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YTo Takoe npobaema P vs NP?
Omnpengenenus u 3a 191

Sausarue 1. Mammuusr Triopunra

Mammuaa ThiopuHTa — 5TO COBOKYIHOCTE cemu 06HeKToB (Q, X, I, 8, g0, Gaccept » Greject), TAE @, B, I —
KOHEIHBIE MHOXECTBA, TPUIEM () — MHOXECTBO (BHYTPEHHWX) COCTOAHWM, Y. — BXOJHOU axdaBuT, He
COIEPXKAIIMHA CIIEIUAILHOIO CUMBOJIA Ipolbera o, [' — JIeHTOYHLIA aadaBUT, COAEPKAIMNA CAMBOI L
u anpasur X, 0: Q@ x ' = Q xT' x {L, R} — dbyuxumsa nepexogos, ¢y € () — HAYATLHOE COCTOSHUE,
Qaccept € Q — IPUHAMAIONIEE COCTOAHME, (reject € () — OTBepraomee COCTOAHIE, IPUIEM Gaccept 7 Jreject -
MarmmHa ZeRCTBYeT CAeAYIOMAM 06pa30M: OHA MOIYIAeT HA BXOM CJIOBO WiWs ... W, € X* 3aNUCAHHBIM
creBa Ha, GECKOHEYHOU BIPABO JEHTE, MPaBee BXOMAHOTO CJAOBA JEHTA, 3aMOJHEHa, CUMBOIAMU TpoGena, .
UsHavarbHO MAITHA HAXOAUTCA B COCTOSHUN (), TOJOBKA MAIIWHBI PACIIONOXKEHA B CAMOU JEBOU KIETKE
JICHTHI. ﬂa.m)me MallIlTHa rZ[efICTByeT IO mIaraM: Ha KaXIOM CaeayromeM mmare €CiIm B KJIETKeE C FOJIOBKOfI
MAIIVHBL HATACAH cuMBOI ¢ € [, Mammua HaxoguTced B coctosuuu g € Q, u §(q,a) = (¢',b, D), To mamum-
HA 3AIUCHIBAET B KJIETKY, B KOTOPOU PACIIOIOXKEHA, TOJIOBKA, CUMBOJ b, MEHAET BHYTPEHHEE COCTOAHUE HA,
q' ™ mepeMermaeT roIoBKy Ha OJHY KIeTKY BIeBO, eciu D = L, wim Ha OJHY KJIETKy BIIpaBo, ecim D = R.
(TTonmeITKA CMECTUTH TOJOBKY BJIEBO U3 CAMOMU JIEBOW KJIETKYW MAIIUHON urHopupyeTcs.) Ecau BryTpennee
COCTOSAHVE MAIIMHBI CTAHOBUTCA (accept, MAIINHA 3aBepIIaeT pabOTy ¥ IPUHAMAET U3HATAILHOE BXOJIHOE
CJIOBO, €CIM BHYTPEHHEE COCTOTHME CTAHOBUTCH (reject, MAIIMHA 3aBePIIaeT pabOTy M OTBEpraeT CIOBO;
MHAYEe MAIIMHA TPOAOIKAET paboTaTh. Kounduryparuen Mamuubl THIOPUHTA HA3BIBAETCA COBOKYITHOCTD
BHYTPEHHET'0 COCTOAHUA MAIIWHBI, TOJHOTO COCTOSHUSA JEHTHI U MOJOXEHWSI T'OJOBKYM MAIAHBL HA, JEHTE.
Ha pucynke npusemén mpuMep MalliHBI B HEKOTOPOU KOH(MUTYPAIIAN.

[IycTs pukcupoan koHewHbmn aidasut Y. CaoBo —
5TO MTPOW3BOJBbHAA KOHEYHASA MOCIETOBATETHFHOCTL OYKB | 1 ‘ 0 ‘ 1 ‘ 1 ‘ 0 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ ‘ ‘ ‘

anpapuTa. SBBLIK — 5TO IPOM3BOILHOE MHOXECTBO CJOB. T
Aseik Bcex cmoB B andasure Y obozHadaeTca X, f3bIk
HA3BIBAETCA Pa3PEIINMBIM, €CIH OH Pa3peIIaeTca KaKOu- a7

HUOYy b MammHOU ThIOpUHTA, TO €CTh €CIW DTA MAIIUHA
OpUHUMAET J1060€e CIOBO 3TOT0 A3LIKA W OTBepraeT a0b60e CIOBO, He IPUHAMIeXAINee A3LIKY. S3BIK Ha-
3BIBAETCA MPUHUMAEMBIM, €CIU OH TPUHUMAETCA KAKOU-HUOYIh MAITUHOW THIOPUHTA, TO €CTh €CIN DT
MAIIMHA TPUHAMAET BCE CJIOBA DTOTO A3BIKA W HE IPUHUMAET HUKAKWX APYTUX (HO, BOBMOXHO, W He
orBepraet). Muorue (Jq:00ble KOHEYHO OMUCHIBAEMBIE) OOBEKTHI MOXHO KOAUPOBATH CIOBAMHU B IOIXO-
nAameM aahaBUTe: GUCIa, MHOTOWIEHBI, Tpadbl, (GOPMYJIbI, KOHEYHbIE MHOXECTBA, MAIIMHBI ThHIOPUHTA,
u 1. 1. Takoe KOAUpOBaHUE MBI 0603HAYMAEM YIMIOBBIME CKOOKaMu (-). Taxum 06pa3oM, MBI MOXKEM pPac-
CMaTPUBATH HE TOJBKO 33a49M O CJIOBAX, HO M O YMCAAX, rpadax, IPyrux oobekTax.

1. a) Kak xoaupoBaTh cIoBaMu B ABOMYHOM auadasuTe 6) mapbl CJIOB B) MOCIEIOBATEIBHOCTH MPOU3-
BOJILHOW [IIMHBI CIOB B ABoMIHOM andasure! Kak koqmpoBaTs cI0BaMEU KOHETHOTO axdaBuTa I') HATY-
parbuble qncaa? x) rpadui? €) Kak koguposaTs qucia u rpadbl JBOUTHBIMEA CJIOBAMU?

2. Onmmmre Mammuy ThiopuHra, paspemaiomyio bk {wH#w : w € {0,1}*}; a) {0>" : n € N};
6) {a'bick : i+ 4§ =k, i,5,k > 0}; B) {a'VicF :ij =k, i,j,k > 1}; v) {w : B crose w € {0,1}*
ogunakosoe komumdectso 0 m 1}; a) {w : B caoBe w € {0,1}* kommvecrBo 0 B nBa pasa Gomblue,
gem konumdecTBo 1}; e) {w : B cmoBe w € {0,1}* kommuecrBo 0 He Gomee weMm B nBa pasa Goble,
wqem xommaectso 1}; %) {(p,q) : xBagparnoe ypammenme z2 + pr + ¢ = 0 mmeer xopenn}; 3) {(G) :
G — CBS3HBIM HEOPUEHTUPOBAHHBIN rpad}.

3. a) Onmummre mammay ThlOpUHra, KOMUPYIOUIYIO BXOAHOE CI0BO. 6) /okaxuTe, 9T0 aasa mo60U Takou
MAITHBL HAUAETCA € > (0, Takoe YTO HAMAYTCA CKOJIL YIONHO [IWHHBIE CIOBA, HA KOTOPBIX MAIIWHA

paboTaer He GBICTpee, TeM 3a £n’ mAros, TAe N — [IUHA CIOBA.

4. [lokaxure, 9T0 a) o6beguHEeHUE 6) MEpecevdeHne B) PA3HOCTh I') KOHKATEHAIWSA [) NOMOMHEHUE Pa3-
peurmMbIX A3BIKOB ABJAACTCA Pa3pPEUINMbIM A3BIKOM. e) BepHO Jn BCé TO XK€ oI TPUHUMACMBIX ﬂ3I)IKOB?

5. a) CymecTytoT a1 Hepazpemmumble A36iKu! 6) CymecTByOT 1 HEPA3PEIMMMBIE TPUHAMAEMBIE A3bI-
Ku'?



6. [IpuaymaniTe pazabie MOAUMUKAINA ONpPeIeIeHIA MAIMHLL ThIOpUHTa (KOIMYECTBO W BUJ JEHT, KO-
HEYHAA MAMATh, Kya W KAK XOAUTh, B3PBIB MAITAHBI TIPY MOMBITKE TIOUTH BIEBO W3 CAMOU JEBOW KICTKM,
U T. II.) ¥ JOKAXWUTE, 9TO BCE OHU DKBUBAJCHTHBI UCXOAHOMY (B TOM CMBICJE, YTO PACIO3HABAEMBIE UMUI
A3BIKA OTHU U TE XKe).

7. B HemeTepMuHUPOBAHHON MammHe ThiOpUHra (B OTIXYME OT paHee OMUCAHHOU JeTEPMUHUDOBAHHON)
(pyHKIMA TTEpEX0J0B MHOT'O3HATHAA, U PA3PEIIEH EPEX0 1 1Mo aroboMy u3 3uadenun. CI0BO TPUHUMAELTCA,
€CJI OHO IPUHUMAETCA XOTA ObI OTHUM KAKUM-HUOY Ib cioco60M. [JoKax)uTe, ITO KIACCHI TPUHUMAEMBIX
A3BIKOB B MEeTEePMUHNPOBAHHOM W HEIETEPMWHWPOBAHHOM CIyvae PABHBEI.

Samatue 2. Knaccer P u NP

Hycts f,g: N - N — ¢yukuuu. ['oBopsaT, aro “f ecTs 0 60ablloe OT ¢ TPHU N CTPEMAMEMCA K
6eckorearoctn” u mumyt f = O(g), ecmu cymecTByer Takaa kouctanta C' > 0 m Takoe ng € N, aro
s Bcex n > ng Bumoareso f(n) < Cg(n).

Mg roBopuM, 4T0 MammHa ThiopuHTa paboTaeT 3a MOIMHOMUATILHOE BPEMS, €CIN I HEKOTOPOro
k MakcmManbHOE eé BpeMa paboThl Ha BXoge LIuHbI 1 ecth O(nF) mpu n — oo.

HemerepmunupoBannas mammuaa ThIOpUHTa HABBIBAETCA PA3PEIIAIONIEN, €CAU OHA 3aKAHIUBACT Pa-
60Ty Ha KaXIOW CBOEU BETBU BBIMMCICHUA. Paszpemnatomas Mamuuaa ThIOpUHTa paboTaeT 33 TMOIMHOMY-
ATBHOE BPEMA, €CIU I HEKOTOPOTO k MAaKCHMAJILHOE BpPeMA €€ paboTHI HA 000N BETBU BLIMUCICHUA
ma, Bxoge mmmEel n ectb O(nF) mpm n — co.

Kiracc Bcex a3bIKOB, I KOTOPBIX CYIIECTBYET Pa3pPeriaomas ux Mamraa, ThioprHara, paboTaomas 3a
HOIMHOMUAIBHOE BpeMs, o6o3Hadaerca P (ot caos polynomial time). Kiace Bcex S3BIKOB, s KOTOPBIX
CYIIECTBYET Pa3pemaimas nxX HeJeTePMUHNPOBaHHAA MammHa ThiopuaTa, o603Haqaerca NP (ot cios
nondeterministic polynomial time). Kak mecroxuo sugers, P C NP.

8. Mokaxure, uro asexk A = {0F1% : k > 0} mexwur B kmacce P. KaxoBa ero pearpHas CIOXHOCTE
(acumnroTuecku)?

9. /fokaxure, 9TO CIeAyIOIMEe A3BIKA JexkaT B knacce P: a) PATH = {(G, s,t) : B OpueHTUPOBAHHOM
rpade G ects nyTh w3 S B t}; 6) RELPRIME = {(z,y) : £ u y B3aumuo npoctsi}; B) MODEXP =
{{(a,b,c,p) : a,b,c,p — 3anucaHHbIE B JBOUTIHOU CHCTEME CUUCJICHUSI HATYPAIbHbIE TUCIA, TAKHAE ITO
a’ = ¢ (mod p)}.

10. [lokaxwuTe, 9TO Creayomme s3biky dexat B knacce NP: a) HAMPATH = {(G, s,t) : B HeopuenTu-
poBarHOM rpade G ecTh FaMUILTOHOB (IIPOXO AAMIAY O BCEM BEPUIMHAM POBHO IO OJHOMY Pa3y) Iy Thb U3
sBt}; 6) COMPOSITES = {x : x = pq nns xakux-To ueasix qucea p,q > 1}; B) CLIQUE = {(G, k) :
G cogepxut noausi moarpad ¢ k sepmmaamu) }; ) SUBSETSUM = {(S,t) : S = {z1,...,2}, n
I HEKOTOpOro nogmuoxectsa {yi,...,y} C {z1,...,x;} Boimonseno » y; = t}.

11. Bepwuo au, utro COMPOSITES € P?

12. Bce caoBa aspika L npuanMaioTca Mamuaon Toopunra M 3a DOIMHOMHUAJILHOE BpeMA, U HUKAKIE
apyrue ciaoBa MammHOU M He mpUHMMAOTCA (HO, BO3MOXHO, W HE OTBEpPraloTca). Bepuo .m, aro L
aexut B P?

ITpo6aema: pasubl au kaaccel P u NP?

B macrosmee Bpems sTa mpobiaema — OLHA W3 OCHOBHBIX 3anad theoretical computer science m ma-
TemaTuku BooOme. O6br4HO OHa naTupyerca 1971 rogom (mocrasrena mesasucumo JleBuubiv u Kykom)
U C TeX MOP OCTAETCA OTKPBLITOU. BOJBIIMHCTBO WMCCAeqoBaTENeN BEpAT B TO, 9T0 P # NP. B sTom
MPEATONOKEHUN JOKABAHO MHOTO TEOPEM, HATTMCAHO MHOT'O CTATEU W KHUT.

Sauarue 3. [ToruHoMuaabube BepudukaTopsl. NP-monnbe 3a1axu

Bepudukaropom aua s3vika A masweBaerca Ttakoun arroput™m V, uro A = {w : V npuruMaer mapy
(w, ) nas HEKOTOPOro c1oBa c}. IIpu 5TOM CIOBO ¢ HA3BLIBAETCA NOKA3ATEIbCTBOM WM CEPTUMUKATOM
OPUHAJICKXHOCTH CIOBa W A3bIKY A. BepudukaTop HOIMHOMUATLHLIN, €CIX BpeMd ero paGoThl Ha BX0OJe
(w,c) ects O(n*) gna mexoroporo k, rge n — AIMHA CIOBA W. 3aMETHM, €GTO JIWHA CepTUGUKATA



JJIA IIOJIMHOMMAJIBHOI'O Bepn(anaTopa TOX€ €CThb IMIOJMHOM OT CJIOBa A3BIKA (3& MOJIMHOMHUAJBHOE BpEeMA
MalllMHa MOXET HpOfITPI TOJBKO IO MOIUHOMUAJIBHOMY KOJIUYIECTBY KJIETOK JIeHTI)I).

13. [lokaxuTe, 9TO A3LIK JEXKUT B Kaacce NP Torga m TOILKO TOrAa, KOTAa Y HET'O €CTh MOJINHOMUAI-
HBIA BepUPUKATOP.

14. TIpo Bce a3biku u3 kaacca NP, BcTpedaBmmecsa A0 DTOr0, MOKAXHUTE UX MPUHALICXKHOCTL NP ¢
MOMOIIBIO ATHTEPHATUBHOTO ONPENENCHNS W3 TIPEABIIYIIEN 3a [N,

CumBomst A, V, - obosragaior dorudeckoe U, JIN u HE cooTBeTcTBeHHO (BMECTO — UCHOMB3YIOT
Takxe 1epTy cBepxy ). C moMompbo 5TUX Onepanuil 3 mepeMeHHbIx, npuanMaommx 3aadeauns NCTU-
HA u JIO?Kb, moxuO cocTaBaats ¢opmyast. Hampumep, (2 Ay) V (z AZ) wm (zVy)A(zVzVy)Ay.
Dopmyna HABBIBAETCA BBITOIHUMOU, €CINA CYIIECTBYET TAKOU HAOOD MPUCBOEHUN MEPEMEHHBIM 3HATCHUN
NCTUHA u JIOZKDb, Ttak uaro 3nadenue ¢opmyasl cranosurca UICTUHA. SAT = {(¢) : ¢ — Bumon-
aumasn dopmyaa}t, kSAT = {(¢) : ¢ — Bumonnumas Gopmyra, ABIAOMAILCA JorudeckuM VI cKOGOK,
KaX/asd U3 KOTOPBIX ecTh gorudeckoe VI k mepeMeHHBIX Winm mX OTPULAHUM .

15. Jokaxure, aro SAT n kSAT pna moboro k mexat B NP.

16. Tokaxwure, aro 25 AT nexut B P.

Dyuxmua f: XF — X DOIMHOMMAIBLHO BBIUUCINMA, €CIM CYMIECTBYET TaKas MAIIWNHA THIOPUHTA,
paboTamas 3a MOIMHOMUAILHOE BPEMs, KOTOpasd, MOMy9IUB HA BXOJ CJIOBO w, 3aBepuiaeT paboTy CO
caioBoMm f(w) ma gserre. Mel roBopuM, uTo a3bik A C ¥* HOIMHOMMATIBLHO CBOAUTCA K A3BIKY B C
* mw mmmem A <p B, ecam cymecTByeT Takas MOIMHOMHUAIHHO BBIYUCAUMAA pyHKmma f: L5 — 3*,
Ha3bIBaeMas CBOAUMOCTHIO, 9To w € A & f(w) € B.

17. a) Moxaxwure, aro eciu A <p Bu B € P, ro A € P. 6) lokaxure, aro eciu A <p B u B € NP,
to A € NP. B) [lokaxure, uro eciu A <p Bu B <p C, 10 A<p C.

18. Moxaxure caepytomme csogumoctu: a) 3SAT <p SAT; 6) SAT <p 3SAT;B) 3SAT <p CLIQUE,
r) 3SAT <p HAMPATH.

Aswik A maswiBaerca NP-moauwiv, eciu A € NP u gua no6oro B € NP semonneno B <p A.
19. [lokaxwuTe, 9T0 ecan Kakon-To NP-momrabn a3uK dexuT B P, To P = NP.
20. a) [lokaxure, uro SAT NP-nomubm. 6) loxaxure, uro HAM PATH NP-nonsbin.

21. Hokaxwute, 9yro eciu A spaserca NP-nomawbiM, a3k B mexur B8 NP u A <p B, To B aBmaercs
NP-nomxubiM.

22. TIpegnonoxum, P # NP. [lokaxure Torga, 1ro B NP cymecTByoT A3bIKU, KOTOPHIE HE JeXaT B P,
HO U He ABIAITCA NP-momrHbIME.

Sauarue 4. [[pubimxEéHHbIe aIrOpUTMBL

[lo cux mMOp MBI MOAPA3YMEBAIN, ITO HAM HEOOX0AUMO pemaTsh 3aqa9u To9HO. OKa3bIBAETCA, HHOT A
ropaso Jerde PeunTh 3aady TpUOIUKEHHO.

23. Ha30BéM MOKPHITHEM HEOPUEHTHPOBAHHOTO Ipada TAaKoe IMOIMHOXKECTBO MHOXECTBA €0 BEpIINH,
9T0 Kaxjgoe pebpo rpada COMPUKACAETCI XOTA OBl ¢ OJHOU BEPIIUHOU DTOTO IMOAMHOXECTBA. [lycTh
VERTEXCOVER = {(G,k) : rpad G umeer nokpsrtue pasmepa k}. a) Jokaxure, 9T0
VERTEXCOVER € NP. 6) Jokaxure, uro s3bik VERTEXCOV ER sasaserca NP-nmomuemm. U3
DTOTO CIEAYET, 9TO 334298 MONCKA MUTHUMAILHOTO TIOKPHITAA rpada croxuad. B) [JokaxuTe, IT0 MOXHO
38 MOJUHOMMAJIBLHOE BPEMA HAXOAWTHL MOKPHITHE Tpada, He GOMbIIe YeM B IBa pasa MPEBOCXOIAIIEE
MUHUMAJBHOE.

24. HazoBéM pa3pe3oM HEOPUEHTUPOBAHHOTO T'pada pa3bueHne MHOXECTBA er0 BEpPIINH HA [ABA ITOIMHO-
JKEeCTBa, U HA30BEM PasMepOM HTOr0 pa3pe3a KOJAWIeCTBO PEGEp, COeIMHAIOUINX BEPIIVHBI U3 PAa3HBIX
nogmuoxkects. MAXCUT = {(G,k) : rpad G umeer paspes pazmepoMm He Menbine k}. a) /Jokaxu-
re, 910 a361k M AXCUT sasaserca NP-momabiv. 6) JokaxuTe, 9TO MOXHO 32 TIOMMHOMAATLHOE BPEMA
HAXOIUTHL paspes B rpade, MEHBIINN MAKCUMAILHOTO He 6Golee 9eM B ABa Pas.

BeposaTtuocTHas mammaa ThopuHra — DTO HEIETEPMUHUPOBAHHAA MAIIUHA THIOPUHTA, ¥ KOTOPOU
KaX B HeJeTePMUHUPOBAHHLIN IIIAT UMEET IBA PABHOBEPOATHBIX BapWaHTAa. Takou mar OygeM Ha3bI-
BATHL OPOCAHIEM MOHETHI. BepOATHOCTHIO BETBH BLIMMUCIEHMA MBI CIMTaeM quciIo 2 F, rae k — kommwe-
CTBO OGPOCAHWI MOHETHI Ha 3TOU BETBU. BepoaTHOCTHIO Pr(M mpwHUMAaET w) TOro, 9TO BEPOATHOCTHAA



MamuHa M OIPUHAMAET CJIOBO w, HA30BEM CYMMY BEPOATHOCTEU BCEX BeTBEU BLITMCICHUA STOU MAIIUHEI,
Ha KOTOPBIX CIOBO W TpHHMMaeTcA. Paspemaromas BepoaTHOCTHaA Mammuaa M paspemaer a3bik A c
BEPOATHOCTBIO OMUOKY €, ecau npu w € A Bummonseno Pr(M npuaumaer w) > 1 — ¢, u npu w ¢ A BBI-
noauero Pr(M npunmmaer w) < €. BepoATHOCTE OmmMbOKY € MOXET 3aBUCETH OT AJIMHBI BXoAa n. Kiacce
BCEX A3BIKOB, KOTOPBIE PA3PEIIaloTCA 3a MOIMHOMMUATEHOE BpeMs (Ha BCEX BXOJAaX HA BCEX BETBIX BhI-

YUCTEHUA) C BEPOATHOCTBIO OMUOKY = HAYUAM unded-error pr ilisti nomial-time).
caie C BEPOATHOC 10118() ;,0603a BPP (bounded-error probabilistic polynomial-time
1

25. a) [lokaxuTe, ITO e€CIM KOHCTAHTY 3 B ompeferenmn Kiracca BPP samennTs mHa m06yio gpyryo
1
2
BPP B3ars BepoaTHOCTH ommbkn ¢ = 2 PO pre poly(n) — TPOM3BOIBHBIV MOIUHOM, 3ABUCAIIAN
OT 71, TO KIACC HE U3MEHUTCA.

KOHCTaHTy cTporo mexay 0 u 5, kmacc He uameHuTca. 6) /JokaxuTe, 9TO €CIM B ONPENETCHUN KIACCA,

B HekOoTOpOM CMBICIE BEPOATHOCTHBIM aHAIOrOM Kiaacca NP fABIAIOTCA MHTEPAKTUBHBIE I0KAa3a-
TEIbCTBA. B CXeMe MHTepaKTUBHOTO JOKA3aTelbcTBa ecTh [lokaswBatomun P (prover) u IIposepsio-
wuu V' (verifier). Boraucaurensusie BO3MOXHOCTH [[pOBEpSIOMIEr0 — MNOIMHOMUAILHO OTDAHUICHHAS
[0 BpEMEHU BEPOATHOCTHAA MalIWHA ThIOPMHIra, BHIMUCIUTEIbHBIE BO3MOXHOCTH [lOKa3BIBAIOIIETO HE
orpanwvensl. IM w3BeCcTHO BXOAHOE CI0BO w MAWHBI 1. OHU 0OMEHUBAIOTCA COOOIIEHUAMA TOIMHOMY-
ATBHOU OT 7 [IMHBI, 3aBUCAIIAMEU OT BCEM UCTOPUU OOMEHa COOOIIeHUAMU, MOKa [IpoBepAomu He
OpUMeT WIX He OTBepruHeT ciaoBo. OH [JOMXKEH CHeIATH DTO 33 MOJUHOMHUAILHOE OT 7 BpeMsa. Bepo-
araocTeio Pr(V <> P npuHEMAET CIOBO W) HA3BIBAETCA CyMMa BEPOATHOCTEN MO BCEM BETBAM BHIMH-
CIEHWA HA CIOBE W, B KOTOPHIX IIpoBepsonmn npuHan caoBo. fA3eik A npumammexut kiaaccy [P (in-
teractive proofs), ecnim mas HEro CymecTByeT CXeMa WHTEPAKTWBHOTO AOKasaTeabcTBa V > P, Ta-
kasd aro npu w € A Bumoameno Pr(V < P mpunuMaer cioso w) > 3 u npm w ¢ A BHIIOIHEHO
Pr(V « P npuammaet c1oBo w) < 3.

26. a) ISO = {(G,H) : rpadut G u H msomopdust}. Joxkaxure, uro ISO € NP. 6) NONISO =
{(G,H) : rpadwr G u H ve uzomopdust}. [lokaxure, aro NONISO € TP.

Dukcupyem andasut Y. Kracc coNP cocrouT m3 Bcex A3BIKOB B anpaBuTe Y, TOMOTHEHUA K KOTOPHIM
no ¥ gexar B NP. Knacc PSPACE (polynomial space) cocTouT u3 BCeX S3BIKOB, KOTOPBIE Pa3peIIn-
Mbl MatmmmHON Thiopuara ¢ nommroMuasbaon nmamareio. EXPTIME (exponential time) cocrouT u3 Bcex
A3BIKOB, PA3PENINMBIX 33 DKCIOHEHIWAIbHOE BPEMsA, TO €CTh 33 BPeMs 20(n*) I Kakoro-Hubyab k.

27. [lokaxuTe BKIIOYEHUA (3TO M3BECTHBIC, HO MHOTAA TpyAHble pesyabrarsl): a) P C NP; 6) P C
coNP; B) P C BPP; r) NP C IP; z) BPP C IP; e) NP C PSPACE; x) BPP C PSPACE; 3) IP =
PSPACE; u) PSPACE C EXPTIME; x) P C EXPTIME.

28. 31eCh MBI TIEPEYIUCTAEM TPYAHBIE OTKPBITHIE TTPOOIEMBI TEOPUU CIOKHOCTHU BBEIYUCTIEHUN. B Kax 10M

MyHKTE HAJO0 AOKA3aTh WIN ONPOBEPIHYTH COOTHOLICHNE (yKa3aHa Gonee OOIENPUHATAA TUIOTE3A).

a) P C NP; 6) BPP = P; B) NP # coNP; r) P C NPNcoNP; a) NP C PSPACE; e) P C PSPACE.
fAsvik A C ¥* maswBaerca NP-rpyaubiv (NP-hard), eciu k. HEMy TOIMHOMUATILHO CBOAUTCS JTHOOOM

sa3bIk m3 kaacca NP.

29. a) [okaxwure, ato A = {(p) : p — MHOTOWIEH ¢ METOIUCTCHHBIMA KOX(DPUIUEHTAMEA OT IEPEMEHHOU
Z, Y KOTOPOr'O €CTh LeJblil KopeHb} npuHamiexut P. 6) [lokaxure, aro B = {(p) : p — MHOro<wIeH
C TEMOYUCICHHBIMA KO(MDPUIUEHTAMA OT KOHETHOTO KOJIMIECTBA MEPEMEHHBIX, y KOTOPOTr'0 eCTh Habop
nenbix Kopren} asasercs NP-rpyauon. ([Jokaszano, uro B mepaspemum — 510 10-1 mpobrema ['masbep-
Ta.)



