
zeliri

dxcbd
My micrvd xtqn z` steps (M,x) onqp .zfexgn xe ('hc) h"n M idz •

(steps (M,x) = ∞ if` M ↑ x m`).x lr aeyiga zgvan

x lkl m` f onf zeikeaiqa zlret M ik xn`p .f : N → Ne('hc)h"n M idz •
.steps (M,k) ≤ f (|x|)

M h"n zniiw m` f (onf)zeikeaiq zlra L ik xn`p .f : N → N ,dty L idz •
.f onf zeikeaiqa zlret M e ,L z` drixkny

O (f) onf zeikeaiq zelra L zetyd lk sqe`k TIME (f) onqp ,f : N → N xear
TIME (g) ⊆ TIME (f) if` (g (n) ≤ f (n) n lkl knelk)g ≤ f m` hxta

dprh
L if` .(mihxq k mr h"n xnelk)TMk lcena f onf zeikeaiq zlra dty L idz

.ccea hxq mr h"n lcena O
(
f2

)
onf zeikeaiq zlra

dgkeda oeirx

mr dpeknd ly aeyigd if` ,micrv f (n) gwel mihxq k mr dpeknd ly aeyigd m`
`ed miy`x ipy oia ilniqwnd wgxnd)f (n) · 2 · 2 · f (n) = f2 (n) gwel ccea hxq

.(micrv f (n) yie ,zewixq 2 yi crv lka ,2f (n)

onqp

P =

∞⋃
k=1

TIME
(
nk

)
drxkdl zepzipd zetyd sqe`=zinepilet onf zeikeaiq zelra zetyd sqe`=

.inepilet onfa

dxcbd
.zfexgn x ,c"l h"n N idz
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lr edylk aeyiga dyer Ny ilniqwnd micrvd xtqn z` steps (N, x) onqp •
.x

m` f onf zeikeaiqa zlret N ik xn`p .f : N → N divwpete N c"l h"n xear •
.steps (N,x) ≤ f (|x|) ,x lkl

c"l h"n zniiw m` f c"l zeikeaiq zlra L ik xn`p ,f divwpete L dty xear •
.f onf zeikeaiqa zlrete L z` drixkny N

O (f) c"l zeikeaiq zelra zetyd zveaw z` NTIME (f) onqp •

?L ly 'hcd zeikeaiqd lr cibdl ozip dn .f c"l onf zeikeaiq zlra L gipp
yi k"dq f` ,zeiexyt` 2 wx yi crv lkay gippe ,lelqn lk lr xearl mivex m`

.milelqn 2f(n)

onqp

NP =
∞⋃
k=1

NTIME
(
nk

)

dl`y

P
?
= NP

?Pa `l la` NPa xeztl ozipy zeira zeniiw m`d - zizedn dl`y idef

NP′

lynl .daeyzd z` wecal lw la` ,daeyzd z` `evnl dywy zeira yi minrtl
?(cala zg` mrt cewcew lka xaery lbrn xnelk)ipehlind lbrn sxba yi m`d -
onfa wecal xyt` - ipehlind lbrn epl ozep edyin m` la` ,df z` wecal dyw

.dpekp daeyzdy ix`pil

dxcbd
:miiwzny jk b, c, d mireawe A mzixebl` miiw m` L ∈ NP ′ ik xn`p .dty L idz

.micrv O
(
|x, y|d

)
xzeid lkl rvan A (x, y) ,(x, y) lkl .1

.A (x, y) = 1y jk |y| ≤ |x|b + c ,y miiw ,x ∈ L lkl .2
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.A (x, y) = 0 y lkl ,x /∈ L lkl .3

.d`ivnd `weec e`l - zinepilet `id dwicad m` L ∈ NP ′ - heyt milina

dnbec
HAM ∈ .ipehlind lbrn Gay jk HAM ⊆ {G}

dnbec cer
.(x1 ∨ ¬x2 ∨ x3)∧(¬x1 ∨ ¬x2)∧(x1 ∨ x3) dnbecl - CNF zxeva `gqep epl mipzep

?zwtqn davd yi m`d xnelk ?dwitq `gqepd m`d
dnbecl :yi dfd dxwna

x1 = T

x2 = F

x3 = T

(x1) ∧ (¬x2) :zwtqn davd dl oi`y `gqepl dnbec

.dwitq `ide CNF zxeva ψy jk SAT ⊆ {ψ} :dxcbd

SAT ∈ NP ′

dprh

NP ′ = NP

dgked

.NP ′ ly dxcbdd t"r A, b, c, d miniiw .L ∈ NPy d`xp ,NP ′ 3 L idz ⊆
:zinepilet onf zeikeaiqa L z` rixkny B c"l mzixebl` dpap

.|y| ≤ |x|b + cy jk y c"l ote`a xga .1 :B (x)

.zlawznd daeyzd z` xfgde A (x, y) uxd .2

dxiga .A (x, y) = 1y jk (|y| ≤ |x|b+c)y miiw x ∈ L m` • :miiwzn
.B (x) = 1 oziz df y ly
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A (x, y) = 0 lkl if` x /∈ L m` •
B (x) = 0 ly aeyig lk ⇐

O
(
|x|b + c+ (|x|+ |y|)d

)
= O

(
|x|b + c+

(
|x|+ |x|b + c

)d
)

= :zeikeaiq

.|x|a mepilet eplaiw - O
(
|x|bd

)
lrety B c"l mzixebl` meiw xnelk .L ∈ NP ′ d`xp ,L ∈ NP gipp ⊇
:NP ′ zxcbdk b, c, de A (x, y) dpap .L z` rixkne O

(
|x|k

)
onf zeikeaiqa

(c"l zexiga zniyx - y ,hlw - x) A (x, y)

xfgde ,y zfexgnd t"r c"ld aeyigd z` raw crv lkae B (x) uxd .1
.zlawznd daeyzd z`

-ne ,1 xifgny B (x) ly aeyig miiw if` x ∈ L m` • :miiwzn

zxcq zeidl y z` xgap .|x|k aeyigd ly micrvd xtq

l"pd yd xeare ,|x|k ≥ |y| .l"pd aeyiga c"ld zexigad
.A (x, y) = 1

t"r)B (x) = 0 c"l zexiga zxcq lkl if` x /∈ L m` •
.(c"l drxkd zxcbd

� .(aeyigd jxe`a y ik)zix`pil A ly onfd zeikeaiq

dpwqn

,inepilet onfa wecal xyt`y dira lk m`d - xeza P
?
= NP ziira z` xicbdl ozip

?inepilet onfa `evnl mb xyt`

Vertex Cover micewcew ieqik - dnbec
lky jk micewcew ly zilnipin dxiga xnelk ?sxb ly ilnipin micewcew ieqik edn

?mixgapd micewcewd cg`a erbi zezywd

� #

�

~~~~~~~
�

# #
dirad .micewcew n mr sxbd z` zeqkl ozip yi m` wecal jixve ,(G,n) :hlw
m`e ,ea zellkp zezywd lk m` wecal ozip ,ieqik ozpida oky ,NPa okle NP ′a

V C :onqp .inepilet onfa ,nl deey e` ohw micewcewd xtqn
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Dominating Set zhly dveaw - ztqep dnbec
micewcewd cg` ly oky e` dveawa `ed xg` cewcew lky sxba micewcew zveaw

.dveawa

# #

�

~~~~~~~
�

# #
DS :onqp

dprh
DS z` rixkdl inepilet mzixebl` epyi m` xnelk .V C ∈ P mb if` Ds ∈ P m`

.V C z` rixkdl inepilet mzixebl` mb epyi if`

dgked

jetdpy jk ici lr (H, j)l jetdp (G, k) z` .DSl V Cn zinepilet divwecx dpap
z` xegal ick . #

@@
@@

@@
@

#
~~~~~~~ #

l jetdi # # :yleynl zyw lk

z` xegal mrh oi` la` - yleyna micewcewdn cg` xegal jixv ,micewcewd lk
zywd z` xgap cinz okle ,mixg`d cg` z` enewna xegal xyt` cinz ik ,irvn`d

.fkxna

miiwzn

.|A| ≤ j .H zezyw lk z` dqkny micewcewd zveaw A idz if` V C 3 (H, j) m`
mipeyd micewcewd xear ik ,G icewcew lk lr zhley mb micewcew zveaw dze` if`
cewcew lk ok enke (miccean micewcew oi`y migipn)idylk rlv ly oky cewcew lk
.zywd z` dqkny cewcewd i"r hlyp okle dni`znd zywd icv ipyl oky ycg

(G, k) ∈ DS⇐

ipy cvne

dpap if` .Ga zhley Ae ,k ≥ |A| ,Ga micewcewd zveaw A idz .(G, k) ∈ DS gipp
cewcew lky jk ici lr ,|A′| = |A| ,Hn micewcew wx yi A′ay jk A′ dveaw An
lk ik ,Ga zhly dveaw A′ if` .ely mipkyd ipyn cg`a silgp Hn epi`y A ly
hlypy cewcew .A′a mb hlyp zeidl jiynn Hn cewcew i"r Aa hlypy cewcew
okyd i"r hlyp dzr la` ycg cewcew i"r xewna hlyp ,Hn epi`y cewcew i"r

.miycgd micewcewd lk lr hley A′ ,hxta .(diipa t"re)xgapy
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cewcewd ⇐ dni`znd zywd icivay micewcew ipyl wx oky l"pk cewcew lk
.micewcew ieqik A′ ⇐ zywd z` dqkn mb ycgd cewcewd lr hleyy
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