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AnvaoTanus

MpbI mOKa3bIBAEM SKCIOHEHIAIBHY 0 HUKHIOK OIEHKY Ha CPeIHee Bpems obpamerust pyHK-
muu Tonppeiixa [Gol00] «nvanomus [AHIOS] anropurmamu, rem caMbiM pa3peniaeM OTKPbIThIH
BOMpoc, mocraBieHubiii B padore [CEMTO09]. @yukius Tomapeiixa, KOTOPYIO MBI HCIOJIB3yeM
3amana rpadoM-pacimpuTeeM u npeaukaroM Py(zq,Ts,...,Tq) = 1 ® X2 ® -+ D Tyg—p D
Q(rg—k+1,---,%q), TOe Q — TPOU3BONBHBINA k-MecTHBIH npemukar, k + 1 < %. «IIbsiabres aj-
FOPATMBI — 3TO CEMEHCTBO AJTOPUTMOB, OCHOBAHHBIX HA PACIIEITIEHUH, KOTOPBIE HCIOIB3YIOT
HUYEM He OTPAHWYEHHYIO 9BPUCTHKY BBIOOPA IEPEMEHHON /st PACIIEIIEHNsI, a 3HAYEHNE, KO-
TOPOE TMOJICTABJISETCS TIEPBBIM, BEIOMPAETCS CIyIaitHbIM 00pa3oM. TeXHuKa JT0Ka3aTETHCTBA CY-
I[ECTBEHHO YIPOIIAET TEXHUKY, Hcmonb3yemyio B [AHIO5] u [CEMTO09).

Meenenopanns vacTuano nopgep:kans! rpanTom PO 08-01-00640, mpe3ugeHTCKIM TPAHTOM
TO/IIEPKKY Beaymux Haydubix mkosa HI11-4392.2008.1, dboumom comeiicTBUS OTEIECTBEHHON HAYKA
¥ TOCYZapCTBEHHBIM KOHTPakToM ¢ PemepaibHBIM areHCTBOM M0 00PA30BAHUIO.
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1 Bsenenune

B 2000-m roxy O. Tomapeiix mpemjioKua KaHIWIaTa B OJHOCTOPOHHWE (DYHKIINN, OCHOBAHHOTO Ha,
rpadax-pacmupuresnsx [Gol00]. @yukiws nmeer n GUHAPHBIX BXOIOB U 1 OMHAPHBIX BBIXOI0B. Kax-
IbIiT BBIXOJ (DYHKITMH 3aBUCUT TOJBKO OT KAKUX-TO d BXOIOB W BBIYUC/ISIETCS 0 HUM C TOMOIIBIO
3aJIAHHOTO d-MecTHOTO mpeaukaTa. [oapeiix mpesarai UCIoab30BaTh rpadbl CO CBOMCTBOM pac-
MUpeHns B KadecTBe rpada 3aBUCAMOCTeH W Caydaiinbiii d-mecTHbId mpeaukar. OyHKIuU, Tpe-
JoxkeHHast [oapeitxoM, UMeeT HEeKOTOpPOe CXOACTBO C ICEBIO-CAydaliHbIM TenepaTopoMm Hucama-
Burgepcona [NW94].

OHUM U3 TPAKTUYECKUX MOAXOI0B K ODPAIIEHUI0 OJHOCTOPOHHUX (DYHKITHIL SIBJISIETCS MCIIOThb-
30BaHNe COBPEMEHHBIX IPOrPaMM, PEIaolinX 3a/ady BbIIOJHUMOCTH Oy/eBoit dopmysbr [MZ06].
[IpakTuvueckn BCe peasbHO UCIOAB3YEMbIE aJTOPUTMBI /TS 33891 BBITOJIHUMOCTH 0y/1€BOit (hopmy-
JIBl OCHOBAHBI Ha MeToJe pacierienns (Tak HassiBaemble DPLL (mo waunuamsam asropos /IsBuc,
[Tyruam, Jloreman, Jloenens) asropurmbr [DP60, DLL62]|). Asropurm paciuenienust — 310 pe-
KypCUBHBII ajropur™. [Ipm Kak10M BBI30BE OH yIPOIIAET BXOAHYI0 dhopmysny F (He Biuss Ha ee
BBITTOJIHUMOCTE ), BLIOMPAET MEPEMEHHYIO ¥ U3 Hee W JIEJIAeT JIBa PEKYPCUBHBIX BbI30Ba Ha (OpMY-
nax Flv := 1] u Flv := 0] B Hekoropom mopsiake. On orsedaer “Brimomnnma’; ecim mo Kpaiineii
Mepe OJIMH PEKYPCUBHBII BBI30B OTBEYAET TO Ke caMoe (3aMeTHM, 9TO HET HeOOXOJUMOCTH JIeIaTh
BTOPOIi BBI30B, €CJIU TEPBBIi ObLT yaadnbiii). Pekypcust mpomokaercs, moka (GpopMysia He CTaHer
TPUBUAJIBHOM.

AJIropuT™M pacHIenIeHns ONpPeIeNITeTCT TPABUIAMA YIPOIIEHUT W JBYMS IBPUCTHKAMU: IBPH-
ctuka A BbIOMpaer MepeMeHHyo, a IBPUCTUKA B BbIOMpaer, Kakoe 3HAYEHUE TepeMeHHO# Oyiaer
IIPOBEPEHO PAHbIIIE.

s HEBBITOJIHUMBIX (DOPMYJT HUMKHUE OIEHKHW HA BpeMsi pabOThl aJTOPUTMOB PACIIEIICHUsT
CJIEJIyIOT M3 HHMXKHUX OIEHOK Ha pa3Mep pPe30/olroHHbIX JokaszarenbcTs [L1ei68]. Hesbimosnu-
MbIe (OPMYJIBI, OCHOBaHHBIE Ha TICEBJOCAYUaliHbIX TeHepaTopax Hwucana-Buraepcona, mcmosb3y-
FOTCH TSt JOKA3aTe/hCTBA HUXKHUX OIMEHOK B PA3JIUIHBIX MPOMO3UITMOHAIBHBIX CHCTEMAX T0KA3a-
renberB [ABSRWO00|. Ho dopmysisr, mosrydatormuecs u3 3a1a9 00paleHust 0JHOCTOPOHHUX (DyHKIIHIt
OOBIYHO SIBJIAIOTCS BBIMOJTHUMBIMU. BIIOIHE BO3MOYKHO, UTO PACIIEILISIONINE aJTOPUTMBI OBICTPO pa-
BOTaIOT Ha BBIMOJTHUMBIX (opMmysiax. Ecan HUKAaK HE OrpaHUYIUBATH SBPUCTUKM, TO TOKA3ATEIHCTBO
SKCIIOHEHITHAJIHHON HWKHEH OIEeHKNW Ha BpeMs PabOThl PACIIEIISIONINX AJITOPUTMOB HA BBITIOTHU-
MbIX bopmytax o3uauano 6u1, uro P # NP (umaue sppucruka B morsa Obl 3a MOJIHHOMHATBHOE
BPEMsl BBIYUC/IUTE TIPABUIBHOE 3HAUEHUE JIJIs TEPEMEHHOTT).

B pabore [AHI05] 6b11n nostyuenb 6e3yCIoBHbBIE SKCIIOHEHIINAIBHBIE HUYKHUE OLEHKH HA BPeMsI
paboThI ABYX KJIACCOB PACIIEILISIONINX aJITOPUTMOB HA BBITOTHUMBIX (popMmysiax. [lepBorit kace a-
TOPUTMOB — 3TO OAU30PYKUE AJITOPUTMBI. IBPUCTUKYM B TAKUX AJTOPUTMAX OTPAHUYEHBI TEM, UTO
OHU MOTYT MPOYUTATH JINIIH MAJIEHBKYIO 9aCTh (POPMYJIBI TOUHO, & OCTAIBHYIO (DOPMYJY OHU BUIAT
JIMIIB CXeMATHYHO (Hanpumep, Kak 310 copmysmposano B [AHIO5] He BusT 3HAKOB OTpHIIAHNS, HO
UMEIOT JOCTYTl K YUCTY BXOXKEHWI EePEMEHHON C TOJIOKUTENBHBIM U OTPHUIIATETbHBIM 3HAKAMA).
JLi1st 6IM30PYyKUX AJTOPUTMOB OBLIa IOy Y€HA SKCIOHEHITHAIHHAT HUYKHIST OTEHKA, [/TsT (DOPMYJT, KO-
JIUPYIONTUIX CUCTEMbI JIMHEWHBIX YPABHEHNU, B KOTOPBIX MAaTPHUIA 00/1aaeT CBONCTBOM PACIIUDPEHUS.
Ha camom mese, takue dpopmysst konupyior dyrkiuio [orgapeiixa B ciaydae TUHEHHOTO TPEIAKATA.
Bropoii k/1acc aaropuTMoB paciierierns, Kotopble pacemarpusanuck B [AHIO5| — sto «nvanvies
aJITOPUTMBI. B Takux ajropurMax 3BPUCTUKA, BBIOOPa MEPEMEHHON HUYEM He OTPAHUYEHd U MOYKET
OBITH JaKe HEBBIYUC/JIUMOM, a IBPUCTHKA BBHIOOPA 3HAUEHUS, KOTOPOe OyIeT MOCTABIEHO MEPBHIM
OTPAHWYEHO JOCTATOYHO CUJIBHO: 3HAUYEHNE BHIOMPAETCS PABHOBEPOSITHO CJAyUaiHBIM obpazom. st
«IIBSHBIX» AJTOPUTMOB HUXKHSS OIEHKA OBbLIA MOCTPOEHA s MCKYCCTBEHHBIX (DOPMYJI, KOTOPHIE



CTPOSITCS HA OCHOBE TPYIHBIX HEBBITOJTHUMBIX (DOPMYII.

Oyuknuu [oapeiixa, OCHOBAHHBIE HA JUHEHHOM TPEIUKATe, HE OY€Hb WHTEPECHBIE, MTOCKOJIBKY
nx 3 dEKTUBHO MOKHO 00pATUTE ¢ TIoMOIIBI0 MeTona Laycca. B pabore [CEMT09] 6b11a 06061mera
rexHuKa, pazpaborannas B [AHIO5] mist mokazarenscrBa HUXKHEl OIEHKH [ist GJIM30PYKNX aIlOPUT-
MOB, Ha HejuHeiiHble npeaukarsl. B wactHocrn B [CEMT09| mokasana SKCIOHEHINATbHAS HUKHSIS
onenka Ha cpegnee (o Bxogam dbyHKIMKM) BpeMsi obpamenus dbyuximn [oapeiixa ¢ npeaukaToM
T1 DTy D - D xg_9 ® xy_179 6mu3opykuMu asropurmamu. Tak ke B [CEMT09| 6611 mpoussenen
NPaKTHIECKUI aHAIN3 BpeMeHrn PabOThl COBPEMEHHBIX ITPOrPAMM JIjIst 33891 BBIMOJTHUMOCTH OyJre-
BOit (hopMyJIbI, KOTOPBIE obparaau GpyHKIno Loapeiixa ¢ 9TUM IpeuKaToM, ObIIO TTOKA3aHO, 9TO
s1i bopmyibl TpyaHbI s nporpamMym MiniSAT 2.0 [EB05, ES03].

B pa6ore [CEMT09] Borpoc 0 9KCIOHEHIMATBHBIX HUZKHNUX OIIEHKAX Ha BPeMst o0paiernst (yHK-
nuit Tosapeiixa «IbsIHBIMI» aJTOPUTMAMU OCTaBJIeH OTKPBHITHIM. Hacrosmas pabora oTBedaer Ha
9TOT BOMIPOC. B 4acTHOCTH, MBI JOKA3BIBAEM, UTO JJIsI CIy9IaifHOTO rpada ¢ 6OJIBIIOI BepOSTHOCTHIO
cpejHee BpeMsi pabOThI «IIbSHOT0» AJITOPUTMa, Ha (hopMyse, cooTBeTCTBYoIIeH dyukmym [omapeii-
Xa, OCHOBAHHOIW Ha npeaukare T @ -+ ® g ) D Q(Lqg_ki1,---,Tq), FKCIOHEHIUATIBHO, T8 () —
MPOW3BOJIbHBIN k-MecTHBII mpequkat, k + 1 < %, d mocTaToIHO GOJIBINAST KOHCTAHTA.

[Tnan mokasarenbCTBa CJAEAYIONMINIA: CHAYA 8 Mbl JOKA3bIBAEM HUKHIOIO OIEHKY JJIsi HEBBIIOJI-
HUMBIX (HOPMYJI, TOIB3ysICh TexHuKoii u3 [BSWO01|, 3arem mokaspiBaeM, 9TO MOXKHO BBECTH HEKO-
TOPYIO HAJICTPOWKY HAJ, «IbAHBIMUY AJTOPUTMAaMU, KOTOPas JIUIIb YMEHBITAET BPpeMs PabOThI, HO
TapaHTUPYET, UYTO B TEUEHUU HEKOTOPOI'O KOJUYUECTBA TMEPBBIX [AT0B AJITOPUTM HE OOHAPYKUT HEBBI-
IIOJTHUMOTO JU3BIOHKTA. I[aﬂee MBI TTOKa2KeM, 9TO C 60.}'[])]].[0ﬁ BEPOATHOCTHIO YHCJIO BBITIOJTHATIOIIINX
mabopos y dyuxnuu [osgpeiixa MaieHbKoe, u ¢ DOJIBIIONH BEPOITHOCTHIO B Pe3y/ibrare paboThl HAT-
CTPOMKM OKAYKeTCd HEBBIMOJHUMAS (POPMYJIa, U MOXKHO OyJAeT TPUMEHUTH HUKHIOK OIEHKY JIJIst
HEBBITIOJTHUMBIX (POPMYII.

O6mmii mian J0KA3aTeTBLCTBA COBIAJAET C IJIAHOM, KOTOPBIH ObLT mcmonab3oBan B [AHIOS5| u
[CEMTO09], Ho nosiyumBIeecs: JOKa3aTeIbCTBO CYIIECTBEHHO TIPOIIE, YeM B YIOMSIHYTHIX BBIIIE CTa-
ThIX.

2 OcHoBHBIE omnpeaeeHnd 1 0003HAYEHUS

[TponozuiimonaabHOM MEPEMEHHONH MBI HA3bIBAEM MEPEMEHHYI0, KOTOpasi MPUHUMAET OJHO W3 JBYX
suavenuit 0 wan 1. JlurepasoM Ha3bIBAETCS MPOMO3UIMOHAJBHAS TIEPEMEHHAs WJIN ee OTPUITAHUE.
JIN3BIOHKTOM Ha3BIBAETCA JU3BIOHKINS JUTEepaioB. PopMysioii B KOHBIOHKTHUBHOW HOPMAJIBHOIT
dbopme (KH®D) nasbiBaeTcs KOHBIOHKIHST HECKOJIBKUX JAU3BLIOHKTOB. PopMmysa HasbiBaercs (hop-
mysoit B k-KH®, ecin B KaxKaplil ee qu3bIOHKT BXoAuT He Oosiee k smrepaios. Popmyia Ha3bIBa-
€TCs BBIMTOJTHUMOI, €CJIM CYIIECTBYET TaKas MOJICTAHOBKA €€ MepPEeMEHHBIM, MPU KOTOPOil 3HAUEHUE
dopmybr cranoBuTcst paBHbIM 1 (TaKyro MOJCTAHOBKY MEPEMEHHBIX Mbl HA3BIBAEM BBITOJTHSIFOIIM
HAOOPOM).

Muoxkecrso Bcex dyukunii uz {0,1}" B {0,1}" 6ynem oboznavars Fy. Juas kaxkmoit dyHKIN
f € &n n kaxpoit crpoku b € {0, 1} pasencrso f(x) = b moxuo 3anucars B Buje dopmyas B KHD
C TIPONO3UIUOHATBLHBIMI TIEPEMEHHBIME T1, . . . , L. Bysem obosnavars Takyro dopmymy @ r(z)—p.

Bo Bceit padore G(V, E) — 3710 aBymonbublii rpad, B KOTOPOM MOTYT ObITH KpPaTHBIE PEOpA.
Bepmmmmner rpada G pazbursr Ha ase gomm: X = {z1,z9,...,x,} © Y = {y1,y2,...,Yn}, 9UCIO
BEPIUH B KaXK 0 J0/1e paBHsiercs n. Bepmmabl X Mbl Oy/1eM HA3BIBATH BXOJAMU, & BEPIMTUHBI Y —
BRIXOmaMu. Kaxkaas BepIinHa n3 Y mMeeT CTeleHb d.



IIpennoxenue 2.1 (ouenka Yepuosa-Xoedaunra). [Ijs HE3aBUCHMBIX ¥ OJUHAKOBO PACIPe-
JeJIeHHBIX Cirydaitabix Beanand X, Xo, ..., Xy, takux aro X; € [0,1] u E[X;] = u, Beinonssercs

N ) ’
Pr{|Zg - u| > ¢} < 2e72n.

2.1 ®yuskuua lomgpeiixa

Tonzpeiix B [Gol00] mocrponst dbyukmio g : {0,1}" — {0,1}", 3asanuy0 ¢ MOMOLIBIO IBYI0JLHOTO
rpada G(V,E) u mpeaukara P : {0,1}¢ — {0,1}. Kaxmas crpoxa u3 {0,1}" 3amaer mekoTopoe
3HavYeHne Ha BXOAAX {Z1,Z2,..., Ty}, 3nadenne (g(z)); (j-it cumBoI cTpOKM ¢()) paccInThHIBAETCS
CAeyIomuM 006pa3oM: B BEPIIMHY Y; BXOAAT pedpa U3 BEPIIAH Lj,Tj,,--.,Lj,, Toraa (g(z)); =
P(xj,xj,,..., ;). MBI canTaeM, 9To B KazK/I0ii BEpIIHHE MHOXKECTBA Y 3a/1aH HEKOTOPBII MOPSIOK
Ha, BXOJAIUX pedpax.

Tlonppeiix mpejiarai UCMOIB30BATH CAYYAWHBIN MPEeIUKaT U rpadbl CO CBOCTBOM PaCHIUDPEHUS.

Bagauy obpamienust dpyHknmu g wa cTpoke b (T.e., ypasHenue g(x) = b) MOXKHO 3ammucaTh B
Busie bopmymst @y B d-KH®: kaxnoe paBencTso P(zj,xj,,...,x;,) = b; 3anuceiBaem ¢op-
vymoit B8 d-KH®, cocrosimeit n3 ne Gomee, uem 2¢ quzwionkros. st muoxectsa Beprmmu A C Y
Oymem 0b03HAYATE Uepe3 (I);;‘(:v):b’ nondopmyy @y (;)—p, KOTOPag COCTOMT U3 JUIBIOHKTOB, KOTOPbIE
COOTBETCTBYIOT BEpIIMHAM M3 MHOKECTBa A.

2.2 TI'padwi-pacmupuresin

[Tycrs G — 9710 ABYI0/IBHBI Tpad, BEPHIMHBI KOTOPOro pa3bursl Ha ase nqoan X = {T1,T2,...,Tn}
nY = {y,y2,...,yn}. Jara A C Y obosmaumm qepe3 ['(A) (mHOKECTBO coceneil A) MHOKECTBO
BepmuH n3 X, COEMHEHHBIX KaK MUHUMYM C OHO BeprmmHOoit u3 A, a 1epe3 §(A) (rpanuma A)
MHOXKECTBO BepIimH n3 X, KOTOPbIe COEMHEHbI POBHO C OJHOI BepIInHOil n3 A oM pedpoM.

Ounpenesnenne 2.1. I'pad G waswBaerca (r, d, ¢)-pacimpuresniem, ecim

e Crernenn Bcex BEPINWH U3 MHOXKeCTBa Y PaBHSIIOTCS d

o Jlnsa mo6oro muoxkectBa A C Y, |A| < r Bumosnuserca ['(A) > c|A|

I'pad G maswBaercs (r,d,c)-rpaHUYHBIM PACITUPUTEIEM, €CIU BTOPOE yCI0BHE (DOPMYIUPYETCs
TaK:

o Jlnsa mo6oro muoxkectBa A C Y, |A| < r Bumosnasercs 0(A) > c|A]

JIemma 2.1 (JAHIO5], memma 1). Kaxuwiit (1, d, ¢)-pacimpuress siBasieTcs rpaHnasbiM (1, d, 2c—
d)-pacimmpureiem.

Jlokazameavcmeo. Ilyers A C Y, |A] < r, rorma |['(A)| > ¢|A|. MuoxectBo pebep mexay A u
I'(A) moxno onenntsb Tak: d|A| > [6(A)| +2|T'(A)\6(A)| = 2|T'(A)| —|6(A)| > 2¢|A| — d(A). Unave
d(A) > (2¢ — d)|A|. O
JIlemma 2.2 ([HLWO06], siemma 1.9). Ilpu d > 32, mias 10cTarodHo GOIBIIUX 1 C BEPOSITHOCTHIO
0.9 coyuaitabiit 1ByI0/IbHBIN d-pery/sipubiii rpad, B KOTOPOM B J0/igX X u Y 1[0 M BEPINUH U I

KaxKJI0#1 BEpITUHBI W3 Y BBIOMPAIOTCS CAyYaliHBIM 00pa30M pPAaBHOBEPOSTHO He3aBucuMo d pebdbep
(mosTOpenust paspermaiorcs), sBagercs (157, d, gd)—pacmeHTeﬂeM.

n 1
Caencrsue 2.1. B ycmoBmax Teopembl 3ToT rpad aBagerca TpaHEYHLIM (157, ds 14)-
pacHmpuTeieM.

oxaszameavcmso. Crenyer uz jemmbr 2.1. ]



2.3 Aunaroputrmbl paciiernieHus

Iycts f € §, — Hexoropag dbymEKIma. 3agada serauciennsa f ' (h) SKBHBAJEHTHA HAXOMXKICHUIO
BBITIOJIHSTIONMEro Habopa dopmynbr @ ¢(;)—p.

MsbI paccMOTpUM ITUPOKUN KJACC AJTOPUTMOB IOWCKA BBITOJIHSIONEr0 HAOOpa — ajropur-
MBI, OCHOBAHHBIE Ha, PACIIETIIEHNN. AJTTOPUTM PACIIEIIICHNsT TAPAMETPU30BAH JBYMST 96PUCTUKAMU

(mpotemypamn):

e [Iponenypa A, koropas mo ¢opmyse B KHO® Brimaer ee mepeMeHHy0. DTO MepeMeHHas, M0
KOTOPO# OyIeT MPOBOAUTHCS PACIIEIIEHNE.

e IIponenypa B, koropas no ¢dopmyne B KH® u ee nepemennoit Boinaer 3nauenune n3 {0,1}.
D10 3HAUEHHE, KOTOPOE OYIEeT MOACTABIATLCA P PACHIEILIEHUN TTePBbIM.

AfropuTM MOXKET Tak»Ke WCIOIB30BATH HEKOTOPBbIE CHHTAKCUYIECKUE NPAGUAL YNPOULEHUA, TAKNIEe
paBuaa MoOryT 3aMeHsdATh (OpMy/y HAa SKBUBAJIEHTHYIO €l M JiejaTh TOJCTAHOBKHM 3HAYEHUil ee
epeMeHHBbIM, eCTM UX 3HAYeHNEe CEMAHTHYECKH CeAyeT W3 BBITOJTHUMOCTH (DOPMYJIBI.

AJropuT™M pacIIerniennst — 9TO PEeKYPCUBHBIN aJITOPUTM, KOTOPBIH TOIy9IaeT Ha BXO (MOPMYITY
(0 I 9aCTUYHYIO IIOJCTAHOBKY P

Anropurm 2.1. Bxom: dhopmyna ¢ u mOACTAHOBKA O

e YIPOCTHTH ¢ C MOMOIIBIO MPABUII YIPOIIEHHs (CINTAEM, UTO MPABUIA YIPOIIEHUS MEHSIOT (0
U p, TIPAYEM BCE TIePEeMeHHbBIEe, MOJICTABIEHHbIE TOJICTAHOBKO p YAAISIOTCS U3 (DOPMYJIBI ).

e Ecim dopmyna crama mycroii (T.e., Bce ee IN3BIOHKTHI BBIMOITHEHBI TOJCTAHOBKOM p), TO BbI-
nath p. Ecau dbopmyna comepKuT mycToil MU3bIOHKT (3aBEJI0MO HEBBIOTHEHHBINH ), TO BBIIATH
“opmysia HEBBITTOJTHIMA, .

o z;:=A(p)
o c:=B(p,z;)

e BamycTuTh alIrOpUTM PeKypcuBHO Ha (@[z; := c|,p U {z; := c}), ecim aqropuT™ BBITAJ HOJ-
CTAHOBKY, TO BBIJATH €€, B MPOTHBHOM CIIydae 3arycTuTh Ha (p[z; := 1 —c|, pU{z; := 1—¢}),
ecsu ObLIa HAITEYATAHA MOJCTAHOBKA, TO BBIJATH €€, HAYUE BHLIATH “DOpMYy/Iia HEBBITOJIHAMA .

Ounpenesnenne 2.2. «IIbsuabies agropurmer [AHIO5| — 910 Takume ajropurTMbl pacIienieHus, B KO-
TOPBIX 3BPUCTHKA A MOXKeT OBITH MPOU3BOJILHOI (arke HEBBIYUCIMMOI ), a 9BpUCTHKa B BRIONpaer
3HAYMEHNE MePEMEHHO PABHOBEPOSTHO CAydaiiHbIM obpazom. IlpaBusa ympornenms:

e [Ipasuno ydarenusa edunuunozo dudsronkma: eciu (popMyaa COAEPKUT TUIBIOHKT, B KOTOPOM
POBHO OJIMH JIUTEPAJ, TO CAEIATh TAKYIO MOJCTAHOBKY 3TOMY JIATEPAIy, 9TO0OBI BBITOJIHUTH
9TOT U3 BLIOHKT.

e [Ipasuno wucmoix Aumeparos: ecin (popMyaa COAEPKUAT JUTEPAJIBI, KOTOPBIE BXOJAT TOJTHKO
C TIOJIOKUTETBHBIM 3HAKOM, TO TIOJICTABUTH STUM JUTEpAIaM 3HadeHne 1.

B pazzene 3 Mbl mOKaXkeMm, 94TO MOYKHO CUNTATH, 9TO «IIbSIHBINY AJTOPUTM HE UCIOJJIL3YeT Iie-
peduc/IeHHbIe BBIIIE IPpaBUJa YIPOIIEHUd, UX KWCIOJIb30BaHUE BCErJga MOXKHO 3aMEHUTH Pas3yMHBIM
BBIOOPOM TIEPEMEHHO, TT0 KOTOPOU PaCIIeILIAThHCH.

Bpemenem paboThl aaropuTMa pacIienaeHns OyAeM CUUTATh KOJUIEeCTBO PEKYPCUBHBIX BBI3ZO-
BOB.



3 Yto M0kHO 3P PEKTUBHO pemiaTh «IIbAHBIMIY AJTOPUTMAMM !

B stom pazmese Mbl TOKaXKeM, 9TO «IIbsIHBIEY AJTOPATMBI MOTYT HE WCIO/IH30BATH TPABUIA y/IajIe-
HUST eMHIIHOTO JU3bIOHKTA U MPABUIO YUCTBIX JIUTEPAJIOB, IPU 9TOM BpeMsi PAOOTHI AJITOPUTMOB
YBEJIUYUTCS HE CUJIBHO. 3aTEM TTOKAYXKEM, UTO CYIIECTBYET «IbsIHBIMY aJITOPUTM, PEIIAIONIUil BBITOJI-
HUMBIE TIeUTUHCKTE (DOPMYJIBI 38 MOJUHOMHUAIHHOE BPEMSI.

Mpengmoxkenne 3.2. Iaa mob0oro «mbaHOrO» aaroputva A CyImecTByeT APYyroi <«IbsHBIHY aJl-
roput™M B, KOTOpPBIil HE HCIOIb3yeT MPABUIO YIAAJCHUS eJIMHUIHBIX TU3BIOHKTOB U BpeMs PabOThI
KOTOPOTro Ha JII0DOM BXOJie Pa3Be 4TO B N pa3 OoJibIlle, TJie 1 — 3TO YUCJIO ITePEMEHHBIX B (hOpMyJIe.

oxaszameavcmeo. Kak Toapko B (hopMysie 06pa30Bajcs eIMHNIHBIN JU3BIOHKT, aJATOPUTMY B cite-
JlyeT TTPOU3BECTH PACIIENJIEHNE 0 IEPEMEHHOI 13 3TOro An3biorKTa. OHa U3 BETBE PaCIIenIeHust
cpa3y Ke MpUBeeT K HEBBIMOJHUMON (opMyJie, a Ipyras BeTBb OYJET TOYHO TAKOil XKe, KAK U Ipu
MMPUMEHEHNN TPaBUIa eIUHUIHOTO U3 HIOHKTA. U

Ipeagoxkenune 3.3. g m060r0 «IBIHOTO» AATOPUTMa A CYIIECTBYET JAPYTOH <«IbSIHBINY AJl-
roputM C, KOTOPBIIl HE HCHOJB3YET HU MPABUIO YIAJEHUS IUHUIHBIX JU3HIOHKTOB, HU MPABUIIO
YHCTHIX JIUTEPAJIOB, BpeMsl paboThl KOTOPOTo Ha JI060M BXOJe pa3se uTo B n° pa3 60oJIbIIe, e n —
9TO YUCIO TEPEMEHHBIX B (hOPMY.Ie.

Zoxazameavbcmeo. 3aMeTUM, ITO MPUMEHEHNE IIPABUIA YHCTHIX JUTEPAJJIOB COOTBETCTBYET BBIUEp-
KUBAHWIO HEKOTOPBIX AU3BIOHKTOB u3 (popmysibl. [losToMy HA HEBBITOJHUMBIX (DOPMYJIaX TPABUIO
YHCTBIX JIUTEPATIOB MOYKHO TPOCTO HE TPUMEHATH (IM3BIOHKTHI U3 (DOPMY/IBI HE BBIYEPKUBATH, a
npocTo CuuTaTh, 9To WX Her). Ha BRIMOIHNMBIX (OPMYIaxX BO3HUKAET JONOJHUTENLHAS MPOOIe-
Ma: B UTOTE MOYKET OKA3aThCs BBIMOJHUMAs (DOPMYJIa, KOTOPAS MOJHOCTHIO YIPOIIAETCS C ITOMO-
IIIBIO [TOC/IeS0BATEILHOI0 IIPUMEHEHHS IPABII YNCTHIX JTUTEepaaIoB. PaccMoTrpuM hopMmyiry, KOTOpas
YTIPOIIAETCS 10 MyCTOi (T.e. BBITOJIHUMOI) (hOPMYJIBI TTOCTE0BATETHHOCTHIO TPUMEHEHU T TTPABUIT
YHUCTBIX JUTepaaoB. IlycTh 9T0 mocienoBaTebHOCTD JIUTEPAIOB l1,1ls, ..., Iy, TIe IpuMeHeHne mpa-
BUJIA YUCTBHIX JIUTEPAJIOB B YKA3AHHOM TMOPSIKE K JUTEpasay l; ymanser n3 (OPMYJIbl MHOXKECTBO
m3bIoHKTOB C;. IlycTh m — 3T0 4mcao mepeMeHHBIX B Tekyieil bopmyne. Uuaykmueit mo ¢t + m
MTOKAYKEM, YTO MOYKHO M30aBUTHCA OT MPUMEHEHUsI MPABUJI YUCTHIX JUTEPAIOB. Baza WHIyKInn
m + t = 0. UagykmumonHaslil mepexom. PaccMoTpuM HemycToe MHOXKECTBO an3bioHKTOB (. IlycTh
X — 3T0 MHOYXKECTBO TEPEMEHHBIX, BXOASIINX B AU3BIOHKTH Cp, OTJIMIHBIE OT MEPEMEHHBIX JIV-
repasa l;. PacemorpuM nBa ciaydad: B mepsoM ciaydae X = (), Torma Bce mu3biOHKTHI Cj — 3TO
eIMHUIHBIE JU3bIOHKTHI C JUTEPAIOM [;, TOrAa K (popMyse MOKHO NPUMEHUTH MPABUIO YIAJIEHUA
eIMHUIHOTO IU3BIOHKTA U (hopMyJia OyIeT yIpomarsCa ¢ MOMOIILI0 ¢ — 1 mpaBuia IUCTHIX JIUTEPa-
JIOB, 3HAYUT MOKHO BOCIIOJIL30BATLCA MHIYKIMOHHBLIM IIpenoIoKeHrneM. Bo sTopom ciaydae X # (),
TOT/Ia C/IeIaeM MOJACTAHOBKY MEPEMEHHON n3 MHOXKecTBa X (3aMEeTHM, 9TO MePEMEHHbIE MHOKECTBA
X He MOryT TepeceKaThCsl C TePeMEeHHBIMHU, COOTBETCTBYIOIUMU JuTepanaM [q,lo,...,1;). Tlocme
TaKOW TOACTAHOBKU (DOPMYJIa BCE PABHO YIPOIIALTCS MPUMEHEHUEM i MPABUI YUCTHIX JUTEPAJIOB,
HO YHCJIO BXOISIIUX B Hee MePpEMEeHHBIX Ha 1 MEHBIIE, T.€. MOXKHO BOCIIOIb30BATHCI MHIYKIIMOHHBIM
MIPEIITOIOKEHUEM.

Taxum 06pazoM, MbI H30ABUINCH OT MIPUMEHEHNS IIPABUI YNCTHIX JATEPAJIOB, CIEJIaB MAKCHMYM
7, TIOZICTAHOBOK B KaK10i (popMmysie, B KOTOPOI BBIMOIHSIONINI HAOOD OBLI HAllIeH IO CPeICTBaM
IPUMEHEHUsI IPABUJ YUCTBIX JUTepaaoB. OcTamoch n30aBUTHCA OT IPUMEHEHMI TPABUJI YIAJIEHIS
eIMHUYHBIX JU3bIOHKTOB M0 MPEII0KEHUI0 3.2. O

lamee MbI OyIeM CIUTATH, UTO «IIbSHBIE» AATOPUTMBI HE UCIOJIB3YIOT TMPABUIA YIPOIIEHUS, &
Ipyr HEOOXOAUMOCTH MOJEIUPYIOT UX.



[Tokaskem, UTO «IObAHBIE» AATOPUTMBI OBICTPO PEIIAIOT BBIMOJTHUMbBIE TEHTHHCKUE (DOPMYJIBL.
[leiiturckast bopMy/ia CTPOUTHCA MO MPOCTOMY CBs3HOMY Heopuentuposanuomy rpady H(V, E),
CTemeHb KOTOPOr0 OrpaHWYeHa KOHCTAHTOW d, KaxKaoMy pebpy e € E COOTBeTCTBYET TepeMeHHast
Pe, ectb dyukiys f : V — {0,1}, aus kaxzoit Bepmuabl v € F 3anmnckiBaercst dhopmysna B KHD,

KOJMPYIOIIAST &b Pluw) = f(v) (® ncmombayerca a1st 0603HATEHIA CyMMBI IO MOTYTIO 2).
ueV:(uw)eE

Koubroukmust stux (opmysn HasbiBaercs meituackoit dopmymoit. Ecim @ = 1, To neiiturckas
VEV
dbopmyna weBbmomaNMa. [eficTBUTELHO, JOCTATOYHO MTPOCYMMHUPOBATH (10 MOJIYJIIO /IBA) BCE pa-

BEHCTBA, KOTOpBLIE 3aIMCAHBI B BepmmHax u moayuntced 0 = 1, MOCKOMBbKY KaKaas TepeMeHHasd

Oyzer BCTpedarhess POBHO ABa pasza. Ecm @) = 0, To neiiturckast bopMysia BBITOJTHUMA: TIPUCBOM
vev
BCeM TiepeMeHHbIM 3HadeHuns (, paBeHCTBA He OyIyT BHIMOJHATHCA B YeTHOM dYucje BepinuH. Pac-

CMOTPHM JIBE BEPIIWHBI, B KOTOPBIX He BBITIOIHSIIOTCS PABEHCTBA, U 3aMEHNM 3HAYEHWST TTePEMEHHBIX
Ha TPOTHBOIOJIOXKHBIE BJIOJb MYTH MEXKY STUMU JIBYMsI BEPIIMHAMHU. 3aMETHM, UTO IMOCJIE TaKOi
oTepaIyy YUCI0 BEPIIUH, B KOTOPBIX HE BBITIOJIHSIETCS PABEHCTBO, yMeHbIuTCst Ha, 2. Ocrasock mo-
BTOPUTH ITY OMEPAIINIO, TOKA PABEHCTBO HE HAYHET BBITIOJHSITHLCS BO BCeX BepinuHax. s rpados
CO CBOWCTBOM PACIIAPEHUS AJTOPUTMBI PACIIEIICHNsT pabOTAIOT HA HEBBITOJHUMBIX MEHTUHCKIX
dbopmynax srcmonentmaabHoe Bpems [Leii68, Urq87| (dbopmambao 9T0 caeayer m3 HUKHEl ONMeHKH
HA Pa3Mep PEe30JIIONUOHHBIX JTOKA3ATETbCTR).

Beimostanmebrie 1eiituHCKHE POPMYIIBI MOTYT OBITH OBICTPO PEIIEHBI «IbAHBIMUY AJTOPUTMAMUI
caeAyoomuM 0b6pa3oM: OyIeM CINTATh, UTO MOJACTAHOBKA MEpEeMEeHHO B hopMy Ty yaaider u3 rpada
coorBercrByiomiee pedbpo. Iloka B rpade ecTb MUKIBI, «IbAHBINY AJITOPUTM OymeT BuIOMPATH I
paciierieHust pedpo w3 MUK/Ia. 3aMeTHM, 9TO MOC/Te KaXKIOH TaKoil MOJCTAHOBKU TeKyIas (hop-
MyJIa OCTAETCsl BBITIOJHUMOMN TefiTurckoil (nmpu nmogcranosku 0 hyHKIMIO f MeHATH He Ha/I0, a npu
nojcTanoBke 1 byHKIMIO f HYKHO TIOMEHSITH B JBYX TOYKax). Ecau rpad cran mepeBoM, TO OH CO-
JIEPKUT BUCAIYIO Bepiuny (Bepmuny crenenn 1), a hopmysia, COOTBETCTBYIOMAS BUCSTIEil BEPITUHE,
obpa3yer eIMHUYHBIN AU3BIOHKT. Jlambine hopMysia penaercs: moc/aIe0BaATeIbHOCTHIO TPUMEHEHT T
NpaBU/Ia YAAJEHUS eNHIIHOTO U3 BIOHKTA (0T KOTOPBIX MOYKHO N30aBUTHCS MO MPEIOKEHNIO 3.2).

4 TloBegeHue «IIbSIHBIX» AJTOPUTMOB HA HEBBIITOJHUMBIX (DOPMYJIax

[ToBeerre aJirOPUTMOB PACIIEIIEHNsT HA HEBBIMOJHUMBIX (POPMYJIaX TECHO CBSI3aHO C PE30JIIOIU-
OHHOfI crcTeMOil JjoKazareahLCTB. Pe3osioinonnas crucremMa J0Ka3aTebCTB TpegHa3HaveHa Jiisi J0-
KazaTeabCTBa HeBbIMOTHUMOCTH (hbopmyssl B KH®. JlokazaTeabCTBOM HEBBITOJHUMOCTH (DOPMYJIBI
(0 B PE30JIIOIIMOHHON CHCTEME SIBJISIETCS IT0C/Ie0BATENLHOCTh JM3HIOHKTOB, 3aKaHYNBAIOIIASICS 1Ty~
CTBIM JIU3BIOHKTOM, KaXK/IbIil U3 BIOHKT ABJISIETCS JTUOO TUIBIOHKTOM (POPMYJIBI (0, TUOO 0Ty IAeTCS
73 TPEeBIIYINNX 0 TPABUIY Pe30oJionuu. [IpaBuio pe3o/onun mo3B0IgeT U3 Mapbl JU3bIOHKTOB
(LiVigV---Vip) u (I3 VI,V --- V1), tae I, = =iy, Beisectn qusbionkT (1 V- Vi1 VI[V---VIL ).
JlokazaTepCTBO HA3BIBAETCS JIPEBOBUIHBIM, €C/IW KAaKbIN BBHIBEJEHHBIN TU3BIOHKT MCIOTB3YeTCd
KaK MOCHhLIKa IpaBuia He 0oJiee 0JHOro pasa.

[To paboTe /1I060T0 «IIBIHOTO» AATOPUTMA HA HEBBITIOJHUMOM (DOPMYIIe MOYKHO TOCTPOUTH JIEPEBO
pacrerierus. Bepruusl qepesa moMedeHb mepeMeHHbIMY, TI0 KOTOPOit TPOU3BOAUTCS PACIIEILICHTE
B 9TOii BepInHe, M3 KayK 01 BEPIIUHBI (KPOME JINCTHEB) UCXOAUT JIBA pedpa, OJHO W3 HUX MTOMEYEHO
suagennem (), apyroe 3uadenvem 1. B KaxX0M w3 JUCTHEB ONMPOBEPraeTcd KaK MUHWUMYM OIUH W3
IU3BIOHKTOB UCXOMHOM (opMmysibl. Pa3mep gepesa paciierieHuit — 970 BpeMsa pabOThI «IIbTHOTO»
agropurma. Muayknueir mo pa3mepy IepeBa JIerko MOKa3aTh, YTO €CJAN y HEBBIIOJHUMON (hopmy-
JIBI ( €CTh JIepeBO pacIlerieHnit pazMepa k, TO MOXKHO TOCTPOUTDH JIPEBOBUIHOE DPE30JIIOIMOHHOE



JIOKa3aTeNbCTBO ¢ pa3Mmepa k. Baza wmHAyKIUM oveBUIHA, TAK KaK, €CJU JIEPEBO COMEPKUT OJHY
BepIuHy, TO (opMysIa 00si3aHa COMEPXKATH IMyCTON MU3BIOHKT. I WHIYKIIMOHHOTO MEePexoia 3a-
METUM, 9YTO JIEPEBO 0OSI3aHO COMEPKATH JBA JINCTA ¥ U ¥, y KOTOPHIX €CTh 001l poaurens w. Ilycrs
pacIenjiene B BEPITMHE W MTPOBOINJIOCH TI0 TIEPEMEHHON Z;, W JINCT U COOTBETCTBOBAJI TTO/ICTAHOBKE
z; := 1, a v moncranoBke z; := (. Torga AM3BLIOHKTHI, KOTOPBIE OMPOBEPTAIOTCI B BEPIMUHAX U W
U COZEPIKAT TTEPEMEHHYIO I; ¢ PA3HBIMM 3HAKAMH, a WX PE30JbBeHTa (PE3y/abTaT MPUMEHEHWs! TTpa-
Buta pesosmonun) C' obst3ana onpoBeprathest B Bepiruae w. COCTaBUM HOBOE JIEPEBO PACIIETLICHU
caeayomuM 06pa3oM: OT CTaporo OTPEXKeM JIMCThsl U U U, a B BEPIIUHY w 3amuiieM Iu3bioHKT C.
[Tonyumniock KOppeKTHOE IEePEeBO PACHIEIICHUN yiKe [Jist APYroit hOpMYJIbl, KOTOPAs MOJTYIaeTCs
73 UCXOHON 100aBIeHIEM PE30JIBBEHTHI JIJId JIBYX AU3IbIOHKTOB. K MOy InBIIEMYCs IepPeBy MOYKHO
NPUMEHUTH MH/YKIIMOHHOE TIPENO/I0Kenne (YMCI0 y3/10B IePeBa yMEHbITHIOCH). Takum 00pazom,
MBI TIOJIy4YaeM CJIeIyiolnee yTBepK/IeHue:

IIpensoxkenue 4.4. Bpemsi paboThl «IIbSIHOT0» AJTOPUTMA HA, HEBBITTOJTHUMON (hOpMYyJie HE MEHBb-
nre, 9em pasmep (KOJMIECTBO U3 BIOHKTOB) KPATYANIIErO APEBOBUIHOIO PE30TIONMOHHOTO T0Ka3a-
TEJLCTBA.

Ben-Cacon n Burgepcon B [BSWO01] Boggr nonsirue mupuast. Ilupuna an3bioHKTa — 3T0 KOJIH-
vecTBO JiuTepasoB B HeM. [[lupuna dpopmysnsr B KH® — 310 mupuHa caMoro mmpoKoro Ju3bIOHKTA.
[MMupwHa pe30/IOIMMOHHOTO JOKA3ATEIHECTBA (POPMYIIBI — ITO IMIUPUHA CAMOTO IITUPOKOTO TN HIOHKTA,
BXOJISIIIIETO B HETO.

Teopema 4.1 ([BSWO01], cneacrBue 3.4). Pasmep ApeBOBHIHOTO PE30JIIOIMOHHOTO JTOKA3ATE b
crBa POPMYJIBI ¢ HEe MenbIne, dem 2 "¢ rae w — 3TO MWHUMAJbHAS ITUPUHA, PE30JIIOIHOHHOIO
JI0Ka3aTeabCTBA @, & W, — ITO MHPUHA ¢ (IIMPUHA CAMOTO ITHPOKOTO JH3bIOHKTA).

[Tycrs G — 310 rpanngnsiii (7, d, ¢)-pacmmpurens. C kax 0t Bepmuaoi MHOKeCTBA, X OTOXK 16
CTBUM IIPONO3UIIHOHAIBHYTO IepeMennyio. IlycTs Kaxk1oit BepmmiHe y; MHOXKeCTBa Y coIlocTaB/IeHa
dbopuyma B KH® ot mepemeHHBIX, CMEKHBIX C 4;. Obo3HaumM (OpMYyIIy, CTOAIIYIO B BEPIIHHE Y;
gepe3 ;. O49eBUIHO, UTO IIMPHUHA KasKJI0r0 JU3BIOHKTa (hOPMYJIE! (0j He IpeBocXomuT d. Popmyiry,
COOTBETCTBYIOIIYIO BCeMy MHOXKecTBY Y, obozHaunm 33 ®. s muOXkecTBa A C Y KOHBIOHKIIWIO
(bOPMYIT, COOTBETCTBYIONINX BEpITHHAM 13 MHOKecTBa A Gymem obo3madtars $4.

Bynem roBoputh, 9T0 mIepemMeHHad IyBCTBUTE/IBHA It (DOPMYJIBI, €CIU 3aMEHOH 3HAYEHUS dTOMH
epeMEeHHON MOYKHO TIOMEHsITh 3HaueHne (POPMYJIbI Ha MPOTUBOIOJIOXKHOE ITpu JTI0O60M (DUKCHPOBAH-
HOM 3HAYEHUW OCTAJIHHBIX TEPEMEHHBIX.

Teopema 4.2. Ilycts Kaxkgas ¢popMyIa @; COAEPXKUT He Ooiee k HETyBCTBUTEILHEIX ITepeMeHHBIX.
[Iycts p Takast vacTudHas MOICTAHOBKA IMEPEMEHHBIM n3 X, 4TO

o ®opuyna P|, HeBBITOAHIMA

e Jlna moboro muoxecTsa sepmma A C Y, Takoro, uro |A| < &, dopmya '1)|;1 BBITIOJTHAMA,

(e—k)r
Tora s1r060€ pe3o/moIIoHHOe JOKA3ATeILCTBO (hopMy.Isl §|, MMeer mmpuHy Kak MUHEMYM ~—r —

lpl.

oxaszameavcmeo. Paccmorpum mepy ben-Cacona-Buraepcona, KoTopast ompeie/ieHa Ha T3 BIOHK-
Tax PEe30JIIOIMOHHOrO J0KazareabcTBa dhopmynsl |, (D) — 310 pasmep MHHHMAILHOTO HHCIA
Takux BepumH A, uTo u3 dbopmyisr &4 p CEMAHTHYECKN CJIeJlyeT MU3bIOHKT D (9T0 03HAYAeT, ITO
J11000#1 BBITIOJTHATONTHIT HAOOP (DOPMYJIBI ©A| p SABJISETCA BBITOJHAIOMIIM HaOOPOM /IS I3 HIOHKTA



D). Mepa p ob1aaer moayaJiuTHBHOCTBIO, T.€., €CJIU IU3bIOHKT D MOJTydIaeTcs MpUMeHEeHUeM Tpa-
Buta pesosmorym u3 qu3bioakToB C1 u Co, 1o pu(D) < p(C)+p(Cs). Tlockonbky st moboro A C Y,
a1 Koroporo |A| < 5, dbopuyna '1)|;1 BBITIOJTHEMA, TO Mepa, IMyCTOro AU3LIOHKTa He MeHbime 5. I3
NOJTya IIMTUBHOCTHU CJIEYET, 9TO B JIOKA3ATEIbCTBE CYMECTBYET MU3BLIOHKT O, JIsi KOTOPOTO BhBI-
nonugerca 5 > pu(C) > 7. Ilyers A — 970 MEHEMATLHOE MHOXKECTBO BEPIINH, 9TO U3 (hOPMYJILI <I)|;‘
cemanTuaeckn ciaepyer guzbionkT C, me. |[A| = p(C) > 1. B rpade G somonnsercs: 6(A) > c|A|.
d(A) — 3T0 MHOXKECTBO MEPEMEHHBIX, KOTOPbIe BXOJIAT POBHO B OJHY (hopMy/Iy u3 MHOKecTBa A. U3
HUX He MeHee (¢— k)| A| nepeMeHHBIX, KOTOPBIE SIBJISTIOTCST 4y BCTBUTEILHBIME JIJIst XOTsI OBl OJIHO# 13
BepiH MHOKecTBa A. B dbopmyrny P| ;‘ BXOJUT Kak MuUHUMYM (c—k)|A|—|p| ayBCTBUTETIBHBIX TIEpE-
MeHHBbIX. [TokaxkeMm, 9To B Au3bIoHKT C' BXOAAT BCE YyBCTBUTEILHBIE TTepeMeHnbie. J[eficTBUTe hHO,
eC/I 9TO He TaK, TO HaifeTCsl IepeMeHHasi £; TyBCTBUTeNbHAS [JIs BEPIIMHBI v € A, KoTOpas He
BxoauT B qu3bIoHKT C. Pacemorpum muOXKecTBO A \ {v} M3 HEro ceMaHTHUYECKN HE CJIEIYET JIU3b-
1oHKT C') 3HAUNT CYIIECTBYET TaKOe 3HAYEHUe TTePEeMEeHHBIX, TIPH KOTopbix Bee dopmynbl 13 A\ {v}
uctunHbl, a C 10xH0. Ho 3aMeHOil 3HAYMEHNS IepEeMEeHHOil £ JIErKO CeNaTh, YTO0bI Bce (DOPMYIIBI
u3 A 6buin 0wl uctuaHb, a C J0XKHO, TpoTuBOpeune ¢ Tem, uro C' cemanTuyecku ciaegyer w3 A. [

(c—k)r Al
Canencraue 4.1. Pasmep nepesa pacmerutennii aiast popmymsr ®|, me Memnbire 27 4 lp|—d

Zoxaszameavemso. Chenyer uz teopembl 4.2, reopembl 4.1 u npemioxenust 4.4. ]

5 IloBeneHWe «MIbAHBIX» AJTOPUTMOB HA BBIMOJHUMBIX (bopMyJ1ax

5.1 3ambikanue
[Iycrs rpad G — ABymosbHBIN rparudHblii (1, d, ¢)-pacmupurens. [Iycrs ¢ > k + 1.

Onpenesnenune 5.1. Ilycts J C X, muoxkecTBo Beprmma I C Y OyraeMm Ha3bBaTh k-3aMBIKAHUEM
MHOKECTBa J, €CJIN CYIECTBYET TaKas KOHEYHAS MOCIeI0BATEILHOCTh MHOXKeCTB 1, I, .. ., I, (060-
saanM Cp = Jy<;<p o, Co = (), 9T0 BBIIOHAIOTCA CIEAYIOIIIE CBONCTBA:

e [ CYnO0<|[|]<§mmascex 1<L<m

o ;NI =0 nnstBcex 1 < 4,5 <m

6(I) \ (P(Co) UT)| < (1+ k) ] ot neex 1< 0 < m
o qnaBeex I' CY \ Gy, ecmm 0 < |I') < &, 10 [6(1") \ (T(C) UJ)| > (1 + k)T
o I=Cp

MHoxecTBO Beex k-3ambikanmii Maoxectsa J 6ymem obosmadars CIF(.J).

JIlemma 5.1. (1) dasa aro6oro muoxkecrsa J C X cymecrsyer k-3aMbIKanue.
(2) Hycts J; C Jo, Torma s moboro I € CI¥(Jy) cymectsyer I € Cl¥(J;), uto I C I,

Joxasameavemso. (1) k-3aMblkaHme MOXKeT OBITH TOIYYIEHO KaK pPEe3yJabTaT pabOThI CJIEYIOIIEro
anropurma C na sxome (J, ().

Agaropurm 5.1. Anropurm C(J, 1)
1. I := Iy (nepemennas I ob6o3HATAET HEKOTOPOE TOJIMHOKECTBO Y')

2. Tloka cymecrsyer I' CY \ T, aro 0 < |I'| < &, |6(I") \ (T(I) U J)| < (1 4+ k)|I'|
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o [:=TUT
3. Brigars 1.

(2) Hycrs I, € CI¥(Jy), Torma moxuo noayunts Iy € CI¥(Jy) Kax pesyiparar paGoThl aIroOpHUT-
ma C ua Bxoge (Ja,11). pu srom I; C Is. O

JIemma 5.2 ([AHIOS5]). Ilycrs |J| < w, Torya st moboro muoxkectsa I € CIF(.J) Bwimon-

asaercs nepaserctso |I| < (¢ —k —1)71]J|

Zoxaszameavemso. Ot nporusuoro. [lycrs Iy, Io, ..., I, — 9T0 MOC/I€I0BATEIHFHOCTE, COOTBETCTBY-
tomag k-3ameikaauio I, Cp = Jy<;<;p. IlycTb ¢ — 9T0 HamMeHbINee YHCIO TIPU KOTOPOM BbI-
nonmsiercss mepasenctso |Cy| > (¢ — k — 1)~![J|. torma |Cy| < (¢ — k — 1)7'|J] + & < r. Torma
|0(Cy)| > c|Cy| > ||+ (k+1)|Cy|. Manykumeii o £ moxHO nokazars, uaro |§(Cp) \ J| < (k+1)(|Cyl),
KOTOpPOe MPOTUBOPEYHUT TOYIeHHOMY paHee HepaeHCTBY mpu | = t. [Ipu [ = 1 yrBepxkaenue cie-
ayer u3 toro, uro [0\ J| < (k+1)|[I1|. [6(C)\J| < [0(L1U---ULp 1)\ J|+|0(L) \ (JUT(Cr_1))| <
(k + D((|Ce=1])) + (k + 1)[Le|.

O

5.2 Hanacrpoiika Haa «ObIHBIMI» AJITOPUTMAaMU

Bymem cumTarh, 9TO BO BpeMsl CBO€il pabOThI «IbAHBIN» AJITOPUTM CO3AET IEPEBO PACIIEILICHUSI.
B camom mauwase co3maercs KOpeHb JepeBa u o0bsaB/IsieTcs TeKyieit seprunoii. Kaxkmoit Bepmmme
JlepeBa COOTBETCTBYET TeKyIas (popMysia, KaxKI0oMy pedpy COOTBETCTBYET MOACTAHOBKA OTHOI me-
pemennoii. [IyTh 0T KOpHST 10 BEPIUHBI 33aeT YaCTUIHYIO MMOJCTAHOBKY, KOTOPas COOTBETCTBYET
00beMHEHNIO BCeX MOACTAHOBOK BIOJIL pebep 3Toro myTu. Tekyimass BepIinHa gepeBa 00baBIAeTC
JIICTOM, eCii OO0 TeKyImast (hOPMyJ/ia y?Ke BBIOJIHEHA (T.€. BBINOJHEHBI BCE €€ U3 bIOHKTHI), JIN-
60 dopmysia COMEPKUT MyCTON AUIBIOHKT, T.. TEKyIad (POPMy/Ia 3aBeIOMO HEBBIMOIHUMA. Ecim
HalileH BBIIOJIHAIONMI HaO0p, TO AJCOPUTM OCTAHABINBAETCS W BBITAST HANIEHHDBINA BBITOJIHSIIO-
mmit zabop. Ecim Tekyras BeprmHa — 9TO JIUCT C HEBBITOJIHUMOM (DOPMYJIOi, TO aJArOPUTM HIIET
OIMKAMIIYIO HA IIyTH OT KOPHS JE€PEBa, 10 STOTO JIUCTA BEPIIHHY, B KOTOPOl CTOUT TOYKa BO3BPATA
u Jes1aeT ee Tekyineii (B 3ToMm caydae OyieM rOBOPUTH, 9TO ajJrOPUTM cosepuwaem 6o3spam). Ecan
BEpPIINHA C TOYKOW BO3BpAaTa Ha IIyTU OT BEPIIUHBI 10 KOPHS He Hail/leHa, TO aJI'OPUTM OCTaHAB-
JINBAETCA U BBIIAET OTBET «(OPMy/ia HEBBIMOJIHUMAY. ECanm ke B TekyIeil Bepiune popMmysa He
ABJIIETCA TPUBUAJIBHO BBIIIOJHEHHOU WJIM HEBBINOJIHEHHOW W B BEPIIWHE HE CTOUT TOYKHU BO3BPATA,
TO AJITOPUTM BBIOMPAET TEPEMEHHYIO [IIsi PACIICIIEHUS W 3HAYEHWE I PACIIEIIeHns, CTABUT B
TEKYIIYIO BEPIMHHY TOYKY BO3BPATa W CO3TAET IMOTOMKA, COOTBETCTBYIOIIEr0 BHIOPAHHON MmomcTa-
HOBKW, TEKYIIEl BEPIIMHONW CTAHOBUTCS CO3JAHHBIN MOTOMOK. KC/n ke B TeKyIeit BEepIuHEe CTOUT
TOYKa BO3BpaTa, TO aJI'OPUTM CHUMACT 3Ty TOYKY BO3BpaTa U CO34aeT II0OTOMKA, COOTBETCTBYIOILY IO
TOW MOACTAHOBKE, KOTOpad elle He Jesaach B TeKyIlleil BepInHe.

Mpgr omuriemM HaJACTPOIKY HAJL «ITbSTHBIMIUY AJITOPUTMAME, KOTOPas OyaeT HEMHOTO MOIU(UITUPO-
BAaTh €ro mopejeHne Ha GopMyIe <I>g(x):b epBble HECKOJIBKO IITAroB aJroOpuTMa, HOTOM HAJICTPOUKA
peKpaIaeT padoTaTh W AJTOPUTM TPOJOKUT paboTarh B 00bIdHOM pekmmve. Mbl rapanTupy-
eM, 4To BpeMs pabOThl AJrOPUTMa C HAJICTPOIKoN He yBenmumBaercs. (Ilociemnee yTBep:kienme
HE OYEHb TOHSATHO B CAyYae, KOT/A Pedb UIET O BEPOSTHOCTHBIX AJrOPUTMAaX. B Hamem ciaydae
MIPOUCXOIUT CJIEIYIONIee: UCXOMHBIN AJTOPUTM HCIOJB3YeT P CAYYANHBIX OUTOB, a aJCOPUTM C HAI-
CTPOIiKOit q, Te ¢ < P, TOTHA JjIsd KaXKJAOW CTPOKHU I CAyYIAfHBIX OUTOB JIUHBI ¢ MOXKHO yKa3aTh
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2P~9 cTpoK caydaliHbIX OUTOB JIJIMHBI P TaK, YTO BpeMs PADOTHI UCXOIHOTO aJITOPUTMA HA, ATUX CTPO-
KaxX He MeHbIle BPEMEHU PabOThI aJrOPUTMa C HAJCTPONKON Ha CTPOKe r, KPOMEe TOr0 yKa3aHHOEe
COOTBETCTBHUE TOKPBIBAET BCE CTPOYKHU JIJTHHBL P.)

Hagcrpoiika XpaHUT CBOIO 9aCTUYHYIO MOJACTAHOBKY 7, €CJIM MOJCTAHOBKA, 7 MOCTABJISET HEKO-
TOpOE 3HAYEHNE TEPEMEHHOM I, TO MePEMEHHYI0 & MbI Ha3bIiBaeM @opcuposanmnot. Ecin «ubsaHbIity
AJITOPUTM OyIeT THITATHCS TOACTABUTEH 3HAUYeHNe (DOPCUPOBAHHON MEPEMEHHON, OTJIMIHOE OT 3Ha-
YeHHUsl, KOTOPOe MPUCBAMBAET €if 7, TO HAJICTPOIiKa He JaeT eMy 9TO caenaTh. Apyruvu cioBamu u3
JlepeBa PaCIenyieHnst 0TPE3AeTCsl MOIIEPEBO, MPUYIEM Mbl TAPAHTUPYEM, UTO OTPE3AETCS TOIepe-
BO, COOTBETCTBYIOIAsT HEBBITIOJHUMOM (hopMysie, T.e. APyroe 3HAUEHUE TEPEMEHHOM aJrOpUTMy BCe
PaBHO HY2KHO ObLJIO ObI MOACTABIITHL. KpoMe TOro rapanTupyercs, 9To 1moka paboTaeT HaACTPOIKA,
aaropuTM He OYJIET COBEPINATH BO3BPATORB (T.€. BCE BO3BPATHI MOMALYT B OTPE3AHHBIE TOIJEPEBH).

Onumem GopMaIbLHO HAITy HAIACTPONKY. IlycTh «nbsgHbIiy» aaropurMm A moaydaer Ha BXOJ BbI-
noHnMyio opmyny @y, G — 310 rpanmuHbIi (1, d, ¢)-pacmmupuTeTh, k — 3TO KOJIMYECTBO
HEUYBCTBUTEIbHBIX TIepeMeHHbIX mpeaukata P, k+ 1 < c.

1. J:=0,T:=0 (scerma sumonnsercss I € CI¥(J)), p:= 0 (rexymas mojcranopka)
0

2. m:=0 (r.e. uHu oxHA TEpeMeHHAs He ABJTeTCsT (POPCUPOBAHHOI!).

3. Tloka |J| < % u |p| < n BBIIOJHATH

(a) Ecmum amropurm A cobupaercs 3aKOHUYNTH pabOTy WM COBEPIIUTH BO3BPAT, TO BLIATH U3
KA.

(b) ITycrs A BbIOMpaeT mepeMeHHYIO £ JIsi PACIIETLIEHMS.

c) Eciu nmepemennas x; aBisiercst (OPCUPOBAHHON U T COMEPIKUT MOACTAHOBKY L := G, TO
J J J
p = pU{z;:=a}. B nepeso pacmernienns 106aBIseTCsa OTUH MOTOMOK, TOYKA BO3BPATA
He CTaBUTCH.

(d) B mporusHOM Ccitydae, nepeMeHHas T; He ABIAeTCS (POPCUPOBAHHOIM, TOTIA
o ITycrs anropurm A Boibupaer 3nadenne a, rorga J 1= J U {z;}, p:= pU {z; := a}.
B rekymuryio BepmmHy CTaBUTCS TOYKA BO3BPATA.
e Pacimipurs I 10 snementa CI¥(J) (310 BozMoxkHO Mo myHKTy (2) Memmbr 5.1).

o Ecin ms xaxoit-to nepemennoii z; u3 I'(I) n gast mexoroporo a € {0, 1}, 3naqerne

R I - L e
Tj = a CeMaHTHYeCKH CJIefyeT m3 (hOpMy/IBI (I)g(m):b|p’ o T = wU{zx; := a}.
I L=
(®opMasbHO BO3MOXKHO, 9TO U3 (DOPMYJIBI (I)g(z):b|ﬂ ciaegyer xKak x; = 0, Tak n
zj = 1, B TakoM ciaydae B 7 J00aBJIsETCS TOJBKO OJHA MOJACTAHOBKA. [lo3Ke MBI

JIOKasKeM, 9TO TaKOrO ObITh HE MOYKET.)

e Co3marh MOTOMKA B JIepeBe, COOTBETCTBYIOIIETO CIETAHHON MMOCTAHOBKE, U Ce/aTh
€ro TeKyllleil BepIIUHOMA.

4. Mozemmposats A 6e3 nsmenennit za popmyine ®gy—p|, B TeKyImeir BepimiHe gepesa.

[Tycrs tmk Ha mare 3 ONMUCAHHON BBINIE HAJACTPOHKM BhIMOMHAACH (10 KOoHNA) ¢ pas. s
0 < i <t obosuauum uepes J;, I;, p; 3Havenus: nepemenusix J, I, p mepen (i + 1)-M BBIDOTHEHTEM
mukaa va mare 3 (I, Jy, py — 9TO 3HAYEHWE TIOC/E BBINOJIHEHNS (-0l MTEPAINT IUK/IA).

W3 crenytorieit ieMMbI CI€IYET, UTO, TOKA paboTaeT HAACTPOIKA, aJrOPUTM HE COBEPIIAET BO3-
BpPaTOB.
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Jlemma 5.3. g seex 0 < ¢ <t u gma scex A C Y, mma xoropeix |A| < &, dopuya (P;(:p):b|ﬂi
BBITIOJTHUMA.

Joxazameavcmeo. JlokazaTeabcTBO o nHAYKIWHU. [IpoBepnM, uTO yeaoBue BoImoaHgeTC pu ¢ = 0,
po = 0. OT mpormeHOrO, paccMoTpuM camoe MajeHbKoe Takoe mMuOkectBo A C Y, |A] < L, uro
dopmyra Q)?(x):b HeBbImoTHNMA. [lockobky (G — rpamuuHblil pacmmpurens, To |§(A)| > 4],
CJIeIoBaTeIbHO ecTh XoTs Obl (¢ — k)|A| 4yBCTBUTENBHBIX TPAHUYHBIX MEPEMEHHBIX I (hOPMYIT,
COOTBECTBYIOIINX MHOYXKeCTBY A, HO 0601 TaKo¥ MpaHWIHON MepeMeHHOM MOXKHO W3MEHUTH 3HATe-
Hrie GOPMYJIbI, COOTBETCTBYIOIIEH OMHOI U3 BEPIIHH MHOXKeCTBA A, T.e., 3Ty (hopmysy (4 BepiIuHy )
MOYKHO OBLI0 OB BEIKMHYTH C COXPAHEHWEM HEBBITTOJIHUMOCTH, TOJIYYaeM MPOTHROPEYNe C MWHUA-
MAaJIBHOCTBIO A.

Nupyknpornsrit mepexon. OT mMpOTWUBHOTO, MyCTh yTBEPIKIEHWE HEBEPHO, PACCMOTPUM MUHU-
maspHOe Takoe MHOxKectBo A C Y, |A] < §, uro dopmyma (I);(:v):b|l’i +, EHespmomamMa. IlycTs
Ay = ANy, Ay = A\ i1y Ecom Ay me mycro, To m3 ompenenenus 5.1 ciemyer, dTo
|0(A2) \ (T'(L;+1) U J)| > (k + 1)|A2|, nosromy xorst 661 OfHy BepimHy u3 MHOXKecTBa Ao MOXK-
HO BBIKHHYTH, TaK Kak (OpMY/Iy B Heil MOXKHO BBINOJHUTH 33 CUET TPAHUIHONW UyBCTBUTETHHOM
nepeMeHHoit (Takas eCTh, Tak KaK B KaKJOH BepIMHE MaKCUMyM k HEYyBCTBUTE/ILHBIX TTEPEMEH-
HBIX), 4TO mpoTuBopeuntT MubnMmanbaoctu A. Suaunt, Ao = u A C I;44.

Pazoobem A na A" = ANT; mw A" = A\ I;. Paccmorpum cywait, korma A” = (. Tlo wamyk-
IHOHHOMY TIPEJITOIOKEHNI0 (POPMYJIa @‘g“(’x):“ p; BBImOHEMA, TTocKOIbKy |A'| < [A] < §. ®opuya

Al ) ) . .
d g(x):b| pis1 TOXKE BBIMOJHAMA, TIOCKOJIBKY i1 OTIUYIAETCA OT p; TOJBKO OJHOMN IMOJCTAHOBKOM, a
repeMenHbie (DOPCUPOBAHBI TTOICTAHOBKOW 7, €CJIM WX 3HAYEHNE CEMAHTUIECKU CAEAYIOT n3 (popmy-

I; . .
JTBI Q)gl(x):b| pi» TO 3HAYAT, UTO HEBO3MOXKHO, ITOOBI alrOpuT™ A CIesar OfHOl IOICTAHOBKOM (Ha
- . I )
(i + 1)-it ureparun nuka) Gopmyry (I)g(:p):b|ﬂi HEBBITIOTHIMOTA.

IOycre A" # 0. Hockomexy [A"| < L uw A" NI = 0, To [0(A") \ (T(L;) U J)| > (k + 1)|A"],
T.e. MmEHOKecTBO A" COmEpKUT HE MeHee JBYX UyBCTBUTEIBHBIX TPAHUYHBIX MEPEMEHHBIX (KOTOPbIE
ue monayau B ['(;) U J), mosToMy 1oc/Ie MOJCTAHOBKY 3HAYEHUST OJHOM MIePEMEHHOI 0CTAHeTCsT XOTS
Obl OJIHA, YyBCTBUTE/IbHAs IPAHUYHAs MepeMeHHasd, T.e. Kak MUHUMyM oaHy Bepiuny u3 A" MoxknO

A
BBIKHHYTE C COXPAHCHUEM HEBBIIOTHIMOCTH P x):b|ﬂz‘ 41, ITO IPOTHBOPEYNT MuHIMAambHOCTH A, [J

ITokaxkem, aTO MOKa pabOTAET HAACTPOWKA, AJATOPUTM HE YCIIEeT HAWTU BBITOTHSIONINN HAOOD.

. . r(ec—k—1)
[Toka pabGoraer majcTpoiika st Becex 0 < i < ¢ Beimosmsiercsa |J;| < —gg > TOTAA IO JieM-
ve 5.2 |[;| < 155, rorma [U(1;)| < 15 KoimuecTso nepeMenHbIX, KOTOPbIE TIOJCTABJIEHBI BO BPeMst
paborsr HascTpoiikn me mpepocxomut |I'(L)| U [Jy| < g (| < g, mockombky ¢ < d B mobom rpa-
anaHoM (7, d, ¢)-pacmmpuTresne). JToro He XBATHUT, 9TOOBI BHIMTOIHUTH (hOPMYITY, TIOCKOIBKY JII000E
maOKecTBO A C Y pasmepa r COIEP:KUT KAk MUHUMYM 7 IYBCTBUTEIbHBIX MEPEMEHHBIX. A 4TOOBI

BBITIO/JTHUTH (bOpMy.)'[y HY?KHO CAE/IaTh IMOJCTaHOBKY BCEM YYBCTBUTE/JIBHBIM MEPEMEHHBIM.

Jlemma 5.4. Tlycte g — 310 dyuxmusa [omapeiixa, mocrpoennas no rparmaaomy (7, d,c)-

pacmmpuresnto G u npeaukary P, B kKoTopoMm He Hosiee k HEUyBCTBUTEIBHBIX TEPEMEHHBIX, ¢ > k4 1.
r(c—k—1)

[Tycrs npu manuom b ypasuenue g(x) = b mmeer ne Gosee, yem 27~ 64d  pemrennii. Torma ¢ Bepo-

aroctbio 1 — 27" «npanbiits anropurm Gymer paGorarh Ha dopMmye @y (2)=p BPEMS 2r) . B

ACUMIITOTHIECKUX ODO3HAYMEHWAX ¢, k M d CINTAIOTCS KOHCTAHTAMM.

Jlokazameavcmeo. TIOCKONBbKY HAJICTPOiKa HE YBETHUNBACT BPEMEHN pAbOTHI aITOPUTMA (OHA TOJTh-

KO 00pe3aeT 3aBe/IOMO HEBBIMOJHUMbIE BETBH), TO JIOCTATOYHO OIEHUTH BPeMs pabOThI aJrOpuTMa

¢ magcrpoiikoit. [lockosbKy HagcTpoiika paboraer moka |J| < %, |I| € CI*(J), Torma n3 mem-

r T o
mbt 5.2 cieayer, uro |I| < . Torma [I'(1)| < {5, 3waunT, noka paboTaa HaJCTPOHKA, MAKCHMYM
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6p110 cremano |['(1)[+]J] < ¢ momcTaHOBOK. J COOTBETCTBYET IIOICTAHOBKAM, TIPH KOTOPBIX CTABHT-
cs TOYKa BO3BpaTa (MHAYE TOBOPS, PACIHIETIEHUSIM). 3HAUEHUE, KOTOPOE MOCTABISETCS MEPBBIM,
BBIOUpaeTcs caydaiiubiv obpazom. it popmyst ¢ OymeM Ha3bIBATH MOACTAHOBKY I = b ydaunot,
eCJI OHa COrJIacyeTcst 6oJiee, 9eM C TOJIOBUHO BBIOIHAIOMIMX HAOOPOB ¢ 1 HeydauHotl B TPOTHBHOM

crIydae.
r(c—k—1)

IToxka wHamcTpoiika paboTaet, «MbsIHBITY AITOPUTM AEIaeT —gg UOACTAHOBOK, KaxK/Iblil pa3,
BBIOMpAsi 3HAUEHNE MMepeMeHHo caydaiiubiM 0bpazom. C BEpPOSITHOCTHIO % BBIOMPAETCS HEYTATHOE
3HAYEHNE TIEPEeMEHHO, T.e. YUC/I0 BHITOJTHSIIONINX HAOOPOB yMEHBITAETCI KAK MUHUMYM B 2 pa3a. 13
r(ec—k—1)

64d
MTO/ICTAHOBOK, KOTODPBIE TOACTABJIAIN HEYIaIHOe 3HadeHue mepeMennoit. Takmm obOpa3om, ¢ Bepo-

oreHOK YUepHOBA CJIEIYET, UYTO C BEPOATHOCTHIO 1 — 2792(") G0 cremano He MeHBIIe, YeM

arroctbio 1 — 27" nocae paboThl HAJCTPONKHU TOJYIALTCS HEBBIMOJTHUMAS (DOPMyJia, a pa3mMep
TIOJICTAHOBKH p DK 3TOM He MPEBOCXOTUT g. ¥ TBePKIeHne TIeMMbI CJTe/lyeT Terephb u3 caeacTsud 4.1,
B KOTOPOM [IOKA3aHA HUYKHsIsI OIEHKA, JJIsT HEBBITOJIHUMBIX (DOPMYJI. O

5.3 Omnenka gwucJjia penieHmnii

B sToMm pasmese MBI OIEHEBAEM KOJUYECTBO Ipoobpa3os dpymkimu [oaapeiixa, OCHOBAHHOI Ha IIpe-
mukare Py(r1,Z,...,2q) = 1 D T2 ® - D xgk D Q(Tqg_ki1,---,2Z4q), T71€ QQ — TPOU3BOIBHBIIH
k-MmecTHBIN mpenukar, k + 1 < %.

Teopema 5.1 (cp. [CEMTO09], reopema 4.1). Ilycrs mpeaurar Py(x1,x9,...,2q) = 1 ® T2 &
@y D Qg ki1, ,%q), TAE Q) — TPOU3BONBHBIN k-MecTHBI npegukar, k + 1 < %. I'pad G
CTPOUTCS CYUARHBIM 00Pa30M: JIJIs KaKJI0 BEPIINHBI U3 01 Y CIydaitHbIM 00pa3oM HE3aBUCHMO
BeIOUpaioTcs d pebep, semymme B gomo X (mosropenus: paspemaiorcs). Torga E[#(x,y) | g(z) =

g(y)] = 2(1+2_Q(d))”, rae g — sro dyskoms Lomgpeiixa, mocrpoennas o rpady G n npemnkary Py.

Joxazameavemso. Bl#(x,y) | 9(z) = 9)] = Xy e oy Prla(@) = ()]
[Tycts M C {1,2,...,m} — MHOXKECTBO HOMEPOB OUTOB, B KOTOPBIX Da3JUYAIOTCS CTPOKU T

u y, oboznaunm m = |M|. ITockonbKy st Kaxkoit Bepmuubl n3 Y rpada G pebpa BibuparoTcs
nezasucumo, To Prlg(z) = g(y)] = (Pr[(g(z))1 = (9(y))1])™
Pr[(g(x))l = (g(y))l] = PI‘[Pd($il,[L'Z'2, s 7$id) = Pd(yilayiza s ayid)]7 TA€ 11,12, ..,1q — He3a-
BUCHUMBIE CIyJailHbIe BEIUINHbBI, IPUHUMAIONINE 3HAYEHNA OT 1 10 N C PABHBIMEU BEPOSITHOCTSIMH.
ITockonbky mpemmkar () HAM HEM3BECTEH, PACIHUIIEM HCKOMYIO BEPOATHOCTH KaK CyMMY

aByx ycnoBHbIX: Pr[Py(zi, Ziyy -, %iy) = Pi(YisYisr---»Yiy)] = Pr[Pa(zi, ziy, ..., z5,) =
Pd(yilayim v 7yid) | Q(xid,k+17 v 7$id) = Q(yid,k+17 cee 7yid)] -q+ Pr[Pd(inxiQa v ,,’Eid) =
Pd(yilvyiza"'ayid) | Q(xid_k.:,.la"'axid) 7& Q(yid_k+1a"'ayid)] : (1 - Q)7 rne q =
Pr{Q(ziy_y 1r-- 2 Tiy) = QWiy_yirs- -+ »Yiy)- Temepb oNMeHEM KaxKIy1o M3 YCIOBHBIX BEPOATHOCTEH
oTmeabHO. B mepBoM ciiyvuae HyKHO MOCIUTATH BEPOSITHOCTE TOTO, UTO U3 41,12, - - - , bg_j IETHOE TUC-
JIO TpUHAAIEXKUT M, BO BTOPOM CJIydae, 9To 9TO YNCIO0 HedeTHoe. PaccMoTpuM mocte1oBaTe/TbHOCTD
Pj — BEPOATHOCTH TOTO, UTO U3 41,12, ... ,1; YeTHOE Yncjao npunajexnt M. 13 HezaBuCHMOCTH CO-
OBITHIT JIETKO BBIBECTH CJIEJyIOIee PeKyppeHTHoe cooTHomeHne: pjy1 = ol —p;) + (1 — a)p; =
a+ (1 —2a)pj, tae o = %, po = 1. Pemag 510 pekyppeHTHOE COOTHOIIEHUE, MOJIydaeM, UTO

; , aeM,
Dj = M, 3HasnT 1 —pj = 717(1;20‘)]. Takum obpasom, Pr[f(z) = f(y)] < <71+|1722°‘|d k) )
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E[#(z,y) | f(z) = = > Z > Prlf(z) = f(y)]

z€{0,1}» m=1y: §(z,y)=m

1 1_2kdk
<2nZCm + | |

rae 0(x,y) — 9TO KOJMIECTBO OUTOB, B KOTOPBIX OTIMYaoTca crpoukn = u y, H(a) = —aloga —
(1 — a)log(l — o) — Gunapuag surponus, log o603HaAUAET JTOrapUdM MO OCHOBAHUIO 2.

) <n- max 2771 4 (1 - 20)47F),
0<a<i

JIemma 5.5 ([CEMTO09], n3 noka3aresbcra Teopemsbr 4.1). Cymecrsyer € > 0, 4To 15t Bcex
a € [0, 3] npu gocrarouno Gosbumx d Beinoanserca nepasenctso H(ar) 4 logy(1 + (1 — 2a)?7F) <

1+27 (tre b+ 1< 9).

Zoxaszameavcmso. Paccmorpum 4 ciiydasi, B 3aBUCHMOCTH OT BEJIUYUHBI (. 3HAUYEHNE KOHCTAHT
€1, €9, €3, €4 MBI BBIOEPEM II0 XOIY JEJIA.

In(14z)<z 3d
Cayuaii 1: a > €. H(a) +logy(l + (1 —2a)47%) < 14+ (1—2€¢)4/In2 <1427 npn

€ < —31og(1 — 2€;) n GobumX d.
B ocrampabix ciayaasx H (a) maso. 13 dopmyasr Teiimopa mjist In 2 B Touke 2 ciieyer cieayoree
nepasenctso: In(l1 + ) <In2 4 ‘”T_l Torja MOKHO HaIMCATH CJIELYIONLYIO OIEHKY:

1— 2a)d7k — 1 14z<e® 672o¢(d7k) -1 673a-d/2 -1
log(1 + (1 —2a)% %) <1 ( < 14— <14 —
og(l+ (1 =2a)™7) < 1+ 21n 2 = M ome ST T ome
Cuyuaii 2: €; > a > e/d.

67362/2 -1

H(a) +1log(1+ (1 —20)"%) < H(er) +1+ —y <L
n

_,—3e2/2
ec/ Mbl BhIOepeM Takoe MasleHnbKoe €1, uto H(e) < 5

1 _

[Ipn 0 < a < 5 BomosHgerca wepasencTBo (a — 1)log(l — a) < 2a (mpm @ = 0 HepaBeHCTBO
obpaImaercss B PaBEHCTBO, B3SITHEM MPOU3BOJHON MOXKHO yOEIUTHCs, 9TO PASHUILA MEXKIYy JIEBOil u
IPaBoii YaCTHI0 HEPABEHCTBA YBEJIUUIMBAETCS C POCTOM ). MOXKHO HANUCATH CJEIYIONIYIO OIEHKY
H(a) < alog i +2a.

g ocraBmmxces caydaes (korga « < €z/d) Boibepem ey = %, TOr7IA %ad < % [Ipu —% <z<0

T T
BBITIOJIHAETCA HEpaBeHCTBO e’ —1 < 5 (mporepsiercs nuddepentuposanuem ). Torma MOKHO OIEHUTH
CTIETYIOTITAM o6pa30M

H(a )+1+T;1 <(alogi+20)+1-29 =1+a(logl— 25 -d+2)
Cayw4aii 3: eo/d > o > 279, TIpu e3 < ﬁ u nocrarouno Gosmonm d: (log L = 81n2 -d+2) <0.
Cayuaii 4: 2-€sd > (o, st € < €3 M JOCTOTOYHO OOJBIMHX d BBITOIHIETCS: alogé < egd27d <

9—€d
]

W3 nemmbr 5.5 ciaemgyer yTBEpKIeHUE TEOPEMBI. O
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5.4 Hwu>kHgadg oeHKa

Teneps MBI MOXKEM JTOKA3aTh OCHOBHYIO TEOPEMY:

Teopema 5.2. Ilycts Py(z1,zo,...,2q9) = 1®. .. T4 DQ(Li—k+1,- - -, Tq), T11€ () — TPOU3BOIBHBII
npenukar, k+1 < %. s moctaTouHo 60b1uX d U JJIsT JOCTATOYHO OOJIBINUX N CAydaiiHbIil rpad G
00.J1a72eT C BepOATHOCTHIO X0Ts 061 0.85 ciremyrommm cBoiicTBOM. st IFO6OTO «IIBIHOTO» AJITOPUTMA,
A, Pry v, [Pr[tﬁ{‘}g(z)zg(y) > 22M] > 1 - 272 > 0.9, e 4 obo3matAeT BpeMs PAGOTHI ATTOPATMA
A na dpopmyne P.

Zoxazameavcmeo. Ilo cnencreuio 2.1 ciay4aiinsiit rpad ¢ BeposTHOCTHIO (.9 aBISETCS TPAHUIHBIM
n 1 —
(16> @, 7d)-pacmupurenem. Ilo Teopeme 5.1 cpeamee umeno map z u y, Ipu KoTopeixX g(z) = g(y)

papmstercst 2(1+27%@)n

, TIe ycpemaenue beperca mo ciaydaitabiM rpadam. Ilo mepasemcty Map-
KOBa C BepoATHOCTHIO He Menbire (.95 mns ciaygaitHoro rpada 9ucjio map T W Y, Npu KOTOPBIX
_ (1427 D)
g9(z) = g(y) pasnsierca (
cThio He MeHbIre, ueM (.85 cayuaiiubiil rpad ABISETCS IPAHUYHBIM SKCIAHIEPOM U BepHA BEPXHsIS
OIIEHKa Ha YUCJIO TAap C OJWHAKOBBIM 3HaueHWeM. 3adukcupyem rtakoii rpad G. U3 mHepaseHCTBa

Mapkosa ciegyer, uro Kak mMuauMmyM st goau 0.9 crpouek y € {0,1}" BoImosHsIeTcst HepaBeH-

koHcranTa ynuia B (d)). I3 sroro ciemyer, 4ro ¢ BeposiTHO-

creo |97 g(y))| < 92~ @n, [Tpenukar P comep:KuT He Oojee k HEUYBCTBUTEIBHBIX MEPEMEHHBIX

(HEYYBCTBUTENILHBIMU MOTYT OBITH TOJBKO TEPEMEHHBIE L k1, - - -, Lq), TOTJA MO jJeMMme 5.4 Bpems
paboTHI JI0O0TO «IBAROT0» anropurMa Ha gopmyne Pg)—g«,) ¢ BEPOATHOCTEIO 1 — 272") pe menee
282(n) O

Baarogapaoctu. Astop BeIpakaer GaromaprocTh V. MupoHOBY, KOTOPBIH 00paTH/ BHUMAHUE
asropa Ha [CEMTO09], n 9.A. Tupriy 3a m1010TBOPHbIE 00CYIKIEHNST ¥ IEHHBIE KOMMEHTAPWH.
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