
mcewd xeriya
:zeira dnk epi`xd

CNF zxeva dwitq ψ z`ivn - SAT •

k ≥lceba Gl micewcew ieqik z`ivn ,k xtqne G sxb xear - V C •

k ≥lceba zhly dveaw z`ivn ,k xtqne G sxb xear - DS •

G sxba ipehlind lbrn z`ivn - HAM •

ep`xd

V C ≤P DS - V C ∈ P mb if` DS ∈ P m`

illk ote`a
divwecxd)inepilet onfa aeyigl zpzipyBl An divwecx yi m` A ≤P B ,zety A,B

(.hc cinz
A ∈ P ⇐ B ∈ P e A ≤P B m` illk ote`a

:y jk L dty `evnl mivex

.Ll L′n zinepilet divwecx yi xnelk .L′ ≤P L ,L′ ∈ NP lkly gipp
.P = NP⇐L ∈ P gipp

dxcbd
:m` (NPC - NP − Complete)dnly-NP dpid L ik xn`p .dty L idz

L ∈ NP .1

L′ ≤P L ,N ′ ∈ NP lkl .2

.dyw-NP z`xwp 2 i`pz z` zniiwny dtyd

al miyp

P = NP ⇐ L ∈ P e dyw-NP L m`

ipy cvn

P 6= NP if` L /∈ P e dnly-NP L m`

ok enke

L /∈ P if` dyw-NP Le P 6= NP m`
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la`

!efk dty yiy epl ghaen `l llka

xicbp

yie ,ixpe` aizka xtqn `ed k ,zxefgn w ,c"l h"n Ny jk NDA ⊆ {(N,w, k)}
.micrv k jeza acc avnl ribny w lr aeyig Nl

dprh
.dnly-NP dpid NDA

dgked

NP 3 NDA

.acc avnl ribn ok`y wecape k xzeid lkl jxe`a aeyig ygpp

dyw NP dpid NDA

.NDAl L′n zinepilet divwecx d`xp .L′ ∈ NP idz

inepilet didiy aeyig okle ,k zegtl eply hlwd jxe` ,ixpe` ky oeeikn :al miyp
,ixpe` aizka ky mixicbn epiid `l m` .hlwd jxe`a inepilet didi ka

.df z` milawn epiid `l

miniiw ,xnelk .inepilet c"l onfa L′ z` drixkny NL′ c"l h"n zniiw ⇐ L′ ∈ NP
:x ∈ Σ∗ lkly jk c, d mireaw

.micrv |x|c + d jeza acc avnl ribny NL′ ly aeyig miiw if` x ∈ L′ m` .1

acc avnl ribn `l x lr NL′ ly aeyig lk if` x /∈ L′ m` .2

,xnelk

R (x) =
(
NL′ , x, 1|x|

2+d
)
:ik (|x| a)zinepilet divwecxd

reaw - NL′ zaizk •

|x|a ix`pil - x zaizk •

|x|a inepilet - |x|c + d aeyig •

|x|a inepilet - 1|x|
c+d zaizk •
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dpwqn
.dyw-NP ok mb B if` A ≤P Be dyw-NP A m`

dnbec

miriten eay T ly xyk sevix yi eay k × k reaix yiy jk 2BTile ⊆ {(T, t0, t1)}
t1 mbe t0 mb

t0 mb miriten eay k× k reaixa xyw sevix yiy lk 2BTile ⊆
{(
T, t0, t1, 1

k
)}
.t1 mbe

dprh
NPC dpid B2BTile

dgkedd oeirx

B2BTile ∈ ND

.hlwd lceba inepilet O
(
k2 + |T |

)
:onf .wecape oexzt ygpp

dyw-NP B2BTile

yiy jk
(
T, t0, t, i

j
)
dpap

(
N,w, 1k

)
ozpda xnelk ,NDA ≤P B@BTile d`xp

.T ly sevix yi m"m` micrv k weica acc avnl ribny w lr N ly aeyig

Levin-Cookhtyn

.dnly NP dpid SAT

dgked
ψ dpap

(
T, t0, t1, 1

k
)
ozpda xnelk .B2BTile ≤P SAT d`xp .ep`xd :SAT ∈ N

.dwitq ψ m"m` B2BTile 3
(
T, t0, t1, 1

k
)
y jk CNF zxeva

.inepilet k"b ψ ziipae
(
T, t0, t1, 1

k
)
a inepilet ψ ly lcebd

:onqpe t0, t1, ...td−1 ,Ta migix`d z` dpap

.tll oinin iretiy xzen tl′y jk H ⊆ {(l, l′)} •

.tll lrn riteiy xzen tl′y jk V ⊆ {(l, l′)} •

1 ≤ i, j ≤ k
0 ≤ l ≤ d− 1

,xi,j,l ,ψa mipzynd

zernynd

.tl gix`d riten i, j zvayna m"m` T = xi,j,l
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ψ ziipa

:gix` epyi zvayn lka .1
1 ≤ i, j ≤ k lkl

(xi,j,0 ∨ xi,j,1 ∨ ... ∨ xi,j,d−1)

dk2 - dwica zelr

:cg` gix` xzeid lkl zvayn lka .2
l 6= l′ yi 0 ≤ l, l′ ≤ d− 1 lkl ,1 ≤ i, j ≤ k lkl

¬ (xi,j,l ∧ xi,j,l′) = (¬xi,j,l ∨ ¬xi,j,l′)

2d2k2 - dwica zelr

:mixnyp miiwte`d millkd .3
:(l, l′) /∈ H lkl ,1 ≤ j ≤ k ,1 ≤ i ≤ k − 1 lkl

¬ (xi,j,l ∧ xi+1,j,l′) = (¬xi,j,l ∨ ¬xi+1,j,l )

2d2k2 - dwica zelr

:mixnyp miikp`d millkd .4
:(l, l′) /∈ V lkl ,1 ≤ j ≤ k − 1 ,1 ≤ i ≤ k lkl

(¬xi,j,l ∨ ¬xi,j+1,l )

2d2k2 - dwica zelr

:miriten t1e t0 .5 ∨
1≤i,j≤k

xi,j,0


k2 - dwica zelr ∨

1≤i,j≤k

xi,j,1


k2 - dwica zelr

� zinepilet divwecxd ⇐ O
(
d2k2

)
a dwicad zelr ,k"dq
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