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CUHTE3 JEAYKTUBHHUX ®OPMYJI JUIA JIOTTYHUX [TPUMITUBIB

AHoTanisi. AKTyaabHicTh. JlenyKTHBHHI aHawi3 MU(PPOBUX CUCTEM | KOMITOHEHTIB € HAaiOUIbII e(heKTHBHAM IHCTpyMe-
HTOM CHHTE3y TECTIB, OI[IHKM X SIKOCTi Ta JIarHOCTHKM HECIIPaBHOCTEH B peKHMMIi peaibHoOro 4dacy. CyTh JeIXyKTHBHOTO
MOJICIIIOBaHHS TIOJIATAa€ Y BUKOPUCTAHHI CHHTE30BaHUX MU(POBUX MiACXeM, SIKi € HeOOXiJHUM anapaTHUM IOTIOBHEHHSM JI0
MOYaTKOBOTO (PyHKIIOHATY, IPU3HAYEHUM JJIsI TPAHCIIOPTYBAaHHS BXiJHHX CHHCKIB HECIIPAaBHOCTEH Ha 30BHILIHI BUXO/U.
Tlizcxemu, peanizoBaHi mporpamHo abo amapatHo, B KillbKa pa3iB MEPEeBHIIYIOTh KOpUcHHUN (yHKIioHaN1. Tomy epekTuB-
HICTh BUKOPUCTAHH IeAyKTHUBHOTO aHAIII3Y CJIiA PO3TILIATH 3 HO3UIIIH i ABUILEHHS IPOLYKTUBHOCTI, 3HIKCHHS BUTPAT Ha
00TagHaHHA 1 IHTETPaJIbHOTO Yacy Ha MPOEKTYBaHH: IU(POBOi CUCTEMH 1 BUXiJ Ha PUHOK €JIEKTPOHHUX TeXHOJOT1iH. MeToro
JOCIIIJUKEHHS € CKOPOUEHHS Yacy Ha MOJICIIIOBAHHS HECIIPAaBHOCTEH JIOTIYHUX CXeM Ha OCHOBI CHHTE3Y JeIyKTUBHUX (yHK-
miif. O6'eKT JOCTITKEHHST — MOJICITIOBAHHS HECIIpaBHOCTEH B MU(POBUX cHcTeMax Ta KoMmroHeHTax. [IpexmeTrom noci-
MKeHHS € NeTyKTHBHHHN aHaji3 HU(POBUX CHCTEM M KOMIOHEHTIB. Pe3yabTaTn. Y X011 TOCHIKEHHS IPOaHANIi30BaHO OC-
HOBHI IIPOOJIeMH, II0 CYHNPOBOPKYIOTH CydacHE MOJIEIIOBAHHS HECIPAaBHOCTEH. PO3risHYTO TEeHIEHIT HOBITHIX METOJIB
MOJIEITIOBaHHS. 3 METOIO OOYIOBH CEKBEHCOPA MOICTIOBAaHHA AC(EKTIB, 110 € iHBAPiaHTHUM [0 BXiJHUX TECTOBUX HAOOPIB,
CHHTE30BaHO ACAYKTUBHI (DOPMYJIH TPAaHCIIOPTYBAHHS BXiJHHUX CITUCKIB HECTIPABHOCTEH Ha 30BHIIIHI BUXOIHU UIA X-(PYHK-
i# BiJ CKIHYEHHO1 KUTBKOCTI 3MIHHUX. 3aIpONIOHOBAHO CTPYKTYPY AEAyKTUBHOTO CUMYJISITOpa JOTiYHKUX X-(pyHKIiH. [1po-
aHaJII30BaHO TMEPEeBaru ACAYKTHBHOTO CUMYJIATOPA JOTTYHUAX X -(QYHKITIH.

KawuoBi caoBa: modeling, simulation, HecipaBHOCTb, IeIyKTUBHE MoAentoBanHsA, Fault Simulation, BekTopHa soTiKa,

koMmOiHamii{Ha JToTiYHa cxXeMa, BepHu]iKallis, TeCTyBaHHS.

Beryn

[HTEpec 10 MOJENIOBAaHHSI HECIIPABHOCTEH BH3HA-
4yaeThesi Oe3nepepBHUMHU MPOOIEeMaMu PUHKY €JIeKTpo-
HIKH, MOB'I3aHUMU 3 eekTaMy TEXHIYHUX BUPOOIB pi-
3HOTO IPU3HAYECHHS: OOYUCIIOBAJIbHOI TEXHIKH, TPaHC-
MOPTY, MEJUIIMHH, OYIIBHUIITBA, KOCMOHABTHKH, 030p0-
€HHS, CHEPTeTUKHU. 3arajbHy KapTHHY IIi€i 00racTi mMo-
YKHA TIPEJICTABUTH B3a€MOJIIEF0 MOJIETICH, METO/IB 1 mede-
kTiB [1-3]. Pi3HOMaHITTS CKJIaJIOBUX B 00JIaCTI MOJEITIO-
BaHHS HECIPAaBHOCTEH NOCKOHAILHO BHBYCHO BUYCHUMH
3a octaHHi 60 POKiB, IO 3HAUILIO BiTOOpaKEHHS B YHC-
JIeHHUX TyOmikamisx [4-6]. Okpemi CTaTTi OCTaHHIX PO-
KiB MPUCBAYCHI CTBOPECHHIO HOBHX MOJENICH 1 METOJIB
MOJIEIFOBAHHS, SKi € HACJIIKOM IOSBH HOBUX OOYHCIIIO-
BaJIbHUX alapaTHUX PIlIeHb 1 TEXHOJOTiH, OCHAIICHUX
LITYYHAM IHTEJIEKTOM, XMapHUMHU CepBiCaMH i KBaHTO-
BUMH CTPYKTYpaMu JaHuX. [TojiniieHHs MOKPUTTS He-
CIIPaBHOCTEH 3a TOTOMOTOI0 HAOOPiB TECTIB HA pealibHi
JIeeKTH € BaXIIMBOIO mpobiemoro B obmacti HBIC [7-
9]. SkicTe MoeINTi HECTIpaBHOCTEH (PaKTHYHO BILTHBAE Ha
BaJiAHICTh TECTOBUX MHoOciHigoBHOcTed. Mogensr SAF
(Constant Faults) moBruii uwac BimirpaBajia IpOBiIHY
poIb y IU(POBUX CXEMax, ajie JOCHIIIKEHHS TOKa3yIoTh,
o icHye OaraTo iHIIMX AeQeKTiB, SKi He MOXYThb OyTH
mokpuTi miaMHOXHHOIO SAF. ¥V 3B'I3KY 3 ITMM B OCTaHHI
POKH MOCTIHO MPOTOHYIOTHCS HOBI MOJIeJi HECTIDABHO-
cTel (3aTpUMKH, KOPOTKi 3aMHUKaHHS, PO3PUBH, (PYyHKITi-
oHaJbHI HeciipaBHOCTI IDDQ), MeToIM MOEMIOBaHHS Ta
AITOPUTMH JUISI HAHOMETPOBHX IHU(POBUX BUPOOIB.

MeTo10 1OCTiKEHHS € CKOPOUCHHS Yacy Ha Mojie-
JIFOBaHHS HECIIPABHOCTEH JIOTTYHNX CXEM Ha OCHOBI CHH-
Te3y AEAYKTHUBHUX (QYHKIIIH.

OcHOBHA YacTHHA

PosrnsiHeMo menyKTHBHI (QYHKIII [UTsI Tapalieib-
HOT'O MOJISJTIOBAHHSI CIIMCKIB HECIIPABHOCTEH MPH BHUUYEp-
IMHOMY TecTi Juia QyHKIIOHAIbHUX enementia I, ABO,

HI. V 3aransHOMY BUIIaIKy TeHEpaTOp ACTYKTUBHUX (y-
HKIIH MOXHA TIOIATH SIK CeKBeHCOp (puc. 1).

Test >

Xor |

Logic >

Deductive Function

Puc. 1. CexBeHcop Juisi CHHTE3Y JeyKTHBHUX (QyHKILIH

HenyxruBHuii neperBoproBau st GpyHkuii AND
MOYKHA OTPUMATH TaK:

L[T = (00,01,10,11),F = (X;AX,)] =
= L{(X1 X VX1 X5 VX X3 VX Xp ) A
A(Xy @ TyaXz, © Tiz) © Tia)]} =
= (X X){[(X1 @ 0)A (X, D 0)] D 0}v
v(Ex){[(X1 B 0)A(X, © 1)] D O}v
v X){[(X1 @ DX, © 0)] © 0}v
vEx){[(X @ DAX, @ D] D 1} =
= (§1§2)(§1/\Xz)V(i1X2)(X1/\X2)V
V(X1%2) (X1AX2) V(X1 X2) (X1 AX2).
Ob6uncnenns g Gynkii OR BHUKOHYIOTBCS aHa-
JIOT1YHUM YHHOM:
L[T = (00,01,10,11),F = (X,vX,)] =
= L{(X1X, VXX VX1 X2 VK1 X2) A
/\L(X1 O TuvX, ®Tp) ® Tz)]} =
= GaX){[(X ® 0V (X, © 0)] D O}
VE){[(Xs © 0)v(X, © 1)] @ 1}v
VEaZ){(X; © Dv(X, @ 0)] @ 1}v
v(x1x){[(X; ® Dv(X, © 12] ®1}=
= (R1Xz) (X1vX2)V(X1X2) (X1 AX2)V
V(X1%2) (X1AX2)V (X1 X2) (X1AX2),
ne T = (Tyq, Tep, Tez), t = 1,4 — TecT-BeKTOp Bia TphOX
KOOpJIMHAT, 1€ OCTaHHS 3 HUX BU3HAa4ya€ CTaH BUXOLY
nBoBxoaoBoro enementa AND (OR), L — BuxinHuii crim-
COK HECTHpaBHOCTEH, X — CIHMCOK HECIPaBHOCTEW Ha
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KOHKpPETHOMY BXO0Ji NpuUMIiTHBY, Xx={0,1} — oriune 3Ha-
YEeHHsI Ha BXO/1i IPUMITHBY.
HaBenena Huk4e aHaIITHYHA TIPOLIEypa BU3HAYAE
JEeTYKTHUBHY (OPMYJy Ui TPAaHCIIOPTYBaHHS CIHCKIB
necrnpaBHocteit uepes imBeprop. Tyt Ty = (Tyy, Tez),
t=1,2 — TecT-BEKTOp JBOX KOODJMHAT, J€ JApyra —
CTaH BUBEACHHS NPUMITHUBY:

L[T = (0,1),F =X;] = L{Zvx)[(X; @ Ty) B T2} =
=X @0 & 1v[X, &) ®0] =
= Xlz vle = X1X1 vx¢X;.

OTtpuMaHH pe3yIbTAT CBITINATH PO iHBAPIaHTHICTH
iHBepcii 7o BXiqHOTO HAOOPY IS TPAaHCIOPTYBAaHHA fede-
KTiB, 110 TpaHC(HOPMYETECS B peTpancisaTop. Tomy 1 ¢y-
HKIIisI HE BiZIOOpakaeThCcsl HA BUXO/ax JEIyKTHBHUX eje-
MeHTiB. J{s nByxBxomoBux AND, OR eneMeHTiB criibHa
arnapartHa peajizallis IeyKTHBHHX (YHKLi 1I0/laHa B BU-
YepITHOMY TECTi YHIBEPCaJIbHOIO CXEMOIO JIeAy KTHBHO-TIa-
palieibHOTO  aHami3y HecmpaBHOCTed (puc. 2), ne
(x1, x2) — BximHi OyneBi 3minHI, (X1, X2) — perictposi
3MiHHI 1 30epiraHHs CIMCKIB BiZIMOB Y BHTJIAII BEKTO-
piB, V — 3MiHHa 1 BHOOpY THIy cmpaBHOI (yHKIii
(AND, OR), Y — BuxiiHa pericTpoBa 3MiHHa, 1€ sKiil Ha-
KOMUYYIOTHCS TPAHCTIOPTOBAaHI Ae(EKTH.

Yok o]

Q0

Puc. 2. Cumynstop HecipaBHOCTE IPUMITHBIB

Cranu aBiiKOBUX BXO/iB X1, X2 1 3MiHHA BHOOPY eJe-
MEHTa BU3HAYAIOTh OJIHY 3 YOTHPHOX JIEIYKTUBHUX (YH-
KILiH U1 OTpUMaHHs BeKTopa Y IepeBiproBaHiX Hecnpa-
BHOCTEH cxeMu.

CunTes nemxykTHBHOT Mozedi Jiorigaol GpyHkiii XOR,
10 Ma€ YHIKaIbHY BIACTHBICTh TPAHCIIOPTYBATH BXiTHI
CITICKH HECIPaBHOCTEH, Ha BCIX BXIIHUX TECTOBHUX IOC-
JIIOBHOCTSIX BUKOHYETHCSI HACTYITHUM YHHOM:

L[T = (00,01,10,11),F = X; @ X; = (X;X;vX;X5)] =
= L{(X1X2vR1 X2 VX1 X VX X )A[[(Xy D Ter) (X D Tez)v
v(X; @ Te) (X2 @ Ti2)] @ Tisl}:
L(Ty = 00) = (%) [(Xs © 0)(X, @ 0)v
V(X1 D 0)(X; D 0)] 0]} = (§1§2)AKX1X2VX1X2)]2
L(T; = 01) = (Ryxx)A[(X; D 0)(X, © Dv
V(& @ 0%, ® D] & 1) =
= £5_(15(_2)/\[[(X1X2)V(X1X2)] @ 1] =
= Xax)A[(XyvE)a (X vXp)] = (§1X2)/_\(X1X2VX1X2)]2
L(T, = 10) = (x;X)A[(X; © DX, B 0)v
v @ DX 0] D 1]} =
= (X1>_(2)/\[[_(X1_X2)V(X1X2)] &) 1] =
= (1 X)A[XyvX)A (X vXR)] = (X1>_(2)/l[(X1X2VX1X2)]F
L(T; = 11) = (x;x)A[(X; © DX, @ Dv
Vi @ DX, ® 1] S 0]} =
= (X1X2)/\[[(X1X2)V_(X1)_(z)] ®0] =
= (X1x2)A[(X1 X vXiX2)]

CuHTE3 N0Ka3aB OJJTHAKOBUH BUIIISL BCIX JICTyKTHB-
HUX GOpPMYJI Ha YOTHPHOX BXITHUX TECTOBHX MHO>KHHAX.
MoskHa 3poOHTH BUCHOBOK Ipo iHBapianTHICTE XOR-dy-
HKIIIT JI0 BX1THUX TECTOBUX MHOXHUH, TOOTO OY/Ib-sKE BXi-
IIHE CJIOBO MAa€ OIHY €IUHY JeTyKTHBHY (HOpMYILy

L(xor) = (X;X, VX X, VX1 X VX X)) A[(X1 X VX Xp) =
= (x)A[(X1X3vX 1 X5).

3a momomororo (ynkmii "Bukmoune OR" 3aBxmu
MOXHa 00'e/THATH CITUCKU BXiJJHUX HECIIPABHOCTEH Ha BU-
xozi enemenTa XOR, OkpiM BUIIaKy, KOJIU CITHCKH € ife-
HTUYHUMH. Y [[bOMY BHIIQJIKy Ha BUXO/I JIOTIYHOTO eJe-
MEHTa XOr He OyJie MepeBipsATUCS XKOJHA HECIIPABHICTS.
Hikue HaBeneHO CHUHTE3 JIe{yKTHBHOI (POpPMYJIN IS €K-
BIBAJICHTHOCTI, 110 TAKOK Ma€ €IMHY YHIBEPCAIBHY JEIy-
KTUBHY (pOpMYITy IUIS BCiX BXiITHHX TECTOBHX BIUIUBIB:

L[T = (00,01,10,11),F = X; = X, = X;X, vX,X,)] =
= L{()_(N_(zV>_(1_XzVX1)_(2VX_1X2)/\[[(X1 @ Ti) (X2 © Tea)v
v(Xy @ T (X, @ Tio)] @ Tsl):

L(To = 00) = (X1X2)A[(X; © 0)(X, @ 0)v
v @)X, B 0)] ®1]} =
= ()_(1)_(2)/\[[()(1)(2 )\/_(213_(2)] 7 1] =
= (X1X2) A[(X1 XX X2)];

L(T; = 01) = (Xyx)A[(X; D 0) (X D Dv
VX ® )X, ®1) D 0]} =
= (§1X2)/\[[(X1X2)\i(i1_xz)] ® 0] =
= Xx)A X1 X vXi X2)[;

L(T, = 10) = (x;X)A[(X; © DXz & 0)v
vX & DX, ©0)] D0} =
= (X1)_(2)/\[[(X1X2)V_(X1Z(2)] @ 0] =
= (X1 X) A [(X1 Xo VX Xo)];

L(T; = 11) = (x1x2)A Xy @ DXz & Dv

- X(X1@1)(¥2@1)@1]}= _
= (xx)A[[X X V(X X ) @ 1] = (x1x2)A[(X1 X5 vX X))

Takum uunom, ¢yHkuii exBiBajeHTHicTh (NOT-
XOR) Takox BiacTHBa yHiKaJbHA 3JIaTHICTh TPAHCIIOP-
TYBaTH BXIi/IHI CIINCKY HECHPABHOCTEH, SKi HE 3aJIeXKaTh
BiJl BXiJTHOTO BILTUBY, Ha BHX1JI JIOTIYHOT PYHKIIII:
L(not — xor) = (X;X, VX Xy VX X VX X)) A [(X X vX X5)] =

= (0O)A[(XXzvX X3)].

[MokazaHo, 10 enyKTUBHI (OpMYIIH JUIs IBOX pi3-
Hux Jjorivaux ¢yskmiiit XOR i NOT-XOR ineHTHYHI
Mik c000t0. CyTTEBHM € BHCHOBOK MPO T€, 110 Oy/b-
SIKAI TECTOBUI BIUIMB JUIsl IU(PPOBOTO MPUCTPOIO, KU
CKJIAJIA€ThCS 3 IMX JIOTIYHUX BEHTHIIB, mepeBipse 50%
OJJMHUYHHMX KOHCTAaHTHUX HECHPABHOCTEH, IO € iHBepC-
HUMH JIO CIIPaBHOTO CTaHy BXIJHHX JiHIH. [lyist mepesi-
PHKH HasiBHOCTI YCiX HeCHpaBHOCTEH BXiJIHOT JIiHi1, cimif
MOJIaTH Ha CXEMY JIMIIE J[Ba B3aEMHO OOCpPHEHI TECTOBi
Habopu. Citii BUKOHATH TIOPiBHSHHS TPhOX ()OPM OIHCY
norivHnX ¢yHKUid: Tadmuui icrmHHOCTI (TT — Truth
Table) — tabxn. 1, nu3’1OHKTHBHa HOpMaibHa (opma
(DF — Disjunctive Form), xyGiTanii BexTop abo Q-1mox-
putts (QC — Qubit Coverage):

Y(DF) = Y(DF) = X; X,X5vX; X, X5vX; X, X3vX; XX
Y(QC) = 01101001.

Ky6iTHe MOKPUTTS — 11 BEKTOP CTaHIB BHBOAY JIO-
riuyHO1 QYHKII{, BHOPSIKOBAHHUX 3a 3pOCTAHHIM ABIHKO-
BHX ajpec a00 BXiJHUX MHOXHH TaOIHIlI iCTHHHOCTI. Q-
MOKPUTTS. — 1I€ SIBHA 1 HaWOUIbII KoMmakTHa (opma
OIMCY TOBEIHKH JIOT1YHOT (QYHKII, sIka Ma€ Taki nepe-
Baru rnepez TabJINYHOIO 1 aHAIITHYHOIO hopMaMu:
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Tabauys 1 — Tadauus icrunnocti TT

X X2 X5 Y
0 0 0 0
0 0 1 1
0 1 0 1
YTT) = 0 1 1 0
1 0 0 1
1 0 1 0
1 1 0 0
11 11

1) Q-BexTOp BUMArae B n pa3iB MEHILE ITam'sITi JJIs
30epiraHHs JaHUX B OPIBHSIHHI 3 TAOJIHUIIEIO ICTHHHOCTI;

2) Q-BeKTOp He BUMarae n’ ckjaaHuX 06UHCITIOBA-
JIBHUX TPOIENYp, HEOOXiTHUX IS BU3HAUCHHS BHUXI[I-
HOT'O CTaHy JIOT14HOT QYHKILIT 32 AN3'FOHKTHBHOIO HOpMa-
JIBHOIO (hOPMOIO;

3) XapakTepucTuuHe piBHSHHS JJIs aHAI3y KyOiT-
HOTO TIOKPHUTTS MICTHTh TLTBKH aIpecHi omeparii 9u-
TaHHA-3anucy: M;=Q;[M(X;)], mo MaroTh BUCOKHUII apa-
JIEINTi3M Ta JiHIHHY 00YHCITIOBAIBHY CKIIAIHICTD.

3 ypaxyBaHHSIM BHUKJIICHOTO BHIIE IIOAO IIepeBar
KyOITHUX TOKpPHUTTIB, IPOIIOHYETHCA CHHTE3 JIEIYyKTHB-
HOi GopMyJH JUIs OLTBII CKJIQJHOT JIOTIYHOT CXEMH, L0
NpeACTaBIsie CO00I0 (DYHKIIIO XOr 3 TPhOX 3MIHHUX, IO
Mae KyoOitHe mokputTs: (01101001). i aHAMITHYHOTO
BUpa3y 3a3HaueHoi QyHKIT

f(Q = 01101001) = X; X,X5VvX; X, X5vX; X, X3vX; X, X5
HIDKYE HaBeJleHa T00y10Ba JIeAyKTUBHOI (GOPMYJIIH ISt
TPAHCIIOPTYBAHHsI CIKMCKIB BXIJHUX HECIPaBHOCTEH Ha
30BHILIHINA BUXia:

L(Ty = 000) = (X;X,X5vX; X, X3vX1 X, X3vX; XpX3);
L(T; = 001) = (X;X,X3vX; X, X5vX; X, X5vX X, X3) D 1 =
= (X, X X3VX X, X3vX X X3 VX X X3 ) =
= (X;X;X3/X1 X, X3AX, X, X3AX1 X, X5) =
= (X;vXyvX3) (X vXovXs) (X vX,vXs) (X vX,vXs) =
= (X1 VX, X3vX,X3)A (X VX, X3 v, Xs) =
= X, X5X3 VX X, X3 vX Xo X5 vX X, X .

Ha Bcix inmmx tectoBux Habopax (010, 011, 100,
101, 110, 111) noriuna X-dpyHkuis

f =X X,X3vX X, X3 vX X X5 vX X, X

Ma€ aHaJOTIYHUHA BHpa3 AeTyKTHBHOI GOPMYIH, IO J0-
piBHIOE BuxXinHoi X-pyHKIii. Takum yuHOM, QyHKIIS X,
o 3a1aerbest KyoiTHIM mokputTsim (01101001) Ha Beix
TECTOBHX Ha0Opax, Mae JIeAyKTUBHY (HOPMYITy JUIs Tpa-
HCIIOPTYBaHHS BXiJJHHUX CITUCKiB HECTIPABHOCTEH, KA 10-
PIBHIOE BUXIJIHIH (YHKIIIT:
L(T = xxx) = f(X{,X,,X3) =
= (X X, X3vX; X, X3 vX X, X5 vX X, X5).

J1st ToBeIeHHSI TIOBHOTH JAOCIKEHHS HABOJUTHCS
1o0ys0oBa A€AyKTHBHOI (POPMYJIIH sl TPAHCIIOPTYBAHHS
CITUCKIB BX1THUX HECTPaBHOCTEH [yt qpyrol X-pyHKIil
3 TPHOX 3MIHHHUX:

f(Q = 10010110) = X, X,X5VX; X, X5VX, X, X5vX; X, X5t
L(T, = 000) = (X, X,X5vX;X,X5vX; X, X5VX; X, X3) B 1 =
= (X, X2X3VX; X, X3vX; X X3VX; X X5) =
= X, Xo Xan Xy Xo X n X Ko Xan X1 X, X5) A

AX VX VXD A(X VX VED) AKX VX VXA (X vE VX)) =
= (X1 vX5X3VvXX3)A (X vX,X3vX,X3) =
= X X5X3vX X, X3 vX X, X5 vX X, X,
L(Ty, = 001) = (X, X,X5vX; X, X5VX; X, X5vX, X, X5) B 0 =
= (X1 X,X3vX; X, X3 vX Xo X5 vX X, X3);
L(T = xxx) = X;X5X3VX X, X3vX; X5 X5 vX X, X5,

Bussunocs, mo o6unsi X-¢yskmii (01101001,
10010110) 3 TppOX 3MIHHHX MarOTh OJHAKOBHU JETyK-
THBHU{ BUpa3 Ul TPAaHCIIOPTYBAaHHS BXITHUX CITUCKiB
HECTIpaBHOCTEH Ha BUXix (yHKII{, iHBapiaHTHHHN 10 BXi-
THUX TecTOBUX HaOopiB i piBHmA JAH® dynHkmii, mo
Mae kyOitHe mokpurTs (01101001):

L(T = xxx,Q = 01101001v10010110) =
=X, X, X5vX X5 X5 vX X X3 vX X5 X5,

IctoTHEM € (akT, mo X-PyHKIS n 3MIHHHX, SKa
OTOTOXKHIOETHCS 3 XOr-IIPUMITHBOM, € €JMHOI0, JIC JIOTi-
YyHa 1 JeqyKTUBHa (DYHKLIT piBHI MK co0OI0 Ha OyInb-
SKOMY BXIITHOMY [BiiikoBoMy Habopi. 3okpema, s
TPHOX 3MIHHHMX PIBHSHHS BUIJISJa€ HACTYITHUM YHHOM:

£(01101001) = L(01101001) =
=X, X, X5vX; X, XavX X XavX X, X5 = Xy D X, D Xa.
CTpyKTypa MOJEIIOBaHHs CIPaBHOI NOBEIIHKH 1 Jie-
JYKTHBHOTO MOJIEIIIOBaHHS HecnpaBHOCTEH X-(QyHKIT
Ha OCHOBI BUKOPHCTAHHS PETiCTPOBUX OMepaliil mojaHa
Ha puc. 3.

Test l

X-Function

Fau|ts|

Puc. 3. lexyktuBHuUit cumymnarop X-QyHKIiH
BucHoBkn

3 MeTOI0 NOOY/IOBH CEKBEHCOPa MOJISIIIOBAHHS Jie-
(eKxTiB, 1110 € iHBapiaHTHUM JI0 BXIJTHUX TECTOBUX Ha0O-
piB, CHHTE30BaHO ACAYKTUBHI (HOPMYJIH TPAHCIOPTY-
BaHHS BXIIHUX CIMCKIB HECIIPABHOCTEH Ha 30BHIIIHI BU-
x01¢ st X-(pyHKILiH BiJf CKIHYEHHOT KIJIBKOCTI 3MiHHHX.
3aIrpornoHoOBaHO CTPYKTYPY ACAYKTHBHOTO CHMYJIATOPA
norigyanx X-(yHKIIH, IKUH Mae HACTYIIHI IepeBaru:

1) BiACyTHICTh TpaguLiiHOI armapaTHOi HaIMipHO-
CTi JUIsl AEAYKTHBHOTO MOJIETIIOBaHHS HecnpaBHOCTEH X
GyHKLIHA, Toal SK Oyab-sKi iHII JoTiyHi QyHKUii BUMa-
ratoTh y 8-10 pa3iB 30ibIIeHHS aapaTHOI YaCTHHY;

2) BUKOPUCTAaHHA A1 OOpOOKM BXiTHUX BIUIMBIB
JIBOX aBTOMATHUX TaKTiB, SIKi OPIEHTOBAaHI Ha CIpaBHE
MOJICITIOBaHHS 1 JGMYKTUBHUN aHaji3 HeclpaBHOCTEH
BIJITOBIIHO;

3) BUKOpHCTaHHS HapaJieIbHUX JIOTIYHUX OTepamnin
JUIsT €pEeKTUBHOTO TPAHCHOPTYBAaHHS BXIJHUX CIHCKIB
HeCIpaBHOCTEH.
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Synthesis of Deductive Formulas for Primitives
Anna Hahanova, Irina Hahanova, Vladimir Obrizan, Olga Shevchenko, Heorhii Kulak

Abstract. Relevance. Deductive analysis of digital systems and components is the most effective tool for test synthesis,
assessing their quality, and diagnosing faults in real time. The essence of deductive modeling is to use synthesis digital subcircuits,
which are a necessary hardware addition to the initial functionality, designed to transport incoming fault lists to external outputs.
Subcircuits implemented in software or hardware exceed the useful functionality several times. Therefore, the effectiveness of
using deductive analysis should be considered from the standpoint of increasing productivity, reducing equipment costs and integral
time for designing a digital system and entering the electronic technology market. The purpose of the research is to reduce the time
for modeling faults in logic circuits based on the synthesis of deductive functions. The object of the study is modeling faults in
digital systems and components. The subject of the study is the deductive analysis of digital systems and components. Results.
The study analyzed the main problems that accompany modern fault modeling. The trends of the latest modeling methods were
considered. To build a defect modeling sequencer that is invariant to the input test sets, deductive formulas for transporting input
fault lists to external outputs for X-functions from a finite number of variables are synthesized. The structure of a deductive simu-
lator of logical X-functions is proposed. The advantages of a deductive simulator of logical X-functions were analyzed.

Keywords: modeling, simulation, fault, deductive modeling, Fault Simulation, vector logic, combinational logic circuit,
verification, testing.
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