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AnHoTanus

Kypc mocsamén n3yvueHnio TeOpeTuIecKux OCHOBAHUN, HA, KOTOPBIX CTPOUTCS Ha-
JIEZKHOCTD KPUIITOrPaUIECKIX TPOTOKOJIOB.
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BBenenue

Mbr Oyzem mpearoararb, 9TO AJrOPUTMBL MG POBaHUs / TeMndPOBAHUS BCEM M3BECTHBI
(T.e. no security by obscurity).

1. CoBepinneHHasi HAJIE>KHOCTh

Onpenenenne 1.1. Cucmema wudposarus ¢ 3aKPLIMbIM KAOYOM — TO Hapa AJTOPUT-
moB E(k,m) u D(k,c), takas, aro s mobeix k u m Beimonuserca D(k, E(k,m)) = m.
CucremMa Ha3BIBACTCS COBEPUEHNO HAOENHCHOT, €CITH JIst JIFOOBIX JIBYX COOOIIEHUIT My U My
caydvaitable Bennaunbl E(k,my) u E(k,ms) upu k < U(K) pacupenesens! oguaakoBo (K —
[POCTPAHCTBO KJIIOUEHt).

Sameuvanue 1.1. Cucrema mudpoBaHus ¢ OIHOPA30BBIM MIGOPOOIOKHOTOM SABJISIETCS COBEP-
MMIEeHHO HaJIEXKHOIM.

Samevanue 1.2. Jlast coBepieHHON HAIEKHOCTH HEOOXOIMMO, YTOOBI AINHA KJI09a ObLIa He
MeHee JIJINHBI COOOIIEHI.

Teopema 1.1. IIyemv P = NP. Tozda oan 210600 cucmemvs wudposanus ¢ 3aKpbMbLM
katouom (E, D) ¢ nosunomuasvrom areopummom E, 6 xomopot |m| > |k|, cywecmeyrom
COOOWEHUA Ty U T U NOAUHOMUANLHO arzopumm A, das komopozo

Pr{AE(, my)) = 1] — Pr{A(E(k, m)) = 1]| >

DO | —

Jlokazameavcmeo. He ymenbimas obmuoctn npeanonozknm, urto K = {0,1}"1. Bospmém B
kadectse mgy = 0™. Ilycrs S = {E(k,0") | k € K}. Jlerko Bugers, uro S € NP u |S| < 271
BosbMéM B KadecTBe aaropur™a A MOIMHOMUAIBHBIA paspeaiomuii ajiropur™ s S, T.e.
A(y) := [y € S] (or cymecrByer o npenosnoxenuo P = N P).

Jlst Kazkoro coobmenns m paceMorpnM t,, = |{k | E(k,m) € S}|. Ecim cymecrsyer
coobmenne m*, g KOTOPOro ty, < 2771, 10 m; = m* yaoBreTBOpseT TPeOOBAHIAM.

[IpeAnonoKuM Tenepb, 9To t,, > 272 juid a060ro m. 9To 3HAYUT, YTO CYIIECTBYIOT
Gosee 2772 - 2" = 2272 pap kmod-coobmenue (k,m), na xkoropuix E(k,m) € S. Crenosa-
TeJIbHO, JIjIg HeKoToporo y € S cymectsyer 6ostee 22772 /|S| > 2" L nap (k,m) : E(k,m) = v,
T.e. CyNIECTBYIOT K04 k 1 jBa pasiaudabix coobrmenns m' u m”: E(k,m') = E(k,m”). 9ro
[POTUBOPEYUT KOPPEKTHOCTU CUCTEMBI MMU(MDPOBAHUSL. O

2. OpaocTopoHHUE (PYHKIUN

JlokaspiBaTh HAIEXKHOCTb KPUNTOrPaUIeCKUX MPOTOKOJIOB 0e3 KaKUX-JTHOO0 MPeoJIozKe-
HUI, K COXKAJIEHUIO, HE TOJy9IaeTcsi — U3 TaKOro JOKa3aTe/bCTBa CegoBaio 61 P # NP.
Bouio 661 3710poBO OKa3aTh, 9T0 KpUnTorpadus Bo3MoKHa, eciin P # N P, HO 9TO TOXkKe He
nosryvaercd cienarhb. [losTomy B maabheiineM Mbl Oy/ieM OTTAJIKUBATHCS OT O0Jiee CUIHLHOTO
IPEJIIIOIOKEHNE — IIPEJIIOJIOKEHNS O CYIECTBOBAHUU 00HOCTOPOHHEL (PYHKUUL.



B nanbueitmem Mbl GyaeM paccMaTpusaTh ceMeiictsa dynxmuit f, : {0, 1} — {0, 1}
rje k(n) u l(n) Gymyt HeKoTOpBIME TIOIMHOMaME. Kpome TOro, HAC TOYTH Beerjia OyiyT WH-
TepecoBaTh (DYHKIMH, KOTOPBIE MOXKHO BBIYUCJIATD 34 IOJMHOMUAILHOE BPEMS.

Onpepnenennue 2.1. Cemeiicrso dynxmuii f, : {0,130 — {0, 1} naspisaerca noauno-
MUAADHO BUHUCAUMBLM, €CIIT UMEETCsl aJllOPUTM, KOTOPbIH 1OJTydas Ha BXOJ YUCIO N U &
Jumabl k(n) Beraucisier f,(r) 3a MOJIMHOMHUAIBLHOE OT 1 BPEMSL.

2.1. OpgHocTroponHMe PYHKINHU C XYAMIEM CJIydae

Onpepesienne 2.2. TlosmHoMua bHO Bhraucaumoe cemeitcrso dbyukmumit f, : {0, 1}’“(”) —
{0, 1}l(”) Ha3BIBAETCS 00HOCTOPOHHUM 6 TYJUWeEM CAYUae, eCIU He CYIIEeCTBYeT HOJMHOMIAJ b
HO BBIMHCJIUMO# (DYHKIMH g, 0 a1s moboro x € {0, 1} sepuo f,,(gn(fn(2))) = fulz).

Teopema 2.1. Odnocmoponnue pynkuuu ¢ ryduwem cayyae cyuecmeyrom <= P # NP.
Jloxaszamesvcmeo.

= Ilycts P = NP. Oupenemum s3uik L = {(17,y, 2) | 3z, |z| = k(n),z C z, fu(x) = y},
L € NP. llo npeanonoxkenuio Jijist L CymecTByeT MOJUHOMUAIBHBIN pa3peratonimit
asroputM. Jlj1st HaxoxkieHnst mpoobpasa y 3aIlyCTUM TOT aJTOPUTM CHAdaja Ha CJIO-
Be (1",y,A), tme A — mycras crpoka. Ecim 910 cjioBo He mpuHajie:kur L, To y He
nMeeT Ipoodbpasza. B nMpoTuBHOM cjiydae BOCCTaHOBUM Ipoobpa3 y 1o Outam: cHadaJIa
3aIycTUM ajropuT™ s cyaosa (17, y,0) u mpoBepuM, eCTh Jin y Yy IMpoodpa3 HauMHA-
oruiics ¢ nysis. /lajiee aHAJIOrTIHO BOCCTAHOBUM BTOPOI U BCE IMOCJIE/LYIONTNE OUTHI.
Hawm norpebyercs k(n)+ 1 3amyck moJMHOMEAIBLHOTO aJrOPUTMA, T.€. TPoodpa3 MOKHO
HaWTH aJTOPUTMUIECKH 3 MOJTMHOMUAATHLHOE BPEMSI.

< Ecmu P # N P, T0 MOKHO IIOCTPOUTDH OJTHOCTOPOHHIOIO B XY/IITIIEM Ha OCHOBE J1t000it N P-
TpyaHoit 3agaqu. [lycte R(z,y) — 910 orHOIIEHNe, 3amatomiee N P-Tpy/iayto 3agady S
(manpumep, st S = SAT: R(¢,a) =1 <= ¢(a) = 1). llycrs f,(z,y) = (z, R(x,y)).
Eciu f;! Boraucisiercs 3a NOMMHOMUAIBHOE BpeMsi, TO U 3aj1ady S MOXKHO PeluTh 3a
MOJMHOMUAIBHOE BpeMs, Bhraucue [~ (x, 1).

O

2.2. OpgHoctroponHue PYHKINH JIJIsI AJITOPUTMOB

Masr OyzieM ompesiesisiTh 00nocmopornue GynKkyuy Iy IPOTUBHUKA, KOTOPBIH SBJISETCS Be-
POSITHOCTHBIM MOJIMHOMHUAJIBHBIM AJTOPUTMOM, T.€. JIJIST PAGHOMEPHO20 NPOMUBHUKA.

Omnpenenenune 2.3. [losmHOMUAIBEHO BBIYUCIUMOE CEMENUCTBO f,, HA3BIBAETCS CAGOO 00HO-
CMOPOHHUM ONA PABHOMEPHO20 NPOMUBHUKA, €CJIU CYIIECTBYET TaKOil MOJUHOM P, 9TO JIJIs
JIIOOOT'0 TIOJIMHOMUAJILHOTO BEPOATHOCTHOI'O aJIrOpUTMa R TIpU BCEX JIOCTATOYHO OOJIBIITIX 7

1

PRO”, fu(@))) = fule)] < 1= o
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Onpenenenue 2.4. [loruHoMuaabHO BBIUUCINMOE CEMEHCTBO f,, HA3BIBAETCH CUALHO 00HO-
CTOPOHHUM OAS PABHOMEPHO20 NPOMUBHUKA, €CJU CYIIECTBYET TAKOM IOJUHOM ¢, UTO JIJIsI
JIFOOOTO TTOJIMHOMUAJIBHOI'O BEPOSITHOCTHOT'O aJIropuTMa R IIpU BCEX JIOCTATOTHO OOJIBIIIX 7

n _ T L
Prifa(B(1", fa(2))) = fu(2)] < ek

2.3. O,Z(HOCTOpOHHI/Ie (l)yHKI_[I/II/I AJIdd HEPpAaBHOMEPHOI'O ITPOTUBHUKA

AHAJIOrTIHBIM 00PAa30M MOXKHO OIIPEIENTH OJHOCTOPOHHNE (DYHKIINN JIJIA TPOTUBHUKA, s1B-
JISTIOTIIET'OCST TIOCJIEJIOBATETBHOCTBIO CXEM, T.€. JIJIST HEPABHOMEPHO20 NPOTUSHUKA.

Onpenenenne 2.5. [losmHOMIAIBEHO BBIYUCIUMOE CEMENUCTBO f,, HA3BIBAETCS CAGOO 00HO-
CMOPOHHUM OAS HEPABHOMEPHO20 NPOMUBHUKG, €CJIA CYIECTBYeT TaKOH ITOJMHOM P, UTO
JIst 110001 mtocseoBaTeIbHOCTH cxeM (), TOJIMHOMHUAJIHLHOTO pa3Mepa, IIPU BCeX JTOCTATOTHO
OO0JIBIITUX T

Pr[f(2) = fulCulful@))] < 1 — ——.

@ p(n)
Onpenenenue 2.6. [losimnoMuasbHO BBIMUCINMOE CEMENCTBO f, Ha3bIBAETCH CUALHO 00-
HOCTOPOHHUM OASA HEPAGHOMEPHO20 NPOMUBHUKG, €CIU CYIIECTBYET TaKOH ITOJMHOM ¢, UTO
Jtst JTI0001# TIocstetoBaTe IbHOCTH cxeM (', TTOJIMHOMUAJILHOTO pa3Mepa MpU BCeX JOCTATOTHO
OOJIBIIIUX T

Pr{fu(e) = FulCal ()] <~

g q(n)
Bamevarue 2.1. Oprocroponnne (YHKIUU JIJIsT HEPABHOMEPHOI'O IIPOTUBHUKA MOYKHO OBLIO
OBl OIPEIENIATE JJIST 6EPOAMHOCTIHGIL CXEeM, T.€. JJIs CXeM, KOTOPBIM Ha BXOJ IOJAI0T He
TOJBKO f,, (), HO U HEKOTOPYIO CTPOKY €O ciydaitabivu 6uramu . OIHAKO, JIETKO OKA3aTh,
YTO OT CJIyIalHBIX OMTOB B TAKHUX OIPE/IETCHUSIX MOKHO N30ABUTHCS: JJId ITOIO HYKHO JIJIs
KaxKJI0r0 1. BBIOPATD OJIHY “‘CaMyIo JIYUIIYIO  CTPOKY 7'y, HA KOTOPOH JOCTUTaeTCs MAKCUMAJIb-
Hasi BEPOATHOCTD oOpartieHus f, u ‘3amuth’ eé B cxemy. HeTpyiHO yBUJIETD, YTO BEPOSITHOCTD
obpallleHus Ipu r = r,, OyJeT He MEHbIIE, YeM 10 BCEM 7" B CPETHEM.

B nmanbmeiiimem Mbl gacTo Oy/ieM TOBOPUTH PO OJIHOCTOPOHHUE GYHKUUU, TOJIPA3YME-
Basl IOJT 9TUM CeMelicmea OaHOCTOPOoHHUX yHKImit. Korga roBopsar mpo 0dnocmoportion
PyrKUU0, TO UMEETCS B BUY CUJIBHO OJTHOCTOPOHHSIST (DYHKITHS.

Onpenenenue 2.7. Eciau B onpeaenennn oJHOCTOpoHHEH (dyHKIMN yOoparh TpeboBaHue
MTOJTMHOMUAIBHON BBIYUCIUMOCTHU, TO TIOJIYIUTCS OIpEJIe/IeHue Heobpamumoti (OyHKIIAN.

2.4. Ilpumepsbl OJTHOCTOPOHHUX (DYHKIUIA

HewusBecTHO, CyIIecTBYIOT Jin OJITHOCTOPOHHUE WU XOTs ObI ¢/1ab00 OJHOCTOPOHHME (DYHKITUN
(maxke i pABHOMEPHOIO TPOTUBHUKA). J0KA3aTeJIbCTBO X CYIIECTBOBAHUS MOBJIEYET 3a

coboit P # NP.



Teopema 2.2. Ecau P = NP, mo a060e NosuHOMUGNDHO BDIYUCAUMOE CEMETCNBO (hYHK-
yut f, me asasemca caabo Heobpamumvim dadice OAf PABHOMEPHO20 npomusHura. Bosee
Mo20, cyuLecmeyem JemepMuHUPOSaHHbIL aN20PUMM, KOmopuil das eécex x non u f,(x) 3a
NOAUHOMUGABHOE O, N BPEMA HATOOUM Hekomopwuill npoobpas fn(x) daunw k(n).

Joxazameavcmeo. Cm. myHKT “=" j0Ka3aTe/bCTBa TeopeMbl 2.1. n

IIpumep 2.1 (npoussesienne HaTypaabHbIX quces). CeMelcTBO f,, YCTPOEHO ey oM 06-
pasom: k(n) = I(n) = 2n, BXOJ X JEJIUTCs MONOJIAM, KayKJjasi MOJOBUHKA IPEJICTABIIAET
coboii n-6UTOBOE YUC/IO, PE3YIbTAT f, — NPOM3BEJEHUE ITUX UUCe] (IMOyduTcest He OoJiee
yeM 2n-OUTOBOE YHCIIO).

IIpumep 2.2 (SUBSET-SUM). Cewmeiictso f,, mig SUBSET-SUM ycrpoeno cieyrormum 06-
pazom: k(n) = n?+n, I[(n) = n*+2n+ [logn], Bxox = pasdusaercs Ha n + 1 610K JIUHbL N,
nepBble N 6JIOKOB MHTEPIPETHPYIOTCA KaK N-OUTOBLIC YHCTIA T, . .., Ty, & MOCICTHAN GI0K
HHTEPIPETUPYeTCst Kak mojMuoxkectso [n]. Torma f,(x) = <x1, Loy Tny D iy x2>

2.5. IlocTtpoeHmne CMJIBHO OITHOCTOPOHHUX (PYHKIMIT U3 cJIab0 OJHOCTOPOHHUX

Teopema 2.3. Ecau cywecmsyiom caabo odrocmopornue GyHKUuU, mo CYu,ecmsyom u
CUALHO 00HOCTNOPONHUE GYHKUUL (9MO BEPHO OAA AOOVIT NPOMUSHUKOS ).

Jokxazamesvcmeo. Bynem 10Ka3bIBaTh JJ1s PABHOMEPHOI'O MPOTUBHUKA — JIJIsI HEPABHOMED-
HOT'O JIOKA3aTe/IbCTBO Oyjier anajgorudubiM. [lycrs f — crabo ojpnocToponHsst DyHKIUS, T.€.
CYIIECTBYET TAKON IIOJIMHOM p, UTO JIJIsl JIIOOOTO IOJTMHOMHUAJIBHOTO BEPOSITHOCTHOI'O aJjIro-
putMa R 1pu Bcex JOCTaTOYHO OOJIBIIUX N

" b
Prfu(e) = fu(R(A", fulx),7))] <1 ey

Onpenenmum GyHKIUIO F', KOTOpas OIpeaesseTcs CJIeIYIOMIM COOTHOIIICHUEM:

Fn(l’l, Lo, ... ,ZL’N) = <fn([)’}1)7 fn(l‘g), ey fn(ZL‘N)>,

re. F, : {0,1}V*0) — L0, 1}V TTna toro, urobnr obparuts F, mam myxno N pas o6-
parurh QyHKIWMO f,,. B Kaxk0M ciiyuae BepOATHOCTH OmuOKu He MeHbine 1/p(n), nosromy
ofmmast BeposTHOCTH ycrexa He Gosee (1 — 1/ p(n))N. Hnsgs N = n - p(n) sra BepoATHOCTH
O6m3Ka K e~ ", 9T0 yObIBaeT ObicTpee Jitoboro obpaTHoro mnojaunoMa. Takum obpaszoM (hyHK-
st F' — CUIBHO OJIHOCTOPOHHSIA.

B npeapiayiieM paccyzKjeHun Kpoercst omubka. Jlego B TOM, 94TO MBI IPEJIIoIaraeM,
9TO OOpAaIaoIuii aJropuT™M Oy1eT o0s3aTe/bHO YCTPOEH CJIEIYIONUM 00pa3oM: OH OyJeT
nbitaTbest N pas obpatuth f,, T.e. HaiiTu mpoobpasel i f,(x1), fu(xs),. .., fulzy). D10
He 00g3aTeIbHO TaK — MBI HE MOXKEM IPEIoJaraTb, 9TO 3TOT AJTOPUTM OyZeT yCTpOeH
KAKHMM-TO KOHKPETHBIM obpazoM. IlosToMy mpeaplayliee JoKa3aTeJbCTBO OMIMOOYHOE, XOT
noJyunBmasgcs QyHKnus [ AeficTBUTEIbHO CUILHO OJHOCTOPOHHSIA.



KoppekThoe j1okazaTe/ibcTBO 3TOro pakTa OyJIeT yCcTpoeHo JApyrum obpaszom. Mbl mpe/i-
MIOJIOXKUM, 9TO (PYHKIMUS F' He SIBJIFETCA CUIBHO OJHOCTOPOHHEH 1 M3 9TOr0 MOKayKeM, ITO B
CBOIO oYepe b PYHKIM [ He siBIsIeTcs ¢1ab0 OHOCTOPOHHE. /1151 9TOro Mbl BOCIIOIB3yeMCs
AJITOPUTMOM, KOTOPBI obparmaer F, s mocrpoenus ajaroputma obparmenus f. [Ipemmosto-
JKUM, 9TO aaroput™ Rp ymeer obpamiarsh F' ¢ BepogTHOCTBIO ycrexa 6osee 1/q(n) aist Heko-
TOpOro 1ojinHOMa ¢. Tora MbI ToKazKeM, ITO CyIIecTByeT aJropuT™ [y, KOTOpbIil obpaiaer
f ¢ BepositHOCTBIO yemexa Gosee 1 — 1/p(n).

Anropur™m Ry Mor Obl OBITH YyCTPOEH Tak: JJId OOpallleHus Y MBI BBIOEpEM CIIydailHbIe
T, X3, ..., TN U 3aIycTuM aaroput™ Ry ma Bxozpe (Y, fn(z2), fu(xs), ..., fu(zy)). HeiicTBu-
TEJIbHO, ec/in Rp Hafl1éT mpoodpas Jijist 3TOro BXoJa, TO OH B T.4. HAlJIET U mpoodbpas Jiid Y.
BepositHOCTh ycnexa Rp Ha TakKOM BXOJie I CIYIAHOIO i HEe MeHee BEPOATHOCTHU yCIieXa
Ry s ciaydaiiHbIX X1, . . . , Ty . OJHAKO HAM 9TOr0 HEJIOCTATOYHO — MbI XOTEJIH OBI ITOJIyIUThH
BEPOATHOCTH yCIieXa OJIM3KYIO K €JIMHUTIE.

JList 3Toro OyaeM MCII0JIb30BaTh JIBa JIONOJHUTEILHBIX IIPUEMA

e OyJieM MBITAThCs MOJICTABUTEL Y HE TOJBKO Ha MecTo fy,(r1), a JId Kaxkaoro i Gyaem

samyckarb ajroput™m Rp #Ha BXOjie (fn(x1),. .., fu(®ic1),y, fo(®iz1), ..., fulzy)) mioa
CIHYYARHDBIX L1, ..., Li—1, Lit1, - - - LTt

e OyJieM MOBTOPSATDH KaxK/1yto urepaiuio M pas jjisd pa3jInaHbIX CJIyYaiiHbIX HE3aBUCHMbIX
HabOPOB X1, ..., Ti 1, Lit1,---,TN-

[aBaiiTe BbIIEIUM ONUH paynd ajroput™a Ry: g KazKIOro ¢ BeIOUpaeTcd He3aBHCH-
MBI CJIydaiflHblil HAOOp 1, ...,%i_1,Tit1,--., TN U BbI3bIBAETCS AJTOPpUTM Rp Ha BXOje
(fo(z1), oy fu(micn),y, fu(Tizr), ..., fu(zy)). DroT 91an Gyaer mosropén M pa3. 3naueHue
M wbl BBIOGEDEM T1032Ke, 9TO OYIYT HEKOTOPBIH ITOJIUHOM OT 1.

Beeném obosnavenne s;(x) — BEPOATHOCTH TOTO, UTO AITOPUTM Rp HaiaéT mpoobpas
(falz1), s fal@ion), ful(@), fa(@iv), o falzw)) Ang caydqaiiupX @1, ..., Tie1, Tig1, -+, TN-
Hepes §(x) 0603HATNM BEPOSTHOCTD yCIIEXa OHOI0 PayIia alropurMa Ry. DTa BeposTHOCTD
3aBeJIOMO He MEHbIIIe MAaKCHMAJIbHONW BEPOSITHOCTH Cpesn Beex s;(x), T.e. §(z) > max; s;(x).

PaccmoTpuM OT/Ie/IBHO BXOJBI &, KOTOPBIE HAIl aJllOPUTM [iy obOpalaeT ¢ MaJeHbKOM
BEPOSTHOCTBIO, T.€. 9TO “Tpy/iHbIe” Jijid 0OpalleHust BXO/bl. BygemM roBoputh, 9To & — TPY/I-
HBI, ecn §(x) < € Jyisi HEKOTOPOro 0OPATHOTO MOJIMHOMA €, KOTOPBIil MBI BBIOEDEM JIAJIbIIIE.
Jlostro TPYAHBIX “TPYAHBIX CJIOB CPEeId BCEX CJIOB JJIMHBI N MbI ODO3HAYUM Uepe3 0, T.e.
d = Procy,[8(z) < €.

JlasbHeiiee OKa3aTEIBCTBO OYIET MOCTPOEHO TaK: MbI MPEJIITOJIOKIM, ITO TTOJTY THB-
mniicg ajgroput™ [y ne obpaimaer QyHKIMIO f ¢ Hy?KHOI BepOATHOCTDBIO, T.€. BEPOATHOCTD
ero omuOKu 6ouibiiee 1/p(n). U3 aroro Gyer cieroBarh, 9To J10J1sk TPYAHBIX CJIOB O JTIOBOJIb-
HO Gosibiiast (6OJIbIIIE HEKOTOPOTO OOPATHOTO TMOJIMHOMA). A pa3 TPYJIHBIX CJIOB MHOTO, TO

1970t 1puém HEOGXOMM, T.K. B IPOTHBHOM CJIydae Y HAC He TIOJIyIUTCs yBeJNIHBATE BEPOSATHOCTD YCIIeXa.
JeficTBUTENIHO, ecIu IPEJCTaBUTh, 9TO aJropuTM Ry He paboraeT Ha CTPOKAaX, Y KOTODBIX IEPBBIH OUT
HYyJIEBOI, TO BEPOSATHOCTH YCII€Xa TAKOrO aJrOPUTMa BIOJHE MoxkeT ObiTh 1/2. Ho Torma m BeposiTHOCTH
yciexa Ry He MoxKeT ObITB Bbime 1/2.



U BEPOATHOCTD ycrexa Rp He MoxKer ObITb Gosbiie 1/¢(n). Takum o6pasom Mbl IPHIEM K
nporusopeunio. s peasm3aryum 3TOro mjaHa IoTpedyeTcs CIelyIoNe IBe JIeMMBbI.

Jlemma 2.1. Beposammocmo owubku Ry npu obpawenuu caosa fr(x) das cayuatinozo x ne
Goavwe § + (1 — €)M,

Jloxasamenvcmeo. 1o dpopmysie monnoit BepoaTHOCTH BEPOATHOCTH OMuOKH Ry mpu obpa-
meHnn ¢ioBa f, () Jyist CIyJaifHOro £ MOXKHO PaCHUCaTh KaK BEPOSTHOCTD OMUOKY Ha “TPY/I-
HBIX BXOJ@X U Ha IPOCTHIX BXOJaX.

Prlomm6ka Rf] = Prlomubka Ry | §(x) < €] - Pr[s(z) < €]
+ Prlommbra Ry | 5(x) > €] - Pr[s(z) > €]
<1-6+(1—e™-1.
[

Jlemma 2.2. Bepoammuocmo ycnexa anrzopumma Rp npu obpawenuu crosa F(T) das cay-
watinoeo T = xy, ..., TN ne boavwe Ne+ (1 — )N,

Jloxazamenvcmeo. OUeHUM BEPOATHOCTD yCIexa cBepxy 110 (hOpMyJIe HOJHON BEPOITHOCTH:
Prlycuex Rp| = Prlycuex Rp | 3i, 5(z;) < €| - Pr[3i, §(z;) < €]
+ Pr[ycniex Rp | Vi, 5(z;) > €| - Pr[Vi, §(z;) > €
<e-No+1-(1-9)"N.
[

I[Ipe/rnosIoKuM Tereps, ITo y MOy YUBIIErocs ajlropuTMa R ¢ BepOATHOCTD OMIMOKH 60JIb-
me, geM 1/p(n), .e. Ry obpamaer f ¢ BeposTHOCTBIO ycrexa Memnbie 1 — p(n). ITomoxum
M = n/e. Torma Bropoe ciaraemoe B iemme 2.1 6y/ier mopsijika e "
GOBIINX 1 MEHDITIE, TeM ﬁ(n). Takum o6paszom o > 2&”).

Tenepsb Mbl xoTuM onpelesnTb N 1 € Tak, 9T00bl BEPOATHOCTL yclexa Rp OKa3aaach
menbiie, yeM 1/q(n). Beibepem N = n - p(n), Torga upu § > #(n) MBI [IOJIy9aeM, 9TO BTOPOe
—n/2.

, 4TO IIPU IIPA JOCTATOIHO

cjaraemMoe B JieMMe 2.2 OyJieT Mopsijka e
/2

[Ipu jocTaToyHo GOIBIIUX N 9TO MEHbIIE, YeM #(n). OcraJjioch onpesie/iuTh € TaK, YTOOBbI 1
IepBoe cjaaraemMoe JieMme 2.2 ObLJI0 MEHbIIe %(n). Hamnpumep, 3To jlocturaercs npu

1 1
~ 2N -g(n)  2n-p(n)-q(n)
ITpu Takum M, N u € noay4aeTcd, 4TO aJIrOPUTM [Ty BBI30BET IIOJIMHOMUAJIBHBIH aJrOpUTM

Rp ne 6onee M - N = 2n? - p*(n) - q(n) pas, r.e. Ry cam 1o ceGe Oy/1eT HOJIMHOMUATBHBIM.
[

€



2.6. YacTtu4yHble OJHOCTOPOHHME (PYHKIUU

OpHOCcTOpOHHNE (DYHKIUMH, KOTOPBIE MbI OIIPEJIEINJINA BBIIIE, OIPE/Ie/IEHbI JIJIS BCEX CJIOB M-
HBl k(n). MoxkHO 0600IUTE 9TO ONpejeeHne Ha Caydail 9acTHIHBIX (DYHKIHUIT, KOTOpHIE
onpesienensl Ha nekotopoM D, C {0,1}*™ . JIna dopmammsanum 5Toro onpejieeHns Ham
ommcaTh, Kak OyJeT yCTpOeHO paBHOMEPHOEe pacipejesenne Ha D,,.

Onpenenenune 2.8. [locenoBaTe/lbHOCTD pacipejiesieHnil BEPOSITHOCTEN i, HA MHOYKECTBE
JIBOUYHBIX CJIOB HA3BIBACTCS NOAUHOMUGNDHO MOJEAUPYEMOTl, €CTU CYIIECTBYET TOJUHOMU-
AJIbHBIN BEPOATHOCTHBII ajroput™ K, Takoii, aro mis Beex x € {0, 1}*

P;r[K(ln,r) = ] = pn(x).

Omnpenenenne 2.9. Cmamucmuveckum paccmosnuem MeXKIY PaCIPEIeIeHIAMA BEePOAT-
HOCTEe# [ U V Ha3blBaeTCd

o(p,v) = A [n(A) = v(A)].

He cnoxkno mokasars, 4To MakcumyM jgocturaercs npu A pasuom {z | u(z) > v(x)} u ero
noroJiHeHno. TakuMm obpazom

S(1,v) = 5 3 Inla) — v(w)]

Onpenenenue 2.10. IlocieoBaresbHOCTH pacpeiesieHuil i, U V, Ha3BbIBAIOTCI CMAMU-
CMUMECKY HEOMAUYUMBLMU, €CJIU CTATUCTUYIECKOE PACCTOSHUE MEXKJIy HUMU CTPEMHUTCA K
HYJII0 ObICTpee J11000T0 00paTHOTO MOJMHOMA OT N IPU N — OQ.

Omnpenenenune 2.11. Ciyvaiinble BeTUIUHBL (v, U (3, HA3BIBAIOTCS CMAMUCTIUMECKU HEOM -
AUHUMBLMU, €CITH UX pactpeenenus [, (x) = Prla, = z| u v,(x) = Pr[f, = x| crarucrude-
CKH HEOTJIMIUMBI.

Onpenenenue 2.12. Pacupenenenne i, Ha3bIBaeTCI J0CMYnHoviM, €CJIU OHO CTATUCTUIECKT
HEOTJIMIUMO OT HEKOTOPOT'O MOJTUHOMUAJIBLHO MOJEJIUPYEMOTO PACIIPEJIEIEHUST Uy, .

Onpenenenune 2.13. CemeiictBo wactuunbix dyHKIMA f, ¢ obsactamu omnpejenenus D,
HA3BIBAETCH CUALHO 0OHOCTMOPOHHUM, €CJIA [, TTOJTMHOMHUAJIBLHO BBIMUCIUMO, PABHOMEPHOE
pacmpesesienue Ha D, JTOCTYIIHO, U CYNIECTBYET TAKON MOJUHOM ¢, UTO JJIst JTIOOOTO TTOJTUHO-
MUAJIBHOTO BEPOSATHOCTHOTO aJroput™Ma R,

1
_ n
Pr [fu(z) = fu(R(1", fu(z),7)] < —
xDn,r q(n)
[IpU BCEX JIOCTATOYHO 60/bmuX 1. CUIBHO OJJHOCTOPOHHEE CEeMEHCTBO YaCTUIHBIX (DYHKITHI
frn HA3BIBACTCSA CUALHO 00HOCMOPOHHET NEPECTNAMOBKOT, €CJIA JIJIsT BCEX N OHO SIBJISIETCS TIe-
pecTaHOBKOI cBoeil obsactu onpegenenus D, .



AHAJIOrTIHBIM 00Pa30M OIPEIENIAIOTCA CAGO0 00HOCMOPOHHUE DYHKIMA U 00HOCTOPOH-
Hue PynKUuY IJIs HEPABHOMEPHOTO ITPOTUBHUKA.

ITpumep 2.3 (IIpeanonoKuTebHO CHIIBHO OJIHOCTOPOHHUE YaCTUIHbIE (DYHKINN).
1. Qynxyus Pabuna. Pynkuus f, onpejesieHa Ha cJ0oBax Buja ry JUIUHbLL 4n, Tie |z| =
ly| = 2n. Ilpu 5T0M T U Yy UHTEPIPETUPYIOTCS KaK 2n-OUTOBbIE YUCJIA, YIOBIETBOPSIIO-
IUX CJICYIOMIUM TPEOOBAHUSIM:
(a) y=p-q, nae p u q upocTble n-6uToBbIe YKca BUga 4k + 3;

(b) z = 2% mod y A9 HEKOTOPOI'O Z, B3aUMHO IPOCTOTO C .
Bnavenne byHKINY Ha Ty PaBHO KOHKaTeHanun cjios 22 mod y u .

2. Oynxuyus RSA. Oyuxrnus RSA asisercs obobiennem dyukiun Pabuna. Owna orpe-
JleJIeHa Ha CJIOBaxX BUJA TYZ, TJE X, Y U Z UMEIOT JIUHY 21 U WHTEPIPETUPYIOTCS Kak
JIBOUYIHBIE 3alUCH YUCE, YJOBIETBOPSIOIINE CJI/YIOMUM TPEOOBAHUAM:

(a) y =p-q, v1e p u ¢ IPoCThIe N-OUTOBbIE YUCIIA;
(b) = € [1,pq — 1] u B3aMHO TPOCTO C Y;
(¢) z B3ammHO npocto ¢(pg) = (p— 1) - (¢ — 1).
Buauenne byHKIMI Ha TY2z PABHO KOHKaTeHarnuu cjioB (r* mod y), y u z.

3. Huckpemnan sxcnonenma. OyHKIMs onpejie/ieHa Ha CJI0OBaX BUJA TYZ, TIE T, Y U 2

UMEIOT JIJTHHY 72 U COOTBETCTBYIOIINE YUCIa YIOBIETBOPSIOT CJI6 Ly FONIM TPeOOBAHUSIM:
(a) y — n-6uTOBOE MPOCTOE UKCIIO,

(b) = € [2,y — 1], HOpOkKIaeT BCIO MYJIBTUILIHKATHBHYO IPYIIILY BBIYETOB O MOJLYIIIO
y (T.e. I06OM HEHYJIEBOI BBIYET SBJISETCS CTEIEHbIO T),

(c) z€ [,y —1].

Buauenne GyHKIUU Ha Y2z PABHO KOHKaTeHaun caoB x, y u (x* mod y). O6painenue
9TON (PYHKIUU — BJIFAETCH JTUCKPETHBIM JIOTApU(PMUPOBAHUEM.

Boiee nompobro 06 sTux npumepax cum. [1].

Onpenenenne 2.14. Yacruunag dynxuusg f,, : {0, 117 — {0, 1}/ nazpsaerca nposeps-
emoti, ecJid 1o N, JIIOOOMY CJIOBY & JIUHBI k(n) 1 JI0OOMY CJIOBY y U3 MHOXKECTBA 3HAYCHUI
fr MOKHO 32 HOJMHOMHUAJILHOE BPEeMsI IPOBEPUTDH, BEPHO JIM, YTO f, OUpeJeIeHa Ha T U eé
3HaYeHUe Ha T PaBHO .

Sameuanue 2.2. Henzsectno, sapisiercs ju gpyukius Pabuna mposepsemMoii, T.K. HesICHO, KaK
3a MOJIMHOMUAJIBHOE BPEMS ITPOBEPUTD, SABJIETCS JIN JIAHHOE YUCJIO KB/ IPATUIHBIM BBIUETOM
110 COCTaBHOMY MO/LYJIIO.



3. T'eHepaTopbl NICEBOCTYYANHBIX YNCET

3.1. BoruncanrenbHO HEOTJIMYNMbIE CﬂyqaﬁHbIe BeJINYMHDBI

Onpepenenne 3.1 (/s HepaBHOMepHOro npoTuBHUKA). CilydaiiHble BETMIUHBL (v, U [,
3aBUCAIIE OT HATYPAJILHOTO IapaMeTpa 7, CO 3HAYeHUSMU B MHOXKECTBE CJIOB HEKOTOPOIi
JUTHBL [(N) HA3BIBAIOTCS GbYUCAUMENLHO HEOMAUNUMbLMAU, €CIH JIJId JIIOOOI 1oc/ie10Ba-
resbHOCTH cxeM Cp, Ch, ..., C,, ... pasmepa poly(n) (¢ I[(n) BXomaMu U OJHUM BBIXOJOM )
BepoaTHOCTE cobbithilt Cy(ay,) = 1 u Cy(B,) = 1 ormmyarorcs Ha IpPeHEOGPEKNMO MAJIYIO
BEJIMUINUHY, T.€.

|Pr[Cr () = 1] = Pr[C(B,) = 1]| < €y,

rie €, yobiBaeT ObicTpee Jiroboro obparnoro mnojauaoma. Cxema (), B 9TOM KOHTEKCTE Ha-
3BIBAETCSI MeCMOM U MBI TOBOPHM, 4TO CJIydaiiHasl BeJIUINHA (v, mpoxoaut tect C,, ecian
Cy(ay,) = 1. Takum 06pazom, Mbl TpedyeM, 9TOOBL (v, U [3, TPOXOJUIIN JIOOBIE TE€CThI OJIU-
HOMHAJILHOI'O Pas3Mepa ¢ MPUOIN3UTETHHO PABHOI BEPOSITHOCTHIO.

Onpenenenne 3.2 ([na pasHomeproro mporusauKa). CirydaiiHble BEJUYUHBI (v, U [,
3aBHUCSINIE OT HATYPAJIBHOIO MapaMeTpa 1, CO 3HAYEHHsIMA B MHOXKECTBE CJIOB HEKOTODOIi
JUIIHBL [(n) HA3BIBAIOTCS BBIYUCIUTEILHO HEOTIMIMNMBIMHE, €CIH s JTI000r0 BepPOSTHOCTHO-
ro MOJIMHOMHUAJILHOTO ajroputMa 1 BeposgtHOoCTh cobbrtuit T(1" o) = 1 u T(17,5,) = 1
OTJIMYAIOTCA Ha MIPEHEOPEKIMO MAJIYIO BEJIMINHY, COOTBETCTBEHHO

|Pr[T(1", ) = 1] — Pr[T (1", B,,) = 1]| < €n,

rie €, yonBaer ObicTpee Jir060ro obparHoro mojaunoma. Ajropurm 1' B 9TOM KOHTEKCTE Ha-
3BIBAETCS TMECMOM U MBI TOBOPUM, YTO CJydaiiHasd BeJIUYUHA (v, TPOXOAUT TecT 1, eciam
T(1", o) = 1.

Samevanue 3.1. Ecau oy, u 5, craTucTUYeCKA HEOTJIMIUMBI, TO OHM U BBIYUCIUTEIHHO HEOT-
JYIUMBI (HAIIPUMED, /IS HEDABHOMEPHOTO IIPOTHBHUKA), TOCKOJIBKY PA3HOCTH BEPOSATHOCTE
ay, 1 B, B MuoxectBo {x | C,(x)}, 3amaBaemoe Tectom C,, HE IPEBOCXOUT CTATUCTHIECKOTO
PaCCTOAHUSA MEXKIY (v U (3.

Jlemma 3.1 (CpoiicTBa BBIYHCINTENBHON HEOTIIMIUMOCTH ).

1. Ommnowenue 6bUCAUMENDHOTE HEOMAUYUMOCTIU peﬁne%cuemo, CUMMEMPUYHO U TMPAH-
3UMueHO.

2. Jlasa mepasHomMepro2o npomueHuKa: SbUCAUMENLHO HEOMAUNUMDBLE NOCAEO0BAMEND-
HOCTU CAYHATHDLT BEAUNUN Oy U B 8BIMUCAUMEADHO HEOMAUYUMDL U BEPOATNHOCT-
HOLMU MECTNAMU NOAUHOMUGALHOZ0 PAMEPA. MO 03HAY¥AEM, MO OAL A1000T nocie-
dosamenvrocmu T, BEPOAMHOCTHOIT CTEM NOAUHOMUAALHO2O OM 1 pasmepa ¢ L(n)
srodamu, eepoamuocmu cobomud Ty (o) =1 u T,(5,) = 1 npubaiusumesvro pasho.
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3. Ecau oy, u B3, eviuucaumenvro neomavvumol, a C, — nocaedo6amesvHocms 6eposm-
HOCTHBLT CTEM NOAUHOMUAALHO20 Pasmepa ¢ L(n) 6xodamu, Mo U CAYHATHYE GEAUNUHDL
Cr(an) u Ch(By) svluuciumenvro neomauuumsl. Anaroeuuno ot pasromeprozo npo-
MUGHUKA.

4. Iyemov cayuatinoe seaudumnvt Qun,, By u Y, umetom coemecmuoe pacnpedeaenue. U
nycmo 0as 110600 NOCACI0BAMEALHOCTIU SHAMEHUT Cp CAYHATNOT BEAUNUNDL Yy, CAY-
watinoe 6eaudunvl (G | Yo = Cn) U (Bn | Yn = Cn) BONMUCAUMEADHO HEOMAUNUMDL.
Toz0a u Yy U By Yy GOIMUCAUMEALHO HEOTNAUUMDL.

A pasHomeprozo npomusHuka Mo CE0UCMEO CNPABEIAUBD TONDKO OAA HE3ABUCU-
MBIL CAYSATHDIT BEAUNUN Uy, Vi, MPULEM CAYUATHAA BEAUMUNA Yy QONHCHA OBIMD NO-
AUHOMUGALHO MODEAUPYEMOT.

Joxazamenavcmeo.
1-2. OueBnmgHO.

3. Ilycts mana mocsemoBarenbHOCTH TecToB 1), mosBosisier oriandarh Cp(ay,) u Ch(S,).
Torma mocsrenoarenbrocTh cxeM Dy, (x) = T,(C,(x)) 6yaer BepOATHOCTHBIM TECTOM
HOJIMHOMAJILHOTO pa3Mepa Jist CJIydaifHbIX BEJINIUH (v, U [y,

4. JlommycTuM, YTO CYIIECTBYET IOCJIEI0BATETLHOCTD CXeM-TeCTOB 1), TOJMHOMHUAIHLHOTO
pasmepa Takasi, 9T0 BepoaTHOCTD Ty, (,Yn) = 1 T0(5nyn) = 1 orimaaercs € = 1/poly(n)
J71st GeCKOHEYHO MHOTHX N Paznocts BepositHOCTeit coObituit Ty, (Y, ) = 1 v T (5nyn)
1 paBHa cpeJiHeMY 3HAYCHHIO PA3HOCTH BepOSTHOCTE

Pr[T,,(ane) | vn = ] = Pr[Tn(Bnc) | v = ¢

10 CJIydaiiHO BHIOpAHHOMY ¢ (B COOTBETCTBUM C PACIIPE/IEJIEHIEM CJIy YaliHON B TMIMHBI
Yn). losToMy st GECKOHETHO MHOTHX 1 HAMJIETCH ¢ = ¢, B MHOXKECTBE 3HAYEHUI 7y,
IS KOTOPOil Pa3HOCTh BEPOSATHOCTH HE MeHbIe €. Ecin “3amuts’ ¢, B cxemy 1), TO
HOJIYYUTCS TIOJIMHOMUAJIbHBIN TecT, pasindaromuii (ay, | v, = ¢,) 1 (Bn | Yn = ¢n)-

O

3.2. T'eHepaTophbl ICEBAOCTYyYANHBIX YNCEJT

Onpenenenne 3.3. [lycrs ganpr muorownenst k(n) u l(n) takue, aro I(n) > k(n) misa Beex
n. Tenepamopom ncesdocayuatinve wuces muna k(n) — l(n) Gymsem Ha3bBaTH CeMeHiCTBO
bynxmuit Gy, : {0, 1} — {0, 11" yiopiersopsiomee /e IyIONIM YCIOBUAM.

1. CewmeiicTBO Gn BBIIHUCJ/JIMMO 3a IIOJIMHOMUAJIBHOE OT 7l BPpEM:I.

2. (Hanexxuocrs reneparopa [1CY.) Ciyuaitnas sesmauna G, (s) 71 paBHOMEPHOTO CJIy-
YaifHOTO § BRIYHUCJIUTEIHFHO HEOTIMINMA OT CIIyIallHOI BEJIMINHBI PABHOMEDPHO PacIIpe-
JICJICHHO Ha BCEX CJI0BaX JUIMHBL [(n).
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Onpepenenne 3.4. [ernepamop ncesdocayuatinmr wucea muna k(n) — oo OyjieM HA3BIBATDH
cemeiicTBO oToGpazkenmit Gy, : {0, 1} — {0, 1}* ynosrersopsromee cieayionum Tpebosa-
HIAM.

1. CymecTByer ajropur™, KOTOPBIHA 110 CJIOBY § U HATYPAILHOMY YHCIY | BLIMHCIISET
9JIeMenHT mociegoBareabaoctu Gy, (s) ¢ HoMepoM [ 3a BpeMst, IOJHHOMUATIBLHOE OT || 4.

2. Cayuaiinag Besmauna G, (S) BBIYUCIUTEIBHO HEOTJIMIMMA OT PABHOMEDHO DPACIIpPEie-
JIEHHON GECKOHEUHOl MOC/Ie/I0BATEIbHOCTH Hy el U euHull. (DTO O3HAYAET, UTO JIJIs
mroboro mosimHOMa, p(n) nepsbie p(n) 6utoB G, (S) BBIYUCIUTETHHO HEOTIUIUMBI OT
CJIyIaifHON BeJIMYIMHBI DABHOMEPHO PACIIPE/ICJIEHHOI Ha BCeX CJI0Bax JJIMHBL p(n).)

Samevarnue 3.2. Ilo reneparopy IICH tuma k(n) — oo mMoxkHO moctpouts rereparop 11CH
tuma k(n) — [(n) misa moboro nonmaoMa [(n) (Hy?KHO B3sTH 11epBbiii [(n) 6uToB).

Teopema 3.1. Ecau cywecmeyem zenepamop I1CYH G, muna k(n) — l(n), mo cywecmsy-
10Mm U 00HOCTNOPOHHUE HYHKUUU.

Joxazameavcmeo. eiicTBUTEIBHO, MOXKHO PACCMOTPETDH caM rereparop (G, Kak crabo 0HO-
croponHioio dyHkImio. /laBaiiTe mokakem, YTo HUKAKasl [I0CJIEI0BATEILHOCTD CXEM TIOJIMHO-
mMuabHOro pasmepa C), He obpariaer (G, ¢ BEPOSITHOCTBIO ycrexa 6osiee 3/4 it GCKOHETHO
MHOTEX 7. [IpemomokumM, 910 Takas Moc/Ie/I0BaTeIbHOCTD CyIIecTByeT. Torma MOKHO pac-
CMOTpPeTb CJIeJYIONIUI TTOJMHOMUABHBINA TeCT JJIsl MOC/IeI0BaTeIbHOCTeN JIuHbL [(n): s
Bx0J1a ¥ mposepsieM, uro G, (Cy(y)) = y. Ecau 3ro BepHo (T.€. obparenne mponu3o0Iio yiad-
HO), To BbIIaéM 1, a uaade 0. BepositHocTs Toro, uro G, npoiiiér Takoit Tect He Menee 3/4.
[Ipu sTOM paBHOMEpPHO pacrpe/iejénHas Ha [(n) caydaiiHas BeJTMIHHA MPOHIET STOT TECT C
BepOATHOCTHIO He Gostee 1/2 (T.K. pasmep obpasa G, He 6ojee 1/2). O

ObparHoe yTBepK/JIeHne TOXKE BEPHO.

Teopema 3.2 (|4]). Ecau cywecmsyem odnocmopornas dynkuus, mo cyuecmeyem u 2e-
HePamop NceIoCAYUATINDIT HUCEA TMUNG T, — OO.

Mpr1 ke JioKazKeM 0oJiee TTPOCTOE YTBEPKICHUE.

Teopema 3.3. Ecau cywecmsyem o0HOCMOPOHHAA NEPECMAHOBKA, MO CYULLCMBYEM U 26-
HEPAMOP NCEBIOCAYUATIHBLT HUCEA TRUNG T — OO.

B pasbueiimem Mbl 6y7eM TOBOPUTD PO NOAUHOMUGALHO20 NPOMUSHUKG TIOJIpa3yMeBast
10T, TUM JIB€ BO3MOXKHBIX (DOPMYJIUPOBKH: MOJTUHOMUAIBHBII BEPOATHOCTHBIN aJrOPUTM U
CEMEMCTBO CXeM MOJMHOMHUAIBLHOTO pasMepa.
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3.3. Tpynassblii 6ut

Onpepenenne 3.5. Jljist mapsl COBMECTHO PaCIPEACICHHBIX CIydIaiiHbix Besnaud (S, Vn),
rie (3, pacupenenena Ha {0, 1} 6ygem roBopuTh, 9TO [, ABIAETCS GHUUCAUMEALHO MPYOHOT
OTHOCHUTEJIHLHO 7y, €CJIN JIJIs JII0OOTO IMOJIMHOMUAILHOTO ITPOTUBHUKA B

1
JJIA .T[IO6OI"O IIOJIMHOMa p IJId JOCTaTOYIHO 6OIH)HII/IX n.

Teopema 3.4. Cayuatinas eesuvuna 3, 8bUUCAUMENLHO MPYIHA OMHOCUMEALHO Yy, 0200
U MOABKO M0o20a, k0206 CAYYATHAA 8EAUNURG By Yy BHIUUCAUMEABHO HEOTNAUMUME O Ty Vn,
ede r, — amo pasnomepro pacnpedeaénnas na {0, 1} cayuatinas seauvuna.

,ﬂO%’CLSCLmGJL’bC??’LGO.

< Ilycrb cymiecTByeT IPOTUBHUK B, KOTOPDI 1151 OECKOHETHOTO YHCJIa N IPEJICKA3hIBAET
Bp O 7, € XOpoIeil BepOSTHOCTHIO, T.€.

PI[B(’YTL) = /Bn] > % + €n,

rje €, — obparHbi mosmHOM. Vcmosbp3yst mpoTuBHUKA B mocTpouM mpoTHBHUKA A,
KOTODBIN Pa3aundaeT [3,Y, U T'nVn-

)1 Bly) ==z
A(x’y)_{& B(y) # .

Torga Pr[A(B,7,) = 1] > % + €n, a Pr[A(r,y,) = 1] =

)

N[

= Ilycrb cymiecTByeT npoTUBHUK A, KOTOPBIi 7151 OECKOHETHOT'O YUC/Ia N PA3INYIACT 5,7,
U 7pYn C XOPOILEH BePOATHOCTLIO, T.€.

Pr[A(ﬁn'yn) = 1] - PI[A(TnIVn) = 1] > €n,

r7e €, — obparubit osimHOM. [locTponMm poruBHUKaA B, KOTOPBIN TIpeacKasbiBaeT [,

O Y.
r, A(0x) =0, A(lx) =0,

B(z) = 1, A(0x)=0, A(lz) =1,

0, A(0zx)=1, A(lx) =0,

r, A(0z) =1, A(lz) =1,

rjie r O3HAYaeT CJIydaiiHbIil OUT.

[Tokaxkem, 9TO

PrB(v) = fu] = 5+ Pr{AB) = 1]~ PrlA(ri) = 1] 2 1 + e
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JlaBaiiTe J0KaxKeM 3TO paBEHCTBO JjIsd (DUKCUPOBAHHOTO Y, = T

PrB(1) = fn | 10 = 7] = 5 + PrlA(Bur) = 1| 3 = 2] ~ Pr{Alran) = 1| 3 = a].
Orcioma o dopmyJsie TOJTHON BEPOSTHOCTH TOJydaercs Tpebyemoe paBeHCTBO. [l
TOrO, 9TOOBI YOEIUTHCS, UTO STO PABEHCTBO BEPHO, HYYKHO IIOJCTABUTH BCE UEThIPE
BO3MOXKHBIE BAPUAHTA U3 OIpeJie/ieHnd B U MPOBEPUTDH, YTO PABEHCTBO BLITIOJTHSIETCS.
Hanpmmep, B mepBoM cirydae BepOSITHOCTH cjieBa Oyjer paBHa 1/2, T.k. B Bo3Bparaer
caydaitHbIil 6UT, a cripaBa 00e BepOATHOCTH paBHBI HYyJ/I0. J[71s1 BTOporo cirydaii Bepo-
SITHOCTH CJieBa Oy/IeT paBHa [epBOil BEPOATHOCTH CIPaBa, a mocae s = 1/2.

3amevarnue 3.3. B ciaydae HepaBHOMEPHOTO NMPOTHBHUKA JIAHHAS KOHCTPYKIHS JTAET
BEPOATHOCTHYIO CXeMy, KOTOPYIO, KaK OIIMCAHO BbIIlle MOXKHO IIepe/iesiaTh B JJeTePMUHU-
poBannyio. B ciydae paBHOMEPHOr0 IPOTUBHUKA HAM MOTPEOOBAIOCH ObI TaKKe (hUK-
CUPOBATH BHYTPEHHUE OUTHI BEPOSITHOCTHOT'O aJrOPUTMA.

O

Omnpenenenne 3.6. [l oqnocToponHeit iepecTanosku fy, : D, — D, rae D,, C {0, 1}#
OyeM Ha3bIBAThb MpPYyoHviM OUMOM TaKyIO MOJUHOMUAIBHO BBIYUCIUMYIO (DYHKIUIO A,
D,, — {0, 1}, s koropoit coyuaitnas Besmauna h, (U(D,,)) tpynna qia f,,(U(Dy,)).

YrBepxkaeane 3.1. [lycmo f, : D, — D, — odnocmoponnas nepecmanosra ¢ mpyorvim
oumom hy, : D,, — {0,1}. Tozda cayuatinas eeaununa hy, () f,(z) evuuciumenvro neomau-
wuma om rx, 2de x < U(D,), ar + Uj.

Jlokasamenvcmso. 3amerum, uro f,(x) pactpeieneHo Tak ke, Kak = (BaxHo, 4ro f, —
nepecranoBka). [losromy rf,(x) pacupeneneno tak xke, kak rx. OCTagoch NPUMEHUTH TEO-

pemy 3.4 st rfn(x) u hy(x) fr(z). ]

DTO KOHCTPYKIMIO MOXKHO urepuposars. Hanpumep, hy, (2)h, (fr.(z)) fr(fn(x)) mosBoaser
HOJIy9nTh J[Ba 6uTa. 3aMeTnM, 9To ecyn ciaydaiinas Beanauna by, (x)h, (fn(x)) fo(fn(x)) oram-
quma, OT 7hy, (fr(2)) fr(fu(2)), To otimmanmst hy,(z) f,(x) u rf,(x) (mepBble MOKHO MOy IUTDH
u3 BTOPBIX). [Ipogoimkas paccyxaenne noaydae, 910 Ay, (2)hy, (fn(x)) fo( fo(2z)) neormmamnma
or rr'x, roe r,r’ + Uj.

Teopema 3.5. Ilycmo f, : D,, — D,, — 00HOCMOPOHHAA NEPECTNAMOBKA ¢ MPYIHBLM OUMOM
hy : Dy, — {0,1}. Tozda cayuatinas seauvuna

ha(@)ha(fu(@)) - o (fEUD) fPOHD ()

GOYUCAUMENDHO HEOMAUYUMA 0T Cﬂy%aﬁHOﬂ GEAUUHDL
rr2...Tpn)T,

edery, ..., rpmy < Ur, © < U(D,).
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Caencrsue 3.1. Gp(2) = hp(2)h(fo(2)) -+ - By (fOO) PO (2) agasemen nadéorcrvim
2EHEPATOPOM NCEEIOCAYMATINDLT “UCEN.

Zloxazameavcmeo. JlokazaTeabCTBO ,THOPUITHBIM® METOIOM.

Tv= n  h(x) ho(fEM=2) =D
= n ho(fPm=3))  f P2 ()
Tp(n) =N T2 e Tp(n) T

[Iycrs B3nommuk B ormmugaer Ty ot Ty, Te. Pr[B(Ty) = 1] — Pr[B(Ty) = 1] > €, nia
GECKOHETHOr0 YuCIa 1 U OOPATHOTO MOJIMHOMA, €,. Torja cymecTByer Takoe i, 9To

Pr[B(T}) = 1] — Pr[B(Ti11) = 1] > € /p(n).

T.e. MBI Hay4dIUJIUCh OTJINYaTb

o 1 ha(x) ha(fa(2)) ... hp(fEOITIED) fT(Lp(n)—i)(x)
oo 1 Tipr o hp(x) . h(flem=in2) fép(n)fifl)(x)

Ncnonb3yst MpoTUBHUKA, KOTOPBINA OTJIMYIAET 3TU JIBe CIyYallHble BETUINHBI MbI MOXKEM OT-
mmaarh hy,(f)fu(x) or re — o sTuM cirydaiiHBIM BeJIMIUHAM MOYKHO JIETEPMUHUPOBAHHBIM
AJITOPUTMOM TIOCTPOUTH COOTBETCTBYIONMME 3HadYenus 1; u Tj 1, 9TO NPOTHUBOPEYUT yTBEP-
Kiaenuio 3.1.

Samevanue 3.4. B 3TOM J0Ka3aTEIBCTBE MBI BOCIIOJIB30BAIUCH TEM, YTO HAIl Y HAC HEPaB-
HOMEPHBIII IIPOTUBHUK, T.€. JIJIsI CXeMa, T.K. Mbl B 3Ty CXeMY 3alllii 9uCjo0 1. B ciydae ¢
aJITOPUTMaMU MOYKHO B34Th CJydaiiHOe ¢ M JJ0Ka3aTh, UTO C XOPOIell BepOATHOCTHIO OHO
TIOTOMIET.

]

Teopema 3.6 (lomnpeiix, Jlesun). ITycmo f, : D,, — D,, — odnocmoponnas nepecmanoska,
D, C {0,1}*™ . Paccmompum dee dymmyuu: g, = D, x {0,130 — D, x {0, 1}k0) o
by @ Dy x {0,130 — 10,1}, maxue wmo

gn(xy) = fn(x)ya hn(%y) =x0© Yy = @xzyz = inyi mod 2.
=1 i=1

Tozda g, — 00HOCTMOPOHHAA NEPECNAMOSKA ¢ MPYOHBIM OUMOM hy,y .
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