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1 . N
XapvKoscKuil HaYUOHATLHBLIL YHUGEPCUM EM PAOUOIIEKMPOHUKU, YKpauna
2

/loneuyxas akademusn aemomoodunbHo20 mpancnopma, Ykpauna

KBAHTOBBIE MOJAEJIN JAHHBIX U BBIYUCJIUTEJIBHBIX ITPOLHECCOB

Ipeonazaiomces kybumnvle (K8AHMOBbIE) CIMPYKMYPbl OAHHBIX U GLIYUCIUMENbHBIX NPOYECCO8 OJis CYUeChl-
6EHHO20 NOGbIULEHUsL OLICMPOOEICBUSL NPU peuleHul 3a0ai NOUCKA, PACNO3HABAHUSL, NPUHAMUS peuleHul,
OQUCKPEMHOU ONMUMUZAYUL U OMKA30YCMOUYUB020 npoekmuposanus. Onucamusbl annapamuo opueHmupo6a-
Hble MOOeU NApaLIenbHo20 (3a OOUH YUKT) GbIMUCTeHUs. Oyleana (MHOJCeCmBa 6cex NOOMHONCECME) Ha YHU-
6epcyme u3 n npUMUmMuEos8 OJisi pewleHus 3a0ay NOKpblmus, MUHUMU3AYUL OYIe8bIX DYHKYULL, CoHCamus Oan-
HbIX, CUHME3a U AHAIU3A YUPDPOBLIX CUCTHEM 3a CUem peanu3ayuu npoYeccopHoll CMpyKkmypul 6 ghopme oua-
epamme Xacce. I[Ipedcmasien npomomun K8aHmMo8020 yCmMpoucmed, peaiu308aHH020 HA OCHOBE NPOSPaAMMU-
PYeMotl 102uKy 015t ONMUMAILHO20 PEULeHUs 3a0ayu NOKPbIMUsL NpU aHalu3ze KUbepnpocmpanHcmed.

Knrwouessle cnosa: kybum, K6aHmosvle 8bI4UCICHUS], NPOSPAMMUPYEMAS] TO2UKA, KUDEPNPOCMPAHCMEBO.

BBenenue

KBaHTOBBIC BBIYHCIICHUS B IOCICTHUE TOABI CTa-
HOBSATCS HHTEPECHBIMHU JUIsI aHAJIM3a KHOCPHETUIECKOTO
MIPOCTPAHCTBA, CO3J]aHUs HOBBIX MIHTEpPHET TEXHOJIOTHUH,
Oyaromapsi MX HEKOTOPOW aJbTEPHATUBHOCTH CYIIECT-
BYIOIIIUM MOJIEIIAM BBIYUCIIUTEIBHBIX MpoliieccoB. Kpo-
M€ TOro, PBHIHOYHAS IPUBJICKATEIHHOCTh KBAHTOBBIX
WA KyOWTHBIX MOJENICHi OCHOBBIBACTCS Ha BBICOKOM
MapajuIeIu3Me PEIICHUsS MPaKTHYECKU BCEX 3amad Jvc-
KpPETHOHM ONTUMH3AIMU, (aKTOPU3ALUH, MUHUMHU3AINU
OyneBbIx (YHKIUU, 3GGEKTHBHOTO CHKATHS, KOMIAKT-
HOT'0 MPEJICTABJICHUS U TEICMOPTALNHU JaHHBIX, OTKA30-
ycroifunBoro npoektupoBanus [1 — 10] 3a cuer cymie-
CTBCHHOT'O TOBBIIICHUS amMapaTHeIX 3aTtpar. Ho Takas
I1aTa B HACTOAIIEEC BpEMs BIOJNHE JOMYCTHMA, IIO-
CKOJIbKY CYIIECTBYIOT MPOOJIEMBI 3alOHCHUS ILIOIIA-
JIei CHIIMKOHOBOT'O KPUCTAJIA, KOTOPBIN COAEPIKUT 10 1
MUJUTHAP/Ia BEHTHWICH NPU TOJIIMHE TUTACTHHBI, PABHOM
5 MukpoH. [Ipu 3TOM COBpEMCHHBIC TEXHOJOTHU JIO-
MTyCKAIOT CO3/JaHUC TaKeTa WIM «COHIBUYAY», COIEpIKa-
IIEro 0 7 KPHCTAJIOB, YTO COM3MEPUMO C 00BEMOM
HEHPOHOB TOJIOBHOIO MO3ra 4YejoBeKa. IIpakThuecku
«OeCTIpOBOIHOE» COCAMHEHUE TAKHMX IIACTHH OCHOBBI-
BaeTCsl HA TEXHOJIOTUYECKOH BO3MOYKHOCTH CBEPJICHHS
nopsika 10 TeIcAY CKBO3HBIX OTBEpPCTHUM Ha 1 KBajapar-
HOM caHTUMeTpe. HamomHuTh mojie3Hol (hyHKIMOHAIb-
HOCTBIO TaKOW 00BEM MOMYCTUMBIX Ha KPHCTAJlIC BEH-
TWIEH B HAcTosIlee BpeMs mpodiieMaTHdHO. [loaTomy
MOKHO M HYXKHO HCIIOJIb30BAaTh «KaJIHBIC» K aImapary-
pe MOJEIH U METOMBI IS CO3IaHUs OBICTPOACHCTBYIO-
IIMX CPENCTB MapajUICIbHOTO PEIICHUS MPAKTHUECKUX
3amad. ViMes BBUIY JUCKPETHOCTh U MHOI'O3HAYHOCTH
aj(paBUTOB ONMUCAHUSA HH(GOPMAIMOHHBIX IPOIECCOB,

CBOMCTBO Napajulenu3Ma, 3aJI0KEHHOE B KBAHTOBBIX
BBIYMCIICHHSAX, SBISETCS OCOOEHHO BOCTPEOOBAHHBIM
npu co3iaHud 3(P(QEeKTUBHBIX M HWHTEIIEKTYalIbHBIX
«IBIDKKOBY» JUIS KHOepmnpocTpaHcTBa win MHTepHera
[11]; cpenctB cuHTe3a OTKAa30yCTOMYHMBBHIX LU(PPOBBIX
MIPUMUTHBOB U cucteM [12]; TecTHpOBaHUS U MOJENHU-
poBaHMs IU(PPOBBIX CUCTEM Ha Kpucrayuax [13 — 15];
TEXHOJIOTUH 3alUThl WHPOPMAIMd M KOMIBIOTEPHBIX
cucreM [5—7]. 3mech He paccMaTpuBaeTcs Gu3nIecKas
OCHOBa KBAaHTOBBIX BBIYHMCIICHHH, W3HA4YallbHO 3aJI0-
KEHHas B TPyJaX YYCHBIX, OPUEHTUPOBAHHBIX Ha BO3-
MOXHOCTh  HCIIOJIb30BaHMSl  HEJETEPMUHUPOBAHHBIX
KBaHTOBBIX B3aUMOJIEHCTBUI BHYTpH atoma [16, 17].

1. KyOuTHbBIe, KBAHTOBBIE MOJEJIN JAHHBIX
U BbIYMCJIUTEIbHBIX POLECCOB

KBaHTOBBIII KOMIBIOTEpP MpEAHA3HAYEH JUIS OTKa-
30yCTOMYMBOTO MPOEKTUPOBAHHUS U DPEIICHHUS ONTHMH-
3alMOHHBIX 33/1a4, CBSI3aHHBIX C TOJHBIM I1IepedopoM Ha
OCHOBE HCIIOJb30BaHHsI TEOpUH MHOXkecTB. OcobOeH-
HOCTB B TOM, YTO MHOKECTBO 3JIEMEHTOB B KOMITBIOTEPE
BCC PaBHO YIOPSIOYCHHO, MOCKOJBKY KaXKIblid OalT
nMmeer cBoil aapec. IIo3ToMy TeOpeTHKO-MHOMXECTBEH-
HBIE OIEpald CBOIATCA K Iepebopy BCEX aapecoB
MIPUMHUTHUBHBIX 3JIEMEHTOB. AJIPECHBIN MOPSJIOK CTPYK-
TYp JA@HHBIX XOPOII IS 3aj]a4, IJie KOMIIOHEHTHI MOjie-
JIe MOXKHO CTPOTO PaH)XUPOBATh, YTO AT BO3MOXK-
HOCTD BBINOJHATH UX aHAJIH3 3a OWH ITPOXOJ] HIIH OJIHY
utepauuo. Tam, rae HeT mopsaKa B CTPYKTYpe, HalpH-
Mep, MHOXXECTBO BCEX IOJAMHOXKECTB, KJIACCHYECKast
MOJIETIb TAMSATH U BBIYUCIHUTEIBHBIX MPOIECCOB HaHO-
CHT Bpe€J BPEMEHHM aHallu3a acCOLMAlMM PaBHBIX II0
paHry NpUMHTHBOB, WJIH, B JIy4IlIeM ciydae, o0padoTka
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aCCOLMATUBHBIX TPYI siBIsieTcsl HedpPeKTuBHOM. UTo
MOXKHO TPEAJIOKUTh ISl HEYHNOPSIOUEHHBIX JaHHBIX
BMecTo crpororo mnopsiaka? Ilpoueccop, rae ameMeH-
TapHOW SYEUKOM CIy)HUT 00pa3 WiM IabjoH yHHBEp-

CyMa U3 N IPMMHUTUBOB, KOTOpHIi reHepupyer Q =2"

BCEX BO3MOXHBIX COCTOSIHUHN TaKOH SUYCHKH B BUiC OY-
JleaHa WJIM MHOXKECTBa BCeX IMOAMHOXeECTB. IIpsmoe
pelieHre Co3/aHusl TakOW SYEHKH OCHOBAHO Ha YHH-
TapHOM TO3UIIMOHHOM KOJUPOBAHUU COCTOSIHUM MpH-
MHTHBOB, KOTOPOE C TIOMOIIBIO CYNEPIIO3UIIUN TTOCEN-
HUX 00pa3yeT MHOXKECTBO BCEX IOIAMHOXKECTB, (OpMU-
pyioliee B Mpeneie YHUBEPCYM NPUMUTUBOB. Harpu-
Mep, YeThlpe NPUMHTHBA CO3IAIOT OyieaH, comepika-
WA TIeCTHAIIATh COCTOSHHN (COYeTaHHit), C MOMO-
[IBIO YETHIPEX JTBOMYHBIX Pa3psIOB:

A={Q=(1000), E=(0100), H=(0010), J=(0001),
0={Q,H}=(1010), I={E,J}=(0101), A={Q,E}=(1100),
B={H,J}=(0011), S={Q,J}=(1001, P={E,H}=(0110),
C={E,H,J}=(1110), F={Q,H,J}=(1011),
L={Q,E,J}=(1101), V={Q,E,H}=(1110),
Y={Q,E,H,J} =(1111), U=(0000)}.

Onepanii HaJlT CUMBOJIAMH TEOPETUKO-MHOXKEC-
TBEHHOTO aj(haBUTA CBOAATCS K JIOTHYECKAM KOMaHIaM
and, or, not, xor, KOTOpbIe GOPMUPYIOT PYHKITMOHATEHO
MOJIHBIN Oaswuc, coriacHo Teopeme [locta. Hampumep,
HIDKE MPEICTABIICHBI JIOTHYECKUE TPeoOpa3oBaHUs TEO-
PETHUKO-MHOXKECTBEHHBIX OIMepaIuii:

QUE=1000v 0100=1100= A;
SAV=1001A1110=1000=0Q;
B=0011=1100=A;
FAP=1011©0110=1101=Y;
HAJ =0010 ® 0001 =0011=B;
FAY =1011®1111=0100=Y;
FAF=1011®1011= 0000 = U(D);

Hpyras wuHTeprperanust OyneaHa W3 YeThIpeX
npumuTuBOB (1BomuHble kol 00, 01, 10, 11), npen-
CTaBJICHHAsI HIDKE:

00000000001 1111111
010 000111100001 111
100011001100110011
11101 01010101010101

cozfaer 16 pa3nu4HbIX QYHKIUE OT IBYX MEPEMEHHBIX.
B TO ke BpeMst MOCIIEIHIO TabIUIy MOXHO Mpe/cTa-
BUTHh KaK KOJbI CHMBOJOB MHOTIO3HayHOro ayngasura,
KOTOPBIMH JIETKO OIEPUPOBATh JUIS PELIeHUs 3a/ad
CHUHTE3a U aHaju3a OyJIeBbIX ()YHKIIU:

00000000

—“TmO
Roc o

11
11
11
01
VY

——_O O
Tio— o
H—— o
o o —
|t O
o — =

Takyto TaOnuily JIerKO MOCTPOHWTH IS JTIFOOOrO
yuciaa npuMuTHBOB (n=2, 3,4, 5, 6, 7, 8 ...), TIe Teope-

THUKO-MHO)KECTBEHHBIE ONEPallii HaJl CUMBOJAMHU CBO-
JIITCSL K JIOTMYECKMM OIepauusiM HaJl BeKTopamu. J[Ba
HauOonee TpaauuoHHBIX mpumurtuBa (0,1) co3pmaroT
n3BecTHbIN andasut Kanropa:

0/]0 0 1 1
110 1 0 1
@ 1 0 X

MHOro3Ha4HOCTh CHMBOJIOB an(aBHTa MOIOXKH-
TENbHO BIMSIET HA MUHUMH3AIMIO OYyIeBBIX (YHKITHI.
Hampumep, KOMIAKTHOE TPEACTABICHUE COCTOSHHSI
BXOJHBIX MEPEMEHHBIX OTICIBbHBIX OYyIeBbIX (YHKIIHit
OT JIBYX MEPEMEHHBIX MPU UX KOJAUPOBAHHH CHMBOJIAMH
16-3HayHOrO angaBuTa MMeeT He Ooyee IBYX KyOOB
MHOTO3HAYHOT'O TOKPBITHS:

000 Qlo
01(0| |E|O]_ B ]
wlol=lalo =Y |o|=]1111]0];
1110 Jl0
000 Qlo
010 E[0]| |V {1110 0]
100 H{0| |7 ~10001 |1
1111 Tl
000 Qlo
010 E|O| |F RS
10 |1 H|1| |H “10010 | 1
1110 T10
000 Qlo
010 E[O0| [A {1100 ] 0].
10 |1 H|1| | B “10011]1
1111 T 1
00 |1 Q1
011 E|[1]|_ B ]
1011 ali =Y [1]|=]1111]1];
1111 T 1
000 Qlo
010 E|O| |F 1101 {0}
10 |1 H|1| |H “10010 | 1
1110 T10
000 Qlo
011 E[1]| |[Q 1000 [0].
10 |1 H|1| |C o111 1
1111 T 1
000 Qlo
011 E|1|_[S _ | 1001 |0
10 |1 H|1| |P “lo110 '
1110 T10

Takum 00pa3oM, Mepexo OT ABOUYHBIX BEKTOPOB
BXOJHBIX CHI'HAJOB K CHMBOJIAM 3aMKHYTOTO MHOIO-
3HAYHOTO anaBuUTA JAaeT MPUHIMITHATLHO HOBYIO BO3-
MOYKHOCTh MUHUMH3AIMH KYOHYECKHX MOKPBHITHI (Tab-
JIMI[ MCTHHHOCTH), KOTOpPBIE Bceraa OyAyT UMETh He
Oonee AByX KyOOB
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(OPMUPYIONIMX €TUHUIHOE U HYJIEBOE 3HAYECHUE BBIXO-
na (QYHKIUM ABYMsI B3aUMHO OMOJHSIONIMMU CHMBO-
JaMHM, B COBOKYIHOCTH (DOPMHPYIOUIUMU CHMBOJI-
yHuBepcyM. IIpu 3TOM MOIIHOCTH YHHBEPCYMa IMPHUMH-
tuBoB cardU =n QopMupyer obIiee YUCI0 COCTOSHUMN

Q = 2n WK IPOU3BOAHBIX OT HUX CHUMBOJIOB, KOTOPLIC

komupyrotcst 2" IBOMUHBIME paspszamu. Ilocrmemyro-
1iee JBOMYHOE KOAWPOBAHHE BXOMHOIO CHMBOJIA Ka-
JIOTO U3 JABYX KyOOB JaeT BO3MOKHOCTh MaKCUMaJIbHO
NpUOJIM3UTECS K peasu3alui (YHKIMOHAIBHOTO MpH-
MUTHBA KaK 3JEMEHTa MaMsATH IPOrpaMMHUPYEMBIX JIO-
rudeckux ycrpoicte (PLD), rme BXoqHOE CIIOBO JIOTH-
YECKOro AJIEMEHTa €CTh aJpec siueiKu mamstu (Oura), B
KOTOPOM 3allUCaHO COCTOAHHE BbIxoaa. OnHako Tabnu-
Lla UCTUHHOCTH B (opme mamstu ectb JJH®D, koropas
HeoOpaTuMa JUIsl pelieHust 3a1aui 00paTHOW MMILIHKA-
UK. 37eCh BBIXOJOM MOXKET CIIY)KHTh SIBHOE 3aJaHue
(YHKIIMOHANBHOCTH B (hOpME KYOUUECKOTrO MOKPBITHSA,
a TouHee JBYX KyOOB IIOKDBITHS, 3alalolUX BCE BO3-
MOXHBIE pelieHust mo BxoaaM. [Ipu sTom Bce norude-
CKHE DJIEMEHTHI CTAHOBSITCS OJHOBXOJOBBIMH, TJIE€ BXO-
JIOM SIBJISICTCS PETHCTPOBas IE€peMEeHHas WIH n-
paspsaHbId  BEKTOp, (OpMUpYIOIIMI agpec mamsTy,

xpansimeit Q =2" 6ur, kak 3HaueHH QyHKIMM
Y =f(A) =f(X],X2,.-,Xjse-sX1 )

KyOur ectp NBOWYHBIA BEKTOp, COAEpkAIIMHA N
OouTOB, MU 3amaHusA OynacaHa (MHOXKECTBa BCeX IOJ-

MHOKecTB) cocTostHuit Q =2" Ha OCHOBE MCIOJIB30Ba-

HUS N IPUMHUTHUBHBIX CUMBOJIOB (3JIEMEHTOB).
KyOuT — COBOKYITHOCTh PaBHO3HAYHBIX JBOMYHBIX
n OHTOB, (QOPMHUPYIOIIUX EIUHUYHBIM 3HAYCHHEM N

NPUMUTHBOB, s o0o3HaueHus Q=2" cocTosHuii,

COCTaBJISIIOIIMX OyJieaH — MHOXXECTBO BCEX IOJIMHO-
KECTB OT N IPUMHUTHBOB.

3neck Her uncen! Bce OuThl KyOuTa paBHBI NpU
CO3JJaHMHM TIPUMUTHBOB. Jlto0asi TeopeTHKO-MHOXKec-
TBEHHasl OIepalysl BBHITOJHAETCS 3a OIMH TaKT, 4TO
HEBO3MOXKHO IPY 33J]aHUH aCCOIMAIMU TPUMHUTHBOB Ha
cueTHOM (YNOpPSIIOYEHHOM) MPOCTPAHCTBE MaMSTH
KoMITbIoTEepa. MeTpuka (BEKTOpHAs M CKaJsApHas) aHa-
JM3a paccTosHui, npemioxkenHas B [11, 13], adbcoror-
HO TIPUTOHAS ISl K3MEPEHHS B3aUMOJIEHCTBUSI MHOT'O-
3HAYHBIX (JBOMYHBIX) KYOUTHBIX OOBEKTOB, MPOIECCOB
U SIBJICHUH, TIyTEM HMCIOJIb30BaHUsI XOr-Olepalny.

B wuneane wucrnons3oBaHue KyOUTHOW CTPYKTYpBI
JTaeT BO3MOXKHOCTH JIFOOYIO (hYHKIIMOHAJIBHOCTH TPEI-
CTaBUTHh B BHUJE IABYX KyOOB, IPUBSI3aHHBIX K HYIIO U
emuaune. Taxue kyosl popmupytor KH® u JJTHD coot-
BETCTBEHHO. MOXHO YIIPOLIATh U Jajee MyTeM HCKIIIO-
YEHUSI U3 PACCMOTPEHHS HYJIS U €UHUIIBI, HESIBHO UMEst
ux B Buay. Ilpu 5TOM 11Ba Ky0Oa, (OpMUpYIOIIHE BXO/-
HBIE YCJOBUs, OYyIyT BCerja B3alMHO WHBEPCHBIMH,

MOCKOJIbKY OHU JIOTIONHSIOT APYT Jpyra 10 yHHUBEpCyMa
npuMuTHBOB. Cle0BaTeIbHO, HEOOXOAMMO OCTABJIATH
JIUIIG OAHY OYKBY (CHMBOJ), a 3HAYHUT OJMH JTBOMYHBIN
KOJI, KOTOPBIH €CTh TAOJHUI[a UCTUHHOCTH (IIBYXBXOIO-
BOro) (hyHKIIMOHATIHHOTO IPUMHUTHBA:

00f0] [QTo
ot|1| |E|1] [STo
11| |H|1]7|P]|1
1ijof [J]o

Y=P=EvH=A| VAjy =X|X) VX|X3.

1001
0110

0
0 p[ar]

ITonydeHHbIN BEKTOP MHTEPIIPETUPYETCA 3/IECh HE
TOJILKO KaK COBOKYITHOCTh aJIpeCyeMBIX OHTOB, HO Kak
Ky0, dopMupyromui eIMHUYHOS 3HAYCHHE BBIXOIA
MPUMHUTHBA, HAJ KOTOPHIM MOXXHO BBIMOJHATEH TMapa-
JIeNbHbIE BEKTOpPHBIE JIoTHdeckue oneparuu. dopmaib-
HO CYIIECTBYET JBa IMYTH CHHTe3a (DYHKIIMOHAIHLHOCTH
nu(ppoBON CXeMBI, UMEIOIIeH n BXoaoB. [lepBriii dhop-
MHpPYET BEKTOp JUIMHOM N, MyTeM 3aIroHEHUs HYJIEBbI-
MU U CAWHUYHBIMH 3HAYCHHAMHU (YHKIIMH HA OCHOBE

npAMOro MOJCIUPOBAHHA BCEX q=1’1’1><2rl BXOOHBIX

BO3JICUCTBUI Ha M MpUMHUTUBaX. Bropoit — MeTos 00-
paTHOTO MPOCIIEKUBAHUS — TAKXKE OCYIIECTBIISET J0OTM-
peneneHue BceX KOOPAMHAT BEKTOpa COCTOSHUM BBIXO-
JIOB, HO IyTEM CYIEPIO3UIMH M KYyOMYECKUX IOKPHI-
THUH, BXOJSIIMX B COCTaB CXEMHOW CTPYKTYyphl. B aTOM
Cllydae BBIYMCIUTEIbHAS CIIOKHOCTh MONYyUeHUS (DyHK-
[IMOHAJILHOTO TOKPBITHUS paBHA (= 2Xm, IPHU YyCIO-

BHH, YTO CTPYKTYpHBIE KOMIIOHEHTHI CXEMBI IIpeBapu-
TENILHO OBUTH PaH)XUPOBaHBI B COOTBETCTBUH C IOPSJI-
KOM PAacIIpOCTpaHEHUsI CUTHAJIOB, a OKPBITHE KaXI0ro
MIPUMHTHUBA UMeeT 2 KyOa.

[lonydyeHHass CTpyKTypa BeKTOpa BBIXOAHBIX 3Ha-
YeHH (YHKIMOHAIFHOTO TPUMUTHBA H30MOp(QHA
JIH®, koropas onepupyeT eIMHHYHBIMU TepMaMH Oy-
JIEBBIX TEPEMEHHBIX. AHAJOIMYHO MOXKHO 3aIKcaTh
KH®, ucnone3ys HyneBoil KyO MOKpBITHS (YHKIHO-
HaJIBHOI'O IPUMUTHBA.

Pe3ynpraT MUHUMM3aIMM MHTEpPECEH U UL CXKa-
TSI MHQOPMAlMU IIYTEM TIOJNy4YEeHUs] MUHHMaJIbHOM
JIH®, ¢ moMoripio KOTOpOil Bceraa MOXKHO BOCCTaHO-
BUTHh HCXOJHYIO TaOJMIly MCTUHHOCTH. BhIMUCIHTENH-
Hasl CIIOKHOCTh MUHUMHU3AIMK B KYOUTHOM UCUHCIICHUH
Ha MHOTO3HAYHOM aJyiaBUTE JIMHEHHA OTHOCHTENHHO
yycia NepeMeHHbIX. BO3HUKaeT ecTecTBEeHHBIH BOIIPOC.
3aueM MUHUMU3UPOBATH (PYHKIIUIO, €CITM OHa KOMIIAKT-
HO TPEACTAaBISIETCS COCTOSHUSAMHU BBIXOJOB IO BCEM
aZipecaM, COCTaBIIEHHBIM U3 KOJIOB OT JIOOOro yucia
nepeMeHHbIX. ENMHCTBEHHAsI TPaKTUYECKH OpUEHTHPO-
BaHHasl 1I€Jb — BBINOJHEHHE TpoLEenyp oOpaTHOH HM-
IUIMKALMY JJI8 peaju3aliyd PeryspHBIX aIrOPUTMOB
CHUHTE€3a TECTOB, KOTOpHIE Ha MOPSNOK YIy4llaT CBOE
ObICTpOJEIICTBHE WX BBIIIOJHEHHS 332 CYET MUHUMAaJIb-
HOTO YHClIa KyOOB B TOKPBITHAX (YHKIMOHAIBHBIX
JJIEMEHTOB.
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2. Kyour-npoueccop
(KBaHTOBBIN MpoEcCcop)

[pennararorcst KyOUTHBIE (KBAHTOBBIE) CTPYKTYPHI
JIAHHBIX M BBIYHUCIUTEIBHBIX MPOLECCOB JUIS CYIIECT-
BEHHOTO TIOBBIIIEHHS OBICTPOJIEHCTBHS NPU PELICHUH
3aa4 JUCKPETHOH onTuMmu3zanmu. ONMcaHbl anmapaTHO
OpPHEHTHPOBAHHBIE MOJENU MapajIeIbHOrO (32 OAWH
LUKJ) BBIYMCICHHUS OyieaHa (MHOXECTBa BCEX IO[-
MHOXKECTB) Ha YHHUBEPCYME M3 N IPHUMUTHBOB JJIsI pe-
LIeHWs 3aJad IOKPHITHS, MHHUMH3ALUH OYIIEeBBIX
(GyHKIMH, c)KaTUsI AaHHBIX, CHHTE3a W aHanu3a 1ugpo-
BBIX CHUCTEM 3a CUeT peaM3aluy IPOLECCOPHON CTPYK-
Typsl B popme auarpamme Xacce.

Ilenp co3maHus KyOWT-Ipoliecopa — CYIIECTBEH-
HOE yMEHBILICHHE BPEMEHH IPH PELICHUH 33/1a4 OITH-
MU3AIMU [YTEM IapajjiebHOIO BBIYHCIEHHS BEKTOp-
HBIX JIOTHYECKUX OIepaluii HaJ MHOXECTBOM BCEX
MOZAMHOXECTB OT NPHUMUTHBHBIX KOMIIOHEHTOB 32 CUET
YBEIMYCHUST TaMSATH Uil XpaHEHHs IPOMEXYTOUHBIX
JTaHHBIX. 3a7a4u:

1. Omnpenenenue CTPYKTYp MAAHHBIX JJIS B3SATHS
OyneaHa Ipu pEIISHWW 3aJladd IOKPHITUS CTOJOIOB

MaTpHILIbI M:|M- i=1,m;j=1,n eIUMHUYHBIMU 3Ha-

1j|’
YCHUSAMU CTPOK. B wacTHOCTH, mpu m = n = §, HE0OXO-
JIUMO BBITIOJIHUTH HapalIeIbHO JOTHYECKYIO OMEPAITUI0
HajJ 256 BapuaHTaMHU BCEX BO3MOKHBIX COYETAHUM BEK-
TOPOB (CTPOK MaTPHIIBI), COCTABIISIONINX OyIeaH.

2. CucteMa KOMaH Tpoleccopa IOJKHA BKITIO-
yaTh ClieAyromue omneparuu (and, or, Xor) Haa BEKTO-
pamu (ClIoBaMHu), pa3MEPHOCTH M.

3. Pa3paboTka apXUTEKTypbl KyOWT-TIpoIleccopa

I mapaiienbHoro Bhlumcienus 2" —1  BapuaHTOB
COYETaHUM, HaNpaBJIEHHBIX Ha ONTHMAJBHOE peElIeHHE
NP-nonHo# 3a1a4u TOKPBITHUSL.

4. Peanmusaliys MpOTOTHIA KyOUT-TIpolieccopa Ha
0a3e mporpamMmupyemoii jgoruku PLD u Bepudukamms
(BayManys) anmapaTHOrO pelIeHHs Ha MpUMepax MHU-
HUMU3aIMU OyJIEeBbIX QYHKIUH.

5. IlpuBenenue npyrux NpakTHYECKHX 3ajad JWC-
KPETHOH ONTUMHM3ALMH K (popMe 3a1a4u TOKPBITHS ISt
MOCJIEIYIOLIETO PEIIECHUsI Ha KyOHUT-TIPOIIECcCope.

B kauecTBe mpuMepa mpezsiaraercst pemuTh 3aaa-
YH [OKUCKA ONTHUMAJIBHOIO €IUHUYHOTO IMOKPHITHS BCEX
CTOJIOIIOB MUHMMAJIBHBIM YHUCJIOM CTPOK MaTpuilbl M,
MIPEJCTaBICHHON HIDKE!

M|l 2 3 4 5 6 7 8
a |l . . . .1

b 1 . 1

c |1 | 1

d 1 1 1
e 1 |

f |l 1 . . 11

g 1 1 1
h 1 . 1

Jna sroro HeoOXomuMo caenaTh Inepebop Beex
255 coderaHMii: U3 BOCBMH 110 OTHOW CTPOKE, IO JABYM,
TpeM, YeThIpeM, IISITH, IIECTH, CEMH M BOCHMHU. MUHH-
MaJIbHOE KOJIMYECTBO IPUMHUTUBOB (CTPOK), (HOpMHU-
pylolliee MOKPBITHE, €CTh ONTUMalibHOE perieHue. Ta-
KHX DEUIeHH MOXeT ObITh HecKosbKo. Jlmarpamma
Xacce eCThb KOMIIPOMUCCHOE TNpeNIOKEHHE, OTHOCH-
TENILHO BPEMEHH U MaMSTH, WIIM Takasi CTpaTerus perie-
HUS 3a[audl MOKPBITHS, KOTJa paHee MONYy4eHHBIH pe-
3yJAbTAT BIIOCIEACTBUU HCIOJIB3YETCS sl CO3IaHUs
OoJiee CIOXKHOM cymepro3unuu. [1o3ToMy U Ka)aoi
TaOJMMIBI TOKPBITUS, COAEpXKAIleH N NPUMUTHBOB
(cTpok), HEOOXOAMMO TEHEPHPOBaTh COOCTBEHHYIO
MYJBTHIIPOLIECCOPHYIO CTPYKTYPY B hopMe qrarpaMmbl
Xacce, KOTOpas Aajee JOJKHA OBITh UCIIONB30BaHA JIJIS
MOYTH TapajuienbHoro pemeHuss NP-momHo#l 3amaun.
Hampumep, st 4eTblpex CTPOK TaOJIHIBI MTOKPBITHS
quarpaMma Xacce — CTpyKTypa MYyJIbTHIIPOLIECCOpa —
OyIeTr UMeTh CIEAYIOIIHHA BUI:

Puc. 1. KBanroBas ctpykTypa
BBIYUCITUTENILHBIX TIPOLIECCOB

OnTuManbHble pelieHus 3aJadd MOKPBITHS JUIS
Matpulel M, KoTopas reHepupyeT 255 BapHaHTOB BO3-
MOXHBIX COYETaHHM, PEICTaBICHbl CTPOKaMK B opme
JHO:

C=fghvefgvcdf.

ABTOMAT ynpaBiIeHHs BBIYHCIUTEIBHBIM MpOIEC-
COM Ui KBAaHTOBOH CTPYKTYpBI IIyT€M BOCXOJSIIETO
aHaJM3a BEPIIMH rpada OCHOBAH Ha MOCIIE0BATEILHOM
BBHITMIOJIHEHUM ONHMCAHHBIX JAajee maroB. 1. 3aHeceHue
uHpopManMK O TMPUMUTHBAX B PETHCTPBI (MaTPHUIIBI)

1
L; =P, mepBoro ypoBHs C IOCIEAYIOUIMM aHAIU30M

Ka4yecTBa MOKPBITHS KAXKIbIM IPUMHUTHBOM B JIBOMYHOM
¢dopmare (1 — ectb nmokpsiTHe, 0 — HET OKpBITUS). Eciu

m

1
OIMH U3 IPUMUTHBOB OPraHu3yeT MoKpbiTHe A Lj =
j=

L,
IpoIlecC aHalIM3a CTPYKTYyphl Xacce 3aKaHYMBAETCS.
HNuave — BeImonHenue nepexona (r =r + 1) Ha ciemayro-

Ui ypoBeHb rpada:



Haoininicmey anapamuux 3acodie ma cucmem Ha RPOZPAMOBAHUX KPUCHATLAX 51

1 moy
L. =P, > A L. =

_ 0—>n=n+];
i i=1 ij

1— end.

2. VHumuupoBanrie KOMaHIsI 00pabOTKU ouepe-
Horo (BToporo) ypoBHs. IlocienoBarenbHOE BBIMONHE-
HUE  BEKTOPHBIX  (MaTpW4HbBIX) omepamuid  (or

m

m
L= Lrij_l A Lrtj_l, and A Ljj=1) B nensx ananmsa ro-
i1 =1

KPBIBAIOIIEH CIIOCOOHOCTH COYETAaHWH NPUMUTHBHBIX

3JIEMEHTOB T-ypOBHS. 3JeCh t=1,_m, i =1,_m, r=Ln, n
— YHCJIO SPYCOB WM KOJIMYECTBO CTPOK B TAOJIHIIC TO-
KPBITHUS, M — YKCJIO CTONOIOB B Hell. Ecnu cymectByet
COYCTaHHE HA PacCMaTPUBAEMOM YPOBHE, CO3aolIce
MOJTHOE TOKPBITHE, KOTOpoe (OpMHUPYET OICHKY, paB-
Hyto 1, To 00paboTKa BCEX IMMOCICIYIONINX YPOBHEH
Iporieccopa HE BBINONHSETCS. B mpoTUBHOM ciydae
BBITIOJTHACTCA TEPEeXOo]] JUIA aHalIu3a CJCIYIOUIEro
YPOBHS MPOIIECCOPHON CTPYKTYPHI:

0>r=r+];

m m
U=t a5 ALl =
j 1 — end.

i~ i=1 tj =1 1§
Jl1s moumcka ONTUMAaNbHOIO TOKPBITHS Bcerja
JIOCTaTOYHO JABYX 3JIEMEHTOB HW)KHETO YPOBHs, 4TO
03HAa4yaeT — BCE OIEPallMOHHBIE BEPLIMHBI UMEIOT JBa
PETHCTPOBBIX (MaTPUYHBIX BXOHA), YTO CYIIECTBEHHO
YMEHBIIIaeT CTOMMOCTh anmapaTypHbIX 3aTpat. Konude-
CTBO BPEMEHHBIX TaKTOB JJIsi 0OpPabOTKH CTPYKTYpHI
mpoueccopa B XyJuIeM cjrydac paBHO 1.

BrIBOABI

Peanmu3zanusi KBaHTOBOrO Mpoleccopa Ha OCHOBE
CTPYKTYpbI Xacce MO3BOJIMIIA B 1 pa3 YMEHbBIIHUTH allra-
paTypHbI€ 3aTpaThl, 10 CPABHEHHIO C YHCIIO TapaJuIeb-
HOM peanu3alnyeil, 4To B CBOIO OY€peab, YMEHBILIHIO
ObIcTpo/EeiicTBHE TIpolleccopa Takke B n pa3. BeiBox —
HEOOXOJMMO HCKaTh HOBBIE CTPYKTYPHI JaHHBIX IS
CHIDKEHUsI almapaTHOW CTOMMOCTU KBAHTOBBIX BBIYHC-
JICHWH, Wiau OoJiee MHTEIUIEKTyallbHbIE alrOpUTMBI pe-
LIEHHs 3a7]a4¥ OKPBITUS HA TUarpammax Xacce.

HayuHnast HoBH3Ha — BIIepBbIEC NPEIOKEHa MOJIETb
JIAHHBIX U CTPYKTypa amnmnapaTHO# pealn3aluy KBaHTO-
BOTO KOMIIbIOTEpPA, KOTOpasi XapaKTepPH3YeTCsl MUCIIOIb-
30BaHUEM CTPYKTYphl Xacce, 4TO AaeT BO3MOXKHOCTb
cymectBeHHO (x100) moBBICUTH OBICTpOAEHCTBUE pe-
LIEHWs] TPAKTHYECKUX 3a7ad JUCKPETHOH ONTHMHU3a-
TN,

[IpakTHyeckass 3HAaUUMOCTh — CYIIECTBEHHOE MO-
BBIIICHUE OBICTPOACHCTBUS TPU pEIIEHHH 3ajqad Mo-
KPBITHSL U JPYrUX 3a7ad AUCKPETHOW ONTHMHU3AIMU 32
CYET yBEIHMYEHUs ammapaTHBIX 3aTpaT sl Hapajuieb-
HOT'O BBINOJTHEHUsSI BEKTOPHBIX JIOTMYECKUX OMepaiuii
Ha Xacce-CTPYKType KBAaHTOBOTO BBIYHCIUTEIHHOTO
YCTpPOMCTBA.
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PenenszenT: a-p TexH. Hayk, nmpod. M.A. @ypman, XapbKOBCKHI HAIlMOHAJIbHBIA TEXHUYECKUH YHUBEPCUTET CElb-
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KBAHTOBI MOJIEJII JAHUX I OBUUCJ/IIOBAJIBHUX ITPOLIECIB

B.I. Xaxanoe, Murad Ali Abbas, €.1. /lumeunosa, O.A. I'y3v,
L. B. Xaxanoea, Baghdad Ammar Avni Abbas

3arnpornoHoBaHo KyOiTHI (KBaHTOB1) CTPYKTYPH JaHHUX 1 OOYHCIIIOBaIBHUX MPOIECIB ISl ICTOTHOIO MiABUILEH-
HS MIBUAKO/IT P BUPILLIEHH] 3aJ]a4y MOIIYKY, pO3Mi3HABaHHS, PUHHATTS PillleHb, JUCKPETHOI ONTHMi3amii Ta Bij-
MOBOCTIHKOI0 MpoeKkTyBaHHs. ONUCaHO amapaTHO-OPIEHTOBAaHI MOAENI MapaelIbHOrO (32 OJUH IMKII) OOYHCICHHS
OyneaHna (MHOXHMHH BCiX ITiIMHOXXHH) Ha YHIBEpCYMi 3 n MPUMITUBIB ISl BUPILIIEHHS 3a/1a4 MOKPHUTTS, MiHIMi3amil
OyneBux (pyHKILIH, CTHCHEHHS JaHHUX, CHHTE3Yy Ta aHaJi3y IM(POBUX CHUCTEM 3a paxyHOK peaizamii MporecopHoi
cTpykTypu y ¢opmi giarpamu Xacce. [IpencraBieHo MpoOTOTUII KBAHTOBOI'O MPUCTPOIO, Peai30BaHOTO Ha OCHOBI
MIPOrPaMOBAHOI JIOTIKH I ONTHMAJIBLHOTO BUPIIIICHH 3a/1a4i MOKPUTTS TIPU aHalli3i KibeprpocTopy.

KorouoBi ci10Ba: KBaHTOBI OOYHCIICHHSI, KyOIT, OyJieaH, porpaMoBHa JIOTiKa.

QUANTUM DATA AND COMPUTING MODELS

V.I. Hahanov, Murad Ali Abbas, E.I. Litvinova, O.A. Guz,
LYV. Hahanova, Baghdad Ammar Avni Abbas

Qubit (quantum) structures of data and computational processes for significantly improving performance when
solving problems of discrete optimization and fault-tolerant design are proposed. We describe a hardware-focused
models for parallel (one cycle) calculating the power set (the set of all subsets) on the universe of n primitives for
solving coverage problems, minimization of Boolean functions, data compression, analysis and synthesis of digital
systems through the implementation of the processor structure in the form of the Hasse diagram. A prototype of
quantum device, implemented by programmable logic, is described.

Key words: quantum computing , qubit, power set, programming logic.
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