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FTEHETUYECKHIA NOAXOA NPOBEPKH 3KBWUBAJIEHTHOCTH
NOCNEAOBATE/IbHOCTHLIX CXEM

IIpu npoexmuposanuu CcospemeHnblX UUDPOBLIX CXeM
neped paspabomuukom wacmo 6o3nuxaem 3adaya eepugura-
Yuu IKBUBALEHMHOCMU 08YX CXEM, 4MO CEA3ANHO C NpuMene-
HUeM PA3JUUHBLY ONMUMUSAUUOHHIX npouedyp. B daunmnoi
cmamoe npedidzaemcs anzopumm pewenus 0annou 3adauu,
OCHOGAMMBLIL HA 2eHemuUueckom npozpammuposanuu. Ilpuse-
denvt pesyromamol dkcnepumenmos na cxemax ISCAS-89,
noxasvieawue IPHexmuenocmy npedioKennozo nodxodd.

BBEIAEHHE

Ha coBpeMenHnom artane cpeicTBa aBTOMAaTH3MPOBAHHO-
TO TIPOEKTHPOBAHUS MO3BOJISIIOT 06pabaThiBaTh Kak KOMOU-
HAI[MOHHDIE CXEMBbI, COJlepsKalllie JeCSITKA U COTHH TbhICSTY
JIOTMYECKMX BEHTHJIEH, TaK U I0CJIe/[0BaTeJIbHOCTHBIE CXe-
MbI, COJlepIKAl[ie COTHU JIEMEHTOB cocTosHuil (Tpur-
repoB). O6GsA3aTeIbHBIMU HJIEMEHTAMU TAKUX CUCTEM SIB-
JIAIOTCS TPOTPAMMBI TPAHCAATOPBI (HapUMep, MEXy
(yHKIMOHAIBHBIM U JIOTUYECKUM YDPOBHSAMU OIUCAHUSA
cXeM), a TakyKe MPOTPaMMbl ONTUMHU3AINK KaKUX Ju60
napamMeTpoB cxembl (oTpe6.sieMoil sHepruu, Yucaa Jo-
IMYeCKUX BEHTUJIEH, yjajeHue ocIe/[0BaTeJIbHOCTHON 13-
GbITOYHOCTH U T. JI.). [[pUMeHeHne TakuX CPeJICTB aBTOMA-
TH3AIMH 3aCTaBJISIET Pa3paGoTUMKA CTABUTD 33/1a4y BepH-
(ukanuu SKBUBAJEHTHOCTU JBYX cxeM (HarpuMep, cXeMbl
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JI0 U 1ocJie nporecca ontumusanuu) [1]. dasa pemenus
TAKUX 33/1a4 CYIIECTBYIOT TOYHbIE aJTOPUTMbI, KOTOPBIE
OCHOBAHbBI, HAIpUMep, Ha Npeo6pa3oBaHusAX G6yJIeBOTO
npejcraBiaenns cxembl [2]. HemocraTkamMu JaHHBIX METO-
JIOB SIBJISIETCS TO, YTO MpPHU UX paboTe cO cXxeMaMu 00Jib-
10l Pa3MePHOCTU JIETKO JIOCTUTAETCS TiepelloJIHeHre Tia-
M. TakuM o6pasoM, Oyayuy IPEPBAHHBIME U3-32 MPOG-
JIEMBI TIEPETIOTHEHUST TTaMSITH, TOYHBIE aJTOPUTMBI BOOOIIE
He JAI0T HUKAKOTO pe3yJbTaTa: HU 00 3KBUBAJIEHTHOCTH,
HU O HEIKBUBAJEHTHOCTH 3a/[aHHBIX CXEM. JTO 3aCTaBJISIET
pas3pabaTbiBaTh HOBbIE HETPAIUITMOHHbIE TIOAXO/IbI K Peliie-
HUIO TTOJJOOHBIX 3aau. OHUM U3 HUX SIBJISIETCS IPUMeEHe-
HUe TeHeTHuecKux aiaroputmoB [3]. [Ipumenenue rene-
TUYECKUX AJTOPUTMOB, HAIpUMep, [JsI TIOCTPOEHUS Tec-
TOBBIX BXO/JHBIX ITOCJIEOBATEIBHOCTEN OnMucaHo B [4].
ABTOpPBI TaK)Ke UMEIOT OIBIT IPUMEHEHUsI TeHeTHYeCKUX
AJITOPUTMOB K PENIEHNIO 32/1a4 TEXHUYECKON TUArHOCTUKU.
B uacrHocTHn, Takue ajropuUTMBI MCIOJb30BAIUCH IS TI0-
CTPOEHHMsI TECTOBBIX BXOJHBIX TIOCJe0BaTebHOCTEl [, 6],
a TakKe MHUIMATU3UPYIONINX MOCIeoBaTeabHocTei [7].
B nmamubIX anropmuTMax ornepanuu TPOU3BOAITCS HAJl BXO/I-
HBIMH JIBOMYHBIMHU TIOCJIEOBATENBHOCTSIMHU, COCTOSIIUMU
13 BXO/IHBIX BEKTOPOB, KAXK/bIii 13 KOTOPBIX COOTBETCTBYET
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INIOCIEJOBATEJIbHOCTHBIX CXEM

TaKTy MOfIeJbHOTO BpeMeHH. /I Takoro sajgaHus ocobeit
BBOJSTCA OCHOBHbIE T€HeTHYeCKUe OlePAluu: MyTalusa U
CKpeImuBanue. BoIunciaenne OmMeHOYHBIX (YHKINN MpH
9TOM OCHOBBIBAeTCA Ha MOJAENMPOBAHUN PaGOTHI CXEMBI
(UCupaBHOIl MM ¢ HEHCIIPABHOCTAMU) M OTOOPAXKaeT aK-
THUBHOCTb CXeMbl Ha 3a/laHHON BXOJIHOH IocJ/ieoBaTeIbHO-
cru. Iloaxon mokaspiBaeT IpuemeMble NpaKTHYECKUE pe-
3yJbTathl. [03TOMY aBTOpBI pelIn/IM NPUMEHUTb €ro s
3aja4n BepuUKAIUN SKBUBAJEHTHOCTH TIOCJIE0BATETb-
HOCTHBIX CXEeM.

[lannas craTbs UMeeT CJeAyIolylo CTPyKTypy. B mep-
BOM pazjese onucaHa ¢opMabHasl MOJEJNb CUHXPOHHBIX
[I0CJIe[OBATEIbHOCTHBIX CXEM, UCIIO/Ib3yeMasl IIPU HCCJIe-
JoBaHUU. B ciexylomeM pasjelie onucaHa o6Last CTPYK-
TypHas cXeMa eHEeTHYeCKOro ajJropuTMa, IIPUMEHSEMOro
JlJIsT pellieHus MOCTaBJeHHON 3asaun. B TpeTbeM pasjesie
oIpOGHO PACCMOTPEHO BbluKcJeHue (puTHecc-QYHKIUH,
OCHOBAaHHOe Ha MOJleJIUpPOBaHus. B ueTBepTOM pasjee
ollKCaHa IPOrpaMMHas peaju3alisl IpeJJIosKeHHOrO aJl-
TOpPHUTMa, cpe/ia IIPOBEJeHUs] MAIIMHHBIX 3KCIEePUMEHTOB,
a Tak:Ke IIPUBEJEHbl UX Pe3yJbTaTbl. B 3ax/oueHUu cre-
JIaHbl BBIBOJBI U YKa3aHbl HAIIPABJIEHHS AAJbHEHIINX HC-
CJIe/JOBaHMIL.

1 IOCTAHOBKA 3AA9YH

B kavecTBe Mojiesin B JaHHON paboTe MCIOJNb3YIOTCS
CUHXPOHHbBIE MOCJAe[0BaTebHOCTHBIE cxeMbl (puc. 1).
B nmanuoil Mozei cxeMa NpPeJCTABJSIETCS B BUje KOMOU-
HanuoHHOro 6J10Ka (B CBOIO OYepe/lb COCTOSIIErO U3 He-
CKOJIbKUX (PYHKIIMOHAJbHBIX KOMOWMHAIIMOHHBIX GJOKOB,
K®B) u 610Kka maMsaru, KOTOpblid cocrouT us D-Tpurre-
pos. [anee Takske Gy/eM UCIOJb30BaTh CJexyiomue 060-
3HaueHusd: V — BEKTOP BXO/JHBIX CUTHAJOB; #Bx — 4ucJo
BHEIIHUX BXO/I0OB CXeMbl, pasMepHOCTb BekTopa V; Y —
BEKTOD BBIXO/IHBIX CUTHAJIOB; #BbIX — 4MC/IO BHEHIHUX
BBIXO/IOB CXEMBbI, pa3MepHOCTb BekTopa Y; T — BEKTOp co-
crosuuil 6yoka namsaT; #Tp — 4nucsao 2/1eMeHTOB COCTOS-
Hust (D-TpUrrepoB) cxeMbl, pa3MepHOCTb Bektopa T; #91 —
o011iee YnCJI0 JIOTHUECKUX BEHTHJIEH B cXeMe.

Bexrop V — ymnopsgoueHHOe MHOKECTBO JABOMYHBIX
3HAYEHWIi, KOTOpoe IMoJaeTcss Ha BXOJ IHUQPOBOIl cXeMbl
B ompejeieHHbIl TakT BpeMenu. IlocsenoBaTesbHOCTD S;
3a/laHHON JJTMHBI [; — YMOpsiI0YeHHOEe MHOXECTBO W3 I
BEKTOPOB, KOTOPbIE IOJAIOTCS Ha BXOJ[ CXeMbl B IOCJIe-

Z10BaTeJbHbIEC TaKTbl BPEMEHMU. O6o3HaueHme Uij TOBOPUT,

V; — l— Y.
i KOoMOGHHALHOHHBIA 1
GIIoK P
Tyy Ty
OnoK
TIaMATH

Pucynox 1 — Modeav cunxponnoil
nocaedo6amesvHol cxembl

YTO MBI PAcCMATPHBAEM B ITIOCJEOBATEJbHOCTH S; BEKTOD
c vomepom j (j =0, ..., [;—=1). Uepes A(s) o6o3HauMM
BBIXO/IHbIE PeaKINU CXeMbl A TIpu mojade Ha ee BXOJBI
nocJesoBaTebHOCTH . [lamee Be3ze TpeanoJiaraeM, 4To
MO/IeJIMPOBAHNE BBITOJHSETCS B 3-3HAUYHOM aJaBuTe
[8] m paboTa cxeMpl HauWHAETCS M3 MOJHOCTHIO HEOIpe-
JIeJIEHHOTO COCTOSTHUSI.

[Ipu MO/eIMPOBAHUY HCIONb3yeTCsI IpeoOpasoBaHue
CHHXPOHHOIl MOCJIeJOBATEIbHOCTHOII CXeMBI B IICEBIO-
KOMOVHAIIMOHHBIII SKBUBAJEHT C JAJTbHEHIINM ero mrepa-
TUBHBIM MOJEJTMPOBAHNEM B IIOCJEJ0BATEJbHbBIE TAKTbI
BpeMeHHU. /[y TaKoro Tpeo6pa3oBaHus yAAJSIIOT dJeMeH-
TBI COCTOSIHMU. BXozbl asemMentoB cocrosiamii (Bexrop T;
Ha puc. 1) TPH TOM HA3BIBAIOTCS TICEBOBBIXOAMH, a
ux BeIxogbl (Bektop T; Ha puc. 1) — MCEBIOBXOMAMH.

IIpu Takom mpeo6GpaszoBanuu paGoTa 6JOKa MaMITH
Ipe/CTaBJasIeTCs caeqylonM o6padoM. B MoMeHT cMe-
HBI TAaKTOBOTO WMIIYJIbCAa B YCTPOHCTBE CHHXPOHU3AINH
(ans ynpoueHnss Ha PUCYHKe He TPEICTABJEH) IIPOWC-
XOJUT TI0fladya Ha BXOJ CXeMbl HOBBIX BXO/JHBIX 3Hade-
HUIl ©; MOMEHTa BPEMEHHN i; Ha IICEBIOBXO/bI ITOAIOTCS
3HAUEHUS ITICEB/IOBBIXO/IOB CXEMBI B IIPEABIAYIINN TaKT
BpeMeHU T;_{, TOCJie UeTo IIyTeM MOJEJUPOBAHUS KOM-
OWHAIMOHHON YacTH CXeMBbI JJIs TakTa BpeMeHH i (op-
MHUPYIOTCSI BBIXOJHBIE CHTHAJBI CXeMBbl Y; U CHTHAJbBI
NICEBAOBBIXOIOB T;.

3asavya BepuUKAIUN 9KBUBAJEHTHOCTH ABYX IOCJIE-
JIOBATEJbHOCTHBIX cXeM (POpMyupyercsl CJaeLyioIuM o06-
pasom.

Omnpenenenne 1. Ilyctp 3amanbl 1Be 1UMPOBBIE TIO-
cJIeJoBaTeJIbHOCTHBIE cxeMbl Ay, m A{. Bynem HasbpIBaTbh
cxemy A, ncnpasnoii, a cxemy A, — MoanguIMpoBaHHOH
(onTEMusMpOBaHHOI, HewcpaBHON). CXeMbl Ha3bIBAIOT-
sl TOCJIE/IOBATEIBHOCTHO 3KBUBAJIECHTHBIMU (MJIH TPOCTO
HKBUBAJECHTHBIME), €CJU MPU MPOU3BOJHHOM OJUHAKO-
BOM HAYaJbHOM COCTOSIHUHM [JAHHBIX CXEM BBIXOJHBIE pe-
aKIWHM CXeM Ha IIPOM3BOJIbHBIE BXO/JHbIE MOCJEI0Ba-
TEJbHOCTH § SIBJISTIOTCSI OJWHAKOBBIMU, T. €.

Ay = A& Vs:Ay(s) = A((s). )

Kak 06bly10 cka3aHO BbIlE, TTOCTPOEHHBIE HA OCHOBA-
HUU JepeBbeB 06x0/a ajaroput™bl [2, 3] He B cocTossHUM
paboTaTh co cxemMaMu OOJIBIION Pa3MEPHOCTH. ITO CBS-
3aHO C HEXBATKOW IaMSTH [IJIS CTEKOB BO3BPATOB AJIrO-
puUTMOB 06X0/1a /IePEBBEB, YTO OOYCJOBJIEHO GOJIBIIMM
YUCJIOM DJIEMEHTOB COCTOSIHUH B TIPOEKTUPYEMBIX CXEMaX.

O/lHaKO TPOEKTHPOBIIMKY He 006S3aTE€JbHO MMETb YT-
BEP/UTEIBHBI OTBET Ha BOMPOC 06 IKBUBAJEHTHOCTH
cxeM. EMy mocTaTouHO Tak)ke 3HATH, YTO CXEMBI HE SIB-
JISIOTCS 9KBUBAJIEHTHbIMU. [loaTOMY 3ajiauy MOKHO Iie-
pedopMyIupoBaTh, OPUEHTUPYSICh HA MOUCK KOHTPIIPHU-
Mepa.

Omnpepnenenne 2. Ecau cyuiectByer Takasi mocJieoBa-
TEJIbHOCTD Sk, Ha KOTOpOI';I IIpu OJIMHAKOBBIX HaYaJIbHbIX
COCTOSAHUAX cXeMbl Ay 1 A; MMEIT pa3/M4yHble BbIXOJ-
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HbI€ p€aKluu, TO [JaHHDbIC CXEMbI HE SABJIAIOTCA 3KBUBA-
JIECHTHBIMMU

Ag# A, ecom 3s,: Ag(sy) #A(sy). (2)

lIMenHO MOMCK Takoil MociefoBaTeJbHOCTH OyIeT AB-
JIATbCA LeJIblo IIpejiIaraeMoro ajroput™a. B panHoii mo-
CTaHOBKE 3ajlaya He paccMaTpHBaIach B OTeYeCTBEHHOI
Hay4HOH JuTeparype.

IIpenmnosaraeTcss Taksxe, YTO IIPOEKTUPOBIIUKY JOC-
TYIIHBl 3HAUEHMsI CUTHAIOB IPU paboTe CXeMbl B KOH-
tposbHbix Toukax (KT). B camom o6uieM ciydae MHO-
xectBo KT coBnagaer ¢ MHOXKECTBOM JIOTHUECKUX 3Jle-
MEHTOB CXEMbI, T. . [IPOEKTUPOBIIUKY HM3BECTHO IOJHOE
IIOBeJIeHUe CXeMbl B IIpoliecce MojenupoBanus. OgHaKo
eMy He M3BECTHO HMKAKOW [[ONOJHHUTEJbHON HHpOpMa-
UM O BHYTpeHHell (hYHKIUOHATIBHOH CTPYKTYyPE CXEMBI.

2 TEHETHYECKHH AJITOPHTM
BEPHDOHKAIIHH 9KBHBAJIEHTHOCTH
IIOCJIELZOBATEJ/IBHOCTHBIX CXEM

Kak yske oTMedasioch pamHee, aBTOPbI HEOJHOKPATHO
MPUMEHSII PA3JIUYHbIE MOAUMDUKAIMU TeHETHIECKOTO aJl-
rOpuUTMa K 33/1ayaM TEeXHUYECKOU auarHocTuku [5—7].

Tenetnyeckuii aaropuT™M 3TO WTEPATUBHBIN TPOIECC
MOCTPOEHUST HOBOW Tomyasannu (MOKOJIEHUSA) U3 TEKy-
mieil. AJITOPUTM 3aKaHYMBaeT palboTy IPHU BBITOJTHEHUU
OJTHOTO W3 YCJIOBUIL:

— au6o Haii/leHa TOCJIe0BATENbHOCTD S, BBIXOJIHBIE
peakuun Ha KoTopyio cxem Ay(s) m A(s) pasauunbl
(nokasaHa HEIKBUBAJEHTHOCTh CXEM);

— Jn60 JOCTUTHYTO OJHO M3 OTPAHUYMBAIOIIUX YCJO-
BUIl: BpeMsI MOJEJUPOBAHUS, IIpeJeJbHOe UUCJIO IOKOJe-
HUIl WJIH TIpeJieJIbHOE YHCJIO TOKOJEeHUN 6e3 yJydlIeHust
OLIEHOYHO!H (DYHKIHH.

B anroputMax Takoro pojia B KavyecTBe OCOOM BBICTY-
MafoT BXO/HbIE TIOCJIEI0BATENBHOCTH, I/ KOTOPBIX 3apa-
Hee He usBecTHa juauua (puc. 2, @). J[AuHA BXOJHOTO
BEKTOPA COOTBETCTBYET YUCJY BXOJIOB MCCJIEAYEMBIX CXEM
Ay u Ay. dnga xaxJodl BXOAHOI IOCJef0oBaTeIbHOCTH S;
CTaBUTCSI B COOTBeTCTBUe omeHouHass yHkuus fo (s;),
KOTOpasl MOKAa3bIBAET HACKOJBKO <«XODPOIIO» [aHHAsS TO-
CJIeIOBATEIBHOCTD PelllaeT IOCTABJIEHHYIO 3ajayy. Boi-
YHCJIeHNe OLEHOYHBIX (PYHKIMN 0cobeil sIBJseTcs] Hau-
6osiee TpynoeMKoiil (pasoil aqropuTMa M UMEHHO OT ITOTO
3aBUCUT ObICTpOielicTBUE Bcero aiaroputma. [loapo6ho
BBIYHMCJEHNE OIeHOUHON (GyHKIHM 0cobeil OmMMcaHo B
cienyiomieM pasgese. Ilomyssinueil siBasiercst HaGop Ta-
KHX IocaegoBareabHocreii (puc. 2, 6).

OjiHa uTepalysi reHeTHYEeCKOTO AJTOPUTMAa COCTOUT B
ITOCTPOEHNYN HOBOH MOMyJsaIiuu u3 Tekymei. [Ipu atom k
0c00sIM TeKyllell IOIMyJSIUK NPUMEHSIOT T'eHeTHYecKue
orepanuu: BbIGOP 0c00eii, CKpeNUBaHue U MyTalus 0CO-
Geii. Omepanus BbI6Opa peasnn3yer BbIGOP ABYX 0coGeii-
poauTesieil A Tocjaenyonieil peKOMOMHAIIMY U MYyTa-

BEONEL

. oymm
1[1]0]1]0 alnl1Tal1]5]
momenTe | |0 1[1]0]1 00101_00_
epemenn | [O[1]0]1]0 001010_01_
1[0]0]0[1]> sextop 1{011101010 {7
o[1[1]0[1 L 1}01110J1 57
1[1[0]1]0 O1LI1]0]Ljofr]

1]0]0]0][1
01101E

1[1[0]1]0

a) 6)

Pucynox 2 — Koduposanue ocobeil u nonyasuui:

a — 0co6b; 6 — MOy JIALHs

IIUU. ABTOPBLI NIPUMEHSIOT IIPONOPIMOHAIBHBIH 0T6Op, MpH
KOTOPOM BEPOSTHOCTb 0co6U GBITH BLIGPAHHON B KauecT-
Be POJHTEJS IPONOPIUOHATbHA ee (PUTHecc-(QyHKI[UN.
ITocne aToro k BLIGPAHHBIM OCOGSM ITIPUMEHSIOTCS OIle-
panuu ckpemuBaHusA u MyTanuu. [lomyueHHBIe TaKUM
06pa3oM 0COOGH-NOTOMKHU MONAJAI0T B IPOMEKYTOUHYIO
nomyJAnuio. Tekymas MOMyJIAIUS HOBOH WTepaluu as-
TOpUTMa CTPOUTCS HA OCHOBAHWUM JIYYIINX OcO6eil TeKy-
el ¥ IPOMEXYTOYHOH IOIYJISAIH.

ITonpo6Hee reHeTmyeckue onepanuy OIMUCAHLI B [J] u
3/lecb He IIPUBOAATCS JJIST KPATKOCTH H3JIOXKEHUS.

IIceBOKOA TeHETHYECKOTO AJTOPHTMa MOCTPOEHUS
BXOJHBIX IIOCJIe/JOBATEJbHOCTEN IIPUBEJEH HIDKE.

leHeTnyecknin_aaroputm(Cxema, Pasmepllonyasuum,
YucaroTepaumni)
{
// NOAFOTOBKa Ha4YaAbHOM MONyASLMU
MocTtpontbHavanbHyoMonyasumio();
OuenunTbOcobeit(HavyaabHasonyasums);
Homeplonyasunn=0;
Moka(He_AOCTUIHYT_KPUTEPUN_OCTAHOBKN )
{
HosaslMo3numa=0;
Ana( i=0 ; i<Pasmepllonyasumm ; i++)
{
OnepauunsiBoibopa(PoanTtenbA, Poanteabhb);
Ecamn( rand() < Pc)
OnepauunsaCkpewimaHus(PoanteabA, Poantenshb,
MoTOMOK);
Ecan( rand() < Pm)
OnepauunaMyTtaunn(lMoTomok);
AobaButbBlpomexxyTouHytolonyAsumio(MoTomMok,
HoBasallo3uuusa);
HosaslMo3nuna++;
}
OueHutbOcobeii(MpomexyTouHasonyAaums);
MNocTtpontbHoByoMonyaaunio(Paszmepllonyaaumm);
HomepMNonyasumn++;
}

Co3AaTbOTUET();
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INIOCIEJOBATEJIbHOCTHBIX CXEM

[Mosichum HasHauyeHuwe HeKOTOpbIX (yHKumii. IIpore-
nypa «OneruntbOcobeil»> BBIYHCJISET OLEHOUYHYIO (DYHK-
nuIo BcexX ocoleil nepefaHHoll eil nomymsimu. DyHKIUS
«OmnepanusaBei6opas Ha OCHOBaHUM OIEHOYHOI (DYHKINH
A7 ocobell Tekylieil TOMyJIAINN CTPOUT UX (PUTHECC-
(¢gyHKIIMM U TPOU3BOAUT BBIGOP ABYX ocobeii-poaure-
Jledl, HaJl KOTOPbIM Jajee OYAyT IPOBOAUTHCS TeHeTHde-
ckue onepanuu. Dynknua <«IlocrpoutrsHosyollonmyna-
0> 06pabaTbIBaeT TEKYIIyI0 M MPOMEKYTOUHYIO MOILY-
JIALUM U HA UX OCHOBE CTPOUT TEKYILYIO IIOIYJALUIO CJe-
qyouleil utepanuy aaropurMa. B aTy nomysdnuio moma-
JaloT Jyylige ocoOd U3 TeKyllell NOIyJsIUU IpeJblIy-
Hlero I1ara aJropuTMa U IPOMEKYTOYHOH IOIyJISINH.
[Tocse atoro nmpomeskyTouHas MOIMYJIANUSA YHUYTOKAETC.
[Tpouenypa «CoznarbOtueT> (popMHUDYeT BBIXOJHbBIE CTa-
TUCTUYECKMEe JaHHble, KaK JJI I10Jb30BaTes IpOrpaM-
MBI, TaK M U CHCTeMbl MOJeNUpPOBaHMUSA U IeHepaluyu
tecros ACMU/I-E [9].

3 BHIYHCJIEHHE OLEHOYHOH ®YHKIHH

Wpeeit mpensiaraeMoTro ajaropuTMa SBJISIETCS Hampa-
BHUTb IIOMCK B NPOCTPAHCTBE PEHIEHUN B Ty CTOPOHY, B
KOTODOIi Bblllle aKTUBHOCTb BepudUIUpyeMbIX cXeM A u
Ay, a TakXe BbIIIE Pa3jnvyye ITONH aKTUBHOCTH HA MHO-
JKEeCTBE KOHTPOJIbHBIX ToueK. /laHHyio mHdOpMaIuio Jjer-
KO TIOJIyYHUTDb M3 [IPOIPAMM JIOTMYECKOTO MOJIEJUPOBAHUS.
Takum 06pa3oM, B TeHeTHYECKUX AJTOPUTMAX TeHEPAIUH
Pa3JIMYHBIX THUIIOB TECTOBBIX IIOCJEIOBATEJIbHOCTEH, BbI-
uncaeHne (uTHecc-GYHKIUT OCHOBAHO HAaM MOJEJIHPOBa-
Huu paboThl ucrnpaBHoit A, u MoguduIupoBaHHOH A,
cxeM. OCHOBBIBasCbh Ha BBINIECKA3aHHOM, B KayecTBe Me-
PbI IPUMEHSIOTCS CJeLyIonue MOKa3aTeJu: aKTUBHOCTD
WCIIPABHON WJIM HEWCIIPABHOHM CXeMbI Ha 3a/IaHHOH BXO/I-
HOIi TI0CJIe/JOBATEIbHOCTH; YUCJIO BEHTHUJIEH, ICEeB/IOBBIXO-
JI0B ¥ BBIXO/IOB B CX€Me, Pa3JUYHbIX B HCIPABHOW U
HEHCIPaBHON cxeMaX. B mameMm ciaydae poJb <«HEUC-
MPaBHOIl» CXeMbl BBIIOJHSET cXeMa, KOTOopas ITO0/Bep-
riack 06paborke (ONTUMM3ALMU) HEKOTOPBHIM TPAHCJS-
topoM. [loaromy asg mocrpoenns ¢gpurHecc-QYHKINU BbI-
6epeM Mepy OTJHYHS 3HAYEHHS CHTHAJOB B MCIIPABHOW M
ONTUMU3NPOBaHHOI cxeMaX. OcCHOBBIBasCh Ha JAHHOM
(akre, BBeZeM TpHU IapaMeTpa, Ha OCHOBAHMU KOTOPBIX
GylleT BBIYHMCJIATHCS YUCJIEeHHOe 3HayeHue (utHecc-DyHK-
uu:

— nl — uYncja0 pasJMYHBIX 3HAUEHWH HAa BBIXO/AX CXe-
Mbl. JlaHHBI IapaMeTp SBJSETCS OINpeessonuM, I10-
CKOJIbKY HaJIMUWe Ja’ke OJHOTO PACXOXK/EHUS HA BHEI-
HUX BXOJ[aX /IBYX CX€M, FOBOPUT O TOM, YTO Pa3Jinyaio-
mas IMocJjes10BaTelbHOCTh MocTpoeHa. [loatomy maHHbBIM
napamMetrp B (urHecc-QYHKIUIO JOJKEH BXOJUTH C Ta-
KUM K03 UIMEHTOM, YTOObI TIPU HAJMYUH XOTS ObI OfI-
HOTO pa3Jjnuus, 3HaueHHe ¢uTHecc-QYHKINN HUBEJINU-
poBaso Apyrue mapamMeTpbl M TOBOPUJIO O PENIeHUHN 3a-
JIAYH.

— N2 — 4YHUCJO Pa3JUYHDBIX IICEBJOBBIXO/J0B CXEMBI.
B ciydae, xorga passnyHble 3HAYeHWSI B IBYX IpOBepsie-

MBIX CXeMax, ellle He JOCTUTJIH BBIXOJOB, PEeNIaioN[iIM
SIBJISIETCST PACIIPOCTPAHEHUSI TaKUX OTJIMYUN Ha IICEeBJO-
BoIXObI (TpHrTEpDI) CcXeMbl. Hajuuue TPUTTEpOB ¢ pas-
JIMYHBIMYA 3HAYEHUSIMU Ha OIPEJIeJEHHOM TaKTe BPEMEHH
MO3BOJISIET ¢ GOJbIell BepOSITHOCTBIO TOJIYUYUTH PA3Ju-
Yl Ha BHEIIHWX BBIXOJAX CXeMbl Ha CJeyIolleM TaKTe
paGoThI.

— n3 — YHCJO KOHTPOJIBHBIX TOYEK /ABYX CXEeM C pas-
JUYHBIMH 3HAUEHWSIMU CUTHATOB. B ciyuae, Korga pas-
JU4re B MOBEJIEHUN [[BYX CXEeM He [IOCTUTJIO HU BHEITHe-
rO BBIXO/Ia, HU ICEB/IOBBIXO/IA CXEMbI, HEOGXOAUMO CTPO-
UTHb TOCJIEOBATETbHOCTH, [JISI KOTOPBIX SIBJSETCS BaXK-
HBIM pa3jnuie CUTHAJIOB BHYTPH KOMOWHAIMOHHBIX OJIO-
KOB. JTOT mapameTp BaskeH Jin6GO KOT/A ellle HU O/[HA U3
nap TPUITEPOB B UCIPABHON W HEWCIPABHOI cXeMax He
MOJIYYHJIN PasJnyHble 3HAYeHUs], MO0 KOTJa Takue Ia-
PBL €CTb, HO 3TOTO HE JOCTATOYHO JJISI PAcIpPOCTPAHEHUS
DPA3IMYHBIX 3HAYEHUS [0 BHEIIHUX BBIXOJOB CXEMBI.
[lannbplii mapamerp B ¢utHecc (YHKIMH JT0/UKEH MMETb
HalMeHbIllee 3HAUEHNeE.

Takum o6pasom, B o6uieM Buje 3HaueHue (urHecc-
¢yHKIIMKM UMeeT BUJ:

JUIMHA S;
f(Ap, Ay, sp) = Z f(Aqu,Si/) =
j=1
;Uml-[asi
= Z (¢1*ng+cy*ny+c3™ng), 3)

i=1

rjie ¢;—C3; — HOPMUPYIOIINE KOHCTAHTHI;
nl= Z pasmane(g, AO,A1,sij), G — MHOMKECTBO BCEX
geG
BHEINTHUX BBIXOJIOB /[BYX CXEM;
n2 = z pasinune(g, Ay, Ay, 5;;), G1 — mMHOXKecTBO
ge Gl
TICEB/IOBBIXO/IOB JIBYX CXEM;
n3 = Z pasimune(g, Ag, Ay, 5;;), G2 — MHOKeCTBO
ge G2
BCEX KOHTPOJIbHBIX TOYEK CXEMBI.

B mameMm ciydae MbI MpeIoJaraeM, 4To MPOEKTHPOB-
MKy U3BECTHO TIOBEJ[EHUE BCEH CXEMBI, MMO3TOMY MHO-
skecTBO G2 coBIIajaeT ¢ MHOXKECTBOM BCeX BEHTHJIEH
CXEMBI.

Oyuknna «pasanune(g)» BBIYUCAAECTCS Ha OCHOBE
MOJIEIMPOBAHUST U OIPEIEJISIETCS CJAeAYIONMM 00pa3oM:

1, ecsu 3HaveHU
CHTHAJIOB HA BBIXO/IE
6JI0Ka g PA3TMIHDI

B JIBYX cxeMax A,
pasymune (g, Ag, Ay, 5;5) = (1 Ay Ipu MozeH- 4)
POBaHUN Ha BXOTHOM
Habope Sijs

0, B mpoTBHOM

clyuvae.
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[IceBmoKOM MPOIEAYPHI BBIYHCIEHUS OIEHOYHOH (PyH-
KIIMK OJMTHOYHOHN II0CJIEZIOBATEIbHOCTH IPHUBE/JEH HIDKE.

BbluncaeHne_oueHo4YHoN_yHKkunn(Cxema,
BxoaHasllocaep0BaTEABHOCTb, AAMHA)
{

®uTtHecc=0;

MS(i=0;i<AAMHa;i++)

{
SVO=MoaeanpoBaHuePaboTbiicnpaBHoiCxembl(Habop i)
SV1=MoaeanpoBaHuPaboTbiMoamnd.CxeMbi(Habop i)
nl=YmcaoPa3AnyHbIxBbixop0B(SVO,SV1);
n2=4ncaoPa3AnyHbIxlNceBAOBbIXOAOB(SVO,SV1);
n3=YncaroPa3AnyHbIxBeHTUAER;
OutHecc=OuTHecc+cl*nl+c2*n2+ ¢3*n3;

3necb SVO u SV0 maccuBbl, copepskaniie 3HAYEHUS
CUTHAJIOB Ha BCeEX KOHTpO]IbeIX JIMHUAX ZIByX CpaBHI/I-
BaeMbIX cxeM A, u A [9].

4 IIPOTPAMMHAS PEAJIH3AIIHA
H 3KCHEPHMEHTAJIBHBIE JJAHHBIE

ﬂﬂ;{ IIpoBe/IcHUA MAIIWUHHBIX SKCIIEPUMEHTOB aBTOPbI
peain30BbIBAIN «IIOYTU IKBUBAJIEHTHbIE» CXEMbI OCHO-
BBIBAsICh Ha cJiaedyomux coobpaxkeHusix. O6paborka
ormcanus 1UdpoBol cxembl (Mepexo MexIy ypPOBHAMU
ONMCAHUS: BEHTUJIBHBIH <> (QYHKIMOHAJBHBIA W T. 1.)
IIPOUCXO/UT AaBTOMATU3UPOBAHO C ITOMOIIbIO COOTBETCT-
BYIOUIUX TPaHCASATOPOB. IIpu 3TOM Tpeobpa3oBaHUIO
[I0/IBEPraloTCcsl HEKOTOPbIe 3aBeplIeHHble (DYHKIMOHAD-
Hble GJIOKH. BeposTHOCTb BO3HUKHOBEHUS OMUOKH TIPU
TaKNX MPeoOPa3OBaHUSAX [OCTATOYHA MaJja, HO He SIBJIS-
ercst HyJsieBoil. [Ipu atom OyseM mpeamnoJiarath, 4To OHA
BO3HUKHET TOJIbKO B OJJHOM U3 JIOTUYECKUX OJIOKOB, W
pH MOJEMPOBaHNK OyjeT mposBiaThes (He Bcerma) Ha
Boixoze (BbIxomax) manHoro Gsoka. IIpu onmcanum cxe-
Mbl Ha BEHTHJIbHOM YPOBHE€ MHWHHUMAJbHBIM 3JIEMECHTOM
OTIMCAHUS SBJSETCSI JOTHUECKUN BEHTHJb. A (PYHKIHO-
HUPOBAHUE OJIHOTO JIOTUYECKOTO BEHTHJISI OTIPE/EeJISeTCs
ero TUIOM. VI3MEHUB THUIl JIOTUYECKOTO BEHTHJISA, Oy/eT
U3MeHEHO ero (PyHKIMOHAJbHOe cBoiicTBO. Takum o6pa-
30M, [IJIS TIOCTPOEHUS <IIOYTH HKBUBAJEHTHOWH CXEMbBI»
Oy/zieM M3MEHSTb B TaGJUIAX OIMCAHUS THII OJHOTO CJY-
YyailHO BbIOpaHHOTO BeHTMJg. [losydyeHHass TakuM obpa-
30M CXeMa M OpPUTHHAJIbHAs cxeMa OyayT BepuduImpo-
BaTbCsl HA 9KBUBAJEHTHOCTD.

[IporpaMmMHas peanmsanusi TPOU3BOANIACH B Cpejie
mporpammupoBanust C++ Builder 6. O6miee wncio cTpok
KOJIa, peayu3yolmx (GyHKIMOHAIBHYIO YaCTb AJTOPUTMA
6e3 TIPOIEAYpP MOJEJTUPOBAHUS, COCTaBUJIO OKoJo 1200
CTPOK.

[lns peanu3anuu «IOYTH 9KBUBAJIEHTHOW» MoanuQuIu-
POBaHHOI CXEMBbI CO3/1aBaJjICsl BTOPOW MAacCHB THUIIOB 3JIe-

mentoB R_TYPES [9], B kKotopoMm cirydaitHbiM 00pa3oM 13-
MeHsIcs THN ofHoro Betmas (mampumep OR — NOR).
IBaskapl (s MCIpaBHOU U <«3KBUBAJEHTHOI» cXeM)
BBI3BIBAJIACH IPOIlEAYPA MOJEJINPOBAHUS, [T KOTOPOIl B
mapaMeTpax IMOAMEHSJICS OAUH eIMHCTBEHHBI MacCHB
R_TYPES. Ocranpuble MaccuBbl B NPUHSTOM TOJXOJE
OTIMCAHMS /IBYX CXEM OAWHAKOBBI U He AyGJMPOBATHCH.
1 MomesmpoBaHust paGoThl IIGPOBBIX TIOCJIE[0BATEb-
HOCTHBIX CXEM HCIHOJIb30BAJICS Pa3paGOTaHHbIH aBTOPAMH
paHee aaropuT™M coObITHiITHOTO MozennpoBanust [10].

B kagectBe aKkcnepuMeHTaJNbHOIN I1aT(OPMBI UCIOJIb-
30BAJICS TIEPCOHATBHBIN KOMIIBIOTED CO CJEAYIONMME Xa-
pakrepuctukamu: mpoieccop Intel CoreQuad ¢ uacroroii
2,4 Tri, oObeM orepaTHBHOI mamstu 2 TGaiira.

[Ipu mpoBeseHNM MANIMHHBIX KCIIEPUMEHTOB HUCIIOJIb-
30BAJINCH CJEAYIONINE 3HAYEHUS HBPUCTUUYECKUX KOH-
CTaHT:

— ¢y = 1, ecsm pasiuuue B NOBEJEHUU ABYX Bepudu-
IIUPYEMbIX CXeM [IOCTUTHET BHENTHETO0 BbIXOJA, TO 3HAYe-
HHe OIeHOYHOU (DYHKIMU TIPEBBICUT EAWHUILY, YTO OyIeT
CUTHAJU3UPOBATh, YTO Halijiena TpebyeMas BXOMHAS MO-

CJIeJIOBATETIbHOCTD;
S S npU TakoM BbI6OPE KOHCTAHTHI
27 #Bwix - #Tp’

pasjmyune Ha BCEX JIMHUAX 3JIEMEHTOB COCTOSTHUI 6y,£[eT
IIpUPpaBHUBATBCA K Pa3/IMYMUIO Ha O/IHOM BHEUIHEM BbIXO-
/1€ CX€EMbI, IIOKa3bIBad BbICOKYIO BEPOATHOCTb PpacCIIpoO-
CTPAHUTDH [aHHOE OTJ/JNYNEe Ha KaKoi Jin60 BHENIHWI BBI-
X0/l CXEMbI B CJAEAYIOUIEM TaKTE€ BPEMEHU;

_ 1
~ #Bwix - #9017

AaX BCeX BEHTHJIEH CXEMBbI IIPUPaBHUBAECTCA K Pa3Jau4vnIoO

— C3 AHaJIOTUYHO, pa3jindYve Ha BbIXO-

Ha OJIHOM BHEIHEM BBIXO/IE.

PesysbraTbl MalIMHHBIX 3KCIIEPUMEHTOB [IJISI HEKOTO-
pbix Gosbmux cxem karasora ISCAS-89 npusepennt B
tabs. 1. TIockoabKy TIpe/ylaraeMblii aJropuT™M He SIBJISIET-
€S TOYHBIM, TO OODBSICHUM CMBICJIOBOE PAa3jiM4yKe KOJOHOK
«He pazmmueno cxem» u «OtBer mozg Bompocom». [lan-
Hble B crosibie «He pazimueHo cxem» ITOKA3bIBAIOT YHUCIIO
IKCHEPUMEHTOB, B KOTOPbIX [JOCTUTHYT IIpeAes 4Yucjia UTe-
paiuii, OHAKO He HAWEHO pasnJalolnleil Moc/e10BaTe/b-
HOCTH, a OLlEHOYHast (DYHKIMSI BCEX TOCJeI0BATEIbHOCTEH
nonyJisiKu paBHa HyJo. [lannbpie B croibie «OTBeT mop
BOIIPOCOM» TIOKA3bIBAIOT YWCJIO MAIIMHHDBIX 3KCHEPUMECH-
TOB, B KOTOPBIX JIOCTUTHYT IIpe/ieJl MOCTPOCHUS TOMYJisi-
Ui, OJJHAKO OlleHOYHas (DYHKIUS OTJIMYHA OT HyJisA. Ta-
KM 06pa3oM, TOT CTOJIOEI] COOTBETCTBYET CJIydyalo, KOria
(PYHKIIMOHMPOBaHKE CXEM PAa3JM4YHO, HO JAHHOE PAa3JInuue
HE YyAaJ0Ch PACIPOCTPAHUTH HAa BHEIIHNUE BbBIXOAbI CXEMbI.
IIpu atom ocraercsi BEpPOSITHOCTb TOTO, 4TO IpH yrayOJe-
HUN IIOHNCKa (yBe]II/I‘IeHI/II/I qucJa 1mpeaesyibHO JOITYCTUMbIX
ureparuii aaroputMa) 3aUKCHPOBAHHOE Pa3JHYUe B IO-
BEIEHUU [IBYX CXEM Y/JacTCd PaACIPOCTPAHUTb HA BHEIIHUE
BBIXO/IBI CX€M, T. €. IOCTPOUTH PA3JNYAIONIYI0 UX TOCJe-
JIOBATEJIbHOCTD.
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INIOCIEJOBATEJIbHOCTHBIX CXEM

Tabauya 1 — Sxcnepumenmanvivie danmnvie pabomvl adizopumma 6epuPGUKAUUU IKEUCALCHMHOCTU

3KCHepHMeHTbI

WM cxeMbl Yucsao BeHTUJIEH / TPUITEPOB CXEMBI Bcero mposezieno Pas/ueno cxem He pasmucno OtBer 11011
s3271 1731 / 116 25 25 0 0
$3330 2037 /131 25 21 2 2
$3384 1940 / 183 25 24 1 0
54863 2514 / 104 25 25 0 0
$5378 3045 / 179 25 22 0 3
$6669 3460 / 239 25 25 0 0
Bcero: 150 142 (94,7%) 3(2%) 5(3,3%)

IIpuBenennsie B Tab. 1 4HCTOBBIE JaHHBbIE TTOKa3bIBa-
10T 3 HEKTHBHOCTL TPET0KEHHOTO alTOPHTMA: YHCTIO
9KCHEPIMEHTOB, B KOTOPBIX YIal0Ch MOCTPOUTDL PasJii-
vaionyio (yHKImo, coctaBuio 94,7 %. Yucno skcmnepu-
MEHTOB, B KOTOPBIX pasinyue (yHKIHOHHPOBAHUS HE

MIPOSIBUJIOCH J[aJK€ BHYTPHU CXEMbI, COCTABUIO 2 %.

BbIBO/ bl

B nmannOi#l craThbe mpeasioKeH TeHeTWYecKUH MOAXO0M K
PelIeHnIo 3a/layi MPOBEPKH 9KBUBAJEHTHOCTH [[BYX CHH-
XPOHHBIX IIOCJIE/IOBATEJbHOCTHBIX CXeM. ABTOpaMM pas-
paboTaH aJrOpUTM, KOTOPBIH OCHOBAH HA TPEIBIIYIIEM
OTIBbITE MOCTPOEHMS BXOJHBIX TECTOBBIX IOCJE/[OBATEIb-
Hoctell. [IpoBenena mporpamMMHas peaJiusanysi JaHHOTO
QJITOPUTMA U Psi/l MAIIMHHBIX 3KCIHEPUMEHTOB. Ampola-
s TPOTPAMMHON peaJn3aliil alropuTMa Ha cXeMax U3
MexayHapoanoro karanora ISCAS-89 mnokasbiBaeT ero
BBICOKYI0 9(G(PEeKTUBHOCTD KaK B TEPMUHAX KadyecTBa IO-
CTPOEHHS Pa3JIMYAIONUX II0CJe/I0BATeIbHOCTEH, Tak U B
TePMUHAX BPEMEHU WX IIOCTPOEHHUS.

B kauecTBe maJbHEHINNX HCCAEIOBAaHUN JAHHOW TIPO-
6J1eMbI MOXHO OTMETHTDb cJieyioliee. Bbruncienue oie-
HOYHOH (PYHKIUU cTposimeics MOCTIeL0BaTeIbHOCTH Tpe-
6yeT MOJEJUPOBAHUS PAOGOTHI JBYX CPAaBHUBAEMBIX CXEM.
B rtepmunax napaJsisesbHOrO IPOTPAMMUPOBAHUS [[BE Ta-
Kue IpoIeJypbl MOJeJUPOBAHUS He UMEIOT Iiepeceye-
HUH ¥ CYMTAIOTCS HEe3aBUCHMBIMU. TakuM 06pa3soM MOX-
HO Peajn30BaTh MUX IapaJijieIbHOEe BBbIYKCJEHUE IIPU Ha-
JIMYMM COOTBETCTBYIONIEH almapaTHON MOJJAEPKKU. ITOT
TOAXO0/ JIETKO [JOCTMKMM Ha COBPEMEHHBIX MHOTOSIEp-
HBIX Tporeccopax. IlockosbKy B JaHHOM aJrOpuTMe BBI-
YucJIeHNe OIeHOUHOH (GYHKIMU 3a6upaer GOJbIIYIO
YacTb BPEMEHHM, TO I€PeXoj| OT I10CJe[0BATEJIbHOIO MO-
JleIMPOBaHusl PaboThl [IBYX CXEM K IapaJiieTbHOMY J0JI-
JKeH CYIIeCTBEHHO YMEHbBINHTHb o6liee BpeMs paGoTbl
Bcero ajnropurma. Ilocrpoenune mMoaudukanum ajaropur-
Ma JIJIS MHOTOSJIEPHBIX IIPOILECCOPOB M MpoBepKa ad-
(exTuBHOCTH TAaKOTO TMOAXOJAa OyA€T SBJISATHCS OJIVKaii-
el 1eJbi0 aBTOPOB.

IIEPEYEHb CCHIJIOK

1. Huang S.-Y. Formal Equivalence Checking and Design De-
bugging / Huang S.-Y., Cheng K.-T. — Boston : Kluwer Aca-
demic Publishers, 1998. — 229 p.

2. Ghosh A. Sequential Logic Testing and Verification /
Ghosh A., Devadas S., Newton A. R. — Boston : Kluwer
Academic Publishers, 1992. - 214 p.

3. Goldberg D. E. Genetic Algorithm in Search, Optimizati-
on, and Machine Learning / Goldberg D. E. — Addison-
Wesley, 1989. — 432 p.

4. Corno F. GATTO: a Genetic Algorithm for Automatic Test
Pattern Generation for Large Synchronous Sequential
Circuits / Corno F., Sonza Reorda M., Rebaudengo M. //
IEEE Transactions on Computer-Aided Design. — 1996. -
Vol. 15, Ne 8. — Pp. 943-951.

5. WUBaHoB A. E. TeHepauua TecToB UNDPOBbLIX YCTPONCTB C
MCNOAb30BaHMEM FeHeTUYeCKux aaroputmoB / MBa-
HoB A. E., CkobuoB 0. A. // TpyAbl MHCTUTYTa MPUKAAA-
HOM MaTeMaTukm n mexaHnkn HAH YkpauHbl. — AOHeEUK :
UMMM, 1999. - T. 4. — C. 82-88.

6. Skobtsov Y. A. Distributed Genetic Algorithm of Test Gen-
eration For Digital Circuits / Skobtsov Y. A., El-Khatib,
Ivanov D. E. // Proceedings of the 10th Biennial Baltic
Electronics Conference. — Tallinn : Tallinn Technical Univer-
sity, 2006. — P. 281-284.

7. MWBaHoB A. E. TIOCTPOEHME UHUUMAAU3UPYIOLLNX MOCAEAO-
BaTEAbHOCTEN CUHXPOHHbLIX LMEPPOBbLIX CXEM C MOMOLLbIO
reHetTnyeckux aaroputmos / MBaHoB A. E., Ckob-
uos 0. A., dab-XaTub A. N. // MNpobaemun iHDopMaLitHnX
TexHoAorin. — 2007. — Ne 1. — C. 158-164.

8. bapawko A. C. MoapeAMpoBaHMEe U TECTUPOBAHUE AUCKPET-
HbiX ycTpoicTB / Bapawko A. C., CkobuoB 0. A., Cne-
paHckui A. B. — Kues : HaykoBa AymKka, 1992. — 288 c.

9. Ckobuyos H0. A. ABTOMaTU3npoBaHHaaA CUCTEMa MOAEAU-
poBaHua u reHepauun tectoe ACMUA-E / Ckob-
uoB 0. A., MBaHoB A. E. // TexHn4yeckass AuarHocTnka u
HepaspyLaloLwmnin KOHTPOAb. — 2000. — Ne 2. — C. 54-59.

10. MBaHoB A. E. MapaareAbHOE MOAEAMPOBAHUE HeUcnpas-
HOCTEN AA9 NMOCAEAOBATEAbHOCTHbIX cxeM / WUBa-
HoB A. E., CkobuoB 0. A. // VCKYCCTBEHHbIA UHTEAAEKT. —
1999. — Ne 1. - C. 44-50.

Hagaiiimia 25.09.2008

I1i0 uac npoexmyeanus cyuacHux Uupposux npucmpois
neped po3poOHUKOM 4dcmo nocmae npobaema eepuixayii
exsiganenmuocmi deox cxem. Ile nog’szano, neped ycim, i3
BUKOPUCTMAHHAM DISHOMAHIMHUX ONMUMISYIOUUX NPOUEOYD.
B Odawniii cmami 3anpononosano anzopumm piulenns maxoi
3adaui, 3acnoeanuli na zenemuunomy npozpamyeanni. Hase-
deHo pesyrvmamu MAWUHHUX eKCRePUMeHMI8 HA cXeMmax
ISCAS-89, wo dosodsamb epexmusnicmv 3anponoOHOEANO20
nidxody.

While the designing modern digital devices the problem
of werification of two circuits' equivalence often arises. It
is caused mainly by usage of differ-ent optimization proce-
dures. In this paper the approach to solution of this prob-
lem based on genetic programming is proposed. Reported
results of the benchmarks performed on ISCAS-89 circuits
confirm the efficiency of the proposed algorithm.
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