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A.T. Bektemecon

AKIAPATTAPABI YJIKEH KOJIEM/I KYKATTAPIAH
BDD SAICIMEH I3EY

(AMaTHI K.,, 91-Dapabu aTbiHaarsl Ka3ak WITTEIK YHUBEPCHTETI)

Anoamna. Byn makanada ocel Kynei 0amy ycminoezi npozpamma 6epugpukayusciioty a0ici —
exinik wewy Ouazpavmacel (BDD) owcaitier wony ocypeisinedi. BDD adici apkwlivl xonmezen
kambunamopuxa macenenenpiiy demi awwinyoa. Couvly Gipi, ome Kon Kysicammap apaceinan Kepekmi
c030epoi i30ey, aman aiimkaHoa oHMON02UATLL Gatinanslcmapobt isoey ome Konaiinel. Byn scymvicma
MuwLIHOHHAN acmam Kyxcammapea apranean BDD owcacay kepceminzen.

Tyitin co30ep:BDD, sepugpuxayus, is0ey, YiKeH KYrcammapMen JCyMpic.

KOMITBIOTEP KYPHUIFbLIAPH 1AMy KE3CHIHJC ONapIblH CCNTeyill KyphUIFb! peTiHeri
KBI3METi TOMEHICII, OJ aKIMapaTThl caKTay KYpBUIFBICE PETiHIe YIKEH KeJeMJi aKnaparThbl
caKTay JKOHE OHJEY JKYMBICHIMCH aJaMHBIH €H GacThl koMekiicine aiiHanapl. OcbiFan
GaitaHBICTE! KABIPMACKTHIITEI FACKIP/IBIH 68-KBUIIAPBIHAH GacTall MPOTPaMMHCTEPAIH HeTisri
Moceseciin Gipi MoTIMETTEp KOPbI MeH MaiMeTTep GaHKiH Kypy jkoHE OHbI backapy OorbL.
Al COHFBI KBUIZApa JKMHAQJIFAH aKIapartap KOMMYHHMKALMSCBIH —KaMCBI3IAHIBIPY
Moacenenepine kor KoHu Gorine 6actaspl. COHABIKTAH KONJaHOAIb! aKMApATTHIK XKYHeIepIiH
MaHBI3BICHl SIEKTPOHMIB! KyKaT aifHalIbIMbl sKyieci GOmBIT TabbLIaibl. Byriuri Tanza
MEMJICKCTTIK OpraHiapja FaHa €Mec, COHBIMECH Karap KapamaifbiM Mekemenepie ne
SIEKTPOHIBI KYKaT aiiHaIBIMBI XKYHeCiHiH XKympic icTeyi Kasipri KyHi 6Te e3eKTi.

Kasipri kyHi Kyxarrap OGackapyIblH Kypaiel peTinae Oomimmencp MEH JKeEke
KBI3METKEpIICD APACHIHJIAFE! KOMMYHUKALWSAHEI KAMTAMACKI3 eTeti. Auaiifia KBI3MET KelieMi ece
GacTaraHa, oTe YJIKSH KyKaTTapMEH JKYMBIC iCTCy KONITCreH PECYPCTap/ibl KAKET €Te/li JKoHE
GYKil MEeKeMe XKYMBICHIH Oastynarasl.

YikeH aKmapaTTapibl OHACY JKOHE i3dey JKYMBICTaphIH JKYPrisy Kasipri MHTCPHET
JKeTiciHe ¢ eH KepeKTi cana Gombin Typ. Bykinonemuik jkesiae mamalar ecentereHie KyHiHE
4¥10'6 GaiiT akmaparTap TachManjaHaipl exeH . OHBIH ilIHEH KepekTi Hemece 03¢KTi
TAKBIPBINITAPIBI i3/1€y JKOHE TAHAy OHaliFa COKIal Typ. Orueynin 6ipaen-0ip memimi - xana
oJiCTEp MEH TEXHOIOTHSIAP APKBLIbI XKY3Ere ackipy.

Ochbl ©3¢KTi MaCeNIeHi menyre TambIHbIL, arakrbl BDD axicin KosiaHbiil kepelnik. On
yiniH amgeIMeH 35 KBULIBIK KaHA Tapuxbl Gap MHIYCTpHsFAa KONIAHBIIBIT KENC JKATKAH
IporpaMMaiapl BeprduKaLmsIay dTicine TOKTalraH Kol Gonabl.

KoMIbIOTEpITiK TPOrpaMManap/Ibie KYMBICHI JIyphic GOMyBIHA TOMBIK xemin Gepe
anvaiimers.  TIporpaMManapibl JkKyMbIC iCTCy GapbIChIHIA KOJiK —ararrapra, Taburar
nacTaHybiHa, (PMHAHCTHIK MBIFBIHAAPFA, TIMTi anaM oJliMiHe dKell COFATBIH MIJUTHOHHAH 6ip
KaraiibIHars! Karenep Gipaen-6ip ceGen Goxmak. TIporpavmansi recrisiey GapeIChIHIa COM
TIPOrpaMMAHBIH, GYKisl KaFIaiiapbIH TEKCEPII LIBIFY MyMKin emec. Tectiney Tex eHri3ineTin
MOHJIEPTE FaHa jKayall KaHTapajbl.

Kypaeni syiienepii Tekcepy YIIiH, MbIHaail Herisri onicremenep Gap:

e VIMUTALHSIIBIK MOICIILY;

e Tecriney;

e  JlenyKTHBTIK aHAIN3;

e  Monenni texkcepic (Model Checking).

Model Checking — mporpaMManapbiH KYMBICBIH TEKCEPETiH JKOHE IPOrPaMMAHBL
KaNbIKa KeITipy ABTOMATH3ALMACHIHBIE MOCENECiH Iemryneri Gomamrarel 30p, KeH
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gi;gonal, and upper triangular matrices followed by solving resulted 3 subsystems computec

pased on hybrid parallel al'gorithm gsed ip Intel ® Math Kernel Library Paralle] Direct Sy
Clusters. Our implementat.mn exploit static scl}eduhng algorithm on factorization step to r
Synchronization. To effectively engage f’iH available threads a 3-level approach of parallel
Furthermore, we demonstrate that our implementation allows to achieve scalability up fq
factorization and up to 65 times of overall performance on 240 threads on KNC.

Moje/1bH0-0PHEHTHPOBAHHOE NPOEKTHPOBAHHE KAK 0CHOBA NOBLIIICHHSI Kaye
BCTPOEHHOI'0 POrPAMMHOLO 00ecneyeHust

C. b. Apwixos

B nmocnennue roasr B poccuiickon KOCMOHABTHKE IIPOHU30IILIO J0CTATOYHO MHOTIO aBapi

U3 HUX HANPAMYTO CBA3AHBL C ONIMOKAMH BO BCTPOCHHOM MPOrPAMMHOM obecniedenun, Ko
T 00HAPYIKCHBI B MHOTOUHCIICHHBIX HA3EMHBIX HCIIBITAHISX. OzHa U3 BOSMOXKHEIX TIpHH]
TOYHO BBICOKHIT YPOBEHb KOHTPOJIS KauecTBa 10, TIPUMEHSIEMBIH Ha OOJIBIIMHCTBE OTEYECT
IPUSATHIA, KOLZa TECTOBBIC CLIEHAPHH TIO-TIPEXKHEMY BBIOHPAIOTCS SKCIIEPTHBIM ITyTEM Ha OCE
Hri" porpamMmicToB. HoBbre momxossr k TECTHPOBAHHIO, TIO3BOJISIIONIME AaBTOMATH3HPOBAT
HEPAIH TCCTOB, TOCTATOYHO JABHO Ppa3paboTaHBbl, HO X IPHMEHEHHE Ha HPaKTHKE CTajK
JIOM TPYAHOCTEH.

B paGote paccmarpusaercs mpumenenue MOZCIBHO-OPHCHTUPOBAHHOIO IIPOEKTHPO]
TapaHTHPYIONICIO KAECTBO MOIY4aeMOTO IPOrPAMMHOTO IPOLYKTA C TOMOILIBIO ABTOMATHY
[U1 TECTOBOTO MOKPBITHS KO € 3a/[aHHBIMH MeTpHkamu. Ha HpUMEPE pa3paboTKH U TECTHY
Mata ynpasienus GOpPTOBOH pa/iHOaeKTPOHHOM annapatypoli KOCMHYECKOr0 anmapara aem
Csl €T0 IPEUMYIIECTBA M HEOCTATKH.

Crncoxk mateparypsr

L. Autnnun A. M., Apeikos C. B., Orpanueix A.B. Ipumenenne Meromuku MOJIENIbHO-OPHEHTHP
CKTHPOBAHUS NPHU Pa3pabOTKe CIOXKHBIX PAJIMOBJIEKTPOHHBIX cucTeM // V 106uneitnas obmepoccui
TexHuyeckas kondepenius "OGMEH ONBITOM B 06/ACTH CO3TAHMS CBEPXIUHPOKOMOIOCHBIX PaTHO3IIE
crem"—~ Omcek: Usa-so OMI'TY, 2014, — Crp. 11-19.

2. Jlopouns B.B. OcHoBbI TEXHOJIOTMH yYCKOPEHHOIO MPOEKTHPOBAHHSI CIIOMKHbIX o6pasios BOOpY
HOii Texmmki // Bectruk Kouuepra ITBO "Anmas-Anteii”, — 2012~ Ne2 (8). — Crp. 3-15.

Metox BDD nas cromnnix TIOHCKOBBIX CHCTEM
—<TOA BDD 1Ist CII0KHBIX IOUCKOBBIX CHCTEM

e Aybarupos, A. T. Bexmenecos

Ha ceronmsmnmii nenp KOMIIBIOTEPHI ¥ BCEMUPHAS CeTeBast KOMMYHHUKALMST CTamm cory
AHUAM, Mepa SIeKTPOHHOI HH(OPMAIHH pacTeT Bce Gobie u 6ombIe, Crnenopare,)

OCHOBHBIX npo6iem B YHPaBACHUH GONMBIINX JAHHBIX ABJIICTCS CUCTEMA MOMCKa, KOTOpkIE o
s
Obicpy o 06paGoTKy 3ampocos.

I/IHBepmposaam,Ie daiinel 06ecneunsaior 6sIcTpOTO TIOHCKa, eCITH, KOHEeuH(, HE JKCITOF
T Hcna cocrosamn. Ipu pocte uHbOpMaIHH, 4

CYIECTBEHHO yBenumBatoTCs KyM:
i o
MEP HHBepTHPOBAHHEIX baiinos. : i

GoB
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