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Abstract

Skobcov U.A., EI-Chatib A.l. Ivanov D.E. Distributed parallel modeling of digital circuits with faults.
Fault simulation is on of the most highly compute-intensive task in the technical diagnostics. One of the ways
to speed-up this process is a parallelization on the calculation cluster. In this paper a distributed algorithm
for fault simulation of digital circuits is presented. It is based on the well-known «master-slave» approach in
which one processor is nominating as a master and rules all calculation on the all slave’s processors. To
reach the maximal utilization of the processors in the cluster it is used schema with static fault list
partitioning.

1. BBenenue.

OnHa U3 IEeHTPaTbHBIX 33714 TEXHMYECKON TMAarHOCTUKH — MOJICIIMPOBAaHUE IM(PPOBBIX CXEM C
HEWCTIPaBHOCTSMH. J[aHHOE MOJEIMPOBAaHUE HCIONB3YeTCs B OCHOBHOM I OIpENENeHHs IUarHOCTH-
YeCKMX CBOWCTB TECTOBBIX IIOCIIENOBATENBHOCTEH. B Hacrosiee BpeMsi MPEMIOKEHO psll OBICTPBIX
AJITOPUTMOB MOJICTTMPOBAHUS IM(PPOBBIX cxeM ¢ HeucrnpaBHOCTsIMU [1, 2, 3]. Bce oHM JUIs TTOBBIIICHUS
OBICTPOJCHCTBIS HCTIONB3YIOT CTPATeTHH MAPAIUIETLHOTO OIMHOYHOTO PACIPOCTPAHEHUST HEHCIIPABHOCTEH
Y IMHAMUYECKOrO CXKaTHsl CIIMCKa HEHCIpaBHOCTel. B mocnenneit HencnpaBHOCTh yaassieTcsl U3 CIHCKA B
TOT MOMEHT BpPEMEHH, KOT/[a OHa OOHAPYKUBACTCSI, U JAIIbHENIIIEe €€ MOJICTIMPOBAHHE HE OCYIIECTBIISCTCS.
OnHako HeNpepbIBHOE YBEMMYEHHWE PAa3MEPHOCTU TPOEKTUPYEMBIX YCTPOMCTB OCTaBiIfeT 3aady
MOJIENIMPOBaHUsI Ccpely Haubolsiee akTyalbHbIX. ONUMH U3 CIIOCOOO0B, C MOMOIIBIO KOTOPOTO BO3MOXHO
TMOBBILLIEHUE CKOPOCTU JAaHHOTO IMpoliecca, SBISIETCS PACIIMPEHUE CYIIECTBYIOIIUX aJTOPUTMOB IS
paboThI HA MHOTOITPOIIECCOPHBIX BHIYMCIUTEBLHBIX CHCTEMAaX (KJIacTepax).

PacnipenenéHHoe MOJEIMpPOBAHME CXEM C HEUCIPABHOCTSIMH BO3MOXKHO OCYILECTBHTH JIBYMS
myrsiMy. [lepBbIil 3aKiFOYaeTcss B TOM, YTO BBIIEISIETCSI OJMH TPOIIECCOP-CEpPBEP, KOTOPBINA YIPaBIIsieT
CITMCKOM HeucnpaBHocTed. OH mnpenaér mporieccopaM-KIMEHTaM Ul MOJETMPOBAHUS YacTh JaHHOTO
CIIMCKA U MOJTy4YaeT OT HUX Pe3yJIbTaThl MOJIEIMPOBAHHUS. 3a/1a4a MpoLeccopa-KINEeHTa MOTYYUTh OITCAHUE
CXEMBI, CIIMCOK HEHMCIIPABHOCTEH, MPOU3BECTH MOJIETMPOBAHKE U TIepeiaTh Ha CEpBEp €ro pe3yabTarhl. B
paborax [4, 5] mpemno)keHbl AITOPUTMBI JAHHOTO THIMA, KOTOpPBIE MO3BOJISUIM YBEIMYUTH CKOPOCTh
MOJIEIMPOBaHUs OT JABYX JIO ILIECTHM pa3 Ha BOCBMHUIIPOLIECCOPHOM Kiactepe. [l HEOONBLIMX CXeM
yBeIIMYEHHEe ObICTPOIEUCTBHS PUOIMKATIOCH K €IUHULIE.

[lpeanmpuHUMaNKCh  TakXKe IMOMBITKM  TOCTPOCHUS  paACTpeielCHHBIX  alTOPHUTMOB
MO/JICIMPOBAHUS /1151 MHOTOMAIIMHHOM MIaT@opMbl ¢ 001Iel MaMAThi0, B KOTOPBIX MOAETHMPOBAHNE
paboOTBl BCcEeW CXEMBI OCYIIECTBISIETCS pa3OMEeHWEeM CXEeMbl Ha YacTH C IOCIEAYIOIIUM
MOJICIMPOBAaHUEM Kax10i Ha cBoéM mporeccope [6, 7]. OqHako NpeaoKeHHbIE alrOPUTMbI HE
MO3BOJISUTA JTOCTUYb OJMHAKOBO CHJIBHOM 3arpy3Kd MpPOIECCOPOB B Kiactepe. M3BECTHBI Takke
paloThl, B KOTOPHIX H3ydaeTcs 3(PPEKTUBHOCTH MEpesadynd MOTOKOB JaHHBIX MEXAYy CEpBEpOM U
KITMEHTaMH B 3aBHCHMOCTH OT pa30MEHHUsI CXEMBbI M IPUMEHSIEMBIX IPOTOKOJIOB CBsI3H [§].

[Ipennaraemplii B TaHHOW CTaThe AITOPUTM MOJAEIMPOBAHUS MIOCTPOEH 10 NPHUHLMUITY pa3OueHus
CIMCKa MOJIETMPYEMbIX HEUCIIPAaBHOCTEH C BBIIEIEHMEM OJIHOIO Ipolieccopa B KadecTBe cepBepa. B
KadecTBe cpenpl oOMeHa wuH(popmammeil Bbictymaer nporokon T1CP/IP, 4ro mosBonsier BKIHOYaTh B
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BBIUMCIIUTEIIBHBIN KJTACTeP KaK MAIlIMHBI C OJHOW BBIYMCIMTEILHOM IIaT(OPMON, TaK U MIOCTPOCHHBIC Ha

pasHbIX waT(opMax. AJTOPUTM pactpeIelIEHHOTO MOJICTIMPOBAHUS CXEM C HEHCIIPABHOCTBIO PACIaacTCsl

Ha JIBa HE3aBUCHMBIX airoputma. IlepBblii alroput™ peanusyercs Ha TOJIOBHOM IIPOLIECCOPE, KOTOPbIi

Ha3bIBACTCSl «CEPBEPOM», M OCYILIECTBISCT YIpaBILtoNMe (YHKIHMM, a Takke (aisioBbI BBOJI-BHIBOJL.

Bropoii anroputM HENOCPEACTBEHHO BHITIOIHSAET MOJEINPOBAHNE CXEM C HEMCIIPABHOCTSIMU U pabOTaeT Ha

HECKOJIBKMX JIOCTYIIHBIX IIPOLIECCOPAX-«KJIMEHTax». YMCIo JOCTYMHBIX IPOLECCOPOB B  KIacTepe

omperiesisieTcsl CepBepoM JI0 Hayajia MOJEIMpoBaHus. B mpemiaraeMoMm anroputMe KaxIblii KIMEHT

BBIIIOJIHSIET MOZICIIMPOBAHUE 3aaHHON TECTOBOM IOCIIEA0BATENFHOCTH TOJIBKO Ha YACTH IOJHOTO CIMCKa

HercrpaBHOcTel. Pa30neHne MomHOro Crnmcka HEUCIIPABHOCTEH OCYIIECTBIAETCSl CepBEpOM JI0 Hayania

MOJIEIIMPOBAHUSI U, CIIEIOBATENBHO, SIBJISIETCS CTATUYECKUM.

Cratbst HMeeT CIeIyIolyl0 CTpyKTypy. Bo BBemeHMM 00OCHOBBIBAETCS —aKTYyalbHOCTh
TIOCTAaBJICHHOW 3a7aud. Bo BTOpOM pasfene KpaTKo OIMMCHIBACTCS pa3pabOTaHHBI paHee aBTOpaMH
AJITOPUTM MapaUIeIbHOTO MOJICITUPOBAHUS CXEM C HEUCIIPAaBHOCTSIMH, KOTOPBIN HCHOJIB3YETCs B KaUecTBE
OCHOBHOI'O Ha IIpoLeccopax-KIMEHTaX. B TperseM paszaene onuchIBaeTCs aJTOPUTM PACHIPEACIEHHOTO
MOJIEIMPOBAHUSI CXEM JJIsl MHOTOIPOLIECCOPHON CUCTEMBI € pa3/ieNIéHHON MaMsThio. B ueTBEpToM paznene
OIMCBIBAIOTCS [IPOBEIEHHBIE MAIIMHHBIE 3KCIEPUMEHThI U IOJyYEHHBIE JAHHBIE, A TAKXKE U3Y4aroTCs
BOIPOCHI A(P(HEKTUBHOCTH PUMEHEHHUS TPEITIOKEHHOTO alTOPUTMA IIPH MOJIETUPOBAHHUH OOJBIINX CXEM.
B 3akimroueHnn Aenar0TCs BBIBOJBI M IPEIJIAral0OTCs HAIIPABICHUS JATbHENIINX UCCIICIOBAHUIA.

2. AJIrOpUTM NapaLIeJIbHOT0 MO/IeIUPOBAHUS HM(POBBIX CXeM ¢ HEUCTIPABHOCTSMH.

Ha xaxnom snemeHTe Kiiactepa, KOTOPbIA MCHOIb30BANICS Ul MOJIETIUPOBAHUS B KaueCTBE
KIIMEHTa, pPEaJnu30BaH aJIrOpUTM MapalIeIbHOTO IO HEHUCIPABHOCTAM MOJCIUPOBAHUS C
TUHAMUYECKUM CKaThueM HeucnpaBHocTedl [3]. JlaHHBIH aidropuTM TMOKa3bIBa€T XOPOIIHE
BPEMCHHBIE XapaKTEPUCTUKH I TeCTOBBIX cxeM u3 Katanora ISCAS-89 [9]. O mpereprien
HE3HAYUTENIbHbIE U3MEHEHUS], KOTOPBIE KacaroTCsl TOJbKO BBOJA CXEMBbI, CIIMCKA HEUCIIPABHOCTEHN U
TECTOBOM MOCIIEZIOBATEILHOCTU. B MaHHOM cilydae BBOJ BCeX JaHHBIX pealn30BaH HE U3 daiina, a ¢
IIOMOUIbI0 TEXHOJIOIMH COKETOB, II03BOJISIONIEH OOMEHMBATHCS JAHHBIMU [0 JIOKAJIbHBIM U
rI100aTbHBIM CETSM ¢ nomolsio nporokona TCP/IP. 3ameTum Takxke, 4To TaHHBINA (QaKT MO3BOJISET
OOBETUHATh B KJIACTEp /U pEIICHHUS IOCTABICHHOW 3aJaud MPOLECCOpHI, paboTaromiue Mo
yIIpaBJIEHUEM PA3IHYHBIX THIIOB OMEPAIMOHHBIX cucTeM, Harpumep Windows u Unix.

OnumeM KpaTKO  alroput™M  paboThl  KJIMEHTa. AJTOpUTM  TNpeJHa3HAueH s
MOJICTTMPOBAaHUSI  KOHCTAaHTHBIX  HEUCIPABHOCTE B  KOMOMHAIIMOHHBIX W  CHHXPOHHBIX
MIOCJIEZIOBATEIBHOCTHRIX CcXeMax. Jlias MojenupoBaHMsl HCNONb3yeTcs 3-3HA4HbIA  andaBuUT
Es={0,1,u}. IlapamnenbHoe 1O TeCcTOBBIM HabOpaM MOJEIMPOBAHHE HEUCIPABHBIX CXEM
MIPOU3BOJIUTCS B COOTBETCTBUU C QJITOPUTMOM, IIPEJICTABICHHBIM B (pOpME MCEBI0KOAA Ha puc. 1.

OTMETUM HECKOJBKO KJIIOYEBBIX MOMEHTOB, KOTOpBI€ CYIIECTBEHHO BIUSAIOT Ha
OBICTpO/ICHiCTBHE JAHHOTO AITOPUTMA!

— JIMHAaMUYECKO€ H3MEHEHHE CIHCKAa HEHCIPABHOCTEW: B JTAHHOM aJrOpPUTME HEUCIPABHOCTh
yaansieTcsl U3 CHHCKa B TOT MOMEHT BpPEMEHHM, KOrja oHa Obula OOHapykeHa; NanbHeilee
MOJIEJMPOBAHUE JIJIS TaHHOM HEUCIIPAaBHOCTHU HE BBITIOJIHSAETCS;

— COpPTUPOBKA HEUCIPABHOCTEH: B aITOPUTME MPUMEHSIETCSI COPTUPOBKA OT «BHELIHUX BBIXOOB
B MIYOMHY», YTO TO3BOJISIET BKIIOYATh B TPYIIBI AN MOJAEIUPOBAHUS HEUCIPABHOCTH,
KOTOPBIE BBI3BIBAIOT OJTHU U T€ K€ COOBITHS,

— (QyHKIHMOHANIBHOE BHECEHHWE HEUCIIPABHOCTEW: MaHHBIM METOJ] MO3BOJSIET H30ekaTh BCEX
JUIIHUAX TPOBEPOK HEOOXOTUMOCTH BHECEHHUS HEHCIPABHOCTU JUIS BBHIBOJOB BEHTHWIIS, IS
BEHTWJIEH, HUMEIONIMX Ha BBIXOJAX HEUCIPABHOCTH, CO3JAIOTCS (UKTUBHBIE SJIEMEHTHI,
MO3BOJISIOININE TOJIBKO /ISl HUX OTpabaThIBaTh MPOBEPKY U BHECEHUE HEUCIIPABHOCTEH;

— COXpaHEHHE DJIEMEHTOB COCTOSHMM HEHCIIPaBHBIX CXEM; JUIsl KaXJOro BXOJIHOro Habopa
MIPOU3BOJUTCS. COXPAHEHUE DJIEMEHTa COCTOSHUS (TpUITepa) TOJIBKO B TOM CIIydae, €ClId €ro
3HAYEHHE OTIMYHO OT 3HAUEHUS B UCIIPABHOM CXEMe.
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napasjjejyibHOoe MOoIeJMpoBaHue ( cxema, TeCT, CHMCOK HEMCHIPAaBHOCTEN )
{
while ( ecTbp TecTOBEHEe HaOOPH )
{ // umksg 1o TecToOBHM Habopam
CMeHa TecTOBOTO Habopa(); // BBOI TecToBOTO Habopa
napasjejylbHOe MOIeJIMPOBaHMe MCIPaBHOM CxeMel () ;
noka ( IOjsa IDaHHOTO TECTOBOI'O BEKTOPA €CThb HEMCHPaBHOCTU )
{
dopMupoBaHMe TPYIIL HEMCIPaBHOCTEM () ; //MI0 HeMCIPaBHOCTSAM
BHECEHME HEeMCHIpaBHOCTEN () ;
BOCCTAHOBUTL S3HAUEHUA Y3JIOB COCTOAHMUM () ;
BHECEeHMEe HEMCIPAaBHOCTEM Ha BHEWHMX BXomax () ;
MOIEeNVMPOBaHMEe Ha Habope HEeUCIPaBHOM CXEeME () ;
BHECEHMEe HEeNMCHNPaBHOCTEelM Ha BHEWHUX BEXOIax ()
NnpoBepKa OOHAPYXVMMOCTV HEMCIPaBHOCTEMN () ;
3alOMMHAHME HEMCIPAaBHBEIX y3JIOB COCTOAHUM () ;
repeMeleHe yCJIOBHO INPOBEPAEMEIX HEeMCIPpaBHOCTEM () ;

4

}

}// xoHel, UMKJIOB IO HEMCIPaBHOCTAM U TeCTOBHM Habopawm;
3anMCh_ HENPOBEPEHHHX HEeMCHPaBHOCTeW B Ganj Ha IOMCK();
} // koHeu ajropmuTMa

PI/ICYHOK 1 — AJ'IFOpI/ITM ImapaajicIbHOro MOACIMPOBAHUA

3. AIropuT™ pacnpeaeaéHHOro MOIeJIMPOBAHUA HU(PPOBBIX CXEM € HEUCTIPABHOCTSIMM.

[Ipenyaraemplii aITOPUTM PaCIpeaeIEHHOTO MapajIeIbHOTO MOJEIUPOBAHUS OTHOCUTCS K
KJIACCy aJTOPUTMOB, KOTOpPbIE JUIsI YCKOPEHHS IMpoliecca MOJAETUPOBaHUs pa3OMBalOT MOJIHBIN
CIIMCOK HeucrnpaBHOCTeH Ha vactu. CepBep BBINONHAET TOJBKO YIPABISAIONME (YHKIHU: BBOJ
OINMCaHMs CXEMBI, Mepeada CXeMbl U CIIHCKAa HEHMCIPABHOCTEH KIMEHTaM, MOJY4YeHHE OT HHX
pe3yabTara U GopMHupoBaHUe 0T4ETa. Kaskaplii M3 JOCTYIMHBIX KJIMEHTOB BHIOIHSCT MapalljieIbHOS
MOJICJIMPOBAaHNE Ha JaHHBIX, MOJYYEHHBIX OT CEpBEpa, W BO3BPAIIAET CIUCOK HEMPOBEPEHHBIX
HeucnpaBHocTed. Onuiem nojpoOHee paboTy cepBepa U KIIMEHTOB B MPEIOKEHHOM aJITOPUTME.

Juarpamma oOMeHa nH(popMarye B poliecce paboThl aropuT™Ma nprBezieHa Ha puc.2. [lepenada
JAHHBIX B QJITOPUTME IPOUCXOJUT HA JABYX YPOBHsX. (DailyIoBBI BBOA-BBIBOJ IPUMEHSAETCS POLIECCOM-
CepBEpOM I TOJIyYeHHUs OIMMCaHMs CXEMbI, IIOJJHOTO CIHCKAa HEUCHPAaBHOCTEH W BXOMHOU
rocieioBarelIbHOCTH. Bech 00MeH mH(opMarnmeit ¢ mporeccaMi-KIMEHTaMH TPOHCXOIUT C TIOMOIIIBIO
texronoruu TCP/IP cokeroB, mo3Bossitoneii 0OMeHUBATBCST MH(OpMAIel MEXITY BBIYUCITUTEIHHBIMU
nporieccaMu Ha JIF0ObIX muiatopMax ¢ HacTpoeHHbIM mpotokosiom TCP/IP. B npesioskeHHOM airopuT™e
0OMEH MPOMCXOAMII B JIOKATLHOM CEeTH y4eOHOW ayTuTopun co ckopocThio 100Mo6uT/cex.

IceBnoko paboOTHI cepBEpHOTO Tporiecca nmpuBeaEH Ha puc.3. CepBep HauMHAET PabOTy C BBOJA
ONMCAHMS CXEMBI, TIOJJHOTO CIMCKAa HEUCHPAaBHOCTEH M TECTOBOHM MOCNeNoBaTebHOCTH. JlaHHbIE
TIPOIIE/TYPBI OCYIIECTBIISIFOTCSI C TIOMOIIBIO (haiiyIoBOrO BBOJA-BhIBOAA. Tocie ATOro MmpOMCXOAWT 3aITycK
COKEeTa-cepBepa M MOUCK COKETOB-KIIMEHTOB. Eci Bo BpeMst orrcka 0OHapy»KeHbI MPOLIECChI-KIIMEHTHI, TO
TIOJTHBIN CIIMCOK HEUCIIPABHOCTEN Pa3OMBAETCs TIPOMIOPIMOHATHHO MX YHCITy. Jlanee B IHMKIIe TSl KayKIOTO
Tnporiecca-KIIMeHTa BBIOHAIOTCS clemytomme aeiictBust. KimeHty nepenaérest omicaHie CXeMbl, 4acTb
CITCKa HEUCIPABHOCTEH ¥ TECTOBasl IOCIEA0BaTeNbHOCTh. [locie dero mporiec-cepBep MepexoIuT B
PEeXUM OXXKUIIaHUS pe3ynbTaToB. [lociie momydenns cuckoB HEMPOBEPEHHBIX HEUCIPABHOCTEH OT KaX10ro
13 TIPOIIECCOB-KIIEHTOB TIPOIIecC-CepBep (POPMHUPYET TIOJHBIN OTYET MOJCITMPOBAHMS: TTOJTHOTA TECTOBOM
TI0CJIE/I0BATEIbHOCTH, YCIIOBHASI MOJIHOTA, BPEMs MOJIEJIMPOBAHKS Ha KaXJOM Mpolecce-KIUEHTE, BpeMs
oOmeHa nH(popMaIen ¢ KaKIbIM MPOIECCOM-KIIMEHTOM | 00111ee BpeMst paOOTHI.

130



Hayxosi npaui JouHTY

daitiibl

OHHCAHIE CXEMBL,
HOAHEHT CRUCOK
HeucnpagHocH el

omuém

\@

W

cepBep

ORUCHHIE CXEMBL,
KODOMKI cRIcox
HeHCRPAGHOCHIEN

CHHCOK HERPOGCPEHHBIX
HeHcnpagHocniei

KJaHeHT Nel s KJaHeHT NeN

Bunycxk 107

ypoBeHb dafinororo
BBOJa-BLIBO/JA

YPOBE€Hb COKETOB
TCP/P

Pucynok 2 — JluarpamMmMa nOTOKOB JaHHBIX MIPH pacupenenEHHOM MOICINPOBAHUU

pacrnpeneyi€éHHOe MOIOEeJIMpOBaHMe (CXema, TecT)

{

UMCJIO KJIMEHTOB = IIOMCK_ KJIMEHTOB () ;

ecau ( uMcio kjmeHToB != 0 )

{
BBOJI_CXeM:I () ;
BBOO_ TecTa () ;
NOCTPOEeHMEe IOJIHOTO CHMCKa HeMCIpaBHOCTeM () ;
pabueHne CHOrCKa HEeMCHIPaBHOCTEM () ;
nna( 1i=0 ; 1< 4UMCJO_ KJIMEeHTOB ; 1i++ )
{

nepenarTb KJIMEHTY 1 ONMCaHMe CXEeM: () ;

nepenaTb KIMEHTy 1 TecT();
}
niis (

{

i=0 ; 1< 4UMCJO_KJIMEHTOB ; 1i++ )

}

bopMmmporanme oTuéTa () ;

nepenaTh KJIMEHTY 1 YacThb CHMCKa HeMCIpaBHOCTEM () ;

MOJIYUMTh CIMCOK HENPOBEPEHHBIX HEeUCIpPpaBHOCTEM () ;

Pucynox 3 — Anroputm paGoTsI IIporiecca-cepaepa

IIceBmokon pa6OTBI Imponecca-KINCHTAa HpI/IBCI[éH Ha pI/IC4 ITocae 3aIlyCKa

BBIYMCIIUTEIIBHOTO MpoIiecca MPOUCXOIUT MOUCK CepBepa BhIUMCICHUN. Eciu cepBep HailfeH, TO
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KITMEHT TIepexoauT B (a3zy oxumaHus naHHbIX. OT cepBepa OH MOydYaeT CIeayONe JaHHbIC s
MOJICTTUPOBAHUS:  ONHCAHME CXEMBI, KpPaTKHi CIIHCOK HEHCIPABHOCTEH U  BXOJHYIO
nocjenoBarenbHOCTh. [locie monydeHus HEOOXOAMMBIX TaHHBIX, MPOHCXOTUT MOICITHUPOBAHHE
paboTel nU(POBOI CXEeMBI C HEUCIPABHOCTSIMHU HA JAHHOM MHOXKECTBE HEUCHPABHOCTEH. DTO
MPOUCXOIUT B (PYHKIUU «IIapajuieibHOe 10 _Habopam_mojenupoBanue()». OTMerum, uto pabora
BEITIONTHSETCS IO alTOPUTMY, OMHCAaHHOMY B pasnene 2. [lo 3aBepiieHMH MOJICIMPOBAHUS HA
cepBep MeEpenaroTCs CIEAYIONIMe JaHHBIC: CIHCOK HEMPOBEPCHHBIX HEUCIPABHOCTEH, BpeMsI
paboTel KIMeHTa U Bpemsi oomena mHpopmanueil. [locie oOMeHa JaHHBIMU C CEPBEPOM KIIHECHT
MEPEXONT B PEXKUM OKUIAHUS M TOTOB JUISI TOJTYYCHUST HOBBIX JaHHBIX JUISI MOJICIIUPOBAHUSI.

MOIEJIMPOBAaHME C HEMCIPaBHOCTAMM ()
{
NnoMCK_cepsepa () ;
ecau ( cepBep HalOeH )
{
MOJIYUMTh ONMCAHME CXEeM:Hl () ;
NOJIYUMTh CHMCOK HEMCHIPaBHOCTEMN () ;
napaJsuiesibHOe IO HabopaM MoIerpoBaHue (Cxema, TeCT, CIMCOK)
nepenaTbh CHMCOK HENPOBEPEHHHIX HEeMCIPaBHOCTEMN () ;

Pucynok 4 — Anroputm paboThI Ipoliecca-KIHeHTa

4. Peanuzanms M 3KCIiepMMEHTAJbHbIE JaHHbIE.

[TpennoxeHHbI aJIFOPUTM paclpereEHHOr0 MOJAEIUPOBAaHUS Pealn30BaH MPOrPaMMHO C
TEXHOJIOTHEIl ONOKUPYIOIIMX COKETOB B cpeie mnporpammupoBanust C++ Builder 6. Texnomnorus
OJIOKMPYIOIINX COKETOB 03HAYAET, YTO MPOIIECC BHIYUCICHHUH B TOUKaxX rnpuéMa HHpopManuu OyaeT
OCTaHOBJIEH J0 TeX MOp, MOKa Nepeaarolast CTOpoHa He OTIIPABUT HEOOXOUMbIE ITaHHBIE.

Koxa mpouecca cepsepa coctaBui npudauzutensHo 300 ctpok. B kadecTBe OCHOBBI Kojia
KIMeHTa Opancst Koj airoputMa [3], KOTOpbI mperepren He3HAUUTENbHble H3MEHeHus. B
YaCTHOCTH, (PailIOBBIA BBOJI-BBIBOJ] ONHCAHUSI CXEMBI, CIHCKAa HEUCIPABHOCTEH W BXOIHOU
M0CJIe/IOBATEIbHOCTH 3aMEHEH Ha CETeBOM OOMEH C IOMOIIBI0 TEXHOJOIMH OJOKMPYIOLINX
cokeToB. [1o 3Toi e TexHomoruu no6aBieHa nepegada oTyETa Ha cepBep KilacTepa BEIUMCICHUH.

Jl1g mpoBeieHNs SKCIIEPUMEHTOB MCIIOJIb30BAJICS BBIYMCIUTENIBHBIN KIacTep, HOCTPOESHHBIN
Ha 0a3e nokanbHOM cetn 100 MOUT o1HOM U3 yueOHBIX ayUTOPHIl. DIEMEHTHI KJlacTepa, BKIIoYas
cepBep, UMEIOT cieayrouue xapakrepuctuku: npoueccop Intel Celeron 2000Mru, 06sém O3V
256Moaiit, oneparmonnas cuctema Windows XP.

C nenbto M3ydeHus ycrnoBHit 3 (eKTUBHOIO MPUMEHEHUsI IPEATIOKEHHOTO aJITOPUTMA, B IpOLIecce
MPOBEJICHUS] MAIIMHHBIX SKCIIEPUMEHTOB MPOBOAWICS 3aMep CIEIYIOIIMX BPEMEHHBIX XapaKTepPUCTUK:
ol11ee BpeMs Iporecca MOASTMPOBAHMSI, YUCIIO COOBITHI TTPU MOAETMPOBAHNM UCTIPABHON CXEMBI U CXEM
C HEHCHPABHOCTSMHU, OOIIee YHUCiIo coObIThil. [l cpaBHUTENBHON 0a3bl Opanmack paboTa alropurMa
aBTOPOB [3] Ha MEPCOHATTLHOM KOMITBIOTEPE COOTBETCTBYOIIEH KOH(PUTYpaIiH.

B Ta0n.1 nmpuBeneHbl YUCIOBBIE JaHHbIE IPHU MPOBEACHUM MAIIMHHBIX 3KCIIEPUMEHTOB CO
cxeMoil cpenHeil pasmepHoctu S9234.ben. JlanHas cxemMa MMeEET CIEOYIOIINE XapaKTEPUCTHUKH:
YHCII0 BXOJM0B — 19, umcno BeIX0g0B — 22, uncno D-tpurrepoB — 228, 4ncio MHBEPTOPOB —
3570, gucno BeHTWiEH Apyrux TUnoB — 2027, obmiee unciao 3neMeHTOB — 5866. B Tabnuie B
CKOOKax MpH MHOTOIPOIECCOPHON peaTu3aliu YyKa3aHO YBEJIWYEHHE OBbICTPOJAEHCTBUS (IS
BPEMEHHU MOJICJIMPOBAHUs) U HM3MEPSEMOro Iapamerpa IMpH CPaBHEHUH C OJHONPOIIECCOPHOU
peanu3anueit anroputMma [3].
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Tabnuma 1 — DKkcnepuMeHTaNnbHbIe JaHHbIe 11 cxembl S9234.ben
MHoromporieccopHast pean3alius

XapakTepucTuka OnHomnporeccopHast (MHCII0 TIPOLIECCOPOB)

peanu3arus 1 2 3 4 6 8
JUIMHA TECTa 1000 1000
oOriee BpeMs 330 336 194 138 107 86 79
MOJICJIMPOBAHUS, CEK. (0,98) 1,7 (2,39) (3,08) (3,83) (4,17)
00111e€ YUCIO COOBITHIA, 44151 440,05 441,81 443,21 443,78 447,79 449,93
MJIH. ' (1,00) (1,00) (1,00) (1.01) (1,01) (1,02)
YUCIIO COOBITUI
MOJICITUPOBAHUS 048 0,48 0,95 1,42 1,90 2,85 3,80
HCTIPABHOU CXEMBI, ' (1,00) (1,98) (2,96) (3,96) (5,93) (7,92)
MJIH.
YUCIIO COOBITHI
MO/ICTTUPOBAHUS CXEM C 44103 439,58 | 440,86 | 441,79 | 441,88 | 444,94 | 446,13
HEUCTIPABHOCTSIMH, ’ (1,00) (1,00) (1,00) (1,00) (1,01) (1,01)

MJIH.

[lpy ananmu3e BHUAHO, YTO YHUCIO COOBITHUH TIPU MOACTUPOBAHUU PaOOTBI CXEM C
HEUCIPABHOCTSIMHU MPAKTUYECKU HE pacTeT (koadduiueHT ~1). DTO TOBOPUT O TOM, YTO MpHU
MPEJIOKEHHOW CcXeMe paboThl ajlropuTMa pacnapajuleIMBaHUs OTCYTCTBYET H30BITOYHOE
MOJICTIUPOBAHUE CXeM C HeucrnpaBHOCTSIMH. C Opyrod CTOPOHBI, YHCIO COOBITUH THpHU
MOJICIIMPOBAaHUH PAOOTHl HUCTIPABHOW CXEMBI pacTér ¢ KOXPPHUIMEHTOM OJIM3KHM K YHCITY
3a/1ecTBOBaHHBIX IpoueccopoB: oT 1,00 1o 7,92 npu yBeIMYEHHH 4YMCIIa TPOLIECCOPOB-KIUEHTOB
ot 1 10 8. 910 00YCIIOBIEHO HEOOXOAUMOCTHIO MOAECIUPOBAaHUS PaOOTHI UCIIPABHOM CXEMBbI Ha BCEX
npoueccopax-kiveHTax. OOmee e 4YuCIO COOBITHI pacTéT HeCyleCcTBEHHO: Kod(hduuueHt
u3mensierca ot 1,00 no 1,02 mpu yBenuueHHMH 4ucia MPOLIECCOPOB-KIMEHTOB OoT 1 g0 8. OT0
CBSI3aHO € TeM (haKTOM, UYTO YUCIO COOBITHI MpU MOAETUPOBAHUU MCIPABHON CXEMBI COCTABISET
MeHee 1% ot ob1ero unciaa coobITUH.

Ha puc.5 npusenen rpaduk pocta ObICTpOAEHCTBUS MPH U3MEHEHUH YHCIa MPOIECCOPOB-
KJIMEHTOB OT 1 10 8 1o aHHBIM MojenupoBanus cxembl S9234.ben. Jlns cpaBHEHUS Ha TuarpamMMe
MPUCYTCTBYET TpaduK TUHEHHOTO pocTa ObICTPOIEHCTBUS C KOIPPHUIIMEHTOM paBHBIM 1.

yBenu4eHue 6bICTpoae UICTBUSA, pa3

O =~ N W A 01 O N © ©

1 2 3 4 5 6 7 8

YUCIo npoueccopoB-KIIMeHToB

Pucynok 5 — Poct ObIcTpoaeiicTBYSI TPH YBEIHMUEHUHN YHCTIa
IIPOLECCOPOB-KIIMEHTOB
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[TpuBenénnnie AKCTICPUMEHTAIbHBIC JIaHHEIE MOATBEPKIAET 3¢ peKTUBHOCTH
MPEAJIOKEHHON CXEeMbl MapajuieNu3aluyl  alropurMa mojeaupoBanus. OJHAKO MOJHOCTHIO
JIUHEWHOTO YBEIMYCHHS OBICTpPOJEHCTBHS NOCTHYL HE ynaércs. OCHOBHBIM MPEMATCTBUEM JIS
3TOTO SIBJISIFOTCS HEOOXOAMMOCTh MHOTOKPATHOM (10 YHCITY 3aJeHCTBOBAHHBIX IPOIECCOPOB-
KJIIMEHTOB) TIEpPe/Iaurl ONMKMCAHUS CXEMBI, a TaAKXKe M30BITOYHOE MOJICTUPOBAHUE PAOOTHI HCTIPABHOM
CXEMBI Ha KaKJJ0OM pabodeM mporeccope.

5. 3akiao4yenue U JaJbHele uccjae1oBaHus.

B pabGore uccnemoBanHa akTyajnbHas HayyHas 3ajada: BO3MOXHOCTb pacHpeneléHHOTO
MOJCIIUPOBAHUS ITU(PPOBBIX CXEM C HEUCIIPABHOCTSAMH Ha BBHIYHCIHMTEIIBHOM KJIACTEPE, COCTOSIIEM
13 HECKOJIBKUX Pab0YHX MPOIECCOPOB.

B pabote npenyioxkeH aaropuTM pacnpeneséHHOro MoJaeIMPoBaHus ITUPPOBBIX CXEM C
HEUCHPABHOCTSIMH, KOTOPBI HCIOJB3YET CXEMY «CEpPBEP-KIUEHT» CO CTAaTUYECKUM
pa3OMeHueM CHUCKa HEHCIPAaBHOCTEW U MapauIeIbHBIM MOJCIUPOBAHUEM PaOOTHI
nuudpoBOil CXeMbl Ha Tpoleccopax-KiaueHTax. lIpenmoxkeHHas cxema IOoKa3alia BBICOKYIO
3 dhekTUBHOCTH pacmapaieluBaHus MPOIecca MOJICIUPOBAHUS U MMPOCTOTY peanusanuu. B
KAa4ueECTBC HepCHeKTI/IBHBIX I[aJILHefIIHI/IX I/ICCJIGI[OBaHI/Iﬁ MOXHO OTMCETHUTH CJICIIYIOHII/IG
HanpaBJICHUS:

—  H3y4YeHHE 3aBUCUMOCTH CKOPOCTH MOJACIUPOBAHUS OT CIIOCO0a IrPYNITUPOBKH HEHCIIPABHOCTEH,
NepeAr0IINXCsl Ha MOJICTMPOBAHUE OJHOMY KIIMEHTY;

— H3y4YeHHE BO3MOXKHOCTH MPUMEHEHHUS IMOCTPOEHHBIX aNTOPUTMOB-KIMEHTOB JUIsl OBICTPOTO
BBIUMCJICHHSI OLEHOYHBIX (PYHKIIMI B TEHETHUECKOM QJITOPUTME T'eHEPALIUU TECTOB;

— I/I3y‘~ICHI/Ie BO3MOXHOCTH HpI/IMeHeHI/ISI CXEMBbI «KJH/IGHT-MaCTep)) JJIA HOCTpOGHI/IH
pacrpeneiéHHOro FTeHETUYECKOTO aITOPUTMa T'eHepaIiy TECTOB.
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