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AnHoTanus

B crarbe paccMarpuBaiOTCd CHUHTAKCUYECKHE KBAHTOBBIE BETBANIMECS MTPOrPAMMbL
(CKBII), serancasaomme 6ymessl GyHKIAN ¢ GOMBIION HAAEKHOCTEIO. [IpeacTaBagaerca TexHn-
Ka KJIacCHYeckKoro jgerepmunupoBannoro mopenuposanus CKBII, naerca onenka cioxkuoCTH
Takoro mozesupoBanus. Ha npumepe dyuakiuu MOD,, noka3biBaercs, 910 OIEHKA CJI0KHOCTH
JIeTePMUHUPOBAHHOTO MOJIETUPOBAHUs OJIM3Ka K ONTUMAa IbHOMN. [Ipenmaraemast TeXHUKa, KJrac-
cuaeckoro monenupoarna CKBII maer npyroe (KOHCTPYKTHBHOE) IOKA3aTE/IBCTBO BKIIOHUE-
Hust knacca Gysxupit, Berancanmbix CKBIT koHcTaHTHOI mupuHbL B Kaace caoxuocta NC .

KuroueBbie cijioBa: KBAHTOBBIE AJTOPUTMBI, CIOZKHOCTH BBIYUCIEHUN, BETBAIIAICT IPO-
rpamMma.

BBenenue

OCHOBBI TEOPUM KBAHTOBBIX BLIYUCIICHUH 3a/103KeHbI B 80-X romax JIBaIIaTOro CTOJIe-
tust B padorax FO. Mannna n P. @eiinmana [1, 2]. Xopornm BBeIeHHEM B TPOOIEMATHKY
KBAHTOBBIX AJTOPUTMOB M KBAHTOBBIX MOJIEJIEHl BbIYUCIEHUN ABAAIOTCH KHUrU [3—6].

Hccnenopanns CpaBHATEIbHBIX BO3MOXKHOCTEH KJIACCMYECKUX M KBAHTOBBLIX MaTe-
MaTUYECKUX MOJesell BbIYUCAEHHH aKTUBHO Pa3BHBAIOTCHA C Hadajla BO3SHUKHOBEHUS
TEOPUU KBAHTOBBIX BHIUHMCICHWI. BeTBsInmecss mporpaMMbl — M3BECTHAS MOIENb BbI-
uncsennii. B kuure [7] mpeicTaBien COBpeMEHHBII B3IJIsA/] HA 9Ty MOJebh BBIYUCIEHNU
U M3JI03KEHBI PE3YILTATHI TIOCIEIHUX JECATUICTHH 10 TEOPUU W TTPAKTUKE BETBAIINXCS
LIPOrpaMM.

B macrosimeil pabore paccMarpuBarOTCsS CHUHTAKCHYECKUE KBAHTOBbLIE BETBSIIHMECS
nporpamvbl (CKBII), Borancasiomue OyneBbl (DYHKIUM € OMPAHUYEHHON OMUOKOIA.
B pabore [8] mokazano, uro knacce dyukimit, Berancanvbix CKBII koHcTanTHO# 11H-
pUHBI, coBMagaerT ¢ kaaccoM ciaoxkuoctn NC'. B o6zope [9] npusoasaTcs Bce Heob-
XOJMMbIE OlpeJiesieHns U 00CYXKIAAI0TCsa Pe3ybraThl paborel [8] u ee pacuupeHHOro
uznoxkenns [10].

B crarbe npeacrapiasercs TeXHUKA IOCTPOEHUs KJIACCHYECKON JIeTepMUHIPOBAHHOM
BerBaeiica nporpaMmbl (JIBII), Beraucsiomeil Ty ke (QyHKIUIO, Y4TO U UCXOTHASA
CKBII. Ipennaraemas rexuanka no CKBIT Q mmpuasr w(Q) (mupnHa BeTBsIeics
[IPOrpaMMbl — 3TO CJOKHOCTHAs XapaKTEPUCTUKA PACCMaTPUBAEMON MareMaTU4ecKOi
moziesu) crpout JIBIT P umpunst w(P) < (14 1/2)**(Q) | tme ¢ € (0,1/2) — no-
Ka3aTeab HaAeXKHOCTU BbIUMCJIeHUs (PYHKIAKM HporpaMMoil (). DTa BepxHss OLEHKA
wHa nmpuHy w(P) naer HmxkHOLO oneHky w(Q) > c¢(e)logw(P) wa mmpuny w(Q)
CKBII Q, mpexacrapastomyo dyakmuio f. Ha mpumepe dyukmun MOD,, moxkasbi-
BAETCsl, UTO TOJyUeHHAS] HUXKHSIS OIEHKA TOYHA C TOYHOCTHIO IO MYIbTUTITUKATHBHON
KOHCTaHTBI.
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[Ipennaraemas Texuuka Kaaccuaeckoro mogenuposanus CKBII maer apyroe (kom-
CTPYKTUBHOE) JI0KA3aTe/IbCTBO BKIOUeHus Kaacca Ppyukuuii, sorancaumbix CKBII kon-
CTAHTHOMN IMUPHHEI, B Kiacc caokuocta NC' . HeKoHCTpYKTHBHOE JOKA3aTeTLCTBO Ta-
KOO BKJIOUEHWs MIPeJICTABIIEHO B [8].

1. OmnpeneneHusd m pe3yabTaThI

ITpueenem HeoGXOAMMBIE B HajbHeleM onpezaenenns (cM. [9]).

1.1. HderepmunupoBaHHad BerBsInasca nporpamma (ABII) nax muoxKe-
crBom nepemenubix X = {x1,...,2,} — 970 OPUEHTUPOBAHHLINA ALMKIUIECKUN rpad,
BEPIIUHBI KOTOPOIl MEIATCS HA MHOYKECTBO BHYTPEHHUX W MHOYKECTBO (DUHABHBIX BEp-
mH. uHAIbLHBIE BEPITUHBI HE NMEIOT UCXOAAINX pedep U MOMEUEHbI HyJIEM UJIU €TWHY-
1eii coorBeTcTBeHHO. Kazk 10l BHyTpeHHel BepITnHe COOTBETCTBYET MepeMenHasa x € X |
KaxKk/ias BHYTPEHHss BEPIIUHA UMEeT JiBa UCXOsIuX pebpa, nomedentpie 0 (z =0) u 1
(x = 1) coorsercreento. Boruucaenue JIBII P na apoununom nabope o = o1 ...0, Ha-
YMHAETCA W3 BBIIETCHHON HaYaIbHON BepnHbl. Ecn TekyIeit BHyTpeHHeil BepImHe q
COOTBETCTBYET TIepPEMEHHAs T;, TO OCYIIECTBIAETCS TTEPEXO, N3 ITON BEPITHHBI TIO 0 -
pe6py. JIBIT P mwramcasier Gynery dyukimmio f(X), ecin Ha KaykIOM BXOIE O TIPO-
rpamma P pocruraer dpunaabHoil Bepiunbl (o).

Taxkoe 3amanue JIBII 6ymem ma3zwiBath «rpacdoBbiM» 3amanuem IBII.

Berssamasica nporpamMmMa Ha3bIBAETCS YPOB8HEB0T, €CIIU ee BEPIIUHBI MOT'YT ObITh pa3-
outel HA ypoHHU 0,1,... Takum obpa3om, 4to mjsa i > 0 pébpa m3 BepINWH YPOBHSA i
BEJlyT TOJILKO B BEPINUHBI yPOBHs (i + 1).

HTupuna w(P) ypoBHeBoil BeTBsIeiics nporpaMMbl P —3T0 MAKCUMYM KOJHYECTBA
BepIIUH HA YPOBHE, B3ATHII IO BCEM YPOBHAM Iporpammbl P.

auna I(P) ypoBHeBoii BerBsleiics nporpamMbl P — 310 4uciio ypoBHeii mporpam-
MBI P.

YpoBHeBas BeTBsAMIAsICA MporpaMva P Ha3bIBaeTcs 3abvi6aroued, ecim Ha JioboM
ypoBHe P Tecrupyercs TOJIHKO OIHA TepeMmennas. Karkmgasi BETBAIIAsICS MPOrpaMMa
P woxer ObiTh npeobpazoBaHa (C MOJMHOMHUAJIBHBIM YCJIOXKHEHHEM) B 3a0bIBAIOILY IO
BETBAIILYIOCs porpaMmy P’ BIYUCILIONIYIO Ty Ke camylo (pyHKuuto [7].

Onpezienisiemast B CIeIyIONEM pasjiesie JUHeiHast BeTBAIasicsa nporpamma [8] 0606-
IIAeT MOHATHE 3a0BIBAOIIEH JeTEPMUHUPOBAHHON TPOTPAMMBI U SIBJISIETCS 0000IIeHneM
OomnpeJiesaeMoil 1ajee B CTaThe KBAHTOBOI BETBAIIEHCA MPOrpaMMBI.

1.2. Jluneiinas BerBamiasicsa nporpamma (JIBII) P uax mMuoxkecrBoM me-

pemennbix X = {z1,...,2,} u Hax d-MepHBIM BeKTOpPHBLIM HpocrpancTsoM V¢ ectn
TpOWKa
P = <T7 |N0>5F>
e Mmuoxectso B? = {|1) = (1,0,...,0), ..., |d) = (0,...,0,1)} GasucHBIX BEKTO-

poB Oyzmem Ha3bIBATH Oa3ucHbIMEU cocTosausMu JIBII.

d
_ 14 d
e Bekropa |u) = ) z|i) npocrpancrea V& GyjeMm Ha3bIBATH COCTOSHUSIMH.
i=1

e IIpeoGpazoBanmst cocrosiauii P ONpeensioTcs MOCaem0BaTeNbHOCTRIO T =
= (T1,...,Ty) (nnumust £) uncrpyxumii. Kaxnag uncrpykuus T; — 910 Tpoiika
T; = {js, M;,(0), M;, (1)}, rae j; ompemesnsier MepeMeHHYIO I, , CINTHIBAEMYIO HA
mare i, M;,(0) u M;,(1) — 310 (d X d)-MaTpuIsl — auHEiiHbE TPeoOpa30BAHIS
BEKTOPHOTO mpocTpancTBa V.
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e |/p) — HAYAJIBHOE COCTOSIHWE TIPOTPaMMBbI P .

e [ C BY — nmomMHOXKeCTBO GA3MCHBIX COCTOSHMIL, 31eMEHTEI KOTOPOTO OYIeM Ha3bI-
BATh IPUHAMAIOIINMHI COCTOSHUSAMI. DIeMEHTHI MHOMKecTBa F = Bd\F Oynem Ha-
3BIBATH OTBepralommMu cocrosuusmu. Yepes Accept u Reject Oymem obo3nauarh
MHOZKECTBa UHAEKCOB IIDUHUMAIONIUX U OTBEPratomnx COCTOSTHHM COOTBETCTBEHHO:
Accept = {i : i) € F} u Reject = {i: |i) € F}.

Berancsienne nporpamMmbl P Ha BXOIE 0 = 01 ...0, € {0,1}" onpenensercs cuemy-
OIUM 00pa3oM:

1) Bbruncienne P HAYMHACTCHA U3 HAYAIBHOIO COCTOSHUL |[10) ;

2) ma ¢-M Imare BLIMHCJIEHHs P OpuMeHseTcs HHCIPyKuus 1;: eciu Zj, = 0j,, TO
K TeKyIeMy COCTOSHHIO (i IpuMeHsiercss npeobpasosaunue M, (0j,) u nporpamma P
nepexoaut B cocrosinue |p'y = Mj, (0, )|p) (cocTosHns mporpaMMbl IPeICTABISIOTCS B
BUJI€ BEKTOP-CTOJIOIOB);

3) duHaANIbLHBIM COCTOSHEEM (COCTOSTHUEM TMOCJIE MOCaeanero mara £) Oyaer cocTos-
HEE

(o)) = [T Mji (o) o)
i=0

Omnpenenennast BbIMe JUHEHHAsT TporpamMMa sABjseTcs 3a0biBaroreit u nmeer £ + 1
yposenb. Hymepanus ypoBHell HaYMHACTCS € HYJIs, NOcaeanuil (puHanbubiii) ypoBennb
nmeet HOMED £

MIupunoit w(P) JIBII P Gyaem HaspiBaTh pasmepHocTh d mpoctpanctsa V4 co-
crostumii P, a uncno ¢ — mmwnHoii [(P) mporpammer P.

Teneps 3abbiBatonyo JIBII MOXKHO OmpeaeuTs CaeayomuM 00pa3oMm.

1.3. JluneitHoe npesacraBiienue 3a6piBarorieii JIBII. 3atwBatomas JIBII -
sro JIBII max BextopmbiM mpocrpancTsom F?, rme F — momxomsinee KOHEWHOE IIOJIE.
MuozkectBoMm cocrosuumit Takoit JIBII sBasercs muozkectBo B¢ 6a3uCHBIX COCTOSHMIL.
Marpunsr mpeobpasosannii M 3a1a0T npeobpa3oBanis MHOKecTBa BY.

Bxonuoit nabop o mpunnmaercs, eciu |u(o)) € F.

1.4. KsanroBasa BerBamascsa nporpamma (KBII) - sto JIBII max kow-
[JIEKCHO3HAYHBIM THIb0EPTOBBIM d-MepubIM mpocrpancrsom He. Cocrosausavu KBII
d

Q SABISAIOTCS BEKTOpA [h) = Z z;|1) ¢ enMHUYHO HOPMOW

i=1

) Il =

OnM HA3BIBAIOTCS YNCTHIMU COCTOSTHUAMMI WU mpocTo coctosinnamu KBII. TIpeobpaszo-

Bannsa KBII 3agaroTcsa KOMIITEKCHO3HAYHBIMA YHUTAPHBIMU d X d MATPUIIAMH.
d

Ecnu (o)) = g zi|i) — dunansuoe cocrosane KBII nocste cunrbiBanus Bxoaa o,
i=1
TO BEPOATHOCTD Pucc(0) NPUHATHS BXOJA 0 NPOrpaMMoil P ompenensiercs Kak

Pace (U) = Z |Zz|2
i€Accept

Onpenenenne 1. Ilycte € > 0. ToBopsar, uro KBII Q serauciasier dpyuknuio f
¢ HajexKHOCTBIO 1/2 4 ¢, ecim ana o € f~ (1) BBLIMOMHAETCS HEPABEHCTBO Pacc(0) >
1/2+¢€,a s o' € f71(0) — mepaBeHCTBO Pacc(0) < 1/2 —¢.
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1.5. CuHTakKcMYecKue BePOSITHOCTHBbIE W KBAaHTOBbIE BeTBAIIMECS IPO-
rpammbl. 13 onpegesenns KBII, npeacrasisgionieii byHKIMIO ¢ HANEKHOCTBIO 1/2+¢,
caiezryer, 9T0 (UHAIBHbBIE COCTOsAHUS (COCTOsiHUs {-0r0 YPOBHS) IPOrPAMMBI, JIOCTHK M-
Mble Ha BXOTHBIX Habopax o u3 {0,1}" pasbuBarorcs Ha JBa MHOXKeCTBA

A={l¥(0)) : pace(0) 2 1/2+ e} m R ={|¢(0)) : pacc(0) <1/2 —¢}.

W3 sroro caenyer, uro paccrosiane p(A, R) mMexay mMHOXKecTBamn A n R olleHnBaeTcs
cuu3y HeKoTopoil koucrautoil 6(e). (Paccrosinue MexKiy MHOXKECTBAME OIPE/EJIeTCs
crangapTao Ha ocuose merpuru p(|¥), [¢v')) = |||¥) — |¢¥') |]).

B srom caydae Oynem roBoputhb, uto MuoxkecrBa A u R usosuposans. B ciayaae
MHOT'O pa3 YUTAIOMINX BETBAIIMXCSA MPOrPAMM MOTYT BO3HUKATH (HUKMUBHbBIE COCTNOA-
HuA (COCTOAHUSA, HE JOCTUKUMBIE MIPU BBIYUCICHUSX HA BXOAHLIX Habopax). [Ipu sTom
duxTuBHBIE (BUHATHLHBIE COCTOAHUS MOTYT «Pa3PYIIUTh» CBONCTBO M30JMPOBAHHOCTH
mHuo)kectB A u R.

Omnpegenenne 2. CKBII — 310 nporpaMMbl, MHOKECTBO BCEX (DUHATBHBIX COCTOS-
Huil (JOCTUKUMBIX U (DUKTUBHBIX) KOTOPbIX Pa30UBAETCs HA BA U30JIMPOBAHHBIX MHO-
JKECTBA.

Henocpezcrsenno u3 onpezesnenus 2 ciaemyer, 4o Bee buHaIbHbIE COCTOAHUSA |P)) =
= (z1,...,24) (mocrmxumble n pukruneabie) CKBIT Q pastuparorcst Ha JBa MHOYKECTBA

Ml=ql): D llP=21/2+ep u [RI=qk): Y |z <1/2-¢

i€ Accept i€Accept

OrMernM, 9TO KBAHTOBAas MOJEIb OJMH Pa3 YUTAIOIIEH BETBSINEHcs MTPOrpaMMbl
(kaxKas mepeMeHHas Ha KayKIOM IIyTH BbIYMCJIEHH MOXKET YMTATbCH TOJLKO OJUH
pas), Berancasiomas GyHKIno [ ¢ HaJeKHOCThIO 1/2 + &, sABJIsieTcst CHHTAKCHYIeCKOii.

Teopema 1. ITycmo gynryusa f swwucauma CKBIT Q ¢ nadescrocmero 1/2+ €.
Tozda [ svivucauma IBII P, das xK0mopoti 6binoAHAEMCA PABEHCTNEO

I(P)=1(Q)=¢

1 QW(Q)

JlokazareabCcTBO TeopeMbl 1 MPUBOIUTCA B CJEAYIOMIEM PA3JIee.
Monoxum w(f) = min{w(P)}, rue munumym Geperca no scem IBIT P, Bbruuc-
narormux yuakmuio f. Hemocpemcrsenno m3 Teopembl 1 ciaeayeT HUKHAA ONMEHKA HA

w(Q).

CgoiicrBo 1. Ecin byukuns f serancanva CKBIT Q ¢ magexuocthio 1/2 + ¢,
TOrIa

w(Q) = c(e) logw(f)".

Peanuzamusa dbyaknuun MOD,, B ommna pa3 uwmrammux momenasx IBIT u CKBII
(B aTom cayaae CKBII ecrs B Tounoctn KBII) nokaspiBaer, 9410 HUZKH:AS OLEHKA CBOTi-
crBa 1 TOYHA € TOYHOCTHIO JI0 MYJIBTHITUKATHBHOI KoHCcTaHThl. (MOD,, (0) = 1 Torma
U TOJIbKO TOTJa, KOrJa YUCJI0 eIUHUIL B HAOOpe ¢ KPATHO 1M.)

1Bce smorapudmsr B ganHo# paGoTe GepyTCs MO OCHOBAHHIO 2.
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Jlerko nposepsiercs [10], uro ayist mpon3BosbHOI oauH pa3 unrawormeii [IBIT P, BbI-
gucssonieii MOD,,, , Boinonnsercs vepasencrso w(P) > m.

C apyroii croponbl, g NpocThix yuces p B [10] npuBogurcs onun pa3 duraroiias
KBII Q, seruancisomas MOD,, ¢ HagexHoCTbI0 1/2 + ¢, 17151 KOTOPO#i BBIMOIHAETCS
pasercreo w(Q) = O(logp).

2. Jloka3aTeJbCTBO TeopeMbI 1

JlokazareabCTBO TeOpeMbl COCTOUT U3 ABYX dranos. Ha mepsom stane no CKBIT Q
crpourca JIBII DP skcuoneniuanbuoil (or ¢) MUPUHDBI, BLIYUCASIONAA Ty Ke (DYyHK-
muio f. Ha Bropom stame mo JIBIT DP crpourcs uckomas IBII P.

2.1. Ilepssrit stan (nocrpoenne JABII DP). Borancienve nporpamybl Q Ha
wHabopax o € {0,1}" — 310 {-maropbie AMHEAHBIE TPEOOPA3OBAHNUS COCTOSTHMI, HATMHA-
IOIIMECs ¢ HAYAIbHOIO COCTOsiHu [1)o) . Bce BO3MOXKHbIE BblunC/IeHUst HpOrpaMMbl Q Ha
Bxoaubix Habopax u3 {0,1}" npeacrasasiorcsa (¢ + 1)-yposuesoii 3abbiBatomeii /IBIT
DP, zanaaemoii B Buze nonHoro (£ + 1)-ypoBHeBOro GMHApHOTO jepera. BeprmHb
nporpamMMbl D P momevaroTcst COCTOSTHUAME [1)) mporpaMmbl Q. YpoeeHb 0 cOIep:KuT
HAYaJIbHYIO BepliuHy D P, TOMeYeHHy0 HAUAIbHBIM COCTOSIHUEM [1)g) mporpaMmbl Q.

Yposens i € {0,...,¢} upencrapiser uz ceba i-ii war poraucienus. VI3 kaxnoit Bep-
munsl [¢) yposus ¢, ¢ € {0,...,¢ — 1}, ucxonar asa pebpa, momedenusle z;, = 0 u
x;, = 1, rae x;, — TepeMeHHad, CINTBIBaeMasg Ha mare i. Pebpo x; = 7 Beger us

BEpIUHBI [t)) ypoBHS 4 B BepiuHy |¢0') yporus i+ 1, ecim CKBII Q, maxomsich Ha
mare ¢ B COCTOSIHHE |[t)), IEPEXOIUT B COCTOSIHUE [t)’) MpU CINTBIBAHUE T;, = 7.
Bepmurer £-ro yporust sisnsrorcs buHanbabivME. OuHATBHBIE BepmmHBL 1)) € [A]
JIOTIOJTHATENTFHO TIOMEYAIOTCS eMAnTIEH (MPUHUMATOITE BePITUHBl mporpaMmbl D P ),
a BepmuHBI |1)) € [R]| MONOJHUTENTEHO MOMEYAITCA HylTeM (OTBEpPTAONIHe BEePITHHBI
nporpamMbl DP).
Henocpencrenno n3 onucanns mporpammbl D P ciemxyer

CsoiictBo 2. [ABIT DP oraucnsier Ty xke dyukiuio f, aro u CKBII Q, u umeer
cenytomme xapaktepuctuku: [(DP) = { w w(DP) = 2¢.

2.2. Merpunueckue cBoticrBa JIBII DP. Cienyioriue moHATHS U (DAKTHI TEO-
puu MeTpuyueckux npocrpascTs npusegensl B kuure [11]. Ilyers M — 310 merpudeckoe
NPOCTPAHCTBO ¢ METPHUKOH p. [oBOpAT, 9TO TOYKM fi, it m3 M cBsI3aHBI §-1eNbO, ecn
CYMIECTBYET KOHEYHOE MHOXKECTBO [11, 42, - - - , [y TOUEK U3 M TAKUX, UTO 1] = [b, by =
=u w p(pi,piv1) < 6 mas i € {1,...,m — 1}. Ilogmuoxkecreo C C M HasbiBaeTCs
0 -KOMTIOHEHTOTi, €C/In MPOU3BOJIbHDIE IBE TOUKU i, it € C CBA3AHDBI O-1IENbIO.

O6o3nauum yepes ¥,, i € {0,...,¢}, MHOXKECTBO BCeX COCTOAHUI (BEPIIUH) IPO-
rpammbl DP ypoBus ¢. Ha muoxkecrBe W, omnpemenum meTpuky p 1o dopmyre
p(|¥), 1¥)) = |I1¥) — @) ||. Dna 0 > 0 uncno @-komnonent muoxecrBa U;, i €
€ {0,...,1}, 3aBucur or crpoennsi MHOXKecTBa W; (MOXKeT OKa3aThCs, YTO BCE MHO-
kectBo W; mpescrasisier co0oit oxmy 6-kommonenty). Cremyroinee CBORCTBO maer
BEPXHIOIO OIEHKY YMCJa BO3MOYKHBIX f-KOMTOHeHT MHOXKecTBa V.

CeotiicrBo 3. s i € {0,...,¢}, 6§ > 0 uncno t; O-xommoHeHT MHOXKecTBa U;
OIICHUBAECTCA CBEPXY BEIWIMHON
9 2w(Q)
t; <1+ 5 .

HoxkazareasctBo. O603uaunM udepe3 C; MHOXKECTBO BCeX @-KOMIIOHEHT MHOYKe-
crBa ¥,. B kaxmoii f-kommnonenre C' € C; Bbibepem oamy touky |a) € C. Eciu
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paccMorperh cdepbl paanyca /2 ¢ nenrpamm B Takmx Toukax |a) € C', rorma Bce
ot cepbl IOMAPHO HE IePeceKatoTcs M MOIYT MMETh OOIIue TOYKM JIUIIbL Ha Cpa-
nunax. Bee stu cdepor Haxongres B Gosbiieil cepe paguyca 1+ 6/2 ¢ nearpom B
|(0,0,...,0)). O6bem chepsr pagmyca 7 B KoMmTIekcHOM mpocTparctee HY is pasem
cr?® (B KommekcHO3HATHOM TipocTpancThe HY Kakmas ToUKa |o) mmeer pazmepHOCTD
2d). Koncranra ¢ 3aBUCHT OT WCHOJb3YEMONH METPUKHU TPOCTPAHCTBA H¢. Takum 06-
pasoM, uMeeM

o\ 24
C(1+§) 9\ 2(Q)

tz’§ﬁ<1+9) .
(5)

Ha kaxnom yposue i € {0,...,¢ — 1} npeobpaszoBanus cocrosuuii [1)) mnporpam-
mMbl DP 3amatorcst yaurapHoit (d X d)-maTpureii, KoTopasi OnpeJensercs 3HadeHneM
v cunTbiBaeMoit mepeMennoit xj, . as mogmuoxecrsa D C U; u yuurapmuoit (d X d)-
matpunsl M nonoxum D' = {|¢') : @) = M), |¢) € D} (muoxecreo D' = M (D) —
obpaz D ansa upeobpazosanus M ). Cienyroiiee yrBep:KIeHUe MOKA3bIBAET, YTO IPO-
rpamva DP coxpaHsieT CBOWCTBO MPHUHAIIEKHOCTA COCTOAHHUI OAHON 0-KOMIIOHEHTE
MPU YHUTAPHBIX TPE0OPA3OBAHUSIX.

O

Csotiicro 4. na JABII DP, ans i € {0,...,¢ — 1}, 8 > 0, 11 npon3BoabHON
0-komnonentl C' muoxkecrBa W; u npousBosibHOI yuutapHoit (d X d)-marpunst M
muoKecTBO M (C') ABAsSETCS HOIMHOKECTBOM HEKOTOPOil §-KoMmoneHTbl C' MHOKECTBA
\IliJrl .

HokazaresibcTBO. YHUTAPHOE NPEOOPA30BAHNUE COXPAHACT PACCTOAHUE [ MENKIY
sekropamu. CiienoBaTesbHO, ecau COCTOAHUA [t0) U |u) BXOAAT B 0JHYy §-KOMIOHEHTY
C € C;, 10 ux obpassl ) = M) u |p') = M|u) BXogaT B OnHY 6-KOMIOHEHTY
C' e Ci+1 . O

Crepyroree yTBep:KIeHNe MOKa3bIBAET, uTo st 0 = 2e MHOXKecTBO [A] mpuHnMa-
IOIIMX BEPIIUH U MHOXKEeCTBO [R] orTBepraiomux BepiiuH nporpammbl DP sBigiorcs
obbeanHeHnAMU f-KOMIIOHEHT MHOXKecTBa Wy cocTtodguuii ypoBHs £.

Csotiicro 5. Ilycts Cp = {C4,...,Ct} — aro mHOKecTBO O-KOMMOHEHT W, 117151
0 = 2¢. Torma
=Ua » RI=U0,
il icd

rne IUJ ={1,...,¢} m INJ =0.

HdokazareabcTtBo. B cuny ompenenennsa JIBII DP ummeem, ato muoXKecTBO W)
cocrosiHnit ypoBHs1 ¢ pasbuBaercst HA MHOXKeCTBO [A] TPUHUMAIONINX BEPIINH U MHO-
skecTBO [R] orBeprafommx Beprus nporpaMmbl D P . TTokaskem, 9To /115 TIPOM3BOJIBHOI
0-komnonentsl C' € Cp Boinosnserca oauo u3 apyx sBriawodenunii C' C [A] wiu C C [R].
1 9T0r0 JOCTAaTOYHO NOKAa3aTh OTCYTCTBHUE O-1eneii MexK 1y Toukamu MHO)KeCTB [A] u
[R], T0 ecTb uTO Anst mpou3BOMBHLIX |¢P) € [A] u [¢) € [R] cupaBennmuBo COOTHOLIEHHE

p(|¥), [¥') = 0 = 2e. (1)

IMycts |¢) = (21,...,24) n |¢') = (21,...,2,). Torma nmeem

2e< Y (=P~ = Y Gal=laD(zl+1=) < Y0 (2 — 2D (2] + =),

i€Accept i€ Accept i€ Accept
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AHAJIOTUYHO MPEIBIAYIEMY UMeeM

26< Y (=P 1= = Y (il —lzh(al+ 1) < Y0 (ai =z (1=l + 120

i€Reject i€Reject i€Reject

OObeauHsst 1Ba 9TUX HEPABEHCTBA, MOJTYIaEM
d
Z |2 — zil) (|2l + |zi]).- (2)

d
IIpumensas wepaserncrso Kommu — Byrsakosckoro E ab; <
i=1

oIy daeM

e < [|4) = [¥) |l

13 nepasenctsa Ko — ByHAKOBCKOTO TakKe HEMOCPEJICTBEHHO CJIEIYET, UTO

d

YUzl +1=zD2 < I [+ 1) || =

i=1

JBa mocaeHuX HEPABEHCTBA JOKa3bIBatoOT (1). O

2.3. Bropoii sran (mocrpoenme JBII P). TIlocrpoenune uckomoii IBII P
OCHOBBIBAETCH HA CBO¥CTBAX mpeablayinero paszaena. [lomoxum 6 = 2¢. [Iporpamma P
— 910 (¢ + 1)-ypoBHeBas 3abbiBaioiias BerBsinascs nporpamma. Ha yposae j cuurbi-
BaeTCsA NepeMeHHast &y, (kax B mporpamme D P). Bepmunam ypoBHS j COOTBETCTBYIOT
0-xomnonenter u3 Cj. U3 sepmmuber C' € C; pebpo, mOMeYeHHOE T;, = 7, BeJeT B
sepummny C' € Cjiq, ecmu M;(v)(C) C C'. Bepmnna C € Cp mocimequero yposus £
JIOTIOJTHATENTFHO TToMedaeTcs exununeii (aynem), ecm C' C [A] (C C [R]).

N3 onucanma JIBII P caexyer, uro P Boramciaser 1y ke gyakmuo f, aro n JIBII
DP, n ee mupuna w(P) oneHnBaeTcsi cBepxy:

2w(Q)
(P)<maX|C|<<1+—) .
0<i< €

Teopema 1 moka3zaHna.

3akJiroueHue

Knacc cnoxxnoctn NCU (em., manpumep, [12]) comepzxur B cebe Bce Oynenbl dbyHK-
wuu  f(x1,...,x,), BbIUUCAUMbIE CXeMaMK U3 (PYHKIMOHAIBHBIX JIEMEHTOB I10JIUHO-
MuanbHOl cnoxknoctn ray6nasl O(logn). Kmace NC!' exomut B kmace P. Bompoc
o coberrerHoM Brmouernu N ! S P apysieTcss OTKPHITO#H MPOGIEMOii.

O6o3naunm uepe3 BP, MHOXKeCTBO OYJIeBBIX (DYHKIINH, BIUUCIUMBIX BETBSIIAMHA-
Csl IPOrpaMMaMy HOJMHOMHMAJIBLHON (0T 4ucia nepeMeHHbIX (DYHKIUK) CJIO0KHOCTH U
mupuael w. [Homomum BPonst = Uy>1BP, . O603nauny qepe3 SQBP,, knacc Ciox-
HOCTH, CofepsKammii OyaeBbl (bYHKIUH, BHIYUCIUMBIE CUHTAKCUUICCKUMYU KBAHTOBBIMU
BETBANINMUCS TPOTPAMMAMU TTOJTMHOMHUAIBHON CJIOXKHOCTH W ITUPUHBI W .

B paGore [8] mokaszaHo, 4To yrKe B cJydae NMUPUHBI 2 KBAHTOBBIE BETBSAIINECS T1PO-
rpaMMBI 00J1aa10T GONBLIIIME BEIMHCIATETLHLIME BO3MOKHOCTAME: SQBP, = NC!.



14 ®.M. ABJTAEB

JTokazaTeahcTBO 3TOro haKkTa OCHOBAHO HA COOTHOMEHWN BP.g.¢ = BPs = NC!,
YCTAHOBJIEHHOTO B [12], a mmeHHO: B [8] 10KA3BIBAIOTCS BA BKIIOYEHHUS

BP; CSQBP, w  SQBP, C BFenst-

Joxkazarenscto Teopembr 1 1aeT KOHCTPYKTHBHBII METO/T JJIOKA3ATEIHCTBA BTOPOTO
praouennst SQBP,, C BP.onst, To ecth o CKBII O mmupunbl const, BRIYUCASIONIEH
Oynery dbyukuno f ¢ HageHOCTBIO 1/24-¢, Mbl ctponm JIBIT P mmpunsr const’ < (14
+ 1/g)%c0mst | prrauenatonyto Ty e GyHKIMO f .

Summary

F.M. Ablayev. On Complexity of Classical Simulation of Quantum Branching Programs.

The paper considers syntactical quantum branching programs that compute Boolean
functions with bounded error. Classical simulation technique is presented for such quantum
programs and complexity of such simulation is estimated. The estimation of simulation
complexity is shown to be close to optimal on the example of MOD,, function.

Classical simulation technique for quantum programs presents constructive approach for
proving inclusion of class of functions, computed with bounded error by syntactical quantum
branching programs, into the complexity class NC*.

Key words: quantum algorithms, simulation complexity, branching program.
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