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YK 519.613:681.326
TAMER BANI AMER, U.B. XAXAHOB, E.H. INTBUHOBA, U.B. EMEJIbAIHOB

KYBUTHBIE MOJIEJIN OIIMCAHUSI [IU®POBBIX YCTPOMCTB

[Ipennaraercs oonaunblii cepBrc QuaSim ayIst MOJETMPOBaHUS U BeprpuKanuy HuQpoBbIX
CHCTEM, OCHOBaHHBIH Ha TPAH3AKIMAX MEXKLy a/[PECYEeMBbIMH KOMITOHEHTaMH MaMSITH JUIs peajn-
3aruu 000l QyHKIMoHaNEHOCTH. ONKCHIBAETCS HOBBIM NOAXO/ K CHHTE3Y U aHaM3y Hudpo-
BBIX CHCTEM, HCTIOJIb3YIOIMH BEKTOPHYIO (opMy (KBaHT) 3aaHHsI KOMOWHAIIMOHHBIX M OCIIE10-
BaTENBHOCTHBIX CTPYKTYP JUISl UX UMIUIEMEHTALMH B SJIEMEHTHI [TaMSITH, YTO CYIIECTBEHHO OTJIH-
4aeTcs 0T OOIENPUHIATON TEOpUU MPOSKTUPOBAHUS AUCKPETHBIX YCTPOICTB Ha OCHOBE TaOIHIL
HCTUHHOCTH KOMIIOHEHTOB. VICIIOIb3YIOTCS KBAHTOBBIE HIIM KyOUTHBIE CTPYKTYPBI IaHHBIX [ 1-5]
JUISl peain3aliy BBIYUCIUTEIBHBIX MTPOIIECCOB B LEISIX MTOBBIIICHUS OBICTPOICHCTBHS aHAIIN3a
U (POBBIX CHCTEM U YMEHBIIEHHS 00BEMOB IIaMSITH Ha OCHOBE YHAPHOTO KOJHPOBAHHUS COCTO-
SIHMH BXOHBIX, BHYTPEHHHX M BBIXOIHBIX TEPEMEHHBIX U UMIUIEMEHTAIMHN KyOUTHBIX BEKTOPOB B
aneMenThl mamsatu FPGA, peanusyronx KOMOWHAIIMOHHBIE U IT0CIIEJ0BATEIbHOCTHBIC IPUMU-
THBBI.

1. O6mas xapakTepuCTHKAa HCCJIeI0BAHUS

I]eny — NOBBIILICHUE HA/IEKHOCTU BBIYMCIIUTEIBHBIX YCTPONUCTB 3a CUET aJpeCcyeMOCTH CXEM-
HBIX 3JIEMEHTOB, YTO ITO3BOJISIET BHIMOIHATH online peMOHT, a TaKK€ TMOBBIMIAET OBICTPOJICH-
CTBHS METOJIOB MOJICTUPOBAHUS, TECTUPOBAHUS U BEpUPHUKAILIMU CIIOKHBIX HU(POBBIX CUCTEM,
Onarozaps yMEHBIICHUIO Pa3sMEPHOCTH MOAEIEeH (yHKIMOHAJIBHBIX NPUMUTHBOB U aJpECcHOM
peanu3auy BceX KOMIOHEHTOB CTPYKTYP JaHHBIX.

3a0auu: 1) Cozganue aBTOMaTHOM Mozenn KyOuTHOro mpoueccopa. 2) CHHTe3 KyOUTHBIX
Moeneit nndpoBeIX MPUMHUTHBOB. 3) CHHTE3 1 aHANHU3 KyOUTHBIX MoieTeil n(poBhIX cxeM. 4)
AHanmn3 mUQPOBHIX CUCTEM Ha OCHOBE HCTIOJIb30BAHMUS KBAHTOBBIX BEKTOPOB OITMCAHUS IPUMHTH-
BOB.

AxmyanoHocms uccreooganus: 1) CoBpeMeHHas cUCTeMa Ha KpucTtaimie coaepxut 94%
MaMSATH U IMIb 6% JTOTHKH, KoTopas gocTtaBisieT 6oiee 90% mpobiem, CBA3aHHBIX ¢ Bepupuka-
1ueH, TECTUPOBAaHUEM, JUArHOCTUPOBAHMEM W BOCCTAHOBJICHHMEM paboTtocnocoOHOCTH [6-7].
Koneuno, ObicTpoaeHCTBHE JJOTHYECKUX CXEM Ha MOPSAIOK BBIIIE, YEM y MIAMSITH, OJHAKO 0OJIb-
mIasi 10Jis BBIYMCIIMTENBHBIX HPOLIECCOB NMPUXOIUTCA Ha OOMEH MH(popMaluel B CTPYKTypax
namstu. [loaTomMy npenmyiecTBa KOMOMHAIMOHHOHN JIOTMKH B PEaTbHBIX BEIYUCIUTEIBHBIX CHUC-
TeMax oOpabOTKM OOJNBINUX JAHHBIX KOMIIEHCHPYIOTCS OONBIINMH BPEMEHHBIMH 3aTpaTaMH
(mopsinkxa 90%), cBA3aHHBIMH C TPaH3aKLUMAMU B amsITu. 2) Peannzamus nmponeccopa TOIBKO Ha
OCHOBE HCITIOJIb30BaHUS DJIEMEHTOB MaMSTH JENaeT €ro OJHOPOJHBIM MO CTPYKTYpE M THIIAM
(YHKLIMOHAIBHBIX IPUMHUTHBOB, YTO JOCTABJISIET OYEBUAHBIE TEXHOJIOTHYECKUE y100CTBA IPO-
HeccaM MPOeKTUPOBAHUSL, TPOU3BOJICTBA M SKCILTyaTalllH, BKIIFOYast BEpHU(PHUKALNIO, BCTPOCHHBIE
TECTUPOBAHKE U TUArHOCTHUPOBAHHKE, a ITABHOE — PEMOHT B peXHMe online ¢ TOMOIIBIO HCTIONB30-
BaHMsI Ha KPUCTAJUIC YHUBEPCAIBHBIX aIpECyeMbIX Spare-KOMIIOHEHTOB namstu. 3) Mozaenupo-
BaHHE B IIpoliecce Bepru(UKaIK IPOSKTUPYEMbIX BEIUNCIUTENIEH Ha OCHOBE aAPECHBIX MOAEIEH
KOMITOHEHTOB JIeJIacT JaHHYIO MIPOIeyPY TEXHOJIOTHUECKH MPOCTOH M3-3a PETYISIPHBIX CTPYKTYP
JAHHBIX U TIPUMEHEHHs €IMHCTBEHHOH OIepalyy TPaH3aKUUU Ha 3JEMEHTaxX MaMsTH, a TAKKe
6osee ObICTpOIEHCTBYIOMIEH, ONaroaps mapayuieIbHONH KBAaHTOMOJOOHOH 00paboTKe OOBIIIX
MacCUBOB OJHOTUIHON mamsaTH [3-5, 8, 11, 12]. 4) DuepronorpebdieHne npu 3aMeHe JIOTUKH Ha
3JIEMEHTHI TTaMSATH BO3PACTaeT Ha HECKOJIBKO MPOLEHTOB, YTO HAa CaMOM Jeie OyaeT IiaToi 3a
NEPEUYNCIICHHBIC BBIIIEC CYIIECTBEHHBIE NPEHMYILECTBA, CBS3aHHBIE C YBEIMYCHHEM BBIXOJA
FOILHOﬁ IMPOAYKIHNHU, IMTOBBINICHUEM HAZIC)KKHOCTH BBIYMCIUTCIIbHBIX H3I[eJ'IHI>i, CHHUXKXECHUEM CTOUMO-
CTH HPOEKTHPOBAHMS U U3TOTOBJICHNUS, a TAK)KE aBTOHOMHBIM BOCCTAaHOBJIEHHEM PabOTOCIIOCO0-
HOCTH B pexxume remote & online 0e3 yuactus yenoBeka. OnHaKO 3HEprocoOeperaromume pemie-
HUA 110 BBIYUCIIMTEIBHBIM IIPOLECCaM Ha MaMATHU Aal0T OCHOBAHU MoJIaraTb, 4YTO TaKOT'O IIPOUT-
peima BoooOmre He Oynet [9-10, 13-14].
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2. KyOuTHbBIe CTPYKTYpPbl JAHHBIX

Ha MupoBOM phIHKE 3IEKTPOHHBIX TEXHOJIOTHH HAOIIOMAaeTCsl KOHKYPEHIIUS MEXIy O0a3amu
ummieMenTauuu uaeu [1-4,12]: 1) I'mOkas (Msrkast) peanu3anus NpOeKTa CBA3aHA C CUHTE30M
UHTEPIPETATUBHON MOJIEITH MPOTPaMMHOI POPMBI QYHKITMOHATLHOCTH HJIH B alllIaPaTHOM HCIIOJ-
HEHUM IPOrpaMMUPYEMBIX JOTHUECKHX ycTpoiicTB Ha ocHoBe FPGA, CPLD; npenmyiecTsa — B
TEXHOJOTMYHOCTH MOJM(UKAIINHN IPOCKTA, HEJJOCTATKH — B HEBBICOKOM OBICTpOJIeHicTBUN (DYHK-
UOHUPOBaHUS IU(POBOI cucTeMsl. 2) XKecTkas peanu3alys OpUeHTHPOBAHA HA UCTIOJIb30BaHHE
KOMITWJIATUBHBIX MOJENEH pH pa3paboTKe MPOrpaMMHBIX IPHIOKEHUH UITH Ha HMITIEMEHTALUIO
nmpoekTa B kpuctamuiel VLSI [6-7,13-14]. IIpeumyiiecTBa ¥ HEAOCTATKH JKECTKOW pealn3aliiu
MHBEPCHBI 110 OTHOLICHHUIO K MSTKOMY HMCIOJHEHHIO NMPOEKTOB: BHICOKOE OBICTPOACHCTBHE U
HEBO3MOXXHOCTh Mo (uKaruu. C yu4eTOM H3JI0KEHHBIX 0a30BbIX BAPHAHTOB peaTU3aliy UIeH
MIPeJIaratoTCcsl KBAHTOBBIE CTPYKTYPHI TaHHBIX, OPHEHTHPOBAaHHBIC Ha MOBBIIIICHHE OBICTPOIEH-
CTBUSI THOKMX MOJIENel MpOTpaMMHOTO WIIM alllapaTHOTO HCIIOJIHEHHUS IMPOEKTa, a TakXKe Ha
BO3MOXKHOCTB Online peMOHTa B IIPOIIECCE IKCIUTyaTallu.

KyOwutnbie cTpyktypsl onucanus mudpoBsix cucteM. KyouT (n-kyout) ecth BekTopHas Gpop-
Ma yHI/ITapHOFO (YHapHOT0) KOTUPOBAaHUSI YHUBEPCYMa M3 N IPUMUTHBOB JJIS 3aaHus OylcaHa
cocTosHMIA 22 ¢ oMOLIBI0 2" IBOMYHBIX IIEPEMEHHBIX.

Hampumep, ecimit n=2, To 2-KyOuT 3amaeT 16 COCTOSHUM ¢ TOMOIIBIO YETHIPEX TEPEMCHHBIX.
Ecnu n=1, To KyOHUT 3aaeT YeThIpE COCTOSHUS HAa YHUBEpCcyMe U3 ABYX npuMHUTHBOB (10) 1 (01)
C TIOMOIIIBIO IBYX BOMYHBIX mepeMeHHbIx (00,01,10,11) [3,12]. [Ipu 3ToM momyckaeTcs Cyneprio-
3unus (0THOBPEMEHHOE CYIIIECTBOBAHKE) B BEKTOpE 2" COCTOSIHMI, 0003HAUYCHHBIX IPHMHUTHBA-
mu. KyOut (n-xyOuT) maeT BO3MOKHOCTh MCIOJIB30BaTh MapajulebHbIC JIOTHUECKUE OTepanuu
BMECTO TIO3JIEMEHTHBIX TEOPETHKO-MHOKECTBEHHBIX IS CYIIIECTBEHHOTO YCKOPEHHS IIPOIIECCOB
aHaJM3a AUCKPETHBIX CHUCTEM.

KyOut oroxxaecTBisiercsi ¢ n-KyOMTOM WM ABOMYHBIM BEKTOPOM, €CIHM 3TO HE MeIIaeT
NOHUMAaHUIO H3NIaraeMoro mMateprana. [locKoJIbKy KBAHTOBBIE BEIYMCIICHNUS CBS3aHbI C aHATIH30M
KyOUTHBIX CTPYKTYP HNAHHBIX, TO Janee OyAeM MPHUMEHSTH ONpeAesiCHWE «KBAaHTOBBIM» IS
uIeHTA(UKAIMN TEXHOJIOTHiA, UCTIONB3YIOIINX TPU CBOWCTBA KBAHTOBON MEXaHUKH: TIapaJLICIIN3M
00paboTKH (ABOMYHBIX BEKTOPOB), CYIIEPIIO3ULINIO COCTOSIHUI U MX NepenyThiBaHie. CHHOHUMA-
MU KyOWTa MpH 3a/laHIH JJBOUYHOTO BEKTOPA OMHCAHUS JIOTUIECKOW (YHKIMH SBISIOTCS: Q-
NOKpbITHE, Q-BEKTOpP, KBAHTOBBII BeKTOp [3-4,12,15] kak yHuduIMpoBanHas BeKTopHas Gopma
CYTIEPIIO3UITMOHHOTO 32/IaHUS BEIXOIHBIX COCTOSTHAN, COOTBETCTBYIOIINX aJIPECHBIM KOJIaM BXOJI-
HBIX IEPEMEHHBIX JIOTHYECKOTO DJIEMEHTA.

Kybutr B mudpoBoii cucteme HCIONB3yeTcs B KadyecTBe (OPMBI 3alaHUsl CTPYKTYPHOTO
MPUMHUTHBA, HHBAPUAHTHOM K TEXHOJIOTHSIM peain3anuu pyHkipoHansHocTh (hardware, software).
Bonee Toro, cuHTE3 UPPOBBIX CHCTEM HAa OCHOBE KyOHUTHBIX CTPYKTYP HE MPHUBS3aH KECTKO K
teopeme IlocTa, ompenensiromeld MATh yCIOBHHA (KJIAcCOB) CYIIECTBOBaHUS (PYHKIIMOHAIHHO
noJjiHoro Oasuca. Ha mpemiaraeMmoM ypoBHE aOCTpaKIUK N-KyOUT JaeT 0oJiee IMUPOKUe BO3MOJK-
HOCTH 7151 BEKTOPHOTO 33/IaHHs JTF00OH N-BXOZI0BOH (DYHKITHH 13 OyJieaHa MOIITHOCTHIO |B(A)| 22 ,
KOTOpPO€ HEMPEMEHHO COAEPKHUT Bce (DYHKIIMOHAIHHOCTH, YAOBJIETBOPSIOIINE TSATH KiIaccaM
Teopemsi [TocTa. DopMar CTpyKTYPHOT0 KyGHTHOTO KOMIIOHEHTa I poBoii cxeMsl Q= (X, Q, Y)
BKJItOUaeT MHTEpQEic (BXOAHbIC U BRIXOIHYIO IIEPEMEHHBIE), a TaKKe KyOuT-BekTop Q, 3amaro-
i pysknuoo Y = Q(X) , pa3MepHOCTh KOTOPOTO OIpeaesieTCs CTeeHHON QyHKIIMeH oT ynciia
BXOAHBIX THHUH k =21 .

25



3. CuHTe3 KYOMTHOrO MOKPBITHSI KOMOUHAIIMOHHONW CXeMbI
KyOuT KxoMOMHAITMOHHON CXEMBI MPEICTABISET COO0I BEKTOP COCTOSHUN BBIX0OJIa HA YIOPS-
JIOYCHHOM MHOECTBE BCEX BXOJIHBIX CJIOB, KOTOPBIH OTOXICCTBISETCS C aJpecaMmH SUYEeK
nmamsATH Bekropa. CuHTe3 Q-TIOKPHITHS CXEMHOM CTPYKTYpHI (06€3 TaOiIu HCTHHHOCTH JIOTHYeC-
KHX DJICMCHTOB) Ha OCHOBE NPUMHTUBOB, 33JaHHBIX (Q-BEKTOpaMH, CBOJIUTCH K IOJYYCHUIO
0000111eHHOT0 KYOUT-BEKTOpa ITyTEM BBITIOJTHEHHS JIOTHIECKOH OTIepaIiy HaJ| pa3psaaaMu KyOuT-
HBIX BEKTOPOB C TOMOIILIO JIEKAPTOBOM MPOIEAYPHl — JUIsl ABYX 4-pa3psaHbIX KyOWUTOB IO
CYTIEPIIO3UIINH JIOTUYECKOH oneparueii or (and, xor):
VLA, b(0) b(1) b(2) b(3)
a(0) c(0)=2a(0)vb(0) | c(I)=a(0)vbd) | c(2)=a(0)vb(2) | c(3)=a(0)vb(3)
a(l) c(4)=a(l)vb0) | c(5)=al)vb(d) | c(6)=a(l)vb(2) | c(7)=a()vb(3)
a(2) | c(®)=a(2)vb(0) | c(9)=a(2)vb() [c10)=a(2)vb(2) |cll)=a(2)vb(3)
a(3) |[c(12)=a@B)vb(0)|c3)=aB)vb(d) |cl4)=aB)vb(2) |c(15)=aB)vb3)

Hanpumep, U1 TOrHUeCKUX CyNepHO3UIUI ABYX KyOUTOB IIPH MOTy4eHUH Q-BEKTOPOB CXEM-
HBIX CTPYKTYp ¢, =(a, Aa,)Vv (b, Ab,), c,=(a,Aa,)A(b,vb,),c,=(a, ra,)® (b, vb,), umeer
MECTO TabaHLa:

a(and) = 0001
b(or) = 0111
¢, =a(and)vb(or) | 01110111 01111111
¢, =a(and) Ab(or) | 0000 0000 0000 0111
c,=a(and)@b(or) | 01110111 01111000
[Ipu mocTpoeHNN Q-TIOKPHITHS TPEX CXEM U3 TPEX MIEMEHTOB KayK1asi UCIIOJIb3YETCS CYIIepITo-
3UMMS ABYX JIOTUYECKHUX MPUMUTHUBOB C TPETHUM djeMeHTOM (or, and, Xor), BCICIACBTHE YETO

MOJTyYaAIOTCS TP BEKTOPA Pa3MepHOCTH 16 OUT Kaxk (b1, BeryucuTensHas CII0KHOCTh MPOIETY-
pBl cuHTe3a Q-TIOKPHITHS KOMOMHAIIMOHHOW CXEMBI OTpeAeNsieTcs] MpOu3BeACHHEM UHH Q-

P
BEKTOPOB p IPMMUTHBOB, BXOSIIHUX B Hee: M= [ [card(Q)).

[Ipobnema cunTe3a Q-MOKPBITHS CXEMBI, BXl(:)tZ[HBIe JIMHUHW/CXOISIINECS Pa3BETBICHUS KOTO-
POl MMEIOT TraJbBAHMYCCKHE/TIPOBOAHBIC COCAUHEHHUS (3€Ch MO NMEPEeMEHHON aj):
c=(a,Aa,)V (a, va,), sBusercs Gojee CIOXKHOM 3ama4eil. B raHHOM citydae mocie cuHTe3a
QQ-TIOKPBITUSL CXEMBI CJIEAYET BBIIOJHUTH €0 BEPU(PUKALUIO OTHOCUTEIBHO CYIIECTBOBAHUS
IIPOTUBOPEYMBBIX a/I[PECOB HA IIEPEMEHHBIX a7 B LEJIAX MUHUMH3ALUK Q-BEKTOpa IyTeM I0Ce-
TYIOLIEro MCKIIIOUEHUS YHOMSHVTRIX ANpecoB U3 paccMoTpeHus. IIpm atoMm pasmepHocTh Q-
TIOKPBITHS YMEHbIIAETCs 10 card(Q)=29 KoOpMHAT, I/ie q — OOIIEe YUCIO BXOIHBIX NEPEMEH-
HBIX CXEMBL:

Q=[0111 0111 0111 1111 |Q=|01110111 01111111 Q=|01110111
a; =|0000 0000 1111 1111| |a; =(0000 0000 11111111| (a;=|0000 1111 ~ —[0000 1111
a 0000 1111 0000 1111)= 00xx xx1100xx xxl1{=|ap =[0011 0011 5 <0011 0011
a2 =(00110011 0011 0011 00xx xx11 00xx xx11| [a7=[00110011| (22

a3=010101010101 0101 010101010101 0101 |az=|0101 0101| 23 =10101 0101

Q=[0111 0111

Lo
LIE I SV S
]

a2 b v

P

Cunre3 Q-TTOKPBITHS BKITIOYAET: 1) MOCTpOCHHE TaOIUITEI COOTBETCTBHS aIPECOB pa3psiaM
Q-BexTopa cXeMbl, 2) 0OTMETKY CUMBOJIAMH X IPOTUBOPEUUBBIX KOOPIUHAT IO JBYM CTPOKaM a,,
3) uckimoueHre U3 TabIUI] BCeX CTOJOIOB C JNaHHBIMUA CHMBOJIaMHU, 4) OOBEAWMHCHHE B OIHY
MOTYYUBIINXCS ABYX HACHTHYIHBIX CTPOK a5, 5) pe3yabTUpyronuii Q-BeKTop KOMOMHAIIMOHHON
CXEMBI UIMEET CYIIESCTBEHHO MEHBIIIYIO pa3MepHOCTh. [IpenmytiecTBa mpemioxeHHoro Q-mero-
Jla CHUHTE3a BBIYMCIHUTEIBHBIX YCTPOWCTB 3AKJIFOYAIOTCS B KOMIIAKTHOCTH WX omucanus Q-
BEKTOPAMH U B BHICOKOM OBICTPOJICHCTBUH aJIpECHOTO MOJICIIMPOBAHUS JIOTHYECKUX IIEMEHTOB,
CO3JIAIOTCS YCJIOBUS JUISl PHIHOYHO TPHBIICKATEIHHON «KBAHTOBOW» TEOPUH MPOSKTHPOBAHUS
U(GPOBBIX CHCTEM Ha KPHUCTAJLIAX, UCITOJIB3YIOIICH BEKTOPHO-KYOUTHYIO (hOpMY 3a]JaHHs CTPYK-
TYPHBIX KOMITOHCHTOB,
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4. MuHAMH3aIUS KyﬁI/ITHOFO NOKPBITUA CXEMbI

CuHTe3 KyOUT-BEeKTOpa CXEMBI MO Q-MOKPHITHSM KOMIIOHCHTOB CBSI3aH C yMEHBIIICHHEM
pasMepHocTH Q-BEeKTOpa IMyTeM UCKIFOYCHUS HECYIIECTBEHHBIX MepeMeHHbBIX. CyIleCTBEHHOCTh
3aBHCHT OT I'aJIbBAHUUECKIX COETMHEHU I BXOJIHBIX U BHYTPEHHHX JIMHUH ITU(QPOBOTO yCTPOUCTBRA,
KOTOPBIC HAKJIAJIIBAIOT OTPAHUYCHHUS, CBSI3aHHBIE C MMPOTUBOPESUYMBOCTHIO CHTHAJIOB Ha JIMHUSX
cBsi3u. [IpaBuiio MUHUMU3AIHY aJJPECHOTO MPOCTPAHCTBA 3aKITF0YAETCS B YCTPAHEHUH aJIPECHBIX
KOJIOB, KOTOPBIE CO3/IA0T MPOTUBOPEUYSI IO COCTMHEHHBIM MTIEPEMEHHBIM.

ITycte umeercsi Q-BEKTOp CXEMBI U €ro aJpecHOe MPOCTPAHCTBO, TJE MepeMeHHble b,c,d
(a,b,c) coequHEeHBI TanbBaHWYCCKU. Hike MpuBeIeHbI TaOIUITEI MUHUMHU3AIAH aIpECHOTO TPO-
CTPAHCTBA JIJIS MOJTYYCHUST YMEHBIIICHHOTO (Q-BEKTOpA:

=|0111 01110111 |Q=|0xxx xxxl 0xxx xxxl Q=|01110111 01111111

=[0000 0000 1111 [a=|0000 0000 11111111 | Q |[a=]00xx xxxx xxxx xx11| | Q |0111

=[0000 1111 0000 |b=|0xxx xxxl Oxxx xxxl|=|a=||b=[00xx xxxx xxxx xxll|=[a=[0011
c= (00110011 0011 |c=|0xxx xxx] Oxxx xxx1| [b=||c=|00xx xxxx xxxx xx11| [d=]0101
d=101010101 0101 |d=]0xxx xxx] Oxxx xxxl d=101010101 0101 0101

B Tabnuiax HaGironaeTcs 3epkaabHas 0ceBasi CHMMETPHS C HHBEPCHUEH CUTHAJIOB Ha KOOPTHU-
HaTax aJipecHOro MpPOCTPAHCTBA, KOTOPasi CO3/a€T CBOMCTBO, OMMCHIBAEMOE CIIEAYIOIIUM BhIpa-
Kenuem: LOR=1->L,;®R; =1. JlanHOE 00CTOATENBCTBO CIEAYET UCTIOIB30BATh ISl YMEHbBIIIC-
HUSI Pa3MEPHOCTH aHAIM3UPYEMOTO ITPOCTPAHCTBA B JIBA pa3a U COOTBETCTBYIOIIETO CHUXKEHUS
BBIYMCIIUTEIBHOM CII0)KHOCTH 33]Ia4X CHHTE3a KBAHTOBOH BEKTOP-(PYHKIIMOHATLHOCTH (P POBOH
CXEMBI.

KonnuecTBo pa3anyHbIX BApUaHTOB B3aUMOJIEHCTBUM Ha  BXOAHBIX IEPEMEHHBIX, CBA3aHHBIX
C TAJIbBAHUYECKHUM COCIMHECHUEM COYETAHUM BXOHBIX JUHHUMU, ONpeeseTea tvuwrunuanpHOU
3aBUCUMOCTBIO, TPAHUYHBIC 3HAUCHUS KOTOPOH HaXOASATCs B MHTepBaje: card(Q)= [_’-'q -34 1.

CymectByet 3 dexTrBHas mporeaypa i MUHUMU3AIUN pa3MepHOCTH Q-BEKTOpa MyTeM
BBISIBJICHUS ITPOTUBOPEUHH B KOAAX-CTOJIOIaX, Ha KoopauHaTax (Aij), COOTBETCTBYIOIINX TajTbBa-
HUYECKU CBI3aHHBIM W-IIEPEMEHHBIM TI0 j-TTapamMeTpy. Queruman Taxvio MPOIEAYPY JOCTATOU-
HO BBITIOJHHUTB HA MOJIOBHHE aJpPECHOr0 IpocTpaHcTBa card(Q)= 2% /2, Torja ocranpHas 4acTh
MIPOTHBOPEUMBHIX CTOJIOIIOB YAAISIETCS B COOTBETCTBUU C 3epKaIbHBIM 0TOOpakeHHEM HOMEPOB
TEX CTOJOIIOB, KOTOPBIC OBUIH YAaJICHBI U3 MIEPBOW MOJIOBUHBI TAOIUIIBI KOJIOB aJPECOB:

QuQ, 1 =D (A AN®(VA)=1i<27/2,
= =

Ecnu B cTonbue A; Ha rpymime u3 w CBsI3aHHBIX [IEPEMEHHBIX 3a()MKCHPOBAHO, YTO KOHBIOHK-
Ul UX COCTOSIHUW paBHA HVITH). & TU3BIOHKINS UMEET 3HAUCHHUE SIUHUIIBI, TO i-CTOJIOCI] U ero
3epKabHOe 0TOOpakenue 29— 1 ynansioTcs U3 apecHOro MpoCcTpancTBa A. DTO aBTOMaTUYEC-
KM TIPUBOJUT K HCKJIFOYCHHUIO M3 Q-BEeKTOpa ABYX IMONYYCHHBIX (J5-KOOpAWHAT (B TabmuIax
0003HaYeHBI CHMBOIIAMH X), COOTBETCTBYIONIUX JaHHBIM CTOJIOIAM.

Habnroaercst Takke CUMMETpPHS TPOCTPAHCTBA BEKTOPOB-PACCTOSHUM 110 X3MMUHTY, TIOTY-
YEHHBIX MYTEM XOT-B3aUMOJICHCTBUS MEXKIY COCEIHUMH CTPOKaMU TaOJHIBI aJpecHOr0 Mpo-
CTpaHCTBA, JIJs KOTOPBIX CYINEPIO3UIUSA JE€BOM M NpaBOW yacTell gaeT pe3yibTar

LOR=0->L,®R,=0:

Q= | 0111 o0111 0111 1111 Q= |0111 0111 0111 1111

a®b [ 0000 1111 1111 0000 a®b 0000 0000

b@®c | 0011 1100 0011 1100 |=(L,R); (L®R)=|bdc 0000 0000 < (L=R)
c®d | 0110 0110 0110 0110 c®d 0000 0000

d®a | 0101 0101 1010 1010 d®a 0000 0000

[enecoobpazHOCT, MUHUMH3AIMH JIOTHIECKON (DYHKITHH, OTIHCAHHYIO KBAHT-BEKTOPOM: MHHH-
Mu3zaius Q-BEKTOPOB IS MOTyYeHUS HOPMaIbHBIX WIIH CKOOOYHEIX ()OPM HE UMEET PaKTHYEC-
KOTO 3HA4YEeHWs], CYIIECTBEHHO TOJHKO YMEHBIIEHHE Pa3MEPHOCTH BeKTOpa (DYHKIIMOHAIHHOTO
OIHMCAHUs, YTO MOXKET OBITH JIHUIIb CIEJACTBUEM ONPE/CIICHUS HECYIIECTBEHHOCTH HEKOTOPBIX
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BXOJHBIX (aIpECHBIX) MEPEMEHHBIX. TeM HEe MeHee, CyIIeCTBYEeT IpobiemMa pa30ueHus KBaHT-
BEKTOpa Ha COCTABISIOIIME YAaCTH MEHBIIEH Pa3MEpPHOCTH, YTO CBS3aHO C MMIUIEMEHTAIHen
($yHKUMOHANBHOCTH B KOHCTpYKTHBHBIE KOMIIOHEHTHI LUT FPGA. B 3ToM ciiydae BeIOTHSETCS
pazbuenne Q-BexTopa Ha /1Ba paBHBIX moaBekTopa Q=(L,R), KoTOpBIe COEMUHSIOTCS B CTPYKTYP-
HO-aJpECHYI0 OpTaHu3anuio (QYHKIUOHAIBHOCTH C NOMOIIBIO MYJbTUILIEKCOPA

Q=(aaL)v(aaR). Ecnu nepemenHass MyabTHILIEKCHpOBaHUsA a=0, T0 (HYHKIIHOHAIBHOCTh Q
(hopMUpyeETCS ¢ TOMOIIBIO STYEEK JIEBOTO L-BeKkTOpa, B IPOTUBHOM ClTydae, Korjia a=1, 3HaueHHe
¢yskin Q dhopMupyeTcs Outamu mpaBoro R-Bekropa. AJrOpUTMBI pa30HeHHS U UMILIEMEHTA-
IIUU CJIOXKHBIX JIOTHYCCKUX (DYHKIIUH UMEIOTCS B KXKIOW MPOMEIIIJICHHONH CHCTEME CHHTE3a,
MOJEINPOBAHUS U BepuhUKaIMu KOMITOHEHTOB SoC.

5. Moaeab KyOUTHOro mpoieccopa

KBaHTOBBIIT TIpOLIECCOP MOKET OBITH 000 KOHEYHOW pa3MEPHOCTH: BEKTOP, MaTpHLA, KYO.
Jia cTpYKTYpBI, cofiepiKallei 1Ba M3MEpPeHus, OH TpeACTaBlieH MaTpuilel cTonomoB win Q-
BEKTOPOB, KOTOpPbIE (POPMHUPYIOT COOTBETCTBYIOIIME UM SUEHKH M-BEKTOpa MOJETUPOBAHUS
(puc. 1, a). Bektop M coBmecTHO ¢ X-BEKTOPOM KOPTEKEi BXOAHBIX IEPEMEHHBIX IPUMUTHBOB
CO37aeT CTPYKTYPY B3aMIMHBIX CBsI3eH MEXIy cronOmaMu-siieMeHTaMu. Anpec saeiku Q-
MOKPHITHS, (GOPMHUPYIOLICH COCTOSHIE HEBXOTHOTO i-pa3psiia M-BeKTOpa, ONpeAessieTcs: Coaep-
KUMBIM siaeek M-BeKTopa, HalIEHHBIM TI0 aJipecam, 3aJaHHbIM i-KOPTEKEeM BEKTOpa BXOIHBIX
nepeMeHHbIX. Kaxxpiit BekTop Qj, paBHO Kak M KOPTEX X; BEKTOpa HOMEPOB BXOAHBIX JIMHUI,
HUMEET aJPECHYIO CBsA3b ¢ Mj-sueiikoil BekTopa MojiesiupoBanus. KBaHTOBBIN MpoIeccop MOMKET
BXOJINTh KOMIIOHEHTOM B COCTaB OoJyiee CIIOKHOH cucTteMbl. KBaHTOBas MOAens mpolieccopa
HMEET CIIEAYIONLYIO CTPYKTYpY:

X=X Xp. s Xjjp - K, )

M; = Q;[M(X;)]: k; =204

B amamutndeckoit momenn W mipenctaBiieHbl: 1) YmopsmodeHHas aapecHo-mocTymHas Q-
COBOKYITHOCTh KBAaHTOBBIX PUMHUTHBOB, ()OPMUPYIONIHNX ()YHKIIMOHAIBHOCTh CHCTEMBI. 2) Bek-
TOp MOJETHPOBAHUS M, CBSI3BIBAIONINI BCE MPUMUTHBBI B €IMHYIO CHCTEMY Ha OCHOBE HJICHTH-
(hMKalMU SKBHUIOTCHIMAIBHBIX JIMHUH, CO3Ma0MUX (GOopMaT U3 CYIIECTBEHHBIX MEPEMEHHBIX:
BXOJIHBIX, BHYTPEHHUX ¥ BEIXOJHBIX. 3) BekTop X KopTexel yrmopsioueHHbIX HOMEPOB BXOHBIX
MEPEMEHHBIX JJIsl KaXI0OTO KBAHTOBOI'O NMPHMHUTHBA, KOTOPbIe (JOPMHUPYIOT ajipeca JOCTyna K
siuefikaM Q-BEKTOpOB MPUMHUTHBOB (pHUC. 1, a). Bexkrop koiuvecTBa BXOJHBIX THEPEMEHHBIX

npumutHBa |X| GpopMupyeT ampecHoe MPOCTPaHCTBO WIH UIMHY Kaxzoro Q-moxpsitusi. Ero
MO>KHO IIPEJCTaBUTH B BU/E TAOIUIIBI KOPTEKEH BXOAHBIX IEPEMEHHBIX, KOTOPbIE (POPMHUPYIOT
HOMepa JIMHUHA BEKTOpPAa MOJEIMPOBAHUS /ISl BBIYMCICHHS AJPECOB JOCTyNAa K KBAHTOBBIM
NOKpHITUSM (puc. 1, 6). Tabnuiy KopTexei MOKHO TaKXKe MPECTaBUTh B BUIE MATPULIBI MAaCOK
BXOJIOB, OIIPEEICHHBIX B (hopMaTe BEKTOpa MOACIMPOBAHUS, ISl TAPAIUIEILHOTO (hopMHUpoOBa-
HHS a/IpeCOB ¥ OTHOBPEMEHHOT'O CUNTHIBAHHS BBIXOIHBIX COCTOSIHII IPIMHUTHBOB M3 MaTPHIBI Q-
NOKpeITHH (pHc. 1, B). U3 cTpyKTypBI X-MaTpHUIBl BXOAHBIX JIUHUHA BUIHO, YTO KBaHTHI, POPMUDY-
fomue BeIXos: (8,9, 10), (11, 12) u (13, 14), MoskHO 00pabaThIBaTh MapauieabHo. 4) XapakTepH-
CTHYECKOE ypaBHEHHE, 3aJarollee arOpUTM (YHKIHOHUPOBAHUSI KBAHTOBOTO IpOIleccopa Ha
OCHOBE HCIOJIb30BAHUS TOJIBKO OTIEPAIMi TPaH3aKIUH (CUNTHIBAHHE-3aITNCh) M1y Q-BeKTopa-
MU IPUMHUTHBOB M BEKTOPOM MOJICITUPOBAHUSI.

CxeMa mUQpOBOro ycTpoicTBa, COOTBETCTBYIOIIAS IPUBEJCHHOMY BBIIIE OMHCAHUIO CTPYK-
TYp JaHHBIX: M-BEKTOp MOAETMPOBAHNS, X-MaTPHIa BXOJ0B 1 Q-MaTpHIIa IIOKPHITHIA, IPEICTaB-
neHa Ha puc. 2. OHa COACPKUT 9 MPUMUTHBOB, KX IbIi U3 KOTOPBIX HMeeT Q-NIOKPBITHE B hopMe
KBaHT-BEKTOPA, PEATN3YIOIIEr0 HEKOTOPYIO (PYHKIIMOHATBHOCTH. OCOOEHHOCTh KBAHTOBBIX CTPYK-
Typ JaHHBIX, PEJCTABISIIOIIUX MOAETHh HUPPOBOH CXEMBI, 3aKIF0UAETCS B ITOJTHOHN aJpecyemMoc-
TH BCEX KOMITOHEHTOB YCTPOMCTBA 0€3 ralbBAHNYECKUX POBOIHBIX COCMHEHUI.
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1
[X| : 4[314] ]
M(Xi) 1111 |
M [DIT 010171110 :m] | |2|1| 1111} 110101 ]
= AAAR y Xi
Mi=Cu[M(Xi)] * | d Y — ]_&l()(r) éxl X
Mi=QiM(Xi)] & * ISy M [01110]011{1]0]1 Igljl |?] 11 ]1| =
- Mi=QiM(Xi)] T 7 [
Q
. Q

1 MXi)=xi&a M
a 0 B
Puc. 1. KyOuTtHble cTpyKTYpBI JaHHBIX KyOMTHOTO ITpoIieccopa

s xyoutHOro(only memory-based) nporeccopa UIMEIOT MECTO cielyrolne akcuoMer: 1) B
KBaHTOBOM ITPOIIECCOPE HET HUUET0, KpOMeE aapecyeMoii maMaTH. 2) BeraucnutensHbIH mporecce
IIPEJCTABJICH €UHCTBEHHON YHUBEPCAIbHON TpaH3aKLMeH MeXy aJpeCyeMbIMU KOMIIOHEHTa-
mu namatd M; = Q;[M(Xj)]. 3) Tpanzakuus ecTb yHUBEpCaIbHas MPOLEAYPa CYUTHIBAHUS-3aIIICH
JAaHHBIX HA HEIIyCTOM MHOECTBE apECyEMBIX JIEMEHTOB aMsTu. 4) Bce KOMIIOHEHTHI aMsITH
sBISIIOTCS online-repaired, Oiaronaps ux ncepaoraabBaHUYECKOM aapecHoi (address-connected)
cBsi3HOCTH. 5) KoMOWHAIMOHHBIE JIOTHYECKUE AIeMEHTHI (reusable logic), paBHO Kak U mocieno-
BaTeJILHOCTHBIE (Sequential components), UCTIONHSAOTCS Ha dJIEMEHTaX namsTH. 6) CBI3bIBaHHE
BCEX KOMIIOHEHTOB B BBIYHCIHUTEIBHYIO CHCTEMY OCYLIECTBIISETCS MOCPEACTBOM (LM(POBOIL)
NICHTU(PHKALH TICEBI0-TaTbBAHNIECKIX COSIMHEHUH BXO/I-BBIXO/THBIX IEPEMEHHBIX KOMIIOHEH-
TOB CXEMBI, POPMHUPYIOIIUX BEKTOP MOJCINPOBAHHUS, KOTOPBI XpaHUT COCTOSHHS BCEX CYIIe-
CTBEHHBIX JIMHUH 1IUQPOBOI cucTeMbl. 7) Bee KOMIOHEHTHI KyOUTHOW MoIeH U(POBOI CHUCTE-
MbL: W=<Q,M,X>, BKt04ast (yHKIIMOHATLHBIE MOTYITH, BEKTOP MOJICIIMPOBAHUS, BEKTOP aJIPECOB
BXOHBIX IEPEMEHHBIX, SIBIISIIOTCS online mepenporpaMMUpyeMbIMH, & 3HA4YUT — online peMOHTO-
puronubiMu. 8) [TpumuTHB nuppoBoii cucteMsr nmeet hopmat W=<Q,Y,X>, MOCKOJIBbKY OT/JEITb-
HBIW 2JIEMEHT He MMEeeT CBsA3eH U BeKTopa M, CO3aI0InX U3 OTAEIbHBIX KOMIIOHEHTOB CUCTEMY.

nl

2 4 |1 6 [13

3

4

5 —ee

p 2 |9 || L,

7 [ |5 |2 14

= — 8 l15 16
—13 |10

Puc. 2. Cxema 1upoBoro ycrpoicTaa
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CornacHO BBEJICHHONW KBaHTOBOM MOJEINH, ONMCAHMS M1OCIEI0BATEIbHOCTHBIX IPUMUTHBOB
(TpHUTTEpBI, PETHCTPbI, CYUETUYNUKH ) MOKHO NPEACTABIATh Q-TIOKPHITUAMH WM KYOUTHBIMHU BEKTO-
pamu, KOTOpble UMEIOT NICEBAONEPEMEHHBIE IS 3a/laHusl BHYTpEeHHETo cocTossHus. Hampumep,
¢byHKIIMOHATBHOE onucanue SR-Tpurrepa TpancopmMupyercs B KBaHTOBbIM IPUMHUTUB, 3aJaHHBIN
Q-TIoKpBITHEM, a 3aTEM pean3yeTcs Ha ajpecyeMoM aeMenTe naMatu FPGA ¢ auarpammamun
IIPOBEPKH, YTO NIPEJICTABIIEHO Ha pHC. 3.
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Puc. 3. SR-Tpurrep Ha aneMeHTe NaMATH

Tabnuiia UCTUHHOCTH TPUITEPA TpPEACTaBieHa B (popmMe BEKTOpa BBIXOJHBIX COCTOSHHN

Q(S.R.Q*)=(11110001), KOTOPBIH 3aITUCHIBAETCS B 3JIEMEHT MTOCTOSIHHOM MaMsTH, UMEIOIIUHN TpU
aJpecHBIX BX0JIa, CHTHAJl CHHXPOHH3AIINH, a TAKKe 0OPaTHYIO CBS3b, KOTOPAsi COSAMHSIET BBIXOT
3IEMEHTA MAMATH C OJHUM aapecHbIM BxonoM. HDL-peanu3anus B cucteMe IpOEKTUPOBAHUS
Active HDL 9.1 (Aldec Inc.), a Taxke pe3yiabTaTbl Bepu(UKaUU CHHTE3UPOBAHHOTO SR-
TPUTTEPa MOATBEPIKIAIOT KOPPEKTHOCTh CXEMOTEXHUIECKOTO PEIICHUS.

[pyroii npuMep CBsi3aH C CUHTE30M Ha 3JIEMEHTE ITOCTOSHHOM MaMsITH CUHXPOHHOro DV-
Tpurrepa. TabiauIia ICTUHHOCTH TPHUITEpa TPaHC(HOPMUPOBAHA B BEKTOP BBIXOIHBIX COCTOSHHI

Q(D, v.Q* )={(01000111) , KOTOPBIH 3aMUCHIBACTCS B DIIEMEHT MaMSITH, UMEIOIIUNA TPU aIpECHBIX
BXO/1a, CHTHAJI CHHXPOHH3AITNH, a TAKXKE 00PaTHYIO CBS3b, KOTOPAs COSIUHSIET BBIXOT IPUMHUTHBA
NaMmsTH C OJHUM aJPECHBIM BXOJ0M. Bce ynoMsHyTble KOMIIOHEHTBI, BKIIIOYasi BPEMEHHbIE
nuarpammbl Bepudukain HDL-koma Mogenu DV-tpurrepa, npecTaBieHbl Ha puc. 4.

D VQ*|Q

00 010 Sowrene  |Viha | Swien | - . .
00 11 Q* & , _ —
01 0|0|[p] o "M |, —— ]
01 110 V[OlOOOllll@V_ o3 1 Fomma = —
10 00| . om#s [ 1 1 1 1]
10 1[1]1Q c | . I~
11 01 =1

11 111

Puc. 4. DV-tpurrep Ha aneMeHTe namMsITu

Ha puc. 5 npeacraBieHsl MOAETH ABYX MOCIEAOBATEIBHOCTHRIX MPUMHUTHUBOB: ABYXpa3ps-
HBIX perucTpa W cueTdrka. VX oTiwmume 3akirodaercss B 3aJJaHHUHM IBYX BBIXOJOB, COCTOSIHHUS
KOTOPBIX ()OPMHUPYIOTCS OHUM H TEM K€ MHOKECTBOM BXOAHBIX IIEPEMEHHBIX.

Peructp na nepemennsix (C,D,Q1,Q2,Y1,Y2) BoimonHseT (QYHKIINIO CIBATA BIIPaBO HHPOPMa-
uu ot Bxozaa D no paspsaam: (D-Y1-Y2), mpu R=1, u coxpanenue ganusix npu C=0. Cuet4ux,
onpeaenenHslii Ha nepemeHHbIX (R,C,Q1,Q2,Y1,Y2), peanu3yeT pyHKINIO MHKPEMEHTa 110 pa3psi-
mam (Y1,Y2), mpu RC = (11), a Taxxke pexxum xpanenus uadpopmarud, mpu (R or C = 0). Takum
o0pasom, U peann3anny ABYXpa3psaAHOTO PEerucTpa Wil cueTyruKa HeooxoauMo Ba 16-0uro-
BBIX DJIEMEHTA TSIMSTH, pa0OTAIOIINX CHHXPOHHO OT OJHUX U TE€X YK€ BXOJIOB:
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31ech Kakaas KBaHTOBAs MOJIENb MPEACTAaBICHA OBYMsI BEKTOpaMH, TA€ KaKIbIM M3 HUX
(dhopmMHpyeT QYHKIHIO pa3psizia perucTpa Wik CUeTYNKA, KaK COCTOSHHE TYEHKN BEKTOpa, oyva-
eMoe npu GhopMHpOBaHUH anpeca A BxogHsIMH niepeMeHHBIME: {Y 1, Y2} = A(C, D, Q1, Q2),
{YL, Y2} = AR, C, Q1, Q2) coorBeTcTBeHHO. MoenupoBaHre NPUMHUTHBA CBOAUTCS K TPHBH-
anpHOM mpoueaype GopMUPOBaHU ajpeca, [0 KOTOPOMY HaXOJUTCSl COCTOSIHUE BBIXOJa IPUMH-
THBA, KaK COJIEPKUMOE SUCHKH KBAHTOBOTO BEKTOPA.
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Puc. 5. Memory-based Monenu peructpa u caeTanka

6. AJITropuT™M MOAEJHPOBAHMSA KYOWTHBIX NMOKPBHITHH HH(POBHIX KOMIIOHEHTOB

Hcmons3yeT memory-based only Momenu j1st anpecHOTo aHanmn3a MH(MPOBBIX CUCTEM B LEIIIX
ux Bepupukanuu. Peanuzanms takux cTpykTyp cBszana c sueiikamu namsta (LUT (Look Up
Table) FPGA), koTopbie criocoOHBI XpaHuTh HH(pOpMaLHKio B Buae Q-BeKTopa, riie KaxIbplid OuT
WJIK pa3psa]l UMEET CBOM aJIpec, OTOXKIECTBIISIEMBIN ¢ BXOJAHBIM ciI0BOM. [IporpamMmmHas peanuza-
LHsI aJITOPUTMA MOACITMPOBAHUSI TAKUX CTPYKTYP CTAHOBHUTCS] KOHKYPEHTOCIIOCOOHOM IO OBICTPO-
JEHCTBUIO Ha PHIHKE NIPOCKTHPOBAHUS LM(POBBIX CUCTEM Ha KPUCTA/UIAX 3a CUET agpecalyu
(YHKIMOHATBHBIX IPUMHUTHBOB.

OnnaomepHsI Q-BeKTOp onrcaHus GyHKIIMOHATEHOCTH MOKHO MPUBSI3aTh K BRIXOAHOM (BHYT-
pEHHEIl) JIMHUU YCTPOWCTBA, COCTOSIHHE KOTOPOH (OpMHUpPYETCS B TPOIECCe MOIEITHPOBAHUS
paccmatpuBaemoro Q-mokpeiTus. Torga peructpoBas peanu3anus KOMOMHAMOHHOTO YCTPOK-
CTBa MOXKET OBITH NIpEACTaBIIEHa BEKTOPOM MOEIMPOBAaHUS M, HEBXOAHbIE JTUHUU KOTOPOTO
HETIOCPEACTBEHHO CBSA3aHBI C BEIXOJaMH (PYHKIMOHAIBHBIX JIEMEHTOB. Y IOPSA0UYCHHBIC 3HAYC-
HUSl BXOJHBIX IEPEMEHHBIX 33/1al0T azapec Omra Q-BekTopa, (POPMHUPYIOMIEr0 COCTOSHUE pac-
cMaTpuBaeMoil HeBXOIHOU JHHUH. Ecnn (yHKIMOHANBHOCTH ONMUCHIBAIOTCS] OAHOBBIXOAOBBIMU
NPUMHUTHBAMH, TO KaXKABIH U3 HUX MOXKHO OTOKJECTBUTH C HOMEPOM WIJIM KOOPJMHATON HEBXO/I-
HOH JINHNH, HAa KOTOPYIO Harpy»KeH AaHHbIN sneMeHT. Eciu yHKIMOHaIbHOCTE MHOTOBBIXO0BAS,
TO Q-TIOKPBITHE MPEACTABISACTCS MATPUIICH C YUCIIOM CTPOK, PABHBIM YUCITY BhIXOJ0B. D ekt
OT TaKOI'0 IPUMHTHUBA 3AKJIIOYAETCS B MapauIEIN3Me OJHOBPEMEHHOTO BBIYHCIICHHUS COCTOSIHUI
HECKOJIBKMX BBIXOJOB 32 OJHO OOpallleHrne K MaTpHlle 1o TeKylleMy ajapecy. JlanHoe oOcTos-
TEJIBCTBO SIBJISIETCS CYIIECTBEHHBIM apryMEHTOM B IOJIb3Y CHHTE3a 00OOIIEHHBIX KyOUTOB IS
(hparmMeHTOB U(POBOTO YCTPOHCTBA ITH BCEH CXEMBI B IENIAX HX MapalieIbHONH 00paboTKH Ha
OJTHOM BPEMEHHOM TakTe. Monenb GyHKIMOHHUPOBAaHUSI HU(PPOBOI CTPYKTYPHI YIPOLIAETCs 10

BBIYKCJICHUS IBYX a/IpECOB MpH (pOpMUPOBaHUH BEKTOpa MOACTHPOBaHU M; = Q;[M(X;)] myTrem
UCKIIIOYEHHEM CJI0KHOTO aJIpeca BBIXOAA MIPHUMHTHUBA B IPOLIECCE 3aIIUCH COCTOSIHUI BBIXOIOB B
KoOopauHaThl M-BekTopa.
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AJITOpUTM MOJETTMPOBAHNS KBAaHTOBBIX IPUMHUTHBOB IIM(POBOIT CHCTEMBI HCTIOJIB3YeT aHAJIHU-
THYECKYIO CTPYKTYPY (K — UMCII0 BXOIHBIX IEPEMEHHBIX 1-IPUMUTHBA, * — oriepanus KOHKaTeHa-
uun OUTOB, A — anpec 6ura Q-Bekropa):

JlaHHOMY aHATUTHYECKOMY BBIPOXKCHUIO MOXHO IOCTaBUTh B COOTBETCTBUE CICIYIOIIHC
MYHKTHI aJIrOpUTMa (POPMHUPOBAHKUS ABOMUHBIX COCTOSHUI M-BEeKTOpa MOZCIUPOBAHHUS LTUGPOBOM
CXeMBbI, U300pakeHHBIC Ha pHuC. 6:

t=0;n; m

i=i+1 |

i

[ Mi=QiMOK)

Puc. 6. AnroputMm MozieIMpOBaHKs KBAHTOBBIX IIOKPBITHH IIM(PPOBOI cHCTEMBI

0) MannnupoBaHne HAYaIbHBIX yCIOBUN W mapaMmeTpoB. 1) 3amanue odepeaHoro Habopa
JBOWYHBIX COCTOSIHUM Ha BXOIHBIX KOOpAMHATaX BEKTOpa MojenupoBanus. 2) OnpenencHue i-
HOMepa ouepenHOro 00padaTeIBA€MOT0 MPUMHUTHBA ITyTEM BBIITOJIHEHHUS OTIEpaIlii MHKPEMEHTH-
poBanus. 3) BreimonHeHue mponenypsl KOHKaTeHAlMU COCTOSHUA OMTOB M-BEKTOpa, COOTBET-
CTBYIOIIMX HOMEPaM BEKTOpa BXOJHBIX epeMeHHBIX Xi. CUUTBIBAaHHE COOTBETCTBYIOLIETO OHTa
13 QYHKIIMOHAIFHOTO KyOUT-TIOKPHITHS Q1 IT0 ABONIHOMY BEKTOP-aJIpeCy CKOHKATEHHPOBAHHBIX
OoutoB M-BekTopa. 3aHECeHHE CUMTAaHHOTO M3 KyOuTa OuTa B BEKTOp MOJeNupoBaHus M 1o
aapecy i. (M-BeKTOp MOXKET MMETh KOOPAWHATHI C CHMBOJIAMH X, YTO JaeT BO3MOXKHOCTb
BBIMOJIHATH TPOUYHOE MOAETMPOBaHUE U(PPOBBIX yCTPOICTB ISl pelIeHUs 33124 TECTUPOBAHNUS
n Bepuuxamnmu. ) 4) Ecnu He Bce MPUMHUTUBBI 00pabOTaHbI i<n, BRITIOIHIETCS IEPEX0] K MTyHKTY 2
anroputMa. 5) Ecii He Bce BX0THBIE HA0OPHI 00padOTaHbI t<m, BBITIOIHSAETCS ITEPEXO0/ K IyHKTY
1. 6) Konen MmogenipoBaHusl.

Hcxons n3 xapakTepuCTHYECKOTO ypaBHEHHSI KBAHTOBOW MOJIEIH (P POBOI CHCTEMBI MOXXHO
c/enath BBIBOJ, YTO coBpeMeHHBIH <MQT> (Memory-Quant-Transaction) nporueccop cieayet
MIPEICTABIATH KaK aipeCHYI0 OPTaHU3AINI0 CTPYKTYPHI (PYHKITMOHATHHBIX PUMHUTHBOB TAMSITH
0e3 rajgbBaHUYECKUX WM TPOBOAHBIX CBSI3€H, HA KOTOPBIX OMpEICICHBI aipeCHbIC TPaH3aKIIUN
JaHHBIX BO BPpEMCHU U MPOCTPAHCTBC IJIA JOCTUIKCHUA MOCTaBJICHHON neiau.

Ha puc. 7 mpeacraBneHa cxema ¢ TpUTTEpaMH 1 KOMOMHAIIMOHHOM JIOTHKOH, KOTOpast TAKKe
oruycaHa B BUJEC JICMCHTOB IMaMATH, Kyla 3aHECCHBI BLIXOAHBIC COCTOAHUA TaGHI/IHI)I HUCTHUHHOCTHU
Ka)KJIOTO JIOTHIeCcKOT0 dNieMeHTa. CTPYKTYPBHI JaHHBIX, HEOOXOAUMBIE /1Tl MOACTTUPOBAHHS (-
POBOI0 YCTPOMCTBA, CBEJICHBI B TAOJIUILY, TJI€ OCHOBHBIMU KOMIIOHEHTAMH SIBJISIFOTCS: M — BEKTOP
MOJIETTUPOBAHUSI WIIM COCTOSHUS 3aHYMEPOBAHHBIX JIMHUAN, KOTOPBIA B JAHHOM CITydae UMeeT 5
BXOJTHBIX, 6 BHYTPEHHUX H BHIXOHBIX JIMHUH, COCTOSIHHS KOTOPBIX ITOJIEKAT OMPEIEIeHUI0; X —
BEKTOp KOPTEKEH HOMEPOB BXOJHBIX JTMHUH NPUMHUTHBOB, KOTOPBIE HEOOXOIUMBI 1151 HOPMHUPO-
BaHUS aJjpeca B [EeJSIX U3BIICUCHHUS IO HEMY COCTOSHUS BBIX0/1a dieMeHTa Q;, G yHKIIMOHAIbHOCTD
KOTOporo 3amaercsi (Q-BEeKTOPOM.
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Puc. 7. Memory-based koMOnHaLIMOHHAs CXeMa C TpUTITEpaMu

[Tpumep BBRIIOTHEHHS AITOPUTMA MOJISIIMPOBAHUS CXEMHOW KBAaHTOBOU CTPYKTYpbI. Bee mpu-
MUTHBBI JJOJDKHBI OBITH YIOPSAOYCHBI IO MPUHIUITY: OYePETHOM SJIEMEHT aHAIU3UPYETCS, €CIIN
BCE TPEIIICCTBEHHUKH I Hero ObutM 0O0paboTaHbl. B mporecce mMomenupoBaHus agpecHO
M3BJICYCHHOE COCTOSIHUE STYEHKH TeKylIero Q-MoKpBITHs 3aHOCUTCS B pa3psaa Mi BekTopa Moze-
TupoBaHus. Pe3ynpTaTel mocnenoBaTenbHON 00paboTKH Bcex (Q-BEKTOPOB CXEMHON CTPYKTYPHI
(hopMHPYIOT COCTOSHUSI TMHUH M-BeKTOpa Uil IPUBEIEHHOTO BhIIIE IpuMepa sueiiku (6 — 11).
[lepBOHaUaNbHBIE COCTOSHUS HEOTIPEEIIEHHOCTEH Ha TICEBIOBX0/1aX (PYHKIIMOHAIBHBIX IPUMH-
THUBOB JIOOTIPEACISIFOTCS CUTHAIAMH HYJISI WM €MHULIBI B 3aBUCUMOCTH OT BHYTPEHHEH TEXHOJIO-
THYECKON KYJIBTYpBl KOMIIAHHUH, PEI0CTABIAIONICH TPOMBIIIICHHBIE CPEICTBA MOICIINPOBAHHUS
u Bepudukaumy. KommdecTBo BXOAHBIX TIEPEMEHHBIX IPUMHUTHBA ( CBA3aHO C JUTMHOM Q-BEeKTOpa
COOTHOLICHHEM: card(Q)=2%. [IpaBUIBLHOCTH PabOTHI AIrOPUTMA MOACIUPOBAHUS ObLIA BEpH-
(huIMpoBaHa Ha TECTOBBIX M peajbHBIX cXeMax ¢ mpuBiiedeHueM cpeacts Active HDL 9.1 (Aldec
Inc.). OcobeHHOCTh CTPYKTYPHO-()YHKIMOHAIBLHOTO 3aaHus IU(QPOBOM CUCTEMBI 3aKJII0YAETCS B
MIPEJICTABICHNN BCEX MPUMHUTHUBOB AJIEMEHTAMH IaMsITH, Ky/Ja 3amuChIBatoTCsl (Q-BEKTOPHI BbI-
XOIHBIX COCTOSIHUH.

Takwum 0Opa3oM, MOKHO CHENATh CICAYIONIHE BEIBOILI: 1) JItoObIe CTPYKTypHBIE KOMITOHEH-
ThI BBIYUCIUTEIBHBIX YCTPOWCTB, KOMOWHAIIMOHHBIC W/WIIM TOCIEIOBATEIILHOCTHEIE, & TaKXKe
CHCTEMBI B IIeJIOM MO>KHO OIHCHIBATh KyOUTHBIMH (Q-BEKTOpPaMH U PEATM30BBIBATH B AJIEMEHTAX
namata FPGA, CPLD wm VLSI. D10 npeaocTaBiseT PeIHKY 3JIEKTPOHHBIX TEXHOJOTHN BO3-
MOYKHOCTH HE UCTIOJIb30BaTh KOMOWHALIMOHHYIO reusable JIOTHKY pu CHHTE3€ BRIYMCIUTEIBHBIX
YCTPOMCTB, KOTOpasi OCTABISET pa3padOTINKaM CEPbe3HbIE MPOOIEMBI, CBSI3aHHBIE C TECTHPO-
BaHHEM, Bepu(uKaleld 1 peMOHTOM KECTKOM MPOBOIHON peann3auni IHU(POBBIX U3ACTHH. 2)
Memory-based naTEpIIpETATHBHOE aAPECHO-OPHUEHTHPOBAHHOE MOAECITUPOBAHNE KOMOWHAIHOH-
HBIX U MOCJICIOBATEILHOCTHBIX MTPUMUTHUBOB ITU(PPOBBIX YCTPOWCTB CTAHOBUTCS COU3MEPUMBIM
10 OBICTPOACHCTBUIO C KOMITMIIATUBHBIM aHAIN30M JUCKPETHBIX 00beKTOB. Kpome Toro, crano-
BUTCSI BO3MOYKHBIM PEANM30BBIBAaTh HA MPOTPAMMHPYEMBIX JIOTHYECKUX YCTPOHCTBAaX ammapat-
HOE MOJICTUpOBaHue HU(POBBIX CHCTEM, I'/Ie KOMOMHALIMOHHBIE U TIOC/IEA0BATEIHOCTHBIC (DYHK-
[IUOHAJbHBIE MPUMHUTHBEI OYAYT IIPEICTABICHEI CTAHAAPTHBIMH DJIEMEHTaMH aMSTH, B KOTOPBIS
3ammBaloTCsl (Q-BEKTOPBHI.

7. AHAJIN3 BBIYMCIUTENBHBIX CTPYKTYP

CurHasibl CHHXPOHHU3AIWHU JTIOCTABIISIOT OMpe/eIeHHbIe HEY00CTBA ISl OMTUCAHHUS MOJIeNen
MOCJIETOBATEILHOCTHBIX KOMIIOHEHTOB (TPUTTEPHI, PETUCTPHI, CASTUNKH) U pEaTU3alliN aJTOPUT-
MOB aHaJIn3a. JTO CBSA3aHO CO CXEMOTEXHUYECKIM MCTIOTHEHHUEM YIIPABICHHUS 0 TIEpEAHEMY HITH
3amHeMy (DPOHTY, KOTOPBIE pa3pelraroT BHITIOJHEHNE TPaH3aKIMiA MeXIy master-slave xommo-
HeHTaMu. JIpyruMu cTIoBaMu, CHHXPOHHBIE IPUMUTHUBBI UMEIOT IBa MTOCIICIOBATEIILHO COSTMHEH-
HBIX AJIIEMEHTA, OPUECHTUPOBAHHbIC HA HU3KUM U BHICOKUI YPOBHHM CHUTHAJIOB 3alHCH JAHHBIX B
MEPBYIO U BTOPYIO CTYIEHU COOTBETCTBEHHO. OTHAKO AJIT JTOTUYECKOTO MOJICIUPOBAHUS YUET
MOJIPOOHOCTEH, CBA3aHHBIX CO CXEMOTEXHUYECKIMH PEIICHUSIMH, MOXKET CYIIECTBEHHO 3aMefl-
JIUTHh BpeMs aHayn3a IUQPPOBBIX cxeM. [1oaToMy 31ech HEOOXOIUMBI JIOTHYSCKU aJICKBATHBIC
MOJICIH PeaIbHBIX IPOIECCOB, MPUBOISIINE K MOBBIIICHUIO OBICTPOACHCTBHUS aJITOPUTMOB 00pa-
00TKHM KOMIOHEHTOB. [Ipu 3TOM HaKIIagBIBAE€TCS OTPaHUYCHUE, CBA3AHHOE TOJIBKO C aApECHBIM
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XapaKkTepoM aHajm3a BCeX KOMITOHEHTOB cxeMbl. [l obecnieueHuss BO3MOKHOCTH PaccMOTpe-
HUSl CHHXPOBXOJIa, KaK JIOTHYECKOW MEPEeMEHHOM, (hOpMUPYIOIIEH aipec KBAaHTOBOTO BEKTOPA,
mpeiaraeTcs MoJelb pa30OMeHUs MOCIeI0BATSIbHOCTHOTO NMPUMHUTHBA Ha JiBa dJeMeHTa: 1)
Jlornueckwii KBaHT BBIJAYH pa3periaroniero CUrHama npu (GopMUPOBaHUH TIEPETHETO (3aIHET0)
(poHTa B IBYX BPEMEHHBIX MOJICTBHBIX TakTax. 2) KBaHT peanu3anuu mraTHON QyHKIIMOHAIEHO-
CcTH (TpUTTEepa PEerucTpa, CUYETUYHKA) IMOCIICIOBATEIHHOCTHOTO KOMIIOHEHTa. TakmMm oOpasom,
MOJIeNTb CHHXPOHHOTO D-Tpurrepa Moxet ObITh onucaHa B popMme ABYX Q-TOKPBITUH, apecHO
BBIYUCIISIOIIAX COCTOSIHUS BBIXOJIOB!

CLK(t 1) m

CLK (D)

Q¢ 1
D(t) [00010011[Q()
C(t)

C y4eToM H3JI0KEHHOTO BBIIIIE MOJICITh IU(PPOBO CXEMBI C IBYMSI CUTHAIAMY CHHXPOHU3AIHH,
MPEJICTABJICHHAS HA PUC. 8, OYJET UMETh CTPYKTYPHI JaHHBIX, COCTOSIIINE U3 COBOKYIMHOCTH Q-
MOKPBITHH, KOTOPIE ()OPMUPYIOT TEKYIIUH BEKTOP MOJCIMPOBaHUS M, HO C Y4ETOM 3HAYCHHIA
KOOPAWHAT MaHHOTO BEKTOpa B MPEABIIAYyIINA MOMEHT BpeMeHH M(t-1). YBenumdenue dwmcia
MEPEMEHHBIX 3a CYET BBEACHHS JIBYX 3JEMEHTOB CHUHXPOHM3AIMU YMEHBIIAET COBOKYIIHYIO
Pa3MepHOCTh TaONHIBI KBAHTOBBIX BEKTOPOB, KOTOpas MpH 7 TEpeMEeHHBIX OyneT MMeTh 56
KOOpAMHAT.

DFF_1 DFF_3 L ACIBCyKi Q Q2 Y Ky Q3 Qq

A 0 o ° | o M1t 0o10l0o 0o 0o 0o 0 o o
=] ki1 | ©@ Q=M1 111 e

— t t t t t t

C1 CLK CLK X Cl Q Q QC: Q3 Qi
i A B QG Y &

DFF 2 AND DFF 4 K, K . . Ky K,

8 v Q 0 0 0 0 0 0 0
0 |az D 1 0 0 0 1 0 0

Q Q 0 0 0 0 0 0 0

— — Q3 0 1 1 1 1 1 1

ﬁ K2 CLK CLK 0 0 . . 0 0
% 0 0 0 0

c2 "‘_*| 11 11
' 11 11

Puc. 8. CuHXpoHU3MpOBaHHAs CTPYKTypa TpUrTepa

Ecnu He BBOAWTD JBE AONOTHUTENBHBIE IEPEMEHHBIE (3IEMEHTHI CHHXPOHU3ALUH), TO 00beM
mamatu s Q-mokpeITuil Oymer paBeH 80 sueiikam (puc. 9). JlanHas cxeMHas peanu3aliis
MaKCUMaJIbHO OPHEHTHPOBaHA Ha CTPYKTYPHI JAHHBIX IPOMBILIJICHHBIX CPEACTB MOJAEIUPOBAHNUS
n Bepudukanuu. OJHAKO KBAaHTOBBIC BEKTOPHI JUIA 33JaHUs (QYHKIIMOHAJIBHOCTEH TPHITEPOB
CO3/1aI0T HE0OXOIMMBbIE YCIIOBHS JUIs OBBIICHHS OBICTPOACHCTBHSA HHTEPIIPETATHBHOTO aHAIIH-
3a, TECTUPOBAHHUS U JUATHOCTHPOBAHUS CXEMHBIX KOMIIOHEHTOB.

[Tpobnema yMeHBIIIEHHUsI COBOKYITHOTO 00beMa Q-TIOKPBITHI CXEMBI CBSI3aHA C KOJIMYECTBOM
MEPEMEHHBIX, (popMUpyOIUX aapeca koopauHat Q-BexTopa. EcrecTBenHo, uTo moboe pa3oue-
HUE 4YMCNIa MEPEeMEHHBIX Ha J[BA PABHBIX YIOPSAIOYCHHBIX TMOJAMHOXKECTBA JTAET BO3MOXKHOCTh
CYLIECTBEHHO YMEHBIIUTh Pa3MEPHOCTh MaMSTH AJIS 3alucH yxke IByX Q-BexTopoB. B obmiem
ciydae GyHKIMOHAIBHAS 3aBUCHMOCTh YMEHBIIIEHHS pa3MEPHOCTH HCXOAHOTO Q-BEKTOPA, Orpe-
JICJIEHHOTO Ha N-TIEPEMEHHBIX, TIPH JISICHAN Ha 2 TTOJICXEMBI C PABHBIM YHCIIOM PE3YIbTUPYIOIINX
MEPEMEHHBIX (11/2), UMEeT CIeTYIONINHA BUI;

2n 2n 2n n—(n/2+1) n/2—
Q= 2 2 = %22 = 0/l =2 V=2
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Puc. 9. Cxema ¢ D-tpurrepamu Ha 0CHOBE BHYTPEHHEH CHHXPOHU3AINH

Hamnpumep, pasbuenne BeKTOpa U3 BOCBMH MEPEMEHHBIX Ha JBa Q-TIOKPHITHS U3 4 TIepeMeH-
HBIX YMEHBITIAeT 00heM TaMATH B 8 pa3. OgHaKo ClieIyeT IMETh BBHIY, UTO KaX10€ pa3OneHne
(GYHKIIMOHATBHOTO MOTYJIst HA K TT0/ICXEM OTHOCHTENILHO BHEITHUX BXOI0B OTPeOyeT K T0momHu-
TeJbHBIX d-IIMKIJIOB JUIsl BBIUKMCIIEHHS cocTosiHus Bhixozaa Beeld cxembl T = d(k +1). CHuxenue
OBICTPOICHCTBHS pa3OueHHON (DYHKIIMOHATBHOCTH SABIIACTCS IUIATON 33 CYIIECTBEHHOE YMEHb-
eHre 00beMa aMATH JIJIsl XpaHEHHsI CTPYKTYP JaHHbIX HU(PPOBOi cucTeMbl. B 00miem ciyuae
pazouenne QYHKIIMOHATBHOCTH Ha K OJIMHAKOBBIX YacTEei PUBOJIHT K TIOJYUEHHUIO CIIEYIOIIEH
3aBUCHMOCTH BBIMIPBIIIA 00beMa MaMATH OT YKCia pa3sOMeHH Ha IOJAMHOKECTBa BEKTOPA

2" _ 1 xon—n/k
Kxon/k k '

3nech mapamerp pa3OueHusl k mpuHUMaeT 3HauYeHHs, KpaTHbIe CTEeIIeHH ABOMKH: 2, 4, 8, 16.
Onmnako 3HadeHue k He mM0oIDKHO OBITH Ooiiee, uem n/2. Cieayer 3aMEeTHTh, 9TO HEOOs3aTeIIEHO
KOJINYECTBO pa30MeHMii He 00s13aTeIbHO JOKHO MPUHUMATD 3HAYSHHUSI, KpAaTHBIE CTENICHH JIBOM-
ku. B o0mem ciaydae, Ha BEKTOpE BXOAHBIX IIEPEMEHHBIX MOXKET CyLIECTBOBATh M Pa3OUEHUI,
Ka)Z10€ 13 KOTOPBIX UMeeT OoJiee 0THON MepeMeHHOM. [Ipr 3TOM BBITIOIHSAETCS YCIOBUE pazoue-
HHSI, YTO CyMMa BCEX NEPEMEHHBIX, YUACTBYIOIINX B Pa30MEHHAX, HE MOXKET OBITH OOJIbIIE N:

BXO/JIHBIX IEPEMEHHBIX Q =

21’1
2k1 +2k2 +...+2ki +...+2km
®dopmyiia MOKa3bIBAET BBIUTPHINI OT pa3OneHus QYHKIIMOHAIBHOCTH B BHJIE OTHOIIICHHS Pa3-
MEPHOCTH MCXOJIHOTO KBaHT-BEKTOPa K COBOKYITHOMY 00beMy (Q-BEKTOPOB, MOyYEHHBIX TTOCIIE
paszouenus. UtoOb! o1ieHUTh 3P hEeKTHBHOCTD pa30ueHus GyHKITMOHAIEHOCTH Ha CXeMHBIE (hpar-
MEHTBI, HEOOXO/IMMO YUYHTHIBAaTh HE TOJHKO YMEHBIIICHUE 00beMa aMsTH JUIS XpaHEHUS CTPYK-
TYp JaHHBIX, HO ¥ HETATUBHBIE TIOCIIE/ICTBHUS, CBI3aHHBIE CO CTOMMOCTBIO aHAJIM3a YBEIIMYEHHOTO

Q=

,ki+kp +..+kj+...+ky =n.
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KOJIMYECTBA CXEMHBIX KOMIIOHEHTOB, KOTOPOE PErIaMEHTUPYETCSI B KaXKJOM KOHKPETHOM CITy-
qae ko3¢ dpurnmentom d:

n
a- 2

d><m><(2kl +ok2 +...+2ki +...+2km)
[MoxBoxs uTor B yacTi MOAUMUKALIMK TEOPUHU UCTIPABHOI0 MoaenupoBanus (fault-free) mudpo-

BBIX CHCTEM, MOXHO OTMETUThH CleAyromue (akTel. ABTOMAT MOJCIHPOBAHUS CUHXPOHHBIX
UQPPOBBIX YCTPOUCTB, KAK MPABUIIO, IPEJICTABIICH MOIeNbio Mypa:
S(t) = f[X(1),S(t-D];
Y (1) = f[X(1),S(1)].
3neck QurypupyroT BXxoaHble (X) ¥ BHYTPEHHHE COCTOSHHS aBTOMAaTa B JIBYX COCEIHUX
BpeMeHHBIX (hperimax S(t), S(t-1), a Takke mpaBuiIa ONpeIeTICHUS BRIXOMHBIX 3HAYCHUH Y (t) st
VHUIIMAPOBAHUSI BEIYUCIIUTENBHBIX TIpotieyp. [Ipemnaraetes MomuuKaius ynoMsiHyTOM MOICITH

aBToMara Mypa aiis aHanmu3a UQPOBBIX CUCTEM, CyTh KOTOPOH 3aKIIF0YaeTcs B 3aMeHe (DyHKITH-
OHAJIBHBIX OTHOIIIEHUH afpeCHBIMH (A) OTIeparisIMu:

S(t) = A[X(1),S(t=D)];

Y(t) = A[X(1),S(t)].

Onpe/eeHHbIN BBIIIE aPECHBIN UM KBAHTOBBIM aBTOMAT 1M03BoJIsIeT: 1) M30exaTh )KeCTKUX
TaJIbBAHUMYECKIX MEKCOETNHEHUH MEX Ty dJIEMEHTaMH KOMOWHAIIMOHHBIX U ITOCIIE0BATEIHHOC-
THBIX CXEM IPH UX allapaTHOH MMIUICMEHTAIUH TOJBKO B AJIEMEHTHI mamstu. 2) [lomyduuts
CBOMCTBO THOKOM 3aMEHIEMOCTH KOMITOHEHTOB ITU(POBOM CHCTEMBI B pexknMe online, 6iaromapst
ux agpecyemoctu. 3) CyliecTBEHHO yIIPOCTHTH BCE MPOLECCH MOICIMPOBaHUS, BepHU(PUKALIUT U
TECTHUPOBAHMSI ITyTEM HCIIOJIB30BaHUS TOIHKO MPOIIeTyP BEIYUCICHNS apeca KOMITOHEHTa CXEMbI
WIH STYCHKHU ero namsaTh. 4) YHU(UIIMPOBATh MPOILECCHl MTPOSKTUPOBAHUS IU(DPOBBIX WU3JIEITHIA
MTyTEeM UX CBeJIeHUs K (DOPMUPOBaHUIO (DYHKIIMOHAILHOCTEH HA OCHOBE BHIYHCIICHHS aJIPECOB WK
K TPaH3aKI¥SIM Ha dJieMeHTax nmaMatu. 5) [loBbicuTh 3(peKTHBHOCTE MPOIIEAYP MOIETHPOBAHUS
IU(GPOBBIX CXEM 33 CUET YMEHBIICHHsS 00beMa WHTEPIPETATUBHBIX MOJIEICH Y YIPOIICHHS
crocoba ux 00pabOTKH, KOTJa BMECTO MCUCPIBIBAIOIIETO aHAM3a TaOJUIl MpEeIaraeTCs BbI-
YHUCIICHUE aJipeca TYCUKH KBAHTOBOTO BEKTOPA. 6) BHIMOIHATE BCE BBIYUCIUTEILHBIC POLIC Y PhI
Ha OCHOBE MCTIOJIh30BaHMSI KBAHTOBBIX IMOKPBITHI M BEKTOPA MOAETUPOBAHUS, 33JAHHOTO B IBYX
COCE/IHMX aBTOMATHBIX TaKTaX, COTJIACHO OMPE/ACICHUIO KBAaHTOBOTO aBToMaTa. 7) TeXHOJIOoru-
YeCKH MPOILE CTAHOBHUTCS MCIIONB30BaTh HHPPACTPYKTYPY [0, 7] CTAHAAPTOB TECTONPHUTOTHOTO
mpoektupoBanus (IEEE 1500, 1149) mis moKOMITOHEHTHOTO TECTHPOBAHNS, AMATHOCTUPOBAHUS U
BOCCTaHOBJIEHUS Pa0OTOCIIOCOOHOCTH aIpECHO TOCTYMHBIX ()YHKIIMOHANBHBIX OJIOKOB B peKUME
online.

8. Crpykrypa odaauyHoro cepuca QuaSim ans moaeaupoBaHusi HHPPOBHIX

YCTPONCTB

QuaSim npexacTaBuseT cOO0# CpepaCTBO TSI aHANN3a, TECTUPOBAHUS M BepUpUKAIIUU rdpo-
BBIX NPOEKTOB HEOOJBIIONW Pa3MEpHOCTH M IMpPeJHA3HAYCHO IJIsl MCIOJIh30BaHUS B y4eOHOM
MpoIiecce B KadecTBe 0OJAYHOTO CEepBHCA, JOCTYIHOTO ISl CTYIEHTOB C JIF000Tr0 MOOHUIHLHOTO
YCTPOKCTBA UM KOMIIBIOTEPA.

I]eny — cyleCTBEHHOE MOBBIIIEHHE KayecTBa yu4eOHOro mpolecca IMyTeM HpeloCTaBICHUs
TEXHOJIOTMYHBIX MUKPOCEPBUCOB aHAJIM3a LU(POBBIX YCTPOUCTB C OAHOBPEMEHHO BU3yaI3aLu-
en CXEM, TECTOB, PE€3YJILTATOB MOJACIMPOBAHUA U Ta6HI/IH HUCTHHHOCTHU (bYHK]_[I/IOHaJ'IBHbIX JJIEMCH-
TOB.

3aoauu: 1) Cozganue CTPYKTYphI 00Ja4HOTO MOJICTHPOBaHUS IIU(QPOBHIX yCTPOICTB HA ILIAT-
(hopMe KOMITEIOTHHTOBBIX cepBrucoB Google. 2) PazpaboTka Mmoaysst (Mukpocepuca) Q-element,
peanu3yIoLIero Co31aHle MOIENIN U BU3YaIU3aLHI0 JIOTHYECKOr0 WK (JyHKIXOHAIBHOTO IPUMHU-
ThBa cxembl. 3) [IpoekTupoBaHre MOayJisi TEHEPHUPOBAHUS KYOUTHBIX MoJielieil TPUMUTHBOB H
OoJiee CIOXXHBIX LU(POBBIX YCTPOMCTB, @ TAKXKE CPEACTB MX OINEPATUBHOW BU3yanu3auuu. 4)
PazpaboTka MOayJIsl MM TIAHENH YIPaBJICHUS, HHTETPUPYIOLIETO CHMYJISITOP, TeHEPaTop JIOTH-
YECKHX 3JIEMEHTOB, CXEMHBIX KOHCTPYKLUH 1 BXOI-BBIXOAHBIX TOPTOB. 5) Pa3paboTka cobcTBeH-
HO MOXYJS AJNs aHajdu3a UA(QPOBBIX CXEM HAa OCHOBE PEKYypPCHBHOM 0OpabOTKH JIOTHYECKHX
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anemeHToB. 6) Co3maHue CIIyKEOHBIX OMONMOTEK ISl XPaHCHHS: TOTOBBIX (DYHKIIMOHATHHBIX
3JIEMEHTOB, CIOKHBIX IIU(POBBIX CXEM, TECTOB M PE3YJIbTAaTOB MX aHAJM3a, a TAKKE CIyKeOHOU
uHdopmanuu. 7) TectupoBanue u Bepudukaimst obaaunoro cepsuca Q-simulator, npeanazHaueH-
HOT'O JJIs1 ’HTEPIIPETAaTUBHOTO MOJICJINPOBAHUS U (PPOBBIX yCTPOUCTB.

CyIIHOCTh KBaHTOBOTO METO/Ia aHAJIN3a 3aKIII0YaeTCs B apEeCHON peann3annu BceX GyHKIH-
OHAJIbHBIX KOMIIOHEHTOB LIU(POBBIX CUCTEM U CTPYKTYP JAHHBIX, YTO AA€T BO3ZMOXHOCTb CYIIIE-
CTBEHHO MOBBICUTH OBICTPOACHUCTBHE MHTEPNPETATUBHOTO MOJEIMPOBAHKS U KA4eCTBO 00CITY-
JKUBAHUS IPOEKTOB 3a CUeT OBICTPOI 3aMEHbl HEKOHIUIIMOHHBIX JIOTHYECKUX 3IEMEHTOB IIyTEM
UX [epeaspecaryi.

CrpykTypa 00JayHOTO CepBUCa BKIIOYAET CICIYIOUINE OCHOBHBIE MHKpOcepBHCHL: 1) Q-
element reHeprUpyeT KBAHTOBbIE OIIMCAHNSA JJOTMIECKHUX 3JIEMEHTOB B CTPYKType HH(poBOH HyHK-
OUOHATBHOCTH. 2) Moayns View BBHIIONHSIET BU3yalH3alnio CXEMHBIX JIEMEHTOB, IOPTOB BXO-
JIOB ¥ BBIXOZIOB Ha 3KpaHe MoHuTopa. 3) Moayne Collapse ympaBnser okHaMH MOHUTOpPA M UX
pa3MepaMy IpH MOMOILY COOTBETCTBYIOIINX HKOHOK. 4) KonTpomnep Split Busyanusupyet padboty
BCEX KOHTPOJUIEPOB MpH cOOpPKE CXEMBbI Ha IKpaHe, a TAKKE OCYIIECTBISIET MacIITaOUpOBaHUE
netaneit mpoekrta. 5) @ynkuus Evaluate ¢opmmpyer cocTosiHue BbIXOAa TEKYIIETO dIIEMEHTa
MyTEeM BBIOOPA COICPKUMOIO M3 SUCHKH KyOuTa mo ee aapecy. 6) Moaynp Q-sim peanusyer
COOCTBEHHO JIFOPUTM MOJIEIMPOBAHUS BCEX JIMHUN CXEMBI IIyT€M IIOCTPOEHHSI Ha IIEPBOM Lare
PEKYPCUBHOM MOEIH JIJIs TIOCIIeI0BaTEeIbHO-TIapaUIeIbHONM 00paboTKH 3eMeHToB. Ha BTopom
11are BBIYMCIISIOTCS] COCTOSIHUSL BCEX BBIXOAOB JIOTHUECKUX 3JIEMEHTOB. MoieTMpoBaHue 3aKaH-
yyBaeTca mocjie oOpabOTKM BCeX TECTOBBIX BXOAHBIX IOcCieoBarelbHOCTEH. Ecimm cxema
UMeeT TI00aNbHble W JOKalbHbIe 00paTHBIE CBS3H, TO MOAEIMPOBAHUE OCYIICCTBISETCS 10
(uKcanyy OAMHAKOBBIX 3HAUCHUN CUTHAJIOB HA BCEX JIMHUAX cXeMbl. Eciy cxema He ycTaHaBIM-
BaeTCs B yCTOWYHMBOE COCTOSTHHE HAa BXOJHBIX HA00pax, TO PUKCHUPYETCs TeHEPATOPHBIN PEKUM
nocyie BeImotHeHus n (=20) urepanuii. B 3ToM ciydae BceM H3MEHSFOIUMCS JTMHUSM ITPHCBANBA-
eTcs 3HaueHHe ABOMYHON HeompenaeneHHocTn X={0,1}. 7) Moaynps ynpasieHus: OMOIMOTEKOH
AIIEMEHTOB, CXEM U MPOEKTOB OCYIIECTBIISECT CYNTHIBAHUE, 3AIUCH U MOAKIIOYCHHE (DParMeHTOB.
8) Moayne BpEeMEHHBIX AWArpaMM OCYILECTBIISET BU3yaIH3alUIO TECTa C BEIXOIHBIMU CUTHAJA-
MU Ha MOHHTOpE B (hopMe HEMPEPHIBHBIX CUTHAJIOB, pa3/elICHHBIX Ha TAKTHI B a0COIOTHOM HITH
MOJeJIbHOM BpeMeHu. 9) Bee Momynu o6nadHoro cepBrca 3aporpaMMHUpPOBaHEI Ha sI3bIke Swift,
oneparonHas cuctema OSX 10.9, kommunstop XCode 7. KonnuecTBo ucxoaubix (haiiios 36,
oOrmiee gncio cTpok koxa — 1450.

Ha puc. 10 nmpencraBieHa BU3yain3aiuys pe3yabTaToB rpa(uueckoro mpoSKTUPOBAHUS CXEMbI
C TpUTTepaMH Ha MOHUTOpPE KOMIbloTepa. J[aHHas cxema MOJTHOCThIO COOTBETCTBYET (DYHKIIHO-
HAJILHOCTH, MPEJCTaBJICHHOW Ha puc. 7. OHa COAEPXKUT YEThIpe BXOIHBIX IOpTa AJIS MOJAuu
pabouuX WM TECTOBBIX BO3JCHCTBUI, a TakKe JBa BBIXOAHBIX MopTa. CTPYKTypa CONEPKHUT
YeThIpE JIOTHYECKUX 3JIEMEHTA U JIBa TpUITepa. MHEMOHHYECKOE ONMCaHNE KOMIIOHEHTOB CXEMBI
NPUBEICHO K YHUBEPCALHON (opMe TIPSMOYTOJIbHAKA M PA3INdaeTCs TOJIBKO HOMEPOM PUMHU-
THBa B COCTaBE YCTPOMCTBA, a TAaKXe TUIOM (PYHKIHOHAJIBLHOCTH, KOTOpas 3a1aeTcs KyOuT-
BEKTOPOM, MPEICTABICHHBIM ACCATHYHBIM YHCIIOM.

|/

Puc. 10. CkpHHIIOT CTPYKTYpBI C TPUTTEPaMU
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B cxeme, npencraBneHHol Ha puc. 10, 3IeMEHTHI UMEIOT MOPSIKOBBIE HOMEpa (B BEpXHEH
YaCTH) ¥ LIEJTbIC YMClia T uueHTuduKammn Gyakuuonamsaocreit: 0/6 —0110, 1/1-0001,2/1—-0001,
3/7 — 0111, 4/143 — 11110001, 5/226 — 01000111. 3nech OBOMYHBIA BEKTOP COOTBETCTBYET
JECSITUIHOMY SKBHBAJICHTY YHCIIa I 3aaHus QyHKIMOHATBHOCTH. [10CKOIBbKY KyOUT-BEKTOD HE
HMEET B SIBHOM BHJIE 3a/1aHHSI BXOAHBIX HAOOPOB, TO €ro MOXXHO PaCCMATPHBATh KaK HESBHYIO WIIN
KOMIIAKTHYIO ()OPMY TEOPETHKO-MHOKECTBEHHOW IO CYTH TAaOJHIBI NCTHHHOCTH. 3a4eM SBHO
yKa3bIBaTh BXOAHBIC 3HAYEHHs], €CIM OHH COCTABJIAIOT CTPOTO TOCIEIOBATEIbHYIO aJpecanuio
BBIXOJHBIX 3HaueHMi1? Takum 00pa3oMm, TabaHIa HICTHHHOCTH, KaK COBOKYITHOCTD BXOJTHBIX CHTHA-
JIOB ¥ COOTBETCTBYIOLINX UM BBIXOJHBIX 3HAYEHHH BCEIa IMPOUTPHIBACT Mepe KyOUT-BEeKTOPHOM
¢dopmoii peacTaBiaeHus GYHKIMOHAIFHOCTEH B TIaHe 00beMa 1 OBICTPOACHCTBUS aHAIIU3a J1aH-
HBIX. He cymecTByeT nprHIMIHATBHBIX Pa3IHIni MEX Ty OIMCAaHUIMU KOMOMHAIIIOHHOTO SIeMEH-
Ta, CXeMBbI HJIH TTOCIIEIOBATEIbHOCTHOTO PUMHTHBA, IOCKOJIBKY BCe OHM (hopMaibHO MpeICTaBIIe-
HBI KyOUT-BEKTOpaMH, KOTOPBIE TOMEIIAIOTCS B aJpecyeMylo maMsaTb. bonee Toro, Bce mpuMuTu-
BBl CXEMBI TaKXe SBIIIOTCS alpECyeMbIMH, & CTPYKTYpa CXeMbl MOXKET OBITh OIHCaHa B BHUJIE
KyOuT-BekTopa. Takum 00pa3zoM, MOKHO MPUITH K TAKOH peann3aliy BEIYHUCIUTEIHLHOTO YCTPOH-
CTBa, TJIe¢ HET HIMYETO, KPOME aIpPECHOM MaMsITH WM KyOHTHBIX BEKTOPOB PA3IMYHON JUIMHEI, B
KOTOPBIX (PYHKIHMOHATIBHOCTH OTIPEEIISFOTCS YIIOPSI0YCHHBIMI HAOOpaMH HYJIEBBIX M € IMHUYHBIX
curHanoB. [IpenmymmecTBa manHOTrO cepBrca QuaSim KyOHMTHOTO ONMMCAHWS W MOJETUPOBAHUS
IU(POBBIX YCTPOHCTB 3aKIIOUarOTCs B cieaytomeM: 1) Bee QyHKIIMOHANBHBIE 2IEMEHTHI U CXEMBI
3a1ar0Tcs Q-BeKTOpaMu, YTO YHH(HIMPYET NPOLeTyphl CHHTE3a U aHAIIN3a U(PPOBBIX YCTPOICTB.
2) TeXHOJIOTHYECKH POCTO MEHSTH WM KOPPEKTUPOBATh (DYHKIIMOHATEHOCTH CXEMBI MITH JIF000TO
NPUMHTHBA MyTeM 3aMeHBbl OTAENbHBIX OMTOB Q-BekTopa. 3) YHubuKanms KyOHTHOH (opmbl
OITMCAHUS TIPUMHUTHBOB CXEMBI JA€T BO3MOYKHOCTh MPUMEHHUTH K HUM €INHCTBEHHYIO NIPOLEIYPY

aHamm3a (YHKIIMOHAIILHOCTEH, KOTOpasi CBOJUTCS K BBIYMCIEHHIO anpeca M; = Q;[M(X;)], 4to

JIeNIaeT MPOIIECC MPOrpaMMHUpPOBaHMs 00JadHOro cepBrca QuaSim TeXHOJIOTHYECKH MPOCTHIM B
WCIIOJTHEHUH 1 HE 3aBUCSILIUM OT (PyHKIIMOHATIBHOM U CTPYKTYPHOH CIIOKHOCTH LIU(PPOBBIX CTPYKTYP.
4) TIpocToit M TOHATHBIA HAYMHAOIIEMY TTOJTH30BaTENO TpadmdecKuii mHTepdeiic aemaeT ooiad-
HBII CEpBUC KOHKYPEHTOCTIOCOOHBIM Ha PHIHKE 00pa30BaTEIbHBIX YCIIYT, TJE CIOKHBIE U TSHKENO0-
BECHBIE CPEJICTBA MOAEINPOBAHMS OT BELYIINX KOMIIAHUH IUIAHETHI ABJIAIOTCS HEAOCTYTHBIMHU JUIS
YHHUBEPCHUTETOB M3-32 UX BHICOKOH CTOMMOCTH, & JIsl CTYACHTOB — BPEMSI3aTPATHBIMHU 110 CIIOKHOC-
1 oarotoBkn HDL-cienmukarwii mpy pacCMOTPEHUN HEOOIBITNX YIeOHBIX TIPOSKTOB. 5) YHU-
¢uxanyst GopMbl ONMCAHUS! IPUMUTHBOB CO3AAET YCIIOBUS IS TEXHOJIOTUYHOIO PEIICHHs 3a1a4
CHHTE3a, MOJCIIMPOBAHUS HEUCIIPABHOCTEH, TECTUPOBaHMs, BEpHU(UKAIMN U TUArHOCTUPOBAHM,
OCHOBaHHBIE Ha OTlepalsixX ¢ KyouT-Bekropamu. 6) HemoctaTkoM KyOUTHO# HITH KBAHTOBOM TEXHO-
JIOTMH ONMCAHUS ¥ aHaTM3a HU(POBBIX CTPYKTYP MOKHO CUATATh HEKOTOPOE YMEHbBILIEHHE OBICTPO-
JEeHUCTBUS MOJICTMPOBAHHS 110 CPABHEHHUIO C CYIIECTBYIOLIMMH IPOMBIIICHHBIMU KOMIMIIATOPAMH,
aist ASIC u VLSI mpoekToB, rae o0beM reusable logic siBisieTcss AOMUHUPYIOIIUM JUIS JOCTHXKEHHUS
BBICOKOTO OBICTPOACHCTBUSL.

CrpykTypa B3anMO/IEHCTBYIOIINX KOMIIOHEHTOB 00JIa4HOTO cepBrca QuaSim npeacraBieHa Ha
puc. 11. KBanToBoe Wi KyOMTHOE TPEACTABICHUEC MOJCIU IM(PPOBOTO YCTPOHCTBA BMECTE C
HUHTEPIPETaTUBHBIM CHMYJIATOPOM COCTABIISIIOT SAPO CHUCTEMbl, HHTETPUPOBAHHOM B OOJblINE
JaHble KubeprnpocTpaHcTBa win MHTepHeTa. DTO aeT BO3MOMKHOCThH MCIOJIB30BAaTh B KA4eCTBE
WICXOJTHBIX TAHHBIX OTKPHITHIE crienn(hUKaIH U TeCTOSHYH, orrcaHHbIe Ha si3bikax VHDL, Verilog.
Taxue naHHBIE W/HIM TECTOBBIE IPUMEPHI UMEIOTCSI MPAKTHYECKH BO BCEX BEIYIIMX KOMITAHMSX,
yHuBepcuterax u remarndeckux konpepenuusx IEEE, TTTC, ISCAS. Kpome Toro, norpyxeHue
Q-sim cepBrica B HTHTEPHET-POCTPAHCTBO TPEATIONATAET TAKXKe BBITPY3KY PE3yIbTaTOB €ro pado-
TBI, CBSI3aHHYIO C QHAIM30M M CHHTE30M YYEOHBIX WM PHIHOYHO OPHEHTHPOBAHHBIX MPOEKTOB B
CepBUCHI XpaHEeHUs JaHHBIX Ha Tmatdopmax Google, Amazon, Microsoft, IBM, Facebook. Ecre-
CTBEHHO, YTO MHTETpalys 00JayHOro cepBUCa C KHOSPIPOCTPAHCTBOM MpEANonaracT HajJudue
napcep-MUKPOCEPBHUCOB A1 TPe00pa30BaHMs Ciel(p KA U3 36IKOB ONMCAHUS arapaTyphbl BO
BHYTpeHHHUH s3bIK QuaSim. J[0IKHO TakKe CYIIecTBOBaTh U 00paTHOE MPeo0pa30BaHUE TaHHBIX U3
KyOuTHOTO TpescTaBieHust B crangaptbl HDL-s3bikoB. [Mapcepusanms obecrieunBaeT BOMOXK-
HOCTb MCIIOJIb30BaHUSI OTKPBITHIX B MHTEPHETE IPOEKTOB [UISl UX U3YUCHHUS U CPABHEHUS B CHCTEME
MoJenupoBanus Q-sim, a Takke AeiaeT TOCTYITHBIMU BHYTpEHHHE TIPOEKTHBIE peneHus QuaSim
IUIS1 BCEX JKENAIOIIMX Ha PhIHKE 00pa30BaTeNIbHbIX CEPBUCOB.
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Puc. 11. O6nauHbIii cepBUC MOACTUPOBAHUS IU(PPOBBIX YCTPOHUCTB

Brok Security KOHTpOIMpYyeT JOCTYH MOJB30BATENIEH B LEISIX UX CTATUCTUYECKOrO ydeTa u
IpeanonaraeT ayTeHTH(HUKALNIO KaXKI0T0 HA OCHOBE Mapoiisl, (paMuiIny, IMEHH, JOTIOJIHEHHON
JF00BIM BAJTUAHBIM (KOPIIOPATHBHBIM) aTPUOYTOM M3 CITUCKA: {dJIEKTPOHHAS UG POBasi IOAIHCH,
e-mail, mudpoBoii ko4, Homep TenedoHa .

TectrpoBanne u BepuuKaIys 00IavHOTO CEPBUCA MOJIETHPOBAHUS ITUPPOBBIX CHCTEM OCY-
HIECTBISIMCH OTIENBHO ISl KaXKI0OTO MHKPOCEPBHCA, a 3aTeM BO B3aHMOJICHCTBUHU BCEX MOJY-
nei.

1) [IpoBepka npaBUIBHOCTH T€HEPUPOBAHKS JJOTHIECKUX U O0JIee CIIOKHBIX (PyHKIMOHAIBHBIX
3JIEMEHTOB.

2) IlpoBepka CTpyKTypHOTO CHHTE3a ITU(POBOIT CXEMBI U CPECTB BU3YaTH3AIIHH.

3) Bepudukauus u TecTupoBaHre aITOPUTMOB IBOMYHOTO M TPOUYHOTO CHHXPOHHOT'O HHTEP-
MPETaTHBHOT'O HCIIPABHOT'O MOJICTMPOBAHNS BXOIHBIX Bo3/ieiicTBHi Ha 40 cxemax, KOMOMHAINOH-
HOT'O U MOCJIEI0BATEIBHOCTHOTO TUTIOB. [IpH 5TOM HCTIOTB30BANKCEH TECTOBBIE HAOOPHI, aJITOPHUT-
MHUYECKH TeHEPUPYEMBIC H COCTABICHHBIC TIOJIb30BATEIIEM.

4) [IpoBepka cepBUCHBIX MOLyJIeH, 00eCTIeYNBaIONINX pAOOTOCTIOCOOHOCTh OCHOBHBIX MUKPO-
CEPBUCOB: OMOJIIMOTEKH 3JIEMEHTOB U CXEeM, ayTeHTU(HUKALIWS TTI0JIb30BaTesl, MOLYIb popMUpoBa-
HHS CTAaTHCTHYECKUX JAHHBIX 10 MIPOEKTAM U TTOJIb30BATEIISIM.

5) Bepudukanus naTeppeicHBIX MUKPOCEPBHUCOB, 00ECTIEYHBAIOLINX HHTEPAKIIUH MEXKTY 00-
nauabiME back-end n monms3oBaTensckumu front-end MomynsamMu.

9. 3akjrouenue

CyIIHOCTB MpeyIaraeMoro Hay4HO-TEXHOJIOTHYECKOTO NCCIIEA0BAHMS 3aKII0UaeTCsl B CO3/1a-
HHUH BEKTOPHBIX CTPYKTYP JaHHBIX H KYOUTHBIX METOJIOB CHHTE34a, TECTUPOBAHHS U MOJICITHPOBA-
HUSI, HTHTETPUPOBAaHHBIX B 00JIaUHYI0 HHPPACTPYKTYPY CEPBHCHOTO 00CITY>KUBAHUSI KOMIIOHEHTOB
IU(POBBIX CUCTEM Ha KPHCTAJUIAX B IIEJAX MOBBIMICHUS Ka4eCTBa M3/ENUI U BBIXOJA TOTHOU
MPOIYKIMH 33 CYET apecyeMOCTH BCEX BBIYMCIHMTEIBHBIX MPOLECCOB U siBIeHMH. OCHOBHAS
WHHOBalMOHHAs et Memory-Address-Transaction MoJieny BRIYUCICHUN 3aKITI0YACTCS B CUH-
Te3€¢ W aHAIN3¢ BEKTOPHBIX IM(POBBIX CTPYKTYp Ha OCHOBE a/IpEeCyEMbIX 3JIEMEHTOB MaMSTH,
UCKITIOYAIOIINX MCIONb30BaHue reusable or new logic. TpyaHo co3gath JBYMEpPHBINH PErHCTD,
COOTBETCTBYIOIIMI MaTPHUIIE CMEXHOCTEH MM TaOIHIe HCTUHHOCTH, TIO9TOMY ITPUBECTH OTIHCA-
HHEe (QYHKIUU U CTPYKTYpPHl K €IWHOMY OIHOMEpHOMY (hopMaTy, 03HayaeT — TEXHOJOTMYHO
pelaTh Bce 3aja41 CHHTE3a ¥ aHan3a Ui QyHKIIMOHAIBHOCTEH 1 rpad)oB B KyOUTHO-BEKTOPHOM
MEeTpHUKe, co3/1aroleil memory-driven computing Ha OCHOBE BBIIIOJIHEHHUS TapaJICIbHBIX JIOTH-
YECKHUX Olepanu.
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[peiaraercst METOMOJIOTHS TPOSKTHPOBAHUS IU(PPOBBIX CXEM, HA OCHOBE DJIIEMEHTOB MaMsi-
TH JJI CUHTE3a KOMIIOHEHTOB ONEPALMOHHOTO W YIPAaBIAKOLIEr0 aBTOMAaTOB, COCTABJISIOLINX
OTIEpPAIMOHHOE YCTPOICTRBO.

[ToxazaHbr OCHOBHI KyOUTHO-BEKTOPHOTO CHHTE3a ITyTEM CYNEPIO3UIINN KYOUTHBIX TOKPBITHN
black box (yHKIIMOHATBHOCTEH, UMIUIEMEHTUPYEMBIX B 3JIEMEHTHI MTAMSITH, YTO JACT BO3MOXK-
HOCTH CYIIECTBEHHO TIOBBICHTH OBICTPOJEWCTBHE CPEICTB MOAEITHUPOBAHUS, TECTUPOBAHUS H
BEepUPUKAIUH, & TAKXKE YIPOCTHTh POIIECCHI CO3/IaHUS PEANBHBIX U BUPTYAIbHBIX KOMITBIOTEP-
HBIX CHUCTEM.

[Ipemnoxenp! KyOUTHBIE CTPYKTYPBI JAHHBIX TSI MOAETHUPOBAHIS M TECTUPOBAHHS U (POBBIX
CHUCTEM, KOTOPBIE JAIOT BO3MOXXHOCTb CYLIECTBEHHO YIPOCTUTH PEATU3ALMIO aITOPUTMOB U
MTOBBICUTH UX OBICTPOJIEHCTBHE 3a CUET aAPeCyeMOCTH (DyHKIIHOHAIBHBIX KBAHTOB W MTapaJlIeih-
HOCTH 00pabOTKH MPUMHUTHBOB.

ITokazana peanu3anusi BEIYACIUTENBHBIX CTPYKTYP U MPOLECCOB HA OCHOBE MCIOJIb30BAHMS
aJPECHOT0 aBTOMAaTa, KOTOPHIN JaeT BO3MOXXHOCTh NPUBJIEKATh MHOPACTPYKTYPY CTaHIAPTOB
TECTONPUTOHOTO MPOSKTUPOBAHUS JIJIS IOBBIIIICHUS BBIX0/Ia TOTHOW MPOTYKITHH, 3a c4yeT online
BOCCTaHOBIIEHHS paO0TOCITIOCOOHOCTH (PYHKITHOHATEHBIX IPUMHUTHBOB.

[MpakTHyeckas 3HAYMMOCTh KYOUTHOM METOJIOJIOTUM CHHTE3a U aHaiu3a HU(POBBIX CUCTEM
3aKJIFOYAETC B MMIUIEMEHTALMH IIPOLIECCOPAa HA OCHOBE JJIEMEHTOB IAMSATH, YTO JENAET €T0
OJTHOPOJIHBIM IO CTPYKTYype (PYHKIIMOHAIBHBIX MPUMUTHBOB W JIOCTABIIIET TEXHOJOTHUCCKUE
yI00CTBa MIPH peau3alliil MPOIECCOB MPOSKTHPOBAHNS, TIPOU3BOJICTBA M AKCILTyaTaIllH, BKITIO-
Yast Bepru(UKaINI0, BCTPOCHHBIE TECTUPOBaHKE, JHATHOCTUPOBAHKE U PEMOHT B pexumMe online 3a
CYET UCIOJb30BAHMS YHUBEPCAIBHBIX aIPECYEMBIX Spare-KOMIOHEHTOB mamsitu. Kpome Toro,
MOJEJIHPOBAHUE MPOCKTUPYEMBIX BBIUHCIUTENCH Ha OCHOBE apeCcyeMbIX MOJEIEH 3IIEMEHTOB
JIeTIaeT JaHHYIO NPOLIEAYpY MPOCTOM 3a CUET PETYISAPHBIX CTPYKTYP JAHHBIX U UCIIOIb30BaHUs
OTIepaIiy TPaH3aKIIMK Ha JIEMEHTAX MaMSTH, a TAKXKe OBICTPOACHCTBYIOIIEH, Oaroaps mapa-
JICNBHOM 00pa00TKe MaCCHBOB OJHOTHUITHOM MamsATH. MIMIuieMeHTaIuss KyOMTHBIX MOJICJICH OIH-
caHusl TU(PPOBLIX KOMIIOHCHTOB M CHCTEM pabOTaeT Ha YBEJIUUICHUE BBIXOa TOAHOMN PO YKIIHH,
MOBBIIICHUE HAJEC)KHOCTU BBIUUCIUTENbHBIX U3ACIUNA, CHIDKEHHE CTOMMOCTH IMTPOCKTUPOBAHUA U
M3TOTORBJICHUS, & TAK)KE aBTOHOMHOE BOCCTAHOBJIEHHE Pab0OTOCIIOCOOHOCTH B pexxume online 6e3
y4acTusl 4eJIOBEKa.

[pemosxxen obnaunblii cepBrc QuaSim ans MoAeIMpOBaHUs U BepupHUKaMU MH(PPOBBIX
CHUCTEM Ha OCHOBE TPAH3aKLMHU MEXKIY aApecyeMbIMU KOMIIOHEHTAMU MAMSTH JJIsl peanu3aluu
J000# ¢GyHKIMOHANBHOCTH. ONKUCaH HOBBIM MOJX0/ K CHHTE3y U aHAIM3y HU(POBBIX CUCTEM,
HCIIOJIB3YIOIINN BEKTOPHYIO (opMy (KBaHT) 3a/1aHusi KOMOMHAIIMOHHBIX U ITOCJICIOBATEIHLHOCT-
HBIX CTPYKTYpP IJI1 MX UMIUIEMEHTALMU B 3JIEMEHTHI IaMATH, YTO CYIIECTBEHHO OTJIMYAETCS OT
OOIICTPUHSITON TEOPHH TPOSKTUPOBAHUS JUCKPETHBIX YCTPONHCTB HA OCHOBE TA0JIUI] HCTHHHOCTH
KOMITOHEHTOB. VCTIONB3yI0TCSl KBAHTOBBIE HITH KYOUTHBIE CTPYKTYPHI JaHHBIX [ 1-5] 11 peanu3a-
LMY BBIYUCIIUTEIBHBIX MPOILIECCOB B IENSAX MOBBIICHHUS ObICTPOJACHCTBHS aHain3a HUGPOBBIX
CUCTEM U yMEHBIIICHNS 00EMOB IMaMSTH Ha OCHOBE YHAPHOTO KOJUPOBAaHUS COCTOSIHAN BXOIHBIX,
BHYTPEHHHX M BBIXOJIHBIX MEPEMEHHBIX M UMIUIEMEHTAIIMH KyOUTHBIX BEKTOPOB B AJIEMEHTHI
namat FPGA, peanusyronmx KOMOMHAIIMOHHBIE U TI0CJICI0BATEIbHOCTHBIC TPUMHUTHBBI.
Cnucoxk gurepatypsi: 1. Metodi T., Chong F. Quantum Computing for Computer Architects. Synthesis
Lectures on Computer Architecture. Morgan & Claypool. 2006. 154 p. 2. Stenholm Stig, Kalle-Antti Suominen.
Quantum approach to informatics. John Wiley & Sons, Inc. 2005. 249p. 3. Hahanov V1., Wajeb Gharibi,
Litvinova E.I., Shkil A.S. Qubit data structure of computing devices // Electronic modeling. 2015. Ne 1. P.76-
99. 4. Viadimir Hahanov, Tamer Bani Amer, Ivan Hahanov. MQT-model for Virtual Computer Design // Proc.
of Microtechnology and Thermal Problems in Electronics (Microtherm). 23-25 June 2015. P. 182-185. 5.
Hahanov V.1, Litvinova E.I., Chumachenko S.V. et al. Qubit Model for solving the coverage problem // Proc.
of IEEE East-West Design and Test Symposium. Kharkov. 14-17 September, 2012. P.142 — 144. 6. Zorian Y.
Shoukourian S. Test solutions for nanoscale Systems-on-Chip: Algorithms, methods and test infrastructure.
Computer Science and Information Technologies (CSIT), 2013. P. 1 — 3. 7. Zorian Y., Shoukourian S.
Embedded-memory test and repair: infrastructure IP for SoC yield. Design & Test of Computers, IEEE
(Volume: 20, Issue: 3). P. 58 — 66. 8. Dugganapally I.P., Watkins S.E., Cooper B. Multi-level, Memory-Based
Logic Using CMOS Technology. VLSI (ISVLSI), 2014 IEEE Computer Society Annual Symposium on. Tampa,
FL.P. 583-588.9. Yueh W., Chatterjee S., Zia M., Bhunia S., Mukhopadhyay S. A Memory-Based Logic Block
With Optimized-for-Read SRAM for Energy-Efficient Reconfigurable Computing Fabric. Circuits and Systems
II: Express Briefs, IEEE Transactions on. Vol. 62. Issue: 6. P. 593-597. 10. Matsunaga S., Hayakawa J., Ikeda
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37,Ne 3. P. 17-40. 13. Melikyan V.Sh. A method of eliminating false paths during statistical static analysis of
timing delays of digital circuits // Elektronica i svyaz. 2009. Vol. 2-3, No. 1. P. 93-96. 14. Melikyan V.Sh.,
Vatyan A.O. Interconnections model delays for the logic analysis of ECL circuits /S UAB, Vol. 2, Computer
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PE®EPATHU

YK 004.03

Po3podka mopeieii indpacTpykTypH mianpuemMcrsa Ta inppacTpykrypu indopmaniiinoi cucremu, ix
OIliHKA i BCcTAaHOBJIEHHS BiTnoBiTHOCTI Mizk eteMenTamu mopedeii / B.M.JIeukin, [.O.}1Op’es // ACY 1a
npuiaay aBroMatuky. 2016. Burm. 174. C. 4-9.

Po3pobneno monens iHdppacTpykTypu iHpopMariiiHoi cucTeMu, 110 3aCHOBaHA Ha 3aCTOCYBaHHI IPOIIeC-
HoTO Tiaxomy. [HppacTpykTypa iHpOpMAITiITHOT CCTEMHU PO3TIIAAAETHCS SIK CYKYITHICTh B3a€EMOTIOB SI3aHUX
MPOIIECIB, 10 PO3/ILICH]I HA TPYITH BIAMIOBIIHO /10 TUITY 3a0€3Me4eHHs], IKHH 11i TPOLIECH MiATPUMYOTh. Po3po0-
JICHO MOJICITh IHPPACTPYKTYPH ITiIIPUEMCTBA. 32 OCHOBY BUKOPHCTaHa MOJICNb iH)PACTPYKTYPH HMiAIPHEM-
cTBa, mpeacTaieHa B crauaapti ISO 9004: 2000. ana mozeis Oyia JOIIOBHEHA HEOOX1THIMI KOMIIOHCHTAMHU.
IIpoBeneHO BCTAaHOBICHHS BiIIIOBITHOCTI MK €IEMEHTaMH pO3pPOOIIEHIX MOJIEIEH.

1. 3. Bibmiorp. 6 Ha3B.

UDC004.03

Development of models of enterprise infrastructure and information system infrastructure, their
assessment and establishment of conformity between models elements / V.M. Levykin, .A. Turiev //
Management Information System and Devices. 2016. N 174. P. 4-9.

Infrastructure model of information system based on the use of the process approach was developed.
Infrastructure information system is considered as a set of interrelated processes are divided into groups
according to the type of software that supports this process. Model of enterprise infrastructure was
developed. It is based on the model provided in ISO 9004: 2000. This model was supplemented by the
necessary components. Establishment of conformity between the elements of the developed models was
found

Fig. 3. Ref: 6 items.

YK 519.876.5:548.52

Peanizanis inpopmaniiiHoi TexHoJIOTii MOHITOPUHTY PO3MOIiJy 1OMIIIOK B 3JTUTKAX KpeMHilo. / .T".
Oxcanny, O.C. Iputuun // ACY Ta npunamy apromatuku. 2016. Bun. 174. C. 10-14.

Ha migcrasi indopMaliiiiHoi TEXHOJIOTii MOHITOPHHTY PO3IOIIY JOMIIIIOK CTBOPEHO IMIPOTPaMHHUH MPO-
IIYKT, SIKHI peatizye HANAIITYBAaHHS MATEMAaTUIHUX MOJIEIICH, 0 BXOIATh JI0 CKJIa Ty CHCTEMH BipTyajIbHOTO
MOHITOPHUHTY, Oe310cepeTHb0 MOHITOPHHT YMOB Y TEIUIOBOMY BY3J1i POCTOBOI yCTAHOBKH i I03BOJISIE BUBO-
JIUTH OTpHMaHy iH(opMarito y BUrJIsi Tadbauip i rpadikis.

. 1. Bibmiorp.: 5 Ha3B.

UDC519.876.5:548.52

Implementation of information technology of monitoring of distribution of impurities in silicon ingots /
I.G. Oksanich, O.S. Prytchyn // Management Information System and Devices. 2016. N 174. P. 10-14.

An important scientific and technical challenge of development of modern information technology of
monitoring of complex processes is the features of the transition from classical systems of direct measurement
and control values of process parameters to methods and means of obtaining of hidden data on the current
state and dynamics of the process by deep mathematical treatment of surgical and retrospective data
obtained from existing means of control and measuring. Software based on information technology of
monitoring of distribution of impurities was created. This software implements the setting of mathematical
models that are part of the system of virtual monitoring, directly implements monitoring conditions in the
thermal units of growth installation and allows to display the information in tables and graphs.

Fig. 1. Ref.: 5 items.

VK 004.94:62.523

Indopmaniiine Ta nporpamMmue 3a0e3neveHHst 00POOKH YaCOBHX PSiB TEXHOJIOTIYHUX CHTHAJIIB /151
TeCcTYBaHHS YIPABISIOYHX AJITOPUTMIB CHCTEM MpoMucyIoBoi aBTomMaTn3aiii/ B.B. Haiina, I.B. IlleBuenxko,
I.C. Konox // ACY tanpunamu apromatuke. 2016. Bur. 174. C. 15-23.

IIpoanamnizoBaHo miax0ou 10 MOOYJOBH IPOTPaMHO-aTapaTHUX KOMIUIEKCIB TECTYBaHHS KEPYIOUHX IIPH-
CTPOIB CHCTEM MPOMHMCIIOBOT aBTOMATH3AITi1. Y CyHEHHS HEJIOMIKIB MOJIATAE B ABTOMATH3AITii 00y 10BH MOIET
00’eKTa KepyBaHHs Ha OCHOBI aHaJIi3y apXiBY TEXHOJIOTIYHHX CUTHAJIB 3a JIOIIOMOTOIO CIieliani3oBaHoi iHpop-
MaliifHoi TEXHOJIOT 1, 1110 3a0e31euye 00poOKy, BIOPSAKOBaHE 30epiraHHs i MOIIyK YaCOBUX PSI/IiB TEXHOJIOT -
IYHUX CHTHAIIB. PO3p00IIeHO allrOpUT™M CHHTE3Y peaKIlil TMHAMIYHOTO 00’ €KTa YIIpaBIIiHHS Ha ITiICTaBi KJIaCH-
(hikoBaHUX 00pa3iB /51 ABTOMATH30BAHOTO TECTYBAHHS KEpyrouux nporpam. Le mo3Bosse pearizyBatu eek-
THUBHUI IIPOIeC pO3POOKH 1 HAJNATOJHKEHHS TPOMHUCIIOBUX CUCTEM YIpaBIliHHs 3a npuHuunom Hardware-in-
the-loop (HIL).

. 5. Bibmiorp.: 6 Ha3B.
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UDC004.94:62.523

Information and software time series signal processing for testing of industrial automation control
systems / V.V. Nayda, [.S. Shevchenko, I.S. Konokh // Management Information System and Devices. 2016.
N 174.P.15-23.

The article analyzes the approaches to building software and hardware testing control devices of
industrial automation. Elimination of shortcomings is to automate model building facility management based
on analysis of the archive process signals using specialized information technology that provides processing,
storage and orderly search process time series signals. The developed algorithm of synthesis of the dynamic
response of the control object based on the classified images for automated testing of control programs. This
allows efficient development and debug of industrial control systems according to the principle of Hardware-
in-the-loop (HIL).

Fig. 5. Ref.: 6 items.

YK 519.613:681.326

Ky®oiTHi moaeJi onucy uudpoBux npuctpoib / Tamer Bani Amer, Xaxanos I.B., Jlursuroa €.1., EmMenbs-
HoB [.B.// ACY Ta npunanu apromaruku. 2016. Bur. 174. C. 24-41.

[pononyeThcst XMapHUiA cepBic QuaSim 1 MOACTIOBaHHS i Bepudikarlii uhpOBUX CUCTEM, 3aCHOBAHHI
Ha TPaH3aKIliSAX MK alpeCOBAaHMMHU KOMITOHEHTaMH TaM'sITi Jis peatizamii Oyib-sA1k01 (yHKITIOHATHHOCTI.
Ornucano HOBUH MiJIX11 IO CHHTE3Y Ta aHaJIi3y ITUPPOBUX CHCTEM, 1[0 BUKOPHUCTOBYE BEKTOPHY (GopMy (KBAHT)
3aBJaHHs KOMOIHAIIIHHKX 1 TIOCIIIIOBHUX CTPYKTYp I iX IMIUIEMEHTAIli] B €IeMEHTH MaM'sTi, 10 iCTOTHO
Bi/IPI3HAETHCS Bifl 3aTJILHONIPUIMHSTOI TEOPii IPOEKTYBaHHS AUCKPETHUX IIPUCTPOIB HA OCHOBI TAOMIb iICTHH-
HOCT1 KOMIIOHEHTIB. BUKOPHCTOBYIOTHCSI KBaHTOB1 200 KyOITHBI CTPYKTYPH JAHUX YIS peatizariii 009rciTio-
BaJIBHUX IPOIIECIB 3 METOIO IMiABUIIICHHS IIBUIKOI1 aHANI3Y IU(POBUX CHCTEM 1 3MEHIIICHHS OOCSTIB ITaM'sITi
Ha OCHOBI YHApPHOT'O KOJ{yBaHHS CTaHiB BXiTHUX, BHYTPILIHIX 1 BUXITHUX 3MIHHHUX 1 IMIUIEMeHTaNii KyOITHIX
BEKTOpiB B enieMenTH nam'ati FPGA, 1110 peasnizyroTs KoMOiHalliiH 1 TOCITITOBHBI IPHUMITHBH.

In. 11. Bibmiorp.: 15 Ha3B.

UDC519.613:681.326

Qubit models for the description of digital devices/ Tamer Bani Amer, .V. Hahanov, Y.I. Litvinova, I.V.
Yemelianov // Management Information System and Devices. 2016. N 174. P. C. 24-41.

A cloud service QuaSim is proposed for simulation and verification of digital systems. It is based on
transactions between the addressable memory components to implement any functionality. A new approach
to the synthesis and analysis of digital systems is described; it leverages the vector form (quantum) for the
definition of combinational and sequential structures to implement them in the memory elements that is
substantially different from the conventional design theory of discrete devices based on the truth tables of
the components. Quantum (qubit ) data structures for the implementation of computational processes in
order to improve the performance of digital system analysis and reduce the memory volume based on the
unary coding the states of input, internal and output variables and the implementation of qubit vectors in the
FPGA memory elements, which implement combinational and sequential primitives.

Fig. 11.Ref.: 15 items.

YK 629.391

Mertoa HenpsiMOro creraHorpagiunoro BOY10ByBaHHS HAa OCHOBi BUKOPHCTAHHS (PYHKI[IOHAILHOTO
nepeTBOPEHHs VISl aIaNTUBHOT0 no3umiiinoro yuciaa / A.K. IOnin, B.B. bapannik, O.B. ®ponos // ACY Ta
npuiaay asroMatuky. 2016. Bur. 174. C. 42-49.

3anpoIoHOBAHO IiJIXi1 11 MPOEKTyBaHHS cTeraHorpadiqHoi cucTeMu HenpsiMoro BOyjoByBanHs. Cdop-
MYJIbOBaHI BUMOTH JJ1s1 PYHKITIOHATLHOTO TIEPETBOPEHHS €JIEMEHTIB 300paskeHHS MPHU CTEraHoTpadigHOMY
BOyTOBYBaHHi. P03po06sieHO MeTO 1 HEMTPSIMOTO CTeraHoTpadivHOT0 BOYIOBYBaHHS HA OCHOBI BUKOPHUCTaHHS
(YHKIIOHAIEHOTO NIEPETBOPEHHS JUIS aAalITHBHOTO MO3HUIIIHHOTO yKciaa. Ha ocHOBI MeToy clipoeKTOBaHa
creraHorpadiuyHa cucteMa HenpsiMoro BOynoByBaHHs. Ha mpuxiazi mokasano mpouec BOYZOBYBaHHS Ta
BIJTy4eHHS iHpOpMaIlii Ta pEeKOHCTPYKIIii eIeMEeHTIB 300pakeHHA-KOHTEeHHepa.

In. 3. Bibmiorp.: 3 Ha3BM.

YK 629.391

Design of steganographic system on the basis of functional transformation for adaptive non equilibrium
number / A.K. Yudin, V.V. Barannik , O.V. Frolov // Management Information System and Devices. 2016. N
174.P. 42-49.

In this article approach for design of steganographic system of indirect embedding is offered. Requirements
for functional transformation of elements of the image at steganographic embedding are formulated. Properties
of functional transformation for adaptive position number are given. The method of indirect steganographic
embedding on the basis of use of functional transformation for adaptive representation of image container
elements is developed. On the basis of a method the steganographic system of indirect embedding is
designed. On an example process of embedding and extraction of the built-in information and reconstruction
of elements of the image container is shown.

Fig. 3. Ref.: 3items.
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YK 621.39

Po3po0ka TeopeTHYHNX OCHOB CTPYKTYPHOT0 OAAHHS IAHHX Y ABIiKOBOMY IOJIiaIMYHOMY IIPOCTOPI /
B.B. bapannik, A.B. Xaxanosa, C.A. Ciquenko // ACY ta npunaau aBromaruku. 2016. Bun. 174. C. 50-53.

CTBOpPEHO TBOBUMIpHE OIHOO3HAKOBE CTPYKTYpPHE KOTyBaHHS JBIHKOBHUX JAHUX 3a KIJIBKICTIO CEpild 011~
HUIb B TOJiaAngHOMY TipocTopi. OOGIpyHTOBaHO, IO TOJATKOBUI 00K 0OMEXEeHb Ha KiIBKICTh cepiit
OJIMHUYHHX €JIEMEHTIB B ABIMKOBUX MOJiaAiuHUX YUCIIaX 3a0e3mneuye 301IbIIeHHs CTYIeHS CTUCHEHHS 110~
BIZIOMJICHB JTOBUTBHOTO JpKepena iH(opMarrii.

Tab6n 1. In. 1. Bibmiorp.: 5 Ha3B.

UDC621.39

Development of theoretical bases of structural representation of data in a binary polyadic space/V.V.
Barannik, A.V. Khakhanova, S.A. Sidchenko // Management Information System and Devices. 2016. N 174. P.
50-53.

Powered by a two-dimensional structural odnopriznakovoe encoding binary data on the number of units
in series polyadic space. It is proved that an additional allowance limit on the number of unit cells in series of
binary numbers polyadic provides increased compression ratio messages arbitrary source information.

Tab. 1. Fig. 1. Ref .: S items .

YK 621.39

TexHoJI0Tis1 T0KATI3aNil TOMIUIKH HLIISAXOM MO3UIIIOHYBAHHS KOXY 3MiHHOI 1oBxiHN / B.B. BapanHik,
C.A. ignicumii, C.B. Typenko / ACY ta npuianu aBromaruku. 2016. Bum. 174. C. 54-58.

OO6rpyHTOBaHa MPOOIEMATHYHICTh 3a0e3MedeHHs Oe3MeKn BieoiHhopMaIiiHOTo pecypcy B CHCTEMax
aepPOMOHITOPHUHTY Ta BineokoH(pepeH1 3B’ s3Ky. CHopMyIp0BaHO OCHOBHI HEJOIIKH 3aCTOCYBAaHHS CTaTHC-
THUYHOTO KOJyBaHH: pu 00po0ii Bigeo. OOrpyHTOBaHAa HEOOXITHICT TO3UIIOHYBAHHS KO/IIB 3MiHHOI JJOBXH-
HHM B 1oTo1li. Po3po0iieHa TeXHOIIOT ISt po3MoIily KOAIiB B icHyro4UoMYy MeTo 1. Po3risiHyTa 0co6MBiCTh BILIUBY
MOMMJIKY Ha KOMITOHEHTH TPaHC(OPMAaHTH, SIKi BITHOCATHCS /10 PI3HUX YACTOTHHUX 00JIacTeH.

L. 3. Bibmiorp.: 7 Ha3B.

UDC621.39

Technology locate the error by positioning the variable length code / V. Barannik, S. Podlesny, S.Turenko
// Management Information System and Devices. 2016. N 174. P. 54-58.

Substantiates the problematic security video information resource in monitoring and video conferencing
systems. Forming the main disadvantages of the use of entropy coding for video processing. Proves the
necessity of positioning a variable-length code in the video stream. Developed the code allocation technology
in the existing method. The result is a bit error action mechanism of localization to the video stream. Consider
influence feature of error components of transforms, which belong to different frequency domains.

Fig. 3. Ref.: 7 items.

YK 629.783:527.6

Enementapna teopist Tsukinns / B.B. Pu6in, H.f1. Kaxypin // ACY Ta npunaau asromaruku. 2016. Bum. 174.
C.59-66.

PosrasmaeTscst MexaHi3M TOKiHHS. Bi3HavaeThest AOTBHICTD POBEACHHS €KCIIEPUMEHTAILHOT TIepe-
BIpPKH 3aIPOITIOHOBAHOI T1ITOTE3H PO MOPOHKEHHS TSOKIHHS "TaIbMIBHAM" BUTIPOMiIHIOBAaHHSM.

Bi6miorp.: 5 HasB.

UDC629.783:527.6

Elementary theory of gravity / V.V. Rybin, N.Y. Kakurin // // Management Information System and
Devices. 2016. N 174. P. 59-66.

Mechanism of gravitation has been considered. It is noted the usefulness of the experimental verification
of the proposed gravity hypothesis about "brake" light.

Ref.: 5 items.
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