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MapannenbHbIW anropuTM MmoaenMpoBaHUA
LMcppOBbLIX CXEM C HEUCNPABHOCTAMM
ANA MHOrosiiepPHbIX CUCTEM C OOLWen NaMATbIO

IpensosxeH HOBBINA MapajlIeIbHBIA aTOPUTM MOJESIUPOBAHUS IH(POBBIX CXEM C HEUCIPaB-
HOCTSIMH, OCHOBAaHHBII Ha OZTHOBPEMEHHOM MHOTOIIOTOYHOM MOJIEINPOBAHUH I'PYIIT HEUCITPAB-
HOCTeHl [UIs KaXKI0ro BXOJHOTO Habopa, KOTAa B KaXKAOM IOTOKE MapajulesIbHO 10 paspsiiaM
MAaIIMHHOT'O CJIOBA MOJCIHMPYETCS IpyIina HeucrnpaBHocTel. [y yckopeHus paboThl JOTIOIHU-
TEJIFHO HCIIOJIB30BAaHO JTHHAMHYECKOe pa30MeHue CIMCKa HEMCIPABHOCTEH HA TakKhe TPYIIIbL.
[IpuBenens! pe3ynbTaThl MAIIMHHBIX SKCIIepUMEHTOB co cxemamu [ISCAS-89, npoBeneHHBIX Ha
12-snepHoii paboueil CTaHLIUH.

3aIpornoHOBaHO HOBUII apaienbHUi anropuT™ MOJEIIOBAHHS LIU(POBUX CXEM 13 OLIKOAKEH-
HSMHU, 0a30BaHMN HAa OJHOYACHOMY 0araTONOTOYHOMY MOAEIIOBAHHI IPYI MOLIKOIXKEHb IS
KOYKHOT'O BXiTHOIO HabOpy, KOJIU B KOKHOMY IIOTOL MAapasIesIbHO 33 PO3PsAaMH MAIIMHHOTO
CIIOBA MOJICTIOETHCS TPYIIa TONIKOKEHb. J{JIs MPHCKOPEHHS MPOIECy J0AATKOBO BUKOPHCTAHO
JVHAMIYHE PO3OHUTTS CITHCKY TONIKO/DKEHb Ha Taki rpymu. HaBeneHo pe3ymbTaTé MalIMmHHEX
excriepuMeHTiB 31 cxemamu ISCAS-89, npoBenenux Ha 12-sepHiil poOouiii craHiii.

Knwuesguvie cnoea: yugpposas cxema, Mooenuposanue ¢ HeUCnpagHOCMAMUY, NAPAIIebHble
6bIYUCTICHUS.

ANTOPUTMBI MOJICTUPOBAHMS YCTPOUCTB C HEUCIIPABHOCTSIMU BXOJISAT B YHUCIIO
HaunOoJiee MCIob3yeMbIX pa3zpadorunkaMu mudppossix cxeM (LIC). OcHoBHOE
UX Ha3HAYEHHE — OIpe/IesIeHIe MHOKECTBAa HEUCIIPAaBHOCTEH, 0OHapy KUBae-
MBIX 33JJaHHOW BXOJIHOM IMOCJIEN0BATENbHOCTHIO. Pe3ynapTaTroM paboThl anro-
PUTMOB MOJICTMPOBAHMSI SIBJISIOTCS CIIUCKU MPOBEPEHHBIX (HEMPOBEPEHHBIX)
HEHCIIPABHOCTEH, a WX OOIIMM HEZOCTATKOM MOXHO CYHTaTh TO, YTO JUIA
OOJBIINX CXEM IMPOLECC MOJSITMPOBAHUS MOXKET MPOIOJDKATHCS HECKOJIBKO
JICCSITKOB YacOB B CBSI3U C OOJIBIIMMHU CHUCKAaMHU aHAJIU3UPYEMBIX HEUCIPaB-
HocTed. [ToaToMy akTyaiapbHOW OCTaeTcs 3ajada MOCTPOSHUS OBICTPHIX allro-
putMoB MoxenupoBanus L[C ¢ HeucnpaBHOCTSIMH. J[OTTOTHUTENIEHBIM CTUMY-
JIOM TIPU 3TOM SIBJISIETCS PA3BUTHE aJTOPUTMOB MTOCTPOCHHUSI TECTOB, OCHOBAH-
HBIX Ha MojienupoBanuu [1, 2].
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[lepBble monbITKM ycKopeHHs mpouecca monenupoanus L[C cBsizanbl ¢
IIPUMEHEHUEM allllapaTHBIX aKcesnepaTopos [3]. PazBurue napajiesbHbIX BbI-
YUCIUTENIbHBIX CHCTEM IPUBEIO K pa3paboTKe MapaulebHBIX aJrOpUTMOB
MonenupoBanus [4, 5]. Haubosee morHO mocTpoeHne napauieIbHOTO alTOpHT-
Ma mozenupoBanus LIC ¢ HeucnpaBHOCTBIO paccMOTpeHO B pabore [6]. Anro-
PUTM TIpeHa3HAYeH I OBICTPOTO OMpPEIETICHUs TUArHOCTHYECKUX CBOWCTB
MPEJICTaBICHHON BXOJHOW IMOCJIEIOBATEIBLHOCTH. B KauecTBe Mepbl MpHUHATA
MOJIHOTA OTHOCHUTEIHHO TIOJTHOTO CITMCKA OJIMHOYHBIX KOHCTAHTHBIX HEUCTIPAB-
HocTed. Crenyer 3aMeTUTh, 4TO B Cllydae, Korja He0oOX0JIMMO BOCCTaHaBIIU-
BaTh MOBEJICHNE CXEMBI ITPH HAJTMYUN OJHOHN JTMOO HECKOJIBKUX HEHCIIPaBHOC-
Tel, JTaHHBIN MOAXO0] HEMPUMEHUM, MOCKOJIbKY HEMCIPABHOCTh UCKIIOYACTCS
U3 PAaCCMOTPEHUs B TOT MOMEHT, KOT/1a OHA OOHapy»KeHa MEePBBIN pas.

B HacTos1ee BpeMsi H3BECTHBI TPU OCHOBHBIE CXEMbI pacrapauieIuBaHus
anroputMoB MozenupoBanus LIC ¢ HencnpaBHOCTAMM.

1. Pazbuenue cnucxa neucnpasnocmeti |5, 7, 8]. IlonHbIN cUCOK HEHC-
npaBHOCTel F pa3buBaeTcs Ha HECKOJBKO MOJCIUCKOB F, F,,..., F,, KaXabli
13 KOTOPBIX EpeaeTcs Ha OTAENbHbIN MPOLECCOP CUCTEMBI, I71€ BHITTOJIHACTCS
€ro aHaJIW3 MOJEIMPOBAHMEM HA 3aJaHHON BXOJHOW IOCIIEOBATEIBHOCTH.
[Ipu Takolt cxeme KaIbli y3€i1 BBIYMCIUTENIBHON Cpeibl JOHKEH UMETh CBOKO
KOITMIO OITMCAHMsI CXEMBI M TeCTa. B HacTos1ee BpeMsl JaHHbBINA METO ITOJTyYHII
HauOoJbIlIee PacIpoCTpaHEHUE, TaK Kak oOyiajaeT xopoued macimradupye-
MOCTBIO IPU YBEJTHUYEHHH YHCIa mporueccopoB. [lomoOHbIe anropuTMbl JUIs
KJIACTEPHBIX CUCTEM C paclpeaeseHHON MaMsIThIO U JJI1 MHOTOSIIEPHBIX pado-
YUX CTAHIMK ¢ O0IIeH MaMsAThIO ONMcaHbl B pabotax [9, 10].

2. Pasouenue cxemor [11, 12]. Cxema pa30ouBaeTCsl HA HECKOJIBKO IMOJICXEM,
KaKast U3 KOTOPBIX MOJEJINPYETCS Ha OTJIEIBHOM Y3JI€ BBIYUCINTEIBHOMN CHC-
teMmbl. [logxoa nmpuMeHsieTcs: 1isi MOJICTMPOBAHMS UCTIPABHBIX CXEM U CXEM C
HeucnpaBHOCTSIMH. OCHOBHBIM IIPEUMYILECTBOM TaKOT'0 MOJXO0a ABJISETCS Cy-
IIECTBEHHOE yMEHbIIIEHHE TPeOOBaHMI K 3aTpaTaM MaMsTH, B KOTOPOW Xpa-
HUTCSI ONMCAHUE CXEMBbI, & HEJOCTATOK 3aKJIIOYAETCSl B TOM, YTO OT/EJIbHbIE
3aJa4M B mpoiiecce padoThl TOJKHBI B3aMMOJICHCTBOBATH MEXKIY COOOM, 4TO
BEJICT K CIIOKHOCTH peanuzanuu [13].

3. Pazbuenue mecma [14] 3akirodaercst B TOM, YTO BXOJIHASI MOCJEI0BA-
TenbHOCTh ' pa3OuBaeTcss Ha paJ mojnocienosarenbHoctedt 17,75,..,7T,, ¢
KOTOPBIMH (POPMUPYIOTCS 10/A3a1a49H (TIPOIECCHI) ISl BHIYMCIUTEIBHBIX y3-
10B. Bo Bpemst paboThI mpoLiecchl B3aUMOJICHCTBYIOT MEXTy CO00H, mH(pOpMu-
pyst O TOM, Kakue HEHCIPABHOCTH OOHApPY>KEHBI K TEKYIIEMY MOMEHTY Bpe-
MeHu. Eciu B 3a1aHHON BXOJIHOM NOCIIEI0BAaTEIbHOCTH HE M3BECTHBI TAKTHI
BPEMEHH, BKITIOYAIOIINE TIOIIOCIIEI0BATEILHOCTH (YTO CITy4aeTCsl JOCTATOYHO
4acTo), TO JaHHBIA METOJ HE MOKET ObITh IPUMEHEH.
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Bo300HOBIEHNE HHTEpECa K TapAJUIEIbHBIM BBIUUCICHHUSM U aIrOpUTMaM
00yCIIOBJIEH IUPOKUM PACTIPOCTPAHEHUEM pabOYUX CTAHIIUNA C MHOTOSIIEPHBI-
MU Tiporieccopamu [ 15]. [t pa3paOoTYMKOB TaKue CHCTEMBI KIIaCCH(DUITPYIOTCS
KaK TMapajuleJibHble BBIYMCIUTENbHbIE CUCTEMBbI ¢ 00mmel mamsareio. [lpemia-
raeMbIil HOBBIH MapajuiebHbIi anroputm MojenupoBanus L{C ¢ HencnpaBHoC-
TSAMU OPUEHTHPOBAH Ha PabOTy B TAKUX BBHIYUCIUTEIBHBIX CHCTEMAX.

K Tpem nepeuncieHHbIM BBIIIE CXeMaM J00aBIsSeTCs eIle OHa, COTJIACHO
KOTOpPOH pacnapaijieIMBaHUIO MTOABEPraeTcs MOJACIMPOBAHNE BCEX HEUCIIPAB-
HBIX CXEM Ha TEKyIleM BXOAHOM Habope. [Ipu 3ToM JOMONHUTENBHO UCIIOJb-
3yercs napajijiesibHOE M0 pa3psjiaM MalIMHHOIO CJIOBA MOJIEJIMPOBAHHE, a He-
UCTIPAaBHOCTH, 00pabaTbiBaeéMble BMECTE, Ha3bIBAIOTCS IPYIIION.

MonenupoBaHre HECKOIBKUX C(HOPMHUPOBAHHBIX TPYII HEHCIIPaBHOCTEH
OCYIIECTBISAETCS MapajlIebHO B pa3JIMYHBIX TOTOKAX. [[poBepeHHbIE TEKYLITUM
HAaOOpPOM HEHCIIPAaBHOCTH BBIYEPKHUBAIOTCS W3 CIHCKA U HE BKIIOYAIOTCA B
oyepenb Ha MOJETHPOBaHNUE B nanbHeimeM. [1pu sToM pakTuyecku npu moje-
JUPOBAHUM KaXI0TO BXOTHOTO HAOOpa peau3yeTcs IMHaMUIecKoe pa3oneHne
CIMCKAa HEMCIIPAaBHOCTEH, TaK KAK COCTAB IPYII MOCTOSIHHO MEHSETCS Ha Kak-
JIOM TaKTE€ MOJIEJIbHOTO BPEMEHH.

IMapaneabHbIH M0 pa3psAaIaM MAIIMHHOIO CJI0BA AJTOPUTM MOJeJIH-
POBaHMs ¢ IMHAMHYECKOI COPTHPOBKOI HeHCIIPABHOCTE. AJITOPUTM MO-
JETUPOBaHUs HU(PPOBBIX YCTPOMCTB ¢ HEUCTIPABHOCTSIMH, SIBJISIFOILIUIICS 0a30-
BBIM JIJIs IapAJUIETIbHON BEpCUH, HIeHHO ocHOBaH Ha anroputme PROOFS [16],
nopoOHOe OMUCaHue KOTOPOro npuBeaeHo B [17]. OCHOBHBIM MPEHMYIIECT-
BOM J@aHHOTO aJrOpUTMa SIBJISIETCS MapajuieNIbHOE MO pa3psiiaM MalIduHHOTO
CJIOBa MOJIEJIMPOBAHNE HEHCIIPABHOCTEH, YTO CYLIECTBEHHO MOBBIIIAET OBICT-
poIleiCTBIE. AJITOPUTM PACCYMTAH HA pabOTy ¢ CHHXPOHHBIMH ITOCIIEIOBA-
TEJIbHOCTHBIMU CXEMaMH, B KOTOPBIX BBIJIEISIETCS KOMOMHAIIMOHHAS 4acTh U
3JIEMEHTBI COCTOSIHUM, IIPENCTaBIEHHBIE D-TpurrepaMu. MonenupoBaHue Bbl-
MOJIHSAETCS MO0 TaKTaM BPEMEHU HUTEPALMOHHBIM MOJEIUPOBAHUEM KOMOMHA-
LIMOHHBIX YKBUBAJICHTOB.

Paccmotpum noapoOHee CTPpYyKTypy IaHHOTO aNropuTMa, Tak Kak ee Mo-
HUMAaHHE SIBJISIETCS] CYIIECTBEHHBIM JUIsl TIOCTPOCHMSI MapajuieIbHON BEPCHUU.
YKpynHEHHBIN IceBAOKO | anropuTmMa UMEET CIEAYIOIINI BUA:

MopenupoBaHue (Cxema, CnucokHencnpasHocTten, BxogHasllocnegosaTensHOCTb,

YucnoHabopos)

{
Muununanuzauus();
while( HomepHabopa < YucnoHabopos )

{

Habop=BxogHasiMNocnenosatensHocTb[HomepHabopa];
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SVI=Mopgenupoatb/cnpaBHytoCxemy(Cxema, Habop);

while( B cnucke ecTb HENPOBEPEHHbIE HEVMCNPaBHOCTY )

{
Mpynna=Cdopmuposartsl pynnyHeucnpasHocTen(CnucokHencnpaBHocTeR);
MopenupoaTbHeucnpasHbeieCxembil pynnbl(Cxema, Habop, Mpynna);
MposeputbTecTupyemoctbHeuncnpasHoctenBl pynne(SVI, 'pynna);
CoxpanutbCocTosHnsAnaHenposepeHHbixHencnpasHocTen(SVI, Npynna);

} /] xoHeL, uMKkNa No HeUcnpaBHOCTSM

} /] kOHel UMKna No BXOAHbIM Habopam
} /I kOHeu sapa MOAenMpoBaHua

OCHOBHOHM LMKJI MOJEJIMPOBAHUS MO BXOJHBIM HaboOpam BKJIIOYAET Clie-
myromye mard. s TeKyIero BXoJHOro Habopa MpoucxoIuT MOJISIMPOBaHHE
paboThl UCTIPABHOI CXEMBI, PE3YIbTATOM KOTOPOTro siBisieTcs MaccuB SVI 3Ha-
YEHUH CUTHAJIOB Ha BCEX JMHMUAX. 3HAYEHHs] CUTHAJIOB M3 JaHHOI'O MacCUBa
HCIOJIB3YIOTCS 1ajiee UIsl OIPEEeIICHUS:

1) akTUBHOCTH HEUCTIPABHOCTEW (HEAKTHBHBIC B JJAHHBI MOMEHT MO/IEIIb-
HOT'0 BPEMEHHU HEUCIPABHOCTH HE BKIIFOUAIOTCS B OU€pe/lb Ha MOJIEIMPOBAHUE);

2) MpOBEPSIEMOCTH HEUCTIPABHOCTEHN TIOCIIE X MOJICITUPOBAHNS,

3) 271eMEHTOB COCTOSIHMM HEHCIIPaBHBIX CXEM, KOTOpBIE CIIEIyeT coxpa-
HUTB JIJIs1 MOJICJIMPOBAHUS Ha CIEAYIOLUINX BXOJHBIX HA0Opax.

Jlamee OTKpbIBaeTCS LUK MO CNHUCKY HewcnpaBHocTed. [loka B crmcke
OCTaJIMCh HEMCIPABHOCTH, HE PACCMOTPEHHBIE HA TEKYIIEM BXOJIHOM Habope,
BBITIOJHSIOTCS cienytonue Aeiicteua. CHavana Gpopmupyercs rpyra Heucr-
PaBHOCTEH, KOTOPHIE OYAyT MOJEINPOBATHCS MMAPAJUICTBHO B PA3HBIX Pa3psaax
MAIIMHHOTO CJI0BA. 3aTEM BBIIOJIHAETCS NAapAJUIEIbHOE 10 pa3psaaM MalluH-
HOTO CJIOBA MOJICTTUPOBaHUE pabOTHI IPyMIIbl HeHcIpaBHbIX cxeM. [locie aToro
BBITIOJIHSETCS POBEpKa 0OHAPYKMMOCTH HEUCIPABHOCTEN TaHHBIM BXOJHBIM
Habopom. [IpoBepeHHass HENCIPABHOCTH BHIYEPKUBAETCS M3 CITUCKA HEUCTIPAB-
HocTell. Ecnum HekoTopas HeHCNnpaBHOCTh HE IPOBEpPUIIACh, TO JUISI HEE BbI-
MIOJIHSIETCS] COXPAHEHHWE COCTOSIHUN TpuUrrepos. Ilocie 3Toro nmpomomkaroTcs
LUKJIBI 110 HEUCTIPABHOCTSIM U BXOJHBIM HaOOpam.

OcCHOBHBIE OCOOCHHOCTH PAacCMAaTPUBAEMOT0 AJITOPUTMA CJIETYIOLIHE.

Junamuueckoe corcamue cnucka Heucnpasnocmeu. HercrpaBHOCTb, OOHa-
py’KE€HHasi Ha TEKyILEM BXOJHOM Habope, yJajseTcss U3 CIHCKAa HEUCIpPaB-
HOCTEH U, Cle[0BaTelIbHO, HE pACCMaTPUBACTCS B JJaIbHEHIIIEM.

Iapannenvroe mooenuposanue neucnpagHocmeti 8 paspsaoax MawuHHO20
cnosa ounamuyeckum obveounenuem 6 epynnol. I10CKOIBKY CIUCOK HEIpOBe-
PEHHBIX HEUCIPABHOCTEN MOCTOSIHHO U3MEHSETCS, U3MEHSIETCS U COCTaB TPYIIIT
HEUCTIPAaBHOCTEH, (POPMUPYEMBIX JIJISi COBMECTHOTO MOJICTUPOBAHUSI.
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Coxpanenue cocmosinuil HeucnpasHvix cxem. HeoOXoauMo 3arOMHUTH COC-
TOSIHME HEUCTIPABHOM CXEMBbI, IIOJYYEHHOE B pe3yJIbTaTe MOJICIMPOBAHUSI HEUCTI-
paBHOCTH B rpynne. C 3Toi Lenbio U1 KaKI0H HEUCIPaBHOCTH CO3/1aeTCs CIIUCOK
3HAYEHUH COCTOSIHUN TPUTTEPOB, B KOTOPOM COXPAHSIIOTCSI COCTOSTHHSI TOJIBKO TEX
TPUITEPOB, 3HAYEHUSI KOTOPBIX OTJIMYHBI OT 3HAYEHNUH B UCIIPABHOM CXEME.

IMapajuleJibHBIM 10 TPYNIIAM HEMCIIPABHOCTEH aJIrOPUTM MOJAEJIHPO-
BaHMA SBJISIETCS MHOTOIIOTOYHOM BEPCHEN ajJropuTMa, ONKMCAHHOIO BhIIIIE.

W3 nceBnokosa 1 BUIHO, YTO OH KMEET JBa LIUKJIA: IO BXOAHBIM HabOpam 1
M0 HEUCIPABHOCTSIM B ciiucke. PacnapanmienuBanue HanOoIbIINUX (PparMeHToB
KOJla JIOJDKHO 00ecreunBaTh JyUIIy0 MacliTaOUpyeMOCTb BCIEACTBUE YMEHb-
LIEHUS JI0JIM TIOCTeZIoBaTeNIbHOTrO0 Ko/1a. [loaTomy pacnapasuienuBanue cieryeT
HA4YMHATh C CaMOro BepXHEro uukia. OQHaKo B JaHHOM Cllydae 3TO He Ipejl-
CTaBJISIETCSI BO3MOKHBIM, TaK KaK HEJb3sI BBITIOJIHATH MOJICTTUPOBAHKUE HA Clie-
JYIOIIeM BXOJHOM HaOope i+l, He 3aKOHYMB MOJEIUPOBAHUE HA TEKYIEM
Habope i, TOCKOJIbKY He OyIyT OnpeeseHbl COCTOSHUS CXEM B MOMEHT Tiepe-
xoJ1a oT Habopa i kK Habopy i+1.

B numkie mo HEeMCHIpaBHOCTSM PacIONIOKEHO HECKONIbKO (yHKui. Hau-
Oonbllasi BHIYMCIUTENbHAS HArpy3ka MPUXOAWTCS Ha (DyHKIUIO Mopenupo-
BaTbHeucnpasHbleCxeMbllpynnbl. BBIMOIHEHNE MOJAEIMPOBAHUS IPYIIIbI HEHUCII-
paBHOCTEH Ha TEKYIIIEM BXOTHOM Ha0Ope He BIHSAET Ha MOJISTTHPOBAHHE IPYTON
rpynnsl Ha 3ToM ke HaOope. [losToMy MopenupoBaHue TaKUX TpyHN IMpej-
CTaBJsieT co0Oil He3aBHCHMBIE BETBU IMPOTPaMMBbI, ¥ MOXHO OpPIraHU30BaTh
MapajuIeTIbHOE BHIMOJIHEHHE HECKOJIBKUX TaKuX (DYHKIIUH.

OCHOBHBIM NIPOTrPAMMHBIM CPEJICTBOM PEATU3ALMH [TAPAJUIEITbHBIX BBIYHC-
JIGHUH B COBPEMEHHBIX Cpelax MpOrpaMMHMPOBAHUsS SIBISIIOTCS MOTOKH. Mx
rapagurMy noJAepKMBAIOT BCE COBPEMEHHBIE SI3bIKU pOrpaMMupoBanus. [1o-
TOKH TMPEICTABIISAIOT CO00H (PparMeHThI MPOrPaMMHOTO KOJIa, KOTOPBIE BBITIOJI-
HAIOTCSl MapajulesibHO, T.€. HE B IPEANHCAHHOM NOpsAJKE BO BpemeHH. Mx
B3aMMO/IEIICTBHE 00ECIICUNBAIOT CTICIUATLHBIE MEXAHNU3MBI U TIPOLIEAYPHI.

OcHOBHbIE Onepaluy ¢ TOTOKAMU CJIEAYIOIIKE: CO3aHue, 3allyCK Ha BbI-
MOJIHEHUE, IPUOCTAHOBKA, OKUAAHUE OKOHYaHMs U yjaieHue. CoBpeMEeHHbIE
MPOIIECCOPBI CaMU OTPEEIIAIOT, Ha KAKOM M3 siiep OyJEeT BBIMOIHATHCA KO
notoka. CyIliecTBYIOT CpEJCTBA MPUBSA3KU MOTOKA K BEIUUCIUTEIbHBIM SIPAM,
OJIHAKO 3TO YacTO 3aMeJIJISIeT BBIMIOJHEHUE MOTOKa. B mapasenbHOl BbIYHMC-
JUTENbHON cpeie HauOoJIblIee YCKOPEHUE IMOJIy4aeTcsi B Clydyae MPUBSI3KU
IIOTOKOB, TOITYCKAOIIEH NX MUTPALIUIO MEKIY SIAPAMHA BHYTPH OJHOTO COKETa
6o BeruncauTenabHoro ysna [18]. Yucno nmorokoB, Heobxonumoe s ma-
pAJUIENBHOTO 3aITyCKa, CIEAYET ONPENEIATh SKCIIEPUMEHTAIBHO.

Takum oOpa3om, st OpraHu3aluy NapauieIbHOTO BHITOTHEHHS (PYHKITHIO
MoaenvposaTtsHencnpasHbieCxeMbI pynnbl HEOOXO0UMO pcain30BaTh Kak NOTOKO-
BBII KJ1acc, KOTOPBIH OyJeT coaepKaTh MPOrPaMMHBIN KOJI COOTBETCTBYIOIIEH
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(dbyHKIIMKM U3 TIOCNIeIOBATEbHON peann3ari. [10CKONbKy Takue MOTOKHU SIB-
JISTFOTCSI HE3aBUCHUMBIMU M HE B3aUMOJICHCTBYIOT, HET HEOOXOAMMOCTH CHHXPO-
HHU3UPOBATh UX BBIIOJHCHHUE.

B ke mo HEMCNPaBHOCTSM PACIIOIOKEHBI TAKIKE HECKOJIBKO (DYHKITHIA.
OuyeBuHO, YTO MHpoUEAYyphl [NposepuTbTecTupyemocTbHencnpasHocTenBpynne U
CoxpanutbCocTosHnsAnaHenposepeHHbIxHencnpasHocTel JICTKO TNEPEHOCATCS B (bop—
MHUpyeMbIid TOTOK. DyHKIMSA ChopmuposaTsl pynnyHevcnpasHocTen IBIISIETCS MO~
TOTOBUTEILHOM M HE MOXET OBITh BHEApPEHa B MOTOK. OTHAKO ATO HE JOHKHO
MOBJUSITh HA MPOU3BOJUTEIBHOCTD, TTOCKOJIbKY (DYHKIIMS BBITIOIHSET CaMble
MUHUMAaJIbHbIE BBIUUCIUTENbHBIE NEUCTBUS: B COOTBETCTBYIOIINI MAacCUB 3a-
HOCSITCSI yKa3aTelld HEUCIPaBHOCTEH, POPMUPYIOIIHMX TPYIIITY.

[TceBnokoy 2 Takol peain3aiuu B TEPMUHAX TOTOKOB UMEET BUJ:

MapannensHoeMopenuposaHue 1(Cxema, CnnucokHencnpasHocTen,
BxogHasiMNocnepoBaTtensHocTb, YncnoHabopos, YucnolloTokoB)
{
WHunumanuzaums();
CospartblloTokmuMogenupoBaHusHeuncnpasHocTel();
while( HomepHabopa < YucnoHa6opos )
{
Habop=BxogHaslocnenosartensHocts[HomepHabopa];
SVI=MopgenuposaTtb/cnpaBHytoCxemy(Cxema, Habop);
while( B cnvcke ecTb HENPOBEPEHHbIE HEUCTPABHOCTM )

{

for( Homepllotoka=0 ; HomeplloToka<HucnolloTokoB ; HomeplloToka++ )

{
Mpynna=Cdopmuposatbl pynnyHencnpasHocten(CnucokHencnpasHocTen);
MoTokMopenupoBanusHeucnpasHocTen[HomeplloTokal->OaHHbie(Habop,SVI,
pynna);
MoTtokMogenuposaHusHeucnpasHocten[HomeplloTokal->3anyctutslToTok();

}

/I XOoaTb OKOHYaHUSA MOAENUPOBAHUSA BCEX MOTOKOB C HEUCTNPABHOCTSIMU

for( Homepllotoka=0 ; HomeplloToka<HucnolloTokoB ; HomeplloToka++ )

{

MotokMopgenuposaHusHencnpasHocten[HomeplloToka]->>XaatbOkoHYaHus();
}
} /I xoHeL, uMkna No HeMcnpaBHOCTSIM
} /] kKOHeL LMKna no BXoAHbIM Habopam
YpanutsloTtokuMopaenupoanusi();
} /l kOHeL sAapa MoAenupoBaHnst

3I[CCB nepeMeHHas Yucnollotokos ITOKA3bIBAECT YUCJIO OJHOBPEMEHHO BbI-
MOJTHIEMBIX TTOTOKOB. Ee 3HaueHue CIEAYCT ONPCACTIATh SKCIICPUMCHTAJIBHO.
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PexkomMenayeTcss mpu MOCTPOCHUHM MHOTOMOTOYHBIX MPHIIOKEHUN BBHIOMPATH
3Ha4YEHHE, PaBHOE YHCITYy JOIMYECKHUX siiep B cucreme [19].

MaccuB MoTtokMopaenuposaHusiHencnpasHocTen COZICPIKHUT HE00XOAUMOE YHC-
JI0 yKazaTeyeld Ha OOBEKT JaHHOTO Kilacca. B Hero BKIIIOYEH KOJ (PYHKIHN
MopenupoaTbHeucnpasHbieCxeMbil pynnbl, MNpoBepuTbTecTnpyemocteHeucnpasHocTen
Blpynne U CoxpaHutbCoctosHuadnsHenposepeHHbixHencnpasHocTen U3 TIceBAOKoAa 1
alropuTMa.

Yacroe mpuMeHEHHE MPOIenyphl co3aanus (yIaJeHus1) TOTOKOB MOKET
CYIIECTBEHHO YMEHBIINTH NPOU3BOAUTEIBHOCTD NpHIIOXKEHUs. [loaTOMy B Ha-
gasie paboThI CIeMyeT COo3/aTh IyJl TOTOKOB, paboTa ¢ KOTOPBIMU OCYIIIECTB-
JIAETCS 3aIyCKOM U MTPUOCTAHOBKOA.

N3 niceBioko/a 2 BUJIHO, YTO BBITIOJTHEHO pacnapaliieinBanue parMeHTa,
B KOTOPOM OCYIIECTBIISIETCSI MOJETHpPOBAaHUE PabOTHI TPYIIT HEMCIPABHBIX
cxeM. [lepen 3Tum pparMeHTOM BBIOTHICTCS PYHKIIMS MOJCIIUPOBAHUS padO-
ThI UCTIPaBHOM cxeMbl. ClieI0BaTeNIbHO, MEPe/I NapaJIeIbHBIM YYaCTKOM KOJ1a
CTOUT OOJBIION (PparMeHT MMOCIEeIOBATEITLHOTO KOJIa, KOTOPBIN TaKKe Kea-
TENLHO BHITIOJIHUTH MapauIeNIbHO ¢ OcTanbHBIMUA. OTHAKO HANIPSIMYIO CO3/7aTh U
3aIyCTUTh TOTOK MOJICIUPOBAHUS UCITPABHON CXEMbI HEBO3MOXKHO, IOCKOJIBKY
B HEH BBIYUCIISIOTCS 3HAUCHUS HA JIMHUSIX CXEMbl, HEOOXOIUMBIE [T CIIEAYIO-
[IAX HUXKE 10 KOAY NPOLEAYP MOAECIUPOBAHUS C HEUCIIPABHOCTSAMMU.

B 10 xe Bpemsi, pacnapauieTuBaHue JaHHOTO (hparMeHTa BO3MOXKHO. JlJis
3TOTO CO3/1aeM JIONIOJHUTENIbHBINA MOTOK, COEepKAIINi Ko QYHKINU Mopenu-
posaTbMcnpasHytoCxemy. Ha miare i mogenupyeM paboTy MCIPaBHOW CXEMbl HA
Habope i+1, pe3yJabTaThl KOTOPOW MCIOIb3yeM JJisi MOJEIUPOBAHUS TPYIII
HEUCIPAaBHOCTEH Ha CJIEeMyIONIe UTepalui UKIIa 1Mo BXOAHBIM Habopam. J[o
OTKPBITHS IHUKJIA TIO BXOJIHBIM Ha0OpaM CJICYeT BBITIOJIHUTH MOJACIUPOBAHUE
paboTHI UCTTPABHOM CXEMBI JIJIsl IEPBOTO TAKTa MOJIEIIBHOTO BpeMeHU. [Ipu aToM
MPUAETCS CO3JaTh JIBE KOMTMU MAacCHBa 3HaYE€HUN CUTHAJIOB B UCIPAaBHOW CXe-
Me: SVI—wucnonb3yercst 11 MOACIUPOBAHUS TPYIIIT HEUCTIPABHOCTEH HA TEKY-
miem BxogHoM Habope, SVINEXT — s mpeaBapUTEIbHOTO BBIYMCICHUS
3HAYEHUI B UCIIPABHOU CXEME.

[Tocre oxoHUaHUS MOACTUPOBAHUS PAOOTHI HMCIPABHOW CXEMBI TIEpe]
MepeXoJIOM K CIIeyIoIeMy Habopy HEOOXOJMMO Tepernucatbh 3HAYCHUs W3
SVINEXT B SVI, 4ro peanusyercs npoCTbIM IIPUCBaNBaHUEM YKa3aTels.

[TceBmokoy 3 Takoi peamu3aiuy CIEyFOIIHA:

MapannensHoeMogenvpoBaHue2(Cxema, CnncokHencnpasHocTen,
BxogHasllocnegosaTtensHocTh, YncnoHabopos, YucnolloTokos)
WHunumanusaums();
MopenuposaHuelcnpaBHonCxemsl ->CosaaTbl1oTok();
CosparblloTtoknMogenuposaHusiHencnpasHocTen(4umcnolloTokos);
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// BbINOMHUTL MOAENMPOBaHME A1 UCNPABHOWM CXeMbl Ha nepBoM Habope
MopenupoBaHuelcnpaBHonCxembl->[OaHHble(BxogHasalocnenosatensHocTs[0]);
MopenupoBaHuelcnpaBHoNCxeMbl->3anycTuTbl1oTokK();
SVI=MopgenupoaHuelcnpaBHonCxembl->XKaaTbOcTaHOBKNU();

while( TekywwminHabop < YncnoHabopos )

{

Habop=BxogHasNocnenosaTtensHoctb[HomepHabopal;
CnepyrowminHabop=BxogHasallocneaoeatensHocTb[HomepHabopa+1];

/I 3anyckaem NOTOK MOAENMPOBaHWSA UCMPaBHOW CXeMbl AN

/I cnepytouero BxogHoro Habopa
MogenupoBaHuelcnpasHoCxembl->INoarotoutbaHHble(Cxema, CneaytominHabop);
MogenuposaHnelcnpaBHonCxembl->3anycTuTbl1oToK();

while( B crnimcke ecTb HENPOBEPEHHbIE HEVCNPABHOCTY )

{

for( HomeplloTtoka=0 ; HomeplloTtoka<HucnolloTokoB ; HomeplloToka++ )
{
Mpynna=Cdopmuposatbl pynnyHencnpasHocTen(CnncokHencnpasHocTen);
MoTtokmMopgenupoBaHusiHencnpasHocTen[HomeplloToka]->OaHHblie(Habop, SVI,
pynna);
MotokmMopgenuposaHusHeucnpasHocTen[HomeplloToka]->3anyctutblloTok();
}
/I XpaTb OKOHYaHUS MOOENUPOBAHMSA BCEX MOTOKOB C HEUCMPABHOCTSIMU
for( HomeplloToka=0 ; HomeplloTtoka<HucnolloTokoB ; HomeplloToka++ )
{
MotokMopenupoBaHusiHencnpasHocten[HomeplloToka]->>KaatsOcTtaHoBku();
}
} /I xoHeL, uMkna No HemcnpaBHOCTSIM
/[ XpaTb OKOHYaHUSA MOAENMPOBAHUSA NCMPABHOM CXeMbI 4118 creayoLwero Habopa
SVINEXT=MogenuposaHuelcnpaBHonCxembl->XXaaTeOcTaHoBKu();
/| 3aNOMHUTL COCTOSIHME MCMPaBHOW CXeMbl AN MOAENMPOBaHUSA
/I ¢ HencnpaBHOCTAMU Ha crnef.utTepauun
SVI=SVINext;
} // koHeL, uukna nNo BXOAHbIM Habopam
YpanutsloTtoknMopaenupoBanusi();
/] kOHeL sapa MoaenuMpoBaHnst

Kak BHUJIHO M3 IICCBJOKOa 3, pacapajICICHbI 00a TITaBHBIX UKJIa ITOCJIC-

JIOBaTeNbHOU Bepcuu ayiroputMa. C ydeToM JOMOTHUTEIBHOIO TIOTOKAa MO-
JIEIMPOBAHUS HCIPABHOW CXEMBI YHCJIO TApAJUICIBbHBIX ITOTOKOB pPaBHO
YucnolMoTtokos +1.

[TocTpoeHHBII MO TaKOM CXEME aJrOpUTM MOJEIUPOBAHUS HE OTHOCUTCSA

HH K O)IHOﬁ N3 NEPCUUCIICHHBIX BBIIIC CXEM IMOCTPOCHUS MapallICJIbHBIX BEP-
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cuii. Hanbosee 6:1m30k oH K cxeme 1, CoriacHO KOTOPOH BBITIOIHSAETCS pa30ue-
HUE TecTa JJIsl MOJIEIMPOBAHUS HA PA3IMYHBIX Y3/IaX BHIYUCIUTEIBHON CHCTEMBI.
OpnHako, paccMaTpuBaeMasi cxeMa He MMeeT Tpe/IBapUTEILHOTO pa30MeHus CIIuC-
Ka HEMCIIPAaBHOCTEH U MPUBSI3KH MOJICTIMCKOB K y3JIaM BBIYHCIUTEITEHON CHCTEMBI.
Bmecto sTor0 pazorenne Ha rpymIibl HEUCIPABHOCTEH MPOMCXOUT AUHAMHYECKH
JUIsL KQKI0TO BXOJHOTO BEKTOpa BO BXOJJHOM MOCIIEA0BATENBHOCTH.

Kpome Toro, anroputMm paccuMTaH Ha MHOTONPOLIECCOPHYIO CHCTEMY C
o01eit naMsThIO U, CIIEZI0BAaTENIbHO, HET HEOOXOAMMOCTH MEPEAaBATh KAXKIOMY
BBIYUCIUTEILHOMY SIJIPY OMUCAHUE CXEMBI M (HOPMHUPYEMBbIE CITUCKU HEUCTIPAB-
Hocteil. Eciin mosiBUTCS HEOOXOJMMOCTD aJalTUPOBATh aJITOPUTM K MHOTOIIPO-
LIECCOPHBIM CHCTEMaM C pa3lelbHOM MaMATBhIO, TO CIEIYyeT MPeIyCMOTPETh
COOTBETCTBYIOIIME ITPOLEyphl NIEPejaul JaHHBIX U IIPHEMa Pe3yJIbTaTOB MO-
JenvupoBanus [9].

JKcnepuMeHTAa/IbHBIE AaHHbIe. [IpenocraBicHHBI KommaHuen Intel
noctym k tabopatopurt MTL (Manycore Testing Lab), mo3Bomwt AucTaHIIMOH-
HO OpraHu3oBaTh padoTy ¢ pabouel cTaHIMEH Mo yIpaBIeHUEM OMepalioH-
Hoit cuctembl MS Windows Server 2008 R2. Muorosinepaas BC conepxaia
nBa rporeccopa Intel(R) Xeon CPU X5650 ¢ wacrotoii 2,67 ['T11 (B kKaXxaom 1mo
IIeCTh BBIYUCIUTENBHBIX sifiep), TexHomorusi HyperThreading — BoikitoueHa,
o0beM oneparuBHOW mamsaTu 16 I'6. @ynkuus GetSystemInfo() mokassiBana
Haym4ne 12-TH BBIYHUCIUTENBHBIX AIep B CUCTEME.

[IpoBeneHo ABE cepuy SKCIIEPUMEHTOB, LIETBI0 KOTOPBIX OBLIO MOTyYeHUE
OTBETOB Ha TaKHE BOIPOCHI:

1. Cnenyer nu HCIONB30BATh OTJCIBHOE OMUCAHUE CXEM JUIS KaXI0TO
[IOTOKA MOJIETTUPOBAHMUS?

2. Hackonbko XOpouio Macitabupyem MnpeaaoKeHHbIA alropuTm?

Jiist mpoBeieHus! SKCIIEPUMEHTOB HCTIOIb30BaHbl KOHTPOJIbHBIE CXEMBI U3
MexayHapoaHoro kataiora ISCAS-89 [20].

llepsas cepus sxcnepumenmos (npeosapumenvuas). VI3BeCTHO, 4TO MOA-
CUCTEMBI ITaMATH B IMapaJJIeIbHBIX BBIYUCIUTEIBHBIX CUCTEMAX SBIISTIOTCS «Y3-
KHM» MECTOM, IOCKOJBbKY C MX MOMOUIbIO BCE MPOLECCOPBl JOJKHBI OBITh
obecriedeHbl HeOOXOAUMBIMU JaHHBIMU U1 paboTel. Hanbomnbimuii 06bem na-
MSITH TIPM MOJICIIMPOBAHUU TPeOyeTcs Uil OMHMCAHHs CXEMBbl B BHJIE TaOJIHII
[21]. Cnenyer nu B cucTeMax paccMaTpUBAEMOr0 Kilacca JUIsl KaxJa0ro MmoToKa
MOJIETTMPOBAHUS UCIOIb30BaTh OTJEIIbHOE OMMCAaHUE B BUJE TaOIMI] MII JJOC-
TaTOYHO OJIHOTO OOIIEro ONMUCAHUsA?

Jist mosryueHust OTBETA Ha IAHHBIN BOMIPOC MPOrPaMMHO PEaTr30BaHbI 1BE
Momudukammu anroputMma. B mepBoil Momamdukanmm mwMmenach OgHa KOS
Ta0JIML OMMCAHUS CXEMBbI, @ BO BTOPOH — J10 Havasia mpouecca MOJAeIMpOBaHuUs
OBLIO CO3/ITaHO HEOOXOIMMOE YUCIIO KOTINH JAHHBIX TaOJHII (110 YHCITy TOTOKOB
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0 2 4 6 8§ 10 12 20 28 36 44 p

Puc. 1. T'papukn 3aBucumoctd S oT P st 1ByX Moaudukanuii anroputma: € — o0rue
Ta0auLbl; B — pa3aebHble TaOIULIbI

MOJIETTMPOBaHM), yKa3aTeJId Ha KOTOpbIE NEpeJaBaIiCh IOTOKAM B KaueCTBE
apryMeHTOB.

DKCTIepUMEHTHI OBLITN TIPOBEACHBI JJISI CXeMBbI CpeiHel pasmepHocTr $9234
M COCTOSUTH B 3aIlyCKe MPOTpamMMbl MOJICIHUPOBAHUS C U3MEHSIEMBIM UHCIIOM
OJTHOBPEMEHHO BBITIOJHIEMBIX MOTOKOB. Ha puc. 1 mpuBenens! rpaduku Kodd-
¢unmenTa yckopeHus: S pabOThl aITOPUTMa B 3aBUCUMOCTH OT YHCIIa Mapaj-
JIENIbHBIX MMOTOKOB P aiist o0enx moaudukanuii. 3 puc. 1 BUaHO, YTO MpaKTH-
YeCKH HE MMEET 3HAUCHHUsS, KaKue TaOJIMIIbI OMHCAHUS CXEM HCIOJIb30BaHbI:
obmmue wim paznensHele. [loatomy panbHeiinas pa3padoTKa aropuTMa BbITIOIHS -
Jach TSI MOAU(PHUKAIH ¢ OOITMMH TaOJIUIIaMHU.

Bmopas cepus sxcnepumenmos. bbuin uccneoBaHbl CBOMCTBA MacITaOu-
PYEMOCTH MapajuieIbHOrO aJropuTMa MOJECIUPOBAHUS IO FPyIIaM HEUCIPaB-
HocTel. UMC0 0THOBPEMEHHO BBIITOJIHAEMBIX [IOTOKOB U3MEHSIOCH OT OIHOTO
10 18. MakcumalibHOE YHCII0 TOTOKOB BBIOPAHO OOJIBIIIE YHCIIA 1P CUCTEMBI,
9TOOBI MOYKHO OBUIO TOYHO OMPEJICTUTH dKCTPEMYM B rpadukax yCKOPSHHUS.
YuceHHbIe pe3yNbTaThl SKCIIEPUMEHTOB MPUBEICHBI B TAOIHIIE.

BaXHBIMU XapaKTepUCTHKAaMH NApaJUIEIbHBIX aITOPUTMOB SIBIISIFOTCS YCKO-
penue S, 3¢ (HeKTUBHOCTH UCTIONB30BAHMS siiep £ U 10715 f 1OCIIeI0BATEIHHOTO
koza [22].

YckopeHne npu napaienbHON pealn3aluy alropuTMa Juis p mpoLecco-
poB (110TOKOB), onpezernsieM 1o popmyie S ,(n) =T,(n)/T, (1), Tie n — mapa-
METpP BBIUUCIUTEIBHOH CI0KHOCTH aropuT™a; 7;(n) — BpeMs BBIIOJIHEHUS
MapajuIeIbHOTO aIrOpUTMa Ha CUCTEME C i IPOLIECCOPAMH.

D¢ HekTHBHOCTH MCTIONB30BaHUS MTPOLIECCOPOB (sep) MPH MapaIeIbHOMI
peanu3anuy alropuTMa pacCYUThIBaeM o Gopmyie

Ti(n) :Sp(n)‘
pT,(n) p

E,(n)=
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Jlonst mocaenoBaTebHOrO Kojia (IOCIeI0BAaTeNbHBIX BBIYUCIICHUI) f SB-
JISIETCsT OLIEHKOM CBOWMCTB aJITOpPUTMA K pacrapauIeIuBaHUIO U OIPEAEIseTCs

1o 3aKoHy Amjana [22]:
p/S, -1

p-1

B Tabnwie npuBeneHb! BHIYMCICHHBIC 3HAYCHUST YKa3aHHBIX MTapaMeTPOB.
Crnenyer 3aMeTUTb, UTO 3HAUCHUS S HECKOJIbKO 3aHUKEHbI OTHOCUTEIILHO I10-
CJIEIOBATEILHOM BEPCUM aNTOPUTMA. DTO CBSI3aHO C TEM, YTO KOT/]a B KAUECTBE
rnapamMeTpa yka3aH OJIMH TOTOK MOJISJIMPOBAHUS C HEUCITPABHOCTSIMH, B JICHCT-
BUTEJILHOCTH BBITIOIHSIOTCS JBa MOTOKA: MOTOK MOJICTUPOBAHMS HCIIPABHON
CXEMBI JUI CJIEIYIOIIEro BXOAHOro Habopa M MOTOK MOJEIUPOBAHUS TPYTIITBI
HEUCIPABHOCTEH I TEKYIIEro Habopa.

Jliis TO4HOTO 3aMepa BpeMeHH padOoThl OTHOIOTOKOBOTO PUIIOKEHUS He-
00XOJMMO BBITIOJHUTH IOCJIEI0BATEIbHBIA 3aIyCK 3THX MOTOKOB. OHAKO

f

XapaKTepHCTI/IKI/I TapajuIeJibHOT'O aJiropuT™Ma MOJACIMPOBAHUS L[C C HCUCITPABHOCTAMU

Yucio
MOTO- $9234 $35932 s38417 s38584 s38584 1
KOB

S E I N E f S E f N E I N E f

98 (0,08 1 |619[0,08| 1 |2441/008| 1 [2792/0,08| 1 [1512(0,08| 1
1,78 10,15 (0,52 1,96 0,16 | 0,47 [ 2,04 | 0,17 0,44 1,92 | 0,16 | 0,48 | 1,38 | 0,11 | 0,70
2,51[0,21]0,34(2,88(0,24 0,29 [2,90|0,24|0,29 [ 2,79 [ 0,23 |0,30|2,00 | 0,17 | 0,45
3,16 10,26 0,25(3,73 0,31 0,20 | 3,86|0,32 0,19 3,66 | 0,31 0,21 |2,62 0,22 | 0,32
3,38 10,28 0,23 (4,30 |0,36 | 0,16 | 4,40| 0,37 | 0,16 [ 4,20 | 0,35|0,17 | 3,05 [ 0,25 | 0,27
3,06 0,26 0,27(3,92 0,33 0,19 3,89(0,32 0,19 3,81 0,32]0,20|2,70 [ 0,23 | 0,31
3,38 10,28 0,24 (4,30 |0,36 | 0,16 | 4,50 | 0,38 | 0,15 [ 4,28 | 0,36 | 0,16 | 3,12 [ 0,26 | 0,26
3,7710,310,20 | 4,84 | 0,40 | 0,13 | 4,83 | 0,40 | 0,13 [ 4,84 | 0,40 0,13 | 3,60 [ 0,30 | 0,21
4,08(0,34|0,18(5,29(0,44 0,12 [5,35|0,45|0,11|5,25 0,44 |0,12|3,99(0,33 | 0,18
426(0,36(0,17|5,68(0,47]0,10|5,77| 0,48 0,10 | 5,67 | 0,47 | 0,10 | 4,26 | 0,35 | 0,17
4,67(0,39(0,14(6,19(0,52 [ 0,08 | 6,72 0,56 | 0,07 | 6,24 [ 0,52 | 0,08 | 4,61 | 0,38 | 0,15
445(0,370,15(5,07|042 0,12 |5,42|0,45|0,11 4,99 | 0,41 | 0,13 3,34 (0,28 | 0,24
3,9210,330,19 (4,95 0,41 |0,13|5,31(0,44|0,11[5,090,42(0,12 3,54 (0,30 | 0,22
3,9210,330,19]4,73 0,39 | 0,14 | 5,55| 0,46 | 0,11 [ 5,19 0,43 | 0,12 | 3,61 [ 0,30 | 0,21
3,9210,33(0,19|4,45[0,37|0,15|5,05(0,42 0,12 (5,09 |0,42|0,16 | 3,48 [ 0,29 | 0,22
3,06 | 0,26 0,27 4,33 (0,36 | 0,16 | 4,69 0,42 | 0,14 [ 4,40 [ 0,37| 0,16 |3,38 | 0,28 [ 0,23
2,97 (0,25 0,28 4,27(0,36 | 0,16 | 4,71 0,39 0,14 | 4,38 [ 0,36 | 0,16 | 3,36 | 0,28 | 0,23
18 [2,80]0,23(0,30 (4,21 [0,35]0,17|4,66|0,39 | 0,14 |4,42|0,37|0,16 |3,35|0,28 | 0,23

O 0 3 &N L B W N o~

e e T e e T e S =
~N O W bW N = O

Ipumeuanue. TIONYKUPHBIM MPUPTOM yKa3aHO BpeMsl MOAEIUPOBaHus T B CEKyHaX; OCTalb-
HbIe 3HaueHus S, E U f— Ge3pa3MepHbIC BEIIMYNHBI.
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0 2 4 6 8 10 12 14 16 18 p

Puc. 2. 3aBucumoctr Hanmy4mwx (1), ycpeaHeHHbIx (2) n Hanxyamux (3) 3HaueHnid S OT uncia
IIOTOKOB MOZEIUPOBAHUS C HEUCIPABHOCTSIMU

TaKOH BO3MOXKHOCTH He ObUIO B CBSI3U C OIPAaHUYEHHBIM BPEMEHEM JI0CTyTa K
MTL. [To3ToMy oIieHKa ObLiIa BBHITIOTHEHA HA KOMITBIOTEPE C YETHIPEXSIIEPHBIM
nporeccopom Intel Core2 Quad Q6600. YkazaHHbIe M3MEHEHHUS BHECCHBI B
MIPOrPaMMHBIN KOJ U OIPEIETIEHO 3HaYeHue S, TOCTUraeMOoe TP BBIJIEICHNU B
OTZIETIbHBIN TOTOK MOJEIMPOBAHUS [IOBEICHUSI UCITPaBHOM cxeMbl. B skcrniepu-
MEHTaX OHO COCTaBJISUIO OT JIByX JI0 YEThIpeX MpoueHToB. ClieJ0BATEIbHO, B
TaKMX IMpeieiax HaXOJUTCsI 1 TOYHOCTD IaHHBIX, IPUBEICHHBIX B TA0IHIIE, YTO
SIBJIIETCS] IPUEMJIEMbIM /111 KAYECTBEHHOM OLICHKHU.

AHanu3 MPUBEJICHHBIX YMCIOBBIX 3HAYEHUH TO3BOJISET CIENIaTh BBIBOI O
TOM, YTO HauOOJIblIIEe YCKOPEHHUE NIl BCEX CXEM JIOCTHraeTcsl, Korjaa napai-
JIEJIBHO BBINOJIHAETCA 11 MOTOKOB MOAENMPOBAaHUS IPYMIl HEUCIPABHOCTEM.
[Ipu 3TOM peanbHOE YUCIIO NapajielbHbIX TOTOKOB paBHO 12, T.e. 11 nmoTokoB
MOJIETTMPOBAHMS I'PYIIIT HEUCIIPABHOCTEH IUTFOC OTOK MOJIEIMPOBAHMSI UCTIPAB-
HOM CXEeMBI, UTO COOTBETCTBYET YHCIY BHIYUCIUTEIBHBIX SIIEP B CUCTEME.

I'paduxu 3aBuCHMOCTH KOI(P(UIMEHTA YCKOPEHHUS OT YHMClia OJHOBpE-
MEHHBIX BEIYUCIUTEIHHBIX TOTOKOB ISl CITy4aeB HAHOOJIBIIET0, HAMMEHBIIIETO
1 YCPETHEHHOT0 YCKOPEHUS IPUBECHBI Ha puC. 2.

Crenmyer 3aMeTHTb, UTO JJIS1 BCEX CXEM HauMEHbIIIee 3HaYeHNE S He TPEBbI-
maet 4,61. [Ipu aTom pazdpoc 3HaUeHUN JAHHOTO MapaMeTpa COCTABISAET OT
4,61 1o 6,72. 3T0 KaYECTBEHHO OTJIMYAET MOJyUYCHHBIE PE3YJIbTAThI OT Pe3yJIib-
TaTOB paboTHI [6], B KOTOPOIi pazdpoc 3HAUEHUH HTOTO MapaMeTpa COCTaBIISIET
ot 1,10 no 7,31 Ha BoceMuIiporieccopHoii cucteme iPSC/860.

BoIBOaBI

[pemnoxxeHHbI HOBBIN MapaUIeNbHBI AITOPUTM MOAEIUPOBAHUS IM(POBBIX
YCTPOWCTB C HEUCIIPABHOCTSAMU 3aKJII0YAETCA B pacliapauIeIMBaHUU MOZEINPOBA-
HHS TPYII HEUCHPABHOCTEHN VIS KaXXJI0ro BXOAHOro Habopa. i yMeHbIeHus
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lMapannenbHbil an2opumm MoOeupo8aHUs LUGPO8bLIX CXeM

JIOJIN TIOCJIEIOBATENBHOIO KO/IA AOMOJIHUTENILHO OPraHU3yeTCsl MOTOK MOJIEIIUPO-
BaHMs PabOThI UCIIPABHON CXEMBbI JUIs CJIETYIOIIEr0 BXOJHOro Habopa.

Pe3ynpraThl MAITMHHBIX YKCTIEPUMEHTOB CBUJICTEIIHCTBYIO O XOPOIIIEH MacII-
TaOMpPyeMOCTH HapaJlIeIbHON BEPCHH aITOPUTMA.

JlaHHbI napauieabHbINA aJrOPUTM MOKET OBITh IPUMEHEH K JII000MY THITY
HEHCIIPABHOCTEH, JJIs1 KOTOPBIX JAOMYCTHUMO MapajuiesIbHOE IO paspsiiaM Ma-
LIMHHOT'O CJI0BAa MOJIeNMpoBaHKe. Ecu cBOMCTBO MapaiesIbHOTO 10 pa3psiiaM
MaIIMHHOTO CJ0Ba MOJEIMPOBAHUS HE MPUHIUIHAIBHO, TO aJITOPUTM MOXKHO
WCIIOJIB30BATH JIJIS JIFOOBIX MOJICITMPYEMBIX TUIIOB HEMCIIPABHOCTEH.

B nanpHeiieM BO3MOXHO OCTPOEHUE AITOPUTMa MOJIETUPOBAHUS, KOTO-
PBIi TIO3BOJUT OOBEAMHUTH CBOMCTBA ONMHUCAHHOTO AJITOPUTMA U CTATUYECKOE
pa3OueHue CrrcKa HeHMCIIPaBHOCTEH.

Aemopul svipadicaiom baazooaprHocms komnanuu Intel®, a maxoice ee noo-
paszoenenuto Intel® Software Network 3a npedocmasiennyio 803MOHICHOCHIb
oocmyna k 12-a0epnoii paboueii cmanyuu nabopamopuu Manycore Testing
Lab, a maxoice nuunyro orazooaprocme Mauxy [upcy u [lumepy ['uncouxy 3a
OKA3AHHYI0 MEeXHUUECKYI0 HOO0EPIICY 80 8PEMs ceccuul O0CMyna u nocie Hee.

A new algorithm for parallel many-threaded fault simulation of digital circuits is proposed. It is
based on the concurrent many-threaded simulation of the groups of faults for each input vector.
Each group of faults is simulated in bit-parallel way. The dynamic fault partitioning for forming
such groups is used to speed-up the algorithm. The results of computational experiments on
ISCAS-89 benchmarks circuits are reported, which are obtained on the 12-core workstation.
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