
dnixf zezyx

xewnd zcewpl min miqipkny zexepiv ly zyx lrk dnixf zyx lr aeygl xyt`
,mind ly xhewd xy`n xzei mixfdl xyt` i` min zexepiva .cril ribi dfy mivexe
zilniqwnd zenkd dn zrcl mivex .qtd agexn xzei zyxa mixfdl xyt` i` mbe

.zyxd ly zleaiwd z` xeari dfy ila zyxa mixfdl ozipy

dnixf zyx - dxcbd
.c (u, v) > 0 zleaiw yi (u, v) ∈ E zyw lkl eay G = (V,E) oeekn sxb

(c (u, v) = 0 (u, v) /∈ E lkl xicbp)
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G dnixf zyx lr dnixf - dxcbd
:zniiwnd f : V × V → R divwpet `id

f (u, v) ≤ c (u, v) :zleaiw iveli` .1

f (u, v) = −f (v, u) :zicbp dixhniq .2

∀u∈V−{s,t}
∑
v∈V

f (u, v) = 0 :dnixfd xeniy .3

∑
v∈V

f (u, v) =
∑

v ∈ V
f (u, v) > 0

f (u, v) +
∑

v ∈ V
f (u, v) < 0

f (u, v)

1



∑
v ∈ V

f (u, v) < 0

f (u, v) .un z`veid "zizin`"d dnixfd -
∑

v ∈ V
f (u, v) > 0

f (u, v)

:miiwzn .ul zqpkpd "zizin`"d dnixfd -∑
v ∈ V

f (u, v) < 0

f (u, v) =
∑

f(u,v)<0

(−f (v, u)) = −
∑

f (u, v) > 0
v ∈ V

f (v, u)

0 =
∑
v∈V

f (u, v) =
∑

v ∈ V
f (u, v) > 0

f (u, v)−
∑

v ∈ V
f (v, u) > 0

f (v, u)

∑
v ∈ V

f (u, v) > 0

f (v, u) =
∑

v ∈ V
f (u, v) > 0

f (u, v)

1 dxwn

u v

c (v, u) = c (u, v) = 0

0 = −c (v, u) ≤ −f (v, u) = f (u, v) ≤ c (u, v) = 0
f (v, u) ≤ c (v, u) = 0

f (u, v) = f (v, u) = 0

2 dxwn

u
4/8 // v

(lreta levipd df 4d ,qtd agex df 8d)

f (u, v) = 4 c (u, v) > 0

f (v, u) = −4 c (v, u) = 0
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3 dxwn

u
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xtqnd)xepivd ly zleaiwd lr zelrl dleki `l (il`nyd xtqnd)xepiva lreta dnixfd
sl hxt - cewcew lka z`veid lreta dnixfl deey zqpkpd lreta dnixfde ,(ipnid

.tl zqpkpy dnixfl deey sn z`veiy dnixfde ,te

dnixfd jxr - dxcbd

|f | =
∑
v∈V

f (s, v)

oeniq
f (x, y) =

∑
x∈X

∑
y∈Y

f (x, y) onqp X,Y ⊆ V xear

oeniql dnbec

|f | = f ({s} , V )

dnixfd xeniy - dnbec

∀u ∈ V − {s, t} : f ({u} , V ) = 0
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dnl
:xear if` G lr f dnixfe G = (V,E) dnixf zyx ozpida

f (X,X) = 0 :X ⊆ V .1

f (X,Y ) = −f (Y,X) :X,Y ⊆ V .2

:X ∩ Y 6= ∅ ,X,Y, Z ⊆ V .3

f (X ∪ Y, Z) = f (X,Z) + f (Y, Z)

f (Z,X ∪ Y ) = f (Z,X) + f (Z, Y )

dprh

|f | = f (V, t)

dgked

|f | = f (s, V ) =

=0︷ ︸︸ ︷
f (V, V )−f (V − {s} , V ) =

= −f (V − {s} , V ) = f (V, V − {s}) =

= f (V, V − {s} − {t})︸ ︷︷ ︸
=0:↓

+f (V, t) = 0

f (V, V − {s, t}) = −f (V − {s, t} , V ) = −
∑

u∈V−{s,t}

f (u, V ) = −
∑

0 = 0

dnixf meqwin ziira
(t, s, c,G) dnixf zyx :hlw

meniqkn |f |y jk (G lr)f dnixf :hlt
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(Ford-Fulkerson) oeqxwlt cxet ly dhiy
(∀u,v∈V f (u, v) = 0 xnelk)0-znixf mr lgz` .1

p lelqnd lr dnixf sqed p "xetiy lelqn" yi cer lk .2

:lelqn xetiya dpeekd

s
3/16 // # 2/7 // # 9/12 // # 1/11 // # 22/100 // #

:3 ztqed i"r xtyl xyt` dfd lelqnd z`

s
6/16 // # 5/7 // # 12/12 // # 4/11 // # 25/100 // #

,zqpkp zywl mbe z`vei zywl mb xtqn eze` mitiqen ep`y oeeikny al miyp
zicbpd dixhniqd lr mixney epgp`

dxcbd

zixeiyd zleaiwd

cf (u, v) = c (u, v)− f (u, v)

zixeiyd zyx

(f dnixfe G = (V,E) dnixf zyx xear)

Gf = (V,Ef )

Ef = {(u, v) ∈ V × V |cf (u, v) > 0}

xetiy lelqn
Gfa tl sn p lelqn :dxcbd

:mzixebl`d z` zhxetn xzei dxeva aezkp

Ford-Fulkerson(G, c, s, t)
for each (u, v) ∈ E (G)

f(u, v)← 0, f (v, u)← 0, cf (u, v)← c (u, v)

while ∃p from s to t in Gf

5



cf (p)← min {cf (u, v)|(u, v) ∈ p}
for each (u, v) ∈ p

f (u, v)← f (u, v) + cf (p), f (v, u)← −f (u, v)
cf (u, v)← c (u, v)− f (u, v)
cf (v, u)← c (v, u)− f (v, u)

(G = (V,E))dnixf zyxa jzg - dxcbd

t ∈ T ,s ∈ Sy jk (
S ∩ T = ∅
S ∪ T = V

xnelk)(S, T ) micewcewd ly dwelg `ed

(S, T ) jzg lr dnixfd

f (S, T ) =
∑
x∈S

∑
y∈T

f (x, y)

dprh
f dnixf lkle (S, T ) jzg lkl

|f | = f (S, T )

dgked

f (S, T ) = f (S, V )−f (S, S) = f (S, V ) = f (S − {s} , V )+f ({s} , V ) = f ({s} , V )

jzg ly zleaiw - dxcbd

c (S, T ) =
∑
x∈S

∑
y∈T

c (x, y)

dprh
(S, T ) jzg lkle f dnixf lkl

|f | ≤ c (S, T )
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dgked

|f | = f (S, T ) zncewd dprhd itl

|f | = f (S, T ) =
∑
x∈S

∑
y∈T

f (x, y) ≤
∑
x∈S

∑
y∈T

c (x, y) = c (S, T )

dpwqn

((S, T ) lkl)|f∗| ≤ c (S, T ) ,f∗ meniqknd znixf xear

oeqxwlit-cxet htyn
mi`ad mi`pzd f` ,G lr f dnixfe (c, S, T mr)G = (V,E) dnixf zyx ozpida

:milewy

meniqkn znixf f .1

xetiy lelqn oi` Gf zixeiyd zyxa .2

|f | = c (S, T )y jk (S, T ) jzg miiw .3

dgked

.dxizq .|f | z` licbdl ozip f` xetiy lelqn yi m` ,dlilya (2)⇐ (1)

.Gfa Tl Sn lelqn oi` zixeiyd zyxa (3)⇐ (2)

S = {v ∈ V |vl sn lelqn yi} :xicbp
T = {v ∈ V |vl sn lelqn oi`}

.jzg (S, T ) okl ⇐ t /∈ S ik)t ∈ T ,s ∈ S ,S ∪ T = V ,S ∩ T = ∅

|f | = f (S, T ) =
∑
x∈S

∑
y∈T

?
=

∑
x∈S

∑
y∈T

c (x, y) = c (S, T )

m` .Gfa xl sn lelqn yi okl x ∈ S .f (x, y) = c (x, y) ,x ∈ S lkl
la` .yl sn lelqn yi f`e yl xn Gfa zyw yi f` f (x, y) < c (x, y)

(dxizq)yl sn lelqn oi` xnelk ,y ∈ T

z` licbdl ozip f` meniqkn znixf dpi` f e |f | = c (S, T ) m` dlilya (1)⇐ (3)
.2d dprhl dxizqa |f |

�
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