
htyn

IS ∈ NPC

zxekfz

:dielz izlad dveawd ziira - IS
IS = {(G, k)

∣∣k lceba dielz izla dveaw yi Ga}
.dicewcew oia zezyw oi`y dveaw `id dielz izla dveaw

htynd zgked

dpidy k lceba dveaw ok` `edy inepilet onfa wecal ozip ,oexzt ozpda :IS ∈ NP
.z"a

:3− SATa ynzyp la` .SATn divwecxa :IS ∈ NPH
dnbecl .3− SAT = {ψ

∣∣dwitq ψe 3− CNF zxeva ψ}

(x1 ∨ x2 ∨ x3)︸ ︷︷ ︸
C1

∧ (x1 ∨ x3 ∨ x4)︸ ︷︷ ︸
C2

∧ (x1 ∨ x2 ∨ x3)︸ ︷︷ ︸
C3

∧ (x3 ∨ x4 ∨ x2)︸ ︷︷ ︸
C4

:G sxbd z` dpap .ψa zeiweqtd C1, ...Cme ψa mipzynd x1, ...xn eidi

mi`zn cewcew didi Cia kij lxhil lkle Ci ziweqt lkl :sxbd icewcew

kijl

:zezyw ibeq ipy :zezywd

milxhild zyely z` xagp (zelegk zezyw) :zeiweqt zezyw

.yleyna zeiwqt ly

mirten lkle xi dpzyn lkl (zenec` zezyw) :mipzyn zezyw

xil xi oia zyw miyp xie xi

S : {x1, ...xn} → gipp .k lceba z"a dveawGa m"m` wtqn davd ψly d`xp
.|A| = k ,Ga A z"a dveaw dpap .ψl zwtqn davd {T, F}

.S (lij) = Ty jk Ci 3 lij lxhil epyi Ci lkl xnelk ,ψl wtqn davd S
ziweqt lkl dpzyn epgwl ik)|A| = k diipa t"r .A dveawl lij z` xgap
epgwl ik - zelegk zezyw oi` Aa ok`e .z"a Ay ze`xdl xzep (k = me

.(ziweqt=)legk yleyn lkn ccea cewcew

zenec` zezyw oi`

okzii `l S (li′j′) = T e S (lij) = Ty oeeik .A ∈ li′j′ ,A 3 lija lkzqp
mdipia dnec` zyw oi` okl .li′j′ zlily epid lijy

ipy cvn

lij ∈ gipp .ψl zwtqn davd S dpap .Ga k lceba z"a dveaw A gipp
(Ci ly lxhil)A
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S (xt) = T rawp f` lij = xt m` •
S (xt) = F rawp f` lij = xt m` •

(T gipp)edylk jxr elawi ef dxeva erawp `ly mipzyne •

dpzynl mini`zny milxhil oi` Aay oeeik ,ahid zxcben Sy al miyp
hxtae T jxr lawn lij lxhild Ci ziweqt lka ik zwtqn S .ezlilye

� .wteqn ψ lk mb okle T jxr lawn Ci

sxb zriav
.mdipia zyw yiy rav eze`a micewcew oi` day driav `id sxb ly ziweg driav

Color = {(G, k)
∣∣mirav ka G ly driav yi}

zl`ey mvra driavd ziira okl - dielz izla dveaw deedn rav lky al miyp
.zeielz izla zeveaw ka sxbd z` zeqkl ozip m`
3− Color = {G

∣∣mirav 3a G ly driav yi}
:3− Colorl Colorn zinepilet divwecx zelwa zepal ozip

3− Color ≤p Color

(G, 3) ∈ Color ⇒ G ∈ 3− Color

htyn

NPC 3 3− Color

dgked

.dpiwz ok`y ecawpe driav lawp\ygpp :NP 3 3− Color

NPH 3 3− Color

:3− SATn divwecxa

m"m` dwitq ψy jk G sxb zepal (3 − CNF zxeva)ψ `gqep ozpida :mivex
.driav-3 Gl

didi xi ezlilye xi dpzyn lkl .ψa zeiweqtd C1, ...Cme mipzynd x1, ...xn eidi
.yleyna mixaegn B,F, T micgein micewcew 3 sqepa .Ga cewcew

.yleyna mixaegn Be xi ,xi i lkl ok enk
dleki d`ividy jk ,zg` "d`ivi"e "zeqipk" 3 mr sxb epidy (Gadget)uitg dpap
(Ta dreav xnelk)Fa rveaw dpi` zeqipkdn zg` zegtl m"m` T rava ravidl
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zeqipkd zg` zegtl m` wxe m` wexia ravidl dleki d`iviy epl ozep uitgd
:mec`a raivdl zaiig d`ivid ,(-)zenec` ze`ivid lk m` .(+)dwexi
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miiwzn

.mirav 3a Gl driav dpap S zwtqn davd ψl m`
xi cewcewl ozip xi dpzyn lkl .dn`zda F, T,B miravd z` ozip F, T,Bl

.S (xi) xi cewcewle S (xi) ravd z`
okle ,T jxr lawn milxhild cg` zegtl ziweqt lka zwtqn davd Sy oeeik
elek uitgd z` reavl ozip ⇐ T rava dreav zeqipkdn zg` zegtl uitg lka mb
zexaegn `l ze`ivid ik)elek sxbl dpiwz driav idef .T rava didz d`ividy jk

(Tl

ipyd oeeika

ψl S zwtqn davd d`xp .mirav dyelya G ly driav gipp

davdd

S (xi) = if` T reav xi m` xi lkl .dn`zda F, T,B mpid F, T,B ly miravd k"da
.(Bl xaegn ik)B reav xiy okzii `l .S (xi) = F if` T reav xi m` .T
.dnydd itl xi ly jxrd epid xi ly ravd i lkl gxkday al miyp

.T jxr lawny Cja lxhil epyi xnelk .zwteqn Cjy d`xpe Cj ziweqta lkzqp
driavdy oeeik .Cj ly milxhild mpid uitgl zeqipkd .Cj mi`zny uitga lkzqp
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,Ta dreav zeqipkd zg` zegtl ⇐ Ta dreav uitgd ly d`ivid gxkda ziweg
� .yxcpk

.IS = {(G, k)
∣∣k lceba z"a dveaw Ga}

:inepilet onfa xeztl ozip 3− IS z`e ,3− IS ≤p IS(
n
3

)
< n3 ≤ O

(
|G|3

)
:zinepilet mb 58− V C = {G

∣∣58 ≥lceba V C epyi Ga}

n58

ipehlind lbrn
htyn

NPC dpid oeekn sxba ipehlindd lbrnd ziira

dgked

.wecape lbrn ygpp :NP 3 D −HAM

:NPH 3 D −HAM

ψy jk G oeekn sxb zepal ψ `gqep ozpda mivex xnelk .3 − SATn divwecxa
.oeekn lbrn Ga m"m` dwitq

.ψa zeiweqtd C1, ...Cne ψa mipzynd x1, ...xn eidi
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:3m jxe`a micewcew ly dxey xevip micewcew ly dxey lkl
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44

lkzqp ipehlind lbrn yi m`e ,(Tl Sn)ipehlind lbrn yi zwtqn davd yi m`
.zwtqn davd ozep dfe ,micewcewd lk z` miqkn ep` mipeeik dfi`a
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