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(099 e Fodm v §gg0ml Fgo358L, 35T0b 53dmdgh, HmI v yosxatagl e Fodml)
* 30580L JOmds@gmo dogbgo CN
Inzgdgmos: y@sx0 G = (V, E).
3obgbo: k € N.
dm 3939800 g@ox0bmgol aobbsbwgtgm, dobodyd Modwygb RMsw dgodargds dobo dgmgdgs.

25b8o®@gds 1.15: Im39d9e00s y@ogo G = (V, E). 8obo gmgdgs gfmwgos olgm ¢ : V — N slisbgol, ®@mdgeno
4mgge0 §3960mb @039 bogy@smmadm doibgl (3g0b) dgabsdsdgdl olg, Gmd d9bmdem g3l (Fodommo dggmmgdye

Gmygdl) 9gomo ©s 00 40 (9000 ©5 09039 Gobgo) 5@ Tgqlsdedgdmegl: (u,v) € E = ¢(u) # ¢(v).
3393 dJ Qo 03030 BJ J Qo 030339 0353 Jd JoMRJ

dognosb dbo'dgbgermgsbos dgdwgan m@o sdmzebs:

25635®@Rgds 1.16: G1 = (Vi, E1) oo G = (Va, E2) 36o53L 9fmogos 9003569000l 0bemdmmegeo (s@obodbgds Gy

~

G2), m9) 300dg3bgds olgmo dogdios f: Vi = Vo, 003 (v,u) € By & (f(v), f(u)) € Es (569 G g®sgdo oo Fg960

'd9900909e005 F0dmmo ds5dob ws dbmanme d5dob, mey Igmdg a@oxdo domo Labggdos dggdmgdagero Fodmmo).

obdo®Rgos 1.17: G = (V' E') a@sg3ls g¥megds G = (V, E) aésgols 40930, n V' C V @ (u,v) € B! = (u,v) €
o 0 3MoGL JvmOR] M>YoL J3ayo80, MY Q

E.

* 305805 0bmImORob30 GI
dm39d9e000: w0 yOoxq0 G, G
3obgbo: ,,30” 56,0057
2obLobOgMmgm, s@ligdmdl my s®s dmgdgen a®se39dl mdols gHmdsbgmols 0bmBmMBobdo, obyy Gi = G

¢ J3930580L 0bmBm®BobIo SGI
dm3939e000: @0 A0 G, G
3olgbo: ,,30” 56,0057
obLobmgMgm, Imodgdbgds my s@s G y@sggol obgmo G’ J39a®ox0, dmd G = Gy?
e 3mdo gmosgg@ol (dmgboygdo gok@ol) sdmzsbs TSP
dmgdgeos: dgfmboamo a@sgo G
3obgbo: k€ R
2obLobrgmgm oligmo dobodsgna@o oM IO E0, MMIgeroi gggens F390mbyg gombgan ds0b3 googenols

bogomyx0dem 1.18: aobgoboamm ydexo G, Mmdgaoz dmgdgmos ‘dgdwngy bobsbdo.

35130 Dgodangds aodmoygml bsd gengdgb@osbo 0bmeo®gd o bodmegm g {vr, vy, v4}. Ygbsd@gdgmos my s@s dolPo

9BGH® ©0Eo 0bmE@oM d gm0 bodMsgmol 3mgbs? Msl Fmag93L 3obybow IS(G)?

Logotxodm 1.19: bgdme dmygsbogo G yg@sxzobmgol o 0dbgds Clique(G)? CN(G)? HC(G)? VC(G)? TSP(G)?




1.1 3eg0bmdy® @demTo sdmblbowo ©s domo ,,dlgsglo” dmygano sdmEsbgdo 7

]

bob. 1.2: Logodxodm y@sqqo

>Obgdmdl Mm% o@s dsbdo goang@ols (304e00? (3sbgbo WssdBFo(39m)

Loga®xodm 1.20: 0gogg G a®oxdo 03mgbgo doJlodsgydo do®Bogo gbs v s v {ggdmgdl dm@ol.

bogomx0dm 1.21: C++ 9bodg 0oFgMgm 30ma@sds, Mmdganoi Js@@ool Labom dmgdgemo a@sgolngols go@skmols
900l (304200l 5330651,

35050550l dmaml ggensg dmgoygobmm @sdmwgbody 360dgbgarmgebo sdmzobe.

o 65@ oo Mmoibgol Lods@@ogol Bgb@o
o930 bodsgryg®o Goibgo n € N.

3olybo: ,,30” o6 L0057
55030bgm, JoBB0gos 0y 5@ n.

9960 3365: 915 5303560 560390 WAMOWSH FeryEED goYYEE0 MM YD S© Mg gdmws. dobo Ywoglo 3GsJGo 9o
203mYg96930l (Fogo@00ms©, 3M03BMAMsx305T0) Joygbgrsgse, LYMsgo seam@omdo 3bmdogo @ ogm, Lsbsd
2002 P9l 0bmgends 0650@dsG04mlgdds O(k?) bgos bwg@ol dJmby seogmmomdo godsdoggl, Gmdgeos
‘dg9amddo 3oz Y9BOM odxmdgbes. wsfgmomadomo 0bgm@dsioolomgols oboangm

Manindra Agrawal, Neeraj Kayal, and Nitin Saxena, PRIMES is in P
Annals of Mathematics, vol. 160, pp. 781 - 793, Springer Verlag, 2004

3 bsb0dbogos, @M sepam@omdol @AMl bgos brgs®o ymggemngol dmbsgdol Loa®dgbgs wsdmgowgdaeno,
530@ ™oz bgdmo dmygebogr Bm®Igensdo gobdo®gm 3s®sdg@@o k, dmIgaroz Imz9d o n Goibgol dodgdols
AomE9bmbdsl swbodbagl: k = logn.

* 3®5g0L 3aEsbo@ygmmds

domgdgeos: a@sgo G
3olgbo: ,,30” 56,0057

0550030bgm, 5@l MY 5@ 080 3Eobs@yeno?

obgmo s3mEsbgool Fsgomomngdew, MmdgmmasngolsE Mgomy® Amdo s3mbliboo sagm@omdo 3bmdogro sss
(o453 5@ (3 0loos dE 3039090, M3 dommgols sligmo sgpam@omdo 5@ >@ObgomdL), ‘dgoden gds dmgoygsbmm:

e H0o3bgol BoJBMm@obs30s

o930 bodgdsgy®o doibgo n € N
3olgbo: bo@g@ognad Mmoibgms 3080ggMMds D1, ..., Ph
oo go n Js®B0g odMogangdo: n = p1, ..., Ph
* 30580l Mm3@Godsayg@or obs@ge
dmgdgeos: p@oxgo G
3olgbo: aMox0l bobobo Lod®dEygby
obsbgm y@oxz0 LodABY by 0ly, ®MI Fodmgdol yows3ggmols Bomegbmds dobodsgry®o oymb.




1.2 m330doboiools ©s aoesfyggdoergool sdmzobgdo 8

o dymol g9biosms kg33s@mo@gds (SAT)

dm9dge000: dgaols s gd®ol 1 33eo by sdmgogdgeo yybjaos f @ B® — B, dmdgmoi hofgdomos
3060963090 bea@dogoy@o gm@dom

3obgbo: ,,30” 56,0057

>0Lgomdls my oMo dolio (3gesgdols obgmo 360dgbgermdgdo, @M gls B3ybdios ogml k9ddo@o@o (b9 0gdogls
d60dgbgermdsls 1)?

1.2 m3@0dobsioobs s gosfygg@ommgdol sdmEabgdo

>g0e0 dgbsdhbggos, GmI o dmygebogn sdmobgddo bemgog@mols 3obgbos 4,30, 56,0007 @s bryogMmols — Mowa(3
306309890 Hoibgo ob bbgs domgds@ogn®o LEOYIHY®s, HmIgeoi 25M 339920 F0bs30mmdsls o 3dsgmeoagdls.
olgom 53035698, HmI@ms 3obgbo dgodegds 0gmb ,,30,, 5b 0057, go@SFyg980ergd0lb 3dm;sbs §fmwgds, bmanm
dgmdyg Bodobsl 3o - @IBedo bozoob.

2005 939B0@gdol 533569000, Fogomoms, dsdoeBmbols 30ge00l, gogrg@ol (30300b, a®Mox0l 3asbs®gemdols
AgbBol, Lods®Bogol BHabHob, y®sxol 0bmdn®gobdol, Jgga®snol 0bmIm®Robdol s Lbgs sdmzobgdo. domdo
030l sEagbos Lodko®m, g3gmgbol my s®s dmbsigdo ods mey 0d geosbls oy dmEgdgero a35J3l yggers dgbadanm
3ensbo@gano y@og30l Lod@ogang, Mmdganlai hggb 3oMmmdomsw gafmmgdm G p, dmzgdygeo G a®sgobmgol dbmame
‘99920 Logombol aomyggges Lako®m: G € Gp?

olgg9, 3odog@mbols 030l 3Jmbg yMogms Loddsgang M9 >00b0dbgds Gmam®E Ga, 3>dog@mbols (303@0ls sdm-
(356> 0p0390, o3 dggombgs G € Gg? odo@md sdopgot 5dm30bgdlL IFmEgdgb ,,a005Fy39@ 0 gdol sdmzobsls™:
200oFYy3089m, g39mgbols 09y s@s 3mbs3g30 Gomsz LodMogmgl (sGHoM ol M) sMo god g9 mgoligodsh).

5doligob 2oblibgoggdymros, dogsmoma, goena@gol sdmzsbs VI, o yggmrs dgbsderm yo@engomgosb 9bos sgo®-
homm dobodsgny@o. sliggg CN dgwgdgol sdmebsz: yggers dglodenm dgmgdgosb dobodsenado; T'SP: ggqeos dglo-
daoe o IAGosb, MmIgao yggms Jomodby aowol, Jobodsgryg@o ©s 5.9. Lbgs Lodyggoom Gmd gomdgom, of
‘dglsdgnm 58mboblibgdowab go®hggm @owsi mgogbsb@olioon Mm3G0dogy@dl. sdo@mdsi sbgmo Godol s3m3sbgols
¥ 09696 ,,03G0dobsoolsls”.

2563 gds 1.22: my dmgdyeros Mo0dg aoesfyggBomgdol sdmEsbs A dmbsigdms LoddMogmom X, 35dob Ly =

{z |z e X, A(z) =30} dmboigdms Jggboddegargl (0Lgm dmbsigdms Lodmegamgl, G®Iegdbygi o s3mEebols 3slybo
0J6g6ms ,,307) o3 A s3mzsbols gbs gfmwgds.

bogomy0dm 1.23: Logygog®sw sblgbom, @s s@ob Lec, Lrsp,, Lve, ©s Lon,.

Lo0b@ g gbms 3ogdodo m3GodobsEools ws gowsfyggdoergdols sdm3sbgdl dm@ols.
Fomdmgowaobmm, mmI 33543l dgdegan aswsfyggdomgdol sdmsbs:

3M550L £ g@sp gmgdgs (CNy)
Jmgdgeos: adono G s Moibgo k € N
3olgbo: ,,307 56,007

209300 35bgbo ‘dgz0mbgol: dgodangds 0 oMo G aMoR0L k R@ow dgmgdgs?

049 3353 58 53m30b0lL senamBomdo, sgomae dggdegdn CN m3E0dobsEools sdmsbols gopod®ala:

seam@omdo L1: g@sgg0lb dgemgdgol seogm@omndo
dm3999eo0s: pMox0 G
1. k=1,
2:  while(CN;(GQ) = ,,0657);
3 k++
4: return(k)
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sbognmaog@sw, 009 335J3L Vi yowsVy39@oegdols sdmzsbols sgoam@omdo, Gmdgeog 3mag393L 3sbybls ,,30” 35dob
s dbmenme d5d0b, M9y JnEg3yao M0 Aos0KsMds k {390mmo, dolo 39d39mdom sgomsm dgodgds go@s0-
4@l dgbsdodobo m3Godobsiools sdmiebsgs.

bogo®yxo'de 1.24: hsdmoysmodgm 1S, Clique, TSP ws VO ‘dgbododobo gowsfyggdomgdol sdmizsbydo.

bogomyx0dm 1.25: Imigdgeos ISy, Cliquey, TSP, s VO 300074390 080gd0l odm356900L sgoam@omndgdo. dsmo
25dmYygbgoom @s§gmgm dglsdsdolio m3Bodobsiools sdmebgdols seammomndgdo.

1.3 5@55dmblibo@o sdmobgdo

9O0-gOmo yggeoby dggeno sdmEebs, Mmdgenlsi seram@omdyao sdmblibs 5@ o3l (oM 33990 Agly@lgdom
F9boyegols pomgsgolobgdom), sbFo 360 Ladgddbgmomsb dmeols s Msdmegbody smalo §gmo asmsyk@geno @hg-
dMES - B0ggA ool Bodamoms ©s babsbaogom syg9ds (0b. 30M39a0 bgdgbE®ols 39@bo ,omaym@omndgdols dglsgoeo”).
Omam® i XIX bog)3769d0 domgde@ogmligdds osd@ ogl, dg9dengdgeos obgmo segoam@omndgdols 3mgbs, mdgomsy
9Omgnemgsbo FHol godmmdol 3Jmby 3go@s@ol 53905l dggdergdom Qomamobs s Lobsbagol godmygbgdoo.
Lodogogdme dgodargds slgmo godmmdol dJmbyg 3go0@s@l bgooldogdo LobybBom dogysbenmgpgm - sdmiEsbol
mEbsgo Jggenoliol 0o s3mblbswo bpgds: dnigdygmos §Hg go@mmbdom Si ©s Ms0dg o@gdbomo Goibgo € > 0
(LobyLEY). BoOyeols s Lobobogol aodmygbgdom s5g9m 0ligmo 3gs®s@o, GMImols GoMmmmdo Sy dmzgdyeo
Lo'bybBom 0gbgds dmEgdgeno ool godmmmdol bosbanmggdo, sbyy [S1 — Sa| <e.

dgmdyg dopoeomse dgodangds Jogndg@m@ol X 3@mdangdol dmygebs: Im3gdgaos bgdobdogmo @omisbGgl 3meno-
6030900 2ob@mmads dogemo 3mgRocogbRgdom: ay, - T + -+ ay - x1 + ag = 0, bows a; € Q,0 < i < n,n € N.
9039 og9m 3gmemo (ob9) sgoam@omdo), dmdgeeoi bgdolidogdo sligmo 3manobmdolomgols aogggds 3sliygbls (3o ob
5Ms) dgz0mbgaby, gl 09 oMo 58 AobGmargdsls Fbmenme Goombogydo Bgliggdo? Mmam@ 3 swdmhbos, s® (3 od
5dm 35651 3L sgram@0mdyao sdmblibs (539 dggbodbmom, GmI yo@gggaen 3biMgH e dgdmbggagddo gb bsgombo
25050kM9ds. o @835M5305 0d5by, HMT 5@ sAOLYOMdL olgmo seoym@omdo, BmIgeroi bgdolidog®o dmbsigdolomgols
353G 3obgbl).

o>bobo'dbogos, M3 gl sdmebgdo sgpam@omdols 3oblisbrgmgdsby sy hodmysemodws ws Fdobws domgds@ogygmo
bgdbgdom 0dbs go@skogmo, mydis 3om 0bgmAds@0 350 dogosh 8b0dgbganmgsbo Gmano omsdsdgl.

300390 5dm356s (b9 03039 3OMdargds), GMBerols sdmygblbsmdsz sam®omndyer dgnmgdby oy®bmdom
53 303, 3-F. dghgtgdols s8m3sbss: bgdoldogto seam@omdolongol (30ma®sdolmgol) s dolio 3mbszgdalomgols
o5E0bgm, dghgdwagds o honzogegds gl sgoamdomdo dmgden 8mbsgdby. 580l 30b @ 9@ Heno dogoeomos bsdo
3O0A53s, HMIgEmogsb 30Mggeo Moy-Moamdom aossdmFdgdl bo@dy@ommy®d @oibggdl ws dghg@wgds 35dob ws
Ibm@me 35d0b, m930 oligm @9 GoEbgl sedmshgbl, Mmdgmmoi mo lbgs @yfo Goibgol xodl Fomdmonygbl.

Ssmam@omdo 12:  aoagy Goibgms dgdm§dgds (3omggano ggdlbos)
1: n=0;
2: do
3 n++;
4:  while(2n # 2k + 2p)

dgmeg seoam@omdo Moy-M0amdom yossdm{dgol bs@domad Goi3bggdl ws dghgmogds ds5dob s dbmerme d5dob,
049 oligm 396@ Hoibgl s@dmshgbls, dmdgmo gBmo wafo s ghmo 396¢0 Moibgol xsdl Fo®dmaoagbl.

Semam@omdo 13: @yl dogbgms dgdm{dgds (Igmmyg gg@los)
1: n=0;
2: do
3 n++;
4:  while(2n # 2k + (2p — 1))

Gbowos, MM JoMggen saamdomndbyi s Jgmdgbya Fobobfs® dgodegds 0dol mgds, ghgtwgds mey s@s ogo.
doa M3 aobgobogmm senam@omdo, GMdgeno H0y-M03Md0om AoEssdm{dgol waf Mobggdl ws dghgmogds dsdob
> dbmanme d5dob, M9y asbbogrymo Goibgo dodlodyd mMo doMBogo Goibgol xodoboysb s Jgoagde.
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spnamomdo 14: coa§ dogbgms d9dm{dgos (Igledy gg@los)

1: n=1;
2: do

3 n++;
4:  while(2n # p1 + p2) /* gl gofo @oibgo o6 Foddmagds m@o do®Fogo Moibgol xsdol baboo */

semamdomdo 1.5 dghgmgdols @osgmbogy@o seoam@omdo D
dmboigdo: Mmo0dy seramcomndo A

1. while(H(A(A))==,,30”) /* Bg60dgbs: o ,,A” sgoym@omndols s@d{g®mo bodygss (dog. dolio gmeo) */

9L 93565L3bgeno 533565 Mobsdgrdmgg JomgdsBozol gOm-g@mo Yowglbo @os 3HMde gdss (e dsbol dJodmmgbs)
o, 3bowos, xg@-x90mdom FobslFo® ggd go@yzom, dghgdwgds meyg s@s bgdmm dmygsbogro sgnam@omdo. sd@Moy s,
In3999e00 seym@omdol sbognobom begx g odgxomgoom dgodangds 0dol mJds, ghgHgds My oM 0g0, bmy-
NJD 30 - oM.

2ob3oMFgds 1.26: dmz9dgenos G039 A seopm@omdo s dolio Ms0dg X Imbsigdo. bsgombl, dghg@wgds mey sés A
sgnam@omdo X dmbogddy 9690930 sFmez065 9Fmwgds.

3020 0dbgdms olgmo senam@omdols s@dmbgbs, @mIgeoi  b930bdugmo A sgoam@omdols s X dmbsigdologols
23909005, hs0(3038090s 09 5s@s A(X). 5800 IHogo@0 @os 3HMOE YIS 350504GHJdMEs (359, amEdsboli 303mmygbs).
dop M3, LodFgbo®me, sligmo Msd Jgydangdgemos, Go3 gdwgy Mgm@gdsdo 3@ oELgds:

0ngmmgds 1.27 dghg@gdols s8m3sbs s@ssdmblibswos
5933005 ©539Tdg5m LoFobos@dogam: gmdgom, s@ligdmols oligmo H sgoamcdondo, @mdgao dmbsigdom 0mgdls

bgd0lidogmo A seam@omndobs s X dmboigdol s@dFg® Lodyggol ws 3390930, ghgtogds my sés A(X). bbgs
bodygggoom M gmdgom,

H(A, X) = »30”s A seoaemdomdo dghgtogds X dmbszgdby;
’ »oM7, A senam@omndo o6 dghgtgds X dmbo39dby.

sbans 30 93J3bsm olgmo sanagm@omdo D(X), dmIgero dmbsigde® 0wgdl @swsi X Lodyaol, mmIgeroi magol
05350 M5037 Seam®omdols s@§gdos:

Senam@omdo 1.6: ghgdgdols osgmbsgnado sgoaymcomndo D
3mbsgdo: Ms0dyg seogmdomndo A

1 while(H(A(A))== ,,30”) /* B960dgbs: 5 ,,A” seogym@omdols s@dfg®o bodyggos (Bsy. dolo gmeo) */

9bg 0a0, D sanam@ondo dmbsigds® doomgdls Ms08g A seoam@ondol s@fg@sl s dghgdogds 3506 s Fbmenmo
d5dob, 09 A seoam@omdo dolbagyg s@dFgo Logyggol Imbsigdby o@ dghg@wgos (s aslbomgogmolifobgdgeros ols
35JB0, O™ Mgom senaym®omdol sm{gHsi Gomsi Lodygos, Mmdgaro dmbszgdow dgodangds sgommm).

sbens 25630bognmm, M9 Go BmbEgds, HmEglsi D seym®momdo msgol s@§gdsl 8oomgdl dmbsigdsw. D(D) bodbsgls,
@3 D sgoyem@omndo dolbagyg s@dfgoo bogygol dmbsgdbg dghg@ogds d5d0b s dbmanme 85906, w4y D senam@omdo
dollogg omdY gm0 Lodggol 8mbsgdbyg os® dghgdmads, gl 3o Fobss@dwgamdss!

A.0.9,.
9L o B0 54 60'Ibogl syEomgoes 0dsl, HMI Homsie 5dm3bgdolimgol 3g® goBygom, hoozogegds 07y s@s domo
sena@omdgoo. lslBemeE 39300 sdmEebolomngols spgdko®Egds sbogo dgmmeEgdols dogds, @md 3 Jgzombgaby
3s5bgbo ao8:39m. ghg®gools sdmEsbs seym@omdymen sdmblibspo MM gmayogoym, dsmgdsBogzn@o @myogols ©s
06930035030l gOm-gdmo 93bodgbgermgabglio gobbds — mgm®gdoms 5g3BMIsFM0 3EG0(3g0d - SWFOEISWO Y>WS0-
A gomEs, sbans 30 Lako®ms Mmgm@gdoms gerslogosEos s gmggero 3o ggaero jaosbolomgols sg@mds@ygo 3@ go-
(390900L Igmmegdols dogds. dbasglo 3Gmdagdgdo Fodmod@mgds slggg 3ma®madymo gmwol Lolfm@ol sg@mds@ e

& 30390>doE.

dogooob 360dgbgermgabos sliggg dgmdyg sMssdmblibo@o 5dm356s, HMIgeros ,,3mbEH0L dglodsdobmdol 3GMdangdols”
Post Correspondence Problem, dmjengo PCP Lobgenomss 3bemdogno:
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3mLGolL Fgbsdsobmdols 3Gmdemgds (Post Correspondence Problem, PCP)

Im3gdgmos: P = ((z1,91), (22,Y2)s s (Tny Yn)), iy ¥i € BT 5G035G09@0 bodyggool Fygomms dodpgg@mds, Gmdgen-
Lo hggb ,,09m30b0l 30Amdals”, ob 800 38290 ,,3000051” g9Fmwgdm.

I = (i1,..,i),1; € {1,2,...,n} 80dwy 36)(06015 9V mwgds dmigdgero 3odmmdols sdmboblibo, my ©;, o x;, 0 --- oy, =
Yiy ©Yiz © O Yiy, -

0gogolohobmgdobmgol P 3Gmdagds dgagodeos Fomdmgoaobmm, Gmam® omdobml Jggdo, dmdganbnsi 9@
Ibotigh ; s 39m@gbyg 30 ¥i Lodyggs T9®0s, msb mommgagemo Godols Jgs glslergemme dgg60 dgodagds ogeml (Jgbs-
dengogenos, Gmd I sdmblibsdo i, =i, oy k # L.

d5'dob sdmz0bs ‘Fgdwga ‘do Jpamdscrgmdls dgodmgds me) s®s wemdobml Jggdo 0lig wsgsesamm gOmdsbgmols ag9Owom,
3 bgs bofoendo FomdmJdbogro Lodygs (bos dbmeme z; J39lodygado 339d690s) ©ogdmbgsl Jagws bofoando
Fo@dmJdbogo Lodygsl?

dogomomo 1.28: dmz9daemos 3Gmodmgds P = ((1,101), (10, 00), (011,11)), Go@ 3godeggl: 1 = 1,29 = 10,23 = 011
s y1 = 101,32 = 00, y3 = 11. 580l >dmbsblibo ofbgds I = (1, 3,2, 3):

rioxz3oxgoxs3 =100110100011=101011000011 =101110011 =101011000011 =y;0ysoys 0 ys

04 5351 Fot3mgoy 9bm, Mmam® mdobmls Jgg00l d0dwgg@mdsl, dogowgdm:

1 [fort][ 30 |fout
101 11 || 00 || 11

3boos, HMI Mm% 9O sdmMEebsls MsdmEgbody sdmblibs 5Jgl, Jomo Jmddobs0s(3 dmblibsls ggsdaggl. sdo@mad dgo-
dengos [odmok@sl dggzombgs: o dmigdgeos Mo0dg sdmblibs, dgodangds o) o6s dobo Lbgs s3mblibgdols 3mddobs-
(30905© Fo®Imagbs? Fobs Bogoemomdo dmygsbogno sdmblibs 0@ dgodangds sbg sogml. 5b9), Omgm@ 3 53dmdgb, oo
3003007000,

bges dspgomomols gobbogrgolial dgodargds Fomdmodgsl dmsdgdwomgds, Hmd 3mbEol 3mdagds by o® s@ols
G000, sdoFmd aobgobogomm Jgdgao

dogo@omo 1.29:
P = ((001,0),(01,011),(01,011),(10,001)); z; = 001,25 = 01,23 = 01,24 = 10,y; = 0,y> = 011,y3 = 101, y4 = 001.
dolo 9dmganglo sdmblbsi go 66 Fygoologsb g gds, Gomsi o3 3Gmdagdol LoMmygmol 3oMggero dgeslgds
‘dgodgn gdos:

I = (2,4,3,4,4,2,1,2,4,3,4,3,4,4,3,4,4,2,1,4,4,2,1,3,4,1,1,3,4,4,4,2,1,2,1,1,1,3,4,3,4,1,2,1,4,4,2,1,4,1,

1,3,4,1,1,3,1,1,3,1,2,1,4,1,1,3)

Lo gos®hggol dgmmeom dgodengds dgoddbsls sgoam@omdo, dmIdgeroi 3mbEol sdmEebol I sdmblbsl dmygigds,
04 sbgmo s@lgomdl. sdmbablibols s@o@lgdmdols gdmbgggsdo sligmo seoam@omdo hsozoeogds.

bogomyx0dm 1.30: sfgdgom 3Mma@sds, Mmdganoi LOgmo gosmbggomn dmygi398L PCP sdmsbols 3sbygbl sligmols
>@bgdmdol ‘dgdmbgggsdo. wosdBgoige dobo Lobfmdyg ws wsomgomgmn doxgdol Gomegbmds 0d wsdggdom, ™I
dm3999e0 30@méobmgols sdmboblibo s@LgdmdL.

BoOMMI0L go@sxgsmgol sdmzsbs (Tiling Problem, TP)

Jmgdgeos n Lbgssbbgs Bo3dol ghmbso®o bmdol 3ggo®m@yao 1oy y®s ar,as, ..., an (Momm Bodol Goagaol Gom-
©gbmds lolidmyganms). dmEgdgeos sa®gmgg T9lgdo, 09 Gs Bodol ggo®s@gool wowgds dgodmagds gemdsbgmols
2390000 ©> G Godobs - gAmdsbgmol bgdmm ©s J3g8mm. 5351 goMEs, BoagOoms EosBMosgds oG dgodw gds.
oo0y0bgm, godangds meg s®s dm39d9e0 jgoMs@gdoms s Taligdom bgdolidog@so oo Bodmmdols 3Jmby jgo0-
G5Bl 53985, 09 o9 3go®s@ ol JoM3bgbs J3gs 39mbgdo aobmaglgdymo j3o@sG Yo goadols §odo Fobslfemss
Jm93geo. bob. @-'30 dom3bbog bohggbgdos 53 sdmsbol ghmo dogsmomo: dmygsbogos bodo ool 3go@s@emo
Qogts A, B, C, (mdgenms 3390©0g00 o030 Bg@o@ss dgmgdogno. m@o goa @l gemdsbgmnbg dowgds dgoden gds
35dob s dbmenme 353ob, My 53 Gogdgdol ‘dgbsdsdols Jowgdym a39M9dbYg RgMgdo gOMbso@os.

50800 obodd jozgdgeos, dmd A, B, C goagdgdoms s A goay®ols dodibgbs Jggos g0mbgdo pwewgoom bgdolb-
J0gM0 BoM®Iob 3go@sBols oggds dgodgds. dopa®sd 0y sgowgdm D, E, F qoyyn@gdl, 35dob dgodengds dbmame
2 X 2 3350M53 0l 53905, 0o 03 30OMdom, mey JoB3bgbs Jgges 3ymbgdo D goggdsl wogogdm.

©59E 3039098008, MM 53 5dm3560Lsmgol sSEyMm@omMdyeo 5dmblibs 5@ 5@ LgdMBL. Bog®sd M9y J0MMbsl dgg33&00m
s gogombogm, godegds 0 s@s Mo@szs Fobslifs® wogoJlodmgdyamo k x k (k € N) ggo0@53 00 ooMgs (bgdol-
Jog®o ool bogmsw), 35dob gl g.§. NP borgao sdmEebs bpgds, @obo LF@exo sdmbsbliboi 3bmdoao o6 s@ob.
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bob. 1.3: 53ommdols @ogs®gols sdmzebs

ba

v

|
A
% o
L X

d9603365: >©liobodbogos ol god@o, HmI 53 momnJml s 3Mmododogeo sdmiEabom bgdbolidog®mo senam@omdols Lody-
o305 dgodagds: bgdoldogdo Boy@mobyol dsbgobs 5dspgoM0 orsMZom swofgMgods.

9bgdo@, sdm3ebgdo Mm@ ganslop dgodengds wsoygml: olgmgdo, Amdamolmgols sgpam@omdymo sdmblibs s® o@-
Lgomdl (569 o3 5dm3ebgdols powakds LoliGyge amdo o@ dgodangds - domo gggens sanam@omndo d060dyd goHm
dmbo39dbg 350633 hoozogengds) ws olgmgdow, Mm@ gdbobmgolsi seam@omndygaro sdmblbs s@lgdmdl. oligm sdm-
(35690630, H@Iggdolimgolsi seoam@omdgdo s@lgdmdl, yodmymegh sdmiEsboms Lodmymol Godmgbody sl
s>dmhbs, HMI gOm-gHm gesldo olgmo s3m3sbgdos, MmIgamengolsiE Mgomy® (b 3mobmdoy®) emTo
sdmblbs sOligdmdl, bmem dgm@gdo - olgmgdo, GmdgememgolsE Agomy® wamTdo sdmblbs wegolbamgols 3bm-
dogno 5@ s@ob. 539 9bes 5@0b0Ibm, GMA ,,999]B W07, ,,LTO>50”, ,,Hgo Y EAMT0” s8mblibswo seym@omdgdo
020895 A5(3 5,3006mI7O ©HMJo 53mblibswo” (ob. 3oMggero LgdgbE®mol @gdiosms 3y@aLo).

360dgbgermgsbos dgdegao gomgdmgds: Godamoms s babobsgom 3mbydgdyeo agmdgd®oyeo goyy®gool syg-
b0l odmobs gowand®gmos dbmeme aoMggggero dgmmegdols asdmygbgdom — my hggh Lsjombl olyg wsgbgsdom,
godengds My 5Ms 0039 BoaYMgdols Mo0dg FgmmEom s gds, 8580b 3sbygbo oEgdomo 0bgds. obs@higbo o aobb-
0g0 00 5Moodmblbowo 5dm35650 30 Moo oeyk@geos - 0@ sAligdmdl Mo0dy dgmmwo, GM3geno o3 dggo-
0bggobg 3olybl Lalidge ©@mTo gopg3990s. gl 3o 0dsls 6oTbogls, MM sdmEsbols hodmyseodgdolisls 360dgbgmrmgsb
Gl 0300 @glgabgdols g@hggs msdsTmdl.

b0 dgbgemmgsbo Fgbo dgbo: hggb of dghgtrgdols sdmobols s@ssdmblibsmds oM 33990 s3sGsGol, jgMdme hggbo
}bgagemimeol 39d39md00 ©sg59E0GgM, B3 s@sIMblbswmdols 3@ 303900l go®gggne 0bBgoEosl odanggs. do-
253 55301 90 Jg5aL, MM 5@ 5ALYIML Ms0dg Lbgs gbs 56 Fgmmwo, @omsz gl sdmebs Lalidye wemdo sdmoblibg-
dMES. Y0 379005 ggombgs, B s3s@s@os 0ligmo 1960390 Lo ®0”, GMIom 3039090 mgmmgdsi bgdol-
dog® Lbgs aodmmgmols bodgeemgoslioi dmozegl? s3sbg Gomlsabs 3obgbo o s@ligomdl, mydis Logmggemsme
domgdaeos 9.5, Bgdbol mgbobo, GmIgeoi 3bmdognds sdgMozgends dgzbog@ds seomblim hg@hds hsdmaysanods,
Gdeools Jobgogomsi My G508y sdmEobs 5@ 53moblbgds 9.¥. Bogmobyol dsbobom (GmIgenlsi bdodsw sbiggy
B09g®0ba-3mbE0l 3obobslioi 9T mwgdgh), 3580b 0go ggmsbso®o Lbgs dgmmom gg® aswsok@gds LolGyen o@mdo.
539 9bs s@obodbml, G™m3 Goy@obaol dobdsbs JodBogo asdmBmgmganols domgds@ogy®o dmageos, Gmdgeno;
bdods 95dm0yggbgds mgm@moya 0bgm®ds@ogedo, Hmam®3 bmaswo gsdmdmgm gano, dog®sd dobo m@Isg @ ow
hodmyondgds s dolby oydebmdom mgm®gdoms 3@ 30390s hggbo 3adbol Bomyagdl (3gds - hggb seoymdon-
dgool bma oo aobdo@@gdoms s Blggmimeon dgdmgonstae gdom.

1.4 &g390bogao s Mg390bogaoe aosmgmamo sdmzsbgdo

GO 3 9439 >08b0dbgm, ao0sFY39B0e0gd0l sdm356950l obds®gdbom m3Godoboiools sdmEsbols aosd®s dgo-
dangde. dopa@sd Gmyme Jgag0dmos 0gom assfyg9Boegdols sdmzsbols hodmyemndgds? od dgzombgatby 3slygbols
2obo399500 gobgoboemm bmyswo dowamds: omsfyggBomgdol sdmebsdo 33506E9@Mgligdl, s 3dsyme3oa gdl 0y s@o
@509 A 3bos3990 B 0goligdsl. dogomoma, A 3mbszgdee dgodangds gobgobogrme G503y M50 s B mgoligdsw —
dodogn@mbols (30300 (03 dgdmbgggsdo dogowagon HC), 5b 3mboybjizog®o bo@dseadmo gm@dom hofg@omo ggbjios
s mgoligds, @md gl g3nbios Ggersgdols Moodyg 360'dgbgermdstby 0mgdls 3sliygbl 1 (sdmEsbs SAT) ©s dBsgogno
Lbgo.
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bogo®mx0dm 1.31: hodmaysmodgm ISy, Cliquey, TSPy, 05 Vi ao00§y390009d0b 533569001 dmbo3g3gdo s dgbes-
dm{dgdgero mgoligdgdo.

bodo®Gogobmgol hggb of s dgdeamddo sdmiEsbsls s Jolo 5dmbsblibgdols Lod@egagl (sdmebol gbsl) aogeo-
203900 s PdAsEME ,,5dm356517 o6 ,,30mden 9ol 39Fmogdm.

25635ME 9ds 1.32: 09 dm39d99e00 L4 sdmobologol s@bgdmdls @s0dg sgoamcomdo, dmdgeoos Imgdgeo z bodygol-
0gols dghgtgds 0d dgdmbgggsdo, myg x € La (s ,,307 3obybloi 8mpg393L), dog@sd dgodangds o@ dghgdogls, o9
x & La, 35dob slgom 965l (odmi3ebsl)  @gpa@bogamoe go@smgamo@o gfmwads. 9 0gogg sdmEsbobmgol o@lg-
3ol oligmo seoam@omdo, Gmdgano bgdolidog®o LoGygolmgols ghgmmgds s x € La dgz0mbgabg LFme 3slyblsg
2533399, 35306 sligm gbob (sImi30bsls) @gyambomemo gfmwgds.

bogomyx0dm 1.33: o ©odm3ogdyegdss Mg39dlbogan sdmEsboms s Myzaaloygms® gosmgumsEo sdm3obgdols
Lod@ogenggdl dedoli? 3sbbo oslbodygmgom.

o@bs60 Jbsgos, @3 Bg@dobo ,,09390Loye” ©s ,,09390LoYas© assmgans©o” 193056 Fangddo gobgomsmgdyao
093900y gu9bd30go0l Mmgm@oosb dmwol: bgdoldog@o  godmmgarswo BubjEos dgodgrgds smofgdml @sdm-
96083 doBogo #6300l Mg3nOLogmo xokgol 53g000. Bog®sd sMligdmdls olgmo gbiEogdos, HmBgems godm-
nges3 o3 dgmmeom o@ dgodargds ob go@ g9 dgdmbgggedo o6 dgodangds (Amama gl Fobs aobds®@gdsdos
>b0'dbygano).

0939OL0YES© Ao0MgEsE0 SFM(35b0L gH!M-gAm0 yggmsbdyg (36mdogo dogsmomos bgdme dmygsbogno PCP.

dolbo 5Ao5dmblibomdols @sdE o3gds 3bmdogno s@ssdmblibswo sdmiabols, 39@dmo 30 dghgtgools 30mden gdols doliby
» 054356000 3@ 3ogds (oby PCP s3m3sbols 39dggmdom dghgegdols sdmisbol goed@ols ‘dglsdengdenmdom - ss-
bepmgdom olig, Hmama3 aosfyg9@ 0 gdols sdmobom m3G0dobsiEool 30mde gdsls gblbowom). woygabol s@LLS ws

960350 hggb Igdwamddo ofg@moangdbom gobgobogsgm.

bogoMmyx0dm 1.34: @sodB3o3go, Mmd Jgdgao sdm35bgd0 Mg3ambogmew aosmgums©os (homgsmgm, MM sgoym-
®omdol dmbozgdo m@Mdom 5bdobbgs dm3gdyeno):

o dngdgeo A sgoam@omdobmgols oblisbmgmgm, dghgtgds mg s@s ogo B™, n € N gbols bgdoldog 8mbszg3by;

o dngdgeo A sgogm@omdolngol aoblobmgtgm, dghgdgds me o@s opo B™,n € N gbols ®mo08g 3mbsz93by;

e 0 A o B sanam@omdolmgols 256bsbma@mgm, s@ligdmdls me sts w € B* dmbsizgdo, @mdmologolsi A(w) #
B(w).

Logo®x0dm 1.35: 'dgdegyo aodmbsm Jgedgdoweb dmdgaros k9dds®o@o s Hm3garo - 3rs®o? 3sliygbo wosbadygmgm

o Y odm35b5 M3 LoESE AosmMgESPs, 030 sbggg Mgzndlogmozes;
o 9 odmzobs Mg39GLogeos, 0go sbggg MgAOLOYESE AOSMFEDSLO(35;

K ég3n6logummew aomsmgenso sdmi3sbol sgngm@omdo ‘dgodangds o@ dghgdogls Go0dg x € Li dmbogdby;

K ég3n6logemmew aomsmgenso sdmi3sbols sgpgm@omdo ‘dgodangds o@ ‘dghgdogls Go0dg x € Li dmbogdby;

K ég3n6logumew aomsmgenso sdmiebols sgogm@omdo ‘dgodangds dghgtogl @e0dg z € L 3mbs393by;

K 69390Loygao s3misbols sgoam@omdo dgodangds dghgdwogl @s0dg = & L dmbsigdbys

K ég3a6logemo s3misbol sgoam@omdo dgodangds o6 dghgtwogl @s0dg o & Lk 8mbo93by.



0530 2

>dM30boms LgMHGH0BoEMgds s dolby
©0>939dbgdgemo Lodmgerols NP o co-NP
Jeoolo

2.1 Lg@BH0R030Mgds s LgME0Bo oG

25bg0bognmm ‘dgdwgy bobob'do dm3gd3ymo aMox0. 5OLYdMOL My s@s dsl'do dsdogr@Gmbols (304e00?

bob. 2.1: a®o930 dodogrGmbols (30400l s Mmmb gMse Tgmgdgol LgMmGogogsGom

5d dgg0mbgabyg 3obgbols o(39ds bmgsws® Gmymos. dosgy@sd dgbsdengdganos g0bdgd dsdogEmbols 304800 s@Lgdmds
©553 3oL Fgbsdsdolo gbols Fo@dmwygbom: (v, vg, v, v7, Vs, V4, Vs, V1, Vs, U3).

gbowos, MM dgbodangdganos 030l gowsdm§dgds, gl dgdmmegobgdyemo abs dotmensz 3s8omBmbols (303000, 09
NUR

04 03039 3052bg ogligedm mmb gBs© gwgodgols sdmEebsl, 35dob gladagdgemo 0g6gds o3 sdmzsbols ogdomo

3sbgbols od@gogds Jmbi®gdaero dgmgdgol dmigdom (bsb. PE[)

25635M@ 9ds 2.1: o) M08y sdmebolimgols dgodengds dglsdenm sdmboblibol ‘dgdmmsgsbgds s o8 gdmmagsbgdeeno
Logo®oygom odmboblbols gowsdm§dgdols sgpam@omdo s@lgomdl, 53 ‘dgdmmogsbgdygen s3mboblibls ,, bg@Gogo0607,
boeom yosdmfdgdols spoam@omdl 3o bg®BoxgoEo®mgool 3GmEglio (b, Imgage, bg@B0%0;00938) 9fmgds.

A 5335601 LgdmBogoEo®gdols seoam@omdl smgbodbsgm Mmyma Va. gbowos, @m3 dolo dmbsigdgdo 0dbgds mgom
o8 A 5dmzobols Mows Md0gdHo X ws Fg9mmsgobgdamo 3sbigbo y. dogomomow, Viuc(X,y), Lowsg X Gowmss
30b3M9H 0 yAoR0s s ¥ 53 yMogol abol Lodygs, HmIgeroi dob dodoaGembols 30ge0l bws s@§gdwal.

bogo®x0dm 2.2: @oVgthgn HC, CNy, VCi ©s IS, sdm3obgdols LgdBoxoEo®gool sgoam@omdgdo. Gs 0dbgds o3
senam@omdgool dmbs39d0 s s — 3sliygbo?

Logo®xodm 2.3: @s 0dbgds Var wo Vsgr dmbszgdgdo?

14



2.2 NP geoslo, bmam@ g bLY®sgso bgoBogoco®goso sdmisbsms boddsgeny 15
2.2 NP gaosbo, bopamag LY®sgem Lgt@oxgoEotgdse sdmisbsms Lod@sgmg

y39e0s 5dmblibowo 58m30bs, BMIgenaz ododwy a3Jmbos yabboanmano, 3meobmdy® p®™mPo, 567 ,,LFOsgs©” Lg@Eo-
Q030030500 0gm. Sligo 3OHMIegdgdl o3y gerobdo (Lod@Mogargdo) s9MmM0sbgdgb, Mmdgalis NP gfmwgds:

NP = {A | A s3m@isbs 3meobmdyd o®mTo gdBogoco®gdspos}t

5dm 3569601 (©o, Log®hmme, 35dmbsggenggo Mmdogddgool) goam gesbdo gogdmosbgds odomss dmbsbyg@bgdgero, @md
domo dgdymdo IglFogars s st gu3®m Jmbsbydbgdgero ogmb. 3gmmg 3bodgbganmgebo gansbios P, @mdgeno
3me0bmdM @AmTdo s8mblbowo sdmobgdoligeb dgoagde:

P ={A]| A 5303565 3m@0bmdynd oo do s3mblibswos}

3boos, MM Jglsden gdgaos, Ms0dg sdmsbs Mmdgaody jerslido gpomwgl (sbg) 0gmls 53 gaosliolmgols sdsbslo-
509090 mgolgdols o@omgdgano), dog®sd gl o@ 0gml 3bmdogno. slig, dsgsoms, Goibgol Lods®Fogol Ggl@ol
sdmobologol (Amdgenloi obiggg Prime gfmogds: 8mig3aeo doibgobomgol gsblsb@gtgm, 3smBogos 0q0 m4) s61s)
5@ 0gm 3bmdoano L@sx0 (3maobmdy®o) seraymdomndo s ol bbgowslbgs bgdbom (dsgsmmomsw dgdmbgggomo sen-
3M00mdgdom) blibowbgb, dopa®sd XXI Loygynbol waloFyolido 0bpmgends dg3bog®gdds 3menobmdymo saam@omdo
253m03mbgl, Gomoi Prime € NP ©sd@goos.

sliggg o sMol 3bmdogro, sIMoblibgds mey s@s VI, sdm30bs 3menobmdn@ wdmdo, sdo@mdsi dsb gg9® ogs J10gbgdm
P 305, mgdEs s®os godm@oibyemo, Gmd gl obg ogmb.

3bowos, BM3 g 5dm356 SdMoblibgds 3mE0bmdd ®H™To, 0go LFMsgse byMmEogoco®gdswai 0dbgds, sby P C NP.

bogo®x0dm 2.4: ssdgozgm, @md HC,CNy, VCy, 1S, GI, SGI € NP
bogomx0dm 2.5: P=NP ©5dg9d0m, G5 mgobgds gdbgds bgdoldogd Lf@sgsm Lgdm@onoEo®gdso sdmEsbsl?
bogomyx0dm 2.6: wosd@gozgm P C NP.

od Logs®x0dmmo doggsbanmgoom msbsdgo®mmgg 3936090960l gom-g@hm ooyl mos Lsgombl: Gspash P C NP,
o>® s®ob aodmdoibymo, Gmd P = NP, dop®s3 obggg dgbadangdgeros, Gmd P # NP (ogm@ogese obogss dglisden g-
dgeoo, Hmd mM03g dgdmbgggs 49dds@Mo@o ogml, by m@o gOm8sbgmobasb ©sdmez00g0ge0 mgema@os sGligdmdogls,
900do 3odggero dgdmbgggs ogml k9dds@o@o, Igmargdo o dobo godymas, doa®sd gl bsgombo hggbo 33@Lols go®-
BgOb (3g5)-

3905 5Jgsb 99doM0@d0, 9l X gO-xgOHMdom F3bmdos, mydEs 58 Lsgombols aomsd®aby dosgnosh dgg@0 mgm®o-

Y20 ©5 3GoJHoggao Jgegyoe @eTmowegdgeo.

2.3 NP o co-NP gansligdo

aobgobogmm bgdolidogdo aomsfyzgdoegdols sdmzebs A s dglsdsdolo gbs L. 58 sdmzebols 3sbgbo gbws ogml
»307> 09T € L 00,0057, oy & La.
sbans ,,39350096mm” A s8mzabs ©s dggddbom oligmo A sdmabs, Gmd@olimgobsz L = Ly. obyy 53 53m35bols
3s5bgbo gbes ogmlb A s8mEsbols 3sbygbols Fgddrybgdgao: ,,307, w9y dmbs3gdo © € A ©s 0607, oy x € A.
mg A € NP, G5 9g0dgngds 0mgol A sdmababy? 306590 s@ol ols, @03 s o® sGols s90mgdgeno, Gmd z ¢ A
3000637 ©HMTo 0gml aosdm{dgdswo. G JgBoE: Goash (Mmym@s Fglo) {z & A} Lodmsgeng asEom gdom
RoOmMo, goeag A, 9bs gogsBoygomm, Mmd bgdoldog®o sgmo dmbs3gdol goesdm§dgos 3mmobmdy® pdmdo gg@
9bwos dmbgdbugl.
256300 gds 2.7:

co-NP = {A | A € NP}.

3bowos, @mI 9bes 5Bl dMdgl 0lgmo s3m3069d03, HMBEgdoi Jgrosh Gmyma NP, sliggg co-NP gensl'do. sgwsb
go@gom dgdpgy bJgdsl, @mdgao Logos®xodml Labomss dmygsbogoo:

bogoMmyx0dm 2.8: ((@0gds 2.9: ) @osdB oo, Hm3

P € co-NP N NP
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)

bob. 22: NP, co-NP s P Loddsgenggdols ggbsdare 0s3m jowgdiagen gds

bogomyx0dem 2.10: sbogrmpoy@oe hodmoysmodgm, @s 9bws oyml co-P.

od Logo®myx0dmgdoesb bowo bpgds, @md 0d Fydebgggs do, m P=NP, co-NP=NP.

B9603gb6s: 53 godmbomgedols gdcgbgdyero (69 ob GoJ@o, G myg PENP, 359ob co-NP#NP) sd@go3gome00 o6
>M0b.

sbogmaog@o Lsgombgdo — G sdmogdygegdss sdmEsboms Lod@sgaggdl dm@ol — dognosh 3b0dgbgarmgsbos
sdm@iabasms dgbfoganols s Fommgol LYMego sgoam@omndgdols 99Jdbolomgol ws wofg@moangdbom Jgdymddo 0gbgds

aobbognyyano.

2.4 ooo3mbydo bJgdgoo s sdmzobgdo NP 3enslols dJomds

d96g0@0g05 Fggombgs: @ Bodob sdmiEsbs  o@ g3ymgbol NP 3aosbli? boswos, @m3 yggens s@osdmblibswo (dom
Aol Mg390bogmse gsomgmsmon) sdmebs sligmo 7bps ogml. dog®sd s@lgomdls my s@s obgmo  sdmblbswo
sdmzobs, GMdgmoi o@ 0dbgds LfMoxgsm bgdGogoEodgdswoe?

>dmhbs, ™I sLYmo s O 53M(30bs dALYOML ws Fomo yopgdolsmgol xg® gOmo dbo'dgbgermgsbo gmbiyg-
3300l 2o5bBgdss Lako®m.

2o63oMFgds 2.11: bgdoldogdo n doGosbo w € B™ Lodygolh @oymbado bjgds (succinct circuit representation, SCR)
gV mgds obgo S Lgdsl, dmdeols dglsdsdolo f gybdiools GbMoaols dgegyo s@ob w, sb7y f(k2) = w(k), bows k2
Fo@dmowaqgbls & @oibgl m®mdmn jmodo.

d530@000 2.12: w = 11111101 Lodygol eosygmby@o bgds bsdo gargdgb@ologsh dgoagds, Gowasb ogo f(xo, 1, 22) =
Zo V21 V 22 g7bJEool gbeogols dgogaos (bob. .

g9603365: 3bws 500bodbml, MM, Aoysh bodyzgddo 33mewgdol powsbmdgms brpgds dodmxgbowsb do®(3bbog,
boanem 3bdoado jo 3o@oJom, bHogndo dmygsboano i3gbd300lL dgogao ,,dgomybgdymos”.

o 1 X9
zo||0]1]0|1]0]1]|0|1
zy 001 (1]0]0|1|1
z2{/0]0]0|0|1]1|1]1
[f [[tfoftfefejuju]u]

bob. 2.3: w = 11111101 Lodygol @sgmbydo bgds s dgbsdsdolo iybiool bmoao

Goyob bgdoldogto m Ggesmosbo g9bdiool b®oamol dgegaol Loa®dgs 2™, n Loa®dob w Lo@gygol §os®dme-
296> 9bs dgodergdmals log n (3g3ens©osbo Bybdioom, Mo 03l bodbogl, @md  bdmg Fgdorbgggs do msgws3otggen
Jmbo93msb goomgdom gdldmbgbiom®o dmggos dgodegds 33dmbogls (539 9b0s s@0bodbml, Gmd m (33esosbo
3963000 bedsz gJldmbgbzoyndo dgodargds ogml s s®obsoMo dmggds sme® a3Jmbogl).
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9000l db®og, sbigmo @ mbamo §s®dmoagbs do@osb 3mdygdosbos, Howasb md0gdHgdo gdb3mbgbzoy®ew bsgergdo
M9Lalgoom dgag0denos s@gfgOmm, dog®sd, Jgmgl b@og, Fgogaols osdmFdgoss gdlsdmbybEoy®se wow ML
‘dgodangds Imombmgogl: w9y Inbsigdol boaddg k gdudmbgbiog@ew bogergdos Jgogagool Momgbmdsty, dsdob
3bowos, MM gosdm{dgdsz dglisosdolow dg@ wBmls dgoden gds dmombmgogl. o 9339 »ao©sdm§dgdol” Lodmygaols
3003900 000g> 35dM0339ms.

sbgos gbobmm, g Amym@ Jgodewgos Fomdmgepyobmm gMmsggdo @smbymo bgdgdol Lsdgsggdom.

2063o®Bg00 2.13: G = (V, E) p6s80l mogmbando Ugds gfmwgds [ B — B gubjgool @gomoboiosl, Lowss
f(@o, oo Tns Yo, s Yn) = 1 & (v, v1) € E, 09 (o, .., Tn) 05 (Yo, .o, Yn) gbodsdobs k ©s I doibggdol m@mdomo
Fomdmwa gboo.

Lbgs Lodyggdom G0 godgom, oy G ado0l {390mgol aoegbmdmagn s dom bmdmgol m@mdom jmedo Fs-
dmgoygbm, 080l dglodm§agdams, s@ol o) o@s k o I {ggdml ‘dmmols Fodm, gbos dgg58mFdmm, domo m@mdomo

300900l 3mbgo@gbsios my agodaggl f 19bdiosdo dgogals 1.

dop o000 2.14: 606301305@(000 bobobdo dmz39dgeno y@og30, Gmdaols dglsdsdolo ybdiools GbMogoi 0dggs dmy-
gobogno. = (33ms0l bogens® bgdolidogo 360dgbgermdbols holids dgodangds (Lods®Bogolmgols sgomme 0).

" zo (|O1]0|1T]0}1|0|1]|0O|1T|0f1]|0O0]|1]|0]|1

z1 00111 {0|0|1|1]0|0O|1]1]0f0O|1]1

% ||0f0f0y0|1|1|1|1]0{0|0]0O]1T |1 |1]1

Uo/\vz yr |OJO]OlO][O|O|O|O [T |1 |1 |1|1]|1|1]1
’fHO\1\0\:1;\1\0\1\;1;\0\1\0\1'\1’\1’\1\1‘

bob. 24: a@og30 Ygbododolo gybliool bogon

bogoMmx0dm 2.15: @sbabgom bgdmm dmygsbogoo y@sggols eos jmbygdo iggde.
049 305831 gliadsdolo @s3mbydo ligdom s0gfgoOm, Medwgbso bogangdo Loa@dol dmbsgadls dogowgdm ds@@oyeno
baboo >@fgdolinsh gos®gdom?

bogo®xodm 2.16: @oFgdgom 3Omamsds, @mIgmoi G atogol @osimbydo Ljgdol gybliosl doomgdl 8mbsigdse
©> F00mgdol MomEgbmdsls wsomganol. homgoggm, Gmd ¢ybjios dmEgdagmos ©bgg bobom. Gmyme jmoomgdsls
S00h 93000, B™M3 dmbs3gd0l smFgdogmmds Mo dgodmgds 3s@osds ogmls?

0MZoE o 53 Sgam@omdol doxgdol bgws brgs@o.

Mm@ bohggbgdos bsFMmdTo H. Galperin, and A. Wigderson (1983), "Succinct representations of graphs", Infor-
mation and Control, 56:3, pp. 183 - 198, o3 bsboo hofg@ogro y@dsgzolbomgol dodoe@mbols 30300l sdmEebs HC o6
60l aosdmfdgdowo 3m@obmdyg® o@mdo. 3ol ,,ms jmby@o JsdogBmbols (303e00l” sdm3obs Succinct Hamiltonian
Cycle, dmgen g SHC gfmogds.

obygag 9303 gos, mI Sdwspgotisw wolidymo HC, CNy, VO, IS), s ddsgsao Lbgs sdmiebsi o@ gg9mgbols NP
oo bl



0530 3

NP-b&gao ws NP-6ongaro sdm3obgdo

3.1  odm3obgdols goamdobgmbg oyggebols 3Gobzosd0

©og71'dg50, dmgdgao g353L Goodg A s8mzsbs, Mmdmol seoam@omdoz hggbmgol bmdogmo 5@ s@ol. my s@liyg-
3ol obgmo B sdmsbs hggbmgol (36mdogno seoam@omdom s oligmo seoam@omdo Rap, Gmdeomsi A s3msbols
6gd0LB0gH X 3mbs399L 0lig godegddbom B sdmisbol oligm X dmboigdsm, Gmd 53 435651360 8s 306g9e00 sdme-
6ol 53mblibs Imygigl (569 A(X) = B(X')), 3506 533096, 003 A 53306 B sdm30b5bg mo0g30b90s (0b. 9dwga0
©053A53d).

?

AX) £y
RABé
B(X') =Y

3boos, M3 Rap seopam@omdoi (Hmdgeolsi oliggg A sdmEsbols B s3mobsby @sggebol 30m39bloi 9Fmwgdgb)
LY ®sg30 9b@s 0gml, @™ sbgom m3g@siEosl Ms0dg sb®o Jmbogl.

sbgm dgdmbgggsdo 538mdgb, ™I B s8m356s ,,005b53e0gd0 Lodomgmoliss”, gootig A s gl 3boswoiss: B s8m@zsbols
5dmblbs gneem ,,d0MmG0g50” ®MI yoxgowoym, 35dob LoFgol sdmEebsl bLF®sxsw© (,do®@0go0”) wagoygsobwom Iolidby,
s>dmgbliboom ©s LogBmm xoddo A 5dmEsbols sdmblibsi do®@@ogo 0dbgdmwe.

od dgdmbgggedo F9@9b: A <p B ©s 53omdgh, ®md A s8mzebs B s8m(30b5bg 0o0ygobgds (3m@obmdy® o®mdo).

Tg60dgbo: 5 bobds®o Hg@dobgoo ,,d5GB0g0” s ,,BHME0” d3oEAsE Jgdeamddo 0dbgds 3obds@@gdaemon, skans 3o
0690300l golobgomogdaa 9R®®m begswo s g@Mom dgdmgornsyegdom.

od 009900l 9390 3oboygdew yobgobogrmo @sdmwgbody dogsmomo.

o ISi o Cliquer: my 33939005 0bmgo@gdgao Lod@sgmol sdmebs, dobo a@sgol go®wsddbs dgodargds
‘g9 gaboodo: 3356d9d0L Loddogang opogg Ghgds. ey Lofyol a®sgdo m@o F396m Fodmmo dggemgdygeo
M55, 3oMEsdbom a®sg3do gl meo Fgg0m 9bos ggtmnegl s 3oModoo: oy LoFyol gMegdo ma@o §ggthm
Fodmmos dggemgdyeno, 3>30b gomesJdboan yMegdo doo mdol Fodm o@ 0s®lgdgol. sgomo Lohggbgdgaos,
03 sligm yodmsJdbogr aMsi3do Legeo bod@sgmols s8mzsbs 3olybl gop3(399L 0bmmomgdygeno Lod@sganols
sdm3ebaby, obyy 30Mg9a0 sdm3sbols Jgm@ by oygebs dgodangde.

o V(i @5 3SAT: (g1 deagoe sdmobs 00395, @i SAT, dbemgrme gmgger g®@hboendo bybFsm bsdo 3gesos
Vomdmoygboano)
sbsTyololmgol asbgobognmm 39@dm Bogsmomo: dmgdgenos gbicos, Gmdgaoi bofgdomos jmboybdio-
90 be@dogna@o gm®dom ©s gy gds 4 geools s 3 oboybJon@o hsbsfgmolispsh (569 Lodo g@hbogo-

bogob, @mdgandoz sbiggg Lodo 3gersmo dgools):

F(z1,29,23,24) = (x1 V ~2a Vxg) (21 V22 V 2d) (22 V 223 V 124).

18
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4mggee 330obs @s dob godygmasl ggqbodsdmm gemdsbgmmsb Fodommo dgg@amgdyemo momnm 3gobdo adseydo,
bogm gmggen 00bogb]coge hobofgdl dggledsdmm bado ghmdsbgmmsb Fodmmo Jgg@mgdygero 3356do (ob.

bob. . 07 ©0bobJog® hsbs§gmTo (gmhboenPo) gool dmIgemomsze (33es©o z; ob 1z, 58 33es©ols (o6
dobo godymaxol) dgbsdsdolo 3gobdo hobs§g@ols g@m-gom 33569l gg@mwgds Fodmmo.

bob. 3.1: Gggdiool bgds

sgogro Lahggbgdgaos, M3 k (3gasosbo s ¢ woboybaog® hsbs§gmosbo dmgdyemo gubjiaools sbgmo
bobom aods]dbol dgogasw 800gdnmo yMogo 3os085M9ds k + 2¢ 3gobdom 8530b ©s Ibmenme 85T0b, my

9l g96d30s dgodangds k9ddo@moBo gobogl (3ges@gdols yomiggaeno 360Tdgbgmmdgdoliomgols (0 s@ligdmdls
(332050900l sigmo 3b0dgbganmdgdo, 35Tob brs dgodhgl domo Igbsdsdolio 3gobdgdo).

bergowo, gmggero geroobmgol dggdbom m@ 3356dl, @mIgeoi Fodmmos g@mdsbgmmsh s jogdo®gdaeno;
obygg ymageno g@hboaobmgol dggJdbom bsd 3gobdl s domsz dggogmgdm (dogowgdm 0dwgb bod nmbgel,
Godgbo g®dhboao 335J3L, moboi momem 335bdl g@hbogrols momm (33e0s©0 dggbodsdgds). degml, My §o-
hbogndo ggbggds o089 (33e0o0 b dobo gomymels, glodsdobo gmrswol sb dolio godymeol Jglsdsdolo
39600 53 g@hboenols Jglisodsdolbo badmbgools @mdgenody Fg9@mb 9303d00wgds. sbig dgddbogno y@sgo 3bos
3505939L aooomgol VO, sdmi3abol. ooz m =k + 2¢. o k 3ges©gools, ¢ jo g@hboggdol Gom@gbmdss.
bogodxodm 3.1: shggbgm, Mmd bgdmm Jmygebogro a®sg0 aoo0935Mgds k + 2¢ §ggdmmo 3590b ©s dbmanme
35ob, w9y glodsdobo ¥ybios s®ss byanmgsbo.

bogo®x0dm 3.2: @ofgdgm 3Gmadsds, mmdgmoi 3SAT Iglsdodolow Inzgdgeo woboygbEogo gm@dowsb
bgdmm s@bo'dbyyur yMox3l yodmomgmols (s dgdergdolsdygd® wobsbogl).

o CNi ws IS,,:
bogo®x0dm 3.3: ohggbgm, mmd CNy, <p I15,,

0 A<p B s B<p A, 3590b 538mdgb, @8 mc039 53m3565 ghmo s 03539 Lodmgemobss ws §ghgb A =p B.

Logo®x0dm 3.4: shggbgm, G038 VO, = CN, o VCi, = IS, (ao00mg5em0l§0bgm, dmd dglisdengdgenos k # p).

3.2 NP @&oygamo s NP logero sdm3obgdo

2563 gds 3.5: w9 sdm3bsms M0y Jerobowsb (LodMogeowsb) yggars sSImEobs M08y S sdmoboby o0ygobgds,
dols o3 geoobols Jodotm  Gowamero gfmegds. 69bgdM030s, MoEash hggbo asbboengols Imsgs®o mdogd@o NP jaosbos,
sdo@mdsz 30039e Mopdo NP-dmegan 53m30b90L aobgoboansgm.

NPémgeoo s3m3sbs olgmo dgodegds ogml, Gmdgenoi mgommb gigmgbols o3 geosbl. o3 dgdmbgggsdo dols NP-
bagaro 9Fmwgds.

3969600305 gzombgs: s@Ggdmdls 3o oligmo sdmebs, dmIgmbgwsi NP geoslols 6930bdogmo sdmEsbs ©50430bgds?
5100 5dm 3069601 s@LgdMds doennsh bsobdgtglbm Jgogygdol godmadfgg30 0dbgdbmws, Mswysb dbmanmo NP-Ldgemo
S 58m35bols s8mblibom bgdolidog®o bbgs A € NP s8m@isbols s8mblibols bsl godmgbowom: A sdmebsls wsgoygsbwom
S sdmEsbsby s dobo sdmblbom LoFgolo sdmsbols 3sbygblisg dogowgdmom (M mJds 9bes, mgommb ©sygobols
S ®0mdol 3mgboz Lako®ms, dog®sd gl gaem sgoaos, dJom dgdgl, ®@md sbigmol sOlgdmos go®sbBo®gdgeros).

s>dmhbs, Mmd NP-logano s, dglsdsdolbog, NP-Gmygao s3mzebsig dogosh 69300 s@ligdmdl.
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0dols bohggbgdmom, Gmd Ms0dg A sdmizsbs NP-Ldganos, bisjds@obos 0dols hggbgos, Gmd Gs08g 9339 (6mdogno
NPUL&geoo sdm@ebs § dslbg wooygobgds: o4y goom, Gm3 bgdoldogmo X € NP sdmzsbolmgol X <p § s S <p A,
d5dob X <, A.

Logo®x0dm 3.6: osdBgoagn A <p B <p C = A <p C (dobo'dbgds: ao00b&gm, dob bodbogh X <p Y s dgdwgy
900dobgmols Jogmegdom sbognma 0o seam®omdgdols ho@omgds Msdpgbs LMoy seam@omndls dmyg9dl).
g60dgbs: 53 Logotx0dml gehmo LoobEgmglm ,,dsbg” 5Jdgl, HmTgeno syEoggdmsw 1bs ao0mgsgobiobmm: my
30639 9905 A s8m@Esbosb B sdmeboby waygebols Rap sgogm@omdols s, dglodsdolbow, Rpo @oygobols sen-
amA0mdgdols higgnegdb@ogo ,,3008300b0000” A sdmebowsb C s8m35bsby waygebols Rac sgogmtomdols spgdsls,
‘dgodengds 999wgy 3MMdmgdsl Foofyogl: x € A 8mbsgdol potsdbolsls Bogommm asEoagdom Yu®m y@dgeno
Imbs39d0, godyg |z| (569 A 58m(30b0wsb C 58m35b5bY ©sygobols sgoam@omdols 8mbsoigdol boy®mdy), oz Gow 3
Rpc senpam®omdol 39domdols @dmby o 0dmJdgogdos (Moash ©®mmol bgos bmgsmo o3 a@dgano 3mbszgdols
Lo ®dglomsb dgsmgdom oo 5@ 0dbgdmws), dog®sd Lofyolo x 3mbszgdol Log®mdgbmsb Jgws®gdom 3md3mboios
3R 39l dmoGabl.

Gy 3 bgdmm bomgsdomsh s Logomxodmgdomgb hobls, goomgdom spgogo gbps ogml gOmo sdmEsbols dgm-
M9bg ©5ggob0l 3MmgLol 3mgbs (9dis hggb of gs®gdbom JodEog dogomomgdls yobgoboasgom: gl 3Gmglo
9RO O0YE03 dgodengds 0gml, JopaMod dognosb Mm@ 5MSS). Jo30e0gdom YRGM AMYmos Jomggero NP-ldgemo
533060l 3mgbs, MMEglss, sBsGMAIs@P@o MmI gndgom, 30Mmggeo byemdmbskowo o@ g35J3l o Ybos ©SIE jo-
3ogl, ®m3 gggems sdmzobs doliby dgodagds wogoygsbmo.

NPémgeno sdmobgdols mgm@os 1970060 Fangdols @wobsFyoli'do gobgometws s3gdoggemo 3g3bogdol bEoggb 950U
(Stephen Cook) s, Jolpsb @sdmyjopgdese, dnlymggeo 89360900l @gmbow @ 93060l IH™Bgddo —m@oggd sbgmo
bOygeo 3Gmdgdol s@Olgdmds osdBois, mydis bbgsslbgs gbom. LedgEbogdm @o@g@s@y®sdo gb dgogyo
393093060 mgem@gdols Lobgenomss 3bmdogno.

39306 mgm®gds 43998690, M3 SAT sdmiEobs NP-Logaos. 53 dgogaol 30s]@ogaero 360dgbgermds asdmhbos
5390390 39360900L Gohos go@3ol (Richard Karp) 1972 §genls 359m 3996909 6596™3To, Lowsg dob 21 sdm-
(3560l NPL@Oy@omds ©osd@gois: oJosb aodmdwobodg, @md SAT NPULeganos, 356 gl sdm@Esbs @soygsbs 3SAT
3Mmd@ gdsby, gdgy gl 935653690 VO 53m3065%y, d9dwgy gl 1.5-bg @s 6.9, 530533500 KX odgom yggens 3 sdm-
(35601 NPl ganmds 0s3E 30308, ©0gobsmgol o3 jansliol smslbmbdom sdmEsbs s®lgdmdl, @mdgmmmns mgm@ogen ©s
3M5]B0gue 3609d36gemdsls hggb JgdwgmdTdo gobgobognsgm.

Jo@magn0s, 30039800 3mbiMgd o NPlG o sdmiabs séols SAT, Lods®@ogolbmgol hggb 9.5, CirquitSAT (56, G-
2003 bmgyogOmo 5B dmgenge s@bodbogl, C'SAT) sdm3sbols NPl g@mdsls 053533 303900 0o ofgosb odmd-
©0boMg 535900 xokgl CSAT <p SAT hggbgdom.

ngon CSAT scol oqogg SAT sdmiEsobols sbognmgo, GmIgeroi Ldgdgdbgs gos@sbogno: dmigdymos f: B® — B
396J300L bgds C. 5abgdmdls o s®s dobo olgmo 8mbsigdo, Gm3 C odgrgmegls 3obygbl 172

ngm@gds 3.7 CSAT s3m@isbs NP-légemos

©39E 303900 0539 dgom, dmgdgemos Gs0dg A € NP sdmgobs. dobmgol gbws s@bgdmdwgl LydEogoiomgdols
senam®omdo Va(X,y), dmdgmoi A sdmisbol X mdogddobmgol y 3gdmmegsbgdym 3sbgbl 3memobmdy® o@mTo
2005530 dg0l (Bopomomsw, A dgodergds ogml sdogEmbol (30ga00l sdm35bs, X Mo0dy JmbiMgd o g@meeo s
y 53 aMox0l 503y abs). bmpsomdol Jggboywsgem ©ogydgem, Mmd X ©s y dmbs3gdgdo m@mdomn sbdsbdos
ho§ géogno.

0% 35h39690m, HMI 3mErobmdd ©HMTo Iglsdargdgaros Va(X,y) smaymcomdol Jglsdsdobo Ligdol spgds (569
oligmo CV4 1gdols, dmIgemoi X o y dmbsgdgdols dgbsdsdols dgdsgoan Logbomgdbyg 0gogg 3slybl dmag39dls, G-
200G Va(X,y), 439008960 0533303909200 0dbgds: o9 3migdgmo 339d69ds A s8miobol @503y X' mdogddo oo
9bos ©og5a0bmm, 335dmagl me s@s A(X') 3sbybls ,,307, gloda gdgano 0dbgds CVa Liggdsdo X' 3gbodsdolo Log-
bogrgools @sxgoJlbodgds, gdmge 580l aomgsmolifobgdom 58 Ljgdol aodsdBoggds (Mo Fobs LgdgbB®do agdmbus),
G0mo3 Jogowgdm Lgdsl SCVa, bowsi CVa Lgdolgsb goblbgaggdom g394690s dbmenme v gergdgb@dgdol ‘dglsde-
dolo Bmbs399900L Ygdmdogsgo Logbogngdo. slig Gm3, my CSAT(SCV4) s8miebs 3393 930L 3sbygbls ,,30”, 3580b 9bos
5@LgdmdEgl 0lgmo y dmbsigdo, Gmdmolomgolsi Va(X', y)=,.30", G5z 085l 603bogl, Gmd dmigdygemo A(X')=,,30”.
s 0y CSAT(SCV4) s8mi0bs 2390930l 3obgbl L0657, 350b 8@ 9bes s5OLgdmdgl oligmo y dmbsz930, HmPgnols-
mgoloi Va(X', y)=,30", obg A(X')=,565".

bg9dmm bomJgodowsb gs3mBpobamy, @slsdd ogogeos Jgdpgan agds:
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)const)

a0 gds 3.8: 6gd0b3ogMo R seoam@omdosb, ®md@ol pomol e3gbdioss fr(n), O(fr(n OmTo dgodengds sogmls

‘dgbsdsdolbo CR ggds.

39303905 5 hggb 5@ 3353 ©odE 303905, 5o doMomsw 0@ sl dmgoyggsbm. gmggero sgnam@omdo ‘Jgygodenos
25630b0ogmm, HEAMAOG ASWSG L1, ..., Tk (33E250gd0L F03ggtimds, MMIgenbgos ymgge dox by i = ¢(y;, yi) ™3y-
5300 BoMmEyYds, Losz ¥j, Yi b (33e050g00, 5b 39doggdos (3sy. 3 = X507 + 23, 5b L9 = 71 - 12 ©s 5.9)).

4mg9e0 T; 33e0o0lmgol, HmIgano dgagbgogds hggbl sgoam@omddo, gobgsmogbmo (momm gesolingols dglo-
35300 30930l Momgbmdols) g9ME0 s y®o dogmeymgdo.

3boos, HMI ymggeo ¢ m3g@siEoolmgols dglsdagdgeros Bodlo@gdgao bdgdol dgddbs (03 3oMmdom, mey dmbsoig-
dgool 50Egool Momwgbmds Fobolfs®ss wogolomgdygano).

09 33536 3o8mlobymads To; = Gm(Te,, Tz,)s bo@oE ¢ M08 30biAgHamo Mm3gAsEoss, dolo Mgsmobszos dgo-
dangds Jggdemm dmygsbogro jgdom.

X, 000 X,
0>
X; X; Xy X, X, X; Xy
»
P ¢ P I ¢ y ¢ ) S ¢ y
LN ] LN} LN ] LN
Select,, e Select, o
A X 4
(pm
4
4 (Pn (xx, > X, )

BOb. 32 xwi - (bm(xa:ja‘rxl) bdﬂao

o 3gero@gools Jodwggdmods yodmlsbymos, HMyMA 3 sIGMobyo bego, AmIgelsi hggb ,,dmbsigdms beenls”
3990090m. 53 bmeowsb dglsdengdgmos bgdolidog® seyoebg Lodo®m 0bgm®dsizools (o3 dgdmbgggedo 33emowyg-
dol dglsdedolo dogmgengdol) yodm@sbs. Select, olgmo bgdss, @mIgmoi bgdmsb Jowgdymo 33erogdoosh (o3
‘dgdmbgggsdo yggews geroomsb) s0Mbggl 390dwgbgl, o3 doMxggbs boabogngddos gmwomgdygano, bmanm Store,
dolo JgdO9bgdageos: bgdmesb 0@gdl gggens 3gersel ©s sbiggg asdmmgaols dgegal, Jagdmo go 3odmedggdls
Y33 JEno© Yggers (ol gomol godwes: dodxgbog dowgdyger 0bgm@dsosdo jmwomgdymo Goibgol 3mbo-
(300bg dasc 33l dgigerols yodmmganols Jgogyom.

basdmenme xoddo dogowgom (33e0egd0l oJ@ o 303pgg@mmdsl.

0%) >0 m@0mdob ymgger bE®oJmbdo hofg@owe d@dobgdol o3 3gomwom yomagsggmgdm bgdgdswe, domo gomo dgm-
959 39030 35@9Mo@ dosddol dgogase dogowgom 53 senam@omdols dglsdsdols Lgdsl, Lowsi godmlsligergen
Loabogngddo gmpodgdaeo 0dbgds Lofgolo 3genswgdols bsdmenmem 360dgbgamdgdo msgosdo®mggmsw dmgdyero
dodpggtimdom.

04 sgoam®omdols bofoado o g@oanos

if(P)
then jmweo Cy
else gmwo Cy
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dolo dgladadolo Ljgds 0gbgds

X;eee X,

| Mux,, l_
)

bob. 33: if(P) then C; else Cy iggds

dmeml golo jgg30, M7 OMame dgodengds (30300l Ggs@obsios:

for(P)
{ gm0 C

30Mg9e @oado gbos gobgbobmghmm, oy  Jofbodnd @s3wgbxg® dgodangds osGGosmogl 0gero s C jmeol
‘YgLododolo bgdo sdwgbxg® aoegedom ggm@ogomads g0 mdsbgnl.

dgmdg Lsgombos, my 58 xodgol @mdgao 3m83mbgbEol godmmgas bs 0gml Ladmanmm (3bowos, Gmd 9dgd gl
‘d9dmbgggsdo (303800 YBOM bs 3@ gdx 9@ oGO0 YdS).

sdolomgols gdmgomme gomo sds@gdomo gemswo Counter; (GHmIgeoi sbggg Log@omm 3gers©gdol Jodwggmmdsdo
06905 @Mdgan0dy 3mboiEosby) s ogero gdegabsotsw yowsgia@mm:

Counter; = 0;
for(P)
{

Counter; = Counter; + 1,
gmwo C
}

bgdmm bligbgdymo xodgol m-g@ 3md3mbgb®do dmydwgds JoMmds Counter; > m ©s 0y gl slgs, 3olgboo o9
333mbgbBol godmmgans 0dbgds yowsgdyero, Fobsswdwgy dgdmbgggsdo jo — Yobs 3md3mbgbdols (Bob.

X, e0e X,

%
////////// ///////////////////&
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Counter; >=1
P 4933>@0& 00

/////////////////////////////////////////{,,

Counter; >=2

P 4 4d3s@0@0

Counter; >=m

P 4433>@0@00
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bob. 34: for (30300l Lgds

89603g6s: 5 hogmgoermm, Gmd Counter; = 0 m35Go305 9339 Ggomobgdamos s C7 bgds C' gmwols Ggsaoby-
dobio @o dmge genols aobMsbisi ImoEogl. s8ol ao®s, P asdmbsmdgsdo gggens doobmgol Lbgswaslbgs gerowls
Jmoogl s, 5Jgsb 3odmdobs®y, Boms3 s0Eosh WsFygonmo dismo 0dbgds.

3boos, MM 53 Igmmom bgdboldog®o seoaymdondols bgdol dgddbs dgodargds ws 53 bJgdol ,, D ggdols” Homwgbmds
s>eam@omdols Bodlodogny@o doxgools Gomegbmdols 39wdog bacolbl (98300 byl@Gee, 39ol) o6 yoEssds®dgdl.
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0.00.,.

bogo®xodm 3.9: sblgboo, 0 Gol asdm odbgds bgdmm dmygsbogo xokgol Gomsi seaomsdrpg P gsdmbsmJgsdo
49'ddoMo@o o dgdpgy 30 — 439eraob Iwomo. @ Bodols JoGmdss P?

bogo®x0dm 3.10: sblgbom, 09 Go@md Fgodaogds gobogl Loko®m gmgger 03e0To magolo dogerganols ‘dgdmemgds.
Go@md o® dgodangdbmes gHmo Jmgengeom Mm3gHoM os?

303900 NP-bd o sdm3obol godmymaol ‘dgdegy 9bes s0gamb 3063399800 ,,x0%50” 03 53035090066, Gmdengdos
hggb ododyg aobgobogngm s HMBengdoi gHmo 3gmegbg egoggebgm. sdom SdE oG YOS 5T Mommg o Sdm3sbols
NP-begeomds(s.

em03900 0dbgdmes, 0y CSAT dmEebsls SAT 53m35bobg ©o30435b@0m: dmzgdynmo Lgdolbogol hogfgmoomn
‘Igbsdsdols g3gb30oL gmboygbdoy®o bom@dsgry®o gm@dom. bowos, my gl 93gbdiEos wsogdsymyoawgds, d5dob
5139 ©ogIYOBoEEISS Mogradodggmo bijgdoe.

dog®ad gl doamds godyggne bogsml dgoioglh: dmamdi Fobs bydgb@®ols dslsgopsbss (36mdogro, iybiool
©0'b0ybJ0gmo beoddsgny@o gm@dols 3mgbs gJlidmbgbEoy® O™l Imombmgl (33erswgdol Gosmegbmdsbmab dgoe-
M950m), hggh 3o 3mobmdy®o ©sygebs 33506@gHgligol.

58 Logombols ImagoG935T0 939b35M 905 1.7 (350060l goGs]dbs” (Tseytin transformation).
0gmegds 3.11 dmigdygeos bgds, Gmdgeoi 0ggbgol dbmmme NOR 3033mbgb@l (569 T 7). dolo dgbodsdolo e3yb-
Jaos 3me@0bmdyn® ©dmTo hoofgdgds gmboyb]zog®o bm@dsgygmo gm@don.

3G J03goe: 2 =T - ¥ yodmbobymmgds'do dgdogogno x,y, 2z Lodgymols g@mog@mwsdm ogdygemgds (567 Mo jmddobs-
(309005 ©s15T3900) aodmobs@gods ubdaoom (2Vz2)(yV2)(ZVyVZ) (gl godmlobymgds 0@gdl 360dgbgenmdsls 1 d53ob
s Ibmgnme 357d0b, 09 2 3gereol 360dgbgemds = ©s ¥ 3gEregools 360dgbganmodsms 3mbogb300l Podymazss).
asbgobogomm dmz9dgmo C gds (Bogsmomolmgols yobgobogomn igds, Mmdgano bohggbgdos babsbdo .

X}_&OT&O_

& b
g -

X, — Vi

bob. 3.5: NOR gargd9b@gdbg spgdaeo bgds 3gememgdom

gmggeo NAND geogdgb@ol godmdsgogno Logbsgroi o3y Gaeroomn dmgbodbemm, bognm o3 ijgdol godmdsgeen
Lopbogols ggYmoeme Out.

35906 Jggos domi3bgbs NAND gargdgb@ols smfg®s Bgodangds godmbsbymgoom (z1 V yi)(ze V y1)(Z1 V T2 V 1),
3o03bgbs bgwobo — (23 Vya) (24 Vy2) (T3 VT4V Y2), F95 gegdgb@ol Gmyme s (Y1 Vys)(ye V ys) (U1 VY2 V¥s) ©o degom
9a09d96&ol — (y1 vV Out)(ys V Out)(g1 V Fs V Out).

JoOmgao bodyggdom Gmd gmdgom, gmggero godmlobymgds ag990bgds: L.y1, Y2, ys ©o Out godmmgerols 3obmbog®o
‘Jgga0s. 0dobomgol, ™I 235033000, 0@gdls M9 oo gl Lgds mwglidy 360dgbgenmdsls 1, sgdo®olos >3 aodmbe-
by gdgdols 3mboybdogdom Fg336s s — Boysb 33506@9Mmgligdl, sMol my s@s Jgogyo 1 — mgom Out 33e0swo(3

30boygbdoom 9bws Jogyfghmm. Jgogyswe gomgdo:

(w1 Vy)(z2 V) (Z1 VIV 1)&
(3 V y2) (w4 V y2) (T3 V T4V §a2)&
(1 Vys)(y2Vys) (i V2 V)&
(y1 V Out)(ys V Out)(g1 V g3 V Out)&Out
bogoMmx0dm 3.12: @3 30390, BB o3 Igmmeom gy gboeo 3mbogbEonMo ben®dsgy@o m®ds 3myggdl bafyolbo

1Jgdols ggbgiosb.

bogoMmyx0dm 3.13: ssdEgogm, Gmd bgdolidog®o bgds Jgygodemos gowsgoygsbmo dbmammeo NOR g gdgb@gdom
59090 193sTo (3b09b 309, ©oboybdios s 9edymals sfgtgn NOR gargdgb@gdols godmygbgdom).

5d bogo®mx0dmgdom Jmgeno ©od@ogos wsbdgen gdnmos.
...



nogo 4

5O 55dMblibomdbols s NP lidgano
>dm (356950 3G 0 399e00 3bodgbgenmds

NP janslols o dologols dmygano ob Lo geno s3mobgdol gzgm glfogeologol Lako®ms sliggg 0dol gosb@mgds, oy
®o 3ogdoMdos 00 Job gomgm dymd (3gHdme 3o s@dmblbow sdmEebsms) LodMsgaglosb. o5 s®lgdmdl gOmo
96093bgarmgobo oo, HmBgaols hggh sbams aobgoboansgm.

4.1 dghg@gdols sdmzobols NP-emganmds

b50bBgObmsS 0l BoJBo, MM 5Ol dmdL 0lgmo s@>sdmbliboo s8mzabs (JgHdme jo ghgMgdols sdmzsbs H), Gmdgen-
bgs@i yggees 9390 Logeo sdmaebs ©s0ggebgds. gl 3o 0dsl bodbogl, Mmd ghgmgdols sdmsbs yggers sdmblbsw
5dm3565bg L, gE0” Ybws 0ymb. Mo mJds 9bws, gl GoJBHo 30MEs306 3G o g ggal 39® dmyggdl, Mowysb
5>M55dmblibo@o 5dm3560L Mgomobe0s3 9®5x5gOL Imag39dl, dog®sd dobo yodmygbgdom 3bodgbganmgsbo mgm@o-
@00 ©5, 5J9sb 35dmdoboty, 3G B0 o Jggagool domgds dgodengds.

Lobod 3mb @By mgm@gdol ©sd@ o dals gobgoboasgm, x 9@ bs aogosb@mm, mg Asls bo'dbagl g@mo sdmzs-
bols 3gmcgbg oygebs 3 sdmzebgdols glsdsdobo gbols §gmdobgddo.

25bgobogrmm LodMogeg Ly, Gm3geoi obgmo K sam@omdols @s X dmbszgdol (K, X) Fygoemgdolasb dgoagds,
®md K(X) syiomgome dghg@wgds.

sbans 3o asbgobognmm bgdolidog@mo Mgzu@loygao A sdmEebols dglsdsdolio gbs L4, Gmdgenoi 0d X dmbszgdgoolasb
g gds, Omdgmmsmgolsi A(X) =,,507.

©o4gobols semam@omdom A s3mzebols X 8mboigdo 9bws gowsgsggmmm oligm A’ saram@omdls s X’ dmbs3933do,
Gmd X € Ly & (A/,X/) € Ly.

sdols gomgogolifobgdom ©sgs3@ 03mm
ngem@gds 4.1 dghgtrgdols sdmabs NP-cmegaos.

39303905 gobgobogrmm bgdolidog®o oo yggdoergdol sdmzsbs NP ganslowsb. Gopash opo Gg39®lLoganos,
9bps 5@lgdmdegl Iglsdodolo smam@omndo A, dmIgano ol s8mblbol (03 BoJ@l, GmB gl seoam@omndo dogrosh
bgeoo - gJL3mbgbzon®oi go dgodengds ogml, o s@sbso®o 3b0dgbgermds o® 5Jgl, MoEash hggh MoMsme sdmbl-
bowmds s oo Jobo Lob{®sxy 3g3o06@gMgLgdL).

h396 23506(gMglgol, my @s 3olybl dmyg9dl A seogm@omdo X dmbszgdby, by A(X).

39336000 semgymdomndo Ha d93pgybso@s:

spnamomdo 4.1: Hy

3 gdgmos: sgogmdomdo A s dobo dmbszgdo X
1. w=A(X);
2:  while(—w)

24
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3bowos, MM gb seoamdondo dghgdwgds 35Tdob ws Fbmame d5Tob, 0y A sargm@omndo X dmbszgdbg dmag399L
35L9bls 5,307, 59056 35dMmBE0bsG Y, MogEs30Mg9@0 sdMm356s Wog0ggobgm ghg@mgdols sdmEobsby: g Ha dghgtiogds,
0530530039600 53035601 3obgbo ymeggoans ,,30” s Mg 0@ YghgBgds, MmsgsdoMggero sdmzsbol 3sbigbo 0bgdms
OO

d9696@0g05 dgz0mbgs: s@Lgomdl 0% s@s 0bgmo s3mzobs NP gaosbols do@ds, mmdganos o 0dbgds NP-Gmygano? my
od gansliol omMgo yagems sdm3sbs 9RGm ,,Hmga0s”, goe®g o3 janslido dgdsgoaa?

3bmdogno mgm@gds, Mmdger s sFgMoen gdom dgdwymddo gobgoboanagm, 33970bgds, ™I bgdolidogdo LoMmyenols
5dm30boby YRHM Ao sdmzebols ‘Igagbss Iglsdangdgano (569 ,,dxmM3b0L Bxmdbo o5& oo ggs”). dog®sd of
23506390 9LgdL, 5@LgdMdl My 5s@s RO™ L, LyglGo ” sdmEsbs NP janslils aocgm?

04 35bg0bognsgm bgdmm babligbgd co-NP jemsliols logan sdm30bgols, co-NP #NPosdggdom, gl sdmzsbs ggé 0gbgds
NP-00ge00. 3o @8 gl dbmaome 360dgbgermgabo 05939500, o3 X gM-xgOMd0m 93bmdos.

4.2  NP-begao sdm3obgdols dbodgbgermds

dols dgdgy, @i 1972 Fgenls @ohoti 3o®3ds mogol 3bmdogn LGs@osdo SAT sdmobowsb godmdwobs®y woygsbols
30630300 21 5dm 3060l NP G enmds 058§ 3035, 98 Lo gombols 308s6m 06 9@ glio o6 Bgbger gdgans. sdols doGomswo
dobgbo s®ols ol, Gm3 bgdoldogHo NPLG o sdmiEsbols LY®sgew sdmblbs Lbgs bgdoldogmo Lg@EoyoEo®goswo
5dm 3560l LY@ogs sdmblbol bodbogl s 03 @@ML dg3Mds d3gemgzemds LY m@ge dmdganody NPLogao sdm3sbols
LY @oxo© sdmblibsdo ws0bsbs Jmogo®o 3@mdangds.

LadFgbomme, 9sdmogo Iargermdol dJoygbysgsw, 3963 gOmo sLigmo sdmEsbs LFMsRs® g9@ aowad@ogns, mydi3e
>dols 030 5g30x9® ashgbogs s Mgbsi - momJdols babggamo Layggnbol Jgdge —300gg o doggyams, mydis
bag@dbmdgsw 3o dgdz0Ms.

dgmdg dobgbo, w9y Ho@mdos NP-ldygamds sligmo 3bodgbganmgsbo, 3olo 960390 bogna@modss™ Go@asb yggmrs sdm-
(3565 53 G030l 3Mmbdangdgdby wonygsbgds, olobo sds My 03 gm@dom 0hgbgh mogl Lbgswslibgs, gMmo dgbgogom
‘Y@l Fgmd 533569003 5Jgob g5dmBEobsyg, M9 339(3M0bgds L300 39mgdyeo” NPl®ymo sdmizebols Gs0dy
bobom aopakdol abgdo, gl ‘dgodargds 39360 Lbgs sdmebols goad@sdo woyggbldommb.

Go0yob gem0 NPl g0 sdmiobols Lf®sgo sdmblibs gggens @sbo®hgbol LY@sg s8mblibslisg godmof393L, gb e3oJ@o
30 dogn0ab aobs33060 0dbgdmws NPL®¢eo sdm35bg00L ghmdsbgmolisgsh Lsgdome asblibgaggdygmo LE®addgmobs
s> geOmo dgbgogom 350030 53m(35690meb gsdgdom 5T3oMs LoMm e ggdols aodm, pmgobsmgol d3gerggetims
oL@ u@o 9ddsgen glmds 800hbggl, ™ o3 jenslols 5s8m3obgdols byli@ sdmblibsby @AMl jo®ags s®es dJobobdg-
Fmboano ©s 3omo aowak@ol sgn@gmbs@ogm abgdl gdgdl (dopsmomsm dosbenmgdomo sgrammomdgdo, Lowsz m3-
®0dobsEools sdmEebsls Mo0dg 3s@ots Jobswgdo Gmdogdom sdmgblibom, sb sedsmy®o seam@omdgdom, GmI-
Eoms(3 yodmmgenomo 3obbo oo sErdsnmdom LfmMos, doa®sd dgbsdengdganos s@sbfm@oi ogml, dop®sd o9
senam@omdol d930xg® 3o5dggdolol yggesdg bdomsew dowgdyeo 3sbgbo 3MsdBogagmse LYm@o odbgds, mydas
J93emdol sendosmmds 35063 05 lgdgdl s .9.).

4mgge00gg bgdmm mJdgmoesb asdmdobs®y, 9Ebmdo sdmEsbolmgol 3oMggen Goado golst3gggos, s@ol o9 @
020 NP0 ©s m9 sdols, sdmblibols sen@g@bs@oyeo abgdos Ladgdbo.

0dolomgol, @md Ho03g osbogo sdmzsbols NPLogammmds ©0s3@30309L, Lako®ms @s0dg 3bmdogro NPlGgao sdm-
(3560l 5Ly woygebs. mgm@oygmse bgdolidog®o bmdogno dmo s3mEsbol waygsbs gbws ogmls dglsdengdgero,
doM53, HMam®3 3M5]B0god 335hg9bs, @508y 30b3MgH Y S3mbbYg bego LsFyolo NPlGeo sdmiobowsb woy-
306 20308 gdom gRO® JoME0g0s, gow®yg bbgs LoFyolbo sdmzobowsb.

2530300950056 A5dmMIobomyg, S0g0e0 oyg5b0ls Ladmgbgansw mmb Lofyols NPt gan sdm@sbsls gobobognsggb:

o Vi (F0dmgdol go0s530M3s): a0dmoygbgds oligom s3m30693bg walioygebow, Gmdmgdoz ®ew9ddo sdm@hggsls
gbgds;

o HP (3530e@mbols g'bs): 53m30b900Lmgol g@Mex39dbg, HMBengdo ©edm o damos ao@omongdgdls s dom-
‘OB 0boiooby;

o [P (H0(3g;ms @aymage: dnzgdeos bo@g@smg® doibgoms boddsgenyg; dgodangds o) s®s dolio @sygmegs o Jgg-
bod@sgargo olg, Hm3 mommgye Jggbod@sgangdo dgbgen Goibgms xodo Gmao ogml?): 0lgmo sdmizsbgdobmgols,
Amdgams LoAmygeg sdmogdygemos woe obygdby;
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o 3-SAT (Lodgens05b0 ©bgy 639bJ309d0L gl yagdsmds): 0bgmo s8mzsbgdolmgol, @M gdlsi s® 3 ghmo
bgdmm hsdmmgenoao Lofyolbo s8mEebs o dgglsdedgds.

bogomyx0dm 4.2: aoboboagon by@ahsbmols @olgMg@dymo sdmEebs: dmEgdygmmos bydahsbms W dmEymmdon ©s
n (350 G30000, MOMMYYE0 FMEYEME00 A1, ..., Gy dgodEngds 05 @S a4, ..., a4, B3oGOmol dg@bggs obyg, @3
by@ahobms dmgrosbo dgogbml (obyy as, + -+ + a;, = W)?

o593 3ogm od sdmEsbols NPl ganmds.

bogomyx0dm 4.3: gobobogrgom byy@ahsbmol sdm3560l ©0bsdoy® s3MMyMedgosby wexrydbydymo saymdomndo (ob.
Fobo Lgdgl@®ol dologns).
@ 500l o senam@omdol @AMl bgos brgs®o?

bogomyx0dm 4.4: goboboggm Jg9aMo50l 0bmBmMYgEmdols sdmEsbs SGI. Gmdgmo LoFgolo sdmiEsbowasbss dolo
NP UG geomdols 003303900 gggersbg dmbobgdbgdgano? msoygabgom gl sdmizebs Jgga®sgol 0bmdmmeobdby.

bogomyx0dm 4.5: ssd@goigm dgdegao sdmEsbols NPLedgammds.
3MMaMdoms 9d3085gbBYOMds: dm39d9e0s (3gens©gdols Lol®yymo Loddsgang X ©s 3b0dgbgmrmdsms Laldgeo
Loddogeng V, sliggg 0o 30macsds P s P, Hm3dgenoi dgdogyo Bodols 6Mdobgdgdoligeb ‘dgoagde:

2o +— if(x1 = x2) then z3 else x4

sObgdmdL ey o@s X Loddoganols 3geagdols olgmo 360dgbgenmdgdo V' Lod@sgaowsb, ®md P ©o P 36ma@sds
bbgowolibgs 3olybl 0dgngmogl? ob, Lbgs Lodyggoom Gmd gmdgom, odgnggs mg s@s gl m®o 3Oma@sds gambs ©s
0dogg Imbo39dbg gOmls ws 08539 3obgbls?

4.3 5@55dMMGEr>©O 396309000l 25dmyqbgds

D53 o Ybes 2olsyggo®o ogml, s@sgsdmmgmrswo ¥yblios ‘dgodargods dognosh 360dgbgarmgsb Ml msdsdmdwgl
3B 0g>do. gOhm-g000 sligmo aodmygbgdols LogdmblG@szom asbgobogmm 4.§. ,,Loddosbo msbgols” sdmsbs.
OO 3 36MmdoEos, Mmsbggdo Yow@glow dgx0mo 3bmggengdo sM0ob: os©osh Gygdo, 00gdgb dmmgdl, dwobs®gdo
o589 ©5 Fyomlogndgdmgdls 5gbgdgh. slgm ofom-sdgm Lo@doel msbgo mogl s@ s5bgdgdls, Lobsd msgols
bs39doml dmenmdEyg 5O EsslMYEgdl. mobggdol sgsgbse ImJdgegdl seram@omdo: asdmmgeols 3Gmigbdo
(33205090l ‘Jm@ol oJom-sJgm sMdol s JgblogMgdsdo aodyggner Lodomenmgdl §Tg@b.

1962 §geols 9badgends domgds@ogmbids Godm® @omd Fsdmaygghs ,,lsddosbo mabgoly” sdmsbs: 8mgdgmos mcem-
b0 gmedo hofg@omo n Log@dol seym@omdo, HmIgaoi 39domdsls 3o®ogeo Logyggom (Gmyma3 Imbsgdo) s
byl Bmano (33eegdom 0§ ygdl s MmEgbesi hgMrgds. Modgbo 1 0dbgds wsfgMogo dgbliog®gdosdo dsbgsbols
2ohg®900l 9dga? s bmassw: 3oJlodynd Hodrgbo 1 dgodagds ©sFgoml n Loa®dol seoaymcomdds gshg®gdsdwoy,
07 030 395005l 30M0gao dgblog@gdom (bgemols Amao 33esmgdom) oofygdl? 53 Moibgl aodmlobeggb X(n)
R96Jc00m, GMAgelsi Goemb 3abij;050 9Fmwgdgb. sbogmyon@sw dgodengds ogligom Bgzombgs: dsJlodyd God-
960 d0x0b 989 3ohgHEds 1 LogMdol seam®omdo? gls moibgo s@0bodbgds Gubjicoom S(n) (0% seam®omdo
>® Yghggds, 35T0b S(n) = 0). HMymOG sIBHJ0EIONE0s, gl M@ 039 BYbJE0s NRO™ LFMsgs© 0bMYos, gomy
6960L809m0 353mmgensmo b 0s, 567 MMogg sMsgsdmmgmsos:

n |1 2 3 4 5 6
Yn)[1 4 6 13 > 4098 > 101439
Sn) |1 6 21 107 >47.176.870 > 10287

960 Fgbs: ol ¢9bd305 gobolabrg@mgds g.5. Hoy@mobyols 3obdsbgdom - aodmmgmol dmwgmomn, Gmdgao bEsb-
oM@ ms©ss Bohbgamo. 5 hggb dols sbognmyls asbgoboansgm, @mgeno 0b@ oo™ mbybyg (Lod oMol batixbyg)
‘dgogagdols 3b0dgbganmdsls §omdmahgbl.

od 3996330900 Aodmymgansmdols Jogbgosgs, (emMglse oo 360dgbganmds o3l Jsm omgmsl 3mb @ g a0
n-m30b. dogooms®, My dggoygbm bgdmm boblgbgd seram@omdl, Mmdgenoi Moy-Moamdom dossdm{dgdl bo@ e
Go@a® Aoibggdl s gohgMogds 35d0b s Fbmenme d5Tob, My oligm @9f GoiEbsl smdmshgbl, MmIgmo @ Fom-
oy gos M0 do®Fogo Moibgol xodol Lobom, 35dob dgodangds am@dsbols do3mmgbols dgdm§dgds: wogomgaomn
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>3 sgoam@omdols Log@dgls n, gs8mgomgeon S(n) 61bJosl @s o8 Jsbfsbsls g589dsggdm S(n) doxol yobdsganmdsTo.
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P vs. NP
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0935303530 (3bmdognos: 6goolidogdo domgdsBogn®o mgm@os ogndbgdgeos sJlomdgoby, GMIgmmms wmgo-
300 3mddobsogdom doomgds mgmMgdgdo, domo @m0 6o 3mddobsoom oy sdsGgdomo mgm@gdgdo
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35063 39 dg3de0gdm 363 gH o LY®sg0 sgymdomndols psfgmsb.

b535Mx0dM 5.1: ©533E303gm, MM 09y 5O 3 P = NPs o3 P # NP sdmoyg93L Fobsowdmgamdsls s 53 dgdmbgggsdo
0539193900, O3 P = NP, NP-b®geo sdm3obgdolmgols L@sgo sgoam@omdols s@ligdmds 4933000 0dbgds, dsgy@sd
sbigo senam®omdl ggmogob s@dmashgbl.

oliggg Loobgmglms, @@ P # NP 0593900l 300mdgddo  dpbsodargdgemos, sdmiobs 0003830390 P # NP” mgommb
NP-bogemo smdmbbogls ©s, sdgosb asdmdwobs®yg, 0s3@ 303900 3mgba Hgogyd @mm'do dgydangdgeo ogmb.

5.2.1 ‘o g@o gbol sGLgdmds

P # NP 05939601 30009690 NPLod®sgmols w60 go0sb@Go s@ligomdls, dmdgemo bohggbgdos 131'](4)0(7)'30@

Fpsag@o sdebydo
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bob. 5.1: NP Loddsgenols gbsdenm E@deu@s P # NP ©sdggool 3o6mo96do

ob NP Loddogang byl o P oo NPC gaoslom 0gmads, sb 9bws s®ligdmowgl olgmo gbs (s8mabs), Gmdgeoi s@
5dmoblibgds 3menobmdy@ mmdo s >® 3 NP-Ldgaos.

990920 mgmmgds LYmdgo 53 god@l 3@ oigdl.

0gm®9ds 5.2 mg P # NP, 85d0b 56 lgdmdls obgmo gbs NP Loddsgergdo, Gmdgenoi o6 9390360l P Loddsgen gl s
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35dob f(n) =k + 1.

%) 30039 Bobsdo godmmgmomro k = 2i + 1 39b@os, 35dob dgmcy gobs dgdwgybsodew gomo®wgds: TF omgarols
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am@omndo A, Gmdmol Igogao z 8mbsigdbyg s@ol A(z) € R. 0dygosh, Gm8 3 seoamcomdol dgogyo sdm@isbols
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M3 561 5ALdMIL bmgswo dgmmeo, Gmdeomsi 6980bdogmo seoam@momdolmgols sgswagbm, omgeols M9 s®s 00
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smdgy 'dgdmbgggedo ol senam@omndgool dbobgd s@sG@ogosaadmo gbs gfmwgds.
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352000000 6.4: 5O>GM0g00@ M0 9bgdos
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25630 gds 6.13: sgoam@0mdols 361dsbgdsls, Hmdmols dggasmsi dobo godmmges sl®yewgds, ggFmomn ,,lodm-
M (ob ,,bod0obby”), bmenm yggms ©obo@bgb 3mMdsbgdsls — o goeydo.

dogomomo 6.14: yobgobognmo dgdgyo gomofyzg@oergdols sdmzsbs:
dmgdgeo M sgpam@omdobmgol @esyobgom, s@lgdmdls mg s@s olgmo dmbsigdo w, Gmdmomsi M ysdmmgenols
30m 9o yggens gomgeyg® dMdsbgdsl ghmbga doobg dgolidrgengdls.

godengds 300 Hmm, Gm3 mgoligds ,,Hmdgeody w dmbsigdolngol M seoam@ondo gadmmgmols 3Gm3gldo gggems
o gou® d@dsobgosl ghmbgen 3o0b3 dgoltrymgdls” s@ss GMogoseamo s Msolols mgmmgdol msbsbdow gls sdm-
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030l Joybgosga, Mmad gls s8mebs Bodmnesz s®ss sdmblibawo, 9l god@o Gsobols mgmEgdol 30H™dgddo ggd K wgde:
0300 m30Lgool 3mb3gnEos o s®slfmmsss godmygbgdyao.

9L aoo7Y390 080 gdol sdmzobs Jgodangds dgdwgyo 9bol Lobom hsdmgsgsenodmo:

aodmmgaols 36mi3gl'do yggens Fgoen goy®
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Tryv = { (M)

bgdmm bobligbgdo gsdmbosmdgodo o@ s 9@l gboms 3eoolls Goy@obaols dsbdoboms Jglobyd, Mo Goobols mgm®gdols
300md0ls 5930e0g0ge0 boFoeos; Try 9ucOm Gog®obaols 3sbsbols 3mbiMgdyeo mgoligdol yodmdbs@ggeros. bbgs
bodYgg000 MM gmJgom, ads®sgos oMo gboms ganaliby, s®sdgE seram@omdgdols jmbi@mg@ e gesliby: >3 Lod-
M3 9do SEam@0mdgdo sss Momsze gbols mgoligdgdols 3dodg@oydgdbom dgmbgyeoo.

hggb 030l @3 o993 gagoderos, @mB gboms genslio, HMdgeno o8 mgolgdsl godmbso@ogl, o6 s@lgomdl. sdobsmgols
bogdo@olos m@o My ws My sgngm@omdols 3mgbs, @mdgobmgobsi L(My) = L(Ms), dop@sd (M) € Try wd
(Mz) & Trar.

oa. M o@a. Ms
1: n=25; 1: n=5;
2:  w = read(); /* §oogombyg Loddemeom */ 2: w = read();
3 if(w =="1") 3 if(w =="1")
4:  then goto [2]; 4:  then goto [2];
5:  else if(w == "#') 5. else if(w == "#')
6: then k=n-+1; 6:  then return( ,,30”)
7:  return(,,30”) 7:  else return( ,,5M57)
8 elsek=n=x*x2;
9:  return( ,,06")

bob. 6.1: L(Ml) = L(Mg), 80?)(1)08 <M1> g Tra ©o <M2> e Trym
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