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AnHoTauus. [laHHasA paboTa nocBsLLieHa npobneme peanu3aumm 3¢p¢deKTUBHON NapannesnbHom
MporpamMmbl, peLLaloLLei NoCTaBIeHHY0 3a4a4vy C UCMOoJIb30BaHWEM MaKCMMaslbHO OOCTYMHOMo
KOJIMYeCTBa PecypcoB BbIYMCITUTENBHOIO KacTepa, C Lesblo Nosly4eHUA COOTBETCTBYIOLLENO
BbIMIPbILLA B MPOM3BOAUTENIBHOCTM MO OTHOLLIEHUIO K MOCNe[0BaTeNlbHON BEPCUM anropuTMa.
OcHoBHas uUenb paboTbl 3aKfw4anacb B UCCNefOBaHUN BO3MOMHOCTEN COBMECTHOMO
MCnosib30BaHMA TeXHONOrnn pacnapannenveanmua OpenMP 1 MPI ¢ yyeToM xapaKTepuCcTuK
N ocobeHHOCTeN peluaeMbix 3a4a4v AN NOBbILLIEHWUA NPOU3BOAUTENIBHOCTU BbINOSTHEHWA
napaniefibHbiX anropMTMOB 1 MPOrpaMM Ha BbIMUCIIUTENIBHOM KnacTepe. B ctaTbe npoBeneH
KpaTKUn 0630p NOAX0A0B K BbIMUCIEHMIO GYHKLUM TPYAOEMKOCTM AA NOCNe[oBaTeNbHbIX
nporpaMMm. [1na onpepneneHusa TpyAOEMKOCTW MapansefibHbiX NporpaMM B paboTe 6bin
Mcrnonb3oBaH NMoAxoA Ha OCHOBe MoonepaLMoHHOro aHanusa. OnucaHbl ocobeHHOCTH
TEXHOJNOrMM pacnapannennBaHna nocnegoBatesibHbix nporpamMm OpenMP 1 MPI. lMNpuBeeHsI
OCHOBHble MporpaMMHo-annapaTHble GaKTopbl, BAWUAIOLLME HA CKOPOCTb BbIMNOSHEHUSA
napannenbHbIX NPOrpaMM Ha y3nax BblYMCAUTENIbHOIO KracTepa. OcHoBHOe BHWMaHue
B paboTe ygeneHo UccrefoBaHMIO BUAHMA Ha NPOM3BOAMTENBHOCTb COOTHOLLIEHMA KOSIMYeCcTBa
BbIUMCIIUTENBHBIX U 06MEHHbIX ornepauuid B nporpamMe. [Ins peanvsauum UcciegoBaHuim boinm
paspaboTaHbl TecToBble NapansenbHble OpenMP- 1 MPI-nporpamMel, B KOTOpbIX 3aaeTcA obLuee
KOJIMYECTBO OnepaLuii U COOTHOLLEHWE MEHAY BbIYUCITUTESIBHBIMU U 06MEHHLIMU OnepaLuaMu;
TaKrKe B TeCTOBbIX NporpaMMax bbii NpedycMOTpeH 3aMep BpeMeHM UX BbINoSIHeHUA. B KavecTse
NporpaMMHo-anmnapaTHon niaTtopMbl Bbi UCMOb30BaH BblYMCIUTENBHbIN KacTep, COCTOALLMIA
N3 HEeCKONbKUX y3M0B. [lpoBeaeHHbIE 3KCNEPUMEHTalIbHbIe UCCNenoBaHUA NO3BOIUMU
noaTeepanTb 3G deRTUBHOCTL MMOPUOHOM MoLeNU NapasnesibHoM NPorpaMMbl B MHOMOY310BbIX
cMcTeMax € pa3HopodHOM MaMATbio ¢ Ucnonb3oBaHnem OpenMP B nogcucteMax c obLuen
namATbio, a MPI — B nogcmcTeMe ¢ pacnpefeneHHom NaMAThIo.
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Abstract. This work is devoted to the problem of implementing an efficient parallel
program that solves the asigned task using the maximum available amount of computing
cluster resources in order to obtain the corresponding gain in performance with respect
to the sequential version of the algorithm. The main objective of the work was to study the
possibilities of joint use of the parallelization technologies OpenMP and MPI, considering
the characteristics and features of the problems being solved, to increase the performance
of executing parallel algorithms and programs on a computing cluster. This article provides
a brief overview of approaches to calculating the sequential programs complexity functions.
To determine the parallel programs complexity, an approach based on operational analysis
was used. The features of the sequential programs parallelization technologies OpenMP and
MPI are described. The main software and hardware factors affecting the execution speed of
parallel programs on the nodes of a computing cluster are presented. The main attention in
this paper is paid to the study of the impact on performance of computational and exchange
operations number ratio in programs. To implement the research, parallel OpenMP and MPI
testing programs were developed, in which the total number of operations and the correlation
between computational and exchange operations are set. A computing cluster consisting of
several nodes was used as a hardware and software platform. Experimental studies have
made it possible to confirm the effectiveness of the hybrid model of a parallel program
in multi-node systems with heterogeneous memory using OpenMP in shared memory
subsystems, and MPI in a distributed memory subsystems.
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BesepeHue

HACTOsIIIIEE BpEMsI JJIA PELLICHU PsAJia IIPU-
B KIJIAIHBIX 1 Hay‘IHBIX 3aaad, Tpe6y}0mnx

6OJ'ILH_IOFO KOJIMYECTBA BBIYUCINTCIIBHBIX
peCcypCoOB, UCIOJB3YIOTCA BBICOKOIIPOU3BOAU-
TCJIbHBIC MAapaJJICJIbHBIC CUCTCMbI PA3JIMYHBIX
apXUTEKTYp U KoHurypanuii. OqHUM U3 Hau-
OoJsiee JOCTYIHBIX PENICHUN B COOTHOIICHUU
LIECHBI U IMOJTY4Ya€MbIX BBIYHCIIMTCIbHBIX MOIII-
HOCTEU SBIAIOTCSI BHIYUCIUTEIbHBIE KJIIaCTEPhI
(BK), cocrositue n3 0JHOTO UM HECKOJIBKHX Y3-
JIOB, UMCHOIITUX B CBOEM COCTAaBC MHOTI'OAACPHBIC

MIPOLIECCOPBI, TA€ KaXK/IbI y3esl 00BIYHO Npea-
CTaBJISIET MAPAIIETBHYIO BEIYHUCIUTEBHYIO CH-
CTEMY C 00IIell mMaMAThIO. Y3IIbI KiIacTepa coe-
JOUHSIOTCS. KOMMYHHUKAIIMOHHON CPelloi C BBICO-
KOH MPOIYCKHOW CIIOCOOHOCTBIO U paboTaroT na-
paJUIENbHO ISl PELICHUS] OMHOW MMOCTaBICHHOM
3a7a4u, 00pasysl BEICOKOTIPOM3BOJUTEIBHYIO CH-
CTEMy C pacrpeesieHHON mamsIThio [3].

OmHoit U3 OCHOBHBIX TTPOOJIEM B CHCTEMax
JaHHOTO KJlacca sSBIISETCS HanucaHue dpdex-
THUBHOM NapaJuIeIbHON TPOrpaMMBl, peIaroIien
[IOCTaBJIEHHYO 33/J]a4y C UCIOJIb30BAHNEM MaK-
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