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Tungunsm Flow network vi3ea1a9sianluie
Transportation network ABNIINLUUANANS (Directed
graph) fusiazidultauaziinanug (Capacity) uasusag

1 I [ ¥ IS
Huauazsasiu flow lneusunuvas flow vuidudouas
Lifenunsaiuanuguaaduiey

Directed graph vaslgyvnilazgni3anin network &9
network 2z31884lutAaYBINTITATIITULAUL, M3lnaves
1 luvie, nszwalnilureasidudu
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Flow network
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Wumsiassmsinavesingrinuduiion
Wunsmluuufifians Digraph G = (V, E) @

flnua source S € V uae sink t € V (Lifiduivenguuu lifiviuizeun
1 s wazlifidwdaueanain t)

fianuq capacity €(e) vowsazidudon € € E waznludianugiilifia
au

2 . AMNRVRNEULYRY (capacity)
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o Minimum cut problem

o1y st-cut (cut) Wunrsuvslvunsaniduiwn (AB) Nll s € Auas t €
B

Hey AN cut ANATINANYVBNLEUYaNTaanan A 1U B

cap(4,B) = Z c(e)
eoutof A

capacity=10+5+15=30
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o Minimum cut problem

fey st-cut (cut) Wun1suuslnuneanduwn (AB) il s€ Awas t € B

H1u A2MYUBN cut AanATINANVRLFULYaNTIBENAN A TU B

cap(4,B) = Z c(e)

eoutof A

capacity=10+8+16=34

Tuduiduganain B U A
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o Minimum cut problem

ey st-cut (cut) Wunisuusluunsanduwsn (AB) il s € Auaz t € B

fw1u AUgUas cut Aamasiuauguanduldauiinanain AU B

cap(A,B) = Z c(e)

eoutof A

Min-cut problem 1 cut ifiAnuganiiga

capacity=10+8+10=28

CS 204451

unit

o Maximum flow problem

f1a st-flow (flow) f Aelaidu vxv->R fidenndasiunmantiadaluil
e oy d
SINIULAATLAULYDYN e € E:
0 < f(e) <c(e) [capacity]
dufuudandudon e € E:
fwv) =—-fwuw
dmiuudazlviun v € V — {s, t}:

Zeintovf(e) = Zeoutafvf(e)

5/9

[skew symmetry]

[flow conservation]

inflow at v = 5+5+0 = 10
outflow at v = 1040 = 10
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o Maximum flow problem

Hew A3 flow £ AB val(f) = T, ou o s £ (€)

value=5+10+10=25
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o Maximum flow problem

Max-flow problem 1 flow fififnsndiga

value=5+10+13=28
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i Greedy algorithm (a@4)

0 Eudulimnidulden e € E §iAn fle) = 0

O W st path P fudasiduidend £(e) < c(e)

O i (augment) flow lUmadumng P

flow capacity
\0/?1/p

O Yidhauialila

Ava3 flow
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. Greedy algorithm (884)

0 Gudulinnidulden e € E A1 fle) = 0
0O % st path P fiudazidudondl f(e) < c(e)

O i (augment) flow lUmadums P

flow capacity
\0/21/p

0 yighaurlila

network G

5t path

A4 flow
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Greedy algorithm (a@4)
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Greedy algorithm (884)

0 Gudulivnidulden e € E A1 fle) = 0

O W st path P fiudazdwdondl £(e) < c(e)

O i (augment) flow lUmadums P

0 yighaurlila

network G
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0 Guduliyniduiden e € £ fid1 fle) = 0
0 W st path P fudasiduidond £(e) < c(e)
O i (augment) flow lUmadumng P
O vl
network G
0+8=8
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i Greedy algorithm (a@4)
0 Guduliyniduiden e e £ fid1 fle) = 0

W st path P fludazdudend £(e) < c(e)

Wiy (augment) flow TUansndumiae P

ygraurinlila
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Greedy algorithm (884)

0 Gudulinnidulden e € E A1 fle) = 0

O w1 st path P fiudazdudondi £(e) < c(e)
O i (augment) flow lUmadums P

0 yighaurlila

16
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i Greedy algorithm (a@4)

0 Gudulivnidulden e € E §iAn fle) = 0
0O " st path P fiusasduiiondl f(e) < c(e)
O Wy (augment) flow Tumnsndums P

O Yighaurialila

network G
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Greedy algorithm (884)

18

0 Gudulivnidulden e € E A1 fle) = 0

O W st path P fiudazdwdondl £(e) < c(e)

O i (augment) flow lUmadums P

0 yighaurlila

network G

o
S
o
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i Greedy algorithm (a@4)

0 Eudulimnidulden e € E §iAn fle) = 0
O 9 st path P fiudazduioud f(e) < c(e)
O iy (augment) flow Tumnandums P

O Yidhauialila

10+6=16
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. Greedy algorithm (884)
0 Guduliyniduden e € £ fidn fle) = 0
O w1 st path P fiudazdudondi £(e) < c(e)
O i (augment) flow lUmadums P
0O vheauriladld
a5 flow = 16
16
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i Greedy algorithm (a@4)

Guduliyniduidon e € E fidn fle) = 0

W1 st path P fludazdudend £(e) < c(e)
Wiy (augment) flow lumsdums P
ighaurilalld

e max-flow = 19

network G

o
NS
N
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o Residual graph

flow capacity

Original edge: e=(uwv)€EE
Flow f(e) original graag \/4
Capacity c(e)

QO

Residual edge flaunauniu flow fignds

Y

e = (u,v) bag ek = (v,u)

residual graph G, residual capacity

Residual capacity:
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o Residual graph

Residual graph: 6 = (V, Ef)
Residual edge fadu residual capacity fiduuan
Er ={e:f(e) < c(e)}u{ef: f(e) > 0}

_jc@—f(e) ife€E 9 0
cr(e) = Fe) ifeR e E L b Y
Augmenting path

1813 augmenting path fia simple s-t path P Tu residual graph G

Q913 bottleneck capacity U84 augmenting P #a minimum residual capacity
vasdudaulas Tu P

qmauﬁﬁﬁﬁﬂﬁiy: W £ DJu flow wazl P W augmenting path Tu Gy
uda " 1Ou flow waz val(f') = val(f) + bottleneck (G, P)

AUGMENT (f,c,P)
b = bottleneck capacity of path P
FOREACH edge e € P
IF(e €E) f(e) =f(e)+b
ELSE fe® =fEH-»b
RETURN f
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Ford-Fulkerson algorithm

Ford-Fulkerson augmenting path algorithm
- Budude fe) =0 é’m%wgme’i’uﬁiau e€E
> 11 augmenting path P Tu residual graph Gy
~ Augment (ifiy) flow luau path P
- venewililg
FORD-FULKERSON(G;s,t,c)
FOREACH edge e € E: f(e) =0
Gf = residual graph
while(there exists an augmenting path P in G;
f = AUGMENT(f,c,P)
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Ford-Fulkerson algorithm demo

network G

residual graph G,

N

Update G,
return f
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Ford-Fulkerson algorithm demo

network G

%1 Augmenting

residual graph G,
o
., PathPii 1

O
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Ford-Fulkerson algorithm demo

10

o

0 wdnnsidenidunie 7 1 92l residual graph G, iuSuusaudaniail

residual graph G,
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o Ford-Fulkerson algorithm demo

network G

oy
\,%\\

%1 Augmenting
% Path P 2

residual graph G
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o Ford-Fulkerson algorithm demo

o

0 wasnmsdenidunie 1 2 9l residual graph G, iUsuusaudaniail

residual graph G,
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o Ford-Fulkerson algorithm demo

network G

10+6=6

%1 Augmenting

Path P 7 3
%o
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o Ford-Fulkerson algorithm demo

network G

Q
N
o 6/6 o

10/10

16+2=18

%1 Augmenting
Path P i 4
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o Ford-Fulkerson algorithm demo

network G

18+1=19

%1 Augmenting
Path Pl 5
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o Ford-Fulkerson algorithm demo

0 residual graph G, fiusuusaudadisll

network G

max flow

<

19

Tigansam Augmenting
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. Max-flow min-cut Theorem

=

AW cut NUANUYATHA VNN G
3/4

network G 9
o)
RS
max flow

<

19

network G
\,0 )
" min cut )
10 | 10

nA dyanaw

Path P 210 G, l#an 2
V'
nodes.reachable from s9 ‘
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p Max-flow min-cut Theorem

Augmenting path theorem: flow f 221U maximum
flow Neiawialifl augmenting paths

Max-flow min-cut theorem: 1984 max-flow = A214]
U9 min-cut

douly 3 daseluliieurinfuduiu flow f laq
0 98 cut(AB) 7 cap(A,B) = val(f)
O f 10U max-flow

0 l4idl augmenting path Wawigunu f




