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/ Mevywotr pory (Maximum Flow) I \

e Alvetat éva dikTvo pong, wio xopueh xoéuBoc -tnyn s, xo. wio xo0pueY -TPooPloudg t.

Oéloupe va uTtoloyioouye TNV LEYIO TN TOCOTNTA And xdrolo eundpeupa/ayadd Tov
uropei va pedoet and TNy TNYH S TEOC TOV Tpooplopd t ywelc va yiveton uvnépBaocy Tne
xwpntikétnzas -ponc (flow capacity) towv axpoy tou dixtOou.

IMapdderypata

"Eva dixtuo poxc. Muwx poR f ue |f| = 19.

- /
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Egapuoyeg

e Mropolue Vo LOVIEAOTOIACOVUE:
1. Ty poh vYp®Y péco 68 AYWYOUS.

2. Ty Stadpopy Twv cUGXEU®Y/ AVTAAAOXTIX®OY ot wio Yeouuh topaywyhc (assembly

line).
3. Aixtua nhextplopo.

4. Alxtuo emxotveviog/ LeTAPopOV.

o [ToAAd d\Aa TpoBAAuata To ontola, we wio TEMTN YATIA, PoivOVToL ACYETA UE TO
TEOBANUA LEYIoTNG poNe uropel va avaydoly oe autd (m.x., néyioto taiplaoua o€
diepés ypdonua (mazximal bipartite matching) ).
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66{1\)0( PONC Xl POEC \

e 'Eva diktvo poric G = (V, E) glvon éva xateuduvouevo yedopnua 6o onolo n xdde axuh

(u,v) € E éxer pla un-apvnuxy xwpnukdenza (capacity)c(u,v) > 0. Edv (u,v) ¢ E
t671e c(u,v) = 0.

e Trdpyouv 2 droxexpluévee xopupéc: Mia tnyn (source) s xou évac mpooplouds (sink) t.

Trodétovpe 6Tt x&¥e xopuph v € V — {s,t} avhxel ot éva povondtt and TNy s Toc
v t.

= |E| > |V|—1 (to vpdpnua eivar cuvdedepévo (connected) ).
e Mia pon oto G elvar pla cuvdptnon npaypatixey Twov f: V XV — R 1 onola
IXAVOTOLEL TIC TapaxdTw cuvOAxec:

1. Ieproprouds xwpntkdtnrag: ¥V u,v €V, f(u,v) < c(u,v). (Capacity contstraint)

2. Iepopioués aovuperpiag: ¥V u,v € V, f(u,v) = —f(v,u). (Skew constraint)
3. Aiwathipnon pong: Y u €V — {s,t}, Z flu,v) =0. (Flow conservation)
veV

- /
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/Av.oc'cv']p*qcn NG PoNG \

o T xdde u eV — {s,t} amoutodpe Z flu,v) =0
veV

T
/

e H po% mou cloépyeton oe wio xopupy elval {on we tnv o tou edépyetal and

AUTA.
o H po% vio Ohec Tic eLepyOUEVES UXPEC EVAL UN-0EYNTIXY EVGD 7 pOH YL OAEC TIC
ELCEPYOUEVES axUEC elvan un-OeTixn.

e H nocdtnta f(u,v) ovopdletor ponj and tny kopuven u mpog TNy Kopuven v.

e H niun tnc po¥c f opiletor we:

1= fsv) (=) f@,)

veV veEV
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ﬁ'[coc vou LAY ELPLOTOVE TG POEG - «AxVpwony» \

T
OO

4

e AT0GTOMY 8 povadwV and TNy v — V2.

8/10 8/10
/\ /_\
Oy

-8/ 4 4

® ATooTOAY 3 LOVABWY and TNV v2 — V1.

5/10 8/10 5/10
5/ 4 3/4 4

® AT0GTOMY 7 povadwyv arnd tny va — 1.

-2/ 10 5/10 10

2/4 7/4 2/4

- /
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/ H p€dodog twv Ford-FulkersonI \

Opwopwde  'Eva enavédvorv povorndn (augmenting path) eivon éva povordtl and tny

TNYNR S TEOS TOV TEOOPLoWO t xATd WAXOC TOU OTOIOL UTOPOUUE VA TPOWIAGOUNE
emnpOoVETN POR, XU EROUEVWS, Vo avéRoovue tny pon katd unNkoS Tov pnovoratiov.

IMapdderypa

Ford_Fulkerson_Method(G, s, t)

1. Initialize flow f to O

2. while there exists an augmenting path p
3. do augment flow f along p

4. return f
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@no)\snuuauxdﬁ dixtua (Residual networks) \

e 'Eotw f pla poR 670 G xau éva Lebyoc xopupay u, v € V. H nocodHtnTa Tne

eminpOoVETNS POKC OV Uropel va tpowidndel and TNy u TEoc TNV v Xwpic va
napaflactel N ywentixdinta c(u, v) ovoudletor vroAeinovoa xwpntikdétnra (residual
capacity) c¢(u,v) s (u,v).

Cr (u’ U) = C(’LL, U) - f(ua U)
Ynuelwon: cp(u,v) > 0 vy xdde u, v €V

e Me dedopévo éva dixtuo po¥ic G = (V, E) xwu pia poR f, to vroAeiuuariké diktvo tov G
o omolo mpokvnrer ané tnr f ebvar to Gy = (V, Ey) 6nov Ey = {(u,v) : cf(u,v) > 0}.

IMopddeiypa

s
1/10
8/13

HMopathenon |Ey| < 2|E]|

residual E
network

Avdt n axpn (u,v) avhxet oto Ef edv touldyiotov wa and e (u,v) 4 (v, u) avixel

\O‘CO E. /
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Gapdﬁsnyua (Mia emavdhndmn tne Ford_Fulkerson_M ethod) \

11/1
8/13

12/12

«— Po¥ f 70 G.

C ;\ @ 4/4
1114

—— G %o éva emaLEdvmY HOVOTdTL .

«—— H poh 670 G petd tnv adinoch tne
%xaTd wAxoc Tou p.

. %
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Gom) €va enavidvmy govorndtt p. H yéyiotn tocdtnta pofc Tou uropolue vo \
TPOWUNCOULYE XATA HAXOS TOV AXUOV TOL P ovoudletol VmoA€imovoa xwpnTikoTnta
(residual capacity) Tov p.

cf(p) = min{cy(u,v) : (u,v) € p}

Ford_Fulkerson(G, s,t)
for each edge (u,v) € E

do flu,v] =0

flo,u] =0

while there exists a path p from s to ¢t in G

for each edge (u,v) in p
do flu,v] = flu,v] + cs(p)

1.

2

3

4

5. do cf(p) = min{c¢(u,v) : (u,v) € p}
6

7

g flosu] = — flu, 0]

Xpovixn TOALUTTAOXOTNTA
o EZoptdton and Tov 1péno pe Tov 0moio emAEYOLUE Ta ENAUEAVOVTA LOVOTATIA.
e O alyopiypoc wropel vo uny tepuatioet.

o Ed&v ot ywpntixdtntec eivan axgponnes o adydprdpoc ndvrote teppatilet.

N /
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évoc dvew bpLo Yio Tov anautoOPEVO Xpovo extéleonc tne wedodou Ford_Fulkerson() \
yia axépanes ywentixdétntoac eivon O(E|f*|) dnou f* elvon n yéyiotn poy nov entotpépet
0 ahyobprduoc.

IMapdderypa

~
N

1000000 999999 71 1000000

1000000 .~

-
-
-
-

1

.7 1
- 1000000 1000006 >~ . 999999

-

999999 .-~

-

999998

999999 999999

.
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e 'Eva enawidvev povondtt uropel va unohoyiotel oe O(E) xpdvo eite pe kard Bddoc
darnépaon (depth first search) 4 pe kard tAdrog danépaon (breadth first search).

o H anddeiln opddtntoac tne pedddou Ford-Fulkerson npoxintel and to dewmpnua

Oevpnua Edv f eivar pia poR 670 dixtuo pohic G = (V, E) ye tnyH s xou npoopiowd
t, T6TE Ol TOPAXATW OVO TPOTACELS EIVAL LGOBUVUUES:

1. H f eivou pla wéyiotn poyy oo G.

2. To vrohewpatixd dixtuo G5 dev meptéyel enaLEAVOVTA LOVOTATIAL.

11

- /
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O Edmonds_Karp aAyopitdpog

Edmonds_Karp(G, s, t)

e Compute the flow as in Ford-Fulkerson().

e Use breadth first search to compute the augmenting paths.

evenpna O Edmonds_Karp ahybprduoc npayuatonotel O(V E) ernavifoeic poRc.

Xpovixy, toAunhoxétnta:  O(VE?)
(Xuvohixd O(V E) xhfioeis via xatd TAdTo¢ dranépac.)

Snueiwon O xwpntixdtntec mEeneL va eivon axépaiol aptdpol.

12
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