;
      }

      /// Comparison operator
      bool operator==(const ArcIt& e) const { return node==e.node; }
      /// Comparison operator
      bool operator!=(const ArcIt& e) const { return node!=e.node; }
      /// Comparison operator
      bool operator<(const ArcIt& e) const { return node<e.node; }

    private:
      const ListPath *path;
      Node *node;
    };

    /// \brief The nth arc.
    ///
    /// This function looks for the nth arc in O(n) time.
    /// \pre \c n is in the <tt>[0..length() - 1]</tt> range.
    const Arc& nth(int n) const {
      Node *node = first;
      for (int i = 0; i < n; ++i) {
        node = node->next;
      }
      return node->arc;
    }

    /// \brief Initializes arc iterator to point to the nth arc.
    ArcIt nthIt(int n) const {
      Node *node = first;
      for (int i = 0; i < n; ++i) {
        node = node->next;
      }
      return ArcIt(*this, node);
    }

    /// \brief Length of the path.
    int length() const {
      int len = 0;
      Node *node = first;
      while (node != 0) {
        node = node->next;
        ++len;
      }
      return len;
    }

    /// \brief Return true if the path is empty.
    bool empty() const { return first == 0; }

    /// \brief Reset the path to an empty one.
    void clear() {
      while (first != 0) {
        last = first->next;
        alloc.destroy(first);
        alloc.deallocate(first, 1);
        first = last;
      }
    }

    /// \brief The first arc of the path
    const Arc& front() const {
      return first->arc;
    }

    /// \brief Add a new arc before the current path
    void addFront(const Arc& arc) {
      Node *node = alloc.allocate(1);
      alloc.construct(node, Node());
      node->prev = 0;
      node->next = first;
      node->arc = arc;
      if (first) {
        first->prev = node;
        first = node;
      } else {
        first = last = node;
      }
    }

    /// \brief Erase the first arc of the path
    void eraseFront() {
      Node *node = first;
      first = first->next;
      if (first) {
        first->prev = 0;
      } else {
        last = 0;
      }
      alloc.destroy(node);
      alloc.deallocate(node, 1);
    }

    /// \brief The last arc of the path.
    const Arc& back() const {
      return last->arc;
    }

    /// \brief Add a new arc behind the current path.
    void addBack(const Arc& arc) {
      Node *node = alloc.allocate(1);
      alloc.construct(node, Node());
      node->next = 0;
      node->prev = last;
      node->arc = arc;
      if (last) {
        last->next = node;
        last = node;
      } else {
        last = first = node;
      }
    }

    /// \brief Erase the last arc of the path
    void eraseBack() {
      Node *node = last;
      last = last->prev;
      if (last) {
        last->next = 0;
      } else {
        first = 0;
      }
      alloc.destroy(node);
      alloc.deallocate(node, 1);
    }

    /// \brief Splice a path to the back of the current path.
    ///
    /// It splices \c tpath to the back of the current path and \c
    /// tpath becomes empty. The time complexity of this function is
    /// O(1).
    void spliceBack(ListPath& tpath) {
      if (first) {
        if (tpath.first) {
          last->next = tpath.first;
          tpath.first->prev = last;
          last = tpath.last;
        }
      } else {
        first = tpath.first;
        last = tpath.last;
      }
      tpath.first = tpath.last = 0;
    }

    /// \brief Splice a path to the front of the current path.
    ///
    /// It splices \c tpath before the current path and \c tpath
    /// becomes empty. The time complexity of this function
    /// is O(1).
    void spliceFront(ListPath& tpath) {
      if (first) {
        if (tpath.first) {
          first->prev = tpath.last;
          tpath.last->next = first;
          first = tpath.first;
        }
      } else {
        first = tpath.first;
        last = tpath.last;
      }
      tpath.first = tpath.last = 0;
    }

    /// \brief Splice a path into the current path.
    ///
    /// It splices the \c tpath into the current path before the
    /// position of \c it iterator and \c tpath becomes empty. The
    /// time complexity of this function is O(1). If the \c it is
    /// \c INVALID then it will splice behind the current path.
    void splice(ArcIt it, ListPath& tpath) {
      if (it.node) {
        if (tpath.first) {
          tpath.first->prev = it.node->prev;
          if (it.node->prev) {
            it.node->prev->next = tpath.first;
          } else {
            first = tpath.first;
          }
          it.node->prev = tpath.last;
          tpath.last->next = it.node;
        }
      } else {
        if (first) {
          if (tpath.first) {
            last->next = tpath.first;
            tpath.first->prev = last;
            last = tpath.last;
          }
        } else {
          first = tpath.first;
          last = tpath.last;
        }
      }
      tpath.first = tpath.last = 0;
    }

    /// \brief Split the current path.
    ///
    /// It splits the current path into two parts. The part before
    /// the iterator \c it will remain in the current path and the part
    /// starting with
    /// \c it will put into \c tpath. If \c tpath have arcs
    /// before the operation they are removed first.  The time
    /// complexity of this function is O(1) plus the the time of emtying
    /// \c tpath. If \c it is \c INVALID then it just clears \c tpath
    void split(ArcIt it, ListPath& tpath) {
      tpath.clear();
      if (it.node) {
        tpath.first = it.node;
        tpath.last = last;
        if (it.node->prev) {
          last = it.node->prev;
          last->next = 0;
        } else {
          first = last = 0;
        }
        it.node->prev = 0;
      }
    }


    typedef True BuildTag;

    template <typename CPath>
    void build(const CPath& path) {
      for (typename CPath::ArcIt it(path); it != INVALID; ++it) {
        addBack(it);
      }
    }

    template <typename CPath>
    void buildRev(const CPath& path) {
      for (typename CPath::RevArcIt it(path); it != INVALID; ++it) {
        addFront(it);
      }
    }

  };

  /// \brief A structure for representing directed paths in a digraph.
  ///
  /// A structure for representing directed path in a digraph.
  /// \tparam GR The digraph type in which the path is.
  ///
  /// In a sense, the path can be treated as a list of arcs. The
  /// lemon path type stores just this list. As a consequence it
  /// cannot enumerate the nodes in the path and the source node of
  /// a zero length path is undefined.
  ///
  /// This implementation is completly static, i.e. it can be copy constucted
  /// or copy assigned from another path, but otherwise it cannot be
  /// modified.
  ///
  /// Being the the most memory efficient path type in LEMON,
  /// it is intented to be
  /// used when you want to store a large number of paths.
  template <typename GR>
  class StaticPath {
  public:

    typedef GR Digraph;
    typedef typename Digraph::Arc Arc;

    /// \brief Default constructor
    ///
    /// Default constructor
    StaticPath() : len(0), arcs(0) {}

    /// \brief Template copy constructor
    ///
    /// This path can be initialized from any other path type.
    template <typename CPath>
    StaticPath(const CPath& cpath) : arcs(0) {
      pathCopy(cpath, *this);
    }

    /// \brief Destructor of the path
    ///
    /// Destructor of the path
    ~StaticPath() {
      if (arcs) delete[] arcs;
    }

    /// \brief Template copy assignment
    ///
    /// This path can be made equal to any other path type. It simply
    /// makes a copy of the given path.
    template <typename CPath>
    StaticPath& operator=(const CPath& cpath) {
      pathCopy(cpath, *this);
      return *this;
    }

    /// \brief Iterator class to iterate on the arcs of the paths
    ///
    /// This class is used to iterate on the arcs of the paths
    ///
    /// Of course it converts to Digraph::Arc
    class ArcIt {
      friend class StaticPath;
    public:
      /// Default constructor
      ArcIt() {}
      /// Invalid constructor
      ArcIt(Invalid) : path(0), idx(-1) {}
      /// Initializate the constructor to the first arc of path
      ArcIt(const StaticPath &_path)
        : path(&_path), idx(_path.empty() ? -1 : 0) {}

    private:

      /// Constructor with starting point
      ArcIt(const StaticPath &_path, int _idx)
        : idx(_idx), path(&_path) {}

    public:

      ///Conversion to Digraph::Arc
      operator const Arc&() const {
        return path->nth(idx);
      }

      /// Next arc
      ArcIt& operator++() {
        ++idx;
        if (idx >= path->length()) idx = -1;
        return *this;
      }

      /// Comparison operator
      bool operator==(const ArcIt& e) const { return idx==e.idx; }
      /// Comparison operator
      bool operator!=(const ArcIt& e) const { return idx!=e.idx; }
      /// Comparison operator
      bool operator<(const ArcIt& e) const { return idx<e.idx; }

    private:
      const StaticPath *path;
      int idx;
    };

    /// \brief The nth arc.
    ///
    /// \pre \c n is in the <tt>[0..length() - 1]</tt> range.
    const Arc& nth(int n) const {
      return arcs[n];
    }

    /// \brief The arc iterator pointing to the nth arc.
    ArcIt nthIt(int n) const {
      return ArcIt(*this, n);
    }

    /// \brief The length of the path.
    int length() const { return len; }

    /// \brief Return true when the path is empty.
    int empty() const { return len == 0; }

    /// \brief Erase all arcs in the digraph.
    void clear() {
      len = 0;
      if (arcs) delete[] arcs;
      arcs = 0;
    }

    /// \brief The first arc of the path.
    const Arc& front() const {
      return arcs[0];
    }

    /// \brief The last arc of the path.
    const Arc& back() const {
      return arcs[len - 1];
    }


    typedef True BuildTag;

    template <typename CPath>
    void build(const CPath& path) {
      len = path.length();
      arcs = new Arc[len];
      int index = 0;
      for (typename CPath::ArcIt it(path); it != INVALID; ++it) {
        arcs[index] = it;
        ++index;
      }
    }

    template <typename CPath>
    void buildRev(const CPath& path) {
      len = path.length();
      arcs = new Arc[len];
      int index = len;
      for (typename CPath::RevArcIt it(path); it != INVALID; ++it) {
        --index;
        arcs[index] = it;
      }
    }

  private:
    int len;
    Arc* arcs;
  };

  ///////////////////////////////////////////////////////////////////////
  // Additional utilities
  ///////////////////////////////////////////////////////////////////////

  namespace _path_bits {

    template <typename Path, typename Enable = void>
    struct RevPathTagIndicator {
      static const bool value = false;
    };

    template <typename Path>
    struct RevPathTagIndicator<
      Path,
      typename enable_if<typename Path::RevPathTag, void>::type
      > {
      static const bool value = true;
    };

    template <typename Path, typename Enable = void>
    struct BuildTagIndicator {
      static const bool value = false;
    };

    template <typename Path>
    struct BuildTagIndicator<
      Path,
      typename enable_if<typename Path::BuildTag, void>::type
    > {
      static const bool value = true;
    };

    template <typename From, typename To,
              bool buildEnable = BuildTagIndicator<To>::value>
    struct PathCopySelectorForward {
      static void copy(const From& from, To& to) {
        to.clear();
        for (typename From::ArcIt it(from); it != INVALID; ++it) {
          to.addBack(it);
        }
      }
    };

    template <typename From, typename To>
    struct PathCopySelectorForward<From, To, true> {
      static void copy(const From& from, To& to) {
        to.clear();
        to.build(from);
      }
    };

    template <typename From, typename To,
              bool buildEnable = BuildTagIndicator<To>::value>
    struct PathCopySelectorBackward {
      static void copy(const From& from, To& to) {
        to.clear();
        for (typename From::RevArcIt it(from); it != INVALID; ++it) {
          to.addFront(it);
        }
      }
    };

    template <typename From, typename To>
    struct PathCopySelectorBackward<From, To, true> {
      static void copy(const From& from, To& to) {
        to.clear();
        to.buildRev(from);
      }
    };


    template <typename From, typename To,
              bool revEnable = RevPathTagIndicator<From>::value>
    struct PathCopySelector {
      static void copy(const From& from, To& to) {
        PathCopySelectorForward<From, To>::copy(from, to);
      }
    };

    template <typename From, typename To>
    struct PathCopySelector<From, To, true> {
      static void copy(const From& from, To& to) {
        PathCopySelectorBackward<From, To>::copy(from, to);
      }
    };

  }


  /// \brief Make a copy of a path.
  ///
  /// This function makes a copy of a path.
  template <typename From, typename To>
  void pathCopy(const From& from, To& to) {
    checkConcept<concepts::PathDumper<typename From::Digraph>, From>();
    _path_bits::PathCopySelector<From, To>::copy(from, to);
  }

  /// \brief Deprecated version of \ref pathCopy().
  ///
  /// Deprecated version of \ref pathCopy() (only for reverse compatibility).
  template <typename To, typename From>
  void copyPath(To& to, const From& from) {
    pathCopy(from, to);
  }

  /// \brief Check the consistency of a path.
  ///
  /// This function checks that the target of each arc is the same
  /// as the source of the next one.
  ///
  template <typename Digraph, typename Path>
  bool checkPath(const Digraph& digraph, const Path& path) {
    typename Path::ArcIt it(path);
    if (it == INVALID) return true;
    typename Digraph::Node node = digraph.target(it);
    ++it;
    while (it != INVALID) {
      if (digraph.source(it) != node) return false;
      node = digraph.target(it);
      ++it;
    }
    return true;
  }

  /// \brief The source of a path
  ///
  /// This function returns the source node of the given path.
  /// If the path is empty, then it returns \c INVALID.
  template <typename Digraph, typename Path>
  typename Digraph::Node pathSource(const Digraph& digraph, const Path& path) {
    return path.empty() ? INVALID : digraph.source(path.front());
  }

  /// \brief The target of a path
  ///
  /// This function returns the target node of the given path.
  /// If the path is empty, then it returns \c INVALID.
  template <typename Digraph, typename Path>
  typename Digraph::Node pathTarget(const Digraph& digraph, const Path& path) {
    return path.empty() ? INVALID : digraph.target(path.back());
  }

  /// \brief Class which helps to iterate through the nodes of a path
  ///
  /// In a sense, the path can be treated as a list of arcs. The
  /// lemon path type stores only this list. As a consequence, it
  /// cannot enumerate the nodes in the path and the zero length paths
  /// cannot have a source node.
  ///
  /// This class implements the node iterator of a path structure. To
  /// provide this feature, the underlying digraph should be passed to
  /// the constructor of the iterator.
  template <typename Path>
  class PathNodeIt {
  private:
    const typename Path::Digraph *_digraph;
    typename Path::ArcIt _it;
    typename Path::Digraph::Node _nd;

  public:

    typedef typename Path::Digraph Digraph;
    typedef typename Digraph::Node Node;

    /// Default constructor
    PathNodeIt() {}
    /// Invalid constructor
    PathNodeIt(Invalid)
      : _digraph(0), _it(INVALID), _nd(INVALID) {}
    /// Constructor
    PathNodeIt(const Digraph& digraph, const Path& path)
      : _digraph(&digraph), _it(path) {
      _nd = (_it != INVALID ? _digraph->source(_it) : INVALID);
    }
    /// Constructor
    PathNodeIt(const Digraph& digraph, const Path& path, const Node& src)
      : _digraph(&digraph), _it(path), _nd(src) {}

    ///Conversion to Digraph::Node
    operator Node() const {
      return _nd;
    }

    /// Next node
    PathNodeIt& operator++() {
      if (_it == INVALID) _nd = INVALID;
      else {
        _nd = _digraph->target(_it);
        ++_it;
      }
      return *this;
    }

    /// Comparison operator
    bool operator==(const PathNodeIt& n) const {
      return _it == n._it && _nd == n._nd;
    }
    /// Comparison operator
    bool operator!=(const PathNodeIt& n) const {
      return _it != n._it || _nd != n._nd;
    }
    /// Comparison operator
    bool operator<(const PathNodeIt& n) const {
      return (_it < n._it && _nd != INVALID);
    }

  };

  ///@}

} // namespace lemon

#endif // LEMON_PATH_H







lemon/bits/path_dump.h

/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2011
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_BITS_PATH_DUMP_H
#define LEMON_BITS_PATH_DUMP_H

#include <lemon/core.h>
#include <lemon/concept_check.h>

namespace lemon {

  template <typename _Digraph, typename _PredMap>
  class PredMapPath {
  public:
    typedef True RevPathTag;

    typedef _Digraph Digraph;
    typedef typename Digraph::Arc Arc;
    typedef _PredMap PredMap;

    PredMapPath(const Digraph& _digraph, const PredMap& _predMap,
                typename Digraph::Node _target)
      : digraph(_digraph), predMap(_predMap), target(_target) {}

    int length() const {
      int len = 0;
      typename Digraph::Node node = target;
      typename Digraph::Arc arc;
      while ((arc = predMap[node]) != INVALID) {
        node = digraph.source(arc);
        ++len;
      }
      return len;
    }

    bool empty() const {
      return predMap[target] == INVALID;
    }

    class RevArcIt {
    public:
      RevArcIt() {}
      RevArcIt(Invalid) : path(0), current(INVALID) {}
      RevArcIt(const PredMapPath& _path)
        : path(&_path), current(_path.target) {
        if (path->predMap[current] == INVALID) current = INVALID;
      }

      operator const typename Digraph::Arc() const {
        return path->predMap[current];
      }

      RevArcIt& operator++() {
        current = path->digraph.source(path->predMap[current]);
        if (path->predMap[current] == INVALID) current = INVALID;
        return *this;
      }

      bool operator==(const RevArcIt& e) const {
        return current == e.current;
      }

      bool operator!=(const RevArcIt& e) const {
        return current != e.current;
      }

      bool operator<(const RevArcIt& e) const {
        return current < e.current;
      }

    private:
      const PredMapPath* path;
      typename Digraph::Node current;
    };

  private:
    const Digraph& digraph;
    const PredMap& predMap;
    typename Digraph::Node target;
  };


  template <typename _Digraph, typename _PredMatrixMap>
  class PredMatrixMapPath {
  public:
    typedef True RevPathTag;

    typedef _Digraph Digraph;
    typedef typename Digraph::Arc Arc;
    typedef _PredMatrixMap PredMatrixMap;

    PredMatrixMapPath(const Digraph& _digraph,
                      const PredMatrixMap& _predMatrixMap,
                      typename Digraph::Node _source,
                      typename Digraph::Node _target)
      : digraph(_digraph), predMatrixMap(_predMatrixMap),
        source(_source), target(_target) {}

    int length() const {
      int len = 0;
      typename Digraph::Node node = target;
      typename Digraph::Arc arc;
      while ((arc = predMatrixMap(source, node)) != INVALID) {
        node = digraph.source(arc);
        ++len;
      }
      return len;
    }

    bool empty() const {
      return predMatrixMap(source, target) == INVALID;
    }

    class RevArcIt {
    public:
      RevArcIt() {}
      RevArcIt(Invalid) : path(0), current(INVALID) {}
      RevArcIt(const PredMatrixMapPath& _path)
        : path(&_path), current(_path.target) {
        if (path->predMatrixMap(path->source, current) == INVALID)
          current = INVALID;
      }

      operator const typename Digraph::Arc() const {
        return path->predMatrixMap(path->source, current);
      }

      RevArcIt& operator++() {
        current =
          path->digraph.source(path->predMatrixMap(path->source, current));
        if (path->predMatrixMap(path->source, current) == INVALID)
          current = INVALID;
        return *this;
      }

      bool operator==(const RevArcIt& e) const {
        return current == e.current;
      }

      bool operator!=(const RevArcIt& e) const {
        return current != e.current;
      }

      bool operator<(const RevArcIt& e) const {
        return current < e.current;
      }

    private:
      const PredMatrixMapPath* path;
      typename Digraph::Node current;
    };

  private:
    const Digraph& digraph;
    const PredMatrixMap& predMatrixMap;
    typename Digraph::Node source;
    typename Digraph::Node target;
  };

}

#endif







lemon/planarity.h

/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2010
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_PLANARITY_H
#define LEMON_PLANARITY_H

/// \ingroup planar
/// \file
/// \brief Planarity checking, embedding, drawing and coloring

#include <vector>
#include <list>

#include <lemon/dfs.h>
#include <lemon/bfs.h>
#include <lemon/radix_sort.h>
#include <lemon/maps.h>
#include <lemon/path.h>
#include <lemon/bucket_heap.h>
#include <lemon/adaptors.h>
#include <lemon/edge_set.h>
#include <lemon/color.h>
#include <lemon/dim2.h>

namespace lemon {

  namespace _planarity_bits {

    template <typename Graph>
    struct PlanarityVisitor : DfsVisitor<Graph> {

      TEMPLATE_GRAPH_TYPEDEFS(Graph);

      typedef typename Graph::template NodeMap<Arc> PredMap;

      typedef typename Graph::template EdgeMap<bool> TreeMap;

      typedef typename Graph::template NodeMap<int> OrderMap;
      typedef std::vector<Node> OrderList;

      typedef typename Graph::template NodeMap<int> LowMap;
      typedef typename Graph::template NodeMap<int> AncestorMap;

      PlanarityVisitor(const Graph& graph,
                       PredMap& pred_map, TreeMap& tree_map,
                       OrderMap& order_map, OrderList& order_list,
                       AncestorMap& ancestor_map, LowMap& low_map)
        : _graph(graph), _pred_map(pred_map), _tree_map(tree_map),
          _order_map(order_map), _order_list(order_list),
          _ancestor_map(ancestor_map), _low_map(low_map) {}

      void reach(const Node& node) {
        _order_map[node] = _order_list.size();
        _low_map[node] = _order_list.size();
        _ancestor_map[node] = _order_list.size();
        _order_list.push_back(node);
      }

      void discover(const Arc& arc) {
        Node source = _graph.source(arc);
        Node target = _graph.target(arc);

        _tree_map[arc] = true;
        _pred_map[target] = arc;
      }

      void examine(const Arc& arc) {
        Node source = _graph.source(arc);
        Node target = _graph.target(arc);

        if (_order_map[target] < _order_map[source] && !_tree_map[arc]) {
          if (_low_map[source] > _order_map[target]) {
            _low_map[source] = _order_map[target];
          }
          if (_ancestor_map[source] > _order_map[target]) {
            _ancestor_map[source] = _order_map[target];
          }
        }
      }

      void backtrack(const Arc& arc) {
        Node source = _graph.source(arc);
        Node target = _graph.target(arc);

        if (_low_map[source] > _low_map[target]) {
          _low_map[source] = _low_map[target];
        }
      }

      const Graph& _graph;
      PredMap& _pred_map;
      TreeMap& _tree_map;
      OrderMap& _order_map;
      OrderList& _order_list;
      AncestorMap& _ancestor_map;
      LowMap& _low_map;
    };

    template <typename Graph, bool embedding = true>
    struct NodeDataNode {
      int prev, next;
      int visited;
      typename Graph::Arc first;
      bool inverted;
    };

    template <typename Graph>
    struct NodeDataNode<Graph, false> {
      int prev, next;
      int visited;
    };

    template <typename Graph>
    struct ChildListNode {
      typedef typename Graph::Node Node;
      Node first;
      Node prev, next;
    };

    template <typename Graph>
    struct ArcListNode {
      typename Graph::Arc prev, next;
    };

    template <typename Graph>
    class PlanarityChecking {
    private:

      TEMPLATE_GRAPH_TYPEDEFS(Graph);

      const Graph& _graph;

    private:

      typedef typename Graph::template NodeMap<Arc> PredMap;

      typedef typename Graph::template EdgeMap<bool> TreeMap;

      typedef typename Graph::template NodeMap<int> OrderMap;
      typedef std::vector<Node> OrderList;

      typedef typename Graph::template NodeMap<int> LowMap;
      typedef typename Graph::template NodeMap<int> AncestorMap;

      typedef _planarity_bits::NodeDataNode<Graph> NodeDataNode;
      typedef std::vector<NodeDataNode> NodeData;

      typedef _planarity_bits::ChildListNode<Graph> ChildListNode;
      typedef typename Graph::template NodeMap<ChildListNode> ChildLists;

      typedef typename Graph::template NodeMap<std::list<int> > MergeRoots;

      typedef typename Graph::template NodeMap<bool> EmbedArc;

    public:

      PlanarityChecking(const Graph& graph) : _graph(graph) {}

      bool run() {
        typedef _planarity_bits::PlanarityVisitor<Graph> Visitor;

        PredMap pred_map(_graph, INVALID);
        TreeMap tree_map(_graph, false);

        OrderMap order_map(_graph, -1);
        OrderList order_list;

        AncestorMap ancestor_map(_graph, -1);
        LowMap low_map(_graph, -1);

        Visitor visitor(_graph, pred_map, tree_map,
                        order_map, order_list, ancestor_map, low_map);
        DfsVisit<Graph, Visitor> visit(_graph, visitor);
        visit.run();

        ChildLists child_lists(_graph);
        createChildLists(tree_map, order_map, low_map, child_lists);

        NodeData node_data(2 * order_list.size());

        EmbedArc embed_arc(_graph, false);

        MergeRoots merge_roots(_graph);

        for (int i = order_list.size() - 1; i >= 0; --i) {

          Node node = order_list[i];

          Node source = node;
          for (OutArcIt e(_graph, node); e != INVALID; ++e) {
            Node target = _graph.target(e);

            if (order_map[source] < order_map[target] && tree_map[e]) {
              initFace(target, node_data, order_map, order_list);
            }
          }

          for (OutArcIt e(_graph, node); e != INVALID; ++e) {
            Node target = _graph.target(e);

            if (order_map[source] < order_map[target] && !tree_map[e]) {
              embed_arc[target] = true;
              walkUp(target, source, i, pred_map, low_map,
                     order_map, order_list, node_data, merge_roots);
            }
          }

          for (typename MergeRoots::Value::iterator it =
                 merge_roots[node].begin();
               it != merge_roots[node].end(); ++it) {
            int rn = *it;
            walkDown(rn, i, node_data, order_list, child_lists,
                     ancestor_map, low_map, embed_arc, merge_roots);
          }
          merge_roots[node].clear();

          for (OutArcIt e(_graph, node); e != INVALID; ++e) {
            Node target = _graph.target(e);

            if (order_map[source] < order_map[target] && !tree_map[e]) {
              if (embed_arc[target]) {
                return false;
              }
            }
          }
        }

        return true;
      }

    private:

      void createChildLists(const TreeMap& tree_map, const OrderMap& order_map,
                            const LowMap& low_map, ChildLists& child_lists) {

        for (NodeIt n(_graph); n != INVALID; ++n) {
          Node source = n;

          std::vector<Node> targets;
          for (OutArcIt e(_graph, n); e != INVALID; ++e) {
            Node target = _graph.target(e);

            if (order_map[source] < order_map[target] && tree_map[e]) {
              targets.push_back(target);
            }
          }

          if (targets.size() == 0) {
            child_lists[source].first = INVALID;
          } else if (targets.size() == 1) {
            child_lists[source].first = targets[0];
            child_lists[targets[0]].prev = INVALID;
            child_lists[targets[0]].next = INVALID;
          } else {
            radixSort(targets.begin(), targets.end(), mapToFunctor(low_map));
            for (int i = 1; i < int(targets.size()); ++i) {
              child_lists[targets[i]].prev = targets[i - 1];
              child_lists[targets[i - 1]].next = targets[i];
            }
            child_lists[targets.back()].next = INVALID;
            child_lists[targets.front()].prev = INVALID;
            child_lists[source].first = targets.front();
          }
        }
      }

      void walkUp(const Node& node, Node root, int rorder,
                  const PredMap& pred_map, const LowMap& low_map,
                  const OrderMap& order_map, const OrderList& order_list,
                  NodeData& node_data, MergeRoots& merge_roots) {

        int na, nb;
        bool da, db;

        na = nb = order_map[node];
        da = true; db = false;

        while (true) {

          if (node_data[na].visited == rorder) break;
          if (node_data[nb].visited == rorder) break;

          node_data[na].visited = rorder;
          node_data[nb].visited = rorder;

          int rn = -1;

          if (na >= int(order_list.size())) {
            rn = na;
          } else if (nb >= int(order_list.size())) {
            rn = nb;
          }

          if (rn == -1) {
            int nn;

            nn = da ? node_data[na].prev : node_data[na].next;
            da = node_data[nn].prev != na;
            na = nn;

            nn = db ? node_data[nb].prev : node_data[nb].next;
            db = node_data[nn].prev != nb;
            nb = nn;

          } else {

            Node rep = order_list[rn - order_list.size()];
            Node parent = _graph.source(pred_map[rep]);

            if (low_map[rep] < rorder) {
              merge_roots[parent].push_back(rn);
            } else {
              merge_roots[parent].push_front(rn);
            }

            if (parent != root) {
              na = nb = order_map[parent];
              da = true; db = false;
            } else {
              break;
            }
          }
        }
      }

      void walkDown(int rn, int rorder, NodeData& node_data,
                    OrderList& order_list, ChildLists& child_lists,
                    AncestorMap& ancestor_map, LowMap& low_map,
                    EmbedArc& embed_arc, MergeRoots& merge_roots) {

        std::vector<std::pair<int, bool> > merge_stack;

        for (int di = 0; di < 2; ++di) {
          bool rd = di == 0;
          int pn = rn;
          int n = rd ? node_data[rn].next : node_data[rn].prev;

          while (n != rn) {

            Node node = order_list[n];

            if (embed_arc[node]) {

              // Merging components on the critical path
              while (!merge_stack.empty()) {

                // Component root
                int cn = merge_stack.back().first;
                bool cd = merge_stack.back().second;
                merge_stack.pop_back();

                // Parent of component
                int dn = merge_stack.back().first;
                bool dd = merge_stack.back().second;
                merge_stack.pop_back();

                Node parent = order_list[dn];

                // Erasing from merge_roots
                merge_roots[parent].pop_front();

                Node child = order_list[cn - order_list.size()];

                // Erasing from child_lists
                if (child_lists[child].prev != INVALID) {
                  child_lists[child_lists[child].prev].next =
                    child_lists[child].next;
                } else {
                  child_lists[parent].first = child_lists[child].next;
                }

                if (child_lists[child].next != INVALID) {
                  child_lists[child_lists[child].next].prev =
                    child_lists[child].prev;
                }

                // Merging external faces
                {
                  int en = cn;
                  cn = cd ? node_data[cn].prev : node_data[cn].next;
                  cd = node_data[cn].next == en;

                }

                if (cd) node_data[cn].next = dn; else node_data[cn].prev = dn;
                if (dd) node_data[dn].prev = cn; else node_data[dn].next = cn;

              }

              bool d = pn == node_data[n].prev;

              if (node_data[n].prev == node_data[n].next &&
                  node_data[n].inverted) {
                d = !d;
              }

              // Embedding arc into external face
              if (rd) node_data[rn].next = n; else node_data[rn].prev = n;
              if (d) node_data[n].prev = rn; else node_data[n].next = rn;
              pn = rn;

              embed_arc[order_list[n]] = false;
            }

            if (!merge_roots[node].empty()) {

              bool d = pn == node_data[n].prev;

              merge_stack.push_back(std::make_pair(n, d));

              int rn = merge_roots[node].front();

              int xn = node_data[rn].next;
              Node xnode = order_list[xn];

              int yn = node_data[rn].prev;
              Node ynode = order_list[yn];

              bool rd;
              if (!external(xnode, rorder, child_lists,
                            ancestor_map, low_map)) {
                rd = true;
              } else if (!external(ynode, rorder, child_lists,
                                   ancestor_map, low_map)) {
                rd = false;
              } else if (pertinent(xnode, embed_arc, merge_roots)) {
                rd = true;
              } else {
                rd = false;
              }

              merge_stack.push_back(std::make_pair(rn, rd));

              pn = rn;
              n = rd ? xn : yn;

            } else if (!external(node, rorder, child_lists,
                                 ancestor_map, low_map)) {
              int nn = (node_data[n].next != pn ?
                        node_data[n].next : node_data[n].prev);

              bool nd = n == node_data[nn].prev;

              if (nd) node_data[nn].prev = pn;
              else node_data[nn].next = pn;

              if (n == node_data[pn].prev) node_data[pn].prev = nn;
              else node_data[pn].next = nn;

              node_data[nn].inverted =
                (node_data[nn].prev == node_data[nn].next && nd != rd);

              n = nn;
            }
            else break;

          }

          if (!merge_stack.empty() || n == rn) {
            break;
          }
        }
      }

      void initFace(const Node& node, NodeData& node_data,
                    const OrderMap& order_map, const OrderList& order_list) {
        int n = order_map[node];
        int rn = n + order_list.size();

        node_data[n].next = node_data[n].prev = rn;
        node_data[rn].next = node_data[rn].prev = n;

        node_data[n].visited = order_list.size();
        node_data[rn].visited = order_list.size();

      }

      bool external(const Node& node, int rorder,
                    ChildLists& child_lists, AncestorMap& ancestor_map,
                    LowMap& low_map) {
        Node child = child_lists[node].first;

        if (child != INVALID) {
          if (low_map[child] < rorder) return true;
        }

        if (ancestor_map[node] < rorder) return true;

        return false;
      }

      bool pertinent(const Node& node, const EmbedArc& embed_arc,
                     const MergeRoots& merge_roots) {
        return !merge_roots[node].empty() || embed_arc[node];
      }

    };

  }

  /// \ingroup planar
  ///
  /// \brief Planarity checking of an undirected simple graph
  ///
  /// This function implements the Boyer-Myrvold algorithm for
  /// planarity checking of an undirected simple graph. It is a simplified
  /// version of the PlanarEmbedding algorithm class because neither
  /// the embedding nor the Kuratowski subdivisons are computed.
  template <typename GR>
  bool checkPlanarity(const GR& graph) {
    _planarity_bits::PlanarityChecking<GR> pc(graph);
    return pc.run();
  }

  /// \ingroup planar
  ///
  /// \brief Planar embedding of an undirected simple graph
  ///
  /// This class implements the Boyer-Myrvold algorithm for planar
  /// embedding of an undirected simple graph. The planar embedding is an
  /// ordering of the outgoing edges of the nodes, which is a possible
  /// configuration to draw the graph in the plane. If there is not
  /// such ordering then the graph contains a K<sub>5</sub> (full graph
  /// with 5 nodes) or a K<sub>3,3</sub> (complete bipartite graph on
  /// 3 Red and 3 Blue nodes) subdivision.
  ///
  /// The current implementation calculates either an embedding or a
  /// Kuratowski subdivision. The running time of the algorithm is O(n).
  ///
  /// \see PlanarDrawing, checkPlanarity()
  template <typename Graph>
  class PlanarEmbedding {
  private:

    TEMPLATE_GRAPH_TYPEDEFS(Graph);

    const Graph& _graph;
    typename Graph::template ArcMap<Arc> _embedding;

    typename Graph::template EdgeMap<bool> _kuratowski;

  private:

    typedef typename Graph::template NodeMap<Arc> PredMap;

    typedef typename Graph::template EdgeMap<bool> TreeMap;

    typedef typename Graph::template NodeMap<int> OrderMap;
    typedef std::vector<Node> OrderList;

    typedef typename Graph::template NodeMap<int> LowMap;
    typedef typename Graph::template NodeMap<int> AncestorMap;

    typedef _planarity_bits::NodeDataNode<Graph> NodeDataNode;
    typedef std::vector<NodeDataNode> NodeData;

    typedef _planarity_bits::ChildListNode<Graph> ChildListNode;
    typedef typename Graph::template NodeMap<ChildListNode> ChildLists;

    typedef typename Graph::template NodeMap<std::list<int> > MergeRoots;

    typedef typename Graph::template NodeMap<Arc> EmbedArc;

    typedef _planarity_bits::ArcListNode<Graph> ArcListNode;
    typedef typename Graph::template ArcMap<ArcListNode> ArcLists;

    typedef typename Graph::template NodeMap<bool> FlipMap;

    typedef typename Graph::template NodeMap<int> TypeMap;

    enum IsolatorNodeType {
      HIGHX = 6, LOWX = 7,
      HIGHY = 8, LOWY = 9,
      ROOT = 10, PERTINENT = 11,
      INTERNAL = 12
    };

  public:

    /// \brief The map type for storing the embedding
    ///
    /// The map type for storing the embedding.
    /// \see embeddingMap()
    typedef typename Graph::template ArcMap<Arc> EmbeddingMap;

    /// \brief Constructor
    ///
    /// Constructor.
    /// \pre The graph must be simple, i.e. it should not
    /// contain parallel or loop arcs.
    PlanarEmbedding(const Graph& graph)
      : _graph(graph), _embedding(_graph), _kuratowski(graph, false) {}

    /// \brief Run the algorithm.
    ///
    /// This function runs the algorithm.
    /// \param kuratowski If this parameter is set to \c false, then the
    /// algorithm does not compute a Kuratowski subdivision.
    /// \return \c true if the graph is planar.
    bool run(bool kuratowski = true) {
      typedef _planarity_bits::PlanarityVisitor<Graph> Visitor;

      PredMap pred_map(_graph, INVALID);
      TreeMap tree_map(_graph, false);

      OrderMap order_map(_graph, -1);
      OrderList order_list;

      AncestorMap ancestor_map(_graph, -1);
      LowMap low_map(_graph, -1);

      Visitor visitor(_graph, pred_map, tree_map,
                      order_map, order_list, ancestor_map, low_map);
      DfsVisit<Graph, Visitor> visit(_graph, visitor);
      visit.run();

      ChildLists child_lists(_graph);
      createChildLists(tree_map, order_map, low_map, child_lists);

      NodeData node_data(2 * order_list.size());

      EmbedArc embed_arc(_graph, INVALID);

      MergeRoots merge_roots(_graph);

      ArcLists arc_lists(_graph);

      FlipMap flip_map(_graph, false);

      for (int i = order_list.size() - 1; i >= 0; --i) {

        Node node = order_list[i];

        node_data[i].first = INVALID;

        Node source = node;
        for (OutArcIt e(_graph, node); e != INVALID; ++e) {
          Node target = _graph.target(e);

          if (order_map[source] < order_map[target] && tree_map[e]) {
            initFace(target, arc_lists, node_data,
                     pred_map, order_map, order_list);
          }
        }

        for (OutArcIt e(_graph, node); e != INVALID; ++e) {
          Node target = _graph.target(e);

          if (order_map[source] < order_map[target] && !tree_map[e]) {
            embed_arc[target] = e;
            walkUp(target, source, i, pred_map, low_map,
                   order_map, order_list, node_data, merge_roots);
          }
        }

        for (typename MergeRoots::Value::iterator it =
               merge_roots[node].begin(); it != merge_roots[node].end(); ++it) {
          int rn = *it;
          walkDown(rn, i, node_data, arc_lists, flip_map, order_list,
                   child_lists, ancestor_map, low_map, embed_arc, merge_roots);
        }
        merge_roots[node].clear();

        for (OutArcIt e(_graph, node); e != INVALID; ++e) {
          Node target = _graph.target(e);

          if (order_map[source] < order_map[target] && !tree_map[e]) {
            if (embed_arc[target] != INVALID) {
              if (kuratowski) {
                isolateKuratowski(e, node_data, arc_lists, flip_map,
                                  order_map, order_list, pred_map, child_lists,
                                  ancestor_map, low_map,
                                  embed_arc, merge_roots);
              }
              return false;
            }
          }
        }
      }

      for (int i = 0; i < int(order_list.size()); ++i) {

        mergeRemainingFaces(order_list[i], node_data, order_list, order_map,
                            child_lists, arc_lists);
        storeEmbedding(order_list[i], node_data, order_map, pred_map,
                       arc_lists, flip_map);
      }

      return true;
    }

    /// \brief Give back the successor of an arc
    ///
    /// This function gives back the successor of an arc. It makes
    /// possible to query the cyclic order of the outgoing arcs from
    /// a node.
    Arc next(const Arc& arc) const {
      return _embedding[arc];
    }

    /// \brief Give back the calculated embedding map
    ///
    /// This function gives back the calculated embedding map, which
    /// contains the successor of each arc in the cyclic order of the
    /// outgoing arcs of its source node.
    const EmbeddingMap& embeddingMap() const {
      return _embedding;
    }

    /// \brief Give back \c true if the given edge is in the Kuratowski
    /// subdivision
    ///
    /// This function gives back \c true if the given edge is in the found
    /// Kuratowski subdivision.
    /// \pre The \c run() function must be called with \c true parameter
    /// before using this function.
    bool kuratowski(const Edge& edge) const {
      return _kuratowski[edge];
    }

  private:

    void createChildLists(const TreeMap& tree_map, const OrderMap& order_map,
                          const LowMap& low_map, ChildLists& child_lists) {

      for (NodeIt n(_graph); n != INVALID; ++n) {
        Node source = n;

        std::vector<Node> targets;
        for (OutArcIt e(_graph, n); e != INVALID; ++e) {
          Node target = _graph.target(e);

          if (order_map[source] < order_map[target] && tree_map[e]) {
            targets.push_back(target);
          }
        }

        if (targets.size() == 0) {
          child_lists[source].first = INVALID;
        } else if (targets.size() == 1) {
          child_lists[source].first = targets[0];
          child_lists[targets[0]].prev = INVALID;
          child_lists[targets[0]].next = INVALID;
        } else {
          radixSort(targets.begin(), targets.end(), mapToFunctor(low_map));
          for (int i = 1; i < int(targets.size()); ++i) {
            child_lists[targets[i]].prev = targets[i - 1];
            child_lists[targets[i - 1]].next = targets[i];
          }
          child_lists[targets.back()].next = INVALID;
          child_lists[targets.front()].prev = INVALID;
          child_lists[source].first = targets.front();
        }
      }
    }

    void walkUp(const Node& node, Node root, int rorder,
                const PredMap& pred_map, const LowMap& low_map,
                const OrderMap& order_map, const OrderList& order_list,
                NodeData& node_data, MergeRoots& merge_roots) {

      int na, nb;
      bool da, db;

      na = nb = order_map[node];
      da = true; db = false;

      while (true) {

        if (node_data[na].visited == rorder) break;
        if (node_data[nb].visited == rorder) break;

        node_data[na].visited = rorder;
        node_data[nb].visited = rorder;

        int rn = -1;

        if (na >= int(order_list.size())) {
          rn = na;
        } else if (nb >= int(order_list.size())) {
          rn = nb;
        }

        if (rn == -1) {
          int nn;

          nn = da ? node_data[na].prev : node_data[na].next;
          da = node_data[nn].prev != na;
          na = nn;

          nn = db ? node_data[nb].prev : node_data[nb].next;
          db = node_data[nn].prev != nb;
          nb = nn;

        } else {

          Node rep = order_list[rn - order_list.size()];
          Node parent = _graph.source(pred_map[rep]);

          if (low_map[rep] < rorder) {
            merge_roots[parent].push_back(rn);
          } else {
            merge_roots[parent].push_front(rn);
          }

          if (parent != root) {
            na = nb = order_map[parent];
            da = true; db = false;
          } else {
            break;
          }
        }
      }
    }

    void walkDown(int rn, int rorder, NodeData& node_data,
                  ArcLists& arc_lists, FlipMap& flip_map,
                  OrderList& order_list, ChildLists& child_lists,
                  AncestorMap& ancestor_map, LowMap& low_map,
                  EmbedArc& embed_arc, MergeRoots& merge_roots) {

      std::vector<std::pair<int, bool> > merge_stack;

      for (int di = 0; di < 2; ++di) {
        bool rd = di == 0;
        int pn = rn;
        int n = rd ? node_data[rn].next : node_data[rn].prev;

        while (n != rn) {

          Node node = order_list[n];

          if (embed_arc[node] != INVALID) {

            // Merging components on the critical path
            while (!merge_stack.empty()) {

              // Component root
              int cn = merge_stack.back().first;
              bool cd = merge_stack.back().second;
              merge_stack.pop_back();

              // Parent of component
              int dn = merge_stack.back().first;
              bool dd = merge_stack.back().second;
              merge_stack.pop_back();

              Node parent = order_list[dn];

              // Erasing from merge_roots
              merge_roots[parent].pop_front();

              Node child = order_list[cn - order_list.size()];

              // Erasing from child_lists
              if (child_lists[child].prev != INVALID) {
                child_lists[child_lists[child].prev].next =
                  child_lists[child].next;
              } else {
                child_lists[parent].first = child_lists[child].next;
              }

              if (child_lists[child].next != INVALID) {
                child_lists[child_lists[child].next].prev =
                  child_lists[child].prev;
              }

              // Merging arcs + flipping
              Arc de = node_data[dn].first;
              Arc ce = node_data[cn].first;

              flip_map[order_list[cn - order_list.size()]] = cd != dd;
              if (cd != dd) {
                std::swap(arc_lists[ce].prev, arc_lists[ce].next);
                ce = arc_lists[ce].prev;
                std::swap(arc_lists[ce].prev, arc_lists[ce].next);
              }

              {
                Arc dne = arc_lists[de].next;
                Arc cne = arc_lists[ce].next;

                arc_lists[de].next = cne;
                arc_lists[ce].next = dne;

                arc_lists[dne].prev = ce;
                arc_lists[cne].prev = de;
              }

              if (dd) {
                node_data[dn].first = ce;
              }

              // Merging external faces
              {
                int en = cn;
                cn = cd ? node_data[cn].prev : node_data[cn].next;
                cd = node_data[cn].next == en;

                 if (node_data[cn].prev == node_data[cn].next &&
                    node_data[cn].inverted) {
                   cd = !cd;
                 }
              }

              if (cd) node_data[cn].next = dn; else node_data[cn].prev = dn;
              if (dd) node_data[dn].prev = cn; else node_data[dn].next = cn;

            }

            bool d = pn == node_data[n].prev;

            if (node_data[n].prev == node_data[n].next &&
                node_data[n].inverted) {
              d = !d;
            }

            // Add new arc
            {
              Arc arc = embed_arc[node];
              Arc re = node_data[rn].first;

              arc_lists[arc_lists[re].next].prev = arc;
              arc_lists[arc].next = arc_lists[re].next;
              arc_lists[arc].prev = re;
              arc_lists[re].next = arc;

              if (!rd) {
                node_data[rn].first = arc;
              }

              Arc rev = _graph.oppositeArc(arc);
              Arc e = node_data[n].first;

              arc_lists[arc_lists[e].next].prev = rev;
              arc_lists[rev].next = arc_lists[e].next;
              arc_lists[rev].prev = e;
              arc_lists[e].next = rev;

              if (d) {
                node_data[n].first = rev;
              }

            }

            // Embedding arc into external face
            if (rd) node_data[rn].next = n; else node_data[rn].prev = n;
            if (d) node_data[n].prev = rn; else node_data[n].next = rn;
            pn = rn;

            embed_arc[order_list[n]] = INVALID;
          }

          if (!merge_roots[node].empty()) {

            bool d = pn == node_data[n].prev;
            if (node_data[n].prev == node_data[n].next &&
                node_data[n].inverted) {
              d = !d;
            }

            merge_stack.push_back(std::make_pair(n, d));

            int rn = merge_roots[node].front();

            int xn = node_data[rn].next;
            Node xnode = order_list[xn];

            int yn = node_data[rn].prev;
            Node ynode = order_list[yn];

            bool rd;
            if (!external(xnode, rorder, child_lists, ancestor_map, low_map)) {
              rd = true;
            } else if (!external(ynode, rorder, child_lists,
                                 ancestor_map, low_map)) {
              rd = false;
            } else if (pertinent(xnode, embed_arc, merge_roots)) {
              rd = true;
            } else {
              rd = false;
            }

            merge_stack.push_back(std::make_pair(rn, rd));

            pn = rn;
            n = rd ? xn : yn;

          } else if (!external(node, rorder, child_lists,
                               ancestor_map, low_map)) {
            int nn = (node_data[n].next != pn ?
                      node_data[n].next : node_data[n].prev);

            bool nd = n == node_data[nn].prev;

            if (nd) node_data[nn].prev = pn;
            else node_data[nn].next = pn;

            if (n == node_data[pn].prev) node_data[pn].prev = nn;
            else node_data[pn].next = nn;

            node_data[nn].inverted =
              (node_data[nn].prev == node_data[nn].next && nd != rd);

            n = nn;
          }
          else break;

        }

        if (!merge_stack.empty() || n == rn) {
          break;
        }
      }
    }

    void initFace(const Node& node, ArcLists& arc_lists,
                  NodeData& node_data, const PredMap& pred_map,
                  const OrderMap& order_map, const OrderList& order_list) {
      int n = order_map[node];
      int rn = n + order_list.size();

      node_data[n].next = node_data[n].prev = rn;
      node_data[rn].next = node_data[rn].prev = n;

      node_data[n].visited = order_list.size();
      node_data[rn].visited = order_list.size();

      node_data[n].inverted = false;
      node_data[rn].inverted = false;

      Arc arc = pred_map[node];
      Arc rev = _graph.oppositeArc(arc);

      node_data[rn].first = arc;
      node_data[n].first = rev;

      arc_lists[arc].prev = arc;
      arc_lists[arc].next = arc;

      arc_lists[rev].prev = rev;
      arc_lists[rev].next = rev;

    }

    void mergeRemainingFaces(const Node& node, NodeData& node_data,
                             OrderList& order_list, OrderMap& order_map,
                             ChildLists& child_lists, ArcLists& arc_lists) {
      while (child_lists[node].first != INVALID) {
        int dd = order_map[node];
        Node child = child_lists[node].first;
        int cd = order_map[child] + order_list.size();
        child_lists[node].first = child_lists[child].next;

        Arc de = node_data[dd].first;
        Arc ce = node_data[cd].first;

        if (de != INVALID) {
          Arc dne = arc_lists[de].next;
          Arc cne = arc_lists[ce].next;

          arc_lists[de].next = cne;
          arc_lists[ce].next = dne;

          arc_lists[dne].prev = ce;
          arc_lists[cne].prev = de;
        }

        node_data[dd].first = ce;

      }
    }

    void storeEmbedding(const Node& node, NodeData& node_data,
                        OrderMap& order_map, PredMap& pred_map,
                        ArcLists& arc_lists, FlipMap& flip_map) {

      if (node_data[order_map[node]].first == INVALID) return;

      if (pred_map[node] != INVALID) {
        Node source = _graph.source(pred_map[node]);
        flip_map[node] = flip_map[node] != flip_map[source];
      }

      Arc first = node_data[order_map[node]].first;
      Arc prev = first;

      Arc arc = flip_map[node] ?
        arc_lists[prev].prev : arc_lists[prev].next;

      _embedding[prev] = arc;

      while (arc != first) {
        Arc next = arc_lists[arc].prev == prev ?
          arc_lists[arc].next : arc_lists[arc].prev;
        prev = arc; arc = next;
        _embedding[prev] = arc;
      }
    }


    bool external(const Node& node, int rorder,
                  ChildLists& child_lists, AncestorMap& ancestor_map,
                  LowMap& low_map) {
      Node child = child_lists[node].first;

      if (child != INVALID) {
        if (low_map[child] < rorder) return true;
      }

      if (ancestor_map[node] < rorder) return true;

      return false;
    }

    bool pertinent(const Node& node, const EmbedArc& embed_arc,
                   const MergeRoots& merge_roots) {
      return !merge_roots[node].empty() || embed_arc[node] != INVALID;
    }

    int lowPoint(const Node& node, OrderMap& order_map, ChildLists& child_lists,
                 AncestorMap& ancestor_map, LowMap& low_map) {
      int low_point;

      Node child = child_lists[node].first;

      if (child != INVALID) {
        low_point = low_map[child];
      } else {
        low_point = order_map[node];
      }

      if (low_point > ancestor_map[node]) {
        low_point = ancestor_map[node];
      }

      return low_point;
    }

    int findComponentRoot(Node root, Node node, ChildLists& child_lists,
                          OrderMap& order_map, OrderList& order_list) {

      int order = order_map[root];
      int norder = order_map[node];

      Node child = child_lists[root].first;
      while (child != INVALID) {
        int corder = order_map[child];
        if (corder > order && corder < norder) {
          order = corder;
        }
        child = child_lists[child].next;
      }
      return order + order_list.size();
    }

    Node findPertinent(Node node, OrderMap& order_map, NodeData& node_data,
                       EmbedArc& embed_arc, MergeRoots& merge_roots) {
      Node wnode =_graph.target(node_data[order_map[node]].first);
      while (!pertinent(wnode, embed_arc, merge_roots)) {
        wnode = _graph.target(node_data[order_map[wnode]].first);
      }
      return wnode;
    }


    Node findExternal(Node node, int rorder, OrderMap& order_map,
                      ChildLists& child_lists, AncestorMap& ancestor_map,
                      LowMap& low_map, NodeData& node_data) {
      Node wnode =_graph.target(node_data[order_map[node]].first);
      while (!external(wnode, rorder, child_lists, ancestor_map, low_map)) {
        wnode = _graph.target(node_data[order_map[wnode]].first);
      }
      return wnode;
    }

    void markCommonPath(Node node, int rorder, Node& wnode, Node& znode,
                        OrderList& order_list, OrderMap& order_map,
                        NodeData& node_data, ArcLists& arc_lists,
                        EmbedArc& embed_arc, MergeRoots& merge_roots,
                        ChildLists& child_lists, AncestorMap& ancestor_map,
                        LowMap& low_map) {

      Node cnode = node;
      Node pred = INVALID;

      while (true) {

        bool pert = pertinent(cnode, embed_arc, merge_roots);
        bool ext = external(cnode, rorder, child_lists, ancestor_map, low_map);

        if (pert && ext) {
          if (!merge_roots[cnode].empty()) {
            int cn = merge_roots[cnode].back();

            if (low_map[order_list[cn - order_list.size()]] < rorder) {
              Arc arc = node_data[cn].first;
              _kuratowski.set(arc, true);

              pred = cnode;
              cnode = _graph.target(arc);

              continue;
            }
          }
          wnode = znode = cnode;
          return;

        } else if (pert) {
          wnode = cnode;

          while (!external(cnode, rorder, child_lists, ancestor_map, low_map)) {
            Arc arc = node_data[order_map[cnode]].first;

            if (_graph.target(arc) == pred) {
              arc = arc_lists[arc].next;
            }
            _kuratowski.set(arc, true);

            Node next = _graph.target(arc);
            pred = cnode; cnode = next;
          }

          znode = cnode;
          return;

        } else if (ext) {
          znode = cnode;

          while (!pertinent(cnode, embed_arc, merge_roots)) {
            Arc arc = node_data[order_map[cnode]].first;

            if (_graph.target(arc) == pred) {
              arc = arc_lists[arc].next;
            }
            _kuratowski.set(arc, true);

            Node next = _graph.target(arc);
            pred = cnode; cnode = next;
          }

          wnode = cnode;
          return;

        } else {
          Arc arc = node_data[order_map[cnode]].first;

          if (_graph.target(arc) == pred) {
            arc = arc_lists[arc].next;
          }
          _kuratowski.set(arc, true);

          Node next = _graph.target(arc);
          pred = cnode; cnode = next;
        }

      }

    }

    void orientComponent(Node root, int rn, OrderMap& order_map,
                         PredMap& pred_map, NodeData& node_data,
                         ArcLists& arc_lists, FlipMap& flip_map,
                         TypeMap& type_map) {
      node_data[order_map[root]].first = node_data[rn].first;
      type_map[root] = 1;

      std::vector<Node> st, qu;

      st.push_back(root);
      while (!st.empty()) {
        Node node = st.back();
        st.pop_back();
        qu.push_back(node);

        Arc arc = node_data[order_map[node]].first;

        if (type_map[_graph.target(arc)] == 0) {
          st.push_back(_graph.target(arc));
          type_map[_graph.target(arc)] = 1;
        }

        Arc last = arc, pred = arc;
        arc = arc_lists[arc].next;
        while (arc != last) {

          if (type_map[_graph.target(arc)] == 0) {
            st.push_back(_graph.target(arc));
            type_map[_graph.target(arc)] = 1;
          }

          Arc next = arc_lists[arc].next != pred ?
            arc_lists[arc].next : arc_lists[arc].prev;
          pred = arc; arc = next;
        }

      }

      type_map[root] = 2;
      flip_map[root] = false;

      for (int i = 1; i < int(qu.size()); ++i) {

        Node node = qu[i];

        while (type_map[node] != 2) {
          st.push_back(node);
          type_map[node] = 2;
          node = _graph.source(pred_map[node]);
        }

        bool flip = flip_map[node];

        while (!st.empty()) {
          node = st.back();
          st.pop_back();

          flip_map[node] = flip != flip_map[node];
          flip = flip_map[node];

          if (flip) {
            Arc arc = node_data[order_map[node]].first;
            std::swap(arc_lists[arc].prev, arc_lists[arc].next);
            arc = arc_lists[arc].prev;
            std::swap(arc_lists[arc].prev, arc_lists[arc].next);
            node_data[order_map[node]].first = arc;
          }
        }
      }

      for (int i = 0; i < int(qu.size()); ++i) {

        Arc arc = node_data[order_map[qu[i]]].first;
        Arc last = arc, pred = arc;

        arc = arc_lists[arc].next;
        while (arc != last) {

          if (arc_lists[arc].next == pred) {
            std::swap(arc_lists[arc].next, arc_lists[arc].prev);
          }
          pred = arc; arc = arc_lists[arc].next;
        }

      }
    }

    void setFaceFlags(Node root, Node wnode, Node ynode, Node xnode,
                      OrderMap& order_map, NodeData& node_data,
                      TypeMap& type_map) {
      Node node = _graph.target(node_data[order_map[root]].first);

      while (node != ynode) {
        type_map[node] = HIGHY;
        node = _graph.target(node_data[order_map[node]].first);
      }

      while (node != wnode) {
        type_map[node] = LOWY;
        node = _graph.target(node_data[order_map[node]].first);
      }

      node = _graph.target(node_data[order_map[wnode]].first);

      while (node != xnode) {
        type_map[node] = LOWX;
        node = _graph.target(node_data[order_map[node]].first);
      }
      type_map[node] = LOWX;

      node = _graph.target(node_data[order_map[xnode]].first);
      while (node != root) {
        type_map[node] = HIGHX;
        node = _graph.target(node_data[order_map[node]].first);
      }

      type_map[wnode] = PERTINENT;
      type_map[root] = ROOT;
    }

    void findInternalPath(std::vector<Arc>& ipath,
                          Node wnode, Node root, TypeMap& type_map,
                          OrderMap& order_map, NodeData& node_data,
                          ArcLists& arc_lists) {
      std::vector<Arc> st;

      Node node = wnode;

      while (node != root) {
        Arc arc = arc_lists[node_data[order_map[node]].first].next;
        st.push_back(arc);
        node = _graph.target(arc);
      }

      while (true) {
        Arc arc = st.back();
        if (type_map[_graph.target(arc)] == LOWX ||
            type_map[_graph.target(arc)] == HIGHX) {
          break;
        }
        if (type_map[_graph.target(arc)] == 2) {
          type_map[_graph.target(arc)] = 3;

          arc = arc_lists[_graph.oppositeArc(arc)].next;
          st.push_back(arc);
        } else {
          st.pop_back();
          arc = arc_lists[arc].next;

          while (_graph.oppositeArc(arc) == st.back()) {
            arc = st.back();
            st.pop_back();
            arc = arc_lists[arc].next;
          }
          st.push_back(arc);
        }
      }

      for (int i = 0; i < int(st.size()); ++i) {
        if (type_map[_graph.target(st[i])] != LOWY &&
            type_map[_graph.target(st[i])] != HIGHY) {
          for (; i < int(st.size()); ++i) {
            ipath.push_back(st[i]);
          }
        }
      }
    }

    void setInternalFlags(std::vector<Arc>& ipath, TypeMap& type_map) {
      for (int i = 1; i < int(ipath.size()); ++i) {
        type_map[_graph.source(ipath[i])] = INTERNAL;
      }
    }

    void findPilePath(std::vector<Arc>& ppath,
                      Node root, TypeMap& type_map, OrderMap& order_map,
                      NodeData& node_data, ArcLists& arc_lists) {
      std::vector<Arc> st;

      st.push_back(_graph.oppositeArc(node_data[order_map[root]].first));
      st.push_back(node_data[order_map[root]].first);

      while (st.size() > 1) {
        Arc arc = st.back();
        if (type_map[_graph.target(arc)] == INTERNAL) {
          break;
        }
        if (type_map[_graph.target(arc)] == 3) {
          type_map[_graph.target(arc)] = 4;

          arc = arc_lists[_graph.oppositeArc(arc)].next;
          st.push_back(arc);
        } else {
          st.pop_back();
          arc = arc_lists[arc].next;

          while (!st.empty() && _graph.oppositeArc(arc) == st.back()) {
            arc = st.back();
            st.pop_back();
            arc = arc_lists[arc].next;
          }
          st.push_back(arc);
        }
      }

      for (int i = 1; i < int(st.size()); ++i) {
        ppath.push_back(st[i]);
      }
    }


    int markExternalPath(Node node, OrderMap& order_map,
                         ChildLists& child_lists, PredMap& pred_map,
                         AncestorMap& ancestor_map, LowMap& low_map) {
      int lp = lowPoint(node, order_map, child_lists,
                        ancestor_map, low_map);

      if (ancestor_map[node] != lp) {
        node = child_lists[node].first;
        _kuratowski[pred_map[node]] = true;

        while (ancestor_map[node] != lp) {
          for (OutArcIt e(_graph, node); e != INVALID; ++e) {
            Node tnode = _graph.target(e);
            if (order_map[tnode] > order_map[node] && low_map[tnode] == lp) {
              node = tnode;
              _kuratowski[e] = true;
              break;
            }
          }
        }
      }

      for (OutArcIt e(_graph, node); e != INVALID; ++e) {
        if (order_map[_graph.target(e)] == lp) {
          _kuratowski[e] = true;
          break;
        }
      }

      return lp;
    }

    void markPertinentPath(Node node, OrderMap& order_map,
                           NodeData& node_data, ArcLists& arc_lists,
                           EmbedArc& embed_arc, MergeRoots& merge_roots) {
      while (embed_arc[node] == INVALID) {
        int n = merge_roots[node].front();
        Arc arc = node_data[n].first;

        _kuratowski.set(arc, true);

        Node pred = node;
        node = _graph.target(arc);
        while (!pertinent(node, embed_arc, merge_roots)) {
          arc = node_data[order_map[node]].first;
          if (_graph.target(arc) == pred) {
            arc = arc_lists[arc].next;
          }
          _kuratowski.set(arc, true);
          pred = node;
          node = _graph.target(arc);
        }
      }
      _kuratowski.set(embed_arc[node], true);
    }

    void markPredPath(Node node, Node snode, PredMap& pred_map) {
      while (node != snode) {
        _kuratowski.set(pred_map[node], true);
        node = _graph.source(pred_map[node]);
      }
    }

    void markFacePath(Node ynode, Node xnode,
                      OrderMap& order_map, NodeData& node_data) {
      Arc arc = node_data[order_map[ynode]].first;
      Node node = _graph.target(arc);
      _kuratowski.set(arc, true);

      while (node != xnode) {
        arc = node_data[order_map[node]].first;
        _kuratowski.set(arc, true);
        node = _graph.target(arc);
      }
    }

    void markInternalPath(std::vector<Arc>& path) {
      for (int i = 0; i < int(path.size()); ++i) {
        _kuratowski.set(path[i], true);
      }
    }

    void markPilePath(std::vector<Arc>& path) {
      for (int i = 0; i < int(path.size()); ++i) {
        _kuratowski.set(path[i], true);
      }
    }

    void isolateKuratowski(Arc arc, NodeData& node_data,
                           ArcLists& arc_lists, FlipMap& flip_map,
                           OrderMap& order_map, OrderList& order_list,
                           PredMap& pred_map, ChildLists& child_lists,
                           AncestorMap& ancestor_map, LowMap& low_map,
                           EmbedArc& embed_arc, MergeRoots& merge_roots) {

      Node root = _graph.source(arc);
      Node enode = _graph.target(arc);

      int rorder = order_map[root];

      TypeMap type_map(_graph, 0);

      int rn = findComponentRoot(root, enode, child_lists,
                                 order_map, order_list);

      Node xnode = order_list[node_data[rn].next];
      Node ynode = order_list[node_data[rn].prev];

      // Minor-A
      {
        while (!merge_roots[xnode].empty() || !merge_roots[ynode].empty()) {

          if (!merge_roots[xnode].empty()) {
            root = xnode;
            rn = merge_roots[xnode].front();
          } else {
            root = ynode;
            rn = merge_roots[ynode].front();
          }

          xnode = order_list[node_data[rn].next];
          ynode = order_list[node_data[rn].prev];
        }

        if (root != _graph.source(arc)) {
          orientComponent(root, rn, order_map, pred_map,
                          node_data, arc_lists, flip_map, type_map);
          markFacePath(root, root, order_map, node_data);
          int xlp = markExternalPath(xnode, order_map, child_lists,
                                     pred_map, ancestor_map, low_map);
          int ylp = markExternalPath(ynode, order_map, child_lists,
                                     pred_map, ancestor_map, low_map);
          markPredPath(root, order_list[xlp < ylp ? xlp : ylp], pred_map);
          Node lwnode = findPertinent(ynode, order_map, node_data,
                                      embed_arc, merge_roots);

          markPertinentPath(lwnode, order_map, node_data, arc_lists,
                            embed_arc, merge_roots);

          return;
        }
      }

      orientComponent(root, rn, order_map, pred_map,
                      node_data, arc_lists, flip_map, type_map);

      Node wnode = findPertinent(ynode, order_map, node_data,
                                 embed_arc, merge_roots);
      setFaceFlags(root, wnode, ynode, xnode, order_map, node_data, type_map);


      //Minor-B
      if (!merge_roots[wnode].empty()) {
        int cn = merge_roots[wnode].back();
        Node rep = order_list[cn - order_list.size()];
        if (low_map[rep] < rorder) {
          markFacePath(root, root, order_map, node_data);
          int xlp = markExternalPath(xnode, order_map, child_lists,
                                     pred_map, ancestor_map, low_map);
          int ylp = markExternalPath(ynode, order_map, child_lists,
                                     pred_map, ancestor_map, low_map);

          Node lwnode, lznode;
          markCommonPath(wnode, rorder, lwnode, lznode, order_list,
                         order_map, node_data, arc_lists, embed_arc,
                         merge_roots, child_lists, ancestor_map, low_map);

          markPertinentPath(lwnode, order_map, node_data, arc_lists,
                            embed_arc, merge_roots);
          int zlp = markExternalPath(lznode, order_map, child_lists,
                                     pred_map, ancestor_map, low_map);

          int minlp = xlp < ylp ? xlp : ylp;
          if (zlp < minlp) minlp = zlp;

          int maxlp = xlp > ylp ? xlp : ylp;
          if (zlp > maxlp) maxlp = zlp;

          markPredPath(order_list[maxlp], order_list[minlp], pred_map);

          return;
        }
      }

      Node pxnode, pynode;
      std::vector<Arc> ipath;
      findInternalPath(ipath, wnode, root, type_map, order_map,
                       node_data, arc_lists);
      setInternalFlags(ipath, type_map);
      pynode = _graph.source(ipath.front());
      pxnode = _graph.target(ipath.back());

      wnode = findPertinent(pynode, order_map, node_data,
                            embed_arc, merge_roots);

      // Minor-C
      {
        if (type_map[_graph.source(ipath.front())] == HIGHY) {
          if (type_map[_graph.target(ipath.back())] == HIGHX) {
            markFacePath(xnode, pxnode, order_map, node_data);
          }
          markFacePath(root, xnode, order_map, node_data);
          markPertinentPath(wnode, order_map, node_data, arc_lists,
                            embed_arc, merge_roots);
          markInternalPath(ipath);
          int xlp = markExternalPath(xnode, order_map, child_lists,
                                     pred_map, ancestor_map, low_map);
          int ylp = markExternalPath(ynode, order_map, child_lists,
                                     pred_map, ancestor_map, low_map);
          markPredPath(root, order_list[xlp < ylp ? xlp : ylp], pred_map);
          return;
        }

        if (type_map[_graph.target(ipath.back())] == HIGHX) {
          markFacePath(ynode, root, order_map, node_data);
          markPertinentPath(wnode, order_map, node_data, arc_lists,
                            embed_arc, merge_roots);
          markInternalPath(ipath);
          int xlp = markExternalPath(xnode, order_map, child_lists,
                                     pred_map, ancestor_map, low_map);
          int ylp = markExternalPath(ynode, order_map, child_lists,
                                     pred_map, ancestor_map, low_map);
          markPredPath(root, order_list[xlp < ylp ? xlp : ylp], pred_map);
          return;
        }
      }

      std::vector<Arc> ppath;
      findPilePath(ppath, root, type_map, order_map, node_data, arc_lists);

      // Minor-D
      if (!ppath.empty()) {
        markFacePath(ynode, xnode, order_map, node_data);
        markPertinentPath(wnode, order_map, node_data, arc_lists,
                          embed_arc, merge_roots);
        markPilePath(ppath);
        markInternalPath(ipath);
        int xlp = markExternalPath(xnode, order_map, child_lists,
                                   pred_map, ancestor_map, low_map);
        int ylp = markExternalPath(ynode, order_map, child_lists,
                                   pred_map, ancestor_map, low_map);
        markPredPath(root, order_list[xlp < ylp ? xlp : ylp], pred_map);
        return;
      }

      // Minor-E*
      {

        if (!external(wnode, rorder, child_lists, ancestor_map, low_map)) {
          Node znode = findExternal(pynode, rorder, order_map,
                                    child_lists, ancestor_map,
                                    low_map, node_data);

          if (type_map[znode] == LOWY) {
            markFacePath(root, xnode, order_map, node_data);
            markPertinentPath(wnode, order_map, node_data, arc_lists,
                              embed_arc, merge_roots);
            markInternalPath(ipath);
            int xlp = markExternalPath(xnode, order_map, child_lists,
                                       pred_map, ancestor_map, low_map);
            int zlp = markExternalPath(znode, order_map, child_lists,
                                       pred_map, ancestor_map, low_map);
            markPredPath(root, order_list[xlp < zlp ? xlp : zlp], pred_map);
          } else {
            markFacePath(ynode, root, order_map, node_data);
            markPertinentPath(wnode, order_map, node_data, arc_lists,
                              embed_arc, merge_roots);
            markInternalPath(ipath);
            int ylp = markExternalPath(ynode, order_map, child_lists,
                                       pred_map, ancestor_map, low_map);
            int zlp = markExternalPath(znode, order_map, child_lists,
                                       pred_map, ancestor_map, low_map);
            markPredPath(root, order_list[ylp < zlp ? ylp : zlp], pred_map);
          }
          return;
        }

        int xlp = markExternalPath(xnode, order_map, child_lists,
                                   pred_map, ancestor_map, low_map);
        int ylp = markExternalPath(ynode, order_map, child_lists,
                                   pred_map, ancestor_map, low_map);
        int wlp = markExternalPath(wnode, order_map, child_lists,
                                   pred_map, ancestor_map, low_map);

        if (wlp > xlp && wlp > ylp) {
          markFacePath(root, root, order_map, node_data);
          markPredPath(root, order_list[xlp < ylp ? xlp : ylp], pred_map);
          return;
        }

        markInternalPath(ipath);
        markPertinentPath(wnode, order_map, node_data, arc_lists,
                          embed_arc, merge_roots);

        if (xlp > ylp && xlp > wlp) {
          markFacePath(root, pynode, order_map, node_data);
          markFacePath(wnode, xnode, order_map, node_data);
          markPredPath(root, order_list[ylp < wlp ? ylp : wlp], pred_map);
          return;
        }

        if (ylp > xlp && ylp > wlp) {
          markFacePath(pxnode, root, order_map, node_data);
          markFacePath(ynode, wnode, order_map, node_data);
          markPredPath(root, order_list[xlp < wlp ? xlp : wlp], pred_map);
          return;
        }

        if (pynode != ynode) {
          markFacePath(pxnode, wnode, order_map, node_data);

          int minlp = xlp < ylp ? xlp : ylp;
          if (wlp < minlp) minlp = wlp;

          int maxlp = xlp > ylp ? xlp : ylp;
          if (wlp > maxlp) maxlp = wlp;

          markPredPath(order_list[maxlp], order_list[minlp], pred_map);
          return;
        }

        if (pxnode != xnode) {
          markFacePath(wnode, pynode, order_map, node_data);

          int minlp = xlp < ylp ? xlp : ylp;
          if (wlp < minlp) minlp = wlp;

          int maxlp = xlp > ylp ? xlp : ylp;
          if (wlp > maxlp) maxlp = wlp;

          markPredPath(order_list[maxlp], order_list[minlp], pred_map);
          return;
        }

        markFacePath(root, root, order_map, node_data);
        int minlp = xlp < ylp ? xlp : ylp;
        if (wlp < minlp) minlp = wlp;
        markPredPath(root, order_list[minlp], pred_map);
        return;
      }

    }

  };

  namespace _planarity_bits {

    template <typename Graph, typename EmbeddingMap>
    void makeConnected(Graph& graph, EmbeddingMap& embedding) {
      DfsVisitor<Graph> null_visitor;
      DfsVisit<Graph, DfsVisitor<Graph> > dfs(graph, null_visitor);
      dfs.init();

      typename Graph::Node u = INVALID;
      for (typename Graph::NodeIt n(graph); n != INVALID; ++n) {
        if (!dfs.reached(n)) {
          dfs.addSource(n);
          dfs.start();
          if (u == INVALID) {
            u = n;
          } else {
            typename Graph::Node v = n;

            typename Graph::Arc ue = typename Graph::OutArcIt(graph, u);
            typename Graph::Arc ve = typename Graph::OutArcIt(graph, v);

            typename Graph::Arc e = graph.direct(graph.addEdge(u, v), true);

            if (ue != INVALID) {
              embedding[e] = embedding[ue];
              embedding[ue] = e;
            } else {
              embedding[e] = e;
            }

            if (ve != INVALID) {
              embedding[graph.oppositeArc(e)] = embedding[ve];
              embedding[ve] = graph.oppositeArc(e);
            } else {
              embedding[graph.oppositeArc(e)] = graph.oppositeArc(e);
            }
          }
        }
      }
    }

    template <typename Graph, typename EmbeddingMap>
    void makeBiNodeConnected(Graph& graph, EmbeddingMap& embedding) {
      typename Graph::template ArcMap<bool> processed(graph);

      std::vector<typename Graph::Arc> arcs;
      for (typename Graph::ArcIt e(graph); e != INVALID; ++e) {
        arcs.push_back(e);
      }

      IterableBoolMap<Graph, typename Graph::Node> visited(graph, false);

      for (int i = 0; i < int(arcs.size()); ++i) {
        typename Graph::Arc pp = arcs[i];
        if (processed[pp]) continue;

        typename Graph::Arc e = embedding[graph.oppositeArc(pp)];
        processed[e] = true;
        visited.set(graph.source(e), true);

        typename Graph::Arc p = e, l = e;
        e = embedding[graph.oppositeArc(e)];

        while (e != l) {
          processed[e] = true;

          if (visited[graph.source(e)]) {

            typename Graph::Arc n =
              graph.direct(graph.addEdge(graph.source(p),
                                           graph.target(e)), true);
            embedding[n] = p;
            embedding[graph.oppositeArc(pp)] = n;

            embedding[graph.oppositeArc(n)] =
              embedding[graph.oppositeArc(e)];
            embedding[graph.oppositeArc(e)] =
              graph.oppositeArc(n);

            p = n;
            e = embedding[graph.oppositeArc(n)];
          } else {
            visited.set(graph.source(e), true);
            pp = p;
            p = e;
            e = embedding[graph.oppositeArc(e)];
          }
        }
        visited.setAll(false);
      }
    }


    template <typename Graph, typename EmbeddingMap>
    void makeMaxPlanar(Graph& graph, EmbeddingMap& embedding) {

      typename Graph::template NodeMap<int> degree(graph);

      for (typename Graph::NodeIt n(graph); n != INVALID; ++n) {
        degree[n] = countIncEdges(graph, n);
      }

      typename Graph::template ArcMap<bool> processed(graph);
      IterableBoolMap<Graph, typename Graph::Node> visited(graph, false);

      std::vector<typename Graph::Arc> arcs;
      for (typename Graph::ArcIt e(graph); e != INVALID; ++e) {
        arcs.push_back(e);
      }

      for (int i = 0; i < int(arcs.size()); ++i) {
        typename Graph::Arc e = arcs[i];

        if (processed[e]) continue;
        processed[e] = true;

        typename Graph::Arc mine = e;
        int mind = degree[graph.source(e)];

        int face_size = 1;

        typename Graph::Arc l = e;
        e = embedding[graph.oppositeArc(e)];
        while (l != e) {
          processed[e] = true;

          ++face_size;

          if (degree[graph.source(e)] < mind) {
            mine = e;
            mind = degree[graph.source(e)];
          }

          e = embedding[graph.oppositeArc(e)];
        }

        if (face_size < 4) {
          continue;
        }

        typename Graph::Node s = graph.source(mine);
        for (typename Graph::OutArcIt e(graph, s); e != INVALID; ++e) {
          visited.set(graph.target(e), true);
        }

        typename Graph::Arc oppe = INVALID;

        e = embedding[graph.oppositeArc(mine)];
        e = embedding[graph.oppositeArc(e)];
        while (graph.target(e) != s) {
          if (visited[graph.source(e)]) {
            oppe = e;
            break;
          }
          e = embedding[graph.oppositeArc(e)];
        }
        visited.setAll(false);

        if (oppe == INVALID) {

          e = embedding[graph.oppositeArc(mine)];
          typename Graph::Arc pn = mine, p = e;

          e = embedding[graph.oppositeArc(e)];
          while (graph.target(e) != s) {
            typename Graph::Arc n =
              graph.direct(graph.addEdge(s, graph.source(e)), true);

            embedding[n] = pn;
            embedding[graph.oppositeArc(n)] = e;
            embedding[graph.oppositeArc(p)] = graph.oppositeArc(n);

            pn = n;

            p = e;
            e = embedding[graph.oppositeArc(e)];
          }

          embedding[graph.oppositeArc(e)] = pn;

        } else {

          mine = embedding[graph.oppositeArc(mine)];
          s = graph.source(mine);
          oppe = embedding[graph.oppositeArc(oppe)];
          typename Graph::Node t = graph.source(oppe);

          typename Graph::Arc ce = graph.direct(graph.addEdge(s, t), true);
          embedding[ce] = mine;
          embedding[graph.oppositeArc(ce)] = oppe;

          typename Graph::Arc pn = ce, p = oppe;
          e = embedding[graph.oppositeArc(oppe)];
          while (graph.target(e) != s) {
            typename Graph::Arc n =
              graph.direct(graph.addEdge(s, graph.source(e)), true);

            embedding[n] = pn;
            embedding[graph.oppositeArc(n)] = e;
            embedding[graph.oppositeArc(p)] = graph.oppositeArc(n);

            pn = n;

            p = e;
            e = embedding[graph.oppositeArc(e)];

          }
          embedding[graph.oppositeArc(e)] = pn;

          pn = graph.oppositeArc(ce), p = mine;
          e = embedding[graph.oppositeArc(mine)];
          while (graph.target(e) != t) {
            typename Graph::Arc n =
              graph.direct(graph.addEdge(t, graph.source(e)), true);

            embedding[n] = pn;
            embedding[graph.oppositeArc(n)] = e;
            embedding[graph.oppositeArc(p)] = graph.oppositeArc(n);

            pn = n;

            p = e;
            e = embedding[graph.oppositeArc(e)];

          }
          embedding[graph.oppositeArc(e)] = pn;
        }
      }
    }

  }

  /// \ingroup planar
  ///
  /// \brief Schnyder's planar drawing algorithm
  ///
  /// The planar drawing algorithm calculates positions for the nodes
  /// in the plane. These coordinates satisfy that if the edges are
  /// represented with straight lines, then they will not intersect
  /// each other.
  ///
  /// Scnyder's algorithm embeds the graph on an \c (n-2)x(n-2) size grid,
  /// i.e. each node will be located in the \c [0..n-2]x[0..n-2] square.
  /// The time complexity of the algorithm is O(n).
  ///
  /// \see PlanarEmbedding
  template <typename Graph>
  class PlanarDrawing {
  public:

    TEMPLATE_GRAPH_TYPEDEFS(Graph);

    /// \brief The point type for storing coordinates
    typedef dim2::Point<int> Point;
    /// \brief The map type for storing the coordinates of the nodes
    typedef typename Graph::template NodeMap<Point> PointMap;


    /// \brief Constructor
    ///
    /// Constructor
    /// \pre The graph must be simple, i.e. it should not
    /// contain parallel or loop arcs.
    PlanarDrawing(const Graph& graph)
      : _graph(graph), _point_map(graph) {}

  private:

    template <typename AuxGraph, typename AuxEmbeddingMap>
    void drawing(const AuxGraph& graph,
                 const AuxEmbeddingMap& next,
                 PointMap& point_map) {
      TEMPLATE_GRAPH_TYPEDEFS(AuxGraph);

      typename AuxGraph::template ArcMap<Arc> prev(graph);

      for (NodeIt n(graph); n != INVALID; ++n) {
        Arc e = OutArcIt(graph, n);

        Arc p = e, l = e;

        e = next[e];
        while (e != l) {
          prev[e] = p;
          p = e;
          e = next[e];
        }
        prev[e] = p;
      }

      Node anode, bnode, cnode;

      {
        Arc e = ArcIt(graph);
        anode = graph.source(e);
        bnode = graph.target(e);
        cnode = graph.target(next[graph.oppositeArc(e)]);
      }

      IterableBoolMap<AuxGraph, Node> proper(graph, false);
      typename AuxGraph::template NodeMap<int> conn(graph, -1);

      conn[anode] = conn[bnode] = -2;
      {
        for (OutArcIt e(graph, anode); e != INVALID; ++e) {
          Node m = graph.target(e);
          if (conn[m] == -1) {
            conn[m] = 1;
          }
        }
        conn[cnode] = 2;

        for (OutArcIt e(graph, bnode); e != INVALID; ++e) {
          Node m = graph.target(e);
          if (conn[m] == -1) {
            conn[m] = 1;
          } else if (conn[m] != -2) {
            conn[m] += 1;
            Arc pe = graph.oppositeArc(e);
            if (conn[graph.target(next[pe])] == -2) {
              conn[m] -= 1;
            }
            if (conn[graph.target(prev[pe])] == -2) {
              conn[m] -= 1;
            }

            proper.set(m, conn[m] == 1);
          }
        }
      }


      typename AuxGraph::template ArcMap<int> angle(graph, -1);

      while (proper.trueNum() != 0) {
        Node n = typename IterableBoolMap<AuxGraph, Node>::TrueIt(proper);
        proper.set(n, false);
        conn[n] = -2;

        for (OutArcIt e(graph, n); e != INVALID; ++e) {
          Node m = graph.target(e);
          if (conn[m] == -1) {
            conn[m] = 1;
          } else if (conn[m] != -2) {
            conn[m] += 1;
            Arc pe = graph.oppositeArc(e);
            if (conn[graph.target(next[pe])] == -2) {
              conn[m] -= 1;
            }
            if (conn[graph.target(prev[pe])] == -2) {
              conn[m] -= 1;
            }

            proper.set(m, conn[m] == 1);
          }
        }

        {
          Arc e = OutArcIt(graph, n);
          Arc p = e, l = e;

          e = next[e];
          while (e != l) {

            if (conn[graph.target(e)] == -2 && conn[graph.target(p)] == -2) {
              Arc f = e;
              angle[f] = 0;
              f = next[graph.oppositeArc(f)];
              angle[f] = 1;
              f = next[graph.oppositeArc(f)];
              angle[f] = 2;
            }

            p = e;
            e = next[e];
          }

          if (conn[graph.target(e)] == -2 && conn[graph.target(p)] == -2) {
            Arc f = e;
            angle[f] = 0;
            f = next[graph.oppositeArc(f)];
            angle[f] = 1;
            f = next[graph.oppositeArc(f)];
            angle[f] = 2;
          }
        }
      }

      typename AuxGraph::template NodeMap<Node> apred(graph, INVALID);
      typename AuxGraph::template NodeMap<Node> bpred(graph, INVALID);
      typename AuxGraph::template NodeMap<Node> cpred(graph, INVALID);

      typename AuxGraph::template NodeMap<int> apredid(graph, -1);
      typename AuxGraph::template NodeMap<int> bpredid(graph, -1);
      typename AuxGraph::template NodeMap<int> cpredid(graph, -1);

      for (ArcIt e(graph); e != INVALID; ++e) {
        if (angle[e] == angle[next[e]]) {
          switch (angle[e]) {
          case 2:
            apred[graph.target(e)] = graph.source(e);
            apredid[graph.target(e)] = graph.id(graph.source(e));
            break;
          case 1:
            bpred[graph.target(e)] = graph.source(e);
            bpredid[graph.target(e)] = graph.id(graph.source(e));
            break;
          case 0:
            cpred[graph.target(e)] = graph.source(e);
            cpredid[graph.target(e)] = graph.id(graph.source(e));
            break;
          }
        }
      }

      cpred[anode] = INVALID;
      cpred[bnode] = INVALID;

      std::vector<Node> aorder, border, corder;

      {
        typename AuxGraph::template NodeMap<bool> processed(graph, false);
        std::vector<Node> st;
        for (NodeIt n(graph); n != INVALID; ++n) {
          if (!processed[n] && n != bnode && n != cnode) {
            st.push_back(n);
            processed[n] = true;
            Node m = apred[n];
            while (m != INVALID && !processed[m]) {
              st.push_back(m);
              processed[m] = true;
              m = apred[m];
            }
            while (!st.empty()) {
              aorder.push_back(st.back());
              st.pop_back();
            }
          }
        }
      }

      {
        typename AuxGraph::template NodeMap<bool> processed(graph, false);
        std::vector<Node> st;
        for (NodeIt n(graph); n != INVALID; ++n) {
          if (!processed[n] && n != cnode && n != anode) {
            st.push_back(n);
            processed[n] = true;
            Node m = bpred[n];
            while (m != INVALID && !processed[m]) {
              st.push_back(m);
              processed[m] = true;
              m = bpred[m];
            }
            while (!st.empty()) {
              border.push_back(st.back());
              st.pop_back();
            }
          }
        }
      }

      {
        typename AuxGraph::template NodeMap<bool> processed(graph, false);
        std::vector<Node> st;
        for (NodeIt n(graph); n != INVALID; ++n) {
          if (!processed[n] && n != anode && n != bnode) {
            st.push_back(n);
            processed[n] = true;
            Node m = cpred[n];
            while (m != INVALID && !processed[m]) {
              st.push_back(m);
              processed[m] = true;
              m = cpred[m];
            }
            while (!st.empty()) {
              corder.push_back(st.back());
              st.pop_back();
            }
          }
        }
      }

      typename AuxGraph::template NodeMap<int> atree(graph, 0);
      for (int i = aorder.size() - 1; i >= 0; --i) {
        Node n = aorder[i];
        atree[n] = 1;
        for (OutArcIt e(graph, n); e != INVALID; ++e) {
          if (apred[graph.target(e)] == n) {
            atree[n] += atree[graph.target(e)];
          }
        }
      }

      typename AuxGraph::template NodeMap<int> btree(graph, 0);
      for (int i = border.size() - 1; i >= 0; --i) {
        Node n = border[i];
        btree[n] = 1;
        for (OutArcIt e(graph, n); e != INVALID; ++e) {
          if (bpred[graph.target(e)] == n) {
            btree[n] += btree[graph.target(e)];
          }
        }
      }

      typename AuxGraph::template NodeMap<int> apath(graph, 0);
      apath[bnode] = apath[cnode] = 1;
      typename AuxGraph::template NodeMap<int> apath_btree(graph, 0);
      apath_btree[bnode] = btree[bnode];
      for (int i = 1; i < int(aorder.size()); ++i) {
        Node n = aorder[i];
        apath[n] = apath[apred[n]] + 1;
        apath_btree[n] = btree[n] + apath_btree[apred[n]];
      }

      typename AuxGraph::template NodeMap<int> bpath_atree(graph, 0);
      bpath_atree[anode] = atree[anode];
      for (int i = 1; i < int(border.size()); ++i) {
        Node n = border[i];
        bpath_atree[n] = atree[n] + bpath_atree[bpred[n]];
      }

      typename AuxGraph::template NodeMap<int> cpath(graph, 0);
      cpath[anode] = cpath[bnode] = 1;
      typename AuxGraph::template NodeMap<int> cpath_atree(graph, 0);
      cpath_atree[anode] = atree[anode];
      typename AuxGraph::template NodeMap<int> cpath_btree(graph, 0);
      cpath_btree[bnode] = btree[bnode];
      for (int i = 1; i < int(corder.size()); ++i) {
        Node n = corder[i];
        cpath[n] = cpath[cpred[n]] + 1;
        cpath_atree[n] = atree[n] + cpath_atree[cpred[n]];
        cpath_btree[n] = btree[n] + cpath_btree[cpred[n]];
      }

      typename AuxGraph::template NodeMap<int> third(graph);
      for (NodeIt n(graph); n != INVALID; ++n) {
        point_map[n].x =
          bpath_atree[n] + cpath_atree[n] - atree[n] - cpath[n] + 1;
        point_map[n].y =
          cpath_btree[n] + apath_btree[n] - btree[n] - apath[n] + 1;
      }

    }

  public:

    /// \brief Calculate the node positions
    ///
    /// This function calculates the node positions on the plane.
    /// \return \c true if the graph is planar.
    bool run() {
      PlanarEmbedding<Graph> pe(_graph);
      if (!pe.run()) return false;

      run(pe);
      return true;
    }

    /// \brief Calculate the node positions according to a
    /// combinatorical embedding
    ///
    /// This function calculates the node positions on the plane.
    /// The given \c embedding map should contain a valid combinatorical
    /// embedding, i.e. a valid cyclic order of the arcs.
    /// It can be computed using PlanarEmbedding.
    template <typename EmbeddingMap>
    void run(const EmbeddingMap& embedding) {
      typedef SmartEdgeSet<Graph> AuxGraph;

      if (3 * countNodes(_graph) - 6 == countEdges(_graph)) {
        drawing(_graph, embedding, _point_map);
        return;
      }

      AuxGraph aux_graph(_graph);
      typename AuxGraph::template ArcMap<typename AuxGraph::Arc>
        aux_embedding(aux_graph);

      {

        typename Graph::template EdgeMap<typename AuxGraph::Edge>
          ref(_graph);

        for (EdgeIt e(_graph); e != INVALID; ++e) {
          ref[e] = aux_graph.addEdge(_graph.u(e), _graph.v(e));
        }

        for (EdgeIt e(_graph); e != INVALID; ++e) {
          Arc ee = embedding[_graph.direct(e, true)];
          aux_embedding[aux_graph.direct(ref[e], true)] =
            aux_graph.direct(ref[ee], _graph.direction(ee));
          ee = embedding[_graph.direct(e, false)];
          aux_embedding[aux_graph.direct(ref[e], false)] =
            aux_graph.direct(ref[ee], _graph.direction(ee));
        }
      }
      _planarity_bits::makeConnected(aux_graph, aux_embedding);
      _planarity_bits::makeBiNodeConnected(aux_graph, aux_embedding);
      _planarity_bits::makeMaxPlanar(aux_graph, aux_embedding);
      drawing(aux_graph, aux_embedding, _point_map);
    }

    /// \brief The coordinate of the given node
    ///
    /// This function returns the coordinate of the given node.
    Point operator[](const Node& node) const {
      return _point_map[node];
    }

    /// \brief Return the grid embedding in a node map
    ///
    /// This function returns the grid embedding in a node map of
    /// \c dim2::Point<int> coordinates.
    const PointMap& coords() const {
      return _point_map;
    }

  private:

    const Graph& _graph;
    PointMap _point_map;

  };

  namespace _planarity_bits {

    template <typename ColorMap>
    class KempeFilter {
    public:
      typedef typename ColorMap::Key Key;
      typedef bool Value;

      KempeFilter(const ColorMap& color_map,
                  const typename ColorMap::Value& first,
                  const typename ColorMap::Value& second)
        : _color_map(color_map), _first(first), _second(second) {}

      Value operator[](const Key& key) const {
        return _color_map[key] == _first || _color_map[key] == _second;
      }

    private:
      const ColorMap& _color_map;
      typename ColorMap::Value _first, _second;
    };
  }

  /// \ingroup planar
  ///
  /// \brief Coloring planar graphs
  ///
  /// The graph coloring problem is the coloring of the graph nodes
  /// so that there are no adjacent nodes with the same color. The
  /// planar graphs can always be colored with four colors, which is
  /// proved by Appel and Haken. Their proofs provide a quadratic
  /// time algorithm for four coloring, but it could not be used to
  /// implement an efficient algorithm. The five and six coloring can be
  /// made in linear time, but in this class, the five coloring has
  /// quadratic worst case time complexity. The two coloring (if
  /// possible) is solvable with a graph search algorithm and it is
  /// implemented in \ref bipartitePartitions() function in LEMON. To
  /// decide whether a planar graph is three colorable is NP-complete.
  ///
  /// This class contains member functions for calculate colorings
  /// with five and six colors. The six coloring algorithm is a simple
  /// greedy coloring on the backward minimum outgoing order of nodes.
  /// This order can be computed by selecting the node with least
  /// outgoing arcs to unprocessed nodes in each phase. This order
  /// guarantees that when a node is chosen for coloring it has at
  /// most five already colored adjacents. The five coloring algorithm
  /// use the same method, but if the greedy approach fails to color
  /// with five colors, i.e. the node has five already different
  /// colored neighbours, it swaps the colors in one of the connected
  /// two colored sets with the Kempe recoloring method.
  template <typename Graph>
  class PlanarColoring {
  public:

    TEMPLATE_GRAPH_TYPEDEFS(Graph);

    /// \brief The map type for storing color indices
    typedef typename Graph::template NodeMap<int> IndexMap;
    /// \brief The map type for storing colors
    ///
    /// The map type for storing colors.
    /// \see Palette, Color
    typedef ComposeMap<Palette, IndexMap> ColorMap;

    /// \brief Constructor
    ///
    /// Constructor.
    /// \pre The graph must be simple, i.e. it should not
    /// contain parallel or loop arcs.
    PlanarColoring(const Graph& graph)
      : _graph(graph), _color_map(graph), _palette(0) {
      _palette.add(Color(1,0,0));
      _palette.add(Color(0,1,0));
      _palette.add(Color(0,0,1));
      _palette.add(Color(1,1,0));
      _palette.add(Color(1,0,1));
      _palette.add(Color(0,1,1));
    }

    /// \brief Return the node map of color indices
    ///
    /// This function returns the node map of color indices. The values are
    /// in the range \c [0..4] or \c [0..5] according to the coloring method.
    IndexMap colorIndexMap() const {
      return _color_map;
    }

    /// \brief Return the node map of colors
    ///
    /// This function returns the node map of colors. The values are among
    /// five or six distinct \ref lemon::Color "colors".
    ColorMap colorMap() const {
      return composeMap(_palette, _color_map);
    }

    /// \brief Return the color index of the node
    ///
    /// This function returns the color index of the given node. The value is
    /// in the range \c [0..4] or \c [0..5] according to the coloring method.
    int colorIndex(const Node& node) const {
      return _color_map[node];
    }

    /// \brief Return the color of the node
    ///
    /// This function returns the color of the given node. The value is among
    /// five or six distinct \ref lemon::Color "colors".
    Color color(const Node& node) const {
      return _palette[_color_map[node]];
    }


    /// \brief Calculate a coloring with at most six colors
    ///
    /// This function calculates a coloring with at most six colors. The time
    /// complexity of this variant is linear in the size of the graph.
    /// \return \c true if the algorithm could color the graph with six colors.
    /// If the algorithm fails, then the graph is not planar.
    /// \note This function can return \c true if the graph is not
    /// planar, but it can be colored with at most six colors.
    bool runSixColoring() {

      typename Graph::template NodeMap<int> heap_index(_graph, -1);
      BucketHeap<typename Graph::template NodeMap<int> > heap(heap_index);

      for (NodeIt n(_graph); n != INVALID; ++n) {
        _color_map[n] = -2;
        heap.push(n, countOutArcs(_graph, n));
      }

      std::vector<Node> order;

      while (!heap.empty()) {
        Node n = heap.top();
        heap.pop();
        _color_map[n] = -1;
        order.push_back(n);
        for (OutArcIt e(_graph, n); e != INVALID; ++e) {
          Node t = _graph.runningNode(e);
          if (_color_map[t] == -2) {
            heap.decrease(t, heap[t] - 1);
          }
        }
      }

      for (int i = order.size() - 1; i >= 0; --i) {
        std::vector<bool> forbidden(6, false);
        for (OutArcIt e(_graph, order[i]); e != INVALID; ++e) {
          Node t = _graph.runningNode(e);
          if (_color_map[t] != -1) {
            forbidden[_color_map[t]] = true;
          }
        }
               for (int k = 0; k < 6; ++k) {
          if (!forbidden[k]) {
            _color_map[order[i]] = k;
            break;
          }
        }
        if (_color_map[order[i]] == -1) {
          return false;
        }
      }
      return true;
    }

  private:

    bool recolor(const Node& u, const Node& v) {
      int ucolor = _color_map[u];
      int vcolor = _color_map[v];
      typedef _planarity_bits::KempeFilter<IndexMap> KempeFilter;
      KempeFilter filter(_color_map, ucolor, vcolor);

      typedef FilterNodes<const Graph, const KempeFilter> KempeGraph;
      KempeGraph kempe_graph(_graph, filter);

      std::vector<Node> comp;
      Bfs<KempeGraph> bfs(kempe_graph);
      bfs.init();
      bfs.addSource(u);
      while (!bfs.emptyQueue()) {
        Node n = bfs.nextNode();
        if (n == v) return false;
        comp.push_back(n);
        bfs.processNextNode();
      }

      int scolor = ucolor + vcolor;
      for (int i = 0; i < static_cast<int>(comp.size()); ++i) {
        _color_map[comp[i]] = scolor - _color_map[comp[i]];
      }

      return true;
    }

    template <typename EmbeddingMap>
    void kempeRecoloring(const Node& node, const EmbeddingMap& embedding) {
      std::vector<Node> nodes;
      nodes.reserve(4);

      for (Arc e = OutArcIt(_graph, node); e != INVALID; e = embedding[e]) {
        Node t = _graph.target(e);
        if (_color_map[t] != -1) {
          nodes.push_back(t);
          if (nodes.size() == 4) break;
        }
      }

      int color = _color_map[nodes[0]];
      if (recolor(nodes[0], nodes[2])) {
        _color_map[node] = color;
      } else {
        color = _color_map[nodes[1]];
        recolor(nodes[1], nodes[3]);
        _color_map[node] = color;
      }
    }

  public:

    /// \brief Calculate a coloring with at most five colors
    ///
    /// This function calculates a coloring with at most five
    /// colors. The worst case time complexity of this variant is
    /// quadratic in the size of the graph.
    /// \param embedding This map should contain a valid combinatorical
    /// embedding, i.e. a valid cyclic order of the arcs.
    /// It can be computed using PlanarEmbedding.
    template <typename EmbeddingMap>
    void runFiveColoring(const EmbeddingMap& embedding) {

      typename Graph::template NodeMap<int> heap_index(_graph, -1);
      BucketHeap<typename Graph::template NodeMap<int> > heap(heap_index);

      for (NodeIt n(_graph); n != INVALID; ++n) {
        _color_map[n] = -2;
        heap.push(n, countOutArcs(_graph, n));
      }

      std::vector<Node> order;

      while (!heap.empty()) {
        Node n = heap.top();
        heap.pop();
        _color_map[n] = -1;
        order.push_back(n);
        for (OutArcIt e(_graph, n); e != INVALID; ++e) {
          Node t = _graph.runningNode(e);
          if (_color_map[t] == -2) {
            heap.decrease(t, heap[t] - 1);
          }
        }
      }

      for (int i = order.size() - 1; i >= 0; --i) {
        std::vector<bool> forbidden(5, false);
        for (OutArcIt e(_graph, order[i]); e != INVALID; ++e) {
          Node t = _graph.runningNode(e);
          if (_color_map[t] != -1) {
            forbidden[_color_map[t]] = true;
          }
        }
        for (int k = 0; k < 5; ++k) {
          if (!forbidden[k]) {
            _color_map[order[i]] = k;
            break;
          }
        }
        if (_color_map[order[i]] == -1) {
          kempeRecoloring(order[i], embedding);
        }
      }
    }

    /// \brief Calculate a coloring with at most five colors
    ///
    /// This function calculates a coloring with at most five
    /// colors. The worst case time complexity of this variant is
    /// quadratic in the size of the graph.
    /// \return \c true if the graph is planar.
    bool runFiveColoring() {
      PlanarEmbedding<Graph> pe(_graph);
      if (!pe.run()) return false;

      runFiveColoring(pe.embeddingMap());
      return true;
    }

  private:

    const Graph& _graph;
    IndexMap _color_map;
    Palette _palette;
  };

}

#endif
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/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2011
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_PREFLOW_H
#define LEMON_PREFLOW_H

#include <lemon/tolerance.h>
#include <lemon/elevator.h>

/// \file
/// \ingroup max_flow
/// \brief Implementation of the preflow algorithm.

namespace lemon {

  /// \brief Default traits class of Preflow class.
  ///
  /// Default traits class of Preflow class.
  /// \tparam GR Digraph type.
  /// \tparam CAP Capacity map type.
  template <typename GR, typename CAP>
  struct PreflowDefaultTraits {

    /// \brief The type of the digraph the algorithm runs on.
    typedef GR Digraph;

    /// \brief The type of the map that stores the arc capacities.
    ///
    /// The type of the map that stores the arc capacities.
    /// It must meet the \ref concepts::ReadMap "ReadMap" concept.
    typedef CAP CapacityMap;

    /// \brief The type of the flow values.
    typedef typename CapacityMap::Value Value;

    /// \brief The type of the map that stores the flow values.
    ///
    /// The type of the map that stores the flow values.
    /// It must meet the \ref concepts::ReadWriteMap "ReadWriteMap" concept.
#ifdef DOXYGEN
    typedef GR::ArcMap<Value> FlowMap;
#else
    typedef typename Digraph::template ArcMap<Value> FlowMap;
#endif

    /// \brief Instantiates a FlowMap.
    ///
    /// This function instantiates a \ref FlowMap.
    /// \param digraph The digraph for which we would like to define
    /// the flow map.
    static FlowMap* createFlowMap(const Digraph& digraph) {
      return new FlowMap(digraph);
    }

    /// \brief The elevator type used by Preflow algorithm.
    ///
    /// The elevator type used by Preflow algorithm.
    ///
    /// \sa Elevator, LinkedElevator
#ifdef DOXYGEN
    typedef lemon::Elevator<GR, GR::Node> Elevator;
#else
    typedef lemon::Elevator<Digraph, typename Digraph::Node> Elevator;
#endif

    /// \brief Instantiates an Elevator.
    ///
    /// This function instantiates an \ref Elevator.
    /// \param digraph The digraph for which we would like to define
    /// the elevator.
    /// \param max_level The maximum level of the elevator.
    static Elevator* createElevator(const Digraph& digraph, int max_level) {
      return new Elevator(digraph, max_level);
    }

    /// \brief The tolerance used by the algorithm
    ///
    /// The tolerance used by the algorithm to handle inexact computation.
    typedef lemon::Tolerance<Value> Tolerance;

  };


  /// \ingroup max_flow
  ///
  /// \brief %Preflow algorithm class.
  ///
  /// This class provides an implementation of Goldberg-Tarjan's \e preflow
  /// \e push-relabel algorithm producing a \ref max_flow
  /// "flow of maximum value" in a digraph \ref clrs01algorithms,
  /// \ref amo93networkflows, \ref goldberg88newapproach.
  /// The preflow algorithms are the fastest known maximum
  /// flow algorithms. The current implementation uses a mixture of the
  /// \e "highest label" and the \e "bound decrease" heuristics.
  /// The worst case time complexity of the algorithm is \f$O(n^2\sqrt{e})\f$.
  ///
  /// The algorithm consists of two phases. After the first phase
  /// the maximum flow value and the minimum cut is obtained. The
  /// second phase constructs a feasible maximum flow on each arc.
  ///
  /// \warning This implementation cannot handle infinite or very large
  /// capacities (e.g. the maximum value of \c CAP::Value).
  ///
  /// \tparam GR The type of the digraph the algorithm runs on.
  /// \tparam CAP The type of the capacity map. The default map
  /// type is \ref concepts::Digraph::ArcMap "GR::ArcMap<int>".
  /// \tparam TR The traits class that defines various types used by the
  /// algorithm. By default, it is \ref PreflowDefaultTraits
  /// "PreflowDefaultTraits<GR, CAP>".
  /// In most cases, this parameter should not be set directly,
  /// consider to use the named template parameters instead.
#ifdef DOXYGEN
  template <typename GR, typename CAP, typename TR>
#else
  template <typename GR,
            typename CAP = typename GR::template ArcMap<int>,
            typename TR = PreflowDefaultTraits<GR, CAP> >
#endif
  class Preflow {
  public:

    ///The \ref PreflowDefaultTraits "traits class" of the algorithm.
    typedef TR Traits;
    ///The type of the digraph the algorithm runs on.
    typedef typename Traits::Digraph Digraph;
    ///The type of the capacity map.
    typedef typename Traits::CapacityMap CapacityMap;
    ///The type of the flow values.
    typedef typename Traits::Value Value;

    ///The type of the flow map.
    typedef typename Traits::FlowMap FlowMap;
    ///The type of the elevator.
    typedef typename Traits::Elevator Elevator;
    ///The type of the tolerance.
    typedef typename Traits::Tolerance Tolerance;

  private:

    TEMPLATE_DIGRAPH_TYPEDEFS(Digraph);

    const Digraph& _graph;
    const CapacityMap* _capacity;

    int _node_num;

    Node _source, _target;

    FlowMap* _flow;
    bool _local_flow;

    Elevator* _level;
    bool _local_level;

    typedef typename Digraph::template NodeMap<Value> ExcessMap;
    ExcessMap* _excess;

    Tolerance _tolerance;

    bool _phase;


    void createStructures() {
      _node_num = countNodes(_graph);

      if (!_flow) {
        _flow = Traits::createFlowMap(_graph);
        _local_flow = true;
      }
      if (!_level) {
        _level = Traits::createElevator(_graph, _node_num);
        _local_level = true;
      }
      if (!_excess) {
        _excess = new ExcessMap(_graph);
      }
    }

    void destroyStructures() {
      if (_local_flow) {
        delete _flow;
      }
      if (_local_level) {
        delete _level;
      }
      if (_excess) {
        delete _excess;
      }
    }

  public:

    typedef Preflow Create;

    ///\name Named Template Parameters

    ///@{

    template <typename T>
    struct SetFlowMapTraits : public Traits {
      typedef T FlowMap;
      static FlowMap *createFlowMap(const Digraph&) {
        LEMON_ASSERT(false, "FlowMap is not initialized");
        return 0; // ignore warnings
      }
    };

    /// \brief \ref named-templ-param "Named parameter" for setting
    /// FlowMap type
    ///
    /// \ref named-templ-param "Named parameter" for setting FlowMap
    /// type.
    template <typename T>
    struct SetFlowMap
      : public Preflow<Digraph, CapacityMap, SetFlowMapTraits<T> > {
      typedef Preflow<Digraph, CapacityMap,
                      SetFlowMapTraits<T> > Create;
    };

    template <typename T>
    struct SetElevatorTraits : public Traits {
      typedef T Elevator;
      static Elevator *createElevator(const Digraph&, int) {
        LEMON_ASSERT(false, "Elevator is not initialized");
        return 0; // ignore warnings
      }
    };

    /// \brief \ref named-templ-param "Named parameter" for setting
    /// Elevator type
    ///
    /// \ref named-templ-param "Named parameter" for setting Elevator
    /// type. If this named parameter is used, then an external
    /// elevator object must be passed to the algorithm using the
    /// \ref elevator(Elevator&) "elevator()" function before calling
    /// \ref run() or \ref init().
    /// \sa SetStandardElevator
    template <typename T>
    struct SetElevator
      : public Preflow<Digraph, CapacityMap, SetElevatorTraits<T> > {
      typedef Preflow<Digraph, CapacityMap,
                      SetElevatorTraits<T> > Create;
    };

    template <typename T>
    struct SetStandardElevatorTraits : public Traits {
      typedef T Elevator;
      static Elevator *createElevator(const Digraph& digraph, int max_level) {
        return new Elevator(digraph, max_level);
      }
    };

    /// \brief \ref named-templ-param "Named parameter" for setting
    /// Elevator type with automatic allocation
    ///
    /// \ref named-templ-param "Named parameter" for setting Elevator
    /// type with automatic allocation.
    /// The Elevator should have standard constructor interface to be
    /// able to automatically created by the algorithm (i.e. the
    /// digraph and the maximum level should be passed to it).
    /// However, an external elevator object could also be passed to the
    /// algorithm with the \ref elevator(Elevator&) "elevator()" function
    /// before calling \ref run() or \ref init().
    /// \sa SetElevator
    template <typename T>
    struct SetStandardElevator
      : public Preflow<Digraph, CapacityMap,
                       SetStandardElevatorTraits<T> > {
      typedef Preflow<Digraph, CapacityMap,
                      SetStandardElevatorTraits<T> > Create;
    };

    /// @}

  protected:

    Preflow() {}

  public:


    /// \brief The constructor of the class.
    ///
    /// The constructor of the class.
    /// \param digraph The digraph the algorithm runs on.
    /// \param capacity The capacity of the arcs.
    /// \param source The source node.
    /// \param target The target node.
    Preflow(const Digraph& digraph, const CapacityMap& capacity,
            Node source, Node target)
      : _graph(digraph), _capacity(&capacity),
        _node_num(0), _source(source), _target(target),
        _flow(0), _local_flow(false),
        _level(0), _local_level(false),
        _excess(0), _tolerance(), _phase() {}

    /// \brief Destructor.
    ///
    /// Destructor.
    ~Preflow() {
      destroyStructures();
    }

    /// \brief Sets the capacity map.
    ///
    /// Sets the capacity map.
    /// \return <tt>(*this)</tt>
    Preflow& capacityMap(const CapacityMap& map) {
      _capacity = &map;
      return *this;
    }

    /// \brief Sets the flow map.
    ///
    /// Sets the flow map.
    /// If you don't use this function before calling \ref run() or
    /// \ref init(), an instance will be allocated automatically.
    /// The destructor deallocates this automatically allocated map,
    /// of course.
    /// \return <tt>(*this)</tt>
    Preflow& flowMap(FlowMap& map) {
      if (_local_flow) {
        delete _flow;
        _local_flow = false;
      }
      _flow = &map;
      return *this;
    }

    /// \brief Sets the source node.
    ///
    /// Sets the source node.
    /// \return <tt>(*this)</tt>
    Preflow& source(const Node& node) {
      _source = node;
      return *this;
    }

    /// \brief Sets the target node.
    ///
    /// Sets the target node.
    /// \return <tt>(*this)</tt>
    Preflow& target(const Node& node) {
      _target = node;
      return *this;
    }

    /// \brief Sets the elevator used by algorithm.
    ///
    /// Sets the elevator used by algorithm.
    /// If you don't use this function before calling \ref run() or
    /// \ref init(), an instance will be allocated automatically.
    /// The destructor deallocates this automatically allocated elevator,
    /// of course.
    /// \return <tt>(*this)</tt>
    Preflow& elevator(Elevator& elevator) {
      if (_local_level) {
        delete _level;
        _local_level = false;
      }
      _level = &elevator;
      return *this;
    }

    /// \brief Returns a const reference to the elevator.
    ///
    /// Returns a const reference to the elevator.
    ///
    /// \pre Either \ref run() or \ref init() must be called before
    /// using this function.
    const Elevator& elevator() const {
      return *_level;
    }

    /// \brief Sets the tolerance used by the algorithm.
    ///
    /// Sets the tolerance object used by the algorithm.
    /// \return <tt>(*this)</tt>
    Preflow& tolerance(const Tolerance& tolerance) {
      _tolerance = tolerance;
      return *this;
    }

    /// \brief Returns a const reference to the tolerance.
    ///
    /// Returns a const reference to the tolerance object used by
    /// the algorithm.
    const Tolerance& tolerance() const {
      return _tolerance;
    }

    /// \name Execution Control
    /// The simplest way to execute the preflow algorithm is to use
    /// \ref run() or \ref runMinCut().\n
    /// If you need better control on the initial solution or the execution,
    /// you have to call one of the \ref init() functions first, then
    /// \ref startFirstPhase() and if you need it \ref startSecondPhase().

    ///@{

    /// \brief Initializes the internal data structures.
    ///
    /// Initializes the internal data structures and sets the initial
    /// flow to zero on each arc.
    void init() {
      createStructures();

      _phase = true;
      for (NodeIt n(_graph); n != INVALID; ++n) {
        (*_excess)[n] = 0;
      }

      for (ArcIt e(_graph); e != INVALID; ++e) {
        _flow->set(e, 0);
      }

      typename Digraph::template NodeMap<bool> reached(_graph, false);

      _level->initStart();
      _level->initAddItem(_target);

      std::vector<Node> queue;
      reached[_source] = true;

      queue.push_back(_target);
      reached[_target] = true;
      while (!queue.empty()) {
        _level->initNewLevel();
        std::vector<Node> nqueue;
        for (int i = 0; i < int(queue.size()); ++i) {
          Node n = queue[i];
          for (InArcIt e(_graph, n); e != INVALID; ++e) {
            Node u = _graph.source(e);
            if (!reached[u] && _tolerance.positive((*_capacity)[e])) {
              reached[u] = true;
              _level->initAddItem(u);
              nqueue.push_back(u);
            }
          }
        }
        queue.swap(nqueue);
      }
      _level->initFinish();

      for (OutArcIt e(_graph, _source); e != INVALID; ++e) {
        if (_tolerance.positive((*_capacity)[e])) {
          Node u = _graph.target(e);
          if ((*_level)[u] == _level->maxLevel()) continue;
          _flow->set(e, (*_capacity)[e]);
          (*_excess)[u] += (*_capacity)[e];
          if (u != _target && !_level->active(u)) {
            _level->activate(u);
          }
        }
      }
    }

    /// \brief Initializes the internal data structures using the
    /// given flow map.
    ///
    /// Initializes the internal data structures and sets the initial
    /// flow to the given \c flowMap. The \c flowMap should contain a
    /// flow or at least a preflow, i.e. at each node excluding the
    /// source node the incoming flow should greater or equal to the
    /// outgoing flow.
    /// \return \c false if the given \c flowMap is not a preflow.
    template <typename FlowMap>
    bool init(const FlowMap& flowMap) {
      createStructures();

      for (ArcIt e(_graph); e != INVALID; ++e) {
        _flow->set(e, flowMap[e]);
      }

      for (NodeIt n(_graph); n != INVALID; ++n) {
        Value excess = 0;
        for (InArcIt e(_graph, n); e != INVALID; ++e) {
          excess += (*_flow)[e];
        }
        for (OutArcIt e(_graph, n); e != INVALID; ++e) {
          excess -= (*_flow)[e];
        }
        if (excess < 0 && n != _source) return false;
        (*_excess)[n] = excess;
      }

      typename Digraph::template NodeMap<bool> reached(_graph, false);

      _level->initStart();
      _level->initAddItem(_target);

      std::vector<Node> queue;
      reached[_source] = true;

      queue.push_back(_target);
      reached[_target] = true;
      while (!queue.empty()) {
        _level->initNewLevel();
        std::vector<Node> nqueue;
        for (int i = 0; i < int(queue.size()); ++i) {
          Node n = queue[i];
          for (InArcIt e(_graph, n); e != INVALID; ++e) {
            Node u = _graph.source(e);
            if (!reached[u] &&
                _tolerance.positive((*_capacity)[e] - (*_flow)[e])) {
              reached[u] = true;
              _level->initAddItem(u);
              nqueue.push_back(u);
            }
          }
          for (OutArcIt e(_graph, n); e != INVALID; ++e) {
            Node v = _graph.target(e);
            if (!reached[v] && _tolerance.positive((*_flow)[e])) {
              reached[v] = true;
              _level->initAddItem(v);
              nqueue.push_back(v);
            }
          }
        }
        queue.swap(nqueue);
      }
      _level->initFinish();

      for (OutArcIt e(_graph, _source); e != INVALID; ++e) {
        Value rem = (*_capacity)[e] - (*_flow)[e];
        if (_tolerance.positive(rem)) {
          Node u = _graph.target(e);
          if ((*_level)[u] == _level->maxLevel()) continue;
          _flow->set(e, (*_capacity)[e]);
          (*_excess)[u] += rem;
        }
      }
      for (InArcIt e(_graph, _source); e != INVALID; ++e) {
        Value rem = (*_flow)[e];
        if (_tolerance.positive(rem)) {
          Node v = _graph.source(e);
          if ((*_level)[v] == _level->maxLevel()) continue;
          _flow->set(e, 0);
          (*_excess)[v] += rem;
        }
      }
      for (NodeIt n(_graph); n != INVALID; ++n)
        if(n!=_source && n!=_target && _tolerance.positive((*_excess)[n]))
          _level->activate(n);

      return true;
    }

    /// \brief Starts the first phase of the preflow algorithm.
    ///
    /// The preflow algorithm consists of two phases, this method runs
    /// the first phase. After the first phase the maximum flow value
    /// and a minimum value cut can already be computed, although a
    /// maximum flow is not yet obtained. So after calling this method
    /// \ref flowValue() returns the value of a maximum flow and \ref
    /// minCut() returns a minimum cut.
    /// \pre One of the \ref init() functions must be called before
    /// using this function.
    void startFirstPhase() {
      _phase = true;

      while (true) {
        int num = _node_num;

        Node n = INVALID;
        int level = -1;

        while (num > 0) {
          n = _level->highestActive();
          if (n == INVALID) goto first_phase_done;
          level = _level->highestActiveLevel();
          --num;

          Value excess = (*_excess)[n];
          int new_level = _level->maxLevel();

          for (OutArcIt e(_graph, n); e != INVALID; ++e) {
            Value rem = (*_capacity)[e] - (*_flow)[e];
            if (!_tolerance.positive(rem)) continue;
            Node v = _graph.target(e);
            if ((*_level)[v] < level) {
              if (!_level->active(v) && v != _target) {
                _level->activate(v);
              }
              if (!_tolerance.less(rem, excess)) {
                _flow->set(e, (*_flow)[e] + excess);
                (*_excess)[v] += excess;
                excess = 0;
                goto no_more_push_1;
              } else {
                excess -= rem;
                (*_excess)[v] += rem;
                _flow->set(e, (*_capacity)[e]);
              }
            } else if (new_level > (*_level)[v]) {
              new_level = (*_level)[v];
            }
          }

          for (InArcIt e(_graph, n); e != INVALID; ++e) {
            Value rem = (*_flow)[e];
            if (!_tolerance.positive(rem)) continue;
            Node v = _graph.source(e);
            if ((*_level)[v] < level) {
              if (!_level->active(v) && v != _target) {
                _level->activate(v);
              }
              if (!_tolerance.less(rem, excess)) {
                _flow->set(e, (*_flow)[e] - excess);
                (*_excess)[v] += excess;
                excess = 0;
                goto no_more_push_1;
              } else {
                excess -= rem;
                (*_excess)[v] += rem;
                _flow->set(e, 0);
              }
            } else if (new_level > (*_level)[v]) {
              new_level = (*_level)[v];
            }
          }

        no_more_push_1:

          (*_excess)[n] = excess;

          if (excess != 0) {
            if (new_level + 1 < _level->maxLevel()) {
              _level->liftHighestActive(new_level + 1);
            } else {
              _level->liftHighestActiveToTop();
            }
            if (_level->emptyLevel(level)) {
              _level->liftToTop(level);
            }
          } else {
            _level->deactivate(n);
          }
        }

        num = _node_num * 20;
        while (num > 0) {
          while (level >= 0 && _level->activeFree(level)) {
            --level;
          }
          if (level == -1) {
            n = _level->highestActive();
            level = _level->highestActiveLevel();
            if (n == INVALID) goto first_phase_done;
          } else {
            n = _level->activeOn(level);
          }
          --num;

          Value excess = (*_excess)[n];
          int new_level = _level->maxLevel();

          for (OutArcIt e(_graph, n); e != INVALID; ++e) {
            Value rem = (*_capacity)[e] - (*_flow)[e];
            if (!_tolerance.positive(rem)) continue;
            Node v = _graph.target(e);
            if ((*_level)[v] < level) {
              if (!_level->active(v) && v != _target) {
                _level->activate(v);
              }
              if (!_tolerance.less(rem, excess)) {
                _flow->set(e, (*_flow)[e] + excess);
                (*_excess)[v] += excess;
                excess = 0;
                goto no_more_push_2;
              } else {
                excess -= rem;
                (*_excess)[v] += rem;
                _flow->set(e, (*_capacity)[e]);
              }
            } else if (new_level > (*_level)[v]) {
              new_level = (*_level)[v];
            }
          }

          for (InArcIt e(_graph, n); e != INVALID; ++e) {
            Value rem = (*_flow)[e];
            if (!_tolerance.positive(rem)) continue;
            Node v = _graph.source(e);
            if ((*_level)[v] < level) {
              if (!_level->active(v) && v != _target) {
                _level->activate(v);
              }
              if (!_tolerance.less(rem, excess)) {
                _flow->set(e, (*_flow)[e] - excess);
                (*_excess)[v] += excess;
                excess = 0;
                goto no_more_push_2;
              } else {
                excess -= rem;
                (*_excess)[v] += rem;
                _flow->set(e, 0);
              }
            } else if (new_level > (*_level)[v]) {
              new_level = (*_level)[v];
            }
          }

        no_more_push_2:

          (*_excess)[n] = excess;

          if (excess != 0) {
            if (new_level + 1 < _level->maxLevel()) {
              _level->liftActiveOn(level, new_level + 1);
            } else {
              _level->liftActiveToTop(level);
            }
            if (_level->emptyLevel(level)) {
              _level->liftToTop(level);
            }
          } else {
            _level->deactivate(n);
          }
        }
      }
    first_phase_done:;
    }

    /// \brief Starts the second phase of the preflow algorithm.
    ///
    /// The preflow algorithm consists of two phases, this method runs
    /// the second phase. After calling one of the \ref init() functions
    /// and \ref startFirstPhase() and then \ref startSecondPhase(),
    /// \ref flowMap() returns a maximum flow, \ref flowValue() returns the
    /// value of a maximum flow, \ref minCut() returns a minimum cut
    /// \pre One of the \ref init() functions and \ref startFirstPhase()
    /// must be called before using this function.
    void startSecondPhase() {
      _phase = false;

      typename Digraph::template NodeMap<bool> reached(_graph);
      for (NodeIt n(_graph); n != INVALID; ++n) {
        reached[n] = (*_level)[n] < _level->maxLevel();
      }

      _level->initStart();
      _level->initAddItem(_source);

      std::vector<Node> queue;
      queue.push_back(_source);
      reached[_source] = true;

      while (!queue.empty()) {
        _level->initNewLevel();
        std::vector<Node> nqueue;
        for (int i = 0; i < int(queue.size()); ++i) {
          Node n = queue[i];
          for (OutArcIt e(_graph, n); e != INVALID; ++e) {
            Node v = _graph.target(e);
            if (!reached[v] && _tolerance.positive((*_flow)[e])) {
              reached[v] = true;
              _level->initAddItem(v);
              nqueue.push_back(v);
            }
          }
          for (InArcIt e(_graph, n); e != INVALID; ++e) {
            Node u = _graph.source(e);
            if (!reached[u] &&
                _tolerance.positive((*_capacity)[e] - (*_flow)[e])) {
              reached[u] = true;
              _level->initAddItem(u);
              nqueue.push_back(u);
            }
          }
        }
        queue.swap(nqueue);
      }
      _level->initFinish();

      for (NodeIt n(_graph); n != INVALID; ++n) {
        if (!reached[n]) {
          _level->dirtyTopButOne(n);
        } else if ((*_excess)[n] > 0 && _target != n) {
          _level->activate(n);
        }
      }

      Node n;
      while ((n = _level->highestActive()) != INVALID) {
        Value excess = (*_excess)[n];
        int level = _level->highestActiveLevel();
        int new_level = _level->maxLevel();

        for (OutArcIt e(_graph, n); e != INVALID; ++e) {
          Value rem = (*_capacity)[e] - (*_flow)[e];
          if (!_tolerance.positive(rem)) continue;
          Node v = _graph.target(e);
          if ((*_level)[v] < level) {
            if (!_level->active(v) && v != _source) {
              _level->activate(v);
            }
            if (!_tolerance.less(rem, excess)) {
              _flow->set(e, (*_flow)[e] + excess);
              (*_excess)[v] += excess;
              excess = 0;
              goto no_more_push;
            } else {
              excess -= rem;
              (*_excess)[v] += rem;
              _flow->set(e, (*_capacity)[e]);
            }
          } else if (new_level > (*_level)[v]) {
            new_level = (*_level)[v];
          }
        }

        for (InArcIt e(_graph, n); e != INVALID; ++e) {
          Value rem = (*_flow)[e];
          if (!_tolerance.positive(rem)) continue;
          Node v = _graph.source(e);
          if ((*_level)[v] < level) {
            if (!_level->active(v) && v != _source) {
              _level->activate(v);
            }
            if (!_tolerance.less(rem, excess)) {
              _flow->set(e, (*_flow)[e] - excess);
              (*_excess)[v] += excess;
              excess = 0;
              goto no_more_push;
            } else {
              excess -= rem;
              (*_excess)[v] += rem;
              _flow->set(e, 0);
            }
          } else if (new_level > (*_level)[v]) {
            new_level = (*_level)[v];
          }
        }

      no_more_push:

        (*_excess)[n] = excess;

        if (excess != 0) {
          if (new_level + 1 < _level->maxLevel()) {
            _level->liftHighestActive(new_level + 1);
          } else {
            // Calculation error
            _level->liftHighestActiveToTop();
          }
          if (_level->emptyLevel(level)) {
            // Calculation error
            _level->liftToTop(level);
          }
        } else {
          _level->deactivate(n);
        }

      }
    }

    /// \brief Runs the preflow algorithm.
    ///
    /// Runs the preflow algorithm.
    /// \note pf.run() is just a shortcut of the following code.
    /// \code
    ///   pf.init();
    ///   pf.startFirstPhase();
    ///   pf.startSecondPhase();
    /// \endcode
    void run() {
      init();
      startFirstPhase();
      startSecondPhase();
    }

    /// \brief Runs the preflow algorithm to compute the minimum cut.
    ///
    /// Runs the preflow algorithm to compute the minimum cut.
    /// \note pf.runMinCut() is just a shortcut of the following code.
    /// \code
    ///   pf.init();
    ///   pf.startFirstPhase();
    /// \endcode
    void runMinCut() {
      init();
      startFirstPhase();
    }

    /// @}

    /// \name Query Functions
    /// The results of the preflow algorithm can be obtained using these
    /// functions.\n
    /// Either one of the \ref run() "run*()" functions or one of the
    /// \ref startFirstPhase() "start*()" functions should be called
    /// before using them.

    ///@{

    /// \brief Returns the value of the maximum flow.
    ///
    /// Returns the value of the maximum flow by returning the excess
    /// of the target node. This value equals to the value of
    /// the maximum flow already after the first phase of the algorithm.
    ///
    /// \pre Either \ref run() or \ref init() must be called before
    /// using this function.
    Value flowValue() const {
      return (*_excess)[_target];
    }

    /// \brief Returns the flow value on the given arc.
    ///
    /// Returns the flow value on the given arc. This method can
    /// be called after the second phase of the algorithm.
    ///
    /// \pre Either \ref run() or \ref init() must be called before
    /// using this function.
    Value flow(const Arc& arc) const {
      return (*_flow)[arc];
    }

    /// \brief Returns a const reference to the flow map.
    ///
    /// Returns a const reference to the arc map storing the found flow.
    /// This method can be called after the second phase of the algorithm.
    ///
    /// \pre Either \ref run() or \ref init() must be called before
    /// using this function.
    const FlowMap& flowMap() const {
      return *_flow;
    }

    /// \brief Returns \c true when the node is on the source side of the
    /// minimum cut.
    ///
    /// Returns true when the node is on the source side of the found
    /// minimum cut. This method can be called both after running \ref
    /// startFirstPhase() and \ref startSecondPhase().
    ///
    /// \pre Either \ref run() or \ref init() must be called before
    /// using this function.
    bool minCut(const Node& node) const {
      return ((*_level)[node] == _level->maxLevel()) == _phase;
    }

    /// \brief Gives back a minimum value cut.
    ///
    /// Sets \c cutMap to the characteristic vector of a minimum value
    /// cut. \c cutMap should be a \ref concepts::WriteMap "writable"
    /// node map with \c bool (or convertible) value type.
    ///
    /// This method can be called both after running \ref startFirstPhase()
    /// and \ref startSecondPhase(). The result after the second phase
    /// could be slightly different if inexact computation is used.
    ///
    /// \note This function calls \ref minCut() for each node, so it runs in
    /// O(n) time.
    ///
    /// \pre Either \ref run() or \ref init() must be called before
    /// using this function.
    template <typename CutMap>
    void minCutMap(CutMap& cutMap) const {
      for (NodeIt n(_graph); n != INVALID; ++n) {
        cutMap.set(n, minCut(n));
      }
    }

    /// @}
  };
}

#endif







lemon/quad_heap.h

/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2009
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_QUAD_HEAP_H
#define LEMON_QUAD_HEAP_H

///\ingroup heaps
///\file
///\brief Fourary (quaternary) heap implementation.

#include <vector>
#include <utility>
#include <functional>

namespace lemon {

  /// \ingroup heaps
  ///
  ///\brief Fourary (quaternary) heap data structure.
  ///
  /// This class implements the \e Fourary (\e quaternary) \e heap
  /// data structure.
  /// It fully conforms to the \ref concepts::Heap "heap concept".
  ///
  /// The fourary heap is a specialization of the \ref DHeap "D-ary heap"
  /// for <tt>D=4</tt>. It is similar to the \ref BinHeap "binary heap",
  /// but its nodes have at most four children, instead of two.
  ///
  /// \tparam PR Type of the priorities of the items.
  /// \tparam IM A read-writable item map with \c int values, used
  /// internally to handle the cross references.
  /// \tparam CMP A functor class for comparing the priorities.
  /// The default is \c std::less<PR>.
  ///
  ///\sa BinHeap
  ///\sa DHeap
#ifdef DOXYGEN
  template <typename PR, typename IM, typename CMP>
#else
  template <typename PR, typename IM, typename CMP = std::less<PR> >
#endif
  class QuadHeap {
  public:
    /// Type of the item-int map.
    typedef IM ItemIntMap;
    /// Type of the priorities.
    typedef PR Prio;
    /// Type of the items stored in the heap.
    typedef typename ItemIntMap::Key Item;
    /// Type of the item-priority pairs.
    typedef std::pair<Item,Prio> Pair;
    /// Functor type for comparing the priorities.
    typedef CMP Compare;

    /// \brief Type to represent the states of the items.
    ///
    /// Each item has a state associated to it. It can be "in heap",
    /// "pre-heap" or "post-heap". The latter two are indifferent from the
    /// heap's point of view, but may be useful to the user.
    ///
    /// The item-int map must be initialized in such way that it assigns
    /// \c PRE_HEAP (<tt>-1</tt>) to any element to be put in the heap.
    enum State {
      IN_HEAP = 0,    ///< = 0.
      PRE_HEAP = -1,  ///< = -1.
      POST_HEAP = -2  ///< = -2.
    };

  private:
    std::vector<Pair> _data;
    Compare _comp;
    ItemIntMap &_iim;

  public:
    /// \brief Constructor.
    ///
    /// Constructor.
    /// \param map A map that assigns \c int values to the items.
    /// It is used internally to handle the cross references.
    /// The assigned value must be \c PRE_HEAP (<tt>-1</tt>) for each item.
    explicit QuadHeap(ItemIntMap &map) : _iim(map) {}

    /// \brief Constructor.
    ///
    /// Constructor.
    /// \param map A map that assigns \c int values to the items.
    /// It is used internally to handle the cross references.
    /// The assigned value must be \c PRE_HEAP (<tt>-1</tt>) for each item.
    /// \param comp The function object used for comparing the priorities.
    QuadHeap(ItemIntMap &map, const Compare &comp)
      : _iim(map), _comp(comp) {}

    /// \brief The number of items stored in the heap.
    ///
    /// This function returns the number of items stored in the heap.
    int size() const { return _data.size(); }

    /// \brief Check if the heap is empty.
    ///
    /// This function returns \c true if the heap is empty.
    bool empty() const { return _data.empty(); }

    /// \brief Make the heap empty.
    ///
    /// This functon makes the heap empty.
    /// It does not change the cross reference map. If you want to reuse
    /// a heap that is not surely empty, you should first clear it and
    /// then you should set the cross reference map to \c PRE_HEAP
    /// for each item.
    void clear() { _data.clear(); }

  private:
    static int parent(int i) { return (i-1)/4; }
    static int firstChild(int i) { return 4*i+1; }

    bool less(const Pair &p1, const Pair &p2) const {
      return _comp(p1.second, p2.second);
    }

    void bubbleUp(int hole, Pair p) {
      int par = parent(hole);
      while( hole>0 && less(p,_data[par]) ) {
        move(_data[par],hole);
        hole = par;
        par = parent(hole);
      }
      move(p, hole);
    }

    void bubbleDown(int hole, Pair p, int length) {
      if( length>1 ) {
        int child = firstChild(hole);
        while( child+3<length ) {
          int min=child;
          if( less(_data[++child], _data[min]) ) min=child;
          if( less(_data[++child], _data[min]) ) min=child;
          if( less(_data[++child], _data[min]) ) min=child;
          if( !less(_data[min], p) )
            goto ok;
          move(_data[min], hole);
          hole = min;
          child = firstChild(hole);
        }
        if ( child<length ) {
          int min = child;
          if( ++child<length && less(_data[child], _data[min]) ) min=child;
          if( ++child<length && less(_data[child], _data[min]) ) min=child;
          if( less(_data[min], p) ) {
            move(_data[min], hole);
            hole = min;
          }
        }
      }
    ok:
      move(p, hole);
    }

    void move(const Pair &p, int i) {
      _data[i] = p;
      _iim.set(p.first, i);
    }

  public:
    /// \brief Insert a pair of item and priority into the heap.
    ///
    /// This function inserts \c p.first to the heap with priority
    /// \c p.second.
    /// \param p The pair to insert.
    /// \pre \c p.first must not be stored in the heap.
    void push(const Pair &p) {
      int n = _data.size();
      _data.resize(n+1);
      bubbleUp(n, p);
    }

    /// \brief Insert an item into the heap with the given priority.
    ///
    /// This function inserts the given item into the heap with the
    /// given priority.
    /// \param i The item to insert.
    /// \param p The priority of the item.
    /// \pre \e i must not be stored in the heap.
    void push(const Item &i, const Prio &p) { push(Pair(i,p)); }

    /// \brief Return the item having minimum priority.
    ///
    /// This function returns the item having minimum priority.
    /// \pre The heap must be non-empty.
    Item top() const { return _data[0].first; }

    /// \brief The minimum priority.
    ///
    /// This function returns the minimum priority.
    /// \pre The heap must be non-empty.
    Prio prio() const { return _data[0].second; }

    /// \brief Remove the item having minimum priority.
    ///
    /// This function removes the item having minimum priority.
    /// \pre The heap must be non-empty.
    void pop() {
      int n = _data.size()-1;
      _iim.set(_data[0].first, POST_HEAP);
      if (n>0) bubbleDown(0, _data[n], n);
      _data.pop_back();
    }

    /// \brief Remove the given item from the heap.
    ///
    /// This function removes the given item from the heap if it is
    /// already stored.
    /// \param i The item to delete.
    /// \pre \e i must be in the heap.
    void erase(const Item &i) {
      int h = _iim[i];
      int n = _data.size()-1;
      _iim.set(_data[h].first, POST_HEAP);
      if( h<n ) {
        if( less(_data[parent(h)], _data[n]) )
          bubbleDown(h, _data[n], n);
        else
          bubbleUp(h, _data[n]);
      }
      _data.pop_back();
    }

    /// \brief The priority of the given item.
    ///
    /// This function returns the priority of the given item.
    /// \param i The item.
    /// \pre \e i must be in the heap.
    Prio operator[](const Item &i) const {
      int idx = _iim[i];
      return _data[idx].second;
    }

    /// \brief Set the priority of an item or insert it, if it is
    /// not stored in the heap.
    ///
    /// This method sets the priority of the given item if it is
    /// already stored in the heap. Otherwise it inserts the given
    /// item into the heap with the given priority.
    /// \param i The item.
    /// \param p The priority.
    void set(const Item &i, const Prio &p) {
      int idx = _iim[i];
      if( idx < 0 )
        push(i,p);
      else if( _comp(p, _data[idx].second) )
        bubbleUp(idx, Pair(i,p));
      else
        bubbleDown(idx, Pair(i,p), _data.size());
    }

    /// \brief Decrease the priority of an item to the given value.
    ///
    /// This function decreases the priority of an item to the given value.
    /// \param i The item.
    /// \param p The priority.
    /// \pre \e i must be stored in the heap with priority at least \e p.
    void decrease(const Item &i, const Prio &p) {
      int idx = _iim[i];
      bubbleUp(idx, Pair(i,p));
    }

    /// \brief Increase the priority of an item to the given value.
    ///
    /// This function increases the priority of an item to the given value.
    /// \param i The item.
    /// \param p The priority.
    /// \pre \e i must be stored in the heap with priority at most \e p.
    void increase(const Item &i, const Prio &p) {
      int idx = _iim[i];
      bubbleDown(idx, Pair(i,p), _data.size());
    }

    /// \brief Return the state of an item.
    ///
    /// This method returns \c PRE_HEAP if the given item has never
    /// been in the heap, \c IN_HEAP if it is in the heap at the moment,
    /// and \c POST_HEAP otherwise.
    /// In the latter case it is possible that the item will get back
    /// to the heap again.
    /// \param i The item.
    State state(const Item &i) const {
      int s = _iim[i];
      if (s>=0) s=0;
      return State(s);
    }

    /// \brief Set the state of an item in the heap.
    ///
    /// This function sets the state of the given item in the heap.
    /// It can be used to manually clear the heap when it is important
    /// to achive better time complexity.
    /// \param i The item.
    /// \param st The state. It should not be \c IN_HEAP.
    void state(const Item& i, State st) {
      switch (st) {
        case POST_HEAP:
        case PRE_HEAP:
          if (state(i) == IN_HEAP) erase(i);
          _iim[i] = st;
          break;
        case IN_HEAP:
          break;
      }
    }

    /// \brief Replace an item in the heap.
    ///
    /// This function replaces item \c i with item \c j.
    /// Item \c i must be in the heap, while \c j must be out of the heap.
    /// After calling this method, item \c i will be out of the
    /// heap and \c j will be in the heap with the same prioriority
    /// as item \c i had before.
    void replace(const Item& i, const Item& j) {
      int idx = _iim[i];
      _iim.set(i, _iim[j]);
      _iim.set(j, idx);
      _data[idx].first = j;
    }

  }; // class QuadHeap

} // namespace lemon

#endif // LEMON_FOURARY_HEAP_H







lemon/radix_heap.h

/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2009
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_RADIX_HEAP_H
#define LEMON_RADIX_HEAP_H

///\ingroup heaps
///\file
///\brief Radix heap implementation.

#include <vector>
#include <lemon/error.h>

namespace lemon {


  /// \ingroup heaps
  ///
  /// \brief Radix heap data structure.
  ///
  /// This class implements the \e radix \e heap data structure.
  /// It practically conforms to the \ref concepts::Heap "heap concept",
  /// but it has some limitations due its special implementation.
  /// The type of the priorities must be \c int and the priority of an
  /// item cannot be decreased under the priority of the last removed item.
  ///
  /// \tparam IM A read-writable item map with \c int values, used
  /// internally to handle the cross references.
  template <typename IM>
  class RadixHeap {

  public:

    /// Type of the item-int map.
    typedef IM ItemIntMap;
    /// Type of the priorities.
    typedef int Prio;
    /// Type of the items stored in the heap.
    typedef typename ItemIntMap::Key Item;

    /// \brief Exception thrown by RadixHeap.
    ///
    /// This exception is thrown when an item is inserted into a
    /// RadixHeap with a priority smaller than the last erased one.
    /// \see RadixHeap
    class PriorityUnderflowError : public Exception {
    public:
      virtual const char* what() const throw() {
        return "lemon::RadixHeap::PriorityUnderflowError";
      }
    };

    /// \brief Type to represent the states of the items.
    ///
    /// Each item has a state associated to it. It can be "in heap",
    /// "pre-heap" or "post-heap". The latter two are indifferent from the
    /// heap's point of view, but may be useful to the user.
    ///
    /// The item-int map must be initialized in such way that it assigns
    /// \c PRE_HEAP (<tt>-1</tt>) to any element to be put in the heap.
    enum State {
      IN_HEAP = 0,    ///< = 0.
      PRE_HEAP = -1,  ///< = -1.
      POST_HEAP = -2  ///< = -2.
    };

  private:

    struct RadixItem {
      int prev, next, box;
      Item item;
      int prio;
      RadixItem(Item _item, int _prio) : item(_item), prio(_prio) {}
    };

    struct RadixBox {
      int first;
      int min, size;
      RadixBox(int _min, int _size) : first(-1), min(_min), size(_size) {}
    };

    std::vector<RadixItem> _data;
    std::vector<RadixBox> _boxes;

    ItemIntMap &_iim;

  public:

    /// \brief Constructor.
    ///
    /// Constructor.
    /// \param map A map that assigns \c int values to the items.
    /// It is used internally to handle the cross references.
    /// The assigned value must be \c PRE_HEAP (<tt>-1</tt>) for each item.
    /// \param minimum The initial minimum value of the heap.
    /// \param capacity The initial capacity of the heap.
    RadixHeap(ItemIntMap &map, int minimum = 0, int capacity = 0)
      : _iim(map)
    {
      _boxes.push_back(RadixBox(minimum, 1));
      _boxes.push_back(RadixBox(minimum + 1, 1));
      while (lower(_boxes.size() - 1, capacity + minimum - 1)) {
        extend();
      }
    }

    /// \brief The number of items stored in the heap.
    ///
    /// This function returns the number of items stored in the heap.
    int size() const { return _data.size(); }

    /// \brief Check if the heap is empty.
    ///
    /// This function returns \c true if the heap is empty.
    bool empty() const { return _data.empty(); }

    /// \brief Make the heap empty.
    ///
    /// This functon makes the heap empty.
    /// It does not change the cross reference map. If you want to reuse
    /// a heap that is not surely empty, you should first clear it and
    /// then you should set the cross reference map to \c PRE_HEAP
    /// for each item.
    /// \param minimum The minimum value of the heap.
    /// \param capacity The capacity of the heap.
    void clear(int minimum = 0, int capacity = 0) {
      _data.clear(); _boxes.clear();
      _boxes.push_back(RadixBox(minimum, 1));
      _boxes.push_back(RadixBox(minimum + 1, 1));
      while (lower(_boxes.size() - 1, capacity + minimum - 1)) {
        extend();
      }
    }

  private:

    bool upper(int box, Prio pr) {
      return pr < _boxes[box].min;
    }

    bool lower(int box, Prio pr) {
      return pr >= _boxes[box].min + _boxes[box].size;
    }

    // Remove item from the box list
    void remove(int index) {
      if (_data[index].prev >= 0) {
        _data[_data[index].prev].next = _data[index].next;
      } else {
        _boxes[_data[index].box].first = _data[index].next;
      }
      if (_data[index].next >= 0) {
        _data[_data[index].next].prev = _data[index].prev;
      }
    }

    // Insert item into the box list
    void insert(int box, int index) {
      if (_boxes[box].first == -1) {
        _boxes[box].first = index;
        _data[index].next = _data[index].prev = -1;
      } else {
        _data[index].next = _boxes[box].first;
        _data[_boxes[box].first].prev = index;
        _data[index].prev = -1;
        _boxes[box].first = index;
      }
      _data[index].box = box;
    }

    // Add a new box to the box list
    void extend() {
      int min = _boxes.back().min + _boxes.back().size;
      int bs = 2 * _boxes.back().size;
      _boxes.push_back(RadixBox(min, bs));
    }

    // Move an item up into the proper box.
    void bubbleUp(int index) {
      if (!lower(_data[index].box, _data[index].prio)) return;
      remove(index);
      int box = findUp(_data[index].box, _data[index].prio);
      insert(box, index);
    }

    // Find up the proper box for the item with the given priority
    int findUp(int start, int pr) {
      while (lower(start, pr)) {
        if (++start == int(_boxes.size())) {
          extend();
        }
      }
      return start;
    }

    // Move an item down into the proper box
    void bubbleDown(int index) {
      if (!upper(_data[index].box, _data[index].prio)) return;
      remove(index);
      int box = findDown(_data[index].box, _data[index].prio);
      insert(box, index);
    }

    // Find down the proper box for the item with the given priority
    int findDown(int start, int pr) {
      while (upper(start, pr)) {
        if (--start < 0) throw PriorityUnderflowError();
      }
      return start;
    }

    // Find the first non-empty box
    int findFirst() {
      int first = 0;
      while (_boxes[first].first == -1) ++first;
      return first;
    }

    // Gives back the minimum priority of the given box
    int minValue(int box) {
      int min = _data[_boxes[box].first].prio;
      for (int k = _boxes[box].first; k != -1; k = _data[k].next) {
        if (_data[k].prio < min) min = _data[k].prio;
      }
      return min;
    }

    // Rearrange the items of the heap and make the first box non-empty
    void moveDown() {
      int box = findFirst();
      if (box == 0) return;
      int min = minValue(box);
      for (int i = 0; i <= box; ++i) {
        _boxes[i].min = min;
        min += _boxes[i].size;
      }
      int curr = _boxes[box].first, next;
      while (curr != -1) {
        next = _data[curr].next;
        bubbleDown(curr);
        curr = next;
      }
    }

    void relocateLast(int index) {
      if (index != int(_data.size()) - 1) {
        _data[index] = _data.back();
        if (_data[index].prev != -1) {
          _data[_data[index].prev].next = index;
        } else {
          _boxes[_data[index].box].first = index;
        }
        if (_data[index].next != -1) {
          _data[_data[index].next].prev = index;
        }
        _iim[_data[index].item] = index;
      }
      _data.pop_back();
    }

  public:

    /// \brief Insert an item into the heap with the given priority.
    ///
    /// This function inserts the given item into the heap with the
    /// given priority.
    /// \param i The item to insert.
    /// \param p The priority of the item.
    /// \pre \e i must not be stored in the heap.
    /// \warning This method may throw an \c UnderFlowPriorityException.
    void push(const Item &i, const Prio &p) {
      int n = _data.size();
      _iim.set(i, n);
      _data.push_back(RadixItem(i, p));
      while (lower(_boxes.size() - 1, p)) {
        extend();
      }
      int box = findDown(_boxes.size() - 1, p);
      insert(box, n);
    }

    /// \brief Return the item having minimum priority.
    ///
    /// This function returns the item having minimum priority.
    /// \pre The heap must be non-empty.
    Item top() const {
      const_cast<RadixHeap<ItemIntMap>&>(*this).moveDown();
      return _data[_boxes[0].first].item;
    }

    /// \brief The minimum priority.
    ///
    /// This function returns the minimum priority.
    /// \pre The heap must be non-empty.
    Prio prio() const {
      const_cast<RadixHeap<ItemIntMap>&>(*this).moveDown();
      return _data[_boxes[0].first].prio;
     }

    /// \brief Remove the item having minimum priority.
    ///
    /// This function removes the item having minimum priority.
    /// \pre The heap must be non-empty.
    void pop() {
      moveDown();
      int index = _boxes[0].first;
      _iim[_data[index].item] = POST_HEAP;
      remove(index);
      relocateLast(index);
    }

    /// \brief Remove the given item from the heap.
    ///
    /// This function removes the given item from the heap if it is
    /// already stored.
    /// \param i The item to delete.
    /// \pre \e i must be in the heap.
    void erase(const Item &i) {
      int index = _iim[i];
      _iim[i] = POST_HEAP;
      remove(index);
      relocateLast(index);
   }

    /// \brief The priority of the given item.
    ///
    /// This function returns the priority of the given item.
    /// \param i The item.
    /// \pre \e i must be in the heap.
    Prio operator[](const Item &i) const {
      int idx = _iim[i];
      return _data[idx].prio;
    }

    /// \brief Set the priority of an item or insert it, if it is
    /// not stored in the heap.
    ///
    /// This method sets the priority of the given item if it is
    /// already stored in the heap. Otherwise it inserts the given
    /// item into the heap with the given priority.
    /// \param i The item.
    /// \param p The priority.
    /// \pre \e i must be in the heap.
    /// \warning This method may throw an \c UnderFlowPriorityException.
    void set(const Item &i, const Prio &p) {
      int idx = _iim[i];
      if( idx < 0 ) {
        push(i, p);
      }
      else if( p >= _data[idx].prio ) {
        _data[idx].prio = p;
        bubbleUp(idx);
      } else {
        _data[idx].prio = p;
        bubbleDown(idx);
      }
    }

    /// \brief Decrease the priority of an item to the given value.
    ///
    /// This function decreases the priority of an item to the given value.
    /// \param i The item.
    /// \param p The priority.
    /// \pre \e i must be stored in the heap with priority at least \e p.
    /// \warning This method may throw an \c UnderFlowPriorityException.
    void decrease(const Item &i, const Prio &p) {
      int idx = _iim[i];
      _data[idx].prio = p;
      bubbleDown(idx);
    }

    /// \brief Increase the priority of an item to the given value.
    ///
    /// This function increases the priority of an item to the given value.
    /// \param i The item.
    /// \param p The priority.
    /// \pre \e i must be stored in the heap with priority at most \e p.
    void increase(const Item &i, const Prio &p) {
      int idx = _iim[i];
      _data[idx].prio = p;
      bubbleUp(idx);
    }

    /// \brief Return the state of an item.
    ///
    /// This method returns \c PRE_HEAP if the given item has never
    /// been in the heap, \c IN_HEAP if it is in the heap at the moment,
    /// and \c POST_HEAP otherwise.
    /// In the latter case it is possible that the item will get back
    /// to the heap again.
    /// \param i The item.
    State state(const Item &i) const {
      int s = _iim[i];
      if( s >= 0 ) s = 0;
      return State(s);
    }

    /// \brief Set the state of an item in the heap.
    ///
    /// This function sets the state of the given item in the heap.
    /// It can be used to manually clear the heap when it is important
    /// to achive better time complexity.
    /// \param i The item.
    /// \param st The state. It should not be \c IN_HEAP.
    void state(const Item& i, State st) {
      switch (st) {
      case POST_HEAP:
      case PRE_HEAP:
        if (state(i) == IN_HEAP) {
          erase(i);
        }
        _iim[i] = st;
        break;
      case IN_HEAP:
        break;
      }
    }

  }; // class RadixHeap

} // namespace lemon

#endif // LEMON_RADIX_HEAP_H







lemon/radix_sort.h

/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2009
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef RADIX_SORT_H
#define RADIX_SORT_H

/// \ingroup auxalg
/// \file
/// \brief Radix sort
///
/// Linear time sorting algorithms

#include <vector>
#include <limits>
#include <iterator>
#include <algorithm>

namespace lemon {

  namespace _radix_sort_bits {

    template <typename Value>
    struct Identity {
      const Value& operator()(const Value& val) {
        return val;
      }
    };


    template <typename Value, typename Iterator, typename Functor>
    Iterator radixSortPartition(Iterator first, Iterator last,
                                Functor functor, Value mask) {
      while (first != last && !(functor(*first) & mask)) {
        ++first;
      }
      if (first == last) {
        return first;
      }
      --last;
      while (first != last && (functor(*last) & mask)) {
        --last;
      }
      if (first == last) {
        return first;
      }
      std::iter_swap(first, last);
      ++first;
      if (!(first < last)) {
        return first;
      }
      while (true) {
        while (!(functor(*first) & mask)) {
          ++first;
        }
        --last;
        while (functor(*last) & mask) {
          --last;
        }
        if (!(first < last)) {
          return first;
        }
        std::iter_swap(first, last);
        ++first;
      }
    }

    template <typename Iterator, typename Functor>
    Iterator radixSortSignPartition(Iterator first, Iterator last,
                                    Functor functor) {
      while (first != last && functor(*first) < 0) {
        ++first;
      }
      if (first == last) {
        return first;
      }
      --last;
      while (first != last && functor(*last) >= 0) {
        --last;
      }
      if (first == last) {
        return first;
      }
      std::iter_swap(first, last);
      ++first;
      if (!(first < last)) {
        return first;
      }
      while (true) {
        while (functor(*first) < 0) {
          ++first;
        }
        --last;
        while (functor(*last) >= 0) {
          --last;
        }
        if (!(first < last)) {
          return first;
        }
        std::iter_swap(first, last);
        ++first;
      }
    }

    template <typename Value, typename Iterator, typename Functor>
    void radixIntroSort(Iterator first, Iterator last,
                        Functor functor, Value mask) {
      while (mask != 0 && last - first > 1) {
        Iterator cut = radixSortPartition(first, last, functor, mask);
        mask >>= 1;
        radixIntroSort(first, cut, functor, mask);
        first = cut;
      }
    }

    template <typename Value, typename Iterator, typename Functor>
    void radixSignedSort(Iterator first, Iterator last, Functor functor) {

      Iterator cut = radixSortSignPartition(first, last, functor);

      Value mask;
      int max_digit;
      Iterator it;

      mask = ~0; max_digit = 0;
      for (it = first; it != cut; ++it) {
        while ((mask & functor(*it)) != mask) {
          ++max_digit;
          mask <<= 1;
        }
      }
      radixIntroSort(first, cut, functor, 1 << max_digit);

      mask = 0; max_digit = 0;
      for (it = cut; it != last; ++it) {
        while ((mask | functor(*it)) != mask) {
          ++max_digit;
          mask <<= 1; mask |= 1;
        }
      }
      radixIntroSort(cut, last, functor, 1 << max_digit);
    }

    template <typename Value, typename Iterator, typename Functor>
    void radixUnsignedSort(Iterator first, Iterator last, Functor functor) {

      Value mask = 0;
      int max_digit = 0;

      Iterator it;
      for (it = first; it != last; ++it) {
        while ((mask | functor(*it)) != mask) {
          ++max_digit;
          mask <<= 1; mask |= 1;
        }
      }
      radixIntroSort(first, last, functor, 1 << max_digit);
    }


    template <typename Value,
              bool sign = std::numeric_limits<Value>::is_signed >
    struct RadixSortSelector {
      template <typename Iterator, typename Functor>
      static void sort(Iterator first, Iterator last, Functor functor) {
        radixSignedSort<Value>(first, last, functor);
      }
    };

    template <typename Value>
    struct RadixSortSelector<Value, false> {
      template <typename Iterator, typename Functor>
      static void sort(Iterator first, Iterator last, Functor functor) {
        radixUnsignedSort<Value>(first, last, functor);
      }
    };

  }

  /// \ingroup auxalg
  ///
  /// \brief Sorts the STL compatible range into ascending order.
  ///
  /// The \c radixSort sorts an STL compatible range into ascending
  /// order.  The radix sort algorithm can sort items which are mapped
  /// to integers with an adaptable unary function \c functor and the
  /// order will be ascending according to these mapped values.
  ///
  /// It is also possible to use a normal function instead
  /// of the functor object. If the functor is not given it will use
  /// the identity function instead.
  ///
  /// This is a special quick sort algorithm where the pivot
  /// values to split the items are choosen to be 2<sup>k</sup>
  /// for each \c k.
  /// Therefore, the time complexity of the algorithm is O(log(c)*n) and
  /// it uses O(log(c)) additional space, where \c c is the maximal value
  /// and \c n is the number of the items in the container.
  ///
  /// \param first The begin of the given range.
  /// \param last The end of the given range.
  /// \param functor An adaptible unary function or a normal function
  /// which maps the items to any integer type which can be either
  /// signed or unsigned.
  ///
  /// \sa stableRadixSort()
  template <typename Iterator, typename Functor>
  void radixSort(Iterator first, Iterator last, Functor functor) {
    using namespace _radix_sort_bits;
    typedef typename Functor::result_type Value;
    RadixSortSelector<Value>::sort(first, last, functor);
  }

  template <typename Iterator, typename Value, typename Key>
  void radixSort(Iterator first, Iterator last, Value (*functor)(Key)) {
    using namespace _radix_sort_bits;
    RadixSortSelector<Value>::sort(first, last, functor);
  }

  template <typename Iterator, typename Value, typename Key>
  void radixSort(Iterator first, Iterator last, Value& (*functor)(Key)) {
    using namespace _radix_sort_bits;
    RadixSortSelector<Value>::sort(first, last, functor);
  }

  template <typename Iterator, typename Value, typename Key>
  void radixSort(Iterator first, Iterator last, Value (*functor)(Key&)) {
    using namespace _radix_sort_bits;
    RadixSortSelector<Value>::sort(first, last, functor);
  }

  template <typename Iterator, typename Value, typename Key>
  void radixSort(Iterator first, Iterator last, Value& (*functor)(Key&)) {
    using namespace _radix_sort_bits;
    RadixSortSelector<Value>::sort(first, last, functor);
  }

  template <typename Iterator>
  void radixSort(Iterator first, Iterator last) {
    using namespace _radix_sort_bits;
    typedef typename std::iterator_traits<Iterator>::value_type Value;
    RadixSortSelector<Value>::sort(first, last, Identity<Value>());
  }

  namespace _radix_sort_bits {

    template <typename Value>
    unsigned char valueByte(Value value, int byte) {
      return value >> (std::numeric_limits<unsigned char>::digits * byte);
    }

    template <typename Functor, typename Key>
    void stableRadixIntroSort(Key *first, Key *last, Key *target,
                              int byte, Functor functor) {
      const int size =
        unsigned(std::numeric_limits<unsigned char>::max()) + 1;
      std::vector<int> counter(size);
      for (int i = 0; i < size; ++i) {
        counter[i] = 0;
      }
      Key *it = first;
      while (first != last) {
        ++counter[valueByte(functor(*first), byte)];
        ++first;
      }
      int prev, num = 0;
      for (int i = 0; i < size; ++i) {
        prev = num;
        num += counter[i];
        counter[i] = prev;
      }
      while (it != last) {
        target[counter[valueByte(functor(*it), byte)]++] = *it;
        ++it;
      }
    }

    template <typename Functor, typename Key>
    void signedStableRadixIntroSort(Key *first, Key *last, Key *target,
                                    int byte, Functor functor) {
      const int size =
        unsigned(std::numeric_limits<unsigned char>::max()) + 1;
      std::vector<int> counter(size);
      for (int i = 0; i < size; ++i) {
        counter[i] = 0;
      }
      Key *it = first;
      while (first != last) {
        counter[valueByte(functor(*first), byte)]++;
        ++first;
      }
      int prev, num = 0;
      for (int i = size / 2; i < size; ++i) {
        prev = num;
        num += counter[i];
        counter[i] = prev;
      }
      for (int i = 0; i < size / 2; ++i) {
        prev = num;
        num += counter[i];
        counter[i] = prev;
      }
      while (it != last) {
        target[counter[valueByte(functor(*it), byte)]++] = *it;
        ++it;
      }
    }


    template <typename Value, typename Iterator, typename Functor>
    void stableRadixSignedSort(Iterator first, Iterator last, Functor functor) {
      if (first == last) return;
      typedef typename std::iterator_traits<Iterator>::value_type Key;
      typedef std::allocator<Key> Allocator;
      Allocator allocator;

      int length = std::distance(first, last);
      Key* buffer = allocator.allocate(2 * length);
      try {
        bool dir = true;
        std::copy(first, last, buffer);
        for (int i = 0; i < int(sizeof(Value)) - 1; ++i) {
          if (dir) {
            stableRadixIntroSort(buffer, buffer + length, buffer + length,
                                 i, functor);
          } else {
            stableRadixIntroSort(buffer + length, buffer + 2 * length, buffer,
                                 i, functor);
          }
          dir = !dir;
        }
        if (dir) {
          signedStableRadixIntroSort(buffer, buffer + length, buffer + length,
                                     sizeof(Value) - 1, functor);
          std::copy(buffer + length, buffer + 2 * length, first);
        }        else {
          signedStableRadixIntroSort(buffer + length, buffer + 2 * length,
                                     buffer, sizeof(Value) - 1, functor);
          std::copy(buffer, buffer + length, first);
        }
      } catch (...) {
        allocator.deallocate(buffer, 2 * length);
        throw;
      }
      allocator.deallocate(buffer, 2 * length);
    }

    template <typename Value, typename Iterator, typename Functor>
    void stableRadixUnsignedSort(Iterator first, Iterator last,
                                 Functor functor) {
      if (first == last) return;
      typedef typename std::iterator_traits<Iterator>::value_type Key;
      typedef std::allocator<Key> Allocator;
      Allocator allocator;

      int length = std::distance(first, last);
      Key *buffer = allocator.allocate(2 * length);
      try {
        bool dir = true;
        std::copy(first, last, buffer);
        for (int i = 0; i < int(sizeof(Value)); ++i) {
          if (dir) {
            stableRadixIntroSort(buffer, buffer + length,
                                 buffer + length, i, functor);
          } else {
            stableRadixIntroSort(buffer + length, buffer + 2 * length,
                                 buffer, i, functor);
          }
          dir = !dir;
        }
        if (dir) {
          std::copy(buffer, buffer + length, first);
        }        else {
          std::copy(buffer + length, buffer + 2 * length, first);
        }
      } catch (...) {
        allocator.deallocate(buffer, 2 * length);
        throw;
      }
      allocator.deallocate(buffer, 2 * length);
    }



    template <typename Value,
              bool sign = std::numeric_limits<Value>::is_signed >
    struct StableRadixSortSelector {
      template <typename Iterator, typename Functor>
      static void sort(Iterator first, Iterator last, Functor functor) {
        stableRadixSignedSort<Value>(first, last, functor);
      }
    };

    template <typename Value>
    struct StableRadixSortSelector<Value, false> {
      template <typename Iterator, typename Functor>
      static void sort(Iterator first, Iterator last, Functor functor) {
        stableRadixUnsignedSort<Value>(first, last, functor);
      }
    };

  }

  /// \ingroup auxalg
  ///
  /// \brief Sorts the STL compatible range into ascending order in a stable
  /// way.
  ///
  /// This function sorts an STL compatible range into ascending
  /// order according to an integer mapping in the same as radixSort() does.
  ///
  /// This sorting algorithm is stable, i.e. the order of two equal
  /// elements remains the same after the sorting.
  ///
  /// This sort algorithm  use a radix forward sort on the
  /// bytes of the integer number. The algorithm sorts the items
  /// byte-by-byte. First, it counts how many times a byte value occurs
  /// in the container, then it copies the corresponding items to
  /// another container in asceding order in O(n) time.
  ///
  /// The time complexity of the algorithm is O(log(c)*n) and
  /// it uses O(n) additional space, where \c c is the
  /// maximal value and \c n is the number of the items in the
  /// container.
  ///

  /// \param first The begin of the given range.
  /// \param last The end of the given range.
  /// \param functor An adaptible unary function or a normal function
  /// which maps the items to any integer type which can be either
  /// signed or unsigned.
  /// \sa radixSort()
  template <typename Iterator, typename Functor>
  void stableRadixSort(Iterator first, Iterator last, Functor functor) {
    using namespace _radix_sort_bits;
    typedef typename Functor::result_type Value;
    StableRadixSortSelector<Value>::sort(first, last, functor);
  }

  template <typename Iterator, typename Value, typename Key>
  void stableRadixSort(Iterator first, Iterator last, Value (*functor)(Key)) {
    using namespace _radix_sort_bits;
    StableRadixSortSelector<Value>::sort(first, last, functor);
  }

  template <typename Iterator, typename Value, typename Key>
  void stableRadixSort(Iterator first, Iterator last, Value& (*functor)(Key)) {
    using namespace _radix_sort_bits;
    StableRadixSortSelector<Value>::sort(first, last, functor);
  }

  template <typename Iterator, typename Value, typename Key>
  void stableRadixSort(Iterator first, Iterator last, Value (*functor)(Key&)) {
    using namespace _radix_sort_bits;
    StableRadixSortSelector<Value>::sort(first, last, functor);
  }

  template <typename Iterator, typename Value, typename Key>
  void stableRadixSort(Iterator first, Iterator last, Value& (*functor)(Key&)) {
    using namespace _radix_sort_bits;
    StableRadixSortSelector<Value>::sort(first, last, functor);
  }

  template <typename Iterator>
  void stableRadixSort(Iterator first, Iterator last) {
    using namespace _radix_sort_bits;
    typedef typename std::iterator_traits<Iterator>::value_type Value;
    StableRadixSortSelector<Value>::sort(first, last, Identity<Value>());
  }

}

#endif







lemon/random.h

/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2009
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

/*
 * This file contains the reimplemented version of the Mersenne Twister
 * Generator of Matsumoto and Nishimura.
 *
 * See the appropriate copyright notice below.
 *
 * Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
 * All rights reserved.
 *
 * Redistribution and use in source and binary forms, with or without
 * modification, are permitted provided that the following conditions
 * are met:
 *
 * 1. Redistributions of source code must retain the above copyright
 *    notice, this list of conditions and the following disclaimer.
 *
 * 2. Redistributions in binary form must reproduce the above copyright
 *    notice, this list of conditions and the following disclaimer in the
 *    documentation and/or other materials provided with the distribution.
 *
 * 3. The names of its contributors may not be used to endorse or promote
 *    products derived from this software without specific prior written
 *    permission.
 *
 * THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
 * "AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
 * LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
 * FOR A PARTICULAR PURPOSE ARE DISCLAIMED.  IN NO EVENT SHALL THE
 * COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
 * INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
 * (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
 * SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
 * HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
 * STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
 * ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
 * OF THE POSSIBILITY OF SUCH DAMAGE.
 *
 *
 * Any feedback is very welcome.
 * http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
 * email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)
 */

#ifndef LEMON_RANDOM_H
#define LEMON_RANDOM_H

#include <algorithm>
#include <iterator>
#include <vector>
#include <limits>
#include <fstream>

#include <lemon/math.h>
#include <lemon/dim2.h>

#ifndef WIN32
#include <sys/time.h>
#include <ctime>
#include <sys/types.h>
#include <unistd.h>
#else
#include <lemon/bits/windows.h>
#endif

///\ingroup misc
///\file
///\brief Mersenne Twister random number generator

namespace lemon {

  namespace _random_bits {

    template <typename _Word, int _bits = std::numeric_limits<_Word>::digits>
    struct RandomTraits {};

    template <typename _Word>
    struct RandomTraits<_Word, 32> {

      typedef _Word Word;
      static const int bits = 32;

      static const int length = 624;
      static const int shift = 397;

      static const Word mul = 0x6c078965u;
      static const Word arrayInit = 0x012BD6AAu;
      static const Word arrayMul1 = 0x0019660Du;
      static const Word arrayMul2 = 0x5D588B65u;

      static const Word mask = 0x9908B0DFu;
      static const Word loMask = (1u << 31) - 1;
      static const Word hiMask = ~loMask;


      static Word tempering(Word rnd) {
        rnd ^= (rnd >> 11);
        rnd ^= (rnd << 7) & 0x9D2C5680u;
        rnd ^= (rnd << 15) & 0xEFC60000u;
        rnd ^= (rnd >> 18);
        return rnd;
      }

    };

    template <typename _Word>
    struct RandomTraits<_Word, 64> {

      typedef _Word Word;
      static const int bits = 64;

      static const int length = 312;
      static const int shift = 156;

      static const Word mul = Word(0x5851F42Du) << 32 | Word(0x4C957F2Du);
      static const Word arrayInit = Word(0x00000000u) << 32 |Word(0x012BD6AAu);
      static const Word arrayMul1 = Word(0x369DEA0Fu) << 32 |Word(0x31A53F85u);
      static const Word arrayMul2 = Word(0x27BB2EE6u) << 32 |Word(0x87B0B0FDu);

      static const Word mask = Word(0xB5026F5Au) << 32 | Word(0xA96619E9u);
      static const Word loMask = (Word(1u) << 31) - 1;
      static const Word hiMask = ~loMask;

      static Word tempering(Word rnd) {
        rnd ^= (rnd >> 29) & (Word(0x55555555u) << 32 | Word(0x55555555u));
        rnd ^= (rnd << 17) & (Word(0x71D67FFFu) << 32 | Word(0xEDA60000u));
        rnd ^= (rnd << 37) & (Word(0xFFF7EEE0u) << 32 | Word(0x00000000u));
        rnd ^= (rnd >> 43);
        return rnd;
      }

    };

    template <typename _Word>
    class RandomCore {
    public:

      typedef _Word Word;

    private:

      static const int bits = RandomTraits<Word>::bits;

      static const int length = RandomTraits<Word>::length;
      static const int shift = RandomTraits<Word>::shift;

    public:

      void initState() {
        static const Word seedArray[4] = {
          0x12345u, 0x23456u, 0x34567u, 0x45678u
        };

        initState(seedArray, seedArray + 4);
      }

      void initState(Word seed) {

        static const Word mul = RandomTraits<Word>::mul;

        current = state;

        Word *curr = state + length - 1;
        curr[0] = seed; --curr;
        for (int i = 1; i < length; ++i) {
          curr[0] = (mul * ( curr[1] ^ (curr[1] >> (bits - 2)) ) + i);
          --curr;
        }
      }

      template <typename Iterator>
      void initState(Iterator begin, Iterator end) {

        static const Word init = RandomTraits<Word>::arrayInit;
        static const Word mul1 = RandomTraits<Word>::arrayMul1;
        static const Word mul2 = RandomTraits<Word>::arrayMul2;


        Word *curr = state + length - 1; --curr;
        Iterator it = begin; int cnt = 0;
        int num;

        initState(init);

        num = length > end - begin ? length : end - begin;
        while (num--) {
          curr[0] = (curr[0] ^ ((curr[1] ^ (curr[1] >> (bits - 2))) * mul1))
            + *it + cnt;
          ++it; ++cnt;
          if (it == end) {
            it = begin; cnt = 0;
          }
          if (curr == state) {
            curr = state + length - 1; curr[0] = state[0];
          }
          --curr;
        }

        num = length - 1; cnt = length - (curr - state) - 1;
        while (num--) {
          curr[0] = (curr[0] ^ ((curr[1] ^ (curr[1] >> (bits - 2))) * mul2))
            - cnt;
          --curr; ++cnt;
          if (curr == state) {
            curr = state + length - 1; curr[0] = state[0]; --curr;
            cnt = 1;
          }
        }

        state[length - 1] = Word(1) << (bits - 1);
      }

      void copyState(const RandomCore& other) {
        std::copy(other.state, other.state + length, state);
        current = state + (other.current - other.state);
      }

      Word operator()() {
        if (current == state) fillState();
        --current;
        Word rnd = *current;
        return RandomTraits<Word>::tempering(rnd);
      }

    private:


      void fillState() {
        static const Word mask[2] = { 0x0ul, RandomTraits<Word>::mask };
        static const Word loMask = RandomTraits<Word>::loMask;
        static const Word hiMask = RandomTraits<Word>::hiMask;

        current = state + length;

        register Word *curr = state + length - 1;
        register long num;

        num = length - shift;
        while (num--) {
          curr[0] = (((curr[0] & hiMask) | (curr[-1] & loMask)) >> 1) ^
            curr[- shift] ^ mask[curr[-1] & 1ul];
          --curr;
        }
        num = shift - 1;
        while (num--) {
          curr[0] = (((curr[0] & hiMask) | (curr[-1] & loMask)) >> 1) ^
            curr[length - shift] ^ mask[curr[-1] & 1ul];
          --curr;
        }
        state[0] = (((state[0] & hiMask) | (curr[length - 1] & loMask)) >> 1) ^
          curr[length - shift] ^ mask[curr[length - 1] & 1ul];

      }


      Word *current;
      Word state[length];

    };


    template <typename Result,
              int shift = (std::numeric_limits<Result>::digits + 1) / 2>
    struct Masker {
      static Result mask(const Result& result) {
        return Masker<Result, (shift + 1) / 2>::
          mask(static_cast<Result>(result | (result >> shift)));
      }
    };

    template <typename Result>
    struct Masker<Result, 1> {
      static Result mask(const Result& result) {
        return static_cast<Result>(result | (result >> 1));
      }
    };

    template <typename Result, typename Word,
              int rest = std::numeric_limits<Result>::digits, int shift = 0,
              bool last = rest <= std::numeric_limits<Word>::digits>
    struct IntConversion {
      static const int bits = std::numeric_limits<Word>::digits;

      static Result convert(RandomCore<Word>& rnd) {
        return static_cast<Result>(rnd() >> (bits - rest)) << shift;
      }

    };

    template <typename Result, typename Word, int rest, int shift>
    struct IntConversion<Result, Word, rest, shift, false> {
      static const int bits = std::numeric_limits<Word>::digits;

      static Result convert(RandomCore<Word>& rnd) {
        return (static_cast<Result>(rnd()) << shift) |
          IntConversion<Result, Word, rest - bits, shift + bits>::convert(rnd);
      }
    };


    template <typename Result, typename Word,
              bool one_word = (std::numeric_limits<Word>::digits <
                               std::numeric_limits<Result>::digits) >
    struct Mapping {
      static Result map(RandomCore<Word>& rnd, const Result& bound) {
        Word max = Word(bound - 1);
        Result mask = Masker<Result>::mask(bound - 1);
        Result num;
        do {
          num = IntConversion<Result, Word>::convert(rnd) & mask;
        } while (num > max);
        return num;
      }
    };

    template <typename Result, typename Word>
    struct Mapping<Result, Word, false> {
      static Result map(RandomCore<Word>& rnd, const Result& bound) {
        Word max = Word(bound - 1);
        Word mask = Masker<Word, (std::numeric_limits<Result>::digits + 1) / 2>
          ::mask(max);
        Word num;
        do {
          num = rnd() & mask;
        } while (num > max);
        return num;
      }
    };

    template <typename Result, int exp>
    struct ShiftMultiplier {
      static const Result multiplier() {
        Result res = ShiftMultiplier<Result, exp / 2>::multiplier();
        res *= res;
        if ((exp & 1) == 1) res *= static_cast<Result>(0.5);
        return res;
      }
    };

    template <typename Result>
    struct ShiftMultiplier<Result, 0> {
      static const Result multiplier() {
        return static_cast<Result>(1.0);
      }
    };

    template <typename Result>
    struct ShiftMultiplier<Result, 20> {
      static const Result multiplier() {
        return static_cast<Result>(1.0/1048576.0);
      }
    };

    template <typename Result>
    struct ShiftMultiplier<Result, 32> {
      static const Result multiplier() {
        return static_cast<Result>(1.0/4294967296.0);
      }
    };

    template <typename Result>
    struct ShiftMultiplier<Result, 53> {
      static const Result multiplier() {
        return static_cast<Result>(1.0/9007199254740992.0);
      }
    };

    template <typename Result>
    struct ShiftMultiplier<Result, 64> {
      static const Result multiplier() {
        return static_cast<Result>(1.0/18446744073709551616.0);
      }
    };

    template <typename Result, int exp>
    struct Shifting {
      static Result shift(const Result& result) {
        return result * ShiftMultiplier<Result, exp>::multiplier();
      }
    };

    template <typename Result, typename Word,
              int rest = std::numeric_limits<Result>::digits, int shift = 0,
              bool last = rest <= std::numeric_limits<Word>::digits>
    struct RealConversion{
      static const int bits = std::numeric_limits<Word>::digits;

      static Result convert(RandomCore<Word>& rnd) {
        return Shifting<Result, shift + rest>::
          shift(static_cast<Result>(rnd() >> (bits - rest)));
      }
    };

    template <typename Result, typename Word, int rest, int shift>
    struct RealConversion<Result, Word, rest, shift, false> {
      static const int bits = std::numeric_limits<Word>::digits;

      static Result convert(RandomCore<Word>& rnd) {
        return Shifting<Result, shift + bits>::
          shift(static_cast<Result>(rnd())) +
          RealConversion<Result, Word, rest-bits, shift + bits>::
          convert(rnd);
      }
    };

    template <typename Result, typename Word>
    struct Initializer {

      template <typename Iterator>
      static void init(RandomCore<Word>& rnd, Iterator begin, Iterator end) {
        std::vector<Word> ws;
        for (Iterator it = begin; it != end; ++it) {
          ws.push_back(Word(*it));
        }
        rnd.initState(ws.begin(), ws.end());
      }

      static void init(RandomCore<Word>& rnd, Result seed) {
        rnd.initState(seed);
      }
    };

    template <typename Word>
    struct BoolConversion {
      static bool convert(RandomCore<Word>& rnd) {
        return (rnd() & 1) == 1;
      }
    };

    template <typename Word>
    struct BoolProducer {
      Word buffer;
      int num;

      BoolProducer() : num(0) {}

      bool convert(RandomCore<Word>& rnd) {
        if (num == 0) {
          buffer = rnd();
          num = RandomTraits<Word>::bits;
        }
        bool r = (buffer & 1);
        buffer >>= 1;
        --num;
        return r;
      }
    };

  }

  /// \ingroup misc
  ///
  /// \brief Mersenne Twister random number generator
  ///
  /// The Mersenne Twister is a twisted generalized feedback
  /// shift-register generator of Matsumoto and Nishimura. The period
  /// of this generator is \f$ 2^{19937} - 1 \f$ and it is
  /// equi-distributed in 623 dimensions for 32-bit numbers. The time
  /// performance of this generator is comparable to the commonly used
  /// generators.
  ///
  /// This implementation is specialized for both 32-bit and 64-bit
  /// architectures. The generators differ sligthly in the
  /// initialization and generation phase so they produce two
  /// completly different sequences.
  ///
  /// The generator gives back random numbers of serveral types. To
  /// get a random number from a range of a floating point type you
  /// can use one form of the \c operator() or the \c real() member
  /// function. If you want to get random number from the {0, 1, ...,
  /// n-1} integer range use the \c operator[] or the \c integer()
  /// method. And to get random number from the whole range of an
  /// integer type you can use the argumentless \c integer() or \c
  /// uinteger() functions. After all you can get random bool with
  /// equal chance of true and false or given probability of true
  /// result with the \c boolean() member functions.
  ///
  ///\code
  /// // The commented code is identical to the other
  /// double a = rnd();                     // [0.0, 1.0)
  /// // double a = rnd.real();             // [0.0, 1.0)
  /// double b = rnd(100.0);                // [0.0, 100.0)
  /// // double b = rnd.real(100.0);        // [0.0, 100.0)
  /// double c = rnd(1.0, 2.0);             // [1.0, 2.0)
  /// // double c = rnd.real(1.0, 2.0);     // [1.0, 2.0)
  /// int d = rnd[100000];                  // 0..99999
  /// // int d = rnd.integer(100000);       // 0..99999
  /// int e = rnd[6] + 1;                   // 1..6
  /// // int e = rnd.integer(1, 1 + 6);     // 1..6
  /// int b = rnd.uinteger<int>();          // 0 .. 2^31 - 1
  /// int c = rnd.integer<int>();           // - 2^31 .. 2^31 - 1
  /// bool g = rnd.boolean();               // P(g = true) = 0.5
  /// bool h = rnd.boolean(0.8);            // P(h = true) = 0.8
  ///\endcode
  ///
  /// LEMON provides a global instance of the random number
  /// generator which name is \ref lemon::rnd "rnd". Usually it is a
  /// good programming convenience to use this global generator to get
  /// random numbers.
  class Random {
  private:

    // Architecture word
    typedef unsigned long Word;

    _random_bits::RandomCore<Word> core;
    _random_bits::BoolProducer<Word> bool_producer;


  public:

    ///\name Initialization
    ///
    /// @{

    /// \brief Default constructor
    ///
    /// Constructor with constant seeding.
    Random() { core.initState(); }

    /// \brief Constructor with seed
    ///
    /// Constructor with seed. The current number type will be converted
    /// to the architecture word type.
    template <typename Number>
    Random(Number seed) {
      _random_bits::Initializer<Number, Word>::init(core, seed);
    }

    /// \brief Constructor with array seeding
    ///
    /// Constructor with array seeding. The given range should contain
    /// any number type and the numbers will be converted to the
    /// architecture word type.
    template <typename Iterator>
    Random(Iterator begin, Iterator end) {
      typedef typename std::iterator_traits<Iterator>::value_type Number;
      _random_bits::Initializer<Number, Word>::init(core, begin, end);
    }

    /// \brief Copy constructor
    ///
    /// Copy constructor. The generated sequence will be identical to
    /// the other sequence. It can be used to save the current state
    /// of the generator and later use it to generate the same
    /// sequence.
    Random(const Random& other) {
      core.copyState(other.core);
    }

    /// \brief Assign operator
    ///
    /// Assign operator. The generated sequence will be identical to
    /// the other sequence. It can be used to save the current state
    /// of the generator and later use it to generate the same
    /// sequence.
    Random& operator=(const Random& other) {
      if (&other != this) {
        core.copyState(other.core);
      }
      return *this;
    }

    /// \brief Seeding random sequence
    ///
    /// Seeding the random sequence. The current number type will be
    /// converted to the architecture word type.
    template <typename Number>
    void seed(Number seed) {
      _random_bits::Initializer<Number, Word>::init(core, seed);
    }

    /// \brief Seeding random sequence
    ///
    /// Seeding the random sequence. The given range should contain
    /// any number type and the numbers will be converted to the
    /// architecture word type.
    template <typename Iterator>
    void seed(Iterator begin, Iterator end) {
      typedef typename std::iterator_traits<Iterator>::value_type Number;
      _random_bits::Initializer<Number, Word>::init(core, begin, end);
    }

    /// \brief Seeding from file or from process id and time
    ///
    /// By default, this function calls the \c seedFromFile() member
    /// function with the <tt>/dev/urandom</tt> file. If it does not success,
    /// it uses the \c seedFromTime().
    /// \return Currently always \c true.
    bool seed() {
#ifndef WIN32
      if (seedFromFile("/dev/urandom", 0)) return true;
#endif
      if (seedFromTime()) return true;
      return false;
    }

    /// \brief Seeding from file
    ///
    /// Seeding the random sequence from file. The linux kernel has two
    /// devices, <tt>/dev/random</tt> and <tt>/dev/urandom</tt> which
    /// could give good seed values for pseudo random generators (The
    /// difference between two devices is that the <tt>random</tt> may
    /// block the reading operation while the kernel can give good
    /// source of randomness, while the <tt>urandom</tt> does not
    /// block the input, but it could give back bytes with worse
    /// entropy).
    /// \param file The source file
    /// \param offset The offset, from the file read.
    /// \return \c true when the seeding successes.
#ifndef WIN32
    bool seedFromFile(const std::string& file = "/dev/urandom", int offset = 0)
#else
    bool seedFromFile(const std::string& file = "", int offset = 0)
#endif
    {
      std::ifstream rs(file.c_str());
      const int size = 4;
      Word buf[size];
      if (offset != 0 && !rs.seekg(offset)) return false;
      if (!rs.read(reinterpret_cast<char*>(buf), sizeof(buf))) return false;
      seed(buf, buf + size);
      return true;
    }

    /// \brief Seding from process id and time
    ///
    /// Seding from process id and time. This function uses the
    /// current process id and the current time for initialize the
    /// random sequence.
    /// \return Currently always \c true.
    bool seedFromTime() {
#ifndef WIN32
      timeval tv;
      gettimeofday(&tv, 0);
      seed(getpid() + tv.tv_sec + tv.tv_usec);
#else
      seed(bits::getWinRndSeed());
#endif
      return true;
    }

    /// @}

    ///\name Uniform Distributions
    ///
    /// @{

    /// \brief Returns a random real number from the range [0, 1)
    ///
    /// It returns a random real number from the range [0, 1). The
    /// default Number type is \c double.
    template <typename Number>
    Number real() {
      return _random_bits::RealConversion<Number, Word>::convert(core);
    }

    double real() {
      return real<double>();
    }

    /// \brief Returns a random real number from the range [0, 1)
    ///
    /// It returns a random double from the range [0, 1).
    double operator()() {
      return real<double>();
    }

    /// \brief Returns a random real number from the range [0, b)
    ///
    /// It returns a random real number from the range [0, b).
    double operator()(double b) {
      return real<double>() * b;
    }

    /// \brief Returns a random real number from the range [a, b)
    ///
    /// It returns a random real number from the range [a, b).
    double operator()(double a, double b) {
      return real<double>() * (b - a) + a;
    }

    /// \brief Returns a random integer from a range
    ///
    /// It returns a random integer from the range {0, 1, ..., b - 1}.
    template <typename Number>
    Number integer(Number b) {
      return _random_bits::Mapping<Number, Word>::map(core, b);
    }

    /// \brief Returns a random integer from a range
    ///
    /// It returns a random integer from the range {a, a + 1, ..., b - 1}.
    template <typename Number>
    Number integer(Number a, Number b) {
      return _random_bits::Mapping<Number, Word>::map(core, b - a) + a;
    }

    /// \brief Returns a random integer from a range
    ///
    /// It returns a random integer from the range {0, 1, ..., b - 1}.
    template <typename Number>
    Number operator[](Number b) {
      return _random_bits::Mapping<Number, Word>::map(core, b);
    }

    /// \brief Returns a random non-negative integer
    ///
    /// It returns a random non-negative integer uniformly from the
    /// whole range of the current \c Number type. The default result
    /// type of this function is <tt>unsigned int</tt>.
    template <typename Number>
    Number uinteger() {
      return _random_bits::IntConversion<Number, Word>::convert(core);
    }

    unsigned int uinteger() {
      return uinteger<unsigned int>();
    }

    /// \brief Returns a random integer
    ///
    /// It returns a random integer uniformly from the whole range of
    /// the current \c Number type. The default result type of this
    /// function is \c int.
    template <typename Number>
    Number integer() {
      static const int nb = std::numeric_limits<Number>::digits +
        (std::numeric_limits<Number>::is_signed ? 1 : 0);
      return _random_bits::IntConversion<Number, Word, nb>::convert(core);
    }

    int integer() {
      return integer<int>();
    }

    /// \brief Returns a random bool
    ///
    /// It returns a random bool. The generator holds a buffer for
    /// random bits. Every time when it become empty the generator makes
    /// a new random word and fill the buffer up.
    bool boolean() {
      return bool_producer.convert(core);
    }

    /// @}

    ///\name Non-uniform Distributions
    ///
    ///@{

    /// \brief Returns a random bool with given probability of true result.
    ///
    /// It returns a random bool with given probability of true result.
    bool boolean(double p) {
      return operator()() < p;
    }

    /// Standard normal (Gauss) distribution

    /// Standard normal (Gauss) distribution.
    /// \note The Cartesian form of the Box-Muller
    /// transformation is used to generate a random normal distribution.
    double gauss()
    {
      double V1,V2,S;
      do {
        V1=2*real<double>()-1;
        V2=2*real<double>()-1;
        S=V1*V1+V2*V2;
      } while(S>=1);
      return std::sqrt(-2*std::log(S)/S)*V1;
    }
    /// Normal (Gauss) distribution with given mean and standard deviation

    /// Normal (Gauss) distribution with given mean and standard deviation.
    /// \sa gauss()
    double gauss(double mean,double std_dev)
    {
      return gauss()*std_dev+mean;
    }

    /// Lognormal distribution

    /// Lognormal distribution. The parameters are the mean and the standard
    /// deviation of <tt>exp(X)</tt>.
    ///
    double lognormal(double n_mean,double n_std_dev)
    {
      return std::exp(gauss(n_mean,n_std_dev));
    }
    /// Lognormal distribution

    /// Lognormal distribution. The parameter is an <tt>std::pair</tt> of
    /// the mean and the standard deviation of <tt>exp(X)</tt>.
    ///
    double lognormal(const std::pair<double,double> &params)
    {
      return std::exp(gauss(params.first,params.second));
    }
    /// Compute the lognormal parameters from mean and standard deviation

    /// This function computes the lognormal parameters from mean and
    /// standard deviation. The return value can direcly be passed to
    /// lognormal().
    std::pair<double,double> lognormalParamsFromMD(double mean,
                                                   double std_dev)
    {
      double fr=std_dev/mean;
      fr*=fr;
      double lg=std::log(1+fr);
      return std::pair<double,double>(std::log(mean)-lg/2.0,std::sqrt(lg));
    }
    /// Lognormal distribution with given mean and standard deviation

    /// Lognormal distribution with given mean and standard deviation.
    ///
    double lognormalMD(double mean,double std_dev)
    {
      return lognormal(lognormalParamsFromMD(mean,std_dev));
    }

    /// Exponential distribution with given mean

    /// This function generates an exponential distribution random number
    /// with mean <tt>1/lambda</tt>.
    ///
    double exponential(double lambda=1.0)
    {
      return -std::log(1.0-real<double>())/lambda;
    }

    /// Gamma distribution with given integer shape

    /// This function generates a gamma distribution random number.
    ///
    ///\param k shape parameter (<tt>k>0</tt> integer)
    double gamma(int k)
    {
      double s = 0;
      for(int i=0;i<k;i++) s-=std::log(1.0-real<double>());
      return s;
    }

    /// Gamma distribution with given shape and scale parameter

    /// This function generates a gamma distribution random number.
    ///
    ///\param k shape parameter (<tt>k>0</tt>)
    ///\param theta scale parameter
    ///
    double gamma(double k,double theta=1.0)
    {
      double xi,nu;
      const double delta = k-std::floor(k);
      const double v0=E/(E-delta);
      do {
        double V0=1.0-real<double>();
        double V1=1.0-real<double>();
        double V2=1.0-real<double>();
        if(V2<=v0)
          {
            xi=std::pow(V1,1.0/delta);
            nu=V0*std::pow(xi,delta-1.0);
          }
        else
          {
            xi=1.0-std::log(V1);
            nu=V0*std::exp(-xi);
          }
      } while(nu>std::pow(xi,delta-1.0)*std::exp(-xi));
      return theta*(xi+gamma(int(std::floor(k))));
    }

    /// Weibull distribution

    /// This function generates a Weibull distribution random number.
    ///
    ///\param k shape parameter (<tt>k>0</tt>)
    ///\param lambda scale parameter (<tt>lambda>0</tt>)
    ///
    double weibull(double k,double lambda)
    {
      return lambda*pow(-std::log(1.0-real<double>()),1.0/k);
    }

    /// Pareto distribution

    /// This function generates a Pareto distribution random number.
    ///
    ///\param k shape parameter (<tt>k>0</tt>)
    ///\param x_min location parameter (<tt>x_min>0</tt>)
    ///
    double pareto(double k,double x_min)
    {
      return exponential(gamma(k,1.0/x_min))+x_min;
    }

    /// Poisson distribution

    /// This function generates a Poisson distribution random number with
    /// parameter \c lambda.
    ///
    /// The probability mass function of this distribusion is
    /// \f[ \frac{e^{-\lambda}\lambda^k}{k!} \f]
    /// \note The algorithm is taken from the book of Donald E. Knuth titled
    /// ''Seminumerical Algorithms'' (1969). Its running time is linear in the
    /// return value.

    int poisson(double lambda)
    {
      const double l = std::exp(-lambda);
      int k=0;
      double p = 1.0;
      do {
        k++;
        p*=real<double>();
      } while (p>=l);
      return k-1;
    }

    ///@}

    ///\name Two Dimensional Distributions
    ///
    ///@{

    /// Uniform distribution on the full unit circle

    /// Uniform distribution on the full unit circle.
    ///
    dim2::Point<double> disc()
    {
      double V1,V2;
      do {
        V1=2*real<double>()-1;
        V2=2*real<double>()-1;

      } while(V1*V1+V2*V2>=1);
      return dim2::Point<double>(V1,V2);
    }
    /// A kind of two dimensional normal (Gauss) distribution

    /// This function provides a turning symmetric two-dimensional distribution.
    /// Both coordinates are of standard normal distribution, but they are not
    /// independent.
    ///
    /// \note The coordinates are the two random variables provided by
    /// the Box-Muller method.
    dim2::Point<double> gauss2()
    {
      double V1,V2,S;
      do {
        V1=2*real<double>()-1;
        V2=2*real<double>()-1;
        S=V1*V1+V2*V2;
      } while(S>=1);
      double W=std::sqrt(-2*std::log(S)/S);
      return dim2::Point<double>(W*V1,W*V2);
    }
    /// A kind of two dimensional exponential distribution

    /// This function provides a turning symmetric two-dimensional distribution.
    /// The x-coordinate is of conditionally exponential distribution
    /// with the condition that x is positive and y=0. If x is negative and
    /// y=0 then, -x is of exponential distribution. The same is true for the
    /// y-coordinate.
    dim2::Point<double> exponential2()
    {
      double V1,V2,S;
      do {
        V1=2*real<double>()-1;
        V2=2*real<double>()-1;
        S=V1*V1+V2*V2;
      } while(S>=1);
      double W=-std::log(S)/S;
      return dim2::Point<double>(W*V1,W*V2);
    }

    ///@}
  };


  extern Random rnd;

}

#endif
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/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2010
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_SMART_GRAPH_H
#define LEMON_SMART_GRAPH_H

///\ingroup graphs
///\file
///\brief SmartDigraph and SmartGraph classes.

#include <vector>

#include <lemon/core.h>
#include <lemon/error.h>
#include <lemon/bits/graph_extender.h>

namespace lemon {

  class SmartDigraph;

  class SmartDigraphBase {
  protected:

    struct NodeT
    {
      int first_in, first_out;
      NodeT() {}
    };
    struct ArcT
    {
      int target, source, next_in, next_out;
      ArcT() {}
    };

    std::vector<NodeT> nodes;
    std::vector<ArcT> arcs;

  public:

    typedef SmartDigraphBase Digraph;

    class Node;
    class Arc;

  public:

    SmartDigraphBase() : nodes(), arcs() { }
    SmartDigraphBase(const SmartDigraphBase &_g)
      : nodes(_g.nodes), arcs(_g.arcs) { }

    typedef True NodeNumTag;
    typedef True ArcNumTag;

    int nodeNum() const { return nodes.size(); }
    int arcNum() const { return arcs.size(); }

    int maxNodeId() const { return nodes.size()-1; }
    int maxArcId() const { return arcs.size()-1; }

    Node addNode() {
      int n = nodes.size();
      nodes.push_back(NodeT());
      nodes[n].first_in = -1;
      nodes[n].first_out = -1;
      return Node(n);
    }

    Arc addArc(Node u, Node v) {
      int n = arcs.size();
      arcs.push_back(ArcT());
      arcs[n].source = u._id;
      arcs[n].target = v._id;
      arcs[n].next_out = nodes[u._id].first_out;
      arcs[n].next_in = nodes[v._id].first_in;
      nodes[u._id].first_out = nodes[v._id].first_in = n;

      return Arc(n);
    }

    void clear() {
      arcs.clear();
      nodes.clear();
    }

    Node source(Arc a) const { return Node(arcs[a._id].source); }
    Node target(Arc a) const { return Node(arcs[a._id].target); }

    static int id(Node v) { return v._id; }
    static int id(Arc a) { return a._id; }

    static Node nodeFromId(int id) { return Node(id);}
    static Arc arcFromId(int id) { return Arc(id);}

    bool valid(Node n) const {
      return n._id >= 0 && n._id < static_cast<int>(nodes.size());
    }
    bool valid(Arc a) const {
      return a._id >= 0 && a._id < static_cast<int>(arcs.size());
    }

    class Node {
      friend class SmartDigraphBase;
      friend class SmartDigraph;

    protected:
      int _id;
      explicit Node(int id) : _id(id) {}
    public:
      Node() {}
      Node (Invalid) : _id(-1) {}
      bool operator==(const Node i) const {return _id == i._id;}
      bool operator!=(const Node i) const {return _id != i._id;}
      bool operator<(const Node i) const {return _id < i._id;}
    };


    class Arc {
      friend class SmartDigraphBase;
      friend class SmartDigraph;

    protected:
      int _id;
      explicit Arc(int id) : _id(id) {}
    public:
      Arc() { }
      Arc (Invalid) : _id(-1) {}
      bool operator==(const Arc i) const {return _id == i._id;}
      bool operator!=(const Arc i) const {return _id != i._id;}
      bool operator<(const Arc i) const {return _id < i._id;}
    };

    void first(Node& node) const {
      node._id = nodes.size() - 1;
    }

    static void next(Node& node) {
      --node._id;
    }

    void first(Arc& arc) const {
      arc._id = arcs.size() - 1;
    }

    static void next(Arc& arc) {
      --arc._id;
    }

    void firstOut(Arc& arc, const Node& node) const {
      arc._id = nodes[node._id].first_out;
    }

    void nextOut(Arc& arc) const {
      arc._id = arcs[arc._id].next_out;
    }

    void firstIn(Arc& arc, const Node& node) const {
      arc._id = nodes[node._id].first_in;
    }

    void nextIn(Arc& arc) const {
      arc._id = arcs[arc._id].next_in;
    }

  };

  typedef DigraphExtender<SmartDigraphBase> ExtendedSmartDigraphBase;

  ///\ingroup graphs
  ///
  ///\brief A smart directed graph class.
  ///
  ///\ref SmartDigraph is a simple and fast digraph implementation.
  ///It is also quite memory efficient but at the price
  ///that it does not support node and arc deletion
  ///(except for the Snapshot feature).
  ///
  ///This type fully conforms to the \ref concepts::Digraph "Digraph concept"
  ///and it also provides some additional functionalities.
  ///Most of its member functions and nested classes are documented
  ///only in the concept class.
  ///
  ///This class provides constant time counting for nodes and arcs.
  ///
  ///\sa concepts::Digraph
  ///\sa SmartGraph
  class SmartDigraph : public ExtendedSmartDigraphBase {
    typedef ExtendedSmartDigraphBase Parent;

  private:
    /// Digraphs are \e not copy constructible. Use DigraphCopy instead.
    SmartDigraph(const SmartDigraph &) : ExtendedSmartDigraphBase() {};
    /// \brief Assignment of a digraph to another one is \e not allowed.
    /// Use DigraphCopy instead.
    void operator=(const SmartDigraph &) {}

  public:

    /// Constructor

    /// Constructor.
    ///
    SmartDigraph() {};

    ///Add a new node to the digraph.

    ///This function adds a new node to the digraph.
    ///\return The new node.
    Node addNode() { return Parent::addNode(); }

    ///Add a new arc to the digraph.

    ///This function adds a new arc to the digraph with source node \c s
    ///and target node \c t.
    ///\return The new arc.
    Arc addArc(Node s, Node t) {
      return Parent::addArc(s, t);
    }

    /// \brief Node validity check
    ///
    /// This function gives back \c true if the given node is valid,
    /// i.e. it is a real node of the digraph.
    ///
    /// \warning A removed node (using Snapshot) could become valid again
    /// if new nodes are added to the digraph.
    bool valid(Node n) const { return Parent::valid(n); }

    /// \brief Arc validity check
    ///
    /// This function gives back \c true if the given arc is valid,
    /// i.e. it is a real arc of the digraph.
    ///
    /// \warning A removed arc (using Snapshot) could become valid again
    /// if new arcs are added to the graph.
    bool valid(Arc a) const { return Parent::valid(a); }

    ///Split a node.

    ///This function splits the given node. First, a new node is added
    ///to the digraph, then the source of each outgoing arc of node \c n
    ///is moved to this new node.
    ///If the second parameter \c connect is \c true (this is the default
    ///value), then a new arc from node \c n to the newly created node
    ///is also added.
    ///\return The newly created node.
    ///
    ///\note All iterators remain valid.
    ///
    ///\warning This functionality cannot be used together with the Snapshot
    ///feature.
    Node split(Node n, bool connect = true)
    {
      Node b = addNode();
      nodes[b._id].first_out=nodes[n._id].first_out;
      nodes[n._id].first_out=-1;
      for(int i=nodes[b._id].first_out; i!=-1; i=arcs[i].next_out) {
        arcs[i].source=b._id;
      }
      if(connect) addArc(n,b);
      return b;
    }

    ///Clear the digraph.

    ///This function erases all nodes and arcs from the digraph.
    ///
    void clear() {
      Parent::clear();
    }

    /// Reserve memory for nodes.

    /// Using this function, it is possible to avoid superfluous memory
    /// allocation: if you know that the digraph you want to build will
    /// be large (e.g. it will contain millions of nodes and/or arcs),
    /// then it is worth reserving space for this amount before starting
    /// to build the digraph.
    /// \sa reserveArc()
    void reserveNode(int n) { nodes.reserve(n); };

    /// Reserve memory for arcs.

    /// Using this function, it is possible to avoid superfluous memory
    /// allocation: if you know that the digraph you want to build will
    /// be large (e.g. it will contain millions of nodes and/or arcs),
    /// then it is worth reserving space for this amount before starting
    /// to build the digraph.
    /// \sa reserveNode()
    void reserveArc(int m) { arcs.reserve(m); };

  public:

    class Snapshot;

  protected:

    void restoreSnapshot(const Snapshot &s)
    {
      while(s.arc_num<arcs.size()) {
        Arc arc = arcFromId(arcs.size()-1);
        Parent::notifier(Arc()).erase(arc);
        nodes[arcs.back().source].first_out=arcs.back().next_out;
        nodes[arcs.back().target].first_in=arcs.back().next_in;
        arcs.pop_back();
      }
      while(s.node_num<nodes.size()) {
        Node node = nodeFromId(nodes.size()-1);
        Parent::notifier(Node()).erase(node);
        nodes.pop_back();
      }
    }

  public:

    ///Class to make a snapshot of the digraph and to restore it later.

    ///Class to make a snapshot of the digraph and to restore it later.
    ///
    ///The newly added nodes and arcs can be removed using the
    ///restore() function. This is the only way for deleting nodes and/or
    ///arcs from a SmartDigraph structure.
    ///
    ///\note After a state is restored, you cannot restore a later state,
    ///i.e. you cannot add the removed nodes and arcs again using
    ///another Snapshot instance.
    ///
    ///\warning Node splitting cannot be restored.
    ///\warning The validity of the snapshot is not stored due to
    ///performance reasons. If you do not use the snapshot correctly,
    ///it can cause broken program, invalid or not restored state of
    ///the digraph or no change.
    class Snapshot
    {
      SmartDigraph *_graph;
    protected:
      friend class SmartDigraph;
      unsigned int node_num;
      unsigned int arc_num;
    public:
      ///Default constructor.

      ///Default constructor.
      ///You have to call save() to actually make a snapshot.
      Snapshot() : _graph(0) {}
      ///Constructor that immediately makes a snapshot

      ///This constructor immediately makes a snapshot of the given digraph.
      ///
      Snapshot(SmartDigraph &gr) : _graph(&gr) {
        node_num=_graph->nodes.size();
        arc_num=_graph->arcs.size();
      }

      ///Make a snapshot.

      ///This function makes a snapshot of the given digraph.
      ///It can be called more than once. In case of a repeated
      ///call, the previous snapshot gets lost.
      void save(SmartDigraph &gr) {
        _graph=&gr;
        node_num=_graph->nodes.size();
        arc_num=_graph->arcs.size();
      }

      ///Undo the changes until a snapshot.

      ///This function undos the changes until the last snapshot
      ///created by save() or Snapshot(SmartDigraph&).
      void restore()
      {
        _graph->restoreSnapshot(*this);
      }
    };
  };


  class SmartGraphBase {

  protected:

    struct NodeT {
      int first_out;
    };

    struct ArcT {
      int target;
      int next_out;
    };

    std::vector<NodeT> nodes;
    std::vector<ArcT> arcs;

    int first_free_arc;

  public:

    typedef SmartGraphBase Graph;

    class Node;
    class Arc;
    class Edge;

    class Node {
      friend class SmartGraphBase;
    protected:

      int _id;
      explicit Node(int id) { _id = id;}

    public:
      Node() {}
      Node (Invalid) { _id = -1; }
      bool operator==(const Node& node) const {return _id == node._id;}
      bool operator!=(const Node& node) const {return _id != node._id;}
      bool operator<(const Node& node) const {return _id < node._id;}
    };

    class Edge {
      friend class SmartGraphBase;
    protected:

      int _id;
      explicit Edge(int id) { _id = id;}

    public:
      Edge() {}
      Edge (Invalid) { _id = -1; }
      bool operator==(const Edge& arc) const {return _id == arc._id;}
      bool operator!=(const Edge& arc) const {return _id != arc._id;}
      bool operator<(const Edge& arc) const {return _id < arc._id;}
    };

    class Arc {
      friend class SmartGraphBase;
    protected:

      int _id;
      explicit Arc(int id) { _id = id;}

    public:
      operator Edge() const {
        return _id != -1 ? edgeFromId(_id / 2) : INVALID;
      }

      Arc() {}
      Arc (Invalid) { _id = -1; }
      bool operator==(const Arc& arc) const {return _id == arc._id;}
      bool operator!=(const Arc& arc) const {return _id != arc._id;}
      bool operator<(const Arc& arc) const {return _id < arc._id;}
    };



    SmartGraphBase()
      : nodes(), arcs() {}

    typedef True NodeNumTag;
    typedef True EdgeNumTag;
    typedef True ArcNumTag;

    int nodeNum() const { return nodes.size(); }
    int edgeNum() const { return arcs.size() / 2; }
    int arcNum() const { return arcs.size(); }

    int maxNodeId() const { return nodes.size()-1; }
    int maxEdgeId() const { return arcs.size() / 2 - 1; }
    int maxArcId() const { return arcs.size()-1; }

    Node source(Arc e) const { return Node(arcs[e._id ^ 1].target); }
    Node target(Arc e) const { return Node(arcs[e._id].target); }

    Node u(Edge e) const { return Node(arcs[2 * e._id].target); }
    Node v(Edge e) const { return Node(arcs[2 * e._id + 1].target); }

    static bool direction(Arc e) {
      return (e._id & 1) == 1;
    }

    static Arc direct(Edge e, bool d) {
      return Arc(e._id * 2 + (d ? 1 : 0));
    }

    void first(Node& node) const {
      node._id = nodes.size() - 1;
    }

    static void next(Node& node) {
      --node._id;
    }

    void first(Arc& arc) const {
      arc._id = arcs.size() - 1;
    }

    static void next(Arc& arc) {
      --arc._id;
    }

    void first(Edge& arc) const {
      arc._id = arcs.size() / 2 - 1;
    }

    static void next(Edge& arc) {
      --arc._id;
    }

    void firstOut(Arc &arc, const Node& v) const {
      arc._id = nodes[v._id].first_out;
    }
    void nextOut(Arc &arc) const {
      arc._id = arcs[arc._id].next_out;
    }

    void firstIn(Arc &arc, const Node& v) const {
      arc._id = ((nodes[v._id].first_out) ^ 1);
      if (arc._id == -2) arc._id = -1;
    }
    void nextIn(Arc &arc) const {
      arc._id = ((arcs[arc._id ^ 1].next_out) ^ 1);
      if (arc._id == -2) arc._id = -1;
    }

    void firstInc(Edge &arc, bool& d, const Node& v) const {
      int de = nodes[v._id].first_out;
      if (de != -1) {
        arc._id = de / 2;
        d = ((de & 1) == 1);
      } else {
        arc._id = -1;
        d = true;
      }
    }
    void nextInc(Edge &arc, bool& d) const {
      int de = (arcs[(arc._id * 2) | (d ? 1 : 0)].next_out);
      if (de != -1) {
        arc._id = de / 2;
        d = ((de & 1) == 1);
      } else {
        arc._id = -1;
        d = true;
      }
    }

    static int id(Node v) { return v._id; }
    static int id(Arc e) { return e._id; }
    static int id(Edge e) { return e._id; }

    static Node nodeFromId(int id) { return Node(id);}
    static Arc arcFromId(int id) { return Arc(id);}
    static Edge edgeFromId(int id) { return Edge(id);}

    bool valid(Node n) const {
      return n._id >= 0 && n._id < static_cast<int>(nodes.size());
    }
    bool valid(Arc a) const {
      return a._id >= 0 && a._id < static_cast<int>(arcs.size());
    }
    bool valid(Edge e) const {
      return e._id >= 0 && 2 * e._id < static_cast<int>(arcs.size());
    }

    Node addNode() {
      int n = nodes.size();
      nodes.push_back(NodeT());
      nodes[n].first_out = -1;

      return Node(n);
    }

    Edge addEdge(Node u, Node v) {
      int n = arcs.size();
      arcs.push_back(ArcT());
      arcs.push_back(ArcT());

      arcs[n].target = u._id;
      arcs[n | 1].target = v._id;

      arcs[n].next_out = nodes[v._id].first_out;
      nodes[v._id].first_out = n;

      arcs[n | 1].next_out = nodes[u._id].first_out;
      nodes[u._id].first_out = (n | 1);

      return Edge(n / 2);
    }

    void clear() {
      arcs.clear();
      nodes.clear();
    }

  };

  typedef GraphExtender<SmartGraphBase> ExtendedSmartGraphBase;

  /// \ingroup graphs
  ///
  /// \brief A smart undirected graph class.
  ///
  /// \ref SmartGraph is a simple and fast graph implementation.
  /// It is also quite memory efficient but at the price
  /// that it does not support node and edge deletion
  /// (except for the Snapshot feature).
  ///
  /// This type fully conforms to the \ref concepts::Graph "Graph concept"
  /// and it also provides some additional functionalities.
  /// Most of its member functions and nested classes are documented
  /// only in the concept class.
  ///
  /// This class provides constant time counting for nodes, edges and arcs.
  ///
  /// \sa concepts::Graph
  /// \sa SmartDigraph
  class SmartGraph : public ExtendedSmartGraphBase {
    typedef ExtendedSmartGraphBase Parent;

  private:
    /// Graphs are \e not copy constructible. Use GraphCopy instead.
    SmartGraph(const SmartGraph &) : ExtendedSmartGraphBase() {};
    /// \brief Assignment of a graph to another one is \e not allowed.
    /// Use GraphCopy instead.
    void operator=(const SmartGraph &) {}

  public:

    /// Constructor

    /// Constructor.
    ///
    SmartGraph() {}

    /// \brief Add a new node to the graph.
    ///
    /// This function adds a new node to the graph.
    /// \return The new node.
    Node addNode() { return Parent::addNode(); }

    /// \brief Add a new edge to the graph.
    ///
    /// This function adds a new edge to the graph between nodes
    /// \c u and \c v with inherent orientation from node \c u to
    /// node \c v.
    /// \return The new edge.
    Edge addEdge(Node u, Node v) {
      return Parent::addEdge(u, v);
    }

    /// \brief Node validity check
    ///
    /// This function gives back \c true if the given node is valid,
    /// i.e. it is a real node of the graph.
    ///
    /// \warning A removed node (using Snapshot) could become valid again
    /// if new nodes are added to the graph.
    bool valid(Node n) const { return Parent::valid(n); }

    /// \brief Edge validity check
    ///
    /// This function gives back \c true if the given edge is valid,
    /// i.e. it is a real edge of the graph.
    ///
    /// \warning A removed edge (using Snapshot) could become valid again
    /// if new edges are added to the graph.
    bool valid(Edge e) const { return Parent::valid(e); }

    /// \brief Arc validity check
    ///
    /// This function gives back \c true if the given arc is valid,
    /// i.e. it is a real arc of the graph.
    ///
    /// \warning A removed arc (using Snapshot) could become valid again
    /// if new edges are added to the graph.
    bool valid(Arc a) const { return Parent::valid(a); }

    ///Clear the graph.

    ///This function erases all nodes and arcs from the graph.
    ///
    void clear() {
      Parent::clear();
    }

    /// Reserve memory for nodes.

    /// Using this function, it is possible to avoid superfluous memory
    /// allocation: if you know that the graph you want to build will
    /// be large (e.g. it will contain millions of nodes and/or edges),
    /// then it is worth reserving space for this amount before starting
    /// to build the graph.
    /// \sa reserveEdge()
    void reserveNode(int n) { nodes.reserve(n); };

    /// Reserve memory for edges.

    /// Using this function, it is possible to avoid superfluous memory
    /// allocation: if you know that the graph you want to build will
    /// be large (e.g. it will contain millions of nodes and/or edges),
    /// then it is worth reserving space for this amount before starting
    /// to build the graph.
    /// \sa reserveNode()
    void reserveEdge(int m) { arcs.reserve(2 * m); };

  public:

    class Snapshot;

  protected:

    void saveSnapshot(Snapshot &s)
    {
      s._graph = this;
      s.node_num = nodes.size();
      s.arc_num = arcs.size();
    }

    void restoreSnapshot(const Snapshot &s)
    {
      while(s.arc_num<arcs.size()) {
        int n=arcs.size()-1;
        Edge arc=edgeFromId(n/2);
        Parent::notifier(Edge()).erase(arc);
        std::vector<Arc> dir;
        dir.push_back(arcFromId(n));
        dir.push_back(arcFromId(n-1));
        Parent::notifier(Arc()).erase(dir);
        nodes[arcs[n-1].target].first_out=arcs[n].next_out;
        nodes[arcs[n].target].first_out=arcs[n-1].next_out;
        arcs.pop_back();
        arcs.pop_back();
      }
      while(s.node_num<nodes.size()) {
        int n=nodes.size()-1;
        Node node = nodeFromId(n);
        Parent::notifier(Node()).erase(node);
        nodes.pop_back();
      }
    }

  public:

    ///Class to make a snapshot of the graph and to restore it later.

    ///Class to make a snapshot of the graph and to restore it later.
    ///
    ///The newly added nodes and edges can be removed using the
    ///restore() function. This is the only way for deleting nodes and/or
    ///edges from a SmartGraph structure.
    ///
    ///\note After a state is restored, you cannot restore a later state,
    ///i.e. you cannot add the removed nodes and edges again using
    ///another Snapshot instance.
    ///
    ///\warning The validity of the snapshot is not stored due to
    ///performance reasons. If you do not use the snapshot correctly,
    ///it can cause broken program, invalid or not restored state of
    ///the graph or no change.
    class Snapshot
    {
      SmartGraph *_graph;
    protected:
      friend class SmartGraph;
      unsigned int node_num;
      unsigned int arc_num;
    public:
      ///Default constructor.

      ///Default constructor.
      ///You have to call save() to actually make a snapshot.
      Snapshot() : _graph(0) {}
      ///Constructor that immediately makes a snapshot

      /// This constructor immediately makes a snapshot of the given graph.
      ///
      Snapshot(SmartGraph &gr) {
        gr.saveSnapshot(*this);
      }

      ///Make a snapshot.

      ///This function makes a snapshot of the given graph.
      ///It can be called more than once. In case of a repeated
      ///call, the previous snapshot gets lost.
      void save(SmartGraph &gr)
      {
        gr.saveSnapshot(*this);
      }

      ///Undo the changes until the last snapshot.

      ///This function undos the changes until the last snapshot
      ///created by save() or Snapshot(SmartGraph&).
      void restore()
      {
        _graph->restoreSnapshot(*this);
      }
    };
  };

} //namespace lemon


#endif //LEMON_SMART_GRAPH_H







lemon/bits/solver_bits.h

/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2010
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_BITS_SOLVER_BITS_H
#define LEMON_BITS_SOLVER_BITS_H

#include <vector>

namespace lemon {

  namespace _solver_bits {

    class VarIndex {
    private:
      struct ItemT {
        int prev, next;
        int index;
      };
      std::vector<ItemT> items;
      int first_item, last_item, first_free_item;

      std::vector<int> cross;

    public:

      VarIndex()
        : first_item(-1), last_item(-1), first_free_item(-1) {
      }

      void clear() {
        first_item = -1;
        first_free_item = -1;
        items.clear();
        cross.clear();
      }

      int addIndex(int idx) {
        int n;
        if (first_free_item == -1) {
          n = items.size();
          items.push_back(ItemT());
        } else {
          n = first_free_item;
          first_free_item = items[n].next;
          if (first_free_item != -1) {
            items[first_free_item].prev = -1;
          }
        }
        items[n].index = idx;
        if (static_cast<int>(cross.size()) <= idx) {
          cross.resize(idx + 1, -1);
        }
        cross[idx] = n;

        items[n].prev = last_item;
        items[n].next = -1;
        if (last_item != -1) {
          items[last_item].next = n;
        } else {
          first_item = n;
        }
        last_item = n;

        return n;
      }

      int addIndex(int idx, int n) {
        while (n >= static_cast<int>(items.size())) {
          items.push_back(ItemT());
          items.back().prev = -1;
          items.back().next = first_free_item;
          if (first_free_item != -1) {
            items[first_free_item].prev = items.size() - 1;
          }
          first_free_item = items.size() - 1;
        }
        if (items[n].next != -1) {
          items[items[n].next].prev = items[n].prev;
        }
        if (items[n].prev != -1) {
          items[items[n].prev].next = items[n].next;
        } else {
          first_free_item = items[n].next;
        }

        items[n].index = idx;
        if (static_cast<int>(cross.size()) <= idx) {
          cross.resize(idx + 1, -1);
        }
        cross[idx] = n;

        items[n].prev = last_item;
        items[n].next = -1;
        if (last_item != -1) {
          items[last_item].next = n;
        } else {
          first_item = n;
        }
        last_item = n;

        return n;
      }

      void eraseIndex(int idx) {
        int n = cross[idx];

        if (items[n].prev != -1) {
          items[items[n].prev].next = items[n].next;
        } else {
          first_item = items[n].next;
        }
        if (items[n].next != -1) {
          items[items[n].next].prev = items[n].prev;
        } else {
          last_item = items[n].prev;
        }

        if (first_free_item != -1) {
          items[first_free_item].prev = n;
        }
        items[n].next = first_free_item;
        items[n].prev = -1;
        first_free_item = n;

        while (!cross.empty() && cross.back() == -1) {
          cross.pop_back();
        }
      }

      int maxIndex() const {
        return cross.size() - 1;
      }

      void shiftIndices(int idx) {
        for (int i = idx + 1; i < static_cast<int>(cross.size()); ++i) {
          cross[i - 1] = cross[i];
          if (cross[i] != -1) {
            --items[cross[i]].index;
          }
        }
        cross.back() = -1;
        cross.pop_back();
        while (!cross.empty() && cross.back() == -1) {
          cross.pop_back();
        }
      }

      void relocateIndex(int idx, int jdx) {
        cross[idx] = cross[jdx];
        items[cross[jdx]].index = idx;
        cross[jdx] = -1;

        while (!cross.empty() && cross.back() == -1) {
          cross.pop_back();
        }
      }

      int operator[](int idx) const {
        return cross[idx];
      }

      int operator()(int fdx) const {
        return items[fdx].index;
      }

      void firstItem(int& fdx) const {
        fdx = first_item;
      }

      void nextItem(int& fdx) const {
        fdx = items[fdx].next;
      }

    };
  }
}

#endif







lemon/soplex.h

/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2010
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_SOPLEX_H
#define LEMON_SOPLEX_H

///\file
///\brief Header of the LEMON-SOPLEX lp solver interface.

#include <vector>
#include <string>

#include <lemon/lp_base.h>

// Forward declaration
namespace soplex {
  class SoPlex;
}

namespace lemon {

  /// \ingroup lp_group
  ///
  /// \brief Interface for the SOPLEX solver
  ///
  /// This class implements an interface for the SoPlex LP solver.
  /// The SoPlex library is an object oriented lp solver library
  /// developed at the Konrad-Zuse-Zentrum für Informationstechnik
  /// Berlin (ZIB). You can find detailed information about it at the
  /// <tt>http://soplex.zib.de</tt> address.
  class SoplexLp : public LpSolver {
  private:

    soplex::SoPlex* soplex;

    std::vector<std::string> _col_names;
    std::map<std::string, int> _col_names_ref;

    std::vector<std::string> _row_names;
    std::map<std::string, int> _row_names_ref;

  private:

    // these values cannot be retrieved element by element
    mutable std::vector<Value> _primal_values;
    mutable std::vector<Value> _dual_values;

    mutable std::vector<Value> _primal_ray;
    mutable std::vector<Value> _dual_ray;

    void _clear_temporals();

  public:

    /// \e
    SoplexLp();
    /// \e
    SoplexLp(const SoplexLp&);
    /// \e
    ~SoplexLp();
    /// \e
    virtual SoplexLp* newSolver() const;
    /// \e
    virtual SoplexLp* cloneSolver() const;

  protected:

    virtual const char* _solverName() const;

    virtual int _addCol();
    virtual int _addRow();
    virtual int _addRow(Value l, ExprIterator b, ExprIterator e, Value u);

    virtual void _eraseCol(int i);
    virtual void _eraseRow(int i);

    virtual void _eraseColId(int i);
    virtual void _eraseRowId(int i);

    virtual void _getColName(int col, std::string& name) const;
    virtual void _setColName(int col, const std::string& name);
    virtual int _colByName(const std::string& name) const;

    virtual void _getRowName(int row, std::string& name) const;
    virtual void _setRowName(int row, const std::string& name);
    virtual int _rowByName(const std::string& name) const;

    virtual void _setRowCoeffs(int i, ExprIterator b, ExprIterator e);
    virtual void _getRowCoeffs(int i, InsertIterator b) const;

    virtual void _setColCoeffs(int i, ExprIterator b, ExprIterator e);
    virtual void _getColCoeffs(int i, InsertIterator b) const;

    virtual void _setCoeff(int row, int col, Value value);
    virtual Value _getCoeff(int row, int col) const;

    virtual void _setColLowerBound(int i, Value value);
    virtual Value _getColLowerBound(int i) const;
    virtual void _setColUpperBound(int i, Value value);
    virtual Value _getColUpperBound(int i) const;

    virtual void _setRowLowerBound(int i, Value value);
    virtual Value _getRowLowerBound(int i) const;
    virtual void _setRowUpperBound(int i, Value value);
    virtual Value _getRowUpperBound(int i) const;

    virtual void _setObjCoeffs(ExprIterator b, ExprIterator e);
    virtual void _getObjCoeffs(InsertIterator b) const;

    virtual void _setObjCoeff(int i, Value obj_coef);
    virtual Value _getObjCoeff(int i) const;

    virtual void _setSense(Sense sense);
    virtual Sense _getSense() const;

    virtual SolveExitStatus _solve();
    virtual Value _getPrimal(int i) const;
    virtual Value _getDual(int i) const;

    virtual Value _getPrimalValue() const;

    virtual Value _getPrimalRay(int i) const;
    virtual Value _getDualRay(int i) const;

    virtual VarStatus _getColStatus(int i) const;
    virtual VarStatus _getRowStatus(int i) const;

    virtual ProblemType _getPrimalType() const;
    virtual ProblemType _getDualType() const;

    virtual void _clear();

    void _messageLevel(MessageLevel m);
    void _applyMessageLevel();

    int _message_level;

  };

} //END OF NAMESPACE LEMON

#endif //LEMON_SOPLEX_H








lemon/static_graph.h

/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2010
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_STATIC_GRAPH_H
#define LEMON_STATIC_GRAPH_H

///\ingroup graphs
///\file
///\brief StaticDigraph class.

#include <lemon/core.h>
#include <lemon/bits/graph_extender.h>

namespace lemon {

  class StaticDigraphBase {
  public:

    StaticDigraphBase()
      : built(false), node_num(0), arc_num(0),
        node_first_out(NULL), node_first_in(NULL),
        arc_source(NULL), arc_target(NULL),
        arc_next_in(NULL), arc_next_out(NULL) {}

    ~StaticDigraphBase() {
      if (built) {
        delete[] node_first_out;
        delete[] node_first_in;
        delete[] arc_source;
        delete[] arc_target;
        delete[] arc_next_out;
        delete[] arc_next_in;
      }
    }

    class Node {
      friend class StaticDigraphBase;
    protected:
      int id;
      Node(int _id) : id(_id) {}
    public:
      Node() {}
      Node (Invalid) : id(-1) {}
      bool operator==(const Node& node) const { return id == node.id; }
      bool operator!=(const Node& node) const { return id != node.id; }
      bool operator<(const Node& node) const { return id < node.id; }
    };

    class Arc {
      friend class StaticDigraphBase;
    protected:
      int id;
      Arc(int _id) : id(_id) {}
    public:
      Arc() { }
      Arc (Invalid) : id(-1) {}
      bool operator==(const Arc& arc) const { return id == arc.id; }
      bool operator!=(const Arc& arc) const { return id != arc.id; }
      bool operator<(const Arc& arc) const { return id < arc.id; }
    };

    Node source(const Arc& e) const { return Node(arc_source[e.id]); }
    Node target(const Arc& e) const { return Node(arc_target[e.id]); }

    void first(Node& n) const { n.id = node_num - 1; }
    static void next(Node& n) { --n.id; }

    void first(Arc& e) const { e.id = arc_num - 1; }
    static void next(Arc& e) { --e.id; }

    void firstOut(Arc& e, const Node& n) const {
      e.id = node_first_out[n.id] != node_first_out[n.id + 1] ?
        node_first_out[n.id] : -1;
    }
    void nextOut(Arc& e) const { e.id = arc_next_out[e.id]; }

    void firstIn(Arc& e, const Node& n) const { e.id = node_first_in[n.id]; }
    void nextIn(Arc& e) const { e.id = arc_next_in[e.id]; }

    static int id(const Node& n) { return n.id; }
    static Node nodeFromId(int id) { return Node(id); }
    int maxNodeId() const { return node_num - 1; }

    static int id(const Arc& e) { return e.id; }
    static Arc arcFromId(int id) { return Arc(id); }
    int maxArcId() const { return arc_num - 1; }

    typedef True NodeNumTag;
    typedef True ArcNumTag;

    int nodeNum() const { return node_num; }
    int arcNum() const { return arc_num; }

  private:

    template <typename Digraph, typename NodeRefMap>
    class ArcLess {
    public:
      typedef typename Digraph::Arc Arc;

      ArcLess(const Digraph &_graph, const NodeRefMap& _nodeRef)
        : digraph(_graph), nodeRef(_nodeRef) {}

      bool operator()(const Arc& left, const Arc& right) const {
        return nodeRef[digraph.target(left)] < nodeRef[digraph.target(right)];
      }
    private:
      const Digraph& digraph;
      const NodeRefMap& nodeRef;
    };

  public:

    typedef True BuildTag;

    void clear() {
      if (built) {
        delete[] node_first_out;
        delete[] node_first_in;
        delete[] arc_source;
        delete[] arc_target;
        delete[] arc_next_out;
        delete[] arc_next_in;
      }
      built = false;
      node_num = 0;
      arc_num = 0;
    }

    template <typename Digraph, typename NodeRefMap, typename ArcRefMap>
    void build(const Digraph& digraph, NodeRefMap& nodeRef, ArcRefMap& arcRef) {
      typedef typename Digraph::Node GNode;
      typedef typename Digraph::Arc GArc;

      built = true;

      node_num = countNodes(digraph);
      arc_num = countArcs(digraph);

      node_first_out = new int[node_num + 1];
      node_first_in = new int[node_num];

      arc_source = new int[arc_num];
      arc_target = new int[arc_num];
      arc_next_out = new int[arc_num];
      arc_next_in = new int[arc_num];

      int node_index = 0;
      for (typename Digraph::NodeIt n(digraph); n != INVALID; ++n) {
        nodeRef[n] = Node(node_index);
        node_first_in[node_index] = -1;
        ++node_index;
      }

      ArcLess<Digraph, NodeRefMap> arcLess(digraph, nodeRef);

      int arc_index = 0;
      for (typename Digraph::NodeIt n(digraph); n != INVALID; ++n) {
        int source = nodeRef[n].id;
        std::vector<GArc> arcs;
        for (typename Digraph::OutArcIt e(digraph, n); e != INVALID; ++e) {
          arcs.push_back(e);
        }
        if (!arcs.empty()) {
          node_first_out[source] = arc_index;
          std::sort(arcs.begin(), arcs.end(), arcLess);
          for (typename std::vector<GArc>::iterator it = arcs.begin();
               it != arcs.end(); ++it) {
            int target = nodeRef[digraph.target(*it)].id;
            arcRef[*it] = Arc(arc_index);
            arc_source[arc_index] = source;
            arc_target[arc_index] = target;
            arc_next_in[arc_index] = node_first_in[target];
            node_first_in[target] = arc_index;
            arc_next_out[arc_index] = arc_index + 1;
            ++arc_index;
          }
          arc_next_out[arc_index - 1] = -1;
        } else {
          node_first_out[source] = arc_index;
        }
      }
      node_first_out[node_num] = arc_num;
    }

    template <typename ArcListIterator>
    void build(int n, ArcListIterator first, ArcListIterator last) {
      built = true;

      node_num = n;
      arc_num = std::distance(first, last);

      node_first_out = new int[node_num + 1];
      node_first_in = new int[node_num];

      arc_source = new int[arc_num];
      arc_target = new int[arc_num];
      arc_next_out = new int[arc_num];
      arc_next_in = new int[arc_num];

      for (int i = 0; i != node_num; ++i) {
        node_first_in[i] = -1;
      }

      int arc_index = 0;
      for (int i = 0; i != node_num; ++i) {
        node_first_out[i] = arc_index;
        for ( ; first != last && (*first).first == i; ++first) {
          int j = (*first).second;
          LEMON_ASSERT(j >= 0 && j < node_num,
            "Wrong arc list for StaticDigraph::build()");
          arc_source[arc_index] = i;
          arc_target[arc_index] = j;
          arc_next_in[arc_index] = node_first_in[j];
          node_first_in[j] = arc_index;
          arc_next_out[arc_index] = arc_index + 1;
          ++arc_index;
        }
        if (arc_index > node_first_out[i])
          arc_next_out[arc_index - 1] = -1;
      }
      LEMON_ASSERT(first == last,
        "Wrong arc list for StaticDigraph::build()");
      node_first_out[node_num] = arc_num;
    }

  protected:

    void fastFirstOut(Arc& e, const Node& n) const {
      e.id = node_first_out[n.id];
    }

    static void fastNextOut(Arc& e) {
      ++e.id;
    }
    void fastLastOut(Arc& e, const Node& n) const {
      e.id = node_first_out[n.id + 1];
    }

  protected:
    bool built;
    int node_num;
    int arc_num;
    int *node_first_out;
    int *node_first_in;
    int *arc_source;
    int *arc_target;
    int *arc_next_in;
    int *arc_next_out;
  };

  typedef DigraphExtender<StaticDigraphBase> ExtendedStaticDigraphBase;


  /// \ingroup graphs
  ///
  /// \brief A static directed graph class.
  ///
  /// \ref StaticDigraph is a highly efficient digraph implementation,
  /// but it is fully static.
  /// It stores only two \c int values for each node and only four \c int
  /// values for each arc. Moreover it provides faster item iteration than
  /// \ref ListDigraph and \ref SmartDigraph, especially using \c OutArcIt
  /// iterators, since its arcs are stored in an appropriate order.
  /// However it only provides build() and clear() functions and does not
  /// support any other modification of the digraph.
  ///
  /// Since this digraph structure is completely static, its nodes and arcs
  /// can be indexed with integers from the ranges <tt>[0..nodeNum()-1]</tt>
  /// and <tt>[0..arcNum()-1]</tt>, respectively.
  /// The index of an item is the same as its ID, it can be obtained
  /// using the corresponding \ref index() or \ref concepts::Digraph::id()
  /// "id()" function. A node or arc with a certain index can be obtained
  /// using node() or arc().
  ///
  /// This type fully conforms to the \ref concepts::Digraph "Digraph concept".
  /// Most of its member functions and nested classes are documented
  /// only in the concept class.
  ///
  /// This class provides constant time counting for nodes and arcs.
  ///
  /// \sa concepts::Digraph
  class StaticDigraph : public ExtendedStaticDigraphBase {
  public:

    typedef ExtendedStaticDigraphBase Parent;

  public:

    /// \brief Constructor
    ///
    /// Default constructor.
    StaticDigraph() : Parent() {}

    /// \brief The node with the given index.
    ///
    /// This function returns the node with the given index.
    /// \sa index()
    static Node node(int ix) { return Parent::nodeFromId(ix); }

    /// \brief The arc with the given index.
    ///
    /// This function returns the arc with the given index.
    /// \sa index()
    static Arc arc(int ix) { return Parent::arcFromId(ix); }

    /// \brief The index of the given node.
    ///
    /// This function returns the index of the the given node.
    /// \sa node()
    static int index(Node node) { return Parent::id(node); }

    /// \brief The index of the given arc.
    ///
    /// This function returns the index of the the given arc.
    /// \sa arc()
    static int index(Arc arc) { return Parent::id(arc); }

    /// \brief Number of nodes.
    ///
    /// This function returns the number of nodes.
    int nodeNum() const { return node_num; }

    /// \brief Number of arcs.
    ///
    /// This function returns the number of arcs.
    int arcNum() const { return arc_num; }

    /// \brief Build the digraph copying another digraph.
    ///
    /// This function builds the digraph copying another digraph of any
    /// kind. It can be called more than once, but in such case, the whole
    /// structure and all maps will be cleared and rebuilt.
    ///
    /// This method also makes possible to copy a digraph to a StaticDigraph
    /// structure using \ref DigraphCopy.
    ///
    /// \param digraph An existing digraph to be copied.
    /// \param nodeRef The node references will be copied into this map.
    /// Its key type must be \c Digraph::Node and its value type must be
    /// \c StaticDigraph::Node.
    /// It must conform to the \ref concepts::ReadWriteMap "ReadWriteMap"
    /// concept.
    /// \param arcRef The arc references will be copied into this map.
    /// Its key type must be \c Digraph::Arc and its value type must be
    /// \c StaticDigraph::Arc.
    /// It must conform to the \ref concepts::WriteMap "WriteMap" concept.
    ///
    /// \note If you do not need the arc references, then you could use
    /// \ref NullMap for the last parameter. However the node references
    /// are required by the function itself, thus they must be readable
    /// from the map.
    template <typename Digraph, typename NodeRefMap, typename ArcRefMap>
    void build(const Digraph& digraph, NodeRefMap& nodeRef, ArcRefMap& arcRef) {
      if (built) Parent::clear();
      Parent::build(digraph, nodeRef, arcRef);
    }

    /// \brief Build the digraph from an arc list.
    ///
    /// This function builds the digraph from the given arc list.
    /// It can be called more than once, but in such case, the whole
    /// structure and all maps will be cleared and rebuilt.
    ///
    /// The list of the arcs must be given in the range <tt>[begin, end)</tt>
    /// specified by STL compatible itartors whose \c value_type must be
    /// <tt>std::pair<int,int></tt>.
    /// Each arc must be specified by a pair of integer indices
    /// from the range <tt>[0..n-1]</tt>. <i>The pairs must be in a
    /// non-decreasing order with respect to their first values.</i>
    /// If the k-th pair in the list is <tt>(i,j)</tt>, then
    /// <tt>arc(k-1)</tt> will connect <tt>node(i)</tt> to <tt>node(j)</tt>.
    ///
    /// \param n The number of nodes.
    /// \param begin An iterator pointing to the beginning of the arc list.
    /// \param end An iterator pointing to the end of the arc list.
    ///
    /// For example, a simple digraph can be constructed like this.
    /// \code
    ///   std::vector<std::pair<int,int> > arcs;
    ///   arcs.push_back(std::make_pair(0,1));
    ///   arcs.push_back(std::make_pair(0,2));
    ///   arcs.push_back(std::make_pair(1,3));
    ///   arcs.push_back(std::make_pair(1,2));
    ///   arcs.push_back(std::make_pair(3,0));
    ///   StaticDigraph gr;
    ///   gr.build(4, arcs.begin(), arcs.end());
    /// \endcode
    template <typename ArcListIterator>
    void build(int n, ArcListIterator begin, ArcListIterator end) {
      if (built) Parent::clear();
      StaticDigraphBase::build(n, begin, end);
      notifier(Node()).build();
      notifier(Arc()).build();
    }

    /// \brief Clear the digraph.
    ///
    /// This function erases all nodes and arcs from the digraph.
    void clear() {
      Parent::clear();
    }

  protected:

    using Parent::fastFirstOut;
    using Parent::fastNextOut;
    using Parent::fastLastOut;

  public:

    class OutArcIt : public Arc {
    public:

      OutArcIt() { }

      OutArcIt(Invalid i) : Arc(i) { }

      OutArcIt(const StaticDigraph& digraph, const Node& node) {
        digraph.fastFirstOut(*this, node);
        digraph.fastLastOut(last, node);
        if (last == *this) *this = INVALID;
      }

      OutArcIt(const StaticDigraph& digraph, const Arc& arc) : Arc(arc) {
        if (arc != INVALID) {
          digraph.fastLastOut(last, digraph.source(arc));
        }
      }

      OutArcIt& operator++() {
        StaticDigraph::fastNextOut(*this);
        if (last == *this) *this = INVALID;
        return *this;
      }

    private:
      Arc last;
    };

    Node baseNode(const OutArcIt &arc) const {
      return Parent::source(static_cast<const Arc&>(arc));
    }

    Node runningNode(const OutArcIt &arc) const {
      return Parent::target(static_cast<const Arc&>(arc));
    }

    Node baseNode(const InArcIt &arc) const {
      return Parent::target(static_cast<const Arc&>(arc));
    }

    Node runningNode(const InArcIt &arc) const {
      return Parent::source(static_cast<const Arc&>(arc));
    }

  };

}

#endif
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#ifndef LEMON_SUURBALLE_H
#define LEMON_SUURBALLE_H

///\ingroup shortest_path
///\file
///\brief An algorithm for finding arc-disjoint paths between two
/// nodes having minimum total length.

#include <vector>
#include <limits>
#include <lemon/bin_heap.h>
#include <lemon/path.h>
#include <lemon/list_graph.h>
#include <lemon/dijkstra.h>
#include <lemon/maps.h>

namespace lemon {

  /// \brief Default traits class of Suurballe algorithm.
  ///
  /// Default traits class of Suurballe algorithm.
  /// \tparam GR The digraph type the algorithm runs on.
  /// \tparam LEN The type of the length map.
  /// The default value is <tt>GR::ArcMap<int></tt>.
#ifdef DOXYGEN
  template <typename GR, typename LEN>
#else
  template < typename GR,
             typename LEN = typename GR::template ArcMap<int> >
#endif
  struct SuurballeDefaultTraits
  {
    /// The type of the digraph.
    typedef GR Digraph;
    /// The type of the length map.
    typedef LEN LengthMap;
    /// The type of the lengths.
    typedef typename LEN::Value Length;
    /// The type of the flow map.
    typedef typename GR::template ArcMap<int> FlowMap;
    /// The type of the potential map.
    typedef typename GR::template NodeMap<Length> PotentialMap;

    /// \brief The path type
    ///
    /// The type used for storing the found arc-disjoint paths.
    /// It must conform to the \ref lemon::concepts::Path "Path" concept
    /// and it must have an \c addBack() function.
    typedef lemon::Path<Digraph> Path;

    /// The cross reference type used for the heap.
    typedef typename GR::template NodeMap<int> HeapCrossRef;

    /// \brief The heap type used for internal Dijkstra computations.
    ///
    /// The type of the heap used for internal Dijkstra computations.
    /// It must conform to the \ref lemon::concepts::Heap "Heap" concept
    /// and its priority type must be \c Length.
    typedef BinHeap<Length, HeapCrossRef> Heap;
  };

  /// \addtogroup shortest_path
  /// @{

  /// \brief Algorithm for finding arc-disjoint paths between two nodes
  /// having minimum total length.
  ///
  /// \ref lemon::Suurballe "Suurballe" implements an algorithm for
  /// finding arc-disjoint paths having minimum total length (cost)
  /// from a given source node to a given target node in a digraph.
  ///
  /// Note that this problem is a special case of the \ref min_cost_flow
  /// "minimum cost flow problem". This implementation is actually an
  /// efficient specialized version of the \ref CapacityScaling
  /// "successive shortest path" algorithm directly for this problem.
  /// Therefore this class provides query functions for flow values and
  /// node potentials (the dual solution) just like the minimum cost flow
  /// algorithms.
  ///
  /// \tparam GR The digraph type the algorithm runs on.
  /// \tparam LEN The type of the length map.
  /// The default value is <tt>GR::ArcMap<int></tt>.
  ///
  /// \warning Length values should be \e non-negative.
  ///
  /// \note For finding \e node-disjoint paths, this algorithm can be used
  /// along with the \ref SplitNodes adaptor.
#ifdef DOXYGEN
  template <typename GR, typename LEN, typename TR>
#else
  template < typename GR,
             typename LEN = typename GR::template ArcMap<int>,
             typename TR = SuurballeDefaultTraits<GR, LEN> >
#endif
  class Suurballe
  {
    TEMPLATE_DIGRAPH_TYPEDEFS(GR);

    typedef ConstMap<Arc, int> ConstArcMap;
    typedef typename GR::template NodeMap<Arc> PredMap;

  public:

    /// The type of the digraph.
    typedef typename TR::Digraph Digraph;
    /// The type of the length map.
    typedef typename TR::LengthMap LengthMap;
    /// The type of the lengths.
    typedef typename TR::Length Length;

    /// The type of the flow map.
    typedef typename TR::FlowMap FlowMap;
    /// The type of the potential map.
    typedef typename TR::PotentialMap PotentialMap;
    /// The type of the path structures.
    typedef typename TR::Path Path;
    /// The cross reference type used for the heap.
    typedef typename TR::HeapCrossRef HeapCrossRef;
    /// The heap type used for internal Dijkstra computations.
    typedef typename TR::Heap Heap;

    /// The \ref SuurballeDefaultTraits "traits class" of the algorithm.
    typedef TR Traits;

  private:

    // ResidualDijkstra is a special implementation of the
    // Dijkstra algorithm for finding shortest paths in the
    // residual network with respect to the reduced arc lengths
    // and modifying the node potentials according to the
    // distance of the nodes.
    class ResidualDijkstra
    {
    private:

      const Digraph &_graph;
      const LengthMap &_length;
      const FlowMap &_flow;
      PotentialMap &_pi;
      PredMap &_pred;
      Node _s;
      Node _t;

      PotentialMap _dist;
      std::vector<Node> _proc_nodes;

    public:

      // Constructor
      ResidualDijkstra(Suurballe &srb) :
        _graph(srb._graph), _length(srb._length),
        _flow(*srb._flow), _pi(*srb._potential), _pred(srb._pred),
        _s(srb._s), _t(srb._t), _dist(_graph) {}

      // Run the algorithm and return true if a path is found
      // from the source node to the target node.
      bool run(int cnt) {
        return cnt == 0 ? startFirst() : start();
      }

    private:

      // Execute the algorithm for the first time (the flow and potential
      // functions have to be identically zero).
      bool startFirst() {
        HeapCrossRef heap_cross_ref(_graph, Heap::PRE_HEAP);
        Heap heap(heap_cross_ref);
        heap.push(_s, 0);
        _pred[_s] = INVALID;
        _proc_nodes.clear();

        // Process nodes
        while (!heap.empty() && heap.top() != _t) {
          Node u = heap.top(), v;
          Length d = heap.prio(), dn;
          _dist[u] = heap.prio();
          _proc_nodes.push_back(u);
          heap.pop();

          // Traverse outgoing arcs
          for (OutArcIt e(_graph, u); e != INVALID; ++e) {
            v = _graph.target(e);
            switch(heap.state(v)) {
              case Heap::PRE_HEAP:
                heap.push(v, d + _length[e]);
                _pred[v] = e;
                break;
              case Heap::IN_HEAP:
                dn = d + _length[e];
                if (dn < heap[v]) {
                  heap.decrease(v, dn);
                  _pred[v] = e;
                }
                break;
              case Heap::POST_HEAP:
                break;
            }
          }
        }
        if (heap.empty()) return false;

        // Update potentials of processed nodes
        Length t_dist = heap.prio();
        for (int i = 0; i < int(_proc_nodes.size()); ++i)
          _pi[_proc_nodes[i]] = _dist[_proc_nodes[i]] - t_dist;
        return true;
      }

      // Execute the algorithm.
      bool start() {
        HeapCrossRef heap_cross_ref(_graph, Heap::PRE_HEAP);
        Heap heap(heap_cross_ref);
        heap.push(_s, 0);
        _pred[_s] = INVALID;
        _proc_nodes.clear();

        // Process nodes
        while (!heap.empty() && heap.top() != _t) {
          Node u = heap.top(), v;
          Length d = heap.prio() + _pi[u], dn;
          _dist[u] = heap.prio();
          _proc_nodes.push_back(u);
          heap.pop();

          // Traverse outgoing arcs
          for (OutArcIt e(_graph, u); e != INVALID; ++e) {
            if (_flow[e] == 0) {
              v = _graph.target(e);
              switch(heap.state(v)) {
                case Heap::PRE_HEAP:
                  heap.push(v, d + _length[e] - _pi[v]);
                  _pred[v] = e;
                  break;
                case Heap::IN_HEAP:
                  dn = d + _length[e] - _pi[v];
                  if (dn < heap[v]) {
                    heap.decrease(v, dn);
                    _pred[v] = e;
                  }
                  break;
                case Heap::POST_HEAP:
                  break;
              }
            }
          }

          // Traverse incoming arcs
          for (InArcIt e(_graph, u); e != INVALID; ++e) {
            if (_flow[e] == 1) {
              v = _graph.source(e);
              switch(heap.state(v)) {
                case Heap::PRE_HEAP:
                  heap.push(v, d - _length[e] - _pi[v]);
                  _pred[v] = e;
                  break;
                case Heap::IN_HEAP:
                  dn = d - _length[e] - _pi[v];
                  if (dn < heap[v]) {
                    heap.decrease(v, dn);
                    _pred[v] = e;
                  }
                  break;
                case Heap::POST_HEAP:
                  break;
              }
            }
          }
        }
        if (heap.empty()) return false;

        // Update potentials of processed nodes
        Length t_dist = heap.prio();
        for (int i = 0; i < int(_proc_nodes.size()); ++i)
          _pi[_proc_nodes[i]] += _dist[_proc_nodes[i]] - t_dist;
        return true;
      }

    }; //class ResidualDijkstra

  public:

    /// \name Named Template Parameters
    /// @{

    template <typename T>
    struct SetFlowMapTraits : public Traits {
      typedef T FlowMap;
    };

    /// \brief \ref named-templ-param "Named parameter" for setting
    /// \c FlowMap type.
    ///
    /// \ref named-templ-param "Named parameter" for setting
    /// \c FlowMap type.
    template <typename T>
    struct SetFlowMap
      : public Suurballe<GR, LEN, SetFlowMapTraits<T> > {
      typedef Suurballe<GR, LEN, SetFlowMapTraits<T> > Create;
    };

    template <typename T>
    struct SetPotentialMapTraits : public Traits {
      typedef T PotentialMap;
    };

    /// \brief \ref named-templ-param "Named parameter" for setting
    /// \c PotentialMap type.
    ///
    /// \ref named-templ-param "Named parameter" for setting
    /// \c PotentialMap type.
    template <typename T>
    struct SetPotentialMap
      : public Suurballe<GR, LEN, SetPotentialMapTraits<T> > {
      typedef Suurballe<GR, LEN, SetPotentialMapTraits<T> > Create;
    };

    template <typename T>
    struct SetPathTraits : public Traits {
      typedef T Path;
    };

    /// \brief \ref named-templ-param "Named parameter" for setting
    /// \c %Path type.
    ///
    /// \ref named-templ-param "Named parameter" for setting \c %Path type.
    /// It must conform to the \ref lemon::concepts::Path "Path" concept
    /// and it must have an \c addBack() function.
    template <typename T>
    struct SetPath
      : public Suurballe<GR, LEN, SetPathTraits<T> > {
      typedef Suurballe<GR, LEN, SetPathTraits<T> > Create;
    };

    template <typename H, typename CR>
    struct SetHeapTraits : public Traits {
      typedef H Heap;
      typedef CR HeapCrossRef;
    };

    /// \brief \ref named-templ-param "Named parameter" for setting
    /// \c Heap and \c HeapCrossRef types.
    ///
    /// \ref named-templ-param "Named parameter" for setting \c Heap
    /// and \c HeapCrossRef types with automatic allocation.
    /// They will be used for internal Dijkstra computations.
    /// The heap type must conform to the \ref lemon::concepts::Heap "Heap"
    /// concept and its priority type must be \c Length.
    template <typename H,
              typename CR = typename Digraph::template NodeMap<int> >
    struct SetHeap
      : public Suurballe<GR, LEN, SetHeapTraits<H, CR> > {
      typedef Suurballe<GR, LEN, SetHeapTraits<H, CR> > Create;
    };

    /// @}

  private:

    // The digraph the algorithm runs on
    const Digraph &_graph;
    // The length map
    const LengthMap &_length;

    // Arc map of the current flow
    FlowMap *_flow;
    bool _local_flow;
    // Node map of the current potentials
    PotentialMap *_potential;
    bool _local_potential;

    // The source node
    Node _s;
    // The target node
    Node _t;

    // Container to store the found paths
    std::vector<Path> _paths;
    int _path_num;

    // The pred arc map
    PredMap _pred;

    // Data for full init
    PotentialMap *_init_dist;
    PredMap *_init_pred;
    bool _full_init;

  protected:

    Suurballe() {}

  public:

    /// \brief Constructor.
    ///
    /// Constructor.
    ///
    /// \param graph The digraph the algorithm runs on.
    /// \param length The length (cost) values of the arcs.
    Suurballe( const Digraph &graph,
               const LengthMap &length ) :
      _graph(graph), _length(length), _flow(0), _local_flow(false),
      _potential(0), _local_potential(false), _pred(graph),
      _init_dist(0), _init_pred(0)
    {}

    /// Destructor.
    ~Suurballe() {
      if (_local_flow) delete _flow;
      if (_local_potential) delete _potential;
      delete _init_dist;
      delete _init_pred;
    }

    /// \brief Set the flow map.
    ///
    /// This function sets the flow map.
    /// If it is not used before calling \ref run() or \ref init(),
    /// an instance will be allocated automatically. The destructor
    /// deallocates this automatically allocated map, of course.
    ///
    /// The found flow contains only 0 and 1 values, since it is the
    /// union of the found arc-disjoint paths.
    ///
    /// \return <tt>(*this)</tt>
    Suurballe& flowMap(FlowMap &map) {
      if (_local_flow) {
        delete _flow;
        _local_flow = false;
      }
      _flow = &map;
      return *this;
    }

    /// \brief Set the potential map.
    ///
    /// This function sets the potential map.
    /// If it is not used before calling \ref run() or \ref init(),
    /// an instance will be allocated automatically. The destructor
    /// deallocates this automatically allocated map, of course.
    ///
    /// The node potentials provide the dual solution of the underlying
    /// \ref min_cost_flow "minimum cost flow problem".
    ///
    /// \return <tt>(*this)</tt>
    Suurballe& potentialMap(PotentialMap &map) {
      if (_local_potential) {
        delete _potential;
        _local_potential = false;
      }
      _potential = &map;
      return *this;
    }

    /// \name Execution Control
    /// The simplest way to execute the algorithm is to call the run()
    /// function.\n
    /// If you need to execute the algorithm many times using the same
    /// source node, then you may call fullInit() once and start()
    /// for each target node.\n
    /// If you only need the flow that is the union of the found
    /// arc-disjoint paths, then you may call findFlow() instead of
    /// start().

    /// @{

    /// \brief Run the algorithm.
    ///
    /// This function runs the algorithm.
    ///
    /// \param s The source node.
    /// \param t The target node.
    /// \param k The number of paths to be found.
    ///
    /// \return \c k if there are at least \c k arc-disjoint paths from
    /// \c s to \c t in the digraph. Otherwise it returns the number of
    /// arc-disjoint paths found.
    ///
    /// \note Apart from the return value, <tt>s.run(s, t, k)</tt> is
    /// just a shortcut of the following code.
    /// \code
    ///   s.init(s);
    ///   s.start(t, k);
    /// \endcode
    int run(const Node& s, const Node& t, int k = 2) {
      init(s);
      start(t, k);
      return _path_num;
    }

    /// \brief Initialize the algorithm.
    ///
    /// This function initializes the algorithm with the given source node.
    ///
    /// \param s The source node.
    void init(const Node& s) {
      _s = s;

      // Initialize maps
      if (!_flow) {
        _flow = new FlowMap(_graph);
        _local_flow = true;
      }
      if (!_potential) {
        _potential = new PotentialMap(_graph);
        _local_potential = true;
      }
      _full_init = false;
    }

    /// \brief Initialize the algorithm and perform Dijkstra.
    ///
    /// This function initializes the algorithm and performs a full
    /// Dijkstra search from the given source node. It makes consecutive
    /// executions of \ref start() "start(t, k)" faster, since they
    /// have to perform %Dijkstra only k-1 times.
    ///
    /// This initialization is usually worth using instead of \ref init()
    /// if the algorithm is executed many times using the same source node.
    ///
    /// \param s The source node.
    void fullInit(const Node& s) {
      // Initialize maps
      init(s);
      if (!_init_dist) {
        _init_dist = new PotentialMap(_graph);
      }
      if (!_init_pred) {
        _init_pred = new PredMap(_graph);
      }

      // Run a full Dijkstra
      typename Dijkstra<Digraph, LengthMap>
        ::template SetStandardHeap<Heap>
        ::template SetDistMap<PotentialMap>
        ::template SetPredMap<PredMap>
        ::Create dijk(_graph, _length);
      dijk.distMap(*_init_dist).predMap(*_init_pred);
      dijk.run(s);

      _full_init = true;
    }

    /// \brief Execute the algorithm.
    ///
    /// This function executes the algorithm.
    ///
    /// \param t The target node.
    /// \param k The number of paths to be found.
    ///
    /// \return \c k if there are at least \c k arc-disjoint paths from
    /// \c s to \c t in the digraph. Otherwise it returns the number of
    /// arc-disjoint paths found.
    ///
    /// \note Apart from the return value, <tt>s.start(t, k)</tt> is
    /// just a shortcut of the following code.
    /// \code
    ///   s.findFlow(t, k);
    ///   s.findPaths();
    /// \endcode
    int start(const Node& t, int k = 2) {
      findFlow(t, k);
      findPaths();
      return _path_num;
    }

    /// \brief Execute the algorithm to find an optimal flow.
    ///
    /// This function executes the successive shortest path algorithm to
    /// find a minimum cost flow, which is the union of \c k (or less)
    /// arc-disjoint paths.
    ///
    /// \param t The target node.
    /// \param k The number of paths to be found.
    ///
    /// \return \c k if there are at least \c k arc-disjoint paths from
    /// the source node to the given node \c t in the digraph.
    /// Otherwise it returns the number of arc-disjoint paths found.
    ///
    /// \pre \ref init() must be called before using this function.
    int findFlow(const Node& t, int k = 2) {
      _t = t;
      ResidualDijkstra dijkstra(*this);

      // Initialization
      for (ArcIt e(_graph); e != INVALID; ++e) {
        (*_flow)[e] = 0;
      }
      if (_full_init) {
        for (NodeIt n(_graph); n != INVALID; ++n) {
          (*_potential)[n] = (*_init_dist)[n];
        }
        Node u = _t;
        Arc e;
        while ((e = (*_init_pred)[u]) != INVALID) {
          (*_flow)[e] = 1;
          u = _graph.source(e);
        }
        _path_num = 1;
      } else {
        for (NodeIt n(_graph); n != INVALID; ++n) {
          (*_potential)[n] = 0;
        }
        _path_num = 0;
      }

      // Find shortest paths
      while (_path_num < k) {
        // Run Dijkstra
        if (!dijkstra.run(_path_num)) break;
        ++_path_num;

        // Set the flow along the found shortest path
        Node u = _t;
        Arc e;
        while ((e = _pred[u]) != INVALID) {
          if (u == _graph.target(e)) {
            (*_flow)[e] = 1;
            u = _graph.source(e);
          } else {
            (*_flow)[e] = 0;
            u = _graph.target(e);
          }
        }
      }
      return _path_num;
    }

    /// \brief Compute the paths from the flow.
    ///
    /// This function computes arc-disjoint paths from the found minimum
    /// cost flow, which is the union of them.
    ///
    /// \pre \ref init() and \ref findFlow() must be called before using
    /// this function.
    void findPaths() {
      FlowMap res_flow(_graph);
      for(ArcIt a(_graph); a != INVALID; ++a) res_flow[a] = (*_flow)[a];

      _paths.clear();
      _paths.resize(_path_num);
      for (int i = 0; i < _path_num; ++i) {
        Node n = _s;
        while (n != _t) {
          OutArcIt e(_graph, n);
          for ( ; res_flow[e] == 0; ++e) ;
          n = _graph.target(e);
          _paths[i].addBack(e);
          res_flow[e] = 0;
        }
      }
    }

    /// @}

    /// \name Query Functions
    /// The results of the algorithm can be obtained using these
    /// functions.
    /// \n The algorithm should be executed before using them.

    /// @{

    /// \brief Return the total length of the found paths.
    ///
    /// This function returns the total length of the found paths, i.e.
    /// the total cost of the found flow.
    /// The complexity of the function is O(e).
    ///
    /// \pre \ref run() or \ref findFlow() must be called before using
    /// this function.
    Length totalLength() const {
      Length c = 0;
      for (ArcIt e(_graph); e != INVALID; ++e)
        c += (*_flow)[e] * _length[e];
      return c;
    }

    /// \brief Return the flow value on the given arc.
    ///
    /// This function returns the flow value on the given arc.
    /// It is \c 1 if the arc is involved in one of the found arc-disjoint
    /// paths, otherwise it is \c 0.
    ///
    /// \pre \ref run() or \ref findFlow() must be called before using
    /// this function.
    int flow(const Arc& arc) const {
      return (*_flow)[arc];
    }

    /// \brief Return a const reference to an arc map storing the
    /// found flow.
    ///
    /// This function returns a const reference to an arc map storing
    /// the flow that is the union of the found arc-disjoint paths.
    ///
    /// \pre \ref run() or \ref findFlow() must be called before using
    /// this function.
    const FlowMap& flowMap() const {
      return *_flow;
    }

    /// \brief Return the potential of the given node.
    ///
    /// This function returns the potential of the given node.
    /// The node potentials provide the dual solution of the
    /// underlying \ref min_cost_flow "minimum cost flow problem".
    ///
    /// \pre \ref run() or \ref findFlow() must be called before using
    /// this function.
    Length potential(const Node& node) const {
      return (*_potential)[node];
    }

    /// \brief Return a const reference to a node map storing the
    /// found potentials (the dual solution).
    ///
    /// This function returns a const reference to a node map storing
    /// the found potentials that provide the dual solution of the
    /// underlying \ref min_cost_flow "minimum cost flow problem".
    ///
    /// \pre \ref run() or \ref findFlow() must be called before using
    /// this function.
    const PotentialMap& potentialMap() const {
      return *_potential;
    }

    /// \brief Return the number of the found paths.
    ///
    /// This function returns the number of the found paths.
    ///
    /// \pre \ref run() or \ref findFlow() must be called before using
    /// this function.
    int pathNum() const {
      return _path_num;
    }

    /// \brief Return a const reference to the specified path.
    ///
    /// This function returns a const reference to the specified path.
    ///
    /// \param i The function returns the <tt>i</tt>-th path.
    /// \c i must be between \c 0 and <tt>%pathNum()-1</tt>.
    ///
    /// \pre \ref run() or \ref findPaths() must be called before using
    /// this function.
    const Path& path(int i) const {
      return _paths[i];
    }

    /// @}

  }; //class Suurballe

  ///@}

} //namespace lemon

#endif //LEMON_SUURBALLE_H







testing.h

//Implementation of the Robertson-Seymour-Thomas Pfaffian algorithm

//Copyright (C) 2013 B. Szalkai



//This program is free software: you can redistribute it and/or modify

//it under the terms of the GNU Lesser General Public License as published by

//the Free Software Foundation, either version 3 of the License, or

//(at your option) any later version.



//This program is distributed in the hope that it will be useful,

//but WITHOUT ANY WARRANTY; without even the implied warranty of

//MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the

//GNU Lesser General Public License for more details.



//You should have received a copy of the GNU Lesser General Public License

//along with this program.  If not, see <http://www.gnu.org/licenses/>.



#ifndef TESTING_H

#define TESTING_H



class Testing

{

    public: static void testConnectedBracePfaffian();

    public: static void testDigraphEven();

    public: static void testHeawood();



    public: static void testAll();

};



#endif








lemon/time_measure.h

/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2009
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_TIME_MEASURE_H
#define LEMON_TIME_MEASURE_H

///\ingroup timecount
///\file
///\brief Tools for measuring cpu usage

#ifdef WIN32
#include <lemon/bits/windows.h>
#else
#include <unistd.h>
#include <sys/times.h>
#include <sys/time.h>
#endif

#include <string>
#include <fstream>
#include <iostream>

namespace lemon {

  /// \addtogroup timecount
  /// @{

  /// A class to store (cpu)time instances.

  /// This class stores five time values.
  /// - a real time
  /// - a user cpu time
  /// - a system cpu time
  /// - a user cpu time of children
  /// - a system cpu time of children
  ///
  /// TimeStamp's can be added to or substracted from each other and
  /// they can be pushed to a stream.
  ///
  /// In most cases, perhaps the \ref Timer or the \ref TimeReport
  /// class is what you want to use instead.

  class TimeStamp
  {
    double utime;
    double stime;
    double cutime;
    double cstime;
    double rtime;

    void _reset() {
      utime = stime = cutime = cstime = rtime = 0;
    }

  public:

    ///Read the current time values of the process
    void stamp()
    {
#ifndef WIN32
      timeval tv;
      gettimeofday(&tv, 0);
      rtime=tv.tv_sec+double(tv.tv_usec)/1e6;

      tms ts;
      double tck=sysconf(_SC_CLK_TCK);
      times(&ts);
      utime=ts.tms_utime/tck;
      stime=ts.tms_stime/tck;
      cutime=ts.tms_cutime/tck;
      cstime=ts.tms_cstime/tck;
#else
      bits::getWinProcTimes(rtime, utime, stime, cutime, cstime);
#endif
    }

    /// Constructor initializing with zero
    TimeStamp()
    { _reset(); }
    ///Constructor initializing with the current time values of the process
    TimeStamp(void *) { stamp();}

    ///Set every time value to zero
    TimeStamp &reset() {_reset();return *this;}

    ///\e
    TimeStamp &operator+=(const TimeStamp &b)
    {
      utime+=b.utime;
      stime+=b.stime;
      cutime+=b.cutime;
      cstime+=b.cstime;
      rtime+=b.rtime;
      return *this;
    }
    ///\e
    TimeStamp operator+(const TimeStamp &b) const
    {
      TimeStamp t(*this);
      return t+=b;
    }
    ///\e
    TimeStamp &operator-=(const TimeStamp &b)
    {
      utime-=b.utime;
      stime-=b.stime;
      cutime-=b.cutime;
      cstime-=b.cstime;
      rtime-=b.rtime;
      return *this;
    }
    ///\e
    TimeStamp operator-(const TimeStamp &b) const
    {
      TimeStamp t(*this);
      return t-=b;
    }
    ///\e
    TimeStamp &operator*=(double b)
    {
      utime*=b;
      stime*=b;
      cutime*=b;
      cstime*=b;
      rtime*=b;
      return *this;
    }
    ///\e
    TimeStamp operator*(double b) const
    {
      TimeStamp t(*this);
      return t*=b;
    }
    friend TimeStamp operator*(double b,const TimeStamp &t);
    ///\e
    TimeStamp &operator/=(double b)
    {
      utime/=b;
      stime/=b;
      cutime/=b;
      cstime/=b;
      rtime/=b;
      return *this;
    }
    ///\e
    TimeStamp operator/(double b) const
    {
      TimeStamp t(*this);
      return t/=b;
    }
    ///The time ellapsed since the last call of stamp()
    TimeStamp ellapsed() const
    {
      TimeStamp t(NULL);
      return t-*this;
    }

    friend std::ostream& operator<<(std::ostream& os,const TimeStamp &t);

    ///Gives back the user time of the process
    double userTime() const
    {
      return utime;
    }
    ///Gives back the system time of the process
    double systemTime() const
    {
      return stime;
    }
    ///Gives back the user time of the process' children

    ///\note On <tt>WIN32</tt> platform this value is not calculated.
    ///
    double cUserTime() const
    {
      return cutime;
    }
    ///Gives back the user time of the process' children

    ///\note On <tt>WIN32</tt> platform this value is not calculated.
    ///
    double cSystemTime() const
    {
      return cstime;
    }
    ///Gives back the real time
    double realTime() const {return rtime;}
  };

  inline TimeStamp operator*(double b,const TimeStamp &t)
  {
    return t*b;
  }

  ///Prints the time counters

  ///Prints the time counters in the following form:
  ///
  /// <tt>u: XX.XXs s: XX.XXs cu: XX.XXs cs: XX.XXs real: XX.XXs</tt>
  ///
  /// where the values are the
  /// \li \c u: user cpu time,
  /// \li \c s: system cpu time,
  /// \li \c cu: user cpu time of children,
  /// \li \c cs: system cpu time of children,
  /// \li \c real: real time.
  /// \relates TimeStamp
  /// \note On <tt>WIN32</tt> platform the cummulative values are not
  /// calculated.
  inline std::ostream& operator<<(std::ostream& os,const TimeStamp &t)
  {
    os << "u: " << t.userTime() <<
      "s, s: " << t.systemTime() <<
      "s, cu: " << t.cUserTime() <<
      "s, cs: " << t.cSystemTime() <<
      "s, real: " << t.realTime() << "s";
    return os;
  }

  ///Class for measuring the cpu time and real time usage of the process

  ///Class for measuring the cpu time and real time usage of the process.
  ///It is quite easy-to-use, here is a short example.
  ///\code
  /// #include<lemon/time_measure.h>
  /// #include<iostream>
  ///
  /// int main()
  /// {
  ///
  ///   ...
  ///
  ///   Timer t;
  ///   doSomething();
  ///   std::cout << t << '\n';
  ///   t.restart();
  ///   doSomethingElse();
  ///   std::cout << t << '\n';
  ///
  ///   ...
  ///
  /// }
  ///\endcode
  ///
  ///The \ref Timer can also be \ref stop() "stopped" and
  ///\ref start() "started" again, so it is possible to compute collected
  ///running times.
  ///
  ///\warning Depending on the operation system and its actual configuration
  ///the time counters have a certain (10ms on a typical Linux system)
  ///granularity.
  ///Therefore this tool is not appropriate to measure very short times.
  ///Also, if you start and stop the timer very frequently, it could lead to
  ///distorted results.
  ///
  ///\note If you want to measure the running time of the execution of a certain
  ///function, consider the usage of \ref TimeReport instead.
  ///
  ///\sa TimeReport
  class Timer
  {
    int _running; //Timer is running iff _running>0; (_running>=0 always holds)
    TimeStamp start_time; //This is the relativ start-time if the timer
                          //is _running, the collected _running time otherwise.

    void _reset() {if(_running) start_time.stamp(); else start_time.reset();}

  public:
    ///Constructor.

    ///\param run indicates whether or not the timer starts immediately.
    ///
    Timer(bool run=true) :_running(run) {_reset();}

    ///\name Control the State of the Timer
    ///Basically a Timer can be either running or stopped,
    ///but it provides a bit finer control on the execution.
    ///The \ref lemon::Timer "Timer" also counts the number of
    ///\ref lemon::Timer::start() "start()" executions, and it stops
    ///only after the same amount (or more) \ref lemon::Timer::stop()
    ///"stop()"s. This can be useful e.g. to compute the running time
    ///of recursive functions.

    ///@{

    ///Reset and stop the time counters

    ///This function resets and stops the time counters
    ///\sa restart()
    void reset()
    {
      _running=0;
      _reset();
    }

    ///Start the time counters

    ///This function starts the time counters.
    ///
    ///If the timer is started more than ones, it will remain running
    ///until the same amount of \ref stop() is called.
    ///\sa stop()
    void start()
    {
      if(_running) _running++;
      else {
        _running=1;
        TimeStamp t;
        t.stamp();
        start_time=t-start_time;
      }
    }


    ///Stop the time counters

    ///This function stops the time counters. If start() was executed more than
    ///once, then the same number of stop() execution is necessary the really
    ///stop the timer.
    ///
    ///\sa halt()
    ///\sa start()
    ///\sa restart()
    ///\sa reset()

    void stop()
    {
      if(_running && !--_running) {
        TimeStamp t;
        t.stamp();
        start_time=t-start_time;
      }
    }

    ///Halt (i.e stop immediately) the time counters

    ///This function stops immediately the time counters, i.e. <tt>t.halt()</tt>
    ///is a faster
    ///equivalent of the following.
    ///\code
    ///  while(t.running()) t.stop()
    ///\endcode
    ///
    ///
    ///\sa stop()
    ///\sa restart()
    ///\sa reset()

    void halt()
    {
      if(_running) {
        _running=0;
        TimeStamp t;
        t.stamp();
        start_time=t-start_time;
      }
    }

    ///Returns the running state of the timer

    ///This function returns the number of stop() exections that is
    ///necessary to really stop the timer.
    ///For example, the timer
    ///is running if and only if the return value is \c true
    ///(i.e. greater than
    ///zero).
    int running()  { return _running; }


    ///Restart the time counters

    ///This function is a shorthand for
    ///a reset() and a start() calls.
    ///
    void restart()
    {
      reset();
      start();
    }

    ///@}

    ///\name Query Functions for the Ellapsed Time

    ///@{

    ///Gives back the ellapsed user time of the process
    double userTime() const
    {
      return operator TimeStamp().userTime();
    }
    ///Gives back the ellapsed system time of the process
    double systemTime() const
    {
      return operator TimeStamp().systemTime();
    }
    ///Gives back the ellapsed user time of the process' children

    ///\note On <tt>WIN32</tt> platform this value is not calculated.
    ///
    double cUserTime() const
    {
      return operator TimeStamp().cUserTime();
    }
    ///Gives back the ellapsed user time of the process' children

    ///\note On <tt>WIN32</tt> platform this value is not calculated.
    ///
    double cSystemTime() const
    {
      return operator TimeStamp().cSystemTime();
    }
    ///Gives back the ellapsed real time
    double realTime() const
    {
      return operator TimeStamp().realTime();
    }
    ///Computes the ellapsed time

    ///This conversion computes the ellapsed time, therefore you can print
    ///the ellapsed time like this.
    ///\code
    ///  Timer t;
    ///  doSomething();
    ///  std::cout << t << '\n';
    ///\endcode
    operator TimeStamp () const
    {
      TimeStamp t;
      t.stamp();
      return _running?t-start_time:start_time;
    }


    ///@}
  };

  ///Same as Timer but prints a report on destruction.

  ///Same as \ref Timer but prints a report on destruction.
  ///This example shows its usage.
  ///\code
  ///  void myAlg(ListGraph &g,int n)
  ///  {
  ///    TimeReport tr("Running time of myAlg: ");
  ///    ... //Here comes the algorithm
  ///  }
  ///\endcode
  ///
  ///\sa Timer
  ///\sa NoTimeReport
  class TimeReport : public Timer
  {
    std::string _title;
    std::ostream &_os;
  public:
    ///Constructor

    ///Constructor.
    ///\param title This text will be printed before the ellapsed time.
    ///\param os The stream to print the report to.
    ///\param run Sets whether the timer should start immediately.
    TimeReport(std::string title,std::ostream &os=std::cerr,bool run=true)
      : Timer(run), _title(title), _os(os){}
    ///Destructor that prints the ellapsed time
    ~TimeReport()
    {
      _os << _title << *this << std::endl;
    }
  };

  ///'Do nothing' version of TimeReport

  ///\sa TimeReport
  ///
  class NoTimeReport
  {
  public:
    ///\e
    NoTimeReport(std::string,std::ostream &,bool) {}
    ///\e
    NoTimeReport(std::string,std::ostream &) {}
    ///\e
    NoTimeReport(std::string) {}
    ///\e Do nothing.
    ~NoTimeReport() {}

    operator TimeStamp () const { return TimeStamp(); }
    void reset() {}
    void start() {}
    void stop() {}
    void halt() {}
    int running() { return 0; }
    void restart() {}
    double userTime() const { return 0; }
    double systemTime() const { return 0; }
    double cUserTime() const { return 0; }
    double cSystemTime() const { return 0; }
    double realTime() const { return 0; }
  };

  ///Tool to measure the running time more exactly.

  ///This function calls \c f several times and returns the average
  ///running time. The number of the executions will be choosen in such a way
  ///that the full real running time will be roughly between \c min_time
  ///and <tt>2*min_time</tt>.
  ///\param f the function object to be measured.
  ///\param min_time the minimum total running time.
  ///\retval num if it is not \c NULL, then the actual
  ///        number of execution of \c f will be written into <tt>*num</tt>.
  ///\retval full_time if it is not \c NULL, then the actual
  ///        total running time will be written into <tt>*full_time</tt>.
  ///\return The average running time of \c f.

  template<class F>
  TimeStamp runningTimeTest(F f,double min_time=10,unsigned int *num = NULL,
                            TimeStamp *full_time=NULL)
  {
    TimeStamp full;
    unsigned int total=0;
    Timer t;
    for(unsigned int tn=1;tn <= 1U<<31 && full.realTime()<=min_time; tn*=2) {
      for(;total<tn;total++) f();
      full=t;
    }
    if(num) *num=total;
    if(full_time) *full_time=full;
    return full/total;
  }

  /// @}


} //namespace lemon

#endif //LEMON_TIME_MEASURE_H







lemon/tolerance.h

/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2009
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_TOLERANCE_H
#define LEMON_TOLERANCE_H

///\ingroup misc
///\file
///\brief A basic tool to handle the anomalies of calculation with
///floating point numbers.
///

namespace lemon {

  /// \addtogroup misc
  /// @{

  ///\brief A class to provide a basic way to
  ///handle the comparison of numbers that are obtained
  ///as a result of a probably inexact computation.
  ///
  ///\ref Tolerance is a class to provide a basic way to
  ///handle the comparison of numbers that are obtained
  ///as a result of a probably inexact computation.
  ///
  ///The general implementation is suitable only if the data type is exact,
  ///like the integer types, otherwise a specialized version must be
  ///implemented. These specialized classes like
  ///Tolerance<double> may offer additional tuning parameters.
  ///
  ///\sa Tolerance<float>
  ///\sa Tolerance<double>
  ///\sa Tolerance<long double>

  template<class T>
  class Tolerance
  {
  public:
    typedef T Value;

    ///\name Comparisons
    ///The concept is that these bool functions return \c true only if
    ///the related comparisons hold even if some numerical error appeared
    ///during the computations.

    ///@{

    ///Returns \c true if \c a is \e surely strictly less than \c b
    static bool less(Value a,Value b) {return a<b;}
    ///Returns \c true if \c a is \e surely different from \c b
    static bool different(Value a,Value b) {return a!=b;}
    ///Returns \c true if \c a is \e surely positive
    static bool positive(Value a) {return static_cast<Value>(0) < a;}
    ///Returns \c true if \c a is \e surely negative
    static bool negative(Value a) {return a < static_cast<Value>(0);}
    ///Returns \c true if \c a is \e surely non-zero
    static bool nonZero(Value a) {return a != static_cast<Value>(0);}

    ///@}

    ///Returns the zero value.
    static Value zero() {return static_cast<Value>(0);}

    //   static bool finite(Value a) {}
    //   static Value big() {}
    //   static Value negativeBig() {}
  };


  ///Float specialization of Tolerance.

  ///Float specialization of Tolerance.
  ///\sa Tolerance
  ///\relates Tolerance
  template<>
  class Tolerance<float>
  {
    static float def_epsilon;
    float _epsilon;
  public:
    ///\e
    typedef float Value;

    ///Constructor setting the epsilon tolerance to the default value.
    Tolerance() : _epsilon(def_epsilon) {}
    ///Constructor setting the epsilon tolerance to the given value.
    Tolerance(float e) : _epsilon(e) {}

    ///Returns the epsilon value.
    Value epsilon() const {return _epsilon;}
    ///Sets the epsilon value.
    void epsilon(Value e) {_epsilon=e;}

    ///Returns the default epsilon value.
    static Value defaultEpsilon() {return def_epsilon;}
    ///Sets the default epsilon value.
    static void defaultEpsilon(Value e) {def_epsilon=e;}

    ///\name Comparisons
    ///See \ref lemon::Tolerance "Tolerance" for more details.

    ///@{

    ///Returns \c true if \c a is \e surely strictly less than \c b
    bool less(Value a,Value b) const {return a+_epsilon<b;}
    ///Returns \c true if \c a is \e surely different from \c b
    bool different(Value a,Value b) const { return less(a,b)||less(b,a); }
    ///Returns \c true if \c a is \e surely positive
    bool positive(Value a) const { return _epsilon<a; }
    ///Returns \c true if \c a is \e surely negative
    bool negative(Value a) const { return -_epsilon>a; }
    ///Returns \c true if \c a is \e surely non-zero
    bool nonZero(Value a) const { return positive(a)||negative(a); }

    ///@}

    ///Returns zero
    static Value zero() {return 0;}
  };

  ///Double specialization of Tolerance.

  ///Double specialization of Tolerance.
  ///\sa Tolerance
  ///\relates Tolerance
  template<>
  class Tolerance<double>
  {
    static double def_epsilon;
    double _epsilon;
  public:
    ///\e
    typedef double Value;

    ///Constructor setting the epsilon tolerance to the default value.
    Tolerance() : _epsilon(def_epsilon) {}
    ///Constructor setting the epsilon tolerance to the given value.
    Tolerance(double e) : _epsilon(e) {}

    ///Returns the epsilon value.
    Value epsilon() const {return _epsilon;}
    ///Sets the epsilon value.
    void epsilon(Value e) {_epsilon=e;}

    ///Returns the default epsilon value.
    static Value defaultEpsilon() {return def_epsilon;}
    ///Sets the default epsilon value.
    static void defaultEpsilon(Value e) {def_epsilon=e;}

    ///\name Comparisons
    ///See \ref lemon::Tolerance "Tolerance" for more details.

    ///@{

    ///Returns \c true if \c a is \e surely strictly less than \c b
    bool less(Value a,Value b) const {return a+_epsilon<b;}
    ///Returns \c true if \c a is \e surely different from \c b
    bool different(Value a,Value b) const { return less(a,b)||less(b,a); }
    ///Returns \c true if \c a is \e surely positive
    bool positive(Value a) const { return _epsilon<a; }
    ///Returns \c true if \c a is \e surely negative
    bool negative(Value a) const { return -_epsilon>a; }
    ///Returns \c true if \c a is \e surely non-zero
    bool nonZero(Value a) const { return positive(a)||negative(a); }

    ///@}

    ///Returns zero
    static Value zero() {return 0;}
  };

  ///Long double specialization of Tolerance.

  ///Long double specialization of Tolerance.
  ///\sa Tolerance
  ///\relates Tolerance
  template<>
  class Tolerance<long double>
  {
    static long double def_epsilon;
    long double _epsilon;
  public:
    ///\e
    typedef long double Value;

    ///Constructor setting the epsilon tolerance to the default value.
    Tolerance() : _epsilon(def_epsilon) {}
    ///Constructor setting the epsilon tolerance to the given value.
    Tolerance(long double e) : _epsilon(e) {}

    ///Returns the epsilon value.
    Value epsilon() const {return _epsilon;}
    ///Sets the epsilon value.
    void epsilon(Value e) {_epsilon=e;}

    ///Returns the default epsilon value.
    static Value defaultEpsilon() {return def_epsilon;}
    ///Sets the default epsilon value.
    static void defaultEpsilon(Value e) {def_epsilon=e;}

    ///\name Comparisons
    ///See \ref lemon::Tolerance "Tolerance" for more details.

    ///@{

    ///Returns \c true if \c a is \e surely strictly less than \c b
    bool less(Value a,Value b) const {return a+_epsilon<b;}
    ///Returns \c true if \c a is \e surely different from \c b
    bool different(Value a,Value b) const { return less(a,b)||less(b,a); }
    ///Returns \c true if \c a is \e surely positive
    bool positive(Value a) const { return _epsilon<a; }
    ///Returns \c true if \c a is \e surely negative
    bool negative(Value a) const { return -_epsilon>a; }
    ///Returns \c true if \c a is \e surely non-zero
    bool nonZero(Value a) const { return positive(a)||negative(a); }

    ///@}

    ///Returns zero
    static Value zero() {return 0;}
  };

  /// @}

} //namespace lemon

#endif //LEMON_TOLERANCE_H







lemon/bits/traits.h

/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2009
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_BITS_TRAITS_H
#define LEMON_BITS_TRAITS_H

//\file
//\brief Traits for graphs and maps
//

#include <lemon/bits/enable_if.h>

namespace lemon {

  struct InvalidType {};

  template <typename GR, typename _Item>
  class ItemSetTraits {};


  template <typename GR, typename Enable = void>
  struct NodeNotifierIndicator {
    typedef InvalidType Type;
  };
  template <typename GR>
  struct NodeNotifierIndicator<
    GR,
    typename enable_if<typename GR::NodeNotifier::Notifier, void>::type
  > {
    typedef typename GR::NodeNotifier Type;
  };

  template <typename GR>
  class ItemSetTraits<GR, typename GR::Node> {
  public:

    typedef GR Graph;
    typedef GR Digraph;

    typedef typename GR::Node Item;
    typedef typename GR::NodeIt ItemIt;

    typedef typename NodeNotifierIndicator<GR>::Type ItemNotifier;

    template <typename V>
    class Map : public GR::template NodeMap<V> {
      typedef typename GR::template NodeMap<V> Parent;

    public:
      typedef typename GR::template NodeMap<V> Type;
      typedef typename Parent::Value Value;

      Map(const GR& _digraph) : Parent(_digraph) {}
      Map(const GR& _digraph, const Value& _value)
        : Parent(_digraph, _value) {}

     };

  };

  template <typename GR, typename Enable = void>
  struct ArcNotifierIndicator {
    typedef InvalidType Type;
  };
  template <typename GR>
  struct ArcNotifierIndicator<
    GR,
    typename enable_if<typename GR::ArcNotifier::Notifier, void>::type
  > {
    typedef typename GR::ArcNotifier Type;
  };

  template <typename GR>
  class ItemSetTraits<GR, typename GR::Arc> {
  public:

    typedef GR Graph;
    typedef GR Digraph;

    typedef typename GR::Arc Item;
    typedef typename GR::ArcIt ItemIt;

    typedef typename ArcNotifierIndicator<GR>::Type ItemNotifier;

    template <typename V>
    class Map : public GR::template ArcMap<V> {
      typedef typename GR::template ArcMap<V> Parent;

    public:
      typedef typename GR::template ArcMap<V> Type;
      typedef typename Parent::Value Value;

      Map(const GR& _digraph) : Parent(_digraph) {}
      Map(const GR& _digraph, const Value& _value)
        : Parent(_digraph, _value) {}
    };

  };

  template <typename GR, typename Enable = void>
  struct EdgeNotifierIndicator {
    typedef InvalidType Type;
  };
  template <typename GR>
  struct EdgeNotifierIndicator<
    GR,
    typename enable_if<typename GR::EdgeNotifier::Notifier, void>::type
  > {
    typedef typename GR::EdgeNotifier Type;
  };

  template <typename GR>
  class ItemSetTraits<GR, typename GR::Edge> {
  public:

    typedef GR Graph;
    typedef GR Digraph;

    typedef typename GR::Edge Item;
    typedef typename GR::EdgeIt ItemIt;

    typedef typename EdgeNotifierIndicator<GR>::Type ItemNotifier;

    template <typename V>
    class Map : public GR::template EdgeMap<V> {
      typedef typename GR::template EdgeMap<V> Parent;

    public:
      typedef typename GR::template EdgeMap<V> Type;
      typedef typename Parent::Value Value;

      Map(const GR& _digraph) : Parent(_digraph) {}
      Map(const GR& _digraph, const Value& _value)
        : Parent(_digraph, _value) {}
    };

  };

  template <typename Map, typename Enable = void>
  struct MapTraits {
    typedef False ReferenceMapTag;

    typedef typename Map::Key Key;
    typedef typename Map::Value Value;

    typedef Value ConstReturnValue;
    typedef Value ReturnValue;
  };

  template <typename Map>
  struct MapTraits<
    Map, typename enable_if<typename Map::ReferenceMapTag, void>::type >
  {
    typedef True ReferenceMapTag;

    typedef typename Map::Key Key;
    typedef typename Map::Value Value;

    typedef typename Map::ConstReference ConstReturnValue;
    typedef typename Map::Reference ReturnValue;

    typedef typename Map::ConstReference ConstReference;
    typedef typename Map::Reference Reference;
 };

  template <typename MatrixMap, typename Enable = void>
  struct MatrixMapTraits {
    typedef False ReferenceMapTag;

    typedef typename MatrixMap::FirstKey FirstKey;
    typedef typename MatrixMap::SecondKey SecondKey;
    typedef typename MatrixMap::Value Value;

    typedef Value ConstReturnValue;
    typedef Value ReturnValue;
  };

  template <typename MatrixMap>
  struct MatrixMapTraits<
    MatrixMap, typename enable_if<typename MatrixMap::ReferenceMapTag,
                                  void>::type >
  {
    typedef True ReferenceMapTag;

    typedef typename MatrixMap::FirstKey FirstKey;
    typedef typename MatrixMap::SecondKey SecondKey;
    typedef typename MatrixMap::Value Value;

    typedef typename MatrixMap::ConstReference ConstReturnValue;
    typedef typename MatrixMap::Reference ReturnValue;

    typedef typename MatrixMap::ConstReference ConstReference;
    typedef typename MatrixMap::Reference Reference;
 };

  // Indicators for the tags

  template <typename GR, typename Enable = void>
  struct NodeNumTagIndicator {
    static const bool value = false;
  };

  template <typename GR>
  struct NodeNumTagIndicator<
    GR,
    typename enable_if<typename GR::NodeNumTag, void>::type
  > {
    static const bool value = true;
  };

  template <typename GR, typename Enable = void>
  struct ArcNumTagIndicator {
    static const bool value = false;
  };

  template <typename GR>
  struct ArcNumTagIndicator<
    GR,
    typename enable_if<typename GR::ArcNumTag, void>::type
  > {
    static const bool value = true;
  };

  template <typename GR, typename Enable = void>
  struct EdgeNumTagIndicator {
    static const bool value = false;
  };

  template <typename GR>
  struct EdgeNumTagIndicator<
    GR,
    typename enable_if<typename GR::EdgeNumTag, void>::type
  > {
    static const bool value = true;
  };

  template <typename GR, typename Enable = void>
  struct FindArcTagIndicator {
    static const bool value = false;
  };

  template <typename GR>
  struct FindArcTagIndicator<
    GR,
    typename enable_if<typename GR::FindArcTag, void>::type
  > {
    static const bool value = true;
  };

  template <typename GR, typename Enable = void>
  struct FindEdgeTagIndicator {
    static const bool value = false;
  };

  template <typename GR>
  struct FindEdgeTagIndicator<
    GR,
    typename enable_if<typename GR::FindEdgeTag, void>::type
  > {
    static const bool value = true;
  };

  template <typename GR, typename Enable = void>
  struct UndirectedTagIndicator {
    static const bool value = false;
  };

  template <typename GR>
  struct UndirectedTagIndicator<
    GR,
    typename enable_if<typename GR::UndirectedTag, void>::type
  > {
    static const bool value = true;
  };

  template <typename GR, typename Enable = void>
  struct BuildTagIndicator {
    static const bool value = false;
  };

  template <typename GR>
  struct BuildTagIndicator<
    GR,
    typename enable_if<typename GR::BuildTag, void>::type
  > {
    static const bool value = true;
  };

}

#endif







trisectors.h

//Implementation of the Robertson-Seymour-Thomas Pfaffian algorithm

//Copyright (C) 2013 B. Szalkai



//This program is free software: you can redistribute it and/or modify

//it under the terms of the GNU Lesser General Public License as published by

//the Free Software Foundation, either version 3 of the License, or

//(at your option) any later version.



//This program is distributed in the hope that it will be useful,

//but WITHOUT ANY WARRANTY; without even the implied warranty of

//MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the

//GNU Lesser General Public License for more details.



//You should have received a copy of the GNU Lesser General Public License

//along with this program.  If not, see <http://www.gnu.org/licenses/>.



#ifndef TRISECTORS_H

#define TRISECTORS_H



#include <iostream>

#include <lemon/adaptors.h>

#include <lemon/list_graph.h>

#include <utils.h>



using namespace lemon;



template <class G>

class Trisector

{

    private: typedef typename G::Node Node;



    public: Node nodes[4];



    public: Trisector(const Node& n1, const Node& n2, const Node& n3, const Node& n4)

    {

        nodes[0] = n1;

        nodes[1] = n2;

        nodes[2] = n3;

        nodes[3] = n4;

    }



    public: bool contains(const Node& n)

    {

        return nodes[0] == n || nodes[1] == n || nodes[2] == n || nodes[3] == n;

    }



    public: void dump()

    {

        std::cout << getid(nodes[0]) << " " << getid(nodes[1]) << " " << getid(nodes[2]) << " " << getid(nodes[3]) << std::endl;

    }

};



template <class G>

class Trisectors

{

    private: typedef typename G::Node Node;

    private: typedef typename G::NodeIt NodeIt;

    private: typedef typename G::EdgeIt EdgeIt;

    private: typedef typename G::IncEdgeIt IncEdgeIt;

    private: typedef typename G::template NodeMap<bool> NodeSet;

    private: typedef typename G::template NodeMap<int> NodeMapInt;



    private: G &g;

    private: NodeSet &bipartition;

    public: std::vector<Trisector<G> > items;



    // Temporary variables used for finding cutvertices

    private: NodeIt n1, n2, n3; // the three nodes left out from the graph

    private: Node root; // the active root of the DFS

    // Stores the number of new components if we delete the specific node (at least -1),

    // or <=-2, if the node hasn't been processed yet.

    private: NodeMapInt mCutvertex;

    // Stores the connected component for each node, or <0, if the node hasn't been processed yet.

    private: NodeMapInt mComponent;

    // Stores the level in the DFS tree for each node, or <0, if the node hasn't been processed yet.

    private: NodeMapInt mLevel;

    // Stores the node count of the current component

    private: int componentSize;



    // Returns the "ascending value" calculated for 'root'

    private: int dfs(Node &v, int color)

    {

        componentSize++;

        mComponent[v] = color;

        int level = mLevel[v];

        int myL = level;

        int cutvertex = (v == root ? -1 : 0);



        for (IncEdgeIt e(g, v); e != INVALID; ++e)

        {

            Node w = g.oppositeNode(v, e);

            if (w == n1 || w == n2 || w == n3) continue;



            // already visited?

            if (mComponent[w] >= 0)

            {

                myL = std::min(myL, mLevel[w]);

                continue;

            }



            // new node

            mLevel[w] = level+1;

            int L = dfs(w, color);

            if (L >= level) cutvertex++;

            myL = std::min(myL, L);

        }



        mCutvertex[v] = cutvertex;

        return myL;

    }



    // Finds all trisectors in a bipartite graph.

    // Outputs at most maxCount trisectors into 'items'.

    public: Trisectors(G &_g, NodeSet &_bipartition, int maxCount)

        : g(_g), bipartition(_bipartition), mCutvertex(g), mComponent(g), mLevel(g)

    {

        for (n1 = NodeIt(g); n1 != INVALID; ++n1) if (bipartition[n1])

        for (n2 = next(n1); n2 != INVALID; ++n2) if (bipartition[n2])

        for (n3 = NodeIt(g); n3 != INVALID; ++n3) if (!bipartition[n3])

        {

            // delete the vertices n1, n2, n3; then find the connected components and cutvertices of the remaining graph

            for (NodeIt n4(g); n4 != INVALID; ++n4)

            {

                mCutvertex[n4] = -2;

                mComponent[n4] = -1;

                mLevel[n4] = -1;

            }



            int nComponents = 0;

            for (NodeIt n4(g); n4 != INVALID; ++n4) if (n4 != n1 && n4 != n2 && n4 != n3)

            {

                if (mComponent[n4] >= 0) continue; // already visited



                nComponents++;

                componentSize = 0;

                mLevel[n4] = 0;

                root = n4;

                dfs(n4, nComponents-1);

            }



            for (NodeIt n4 = next(n3); n4 != INVALID; ++n4) if (!bipartition[n4])

            {

                int comp = nComponents + mCutvertex[n4];

                if (comp < 3) continue;



                // new trisector found

                items.push_back(Trisector<G>(n1, n2, n3, n4));

                maxCount--;

                if (maxCount <= 0) return;

            } // for n4

        } // for n1, n2, n3

    } // ctor



    public: void dump()

    {

        std::cout << items.size() << " trisectors:" << std::endl;

        for (int i = 0; i < items.size(); i++)

            items[i].dump();

    }

};



#endif








lemon/unionfind.h

/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2010
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_UNION_FIND_H
#define LEMON_UNION_FIND_H

//!\ingroup auxdat
//!\file
//!\brief Union-Find data structures.
//!

#include <vector>
#include <list>
#include <utility>
#include <algorithm>
#include <functional>

#include <lemon/core.h>

namespace lemon {

  /// \ingroup auxdat
  ///
  /// \brief A \e Union-Find data structure implementation
  ///
  /// The class implements the \e Union-Find data structure.
  /// The union operation uses rank heuristic, while
  /// the find operation uses path compression.
  /// This is a very simple but efficient implementation, providing
  /// only four methods: join (union), find, insert and size.
  /// For more features, see the \ref UnionFindEnum class.
  ///
  /// It is primarily used in Kruskal algorithm for finding minimal
  /// cost spanning tree in a graph.
  /// \sa kruskal()
  ///
  /// \pre You need to add all the elements by the \ref insert()
  /// method.
  template <typename IM>
  class UnionFind {
  public:

    ///\e
    typedef IM ItemIntMap;
    ///\e
    typedef typename ItemIntMap::Key Item;

  private:
    // If the items vector stores negative value for an item then
    // that item is root item and it has -items[it] component size.
    // Else the items[it] contains the index of the parent.
    std::vector<int> items;
    ItemIntMap& index;

    bool rep(int idx) const {
      return items[idx] < 0;
    }

    int repIndex(int idx) const {
      int k = idx;
      while (!rep(k)) {
        k = items[k] ;
      }
      while (idx != k) {
        int next = items[idx];
        const_cast<int&>(items[idx]) = k;
        idx = next;
      }
      return k;
    }

  public:

    /// \brief Constructor
    ///
    /// Constructor of the UnionFind class. You should give an item to
    /// integer map which will be used from the data structure. If you
    /// modify directly this map that may cause segmentation fault,
    /// invalid data structure, or infinite loop when you use again
    /// the union-find.
    UnionFind(ItemIntMap& m) : index(m) {}

    /// \brief Returns the index of the element's component.
    ///
    /// The method returns the index of the element's component.
    /// This is an integer between zero and the number of inserted elements.
    ///
    int find(const Item& a) {
      return repIndex(index[a]);
    }

    /// \brief Clears the union-find data structure
    ///
    /// Erase each item from the data structure.
    void clear() {
      items.clear();
    }

    /// \brief Inserts a new element into the structure.
    ///
    /// This method inserts a new element into the data structure.
    ///
    /// The method returns the index of the new component.
    int insert(const Item& a) {
      int n = items.size();
      items.push_back(-1);
      index.set(a,n);
      return n;
    }

    /// \brief Joining the components of element \e a and element \e b.
    ///
    /// This is the \e union operation of the Union-Find structure.
    /// Joins the component of element \e a and component of
    /// element \e b. If \e a and \e b are in the same component then
    /// it returns false otherwise it returns true.
    bool join(const Item& a, const Item& b) {
      int ka = repIndex(index[a]);
      int kb = repIndex(index[b]);

      if ( ka == kb )
        return false;

      if (items[ka] < items[kb]) {
        items[ka] += items[kb];
        items[kb] = ka;
      } else {
        items[kb] += items[ka];
        items[ka] = kb;
      }
      return true;
    }

    /// \brief Returns the size of the component of element \e a.
    ///
    /// Returns the size of the component of element \e a.
    int size(const Item& a) {
      int k = repIndex(index[a]);
      return - items[k];
    }

  };

  /// \ingroup auxdat
  ///
  /// \brief A \e Union-Find data structure implementation which
  /// is able to enumerate the components.
  ///
  /// The class implements a \e Union-Find data structure
  /// which is able to enumerate the components and the items in
  /// a component. If you don't need this feature then perhaps it's
  /// better to use the \ref UnionFind class which is more efficient.
  ///
  /// The union operation uses rank heuristic, while
  /// the find operation uses path compression.
  ///
  /// \pre You need to add all the elements by the \ref insert()
  /// method.
  ///
  template <typename IM>
  class UnionFindEnum {
  public:

    ///\e
    typedef IM ItemIntMap;
    ///\e
    typedef typename ItemIntMap::Key Item;

  private:

    ItemIntMap& index;

    // If the parent stores negative value for an item then that item
    // is root item and it has ~(items[it].parent) component id.  Else
    // the items[it].parent contains the index of the parent.
    //
    // The \c next and \c prev provides the double-linked
    // cyclic list of one component's items.
    struct ItemT {
      int parent;
      Item item;

      int next, prev;
    };

    std::vector<ItemT> items;
    int firstFreeItem;

    struct ClassT {
      int size;
      int firstItem;
      int next, prev;
    };

    std::vector<ClassT> classes;
    int firstClass, firstFreeClass;

    int newClass() {
      if (firstFreeClass == -1) {
        int cdx = classes.size();
        classes.push_back(ClassT());
        return cdx;
      } else {
        int cdx = firstFreeClass;
        firstFreeClass = classes[firstFreeClass].next;
        return cdx;
      }
    }

    int newItem() {
      if (firstFreeItem == -1) {
        int idx = items.size();
        items.push_back(ItemT());
        return idx;
      } else {
        int idx = firstFreeItem;
        firstFreeItem = items[firstFreeItem].next;
        return idx;
      }
    }


    bool rep(int idx) const {
      return items[idx].parent < 0;
    }

    int repIndex(int idx) const {
      int k = idx;
      while (!rep(k)) {
        k = items[k].parent;
      }
      while (idx != k) {
        int next = items[idx].parent;
        const_cast<int&>(items[idx].parent) = k;
        idx = next;
      }
      return k;
    }

    int classIndex(int idx) const {
      return ~(items[repIndex(idx)].parent);
    }

    void singletonItem(int idx) {
      items[idx].next = idx;
      items[idx].prev = idx;
    }

    void laceItem(int idx, int rdx) {
      items[idx].prev = rdx;
      items[idx].next = items[rdx].next;
      items[items[rdx].next].prev = idx;
      items[rdx].next = idx;
    }

    void unlaceItem(int idx) {
      items[items[idx].prev].next = items[idx].next;
      items[items[idx].next].prev = items[idx].prev;

      items[idx].next = firstFreeItem;
      firstFreeItem = idx;
    }

    void spliceItems(int ak, int bk) {
      items[items[ak].prev].next = bk;
      items[items[bk].prev].next = ak;
      int tmp = items[ak].prev;
      items[ak].prev = items[bk].prev;
      items[bk].prev = tmp;

    }

    void laceClass(int cls) {
      if (firstClass != -1) {
        classes[firstClass].prev = cls;
      }
      classes[cls].next = firstClass;
      classes[cls].prev = -1;
      firstClass = cls;
    }

    void unlaceClass(int cls) {
      if (classes[cls].prev != -1) {
        classes[classes[cls].prev].next = classes[cls].next;
      } else {
        firstClass = classes[cls].next;
      }
      if (classes[cls].next != -1) {
        classes[classes[cls].next].prev = classes[cls].prev;
      }

      classes[cls].next = firstFreeClass;
      firstFreeClass = cls;
    }

  public:

    UnionFindEnum(ItemIntMap& _index)
      : index(_index), items(), firstFreeItem(-1),
        firstClass(-1), firstFreeClass(-1) {}

    /// \brief Inserts the given element into a new component.
    ///
    /// This method creates a new component consisting only of the
    /// given element.
    ///
    int insert(const Item& item) {
      int idx = newItem();

      index.set(item, idx);

      singletonItem(idx);
      items[idx].item = item;

      int cdx = newClass();

      items[idx].parent = ~cdx;

      laceClass(cdx);
      classes[cdx].size = 1;
      classes[cdx].firstItem = idx;

      firstClass = cdx;

      return cdx;
    }

    /// \brief Inserts the given element into the component of the others.
    ///
    /// This methods inserts the element \e a into the component of the
    /// element \e comp.
    void insert(const Item& item, int cls) {
      int rdx = classes[cls].firstItem;
      int idx = newItem();

      index.set(item, idx);

      laceItem(idx, rdx);

      items[idx].item = item;
      items[idx].parent = rdx;

      ++classes[~(items[rdx].parent)].size;
    }

    /// \brief Clears the union-find data structure
    ///
    /// Erase each item from the data structure.
    void clear() {
      items.clear();
      firstClass = -1;
      firstFreeItem = -1;
    }

    /// \brief Finds the component of the given element.
    ///
    /// The method returns the component id of the given element.
    int find(const Item &item) const {
      return ~(items[repIndex(index[item])].parent);
    }

    /// \brief Joining the component of element \e a and element \e b.
    ///
    /// This is the \e union operation of the Union-Find structure.
    /// Joins the component of element \e a and component of
    /// element \e b. If \e a and \e b are in the same component then
    /// returns -1 else returns the remaining class.
    int join(const Item& a, const Item& b) {

      int ak = repIndex(index[a]);
      int bk = repIndex(index[b]);

      if (ak == bk) {
        return -1;
      }

      int acx = ~(items[ak].parent);
      int bcx = ~(items[bk].parent);

      int rcx;

      if (classes[acx].size > classes[bcx].size) {
        classes[acx].size += classes[bcx].size;
        items[bk].parent = ak;
        unlaceClass(bcx);
        rcx = acx;
      } else {
        classes[bcx].size += classes[acx].size;
        items[ak].parent = bk;
        unlaceClass(acx);
        rcx = bcx;
      }
      spliceItems(ak, bk);

      return rcx;
    }

    /// \brief Returns the size of the class.
    ///
    /// Returns the size of the class.
    int size(int cls) const {
      return classes[cls].size;
    }

    /// \brief Splits up the component.
    ///
    /// Splitting the component into singleton components (component
    /// of size one).
    void split(int cls) {
      int fdx = classes[cls].firstItem;
      int idx = items[fdx].next;
      while (idx != fdx) {
        int next = items[idx].next;

        singletonItem(idx);

        int cdx = newClass();
        items[idx].parent = ~cdx;

        laceClass(cdx);
        classes[cdx].size = 1;
        classes[cdx].firstItem = idx;

        idx = next;
      }

      items[idx].prev = idx;
      items[idx].next = idx;

      classes[~(items[idx].parent)].size = 1;

    }

    /// \brief Removes the given element from the structure.
    ///
    /// Removes the element from its component and if the component becomes
    /// empty then removes that component from the component list.
    ///
    /// \warning It is an error to remove an element which is not in
    /// the structure.
    /// \warning This running time of this operation is proportional to the
    /// number of the items in this class.
    void erase(const Item& item) {
      int idx = index[item];
      int fdx = items[idx].next;

      int cdx = classIndex(idx);
      if (idx == fdx) {
        unlaceClass(cdx);
        items[idx].next = firstFreeItem;
        firstFreeItem = idx;
        return;
      } else {
        classes[cdx].firstItem = fdx;
        --classes[cdx].size;
        items[fdx].parent = ~cdx;

        unlaceItem(idx);
        idx = items[fdx].next;
        while (idx != fdx) {
          items[idx].parent = fdx;
          idx = items[idx].next;
        }

      }

    }

    /// \brief Gives back a representant item of the component.
    ///
    /// Gives back a representant item of the component.
    Item item(int cls) const {
      return items[classes[cls].firstItem].item;
    }

    /// \brief Removes the component of the given element from the structure.
    ///
    /// Removes the component of the given element from the structure.
    ///
    /// \warning It is an error to give an element which is not in the
    /// structure.
    void eraseClass(int cls) {
      int fdx = classes[cls].firstItem;
      unlaceClass(cls);
      items[items[fdx].prev].next = firstFreeItem;
      firstFreeItem = fdx;
    }

    /// \brief LEMON style iterator for the representant items.
    ///
    /// ClassIt is a lemon style iterator for the components. It iterates
    /// on the ids of the classes.
    class ClassIt {
    public:
      /// \brief Constructor of the iterator
      ///
      /// Constructor of the iterator
      ClassIt(const UnionFindEnum& ufe) : unionFind(&ufe) {
        cdx = unionFind->firstClass;
      }

      /// \brief Constructor to get invalid iterator
      ///
      /// Constructor to get invalid iterator
      ClassIt(Invalid) : unionFind(0), cdx(-1) {}

      /// \brief Increment operator
      ///
      /// It steps to the next representant item.
      ClassIt& operator++() {
        cdx = unionFind->classes[cdx].next;
        return *this;
      }

      /// \brief Conversion operator
      ///
      /// It converts the iterator to the current representant item.
      operator int() const {
        return cdx;
      }

      /// \brief Equality operator
      ///
      /// Equality operator
      bool operator==(const ClassIt& i) {
        return i.cdx == cdx;
      }

      /// \brief Inequality operator
      ///
      /// Inequality operator
      bool operator!=(const ClassIt& i) {
        return i.cdx != cdx;
      }

    private:
      const UnionFindEnum* unionFind;
      int cdx;
    };

    /// \brief LEMON style iterator for the items of a component.
    ///
    /// ClassIt is a lemon style iterator for the components. It iterates
    /// on the items of a class. By example if you want to iterate on
    /// each items of each classes then you may write the next code.
    ///\code
    /// for (ClassIt cit(ufe); cit != INVALID; ++cit) {
    ///   std::cout << "Class: ";
    ///   for (ItemIt iit(ufe, cit); iit != INVALID; ++iit) {
    ///     std::cout << toString(iit) << ' ' << std::endl;
    ///   }
    ///   std::cout << std::endl;
    /// }
    ///\endcode
    class ItemIt {
    public:
      /// \brief Constructor of the iterator
      ///
      /// Constructor of the iterator. The iterator iterates
      /// on the class of the \c item.
      ItemIt(const UnionFindEnum& ufe, int cls) : unionFind(&ufe) {
        fdx = idx = unionFind->classes[cls].firstItem;
      }

      /// \brief Constructor to get invalid iterator
      ///
      /// Constructor to get invalid iterator
      ItemIt(Invalid) : unionFind(0), idx(-1) {}

      /// \brief Increment operator
      ///
      /// It steps to the next item in the class.
      ItemIt& operator++() {
        idx = unionFind->items[idx].next;
        if (idx == fdx) idx = -1;
        return *this;
      }

      /// \brief Conversion operator
      ///
      /// It converts the iterator to the current item.
      operator const Item&() const {
        return unionFind->items[idx].item;
      }

      /// \brief Equality operator
      ///
      /// Equality operator
      bool operator==(const ItemIt& i) {
        return i.idx == idx;
      }

      /// \brief Inequality operator
      ///
      /// Inequality operator
      bool operator!=(const ItemIt& i) {
        return i.idx != idx;
      }

    private:
      const UnionFindEnum* unionFind;
      int idx, fdx;
    };

  };

  /// \ingroup auxdat
  ///
  /// \brief A \e Extend-Find data structure implementation which
  /// is able to enumerate the components.
  ///
  /// The class implements an \e Extend-Find data structure which is
  /// able to enumerate the components and the items in a
  /// component. The data structure is a simplification of the
  /// Union-Find structure, and it does not allow to merge two components.
  ///
  /// \pre You need to add all the elements by the \ref insert()
  /// method.
  template <typename IM>
  class ExtendFindEnum {
  public:

    ///\e
    typedef IM ItemIntMap;
    ///\e
    typedef typename ItemIntMap::Key Item;

  private:

    ItemIntMap& index;

    struct ItemT {
      int cls;
      Item item;
      int next, prev;
    };

    std::vector<ItemT> items;
    int firstFreeItem;

    struct ClassT {
      int firstItem;
      int next, prev;
    };

    std::vector<ClassT> classes;

    int firstClass, firstFreeClass;

    int newClass() {
      if (firstFreeClass != -1) {
        int cdx = firstFreeClass;
        firstFreeClass = classes[cdx].next;
        return cdx;
      } else {
        classes.push_back(ClassT());
        return classes.size() - 1;
      }
    }

    int newItem() {
      if (firstFreeItem != -1) {
        int idx = firstFreeItem;
        firstFreeItem = items[idx].next;
        return idx;
      } else {
        items.push_back(ItemT());
        return items.size() - 1;
      }
    }

  public:

    /// \brief Constructor
    ExtendFindEnum(ItemIntMap& _index)
      : index(_index), items(), firstFreeItem(-1),
        classes(), firstClass(-1), firstFreeClass(-1) {}

    /// \brief Inserts the given element into a new component.
    ///
    /// This method creates a new component consisting only of the
    /// given element.
    int insert(const Item& item) {
      int cdx = newClass();
      classes[cdx].prev = -1;
      classes[cdx].next = firstClass;
      if (firstClass != -1) {
        classes[firstClass].prev = cdx;
      }
      firstClass = cdx;

      int idx = newItem();
      items[idx].item = item;
      items[idx].cls = cdx;
      items[idx].prev = idx;
      items[idx].next = idx;

      classes[cdx].firstItem = idx;

      index.set(item, idx);

      return cdx;
    }

    /// \brief Inserts the given element into the given component.
    ///
    /// This methods inserts the element \e item a into the \e cls class.
    void insert(const Item& item, int cls) {
      int idx = newItem();
      int rdx = classes[cls].firstItem;
      items[idx].item = item;
      items[idx].cls = cls;

      items[idx].prev = rdx;
      items[idx].next = items[rdx].next;
      items[items[rdx].next].prev = idx;
      items[rdx].next = idx;

      index.set(item, idx);
    }

    /// \brief Clears the union-find data structure
    ///
    /// Erase each item from the data structure.
    void clear() {
      items.clear();
      classes.clear();
      firstClass = firstFreeClass = firstFreeItem = -1;
    }

    /// \brief Gives back the class of the \e item.
    ///
    /// Gives back the class of the \e item.
    int find(const Item &item) const {
      return items[index[item]].cls;
    }

    /// \brief Gives back a representant item of the component.
    ///
    /// Gives back a representant item of the component.
    Item item(int cls) const {
      return items[classes[cls].firstItem].item;
    }

    /// \brief Removes the given element from the structure.
    ///
    /// Removes the element from its component and if the component becomes
    /// empty then removes that component from the component list.
    ///
    /// \warning It is an error to remove an element which is not in
    /// the structure.
    void erase(const Item &item) {
      int idx = index[item];
      int cdx = items[idx].cls;

      if (idx == items[idx].next) {
        if (classes[cdx].prev != -1) {
          classes[classes[cdx].prev].next = classes[cdx].next;
        } else {
          firstClass = classes[cdx].next;
        }
        if (classes[cdx].next != -1) {
          classes[classes[cdx].next].prev = classes[cdx].prev;
        }
        classes[cdx].next = firstFreeClass;
        firstFreeClass = cdx;
      } else {
        classes[cdx].firstItem = items[idx].next;
        items[items[idx].next].prev = items[idx].prev;
        items[items[idx].prev].next = items[idx].next;
      }
      items[idx].next = firstFreeItem;
      firstFreeItem = idx;

    }


    /// \brief Removes the component of the given element from the structure.
    ///
    /// Removes the component of the given element from the structure.
    ///
    /// \warning It is an error to give an element which is not in the
    /// structure.
    void eraseClass(int cdx) {
      int idx = classes[cdx].firstItem;
      items[items[idx].prev].next = firstFreeItem;
      firstFreeItem = idx;

      if (classes[cdx].prev != -1) {
        classes[classes[cdx].prev].next = classes[cdx].next;
      } else {
        firstClass = classes[cdx].next;
      }
      if (classes[cdx].next != -1) {
        classes[classes[cdx].next].prev = classes[cdx].prev;
      }
      classes[cdx].next = firstFreeClass;
      firstFreeClass = cdx;
    }

    /// \brief LEMON style iterator for the classes.
    ///
    /// ClassIt is a lemon style iterator for the components. It iterates
    /// on the ids of classes.
    class ClassIt {
    public:
      /// \brief Constructor of the iterator
      ///
      /// Constructor of the iterator
      ClassIt(const ExtendFindEnum& ufe) : extendFind(&ufe) {
        cdx = extendFind->firstClass;
      }

      /// \brief Constructor to get invalid iterator
      ///
      /// Constructor to get invalid iterator
      ClassIt(Invalid) : extendFind(0), cdx(-1) {}

      /// \brief Increment operator
      ///
      /// It steps to the next representant item.
      ClassIt& operator++() {
        cdx = extendFind->classes[cdx].next;
        return *this;
      }

      /// \brief Conversion operator
      ///
      /// It converts the iterator to the current class id.
      operator int() const {
        return cdx;
      }

      /// \brief Equality operator
      ///
      /// Equality operator
      bool operator==(const ClassIt& i) {
        return i.cdx == cdx;
      }

      /// \brief Inequality operator
      ///
      /// Inequality operator
      bool operator!=(const ClassIt& i) {
        return i.cdx != cdx;
      }

    private:
      const ExtendFindEnum* extendFind;
      int cdx;
    };

    /// \brief LEMON style iterator for the items of a component.
    ///
    /// ClassIt is a lemon style iterator for the components. It iterates
    /// on the items of a class. By example if you want to iterate on
    /// each items of each classes then you may write the next code.
    ///\code
    /// for (ClassIt cit(ufe); cit != INVALID; ++cit) {
    ///   std::cout << "Class: ";
    ///   for (ItemIt iit(ufe, cit); iit != INVALID; ++iit) {
    ///     std::cout << toString(iit) << ' ' << std::endl;
    ///   }
    ///   std::cout << std::endl;
    /// }
    ///\endcode
    class ItemIt {
    public:
      /// \brief Constructor of the iterator
      ///
      /// Constructor of the iterator. The iterator iterates
      /// on the class of the \c item.
      ItemIt(const ExtendFindEnum& ufe, int cls) : extendFind(&ufe) {
        fdx = idx = extendFind->classes[cls].firstItem;
      }

      /// \brief Constructor to get invalid iterator
      ///
      /// Constructor to get invalid iterator
      ItemIt(Invalid) : extendFind(0), idx(-1) {}

      /// \brief Increment operator
      ///
      /// It steps to the next item in the class.
      ItemIt& operator++() {
        idx = extendFind->items[idx].next;
        if (fdx == idx) idx = -1;
        return *this;
      }

      /// \brief Conversion operator
      ///
      /// It converts the iterator to the current item.
      operator const Item&() const {
        return extendFind->items[idx].item;
      }

      /// \brief Equality operator
      ///
      /// Equality operator
      bool operator==(const ItemIt& i) {
        return i.idx == idx;
      }

      /// \brief Inequality operator
      ///
      /// Inequality operator
      bool operator!=(const ItemIt& i) {
        return i.idx != idx;
      }

    private:
      const ExtendFindEnum* extendFind;
      int idx, fdx;
    };

  };

  /// \ingroup auxdat
  ///
  /// \brief A \e Union-Find data structure implementation which
  /// is able to store a priority for each item and retrieve the minimum of
  /// each class.
  ///
  /// A \e Union-Find data structure implementation which is able to
  /// store a priority for each item and retrieve the minimum of each
  /// class. In addition, it supports the joining and splitting the
  /// components. If you don't need this feature then you makes
  /// better to use the \ref UnionFind class which is more efficient.
  ///
  /// The union-find data strcuture based on a (2, 16)-tree with a
  /// tournament minimum selection on the internal nodes. The insert
  /// operation takes O(1), the find, set, decrease and increase takes
  /// O(log(n)), where n is the number of nodes in the current
  /// component.  The complexity of join and split is O(log(n)*k),
  /// where n is the sum of the number of the nodes and k is the
  /// number of joined components or the number of the components
  /// after the split.
  ///
  /// \pre You need to add all the elements by the \ref insert()
  /// method.
  template <typename V, typename IM, typename Comp = std::less<V> >
  class HeapUnionFind {
  public:

    ///\e
    typedef V Value;
    ///\e
    typedef typename IM::Key Item;
    ///\e
    typedef IM ItemIntMap;
    ///\e
    typedef Comp Compare;

  private:

    static const int cmax = 16;

    ItemIntMap& index;

    struct ClassNode {
      int parent;
      int depth;

      int left, right;
      int next, prev;
    };

    int first_class;
    int first_free_class;
    std::vector<ClassNode> classes;

    int newClass() {
      if (first_free_class < 0) {
        int id = classes.size();
        classes.push_back(ClassNode());
        return id;
      } else {
        int id = first_free_class;
        first_free_class = classes[id].next;
        return id;
      }
    }

    void deleteClass(int id) {
      classes[id].next = first_free_class;
      first_free_class = id;
    }

    struct ItemNode {
      int parent;
      Item item;
      Value prio;
      int next, prev;
      int left, right;
      int size;
    };

    int first_free_node;
    std::vector<ItemNode> nodes;

    int newNode() {
      if (first_free_node < 0) {
        int id = nodes.size();
        nodes.push_back(ItemNode());
        return id;
      } else {
        int id = first_free_node;
        first_free_node = nodes[id].next;
        return id;
      }
    }

    void deleteNode(int id) {
      nodes[id].next = first_free_node;
      first_free_node = id;
    }

    Comp comp;

    int findClass(int id) const {
      int kd = id;
      while (kd >= 0) {
        kd = nodes[kd].parent;
      }
      return ~kd;
    }

    int leftNode(int id) const {
      int kd = ~(classes[id].parent);
      for (int i = 0; i < classes[id].depth; ++i) {
        kd = nodes[kd].left;
      }
      return kd;
    }

    int nextNode(int id) const {
      int depth = 0;
      while (id >= 0 && nodes[id].next == -1) {
        id = nodes[id].parent;
        ++depth;
      }
      if (id < 0) {
        return -1;
      }
      id = nodes[id].next;
      while (depth--) {
        id = nodes[id].left;
      }
      return id;
    }


    void setPrio(int id) {
      int jd = nodes[id].left;
      nodes[id].prio = nodes[jd].prio;
      nodes[id].item = nodes[jd].item;
      jd = nodes[jd].next;
      while (jd != -1) {
        if (comp(nodes[jd].prio, nodes[id].prio)) {
          nodes[id].prio = nodes[jd].prio;
          nodes[id].item = nodes[jd].item;
        }
        jd = nodes[jd].next;
      }
    }

    void push(int id, int jd) {
      nodes[id].size = 1;
      nodes[id].left = nodes[id].right = jd;
      nodes[jd].next = nodes[jd].prev = -1;
      nodes[jd].parent = id;
    }

    void pushAfter(int id, int jd) {
      int kd = nodes[id].parent;
      if (nodes[id].next != -1) {
        nodes[nodes[id].next].prev = jd;
        if (kd >= 0) {
          nodes[kd].size += 1;
        }
      } else {
        if (kd >= 0) {
          nodes[kd].right = jd;
          nodes[kd].size += 1;
        }
      }
      nodes[jd].next = nodes[id].next;
      nodes[jd].prev = id;
      nodes[id].next = jd;
      nodes[jd].parent = kd;
    }

    void pushRight(int id, int jd) {
      nodes[id].size += 1;
      nodes[jd].prev = nodes[id].right;
      nodes[jd].next = -1;
      nodes[nodes[id].right].next = jd;
      nodes[id].right = jd;
      nodes[jd].parent = id;
    }

    void popRight(int id) {
      nodes[id].size -= 1;
      int jd = nodes[id].right;
      nodes[nodes[jd].prev].next = -1;
      nodes[id].right = nodes[jd].prev;
    }

    void splice(int id, int jd) {
      nodes[id].size += nodes[jd].size;
      nodes[nodes[id].right].next = nodes[jd].left;
      nodes[nodes[jd].left].prev = nodes[id].right;
      int kd = nodes[jd].left;
      while (kd != -1) {
        nodes[kd].parent = id;
        kd = nodes[kd].next;
      }
      nodes[id].right = nodes[jd].right;
    }

    void split(int id, int jd) {
      int kd = nodes[id].parent;
      nodes[kd].right = nodes[id].prev;
      nodes[nodes[id].prev].next = -1;

      nodes[jd].left = id;
      nodes[id].prev = -1;
      int num = 0;
      while (id != -1) {
        nodes[id].parent = jd;
        nodes[jd].right = id;
        id = nodes[id].next;
        ++num;
      }
      nodes[kd].size -= num;
      nodes[jd].size = num;
    }

    void pushLeft(int id, int jd) {
      nodes[id].size += 1;
      nodes[jd].next = nodes[id].left;
      nodes[jd].prev = -1;
      nodes[nodes[id].left].prev = jd;
      nodes[id].left = jd;
      nodes[jd].parent = id;
    }

    void popLeft(int id) {
      nodes[id].size -= 1;
      int jd = nodes[id].left;
      nodes[nodes[jd].next].prev = -1;
      nodes[id].left = nodes[jd].next;
    }

    void repairLeft(int id) {
      int jd = ~(classes[id].parent);
      while (nodes[jd].left != -1) {
        int kd = nodes[jd].left;
        if (nodes[jd].size == 1) {
          if (nodes[jd].parent < 0) {
            classes[id].parent = ~kd;
            classes[id].depth -= 1;
            nodes[kd].parent = ~id;
            deleteNode(jd);
            jd = kd;
          } else {
            int pd = nodes[jd].parent;
            if (nodes[nodes[jd].next].size < cmax) {
              pushLeft(nodes[jd].next, nodes[jd].left);
              if (less(jd, nodes[jd].next) ||
                  nodes[jd].item == nodes[pd].item) {
                nodes[nodes[jd].next].prio = nodes[jd].prio;
                nodes[nodes[jd].next].item = nodes[jd].item;
              }
              popLeft(pd);
              deleteNode(jd);
              jd = pd;
            } else {
              int ld = nodes[nodes[jd].next].left;
              popLeft(nodes[jd].next);
              pushRight(jd, ld);
              if (less(ld, nodes[jd].left) ||
                  nodes[ld].item == nodes[pd].item) {
                nodes[jd].item = nodes[ld].item;
                nodes[jd].prio = nodes[ld].prio;
              }
              if (nodes[nodes[jd].next].item == nodes[ld].item) {
                setPrio(nodes[jd].next);
              }
              jd = nodes[jd].left;
            }
          }
        } else {
          jd = nodes[jd].left;
        }
      }
    }

    void repairRight(int id) {
      int jd = ~(classes[id].parent);
      while (nodes[jd].right != -1) {
        int kd = nodes[jd].right;
        if (nodes[jd].size == 1) {
          if (nodes[jd].parent < 0) {
            classes[id].parent = ~kd;
            classes[id].depth -= 1;
            nodes[kd].parent = ~id;
            deleteNode(jd);
            jd = kd;
          } else {
            int pd = nodes[jd].parent;
            if (nodes[nodes[jd].prev].size < cmax) {
              pushRight(nodes[jd].prev, nodes[jd].right);
              if (less(jd, nodes[jd].prev) ||
                  nodes[jd].item == nodes[pd].item) {
                nodes[nodes[jd].prev].prio = nodes[jd].prio;
                nodes[nodes[jd].prev].item = nodes[jd].item;
              }
              popRight(pd);
              deleteNode(jd);
              jd = pd;
            } else {
              int ld = nodes[nodes[jd].prev].right;
              popRight(nodes[jd].prev);
              pushLeft(jd, ld);
              if (less(ld, nodes[jd].right) ||
                  nodes[ld].item == nodes[pd].item) {
                nodes[jd].item = nodes[ld].item;
                nodes[jd].prio = nodes[ld].prio;
              }
              if (nodes[nodes[jd].prev].item == nodes[ld].item) {
                setPrio(nodes[jd].prev);
              }
              jd = nodes[jd].right;
            }
          }
        } else {
          jd = nodes[jd].right;
        }
      }
    }


    bool less(int id, int jd) const {
      return comp(nodes[id].prio, nodes[jd].prio);
    }

  public:

    /// \brief Returns true when the given class is alive.
    ///
    /// Returns true when the given class is alive, ie. the class is
    /// not nested into other class.
    bool alive(int cls) const {
      return classes[cls].parent < 0;
    }

    /// \brief Returns true when the given class is trivial.
    ///
    /// Returns true when the given class is trivial, ie. the class
    /// contains just one item directly.
    bool trivial(int cls) const {
      return classes[cls].left == -1;
    }

    /// \brief Constructs the union-find.
    ///
    /// Constructs the union-find.
    /// \brief _index The index map of the union-find. The data
    /// structure uses internally for store references.
    HeapUnionFind(ItemIntMap& _index)
      : index(_index), first_class(-1),
        first_free_class(-1), first_free_node(-1) {}

    /// \brief Clears the union-find data structure
    ///
    /// Erase each item from the data structure.
    void clear() {
      nodes.clear();
      classes.clear();
      first_free_node = first_free_class = first_class = -1;
    }

    /// \brief Insert a new node into a new component.
    ///
    /// Insert a new node into a new component.
    /// \param item The item of the new node.
    /// \param prio The priority of the new node.
    /// \return The class id of the one-item-heap.
    int insert(const Item& item, const Value& prio) {
      int id = newNode();
      nodes[id].item = item;
      nodes[id].prio = prio;
      nodes[id].size = 0;

      nodes[id].prev = -1;
      nodes[id].next = -1;

      nodes[id].left = -1;
      nodes[id].right = -1;

      nodes[id].item = item;
      index[item] = id;

      int class_id = newClass();
      classes[class_id].parent = ~id;
      classes[class_id].depth = 0;

      classes[class_id].left = -1;
      classes[class_id].right = -1;

      if (first_class != -1) {
        classes[first_class].prev = class_id;
      }
      classes[class_id].next = first_class;
      classes[class_id].prev = -1;
      first_class = class_id;

      nodes[id].parent = ~class_id;

      return class_id;
    }

    /// \brief The class of the item.
    ///
    /// \return The alive class id of the item, which is not nested into
    /// other classes.
    ///
    /// The time complexity is O(log(n)).
    int find(const Item& item) const {
      return findClass(index[item]);
    }

    /// \brief Joins the classes.
    ///
    /// The current function joins the given classes. The parameter is
    /// an STL range which should be contains valid class ids. The
    /// time complexity is O(log(n)*k) where n is the overall number
    /// of the joined nodes and k is the number of classes.
    /// \return The class of the joined classes.
    /// \pre The range should contain at least two class ids.
    template <typename Iterator>
    int join(Iterator begin, Iterator end) {
      std::vector<int> cs;
      for (Iterator it = begin; it != end; ++it) {
        cs.push_back(*it);
      }

      int class_id = newClass();
      { // creation union-find

        if (first_class != -1) {
          classes[first_class].prev = class_id;
        }
        classes[class_id].next = first_class;
        classes[class_id].prev = -1;
        first_class = class_id;

        classes[class_id].depth = classes[cs[0]].depth;
        classes[class_id].parent = classes[cs[0]].parent;
        nodes[~(classes[class_id].parent)].parent = ~class_id;

        int l = cs[0];

        classes[class_id].left = l;
        classes[class_id].right = l;

        if (classes[l].next != -1) {
          classes[classes[l].next].prev = classes[l].prev;
        }
        classes[classes[l].prev].next = classes[l].next;

        classes[l].prev = -1;
        classes[l].next = -1;

        classes[l].depth = leftNode(l);
        classes[l].parent = class_id;

      }

      { // merging of heap
        int l = class_id;
        for (int ci = 1; ci < int(cs.size()); ++ci) {
          int r = cs[ci];
          int rln = leftNode(r);
          if (classes[l].depth > classes[r].depth) {
            int id = ~(classes[l].parent);
            for (int i = classes[r].depth + 1; i < classes[l].depth; ++i) {
              id = nodes[id].right;
            }
            while (id >= 0 && nodes[id].size == cmax) {
              int new_id = newNode();
              int right_id = nodes[id].right;

              popRight(id);
              if (nodes[id].item == nodes[right_id].item) {
                setPrio(id);
              }
              push(new_id, right_id);
              pushRight(new_id, ~(classes[r].parent));

              if (less(~classes[r].parent, right_id)) {
                nodes[new_id].item = nodes[~classes[r].parent].item;
                nodes[new_id].prio = nodes[~classes[r].parent].prio;
              } else {
                nodes[new_id].item = nodes[right_id].item;
                nodes[new_id].prio = nodes[right_id].prio;
              }

              id = nodes[id].parent;
              classes[r].parent = ~new_id;
            }
            if (id < 0) {
              int new_parent = newNode();
              nodes[new_parent].next = -1;
              nodes[new_parent].prev = -1;
              nodes[new_parent].parent = ~l;

              push(new_parent, ~(classes[l].parent));
              pushRight(new_parent, ~(classes[r].parent));
              setPrio(new_parent);

              classes[l].parent = ~new_parent;
              classes[l].depth += 1;
            } else {
              pushRight(id, ~(classes[r].parent));
              while (id >= 0 && less(~(classes[r].parent), id)) {
                nodes[id].prio = nodes[~(classes[r].parent)].prio;
                nodes[id].item = nodes[~(classes[r].parent)].item;
                id = nodes[id].parent;
              }
            }
          } else if (classes[r].depth > classes[l].depth) {
            int id = ~(classes[r].parent);
            for (int i = classes[l].depth + 1; i < classes[r].depth; ++i) {
              id = nodes[id].left;
            }
            while (id >= 0 && nodes[id].size == cmax) {
              int new_id = newNode();
              int left_id = nodes[id].left;

              popLeft(id);
              if (nodes[id].prio == nodes[left_id].prio) {
                setPrio(id);
              }
              push(new_id, left_id);
              pushLeft(new_id, ~(classes[l].parent));

              if (less(~classes[l].parent, left_id)) {
                nodes[new_id].item = nodes[~classes[l].parent].item;
                nodes[new_id].prio = nodes[~classes[l].parent].prio;
              } else {
                nodes[new_id].item = nodes[left_id].item;
                nodes[new_id].prio = nodes[left_id].prio;
              }

              id = nodes[id].parent;
              classes[l].parent = ~new_id;

            }
            if (id < 0) {
              int new_parent = newNode();
              nodes[new_parent].next = -1;
              nodes[new_parent].prev = -1;
              nodes[new_parent].parent = ~l;

              push(new_parent, ~(classes[r].parent));
              pushLeft(new_parent, ~(classes[l].parent));
              setPrio(new_parent);

              classes[r].parent = ~new_parent;
              classes[r].depth += 1;
            } else {
              pushLeft(id, ~(classes[l].parent));
              while (id >= 0 && less(~(classes[l].parent), id)) {
                nodes[id].prio = nodes[~(classes[l].parent)].prio;
                nodes[id].item = nodes[~(classes[l].parent)].item;
                id = nodes[id].parent;
              }
            }
            nodes[~(classes[r].parent)].parent = ~l;
            classes[l].parent = classes[r].parent;
            classes[l].depth = classes[r].depth;
          } else {
            if (classes[l].depth != 0 &&
                nodes[~(classes[l].parent)].size +
                nodes[~(classes[r].parent)].size <= cmax) {
              splice(~(classes[l].parent), ~(classes[r].parent));
              deleteNode(~(classes[r].parent));
              if (less(~(classes[r].parent), ~(classes[l].parent))) {
                nodes[~(classes[l].parent)].prio =
                  nodes[~(classes[r].parent)].prio;
                nodes[~(classes[l].parent)].item =
                  nodes[~(classes[r].parent)].item;
              }
            } else {
              int new_parent = newNode();
              nodes[new_parent].next = nodes[new_parent].prev = -1;
              push(new_parent, ~(classes[l].parent));
              pushRight(new_parent, ~(classes[r].parent));
              setPrio(new_parent);

              classes[l].parent = ~new_parent;
              classes[l].depth += 1;
              nodes[new_parent].parent = ~l;
            }
          }
          if (classes[r].next != -1) {
            classes[classes[r].next].prev = classes[r].prev;
          }
          classes[classes[r].prev].next = classes[r].next;

          classes[r].prev = classes[l].right;
          classes[classes[l].right].next = r;
          classes[l].right = r;
          classes[r].parent = l;

          classes[r].next = -1;
          classes[r].depth = rln;
        }
      }
      return class_id;
    }

    /// \brief Split the class to subclasses.
    ///
    /// The current function splits the given class. The join, which
    /// made the current class, stored a reference to the
    /// subclasses. The \c splitClass() member restores the classes
    /// and creates the heaps. The parameter is an STL output iterator
    /// which will be filled with the subclass ids. The time
    /// complexity is O(log(n)*k) where n is the overall number of
    /// nodes in the splitted classes and k is the number of the
    /// classes.
    template <typename Iterator>
    void split(int cls, Iterator out) {
      std::vector<int> cs;
      { // splitting union-find
        int id = cls;
        int l = classes[id].left;

        classes[l].parent = classes[id].parent;
        classes[l].depth = classes[id].depth;

        nodes[~(classes[l].parent)].parent = ~l;

        *out++ = l;

        while (l != -1) {
          cs.push_back(l);
          l = classes[l].next;
        }

        classes[classes[id].right].next = first_class;
        classes[first_class].prev = classes[id].right;
        first_class = classes[id].left;

        if (classes[id].next != -1) {
          classes[classes[id].next].prev = classes[id].prev;
        }
        classes[classes[id].prev].next = classes[id].next;

        deleteClass(id);
      }

      {
        for (int i = 1; i < int(cs.size()); ++i) {
          int l = classes[cs[i]].depth;
          while (nodes[nodes[l].parent].left == l) {
            l = nodes[l].parent;
          }
          int r = l;
          while (nodes[l].parent >= 0) {
            l = nodes[l].parent;
            int new_node = newNode();

            nodes[new_node].prev = -1;
            nodes[new_node].next = -1;

            split(r, new_node);
            pushAfter(l, new_node);
            setPrio(l);
            setPrio(new_node);
            r = new_node;
          }
          classes[cs[i]].parent = ~r;
          classes[cs[i]].depth = classes[~(nodes[l].parent)].depth;
          nodes[r].parent = ~cs[i];

          nodes[l].next = -1;
          nodes[r].prev = -1;

          repairRight(~(nodes[l].parent));
          repairLeft(cs[i]);

          *out++ = cs[i];
        }
      }
    }

    /// \brief Gives back the priority of the current item.
    ///
    /// Gives back the priority of the current item.
    const Value& operator[](const Item& item) const {
      return nodes[index[item]].prio;
    }

    /// \brief Sets the priority of the current item.
    ///
    /// Sets the priority of the current item.
    void set(const Item& item, const Value& prio) {
      if (comp(prio, nodes[index[item]].prio)) {
        decrease(item, prio);
      } else if (!comp(prio, nodes[index[item]].prio)) {
        increase(item, prio);
      }
    }

    /// \brief Increase the priority of the current item.
    ///
    /// Increase the priority of the current item.
    void increase(const Item& item, const Value& prio) {
      int id = index[item];
      int kd = nodes[id].parent;
      nodes[id].prio = prio;
      while (kd >= 0 && nodes[kd].item == item) {
        setPrio(kd);
        kd = nodes[kd].parent;
      }
    }

    /// \brief Increase the priority of the current item.
    ///
    /// Increase the priority of the current item.
    void decrease(const Item& item, const Value& prio) {
      int id = index[item];
      int kd = nodes[id].parent;
      nodes[id].prio = prio;
      while (kd >= 0 && less(id, kd)) {
        nodes[kd].prio = prio;
        nodes[kd].item = item;
        kd = nodes[kd].parent;
      }
    }

    /// \brief Gives back the minimum priority of the class.
    ///
    /// Gives back the minimum priority of the class.
    const Value& classPrio(int cls) const {
      return nodes[~(classes[cls].parent)].prio;
    }

    /// \brief Gives back the minimum priority item of the class.
    ///
    /// \return Gives back the minimum priority item of the class.
    const Item& classTop(int cls) const {
      return nodes[~(classes[cls].parent)].item;
    }

    /// \brief Gives back a representant item of the class.
    ///
    /// Gives back a representant item of the class.
    /// The representant is indpendent from the priorities of the
    /// items.
    const Item& classRep(int id) const {
      int parent = classes[id].parent;
      return nodes[parent >= 0 ? classes[id].depth : leftNode(id)].item;
    }

    /// \brief LEMON style iterator for the items of a class.
    ///
    /// ClassIt is a lemon style iterator for the components. It iterates
    /// on the items of a class. By example if you want to iterate on
    /// each items of each classes then you may write the next code.
    ///\code
    /// for (ClassIt cit(huf); cit != INVALID; ++cit) {
    ///   std::cout << "Class: ";
    ///   for (ItemIt iit(huf, cit); iit != INVALID; ++iit) {
    ///     std::cout << toString(iit) << ' ' << std::endl;
    ///   }
    ///   std::cout << std::endl;
    /// }
    ///\endcode
    class ItemIt {
    private:

      const HeapUnionFind* _huf;
      int _id, _lid;

    public:

      /// \brief Default constructor
      ///
      /// Default constructor
      ItemIt() {}

      ItemIt(const HeapUnionFind& huf, int cls) : _huf(&huf) {
        int id = cls;
        int parent = _huf->classes[id].parent;
        if (parent >= 0) {
          _id = _huf->classes[id].depth;
          if (_huf->classes[id].next != -1) {
            _lid = _huf->classes[_huf->classes[id].next].depth;
          } else {
            _lid = -1;
          }
        } else {
          _id = _huf->leftNode(id);
          _lid = -1;
        }
      }

      /// \brief Increment operator
      ///
      /// It steps to the next item in the class.
      ItemIt& operator++() {
        _id = _huf->nextNode(_id);
        return *this;
      }

      /// \brief Conversion operator
      ///
      /// It converts the iterator to the current item.
      operator const Item&() const {
        return _huf->nodes[_id].item;
      }

      /// \brief Equality operator
      ///
      /// Equality operator
      bool operator==(const ItemIt& i) {
        return i._id == _id;
      }

      /// \brief Inequality operator
      ///
      /// Inequality operator
      bool operator!=(const ItemIt& i) {
        return i._id != _id;
      }

      /// \brief Equality operator
      ///
      /// Equality operator
      bool operator==(Invalid) {
        return _id == _lid;
      }

      /// \brief Inequality operator
      ///
      /// Inequality operator
      bool operator!=(Invalid) {
        return _id != _lid;
      }

    };

    /// \brief Class iterator
    ///
    /// The iterator stores
    class ClassIt {
    private:

      const HeapUnionFind* _huf;
      int _id;

    public:

      ClassIt(const HeapUnionFind& huf)
        : _huf(&huf), _id(huf.first_class) {}

      ClassIt(const HeapUnionFind& huf, int cls)
        : _huf(&huf), _id(huf.classes[cls].left) {}

      ClassIt(Invalid) : _huf(0), _id(-1) {}

      const ClassIt& operator++() {
        _id = _huf->classes[_id].next;
        return *this;
      }

      /// \brief Equality operator
      ///
      /// Equality operator
      bool operator==(const ClassIt& i) {
        return i._id == _id;
      }

      /// \brief Inequality operator
      ///
      /// Inequality operator
      bool operator!=(const ClassIt& i) {
        return i._id != _id;
      }

      operator int() const {
        return _id;
      }

    };

  };

  //! @}

} //namespace lemon

#endif //LEMON_UNION_FIND_H







utils.h

//Implementation of the Robertson-Seymour-Thomas Pfaffian algorithm

//Copyright (C) 2013 B. Szalkai



//This program is free software: you can redistribute it and/or modify

//it under the terms of the GNU Lesser General Public License as published by

//the Free Software Foundation, either version 3 of the License, or

//(at your option) any later version.



//This program is distributed in the hope that it will be useful,

//but WITHOUT ANY WARRANTY; without even the implied warranty of

//MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the

//GNU Lesser General Public License for more details.



//You should have received a copy of the GNU Lesser General Public License

//along with this program.  If not, see <http://www.gnu.org/licenses/>.



#ifndef UTILS_H

#define UTILS_H



template <class T> T next(const T& item)

{

    T result = item;

    return ++result;

}



template <class T> int getid(const T& item)

{

    return *(int*)(&item);

}



#endif








lemon/bits/variant.h

/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2009
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_BITS_VARIANT_H
#define LEMON_BITS_VARIANT_H

#include <lemon/assert.h>

// \file
// \brief Variant types

namespace lemon {

  namespace _variant_bits {

    template <int left, int right>
    struct CTMax {
      static const int value = left < right ? right : left;
    };

  }


  // \brief Simple Variant type for two types
  //
  // Simple Variant type for two types. The Variant type is a type-safe
  // union. C++ has strong limitations for using unions, for
  // example you cannot store a type with non-default constructor or
  // destructor in a union. This class always knowns the current
  // state of the variant and it cares for the proper construction
  // and destruction.
  template <typename _First, typename _Second>
  class BiVariant {
  public:

    // \brief The \c First type.
    typedef _First First;
    // \brief The \c Second type.
    typedef _Second Second;

    // \brief Constructor
    //
    // This constructor initalizes to the default value of the \c First
    // type.
    BiVariant() {
      flag = true;
      new(reinterpret_cast<First*>(data)) First();
    }

    // \brief Constructor
    //
    // This constructor initalizes to the given value of the \c First
    // type.
    BiVariant(const First& f) {
      flag = true;
      new(reinterpret_cast<First*>(data)) First(f);
    }

    // \brief Constructor
    //
    // This constructor initalizes to the given value of the \c
    // Second type.
    BiVariant(const Second& s) {
      flag = false;
      new(reinterpret_cast<Second*>(data)) Second(s);
    }

    // \brief Copy constructor
    //
    // Copy constructor
    BiVariant(const BiVariant& bivariant) {
      flag = bivariant.flag;
      if (flag) {
        new(reinterpret_cast<First*>(data)) First(bivariant.first());
      } else {
        new(reinterpret_cast<Second*>(data)) Second(bivariant.second());
      }
    }

    // \brief Destrcutor
    //
    // Destructor
    ~BiVariant() {
      destroy();
    }

    // \brief Set to the default value of the \c First type.
    //
    // This function sets the variant to the default value of the \c
    // First type.
    BiVariant& setFirst() {
      destroy();
      flag = true;
      new(reinterpret_cast<First*>(data)) First();
      return *this;
    }

    // \brief Set to the given value of the \c First type.
    //
    // This function sets the variant to the given value of the \c
    // First type.
    BiVariant& setFirst(const First& f) {
      destroy();
      flag = true;
      new(reinterpret_cast<First*>(data)) First(f);
      return *this;
    }

    // \brief Set to the default value of the \c Second type.
    //
    // This function sets the variant to the default value of the \c
    // Second type.
    BiVariant& setSecond() {
      destroy();
      flag = false;
      new(reinterpret_cast<Second*>(data)) Second();
      return *this;
    }

    // \brief Set to the given value of the \c Second type.
    //
    // This function sets the variant to the given value of the \c
    // Second type.
    BiVariant& setSecond(const Second& s) {
      destroy();
      flag = false;
      new(reinterpret_cast<Second*>(data)) Second(s);
      return *this;
    }

    // \brief Operator form of the \c setFirst()
    BiVariant& operator=(const First& f) {
      return setFirst(f);
    }

    // \brief Operator form of the \c setSecond()
    BiVariant& operator=(const Second& s) {
      return setSecond(s);
    }

    // \brief Assign operator
    BiVariant& operator=(const BiVariant& bivariant) {
      if (this == &bivariant) return *this;
      destroy();
      flag = bivariant.flag;
      if (flag) {
        new(reinterpret_cast<First*>(data)) First(bivariant.first());
      } else {
        new(reinterpret_cast<Second*>(data)) Second(bivariant.second());
      }
      return *this;
    }

    // \brief Reference to the value
    //
    // Reference to the value of the \c First type.
    // \pre The BiVariant should store value of \c First type.
    First& first() {
      LEMON_DEBUG(flag, "Variant wrong state");
      return *reinterpret_cast<First*>(data);
    }

    // \brief Const reference to the value
    //
    // Const reference to the value of the \c First type.
    // \pre The BiVariant should store value of \c First type.
    const First& first() const {
      LEMON_DEBUG(flag, "Variant wrong state");
      return *reinterpret_cast<const First*>(data);
    }

    // \brief Operator form of the \c first()
    operator First&() { return first(); }
    // \brief Operator form of the const \c first()
    operator const First&() const { return first(); }

    // \brief Reference to the value
    //
    // Reference to the value of the \c Second type.
    // \pre The BiVariant should store value of \c Second type.
    Second& second() {
      LEMON_DEBUG(!flag, "Variant wrong state");
      return *reinterpret_cast<Second*>(data);
    }

    // \brief Const reference to the value
    //
    // Const reference to the value of the \c Second type.
    // \pre The BiVariant should store value of \c Second type.
    const Second& second() const {
      LEMON_DEBUG(!flag, "Variant wrong state");
      return *reinterpret_cast<const Second*>(data);
    }

    // \brief Operator form of the \c second()
    operator Second&() { return second(); }
    // \brief Operator form of the const \c second()
    operator const Second&() const { return second(); }

    // \brief %True when the variant is in the first state
    //
    // %True when the variant stores value of the \c First type.
    bool firstState() const { return flag; }

    // \brief %True when the variant is in the second state
    //
    // %True when the variant stores value of the \c Second type.
    bool secondState() const { return !flag; }

  private:

    void destroy() {
      if (flag) {
        reinterpret_cast<First*>(data)->~First();
      } else {
        reinterpret_cast<Second*>(data)->~Second();
      }
    }

    char data[_variant_bits::CTMax<sizeof(First), sizeof(Second)>::value];
    bool flag;
  };

  namespace _variant_bits {

    template <int _idx, typename _TypeMap>
    struct Memory {

      typedef typename _TypeMap::template Map<_idx>::Type Current;

      static void destroy(int index, char* place) {
        if (index == _idx) {
          reinterpret_cast<Current*>(place)->~Current();
        } else {
          Memory<_idx - 1, _TypeMap>::destroy(index, place);
        }
      }

      static void copy(int index, char* to, const char* from) {
        if (index == _idx) {
          new (reinterpret_cast<Current*>(to))
            Current(reinterpret_cast<const Current*>(from));
        } else {
          Memory<_idx - 1, _TypeMap>::copy(index, to, from);
        }
      }

    };

    template <typename _TypeMap>
    struct Memory<-1, _TypeMap> {

      static void destroy(int, char*) {
        LEMON_DEBUG(false, "Variant wrong index.");
      }

      static void copy(int, char*, const char*) {
        LEMON_DEBUG(false, "Variant wrong index.");
      }
    };

    template <int _idx, typename _TypeMap>
    struct Size {
      static const int value =
      CTMax<sizeof(typename _TypeMap::template Map<_idx>::Type),
            Size<_idx - 1, _TypeMap>::value>::value;
    };

    template <typename _TypeMap>
    struct Size<0, _TypeMap> {
      static const int value =
      sizeof(typename _TypeMap::template Map<0>::Type);
    };

  }

  // \brief Variant type
  //
  // Simple Variant type. The Variant type is a type-safe union.
  // C++ has strong limitations for using unions, for example you
  // cannot store type with non-default constructor or destructor in
  // a union. This class always knowns the current state of the
  // variant and it cares for the proper construction and
  // destruction.
  //
  // \param _num The number of the types which can be stored in the
  // variant type.
  // \param _TypeMap This class describes the types of the Variant. The
  // _TypeMap::Map<index>::Type should be a valid type for each index
  // in the range {0, 1, ..., _num - 1}. The \c VariantTypeMap is helper
  // class to define such type mappings up to 10 types.
  //
  // And the usage of the class:
  //\code
  // typedef Variant<3, VariantTypeMap<int, std::string, double> > MyVariant;
  // MyVariant var;
  // var.set<0>(12);
  // std::cout << var.get<0>() << std::endl;
  // var.set<1>("alpha");
  // std::cout << var.get<1>() << std::endl;
  // var.set<2>(0.75);
  // std::cout << var.get<2>() << std::endl;
  //\endcode
  //
  // The result of course:
  //\code
  // 12
  // alpha
  // 0.75
  //\endcode
  template <int _num, typename _TypeMap>
  class Variant {
  public:

    static const int num = _num;

    typedef _TypeMap TypeMap;

    // \brief Constructor
    //
    // This constructor initalizes to the default value of the \c type
    // with 0 index.
    Variant() {
      flag = 0;
      new(reinterpret_cast<typename TypeMap::template Map<0>::Type*>(data))
        typename TypeMap::template Map<0>::Type();
    }


    // \brief Copy constructor
    //
    // Copy constructor
    Variant(const Variant& variant) {
      flag = variant.flag;
      _variant_bits::Memory<num - 1, TypeMap>::copy(flag, data, variant.data);
    }

    // \brief Assign operator
    //
    // Assign operator
    Variant& operator=(const Variant& variant) {
      if (this == &variant) return *this;
      _variant_bits::Memory<num - 1, TypeMap>::
        destroy(flag, data);
      flag = variant.flag;
      _variant_bits::Memory<num - 1, TypeMap>::
        copy(flag, data, variant.data);
      return *this;
    }

    // \brief Destrcutor
    //
    // Destructor
    ~Variant() {
      _variant_bits::Memory<num - 1, TypeMap>::destroy(flag, data);
    }

    // \brief Set to the default value of the type with \c _idx index.
    //
    // This function sets the variant to the default value of the
    // type with \c _idx index.
    template <int _idx>
    Variant& set() {
      _variant_bits::Memory<num - 1, TypeMap>::destroy(flag, data);
      flag = _idx;
      new(reinterpret_cast<typename TypeMap::template Map<_idx>::Type*>(data))
        typename TypeMap::template Map<_idx>::Type();
      return *this;
    }

    // \brief Set to the given value of the type with \c _idx index.
    //
    // This function sets the variant to the given value of the type
    // with \c _idx index.
    template <int _idx>
    Variant& set(const typename _TypeMap::template Map<_idx>::Type& init) {
      _variant_bits::Memory<num - 1, TypeMap>::destroy(flag, data);
      flag = _idx;
      new(reinterpret_cast<typename TypeMap::template Map<_idx>::Type*>(data))
        typename TypeMap::template Map<_idx>::Type(init);
      return *this;
    }

    // \brief Gets the current value of the type with \c _idx index.
    //
    // Gets the current value of the type with \c _idx index.
    template <int _idx>
    const typename TypeMap::template Map<_idx>::Type& get() const {
      LEMON_DEBUG(_idx == flag, "Variant wrong index");
      return *reinterpret_cast<const typename TypeMap::
        template Map<_idx>::Type*>(data);
    }

    // \brief Gets the current value of the type with \c _idx index.
    //
    // Gets the current value of the type with \c _idx index.
    template <int _idx>
    typename _TypeMap::template Map<_idx>::Type& get() {
      LEMON_DEBUG(_idx == flag, "Variant wrong index");
      return *reinterpret_cast<typename TypeMap::template Map<_idx>::Type*>
        (data);
    }

    // \brief Returns the current state of the variant.
    //
    // Returns the current state of the variant.
    int state() const {
      return flag;
    }

  private:

    char data[_variant_bits::Size<num - 1, TypeMap>::value];
    int flag;
  };

  namespace _variant_bits {

    template <int _index, typename _List>
    struct Get {
      typedef typename Get<_index - 1, typename _List::Next>::Type Type;
    };

    template <typename _List>
    struct Get<0, _List> {
      typedef typename _List::Type Type;
    };

    struct List {};

    template <typename _Type, typename _List>
    struct Insert {
      typedef _List Next;
      typedef _Type Type;
    };

    template <int _idx, typename _T0, typename _T1, typename _T2,
              typename _T3, typename _T4, typename _T5, typename _T6,
              typename _T7, typename _T8, typename _T9>
    struct Mapper {
      typedef List L10;
      typedef Insert<_T9, L10> L9;
      typedef Insert<_T8, L9> L8;
      typedef Insert<_T7, L8> L7;
      typedef Insert<_T6, L7> L6;
      typedef Insert<_T5, L6> L5;
      typedef Insert<_T4, L5> L4;
      typedef Insert<_T3, L4> L3;
      typedef Insert<_T2, L3> L2;
      typedef Insert<_T1, L2> L1;
      typedef Insert<_T0, L1> L0;
      typedef typename Get<_idx, L0>::Type Type;
    };

  }

  // \brief Helper class for Variant
  //
  // Helper class to define type mappings for Variant. This class
  // converts the template parameters to be mappable by integer.
  // \see Variant
  template <
    typename _T0,
    typename _T1 = void, typename _T2 = void, typename _T3 = void,
    typename _T4 = void, typename _T5 = void, typename _T6 = void,
    typename _T7 = void, typename _T8 = void, typename _T9 = void>
  struct VariantTypeMap {
    template <int _idx>
    struct Map {
      typedef typename _variant_bits::
      Mapper<_idx, _T0, _T1, _T2, _T3, _T4, _T5, _T6, _T7, _T8, _T9>::Type
      Type;
    };
  };

}


#endif







lemon/bits/vector_map.h

/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2009
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_BITS_VECTOR_MAP_H
#define LEMON_BITS_VECTOR_MAP_H

#include <vector>
#include <algorithm>

#include <lemon/core.h>
#include <lemon/bits/alteration_notifier.h>

#include <lemon/concept_check.h>
#include <lemon/concepts/maps.h>

//\ingroup graphbits
//
//\file
//\brief Vector based graph maps.
namespace lemon {

  // \ingroup graphbits
  //
  // \brief Graph map based on the std::vector storage.
  //
  // The VectorMap template class is graph map structure that automatically
  // updates the map when a key is added to or erased from the graph.
  // This map type uses std::vector to store the values.
  //
  // \tparam _Graph The graph this map is attached to.
  // \tparam _Item The item type of the graph items.
  // \tparam _Value The value type of the map.
  template <typename _Graph, typename _Item, typename _Value>
  class VectorMap
    : public ItemSetTraits<_Graph, _Item>::ItemNotifier::ObserverBase {
  private:

    // The container type of the map.
    typedef std::vector<_Value> Container;

  public:

    // The graph type of the map.
    typedef _Graph GraphType;
    // The item type of the map.
    typedef _Item Item;
    // The reference map tag.
    typedef True ReferenceMapTag;

    // The key type of the map.
    typedef _Item Key;
    // The value type of the map.
    typedef _Value Value;

    // The notifier type.
    typedef typename ItemSetTraits<_Graph, _Item>::ItemNotifier Notifier;

    // The map type.
    typedef VectorMap Map;

    // The reference type of the map;
    typedef typename Container::reference Reference;
    // The const reference type of the map;
    typedef typename Container::const_reference ConstReference;

  private:

    // The base class of the map.
    typedef typename Notifier::ObserverBase Parent;

  public:

    // \brief Constructor to attach the new map into the notifier.
    //
    // It constructs a map and attachs it into the notifier.
    // It adds all the items of the graph to the map.
    VectorMap(const GraphType& graph) {
      Parent::attach(graph.notifier(Item()));
      container.resize(Parent::notifier()->maxId() + 1);
    }

    // \brief Constructor uses given value to initialize the map.
    //
    // It constructs a map uses a given value to initialize the map.
    // It adds all the items of the graph to the map.
    VectorMap(const GraphType& graph, const Value& value) {
      Parent::attach(graph.notifier(Item()));
      container.resize(Parent::notifier()->maxId() + 1, value);
    }

  private:
    // \brief Copy constructor
    //
    // Copy constructor.
    VectorMap(const VectorMap& _copy) : Parent() {
      if (_copy.attached()) {
        Parent::attach(*_copy.notifier());
        container = _copy.container;
      }
    }

    // \brief Assign operator.
    //
    // This operator assigns for each item in the map the
    // value mapped to the same item in the copied map.
    // The parameter map should be indiced with the same
    // itemset because this assign operator does not change
    // the container of the map.
    VectorMap& operator=(const VectorMap& cmap) {
      return operator=<VectorMap>(cmap);
    }


    // \brief Template assign operator.
    //
    // The given parameter should conform to the ReadMap
    // concecpt and could be indiced by the current item set of
    // the NodeMap. In this case the value for each item
    // is assigned by the value of the given ReadMap.
    template <typename CMap>
    VectorMap& operator=(const CMap& cmap) {
      checkConcept<concepts::ReadMap<Key, _Value>, CMap>();
      const typename Parent::Notifier* nf = Parent::notifier();
      Item it;
      for (nf->first(it); it != INVALID; nf->next(it)) {
        set(it, cmap[it]);
      }
      return *this;
    }

  public:

    // \brief The subcript operator.
    //
    // The subscript operator. The map can be subscripted by the
    // actual items of the graph.
    Reference operator[](const Key& key) {
      return container[Parent::notifier()->id(key)];
    }

    // \brief The const subcript operator.
    //
    // The const subscript operator. The map can be subscripted by the
    // actual items of the graph.
    ConstReference operator[](const Key& key) const {
      return container[Parent::notifier()->id(key)];
    }


    // \brief The setter function of the map.
    //
    // It the same as operator[](key) = value expression.
    void set(const Key& key, const Value& value) {
      (*this)[key] = value;
    }

  protected:

    // \brief Adds a new key to the map.
    //
    // It adds a new key to the map. It is called by the observer notifier
    // and it overrides the add() member function of the observer base.
    virtual void add(const Key& key) {
      int id = Parent::notifier()->id(key);
      if (id >= int(container.size())) {
        container.resize(id + 1);
      }
    }

    // \brief Adds more new keys to the map.
    //
    // It adds more new keys to the map. It is called by the observer notifier
    // and it overrides the add() member function of the observer base.
    virtual void add(const std::vector<Key>& keys) {
      int max = container.size() - 1;
      for (int i = 0; i < int(keys.size()); ++i) {
        int id = Parent::notifier()->id(keys[i]);
        if (id >= max) {
          max = id;
        }
      }
      container.resize(max + 1);
    }

    // \brief Erase a key from the map.
    //
    // Erase a key from the map. It is called by the observer notifier
    // and it overrides the erase() member function of the observer base.
    virtual void erase(const Key& key) {
      container[Parent::notifier()->id(key)] = Value();
    }

    // \brief Erase more keys from the map.
    //
    // It erases more keys from the map. It is called by the observer notifier
    // and it overrides the erase() member function of the observer base.
    virtual void erase(const std::vector<Key>& keys) {
      for (int i = 0; i < int(keys.size()); ++i) {
        container[Parent::notifier()->id(keys[i])] = Value();
      }
    }

    // \brief Build the map.
    //
    // It builds the map. It is called by the observer notifier
    // and it overrides the build() member function of the observer base.
    virtual void build() {
      int size = Parent::notifier()->maxId() + 1;
      container.reserve(size);
      container.resize(size);
    }

    // \brief Clear the map.
    //
    // It erases all items from the map. It is called by the observer notifier
    // and it overrides the clear() member function of the observer base.
    virtual void clear() {
      container.clear();
    }

  private:

    Container container;

  };

}

#endif







lemon/bits/windows.h

/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2009
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#ifndef LEMON_BITS_WINDOWS_H
#define LEMON_BITS_WINDOWS_H

#include <string>

namespace lemon {
  namespace bits {
    void getWinProcTimes(double &rtime,
                         double &utime, double &stime,
                         double &cutime, double &cstime);
    std::string getWinFormattedDate();
    int getWinRndSeed();
  }
}

#endif
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    heawood.cpp
    
    


heawood.cpp//Implementation of the Robertson-Seymour-Thomas Pfaffian algorithm
//Copyright (C) 2013 B. Szalkai

//This program is free software: you can redistribute it and/or modify
//it under the terms of the GNU Lesser General Public License as published by
//the Free Software Foundation, either version 3 of the License, or
//(at your option) any later version.

//This program is distributed in the hope that it will be useful,
//but WITHOUT ANY WARRANTY; without even the implied warranty of
//MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
//GNU Lesser General Public License for more details.

//You should have received a copy of the GNU Lesser General Public License
//along with this program.  If not, see <http://www.gnu.org/licenses/>.

#include <heawood.h>
#include <iostream>
#include <lemon/list_graph.h>

const char *Heawood::queryResultToString(int result)
{
    switch (result)
    {
        case HEAWOOD: return "Heawood";
        case WRONG_NODE_COUNT: return "Wrong node count";
        case WRONG_EDGE_COUNT: return "Wrong edge count";
        case WRONG_DEGREE: return "Wrong degree";
        case NOT_CONNECTED: return "Not connected";
        case NOT_BIPARTITE: return "Not bipartite";
        case WRONG_BIPARTITION_SIZE: return "Wrong bipartition size";
        case NOT_PROJECTIVE: return "Not projective";
        default: return "<Unknown>";
    }
}

const int Heawood::N = 14, Heawood::D = 3, Heawood::M = N*D/2;
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    main.cpp
    
    


main.cpp//Implementation of the Robertson-Seymour-Thomas Pfaffian algorithm
//Copyright (C) 2013 B. Szalkai

//This program is free software: you can redistribute it and/or modify
//it under the terms of the GNU Lesser General Public License as published by
//the Free Software Foundation, either version 3 of the License, or
//(at your option) any later version.

//This program is distributed in the hope that it will be useful,
//but WITHOUT ANY WARRANTY; without even the implied warranty of
//MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
//GNU Lesser General Public License for more details.

//You should have received a copy of the GNU Lesser General Public License
//along with this program.  If not, see <http://www.gnu.org/licenses/>.

#include <iostream>
#include <testing.h>

int main()
{
    Testing::testAll();

    return 0;
}






testing.cpp



    
    
    testing.cpp
    
    


testing.cpp//Implementation of the Robertson-Seymour-Thomas Pfaffian algorithm
//Copyright (C) 2013 B. Szalkai

//This program is free software: you can redistribute it and/or modify
//it under the terms of the GNU Lesser General Public License as published by
//the Free Software Foundation, either version 3 of the License, or
//(at your option) any later version.

//This program is distributed in the hope that it will be useful,
//but WITHOUT ANY WARRANTY; without even the implied warranty of
//MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
//GNU Lesser General Public License for more details.

//You should have received a copy of the GNU Lesser General Public License
//along with this program.  If not, see <http://www.gnu.org/licenses/>.

#include <connectedbracepfaffian.h>
#include <digrapheven.h>
#include <digraphstretcher.h>
#include <doublecycle.h>
#include <iostream>
#include <lemon/adaptors.h>
#include <lemon/list_graph.h>
#include <testing.h>

using namespace lemon;

void Testing::testConnectedBracePfaffian()
{
    // test for double cycles
    for (int i = 2; i <= 40; i++)
    {
        ListDigraph d;
        DoubleCycle<ListDigraph>::create(d, i);

        ListGraph g;
        ListGraph::NodeMap<bool> b(g);
        DigraphStretcher<ListDigraph, ListGraph>::stretch(d, g, b);

        ConnectedBracePfaffian<ListGraph> cbp(g, b);
        std::cout << "Test C" << i << "* " <<
            ((cbp.result == ConnectedBracePfaffian<ListGraph>::PFAFFIAN) == ((i&1) != 0) ? "failed" : "passed") <<
            ": " << cbp.result << std::endl;
    }
}

// Test 1: digraph is not strong (strong comp.: two cycles)
void testDigraphEven1()
{
    ListDigraph g;
    std::vector<ListDigraph::Node> nodes;
    for (int i = 0; i < 6; i++) nodes.push_back(g.addNode());
    for (int i = 0; i < 3; i++)
    {
        g.addArc(nodes[i], nodes[(i+1)%3]);
        g.addArc(nodes[3 + i], nodes[3 + (i+1)%3]);
        g.addArc(nodes[i], nodes[3+i]);
    }

    DigraphEven<ListDigraph> de(g);
    std::cout << "DigraphEven, test 1: " << (de.result ? "failed" : "passed") << std::endl;
}

// Test 2: digraph (a cycle) is strong, but not strongly 2-conn
void testDigraphEven2()
{
    ListDigraph g;
    std::vector<ListDigraph::Node> nodes;
    for (int i = 0; i < 40; i++) nodes.push_back(g.addNode());
    for (int i = 0; i < (int)nodes.size(); i++)
    {
        g.addArc(nodes[i], nodes[(i+1)%(int)nodes.size()]);
    }

    DigraphEven<ListDigraph> de(g);
    std::cout << "DigraphEven, test 2: " << (de.result ? "failed" : "passed") << std::endl;
}

// Test 3: digraph is strongly 2-conn
void testDigraphEven3()
{
    for (int i = 3; i <= 20; i++)
    {
        ListDigraph g;
        DoubleCycle<ListDigraph>::create(g, i);
        DigraphEven<ListDigraph> de(g);
        bool even = ((i & 1) != 0);
        std::cout << "DigraphEven, test 3: "<< i << ": " << (even==de.result ? "passed" : "failed") << std::endl;
    }
}

void Testing::testDigraphEven()
{
    testDigraphEven1();
    testDigraphEven2();
    testDigraphEven3();
}

void testHeawood1()
{
    ListGraph g;
    ListGraph::Node nodes[14];
    for (int i = 0; i < 14; i++) nodes[i] = g.addNode();
    for (int i = 0; i < 14; i++)
        g.addEdge(nodes[i], nodes[(i+1)%14]);
    for (int i = 0; i < 14; i += 2)
        g.addEdge(nodes[i], nodes[(i+5)%14]);

    int result = Heawood::query(g);
    std::cout << "Heawood::unittest1() " << (result == Heawood::HEAWOOD ? "passed" : "failed") << ": " <<
        Heawood::queryResultToString(result) << std::endl;
}

void testHeawood2()
{
    ListGraph g;
    ListGraph::Node nodes[14];
    for (int i = 0; i < 14; i++) nodes[i] = g.addNode();
    for (int i = 0; i < 21; i++)
        g.addEdge(nodes[(3*i)%14], nodes[i%14]);

    int result = Heawood::query(g);
    std::cout << "Heawood::unittest2() " << (result != Heawood::HEAWOOD ? "passed" : "failed") << ": " <<
        Heawood::queryResultToString(result) << std::endl;
}

void Testing::testHeawood()
{
    testHeawood1();
    testHeawood2();
}

void Testing::testAll()
{
    std::cout << "testConnectedBracePfaffian" << std::endl;
    testConnectedBracePfaffian();
    std::cout << "testDigraphEven" << std::endl;
    testDigraphEven();
    std::cout << "testHeawood" << std::endl;
    testHeawood();
}






license.txt

                   GNU LESSER GENERAL PUBLIC LICENSE
                       Version 3, 29 June 2007

 Copyright (C) 2007 Free Software Foundation, Inc. <http://fsf.org/>
 Everyone is permitted to copy and distribute verbatim copies
 of this license document, but changing it is not allowed.


  This version of the GNU Lesser General Public License incorporates
the terms and conditions of version 3 of the GNU General Public
License, supplemented by the additional permissions listed below.

  0. Additional Definitions.

  As used herein, "this License" refers to version 3 of the GNU Lesser
General Public License, and the "GNU GPL" refers to version 3 of the GNU
General Public License.

  "The Library" refers to a covered work governed by this License,
other than an Application or a Combined Work as defined below.

  An "Application" is any work that makes use of an interface provided
by the Library, but which is not otherwise based on the Library.
Defining a subclass of a class defined by the Library is deemed a mode
of using an interface provided by the Library.

  A "Combined Work" is a work produced by combining or linking an
Application with the Library.  The particular version of the Library
with which the Combined Work was made is also called the "Linked
Version".

  The "Minimal Corresponding Source" for a Combined Work means the
Corresponding Source for the Combined Work, excluding any source code
for portions of the Combined Work that, considered in isolation, are
based on the Application, and not on the Linked Version.

  The "Corresponding Application Code" for a Combined Work means the
object code and/or source code for the Application, including any data
and utility programs needed for reproducing the Combined Work from the
Application, but excluding the System Libraries of the Combined Work.

  1. Exception to Section 3 of the GNU GPL.

  You may convey a covered work under sections 3 and 4 of this License
without being bound by section 3 of the GNU GPL.

  2. Conveying Modified Versions.

  If you modify a copy of the Library, and, in your modifications, a
facility refers to a function or data to be supplied by an Application
that uses the facility (other than as an argument passed when the
facility is invoked), then you may convey a copy of the modified
version:

   a) under this License, provided that you make a good faith effort to
   ensure that, in the event an Application does not supply the
   function or data, the facility still operates, and performs
   whatever part of its purpose remains meaningful, or

   b) under the GNU GPL, with none of the additional permissions of
   this License applicable to that copy.

  3. Object Code Incorporating Material from Library Header Files.

  The object code form of an Application may incorporate material from
a header file that is part of the Library.  You may convey such object
code under terms of your choice, provided that, if the incorporated
material is not limited to numerical parameters, data structure
layouts and accessors, or small macros, inline functions and templates
(ten or fewer lines in length), you do both of the following:

   a) Give prominent notice with each copy of the object code that the
   Library is used in it and that the Library and its use are
   covered by this License.

   b) Accompany the object code with a copy of the GNU GPL and this license
   document.

  4. Combined Works.

  You may convey a Combined Work under terms of your choice that,
taken together, effectively do not restrict modification of the
portions of the Library contained in the Combined Work and reverse
engineering for debugging such modifications, if you also do each of
the following:

   a) Give prominent notice with each copy of the Combined Work that
   the Library is used in it and that the Library and its use are
   covered by this License.

   b) Accompany the Combined Work with a copy of the GNU GPL and this license
   document.

   c) For a Combined Work that displays copyright notices during
   execution, include the copyright notice for the Library among
   these notices, as well as a reference directing the user to the
   copies of the GNU GPL and this license document.

   d) Do one of the following:

       0) Convey the Minimal Corresponding Source under the terms of this
       License, and the Corresponding Application Code in a form
       suitable for, and under terms that permit, the user to
       recombine or relink the Application with a modified version of
       the Linked Version to produce a modified Combined Work, in the
       manner specified by section 6 of the GNU GPL for conveying
       Corresponding Source.

       1) Use a suitable shared library mechanism for linking with the
       Library.  A suitable mechanism is one that (a) uses at run time
       a copy of the Library already present on the user's computer
       system, and (b) will operate properly with a modified version
       of the Library that is interface-compatible with the Linked
       Version.

   e) Provide Installation Information, but only if you would otherwise
   be required to provide such information under section 6 of the
   GNU GPL, and only to the extent that such information is
   necessary to install and execute a modified version of the
   Combined Work produced by recombining or relinking the
   Application with a modified version of the Linked Version. (If
   you use option 4d0, the Installation Information must accompany
   the Minimal Corresponding Source and Corresponding Application
   Code. If you use option 4d1, you must provide the Installation
   Information in the manner specified by section 6 of the GNU GPL
   for conveying Corresponding Source.)

  5. Combined Libraries.

  You may place library facilities that are a work based on the
Library side by side in a single library together with other library
facilities that are not Applications and are not covered by this
License, and convey such a combined library under terms of your
choice, if you do both of the following:

   a) Accompany the combined library with a copy of the same work based
   on the Library, uncombined with any other library facilities,
   conveyed under the terms of this License.

   b) Give prominent notice with the combined library that part of it
   is a work based on the Library, and explaining where to find the
   accompanying uncombined form of the same work.

  6. Revised Versions of the GNU Lesser General Public License.

  The Free Software Foundation may publish revised and/or new versions
of the GNU Lesser General Public License from time to time. Such new
versions will be similar in spirit to the present version, but may
differ in detail to address new problems or concerns.

  Each version is given a distinguishing version number. If the
Library as you received it specifies that a certain numbered version
of the GNU Lesser General Public License "or any later version"
applies to it, you have the option of following the terms and
conditions either of that published version or of any later version
published by the Free Software Foundation. If the Library as you
received it does not specify a version number of the GNU Lesser
General Public License, you may choose any version of the GNU Lesser
General Public License ever published by the Free Software Foundation.

  If the Library as you received it specifies that a proxy can decide
whether future versions of the GNU Lesser General Public License shall
apply, that proxy's public statement of acceptance of any version is
permanent authorization for you to choose that version for the
Library.
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lemon/arg_parser.cc/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2010
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#include <lemon/arg_parser.h>

namespace lemon {

  void ArgParser::_terminate(ArgParserException::Reason reason) const
  {
    if(_exit_on_problems)
      exit(1);
    else throw(ArgParserException(reason));
  }


  void ArgParser::_showHelp(void *p)
  {
    (static_cast<ArgParser*>(p))->showHelp();
    (static_cast<ArgParser*>(p))->_terminate(ArgParserException::HELP);
  }

  ArgParser::ArgParser(int argc, const char * const *argv)
    :_argc(argc), _argv(argv), _command_name(argv[0]),
    _exit_on_problems(true) {
    funcOption("-help","Print a short help message",_showHelp,this);
    synonym("help","-help");
    synonym("h","-help");
  }

  ArgParser::~ArgParser()
  {
    for(Opts::iterator i=_opts.begin();i!=_opts.end();++i)
      if(i->second.self_delete)
        switch(i->second.type) {
        case BOOL:
          delete i->second.bool_p;
          break;
        case STRING:
          delete i->second.string_p;
          break;
        case DOUBLE:
          delete i->second.double_p;
          break;
        case INTEGER:
          delete i->second.int_p;
          break;
        case UNKNOWN:
          break;
        case FUNC:
          break;
        }
  }


  ArgParser &ArgParser::intOption(const std::string &name,
                               const std::string &help,
                               int value, bool obl)
  {
    ParData p;
    p.int_p=new int(value);
    p.self_delete=true;
    p.help=help;
    p.type=INTEGER;
    p.mandatory=obl;
    _opts[name]=p;
    return *this;
  }

  ArgParser &ArgParser::doubleOption(const std::string &name,
                               const std::string &help,
                               double value, bool obl)
  {
    ParData p;
    p.double_p=new double(value);
    p.self_delete=true;
    p.help=help;
    p.type=DOUBLE;
    p.mandatory=obl;
    _opts[name]=p;
    return *this;
  }

  ArgParser &ArgParser::boolOption(const std::string &name,
                               const std::string &help,
                               bool value, bool obl)
  {
    ParData p;
    p.bool_p=new bool(value);
    p.self_delete=true;
    p.help=help;
    p.type=BOOL;
    p.mandatory=obl;
    _opts[name]=p;
    return *this;
  }

  ArgParser &ArgParser::stringOption(const std::string &name,
                               const std::string &help,
                               std::string value, bool obl)
  {
    ParData p;
    p.string_p=new std::string(value);
    p.self_delete=true;
    p.help=help;
    p.type=STRING;
    p.mandatory=obl;
    _opts[name]=p;
    return *this;
  }

  ArgParser &ArgParser::refOption(const std::string &name,
                               const std::string &help,
                               int &ref, bool obl)
  {
    ParData p;
    p.int_p=&ref;
    p.self_delete=false;
    p.help=help;
    p.type=INTEGER;
    p.mandatory=obl;
    _opts[name]=p;
    return *this;
  }

  ArgParser &ArgParser::refOption(const std::string &name,
                                  const std::string &help,
                                  double &ref, bool obl)
  {
    ParData p;
    p.double_p=&ref;
    p.self_delete=false;
    p.help=help;
    p.type=DOUBLE;
    p.mandatory=obl;
    _opts[name]=p;
    return *this;
  }

  ArgParser &ArgParser::refOption(const std::string &name,
                                  const std::string &help,
                                  bool &ref, bool obl)
  {
    ParData p;
    p.bool_p=&ref;
    p.self_delete=false;
    p.help=help;
    p.type=BOOL;
    p.mandatory=obl;
    _opts[name]=p;

    ref = false;

    return *this;
  }

  ArgParser &ArgParser::refOption(const std::string &name,
                               const std::string &help,
                               std::string &ref, bool obl)
  {
    ParData p;
    p.string_p=&ref;
    p.self_delete=false;
    p.help=help;
    p.type=STRING;
    p.mandatory=obl;
    _opts[name]=p;
    return *this;
  }

  ArgParser &ArgParser::funcOption(const std::string &name,
                               const std::string &help,
                               void (*func)(void *),void *data)
  {
    ParData p;
    p.func_p.p=func;
    p.func_p.data=data;
    p.self_delete=false;
    p.help=help;
    p.type=FUNC;
    p.mandatory=false;
    _opts[name]=p;
    return *this;
  }

  ArgParser &ArgParser::optionGroup(const std::string &group,
                                    const std::string &opt)
  {
    Opts::iterator i = _opts.find(opt);
    LEMON_ASSERT(i!=_opts.end(), "Unknown option: '"+opt+"'");
    LEMON_ASSERT(!(i->second.ingroup),
                 "Option already in option group: '"+opt+"'");
    GroupData &g=_groups[group];
    g.opts.push_back(opt);
    i->second.ingroup=true;
    return *this;
  }

  ArgParser &ArgParser::onlyOneGroup(const std::string &group)
  {
    GroupData &g=_groups[group];
    g.only_one=true;
    return *this;
  }

  ArgParser &ArgParser::synonym(const std::string &syn,
                                const std::string &opt)
  {
    Opts::iterator o = _opts.find(opt);
    Opts::iterator s = _opts.find(syn);
    LEMON_ASSERT(o!=_opts.end(), "Unknown option: '"+opt+"'");
    LEMON_ASSERT(s==_opts.end(), "Option already used: '"+syn+"'");
    ParData p;
    p.help=opt;
    p.mandatory=false;
    p.syn=true;
    _opts[syn]=p;
    o->second.has_syn=true;
    return *this;
  }

  ArgParser &ArgParser::mandatoryGroup(const std::string &group)
  {
    GroupData &g=_groups[group];
    g.mandatory=true;
    return *this;
  }

  ArgParser &ArgParser::other(const std::string &name,
                              const std::string &help)
  {
    _others_help.push_back(OtherArg(name,help));
    return *this;
  }

  void ArgParser::show(std::ostream &os,Opts::const_iterator i) const
  {
    os << "-" << i->first;
    if(i->second.has_syn)
      for(Opts::const_iterator j=_opts.begin();j!=_opts.end();++j)
        if(j->second.syn&&j->second.help==i->first)
          os << "|-" << j->first;
    switch(i->second.type) {
    case STRING:
      os << " str";
      break;
    case INTEGER:
      os << " int";
      break;
    case DOUBLE:
      os << " num";
      break;
    default:
      break;
    }
  }

  void ArgParser::show(std::ostream &os,Groups::const_iterator i) const
  {
    GroupData::Opts::const_iterator o=i->second.opts.begin();
    while(o!=i->second.opts.end()) {
      show(os,_opts.find(*o));
      ++o;
      if(o!=i->second.opts.end()) os<<'|';
    }
  }

  void ArgParser::showHelp(Opts::const_iterator i) const
  {
    if(i->second.help.size()==0||i->second.syn) return;
    std::cerr << "  ";
    show(std::cerr,i);
    std::cerr << std::endl;
    std::cerr << "     " << i->second.help << std::endl;
  }
  void ArgParser::showHelp(std::vector<ArgParser::OtherArg>::const_iterator i)
    const
  {
    if(i->help.size()==0) return;
    std::cerr << "  " << i->name << std::endl
              << "     " << i->help << std::endl;
  }

  void ArgParser::shortHelp() const
  {
    const unsigned int LINE_LEN=77;
    const std::string indent("    ");
    std::cerr << "Usage:\n  " << _command_name;
    int pos=_command_name.size()+2;
    for(Groups::const_iterator g=_groups.begin();g!=_groups.end();++g) {
      std::ostringstream cstr;
      cstr << ' ';
      if(!g->second.mandatory) cstr << '[';
      show(cstr,g);
      if(!g->second.mandatory) cstr << ']';
      if(pos+cstr.str().size()>LINE_LEN) {
        std::cerr << std::endl << indent;
        pos=indent.size();
      }
      std::cerr << cstr.str();
      pos+=cstr.str().size();
    }
    for(Opts::const_iterator i=_opts.begin();i!=_opts.end();++i)
      if(!i->second.ingroup&&!i->second.syn) {
        std::ostringstream cstr;
        cstr << ' ';
        if(!i->second.mandatory) cstr << '[';
        show(cstr,i);
        if(!i->second.mandatory) cstr << ']';
        if(pos+cstr.str().size()>LINE_LEN) {
          std::cerr << std::endl << indent;
          pos=indent.size();
        }
        std::cerr << cstr.str();
        pos+=cstr.str().size();
      }
    for(std::vector<OtherArg>::const_iterator i=_others_help.begin();
        i!=_others_help.end();++i)
      {
        std::ostringstream cstr;
        cstr << ' ' << i->name;

        if(pos+cstr.str().size()>LINE_LEN) {
          std::cerr << std::endl << indent;
          pos=indent.size();
        }
        std::cerr << cstr.str();
        pos+=cstr.str().size();
      }
    std::cerr << std::endl;
  }

  void ArgParser::showHelp() const
  {
    shortHelp();
    std::cerr << "Where:\n";
    for(std::vector<OtherArg>::const_iterator i=_others_help.begin();
        i!=_others_help.end();++i) showHelp(i);
    for(Opts::const_iterator i=_opts.begin();i!=_opts.end();++i) showHelp(i);
    _terminate(ArgParserException::HELP);
  }


  void ArgParser::unknownOpt(std::string arg) const
  {
    std::cerr << "\nUnknown option: " << arg << "\n";
    std::cerr << "\nType '" << _command_name <<
      " --help' to obtain a short summary on the usage.\n\n";
    _terminate(ArgParserException::UNKNOWN_OPT);
  }

  void ArgParser::requiresValue(std::string arg, OptType t) const
  {
    std::cerr << "Argument '" << arg << "' requires a";
    switch(t) {
    case STRING:
      std::cerr << " string";
      break;
    case INTEGER:
      std::cerr << "n integer";
      break;
    case DOUBLE:
      std::cerr << " floating point";
      break;
    default:
      break;
    }
    std::cerr << " value\n\n";
    showHelp();
  }


  void ArgParser::checkMandatories() const
  {
    bool ok=true;
    for(Opts::const_iterator i=_opts.begin();i!=_opts.end();++i)
      if(i->second.mandatory&&!i->second.set)
        {
          if(ok)
            std::cerr << _command_name
                      << ": The following mandatory arguments are missing.\n";
          ok=false;
          showHelp(i);
        }
    for(Groups::const_iterator i=_groups.begin();i!=_groups.end();++i)
      if(i->second.mandatory||i->second.only_one)
        {
          int set=0;
          for(GroupData::Opts::const_iterator o=i->second.opts.begin();
              o!=i->second.opts.end();++o)
            if(_opts.find(*o)->second.set) ++set;
          if(i->second.mandatory&&!set) {
            std::cerr << _command_name <<
              ": At least one of the following arguments is mandatory.\n";
            ok=false;
            for(GroupData::Opts::const_iterator o=i->second.opts.begin();
                o!=i->second.opts.end();++o)
              showHelp(_opts.find(*o));
          }
          if(i->second.only_one&&set>1) {
            std::cerr << _command_name <<
              ": At most one of the following arguments can be given.\n";
            ok=false;
            for(GroupData::Opts::const_iterator o=i->second.opts.begin();
                o!=i->second.opts.end();++o)
              showHelp(_opts.find(*o));
          }
        }
    if(!ok) {
      std::cerr << "\nType '" << _command_name <<
        " --help' to obtain a short summary on the usage.\n\n";
      _terminate(ArgParserException::INVALID_OPT);
    }
  }

  ArgParser &ArgParser::parse()
  {
    for(int ar=1; ar<_argc; ++ar) {
      std::string arg(_argv[ar]);
      if (arg[0] != '-' || arg.size() == 1) {
        _file_args.push_back(arg);
      }
      else {
        Opts::iterator i = _opts.find(arg.substr(1));
        if(i==_opts.end()) unknownOpt(arg);
        else {
          if(i->second.syn) i=_opts.find(i->second.help);
          ParData &p(i->second);
          if (p.type==BOOL) *p.bool_p=true;
          else if (p.type==FUNC) p.func_p.p(p.func_p.data);
          else if(++ar==_argc) requiresValue(arg, p.type);
          else {
            std::string val(_argv[ar]);
            std::istringstream vals(val);
            switch(p.type) {
            case STRING:
              *p.string_p=val;
              break;
            case INTEGER:
              vals >> *p.int_p;
              break;
            case DOUBLE:
              vals >> *p.double_p;
              break;
            default:
              break;
            }
            if(p.type!=STRING&&(!vals||!vals.eof()))
              requiresValue(arg, p.type);
          }
          p.set = true;
        }
      }
    }
    checkMandatories();

    return *this;
  }

}
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lemon/base.cc/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2009
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

///\file
///\brief Some basic non-inline functions and static global data.

#include<lemon/tolerance.h>
#include<lemon/core.h>
namespace lemon {

  float Tolerance<float>::def_epsilon = static_cast<float>(1e-4);
  double Tolerance<double>::def_epsilon = 1e-10;
  long double Tolerance<long double>::def_epsilon = 1e-14;

#ifndef LEMON_ONLY_TEMPLATES
  const Invalid INVALID = Invalid();
#endif

} //namespace lemon
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lemon/color.cc/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2009
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

///\file
///\brief Color constants

#include<lemon/color.h>

namespace lemon {

  const Color WHITE(1,1,1);

  const Color BLACK(0,0,0);
  const Color RED(1,0,0);
  const Color GREEN(0,1,0);
  const Color BLUE(0,0,1);
  const Color YELLOW(1,1,0);
  const Color MAGENTA(1,0,1);
  const Color CYAN(0,1,1);

  const Color GREY(0,0,0);
  const Color DARK_RED(.5,0,0);
  const Color DARK_GREEN(0,.5,0);
  const Color DARK_BLUE(0,0,.5);
  const Color DARK_YELLOW(.5,.5,0);
  const Color DARK_MAGENTA(.5,0,.5);
  const Color DARK_CYAN(0,.5,.5);

} //namespace lemon






lemon/lp_base.cc



    
    
    lemon/lp_base.cc
    
    


lemon/lp_base.cc/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2010
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

///\file
///\brief The implementation of the LP solver interface.

#include <lemon/lp_base.h>
namespace lemon {

  const LpBase::Value LpBase::INF =
    std::numeric_limits<LpBase::Value>::infinity();
  const LpBase::Value LpBase::NaN =
    std::numeric_limits<LpBase::Value>::quiet_NaN();

} //namespace lemon






lemon/lp_skeleton.cc



    
    
    lemon/lp_skeleton.cc
    
    


lemon/lp_skeleton.cc/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2010
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

#include <lemon/lp_skeleton.h>

///\file
///\brief A skeleton file to implement LP solver interfaces
namespace lemon {

  int SkeletonSolverBase::_addCol()
  {
    return ++col_num;
  }

  int SkeletonSolverBase::_addRow()
  {
    return ++row_num;
  }

  int SkeletonSolverBase::_addRow(Value, ExprIterator, ExprIterator, Value)
  {
    return ++row_num;
  }

  void SkeletonSolverBase::_eraseCol(int) {}
  void SkeletonSolverBase::_eraseRow(int) {}

  void SkeletonSolverBase::_getColName(int, std::string &) const {}
  void SkeletonSolverBase::_setColName(int, const std::string &) {}
  int SkeletonSolverBase::_colByName(const std::string&) const { return -1; }

  void SkeletonSolverBase::_getRowName(int, std::string &) const {}
  void SkeletonSolverBase::_setRowName(int, const std::string &) {}
  int SkeletonSolverBase::_rowByName(const std::string&) const { return -1; }

  void SkeletonSolverBase::_setRowCoeffs(int, ExprIterator, ExprIterator) {}
  void SkeletonSolverBase::_getRowCoeffs(int, InsertIterator) const {}

  void SkeletonSolverBase::_setColCoeffs(int, ExprIterator, ExprIterator) {}
  void SkeletonSolverBase::_getColCoeffs(int, InsertIterator) const {}

  void SkeletonSolverBase::_setCoeff(int, int, Value) {}
  SkeletonSolverBase::Value SkeletonSolverBase::_getCoeff(int, int) const
  { return 0; }

  void SkeletonSolverBase::_setColLowerBound(int, Value) {}
  SkeletonSolverBase::Value SkeletonSolverBase::_getColLowerBound(int) const
  {  return 0; }

  void SkeletonSolverBase::_setColUpperBound(int, Value) {}
  SkeletonSolverBase::Value SkeletonSolverBase::_getColUpperBound(int) const
  {  return 0; }

  void SkeletonSolverBase::_setRowLowerBound(int, Value) {}
  SkeletonSolverBase::Value SkeletonSolverBase::_getRowLowerBound(int) const
  {  return 0; }

  void SkeletonSolverBase::_setRowUpperBound(int, Value) {}
  SkeletonSolverBase::Value SkeletonSolverBase::_getRowUpperBound(int) const
  {  return 0; }

  void SkeletonSolverBase::_setObjCoeffs(ExprIterator, ExprIterator) {}
  void SkeletonSolverBase::_getObjCoeffs(InsertIterator) const {};

  void SkeletonSolverBase::_setObjCoeff(int, Value) {}
  SkeletonSolverBase::Value SkeletonSolverBase::_getObjCoeff(int) const
  {  return 0; }

  void SkeletonSolverBase::_setSense(Sense) {}
  SkeletonSolverBase::Sense SkeletonSolverBase::_getSense() const
  { return MIN; }

  void SkeletonSolverBase::_clear() {
    row_num = col_num = 0;
  }

  void SkeletonSolverBase::_messageLevel(MessageLevel) {}

  LpSkeleton::SolveExitStatus LpSkeleton::_solve() { return SOLVED; }

  LpSkeleton::Value LpSkeleton::_getPrimal(int) const { return 0; }
  LpSkeleton::Value LpSkeleton::_getDual(int) const { return 0; }
  LpSkeleton::Value LpSkeleton::_getPrimalValue() const { return 0; }

  LpSkeleton::Value LpSkeleton::_getPrimalRay(int) const { return 0; }
  LpSkeleton::Value LpSkeleton::_getDualRay(int) const { return 0; }

  LpSkeleton::ProblemType LpSkeleton::_getPrimalType() const
  { return UNDEFINED; }

  LpSkeleton::ProblemType LpSkeleton::_getDualType() const
  { return UNDEFINED; }

  LpSkeleton::VarStatus LpSkeleton::_getColStatus(int) const
  { return BASIC; }

  LpSkeleton::VarStatus LpSkeleton::_getRowStatus(int) const
  { return BASIC; }

  LpSkeleton* LpSkeleton::newSolver() const
  { return static_cast<LpSkeleton*>(0); }

  LpSkeleton* LpSkeleton::cloneSolver() const
  { return static_cast<LpSkeleton*>(0); }

  const char* LpSkeleton::_solverName() const { return "LpSkeleton"; }

  MipSkeleton::SolveExitStatus MipSkeleton::_solve()
  { return SOLVED; }

  MipSkeleton::Value MipSkeleton::_getSol(int) const { return 0; }
  MipSkeleton::Value MipSkeleton::_getSolValue() const { return 0; }

  MipSkeleton::ProblemType MipSkeleton::_getType() const
  { return UNDEFINED; }

  MipSkeleton* MipSkeleton::newSolver() const
  { return static_cast<MipSkeleton*>(0); }

  MipSkeleton* MipSkeleton::cloneSolver() const
  { return static_cast<MipSkeleton*>(0); }

  const char* MipSkeleton::_solverName() const { return "MipSkeleton"; }

} //namespace lemon
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    lemon/random.cc
    
    


lemon/random.cc/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2009
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

///\file
///\brief Instantiation of the Random class.

#include <lemon/random.h>

namespace lemon {
  /// \brief Global random number generator instance
  ///
  /// A global Mersenne Twister random number generator instance.
  Random rnd;
}






lemon/bits/windows.cc



    
    
    lemon/bits/windows.cc
    
    


lemon/bits/windows.cc/* -*- mode: C++; indent-tabs-mode: nil; -*-
 *
 * This file is a part of LEMON, a generic C++ optimization library.
 *
 * Copyright (C) 2003-2011
 * Egervary Jeno Kombinatorikus Optimalizalasi Kutatocsoport
 * (Egervary Research Group on Combinatorial Optimization, EGRES).
 *
 * Permission to use, modify and distribute this software is granted
 * provided that this copyright notice appears in all copies. For
 * precise terms see the accompanying LICENSE file.
 *
 * This software is provided "AS IS" with no warranty of any kind,
 * express or implied, and with no claim as to its suitability for any
 * purpose.
 *
 */

///\file
///\brief Some basic non-inline functions and static global data.

#include<lemon/bits/windows.h>

#define WIN32

#ifdef WIN32
#ifndef WIN32_LEAN_AND_MEAN
#define WIN32_LEAN_AND_MEAN
#endif
#ifndef NOMINMAX
#define NOMINMAX
#endif
#ifdef UNICODE
#undef UNICODE
#endif
#include <windows.h>
#ifdef LOCALE_INVARIANT
#define MY_LOCALE LOCALE_INVARIANT
#else
#define MY_LOCALE LOCALE_NEUTRAL
#endif
#else
#include <unistd.h>
#include <ctime>
#ifndef WIN32
#include <sys/times.h>
#endif
#include <sys/time.h>
#endif

#include <cmath>
#include <sstream>

namespace lemon {
  namespace bits {
    void getWinProcTimes(double &rtime,
                         double &utime, double &stime,
                         double &cutime, double &cstime)
    {
#ifdef WIN32
      static const double ch = 4294967296.0e-7;
      static const double cl = 1.0e-7;

      FILETIME system;
      GetSystemTimeAsFileTime(&system);
      rtime = ch * system.dwHighDateTime + cl * system.dwLowDateTime;

      FILETIME create, exit, kernel, user;
      if (GetProcessTimes(GetCurrentProcess(),&create, &exit, &kernel, &user)) {
        utime = ch * user.dwHighDateTime + cl * user.dwLowDateTime;
        stime = ch * kernel.dwHighDateTime + cl * kernel.dwLowDateTime;
        cutime = 0;
        cstime = 0;
      } else {
        rtime = 0;
        utime = 0;
        stime = 0;
        cutime = 0;
        cstime = 0;
      }
#else
      timeval tv;
      gettimeofday(&tv, 0);
      rtime=tv.tv_sec+double(tv.tv_usec)/1e6;

      tms ts;
      double tck=sysconf(_SC_CLK_TCK);
      times(&ts);
      utime=ts.tms_utime/tck;
      stime=ts.tms_stime/tck;
      cutime=ts.tms_cutime/tck;
      cstime=ts.tms_cstime/tck;
#endif
    }

    std::string getWinFormattedDate()
    {
      std::ostringstream os;
#ifdef WIN32
      SYSTEMTIME time;
      GetSystemTime(&time);
      char buf1[11], buf2[9], buf3[5];
          if (GetDateFormat(MY_LOCALE, 0, &time,
                        ("ddd MMM dd"), buf1, 11) &&
          GetTimeFormat(MY_LOCALE, 0, &time,
                        ("HH':'mm':'ss"), buf2, 9) &&
          GetDateFormat(MY_LOCALE, 0, &time,
                        ("yyyy"), buf3, 5)) {
        os << buf1 << ' ' << buf2 << ' ' << buf3;
      }
      else os << "unknown";
#else
      timeval tv;
      gettimeofday(&tv, 0);

      char cbuf[26];
      ctime_r(&tv.tv_sec,cbuf);
      os << cbuf;
#endif
      return os.str();
    }

    int getWinRndSeed()
    {
#ifdef WIN32
      FILETIME time;
      GetSystemTimeAsFileTime(&time);
      return GetCurrentProcessId() + time.dwHighDateTime + time.dwLowDateTime;
#else
      timeval tv;
      gettimeofday(&tv, 0);
      return getpid() + tv.tv_sec + tv.tv_usec;
#endif
    }
  }
}






8. Összefoglalás

A páros kör problémájával algoritmikusan ekvivalens az even tulajdonság eldöntése,

mátrixok előjel-nemszingularitása, a páros gráfok Pfaff-iránýıthatósága, a permanens-

probléma, és bizonyos hipergráfos kérdések. Körbázisok seǵıtségével láttuk be az

even tulajdonság és a páros kör közötti ekvivalenciát. Az élelhagyásra nézve mini-

mális even digráfokról Seymour és Thomassen mutatta meg, hogy ezek pontosan a

gyenge páratlan dupla körök. A tételt megemĺıtettük, de bizonýıtását terjedelmi okok

miatt nem közöltük, de megmutattuk, hogyan lehet hatékonyan gyenge páratlan

dupla kört találni, ha a létezését el tudjuk dönteni; és a Seymour-Thomassen-tétel

következményeként levezettük a Manber-Shao-tételt, amely egy másik jellemzése az

even digráfoknak.

Elegendő nagy fokszám nem garantálja a páros kör létezését, és ezáltal a szigo-

rúbb even tulajdonságot sem. Ezt Thomassen konstrukciója nyomán láttuk. Azonban—

szintén Thomassen tételei alapján—ha az összefüggőségi szám elég nagy, az már

maga után vonja, hogy a gráf even. A k-direguláris (k ≥ 3) digráfokról is láttuk,

hogy even tulajdonságúak.

Egy egyszerű közgazdaságtani modellen keresztül bevezettük az előjel-megold-

hatóság és az L-mátrixok fogalmát, melyekről beláttuk, hogy eldöntésük végső soron

a páros körök keresésére vezethető vissza. A mátrixok determinánsa és permanen-

se révén egy szép, rövid algebrai bizonýıtást (Friedland) láttunk Thomassen előbb

emĺıtett eredményének egy (lényeges) gyenǵıtésére, azaz arra, hogy k ≥ 7-re minden

k-direguláris digráf tartalmaz páros kört.

Definiáltuk a Pfaff-polinomot, valamint a Pfaff-iránýıtást, melyek többek között

arra használhatóak, hogy megszámoljuk egy gráf teljes párośıtásait. Röviden jelle-

meztük szép körökkel a Pfaff-iránýıtásokat. Bebizonýıtottuk, hogy minden śıkgráf

Pfaff-iránýıtható, sőt, polinom időben megtalálható egy ilyen iránýıtás Kasteleyn

egyszerű algoritmusa seǵıtségével. Megfeleltettük egymásnak a kijelölt teljes párośı-

tással rendelkező négyzetes páros gráfokat, és a digráfokat. Tisztáztuk a kapcsolatot

a Pfaff-iránýıtások és az even tulajdonság közt. Seymour és Thomassen tétele se-

ǵıtségével bebizonýıtottuk Little tételét a teljes párośıtással rendelkező páros gráfok

Pfaff-iránýıthatóságára. Kitértünk a Pólya-problémára is, ami a permanens kiszá-

molását célozza meg.

Vizsgáltuk hipergráfok 2-sźınezhetőségét, a CNF visszavezetésével bebizonýıtot-

tuk, hogy ez NP-teljes. Definiáltuk a Hall-hipergráfokat, és iránýıtott gráfokat felel-

tettünk meg nekik. Megmutattuk, hogy ha a hipergráf 2-sźınezhető, akkor ebben a

digráfban van páros kör ; és ha a digráf erősen összefüggő, akkor a megford́ıtás is igaz.
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A páros körökkel való kapcsolat kimutatása után igazoltuk, hogy Hall-hipergráfokra

a 2-sźınezhetőség polinom időben megoldható. Beláttuk, hogy a minimálisan nem pá-

ros hipergráfok megfelelnek a páros kör nélküli erősen összefüggő digráfoknak. Tho-

massen direguláris digráfokra vonatkozó tétele seǵıtségével bebizonýıtottuk, hogy

minden k-reguláris és k-uniform hipergráf 2-sźınezhető, ha k ≥ 4.

Rátértünk a konkrét algoritmus kérdésére. Visszavezettük az even tulajdonság

eldöntésének problémáját erősen 2-összefüggő digráfokra. Áttértünk a páros gráfok

Pfaff-iránýıtásainak nyelvére, itt az erősen 2-összefüggő digráfoknak a kapcsok fe-

lelnek meg. Megfigyeltük, hogy a śıkgráfok és a Heawood-gráf Pfaff-iránýıthatóak.

Definiáltunk egy ragasztási műveletet, és megemĺıtettük, hogy Robertson, Seymour

és Thomas bebizonýıtották, hogy ez megőrzi a Pfaff-iránýıthatóságot. Kimondtuk

a három szerző azon tételét is, mely lényegében a megford́ıtást álĺıtja, azaz hogy

minden Pfaff-iránýıtható páros gráf ilymódon előáll. A terjedelmes bizonýıtásnak

csak az alapgondolatait ismertettük, azokat is nagyon vázlatosan. Következmény-

ként adódott Thomassen egyik tétele.

Felh́ıvtuk a figyelmet egy hibára a Robertson-Seymour-Thomas cikkben, és meg-

mutattuk, hogyan lehet azt kijav́ıtani. A triszektorok helyes defińıciója után léırtuk

azt az algoritmust, mely a struktúratétel és néhány kapcsolódó lemma alkalmazásá-

val eldönti, hogy egy digráf even-e. Rátértünk arra, hogy a három szerző hogyan op-

timalizálta az algoritmust, melynek első változata bár polinomiális, de a kitevő nagy.

Az algoritmus végső verziója O(n3) időben fut, de ha kihagyjuk belőle a szofisztikált

adatstruktúrát (SPQR-fa), akkor is megvalóśıtható O(n4) időben. Megmutattuk,

hogyan lehet egyszerűen eldönteni a Heawood-gráffal való izomorfiát, amellyel az

optimalizáció teljessé vált.

Végül az algoritmusnak egy C++-implementációja került léırásra, amely az SPQR-

fák nélküli (O(n4)-es) verziót valóśıtja meg. A program bele van ágyazva ebbe a

dokumentumba, és a megfelelő fejezet végén található ikonra kattintva tölthető le.

Ezzel befejeztük a páros körök témakörének áttekintő léırását, ahol minden min-

dennel összefügg: a probléma a digráfok, páros gráfok, mátrixok és hipergráfok nyel-

vén egyaránt megfogalmazható, az átfogalmazások seǵıtségével az álĺıtások pedig

érdekesnél érdekesebb alakot öltenek. Bár az Olvasóra b́ıznám ennek meǵıtélését, de

talán a Pfaff-iránýıtások adják a legtermészetesebb megfogalmazást, mert itt tűnik

ki leginkább az, hogy a dolog mélyén valójában gráfok śıkbarajzolhatósága lappang;

aminek a páros iránýıtott körökkel való kapcsolatára talán álmunkban sem gondol-

tunk volna.
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9. Függelék

9.1. Alapdefińıciók

Az A ⊂ B részhalmaz-jelölésnél megengedünk egyenlőséget is. Gráf alatt iránýıtat-

lan gráfot értünk; ha a gráf iránýıtott, azt külön hangsúlyozzuk. Az iránýıtatlan és

iránýıtott gráfokban megengedünk többszörös éleket is. Ha mégsem, akkor egyszerű

gráfról/digráfról beszélünk. Hurokélek sohasem megengedettek. Egy v ∈ V csúcsra

δ(v) jelöli v kifokát, ρ(v) pedig v befokát. Ha adott egy gráf/digráf, akkor a csúcsok

egy S ⊂ V részhalmazát vágásnak h́ıvjuk, ha S 6= ∅ és S 6= V . A vágásokat néha

azonośıtjuk azoknak az éleknek a halmazával, melyeknek egyik végpontja a vágás-

ban van, másik végpontja pedig nincs a vágásban. Ha egy digráf egy vágásából nem

lép ki él, akkor azt a vágást magnak h́ıvjuk.

Egy digráf Euler, ha minden vágásban ugyanannyi él mutat mindkét irányba.

Egy gráf k-pontösszefüggő, ha legalább k + 1 pontja van, és bármely k − 1 pontját

elhagyva összefüggő gráfot kapunk. A k-pontösszefüggő helyett néha egyszerűen csak

k-összefüggőt mondunk. Egy digráf erősen k-(pont)összefüggő, ha legalább k + 1

pontja van, és bármely k − 1 pontját elhagyva erősen összefüggő digráfot kapunk.

Egy gráf egy pontját elvágó pontnak nevezzük, ha elhagyásával az összefüggő

komponensek száma nő. A tartalmazásra nézve maximális 2-összefüggő fesźıtett

részgráfokat blokkoknak h́ıvjuk. A blokk-elvágópont-fa az a gráf, melynek csúcsai a

blokkok és elvágó pontok, éleit pedig úgy kapjuk, hogy összekötünk minden blokkot

az általa tartalmazott elvágó pontokkal. Ismert, hogy mélységi bejárással a blokk-

elvágópont-fa lineáris időben megkereshető.

Egy digráfot fenyőnek h́ıvunk, ha összefüggő, az egyik csúcs befoka 0, a többié

pedig 1. A fenyő tehát egy olyan fa, melyet egy csúcsából kifelé iránýıtottunk. Ha

egy digráf ford́ıtottja fenyő, akkor azt a digráfot befenyőnek h́ıvjuk.

Az előzőekben léırt, iránýıtatlan gráfokra vonatkozó tulajdonságok digráfokra is

értelmezhetőek, ha elfelejtjük az élek iránýıtását, és a digráfra gráfként tekintünk.

Így mondhatjuk pl. azt, hogy egy digráf k-összefüggő. Ez azt jelenti, hogy iránýı-

tatlan értelemben k-pontösszefüggő. (Ez nem ugyanaz, mint az erős k-összefüggőség

fogalma!)

9.2. Nagyságrendi jelölések

Pozit́ıv egész számokon értelmezett nemnegat́ıv értékű függvények nagyságrendjé-

re az O (ordó), Θ és Ω jelöléseket használjuk. f = O(g), ha létezik olyan c > 0
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konstans, hogy minden n > 0 egészre f(n) ≤ cg(n). Ekkor azt mondjuk, hogy f

nagyságrendben legfeljebb g. A g(n) = n speciális esetben f nagyságrendben lineá-

ris. f = Ω(g) pontosan akkor, ha g = O(f). Ezt értelemszerűen úgy fogalmazzuk

meg, hogy f nagyságrendben legalább g. Ha f = O(g) és f = Ω(g) is teljesül, azt

úgy jelöljük, hogy f = Θ(g). Ebben az esetben f és g ugyanolyan nagyságrendűek.

A nagyságrendi jelöléseket szóról-szóra ugyańıgy értelmezzük többváltozós függvé-

nyekre is. Csak az a lényeg, hogy az értékkészlet része legyen a nemnegat́ıv számok

halmazának.

Amikor gráfalgoritmusok futásidejét értékeljük, akkor az n és m betű rendre a

bemeneti (di)gráf csúcsainak, ill. éleinek számát jelöli. Így például, ha egy algoritmus

futásideje O(nm), akkor ez azt jelenti, hogy a futásidő nagyságrendileg legfeljebb a

csúcsok és élek számának szorzata.
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