
11 lebxz - minzixebl`e mipezp ipan2012 x`epia 8 htyn.ilnipind jzgd lwynl deey zilniqwnd dnixfdy miiwzn G = (V, E, c) dnixf zyxadx
bdminly mixtqn od zeleaiwd lk da dnixf zyx `id dnly dnixf zyx.u, v ∈ V lkl fu, v ∈ Z miiwzn da f dnixf `id dnly dnixf.dnly zilniqwn dnixf zniiw 
inz dnly dnixf zyxalibxz:ekixtd e` egiked
O (|E|) dyer Ford Fulkerson mzixebl` ,7-n ohw dileaiwn 
g` lky dnly dnixf zyxa .1.zeivxhi`.7-n ohw mileaiwdn 
g` lk da dnly `l dnixf zfxa l"pk .2oexzt.oekp .1:dgked.s, t ∈ V ,G = (V, E, c). ∑

(u, v)∈E

cu, v ≤
∑

(u, v)∈E

7 = 7 |E| xzeid lkl `ed jzgd lwyny miiwzn S − T jzg lklmixetiyd xtqn ,okle dnly zyxd ik ,1a zegtl dnixfd z` xtyl zaiig FF ly divxhi` lk.zeivxhi` O (|E|) dyer FF mzixebl` okle 7 |E| xzeid lkl `ed ixyt`d.oekp `l .2:dkxtd
s
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1 1:milelqnd mr oibexiql mixtyn
s → 1 → 2 → t

s → 2 → 1 → t-niqwnd dnixfde 1
|E|2

a mrt lk zxtyn dnixfd ik zeivxhi` 2 |E|
2 ixg` miizqi mzixebl`d.2 `id zil
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libxz.T = {t1, ..., tn} zexhn zveawe S = {s1, ..., sk} zexewn zveawe G = (V, E, c) dnixf zyx dpezpribdl xzene (
g`n xzei) zexewndn 
g` lkn mixfdl xzen xy`k zilniqwn dnixf e`vnz 
vik.mi
ridn 
g` lkl:miiwl dkixv fu, v dnixfd ,zilnxet.1
fu, v ≤ cu, v .2
fu, v = −fv, u .3
∑

v

fu, v = 0 .u ∈ S ∪ T hrnl u lkloexzt
t → t0 zezywd mr t0 "lr zxhn"e ,∞ olwyny s ∈ S lkl s0 → s zezywd mr s0 "lr xewn" siqep.∞ olwyny t ∈ T lkldnixfd z` lawpe G0n s0e t0 z` xiqp f`e t0l s0n G0a 'qwn dnixf `vnp .G0 dy
gd zyxl `xwp.Ga dyex
d zilniqwndlibxz.cv zleaiw yi v ∈ V 
w
w lkl mby gippe G = (E, V, c) dnixf zyx dpezp:zniiwnd Ga fu, v 'qwn dnixf e`vnz 
vik

∑

(u, v)∈E

fu, v ≤ cv .u lkloexzt:`ad ote`a G y
g sxb xi
bp
V

′

= V0 ∪ V1

Vi = {vi | v ∈ V } , i = 0, 1

cv0, v1 = vv mr v0 → v1 zyw didz v ∈ V lkl.cu1, v0 = cu, v mr u1 → v0 zyw miyp (u, v) ∈ E lklz` zniiwnd Ga zilniqwnd dnixfd efe G′a zilniqwn dnixf `vnp .G′ dy
g dnixf zyx eplaiw.i`pzd:xaqd:i`pzd z` zeniiwnd Ga dnixf oial G
′a zenixf oia lre r"gg dn`zd yi

fu, v 7→ f
′

u
′
, v

′ =











fu, v (u, v) = (u1, v0)
∑

u fu, v (u, v) = (v0, v1)

0 else

f
′

u
′
, v

′ 7→ fu, v = fu1, v02



libxzmi
w
wa mixf mdy xn`p .ztzeyn zyw mdl oi` m` zezywa mixf mdG sxba milelqn ipyy xn`p.szeyn 
w
w mdl oi` m`:z` e`vnz G = (V, E) sxb ozpida 
vik.zezywa mixf mdipian miipy lky jk tl sn 'qwnd milelqnd 'qn .1.mi
w
wa mixf mr l"pk .2oexzt
cu, v =

{

1 (u, v) ∈ E

0 else
i"r dnixf zyxl G z` jetdp .1zezywa mixfy tl sn 'qwnd milelqnd 'qn dfy mipreh .(V, E, c)a zilniqwn dnixf `vnp.zebefa.dl
eba zilniqwn zebefa zezywa mixf tl sn milelqn 'aw Xy gipp:i"r X lr fu, v dnixf xi
bp

fu, v =

{

1 (u, v) ∈ A ∈ X

0 else

v ,dl`d milelqdn 
g` lka .Xa milelqn m va mixaer .s, t 6= v ∈ V idi :ziweg dnixf ef,zezyw m epnn ze`veie Xa milelqnn zezyw m zeqpkp v l` ,okl .meiqd epi`e dlgzdd epi`.ziweg dnixfdy xne` dfe ,zezywa mixf milelqnd iklk .sn ze`veid zezywd wei
a od T l Sn zezywd .T = V \ {s}e S = {s} jzgd z` xgap
Xa 
g` lelqna wei
a zlken (s, u) zyw lk .dl`d zezywdn zg` wei
a likn Xa lelqn.fs, u = 1 m"n`.∑ fs, u = |X | ,okl.|X | ≤ |fmax| miiwzn ..milelqn ly zilniqwn 'aw lkl ,okl
sn sxbdn 
g` lelqn wei
a mi`iven FF mzixebl`ay al miyp |fmax| ≤ max |X | gikedl i
kl
eba tl sn zezywa mixf milelqn 'aw zniiw okl ,(cu, v ∈ {0, 1} ik) 1 `ed ely lwynde tl.epniiqe ,|X | ≥ fmaxy jk X zniiw okl ,zilniqwnd dnixfd = FF ly zeivxhi`d 'qn =.('eke 2l 
w
w lk lvtp) m
ew libxza enk xeztpe ,mi
w
wd lr leaiw mr wx ,1 enk .2zefexgn zn`zd.T jeza P ly mitevx miwzer miytgn .P -e T ,zefexgn izy zepezpmipeniq.Ta m− 1 
r n-d zenewnd = T [n : m].Tn = T [0 : n]:y mixne` X, Y zefexgn xear.XZ = Y y jk ∃Z m` Y ly `yix X.ZX = Y y jk ∃Z m` Y ly `tiq X:y
gn yetigd ziira zx
bd.Tm ly `tiq P -y jk mi-md lk z` mivexiai`p yetig mzixebl`.Pa qw
pi` qe Ta qw
pi` i - miwifgn.q ++e i++ ,(dvw i`pz+) T [i] = P [q] 
er lk.q = 0 f`e i = i− q + 1 - zxg`

KMP mzixebl`m`zda q z` fifpe mewnd eze`a i z` xi`yp ,q = 0e i = i− q + 1 mewna oelyikay wx ,dne
 xa
.jixvy dnl.Ca dlahd z` onqp .|P | l
eba dlaha ynzyn mzixebl`d
3



.efk `tiq oi` m` -1 e` Pi+1 ly `tiq Pj+1y jk 0 ≤ j < i− 1 ly 'qwnd = C [i].C [0] = −1 mixi
bn:dnbe
l
P = aaabaaabaab :if`

i 0 1 2 3 4 5 6 7 8 9 10
C [i] -1 0 1 -1 0 1 2 3 4 5 -1`tiqd P0 P1 P2 P0 P1 P2 P3 P4 P5 P6 P0:dvw zewi
a `ll mzixebl`d.m jxe`a P e n jxe`a T - hlw.Pa qw
pi` je Ta qw
pi` i - miqw
pi` ipy miwifgn(dvw i`pz we
al jixv) .i ++, q ++ f` T [i] = P [q] 
er lk:T [i] 6= P [q] m`.q = C [q] f` C [q] 6= −1 m`.i+ = 1 ,q = 0 ,zxg`oefel ly 18 d`vxda ze`xl xyt` oekp 
ew e
e`qt ,±1 ly zehqd llba oekp `l zvw mzixebl`d).(xz`a jynda e`
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