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Pedepar:

1. Incepranist ckyafaeTbes 3 BCTYIY, 4 pO3/ijiiB, BUCHOBKIB, CIIMCKY JIiTEpaTypH Ta 5 AOJATKiB. 3arajbHUI 00Csr
poboTu cknapae 172 cropiHky, 3 HUX 118 CTOPiHOK OCHOBHOTO TEKCTY, 35 PUCYHKIB, 9 Tabnulp. [JuceprauiiHa
po60Ta NpUCBSIYEHA PO3POOLi METOAIB Ta 3aCO0IB HOCIIKEHHS BILUIMBY [IapaMeTpiB NapajeabHUX 004MUCIeHb Ha
IBUIIKOZ 10 06unciienb. CyyacHi iHpopmaliliHi TexHoJorii NOoTpe6yIoTh MBUIKOI pOOOTH aITrOPUTMIB, SIKy MOXHA
IIOCSITTY 3a JIOTIOMOTOI0 MapajesibHUX o6unucieHb. [IpoTe, B 3ay1e5KHOCTI Bif mapaMeTpiB, 1110 BU3HAYAIOTh

XapaKTEPUCTUKU ni,usa,uaq Ta MEXaHi3MHU ix B38€MO,[[H, BUKOPUCTAHHA IapaJI€JIbHUX 00YUCJIEHb MOXE IIPpNU3BECTU AK



IIO TIPUCKOPEHHS, TaK i 10 CIOBiIbHEHHS O6YnCyIeHb. MaTeMaTHYHi MeTOY OLiHIOBaHHS €(DEKTUBHOCTI
napasesybHUX 004KCIeHb 3aTHI BKa3aTy JIMiIe Ha iCHyBaHHS 0OME>KeHHSI HA MAaKCHMAaJIbHO IOCSDKHE ITPUCKOPEHHS
3a iZjeaJlbHUX YMOB BiJIBHOTO JOCTYILY 10 OOUMCJIIOBAJILHOTO PECYPCY Ta BiICYTHOCTI CHHXPOHIi3allii 064KCIIeHb.
IcHy10Ui 3aC06M MPOEKTYBaHHS IPOrpaM, Taki sk UML, 1aioTh 3MOry (OCUTh y3arajbHEHO) PEICTaBUTY rpadiyHO
B33a€MOJIil0 OKPEMUX YaCTUH MTPOrPaMu, NPOTE He HaJAl0Th MOXKJIMBOCTI Oy1b-sIKOTO YMCEJILHOTO aHali3y
obuuceHb. Ha cboropHilHil neHb € JoCBil po3podKy CUMYJISITOPiB 064KCiIeHb Ha OCHOBI Mepex IleTpi, npore
JKOJIEH 3 HUX HE CTaB LIMPOKO BUKOPHCTOBYBAaHUM Y PO3p00Li NapaeslbHUX 00uncieHb. TaKuM YMHOM, HA CbOTOJIHI
He iCHye YHi(pikoBaHOr0 METOAY CTBOPEHHS MOJeJli TapajieIbHUX OOYMCIIEHD i, BiANIOBiAHO, He iCHYy€e iHIIOTO, OKPIiM
peasibHOI Iporpamu, 3acoby, SIKU MOXKHA BUKOPUCTOBYBATH [1J1 ONTHMIi3allii mapameTpiB rapajesibHOI IPOrpaMu.
3 orysy Ha 1ie, CTBOPEHHS METO/IiB Ta 3aCO0iB, CIIPSIMOBAHUX Ha BAOCKOHAJIEHHS IIPOLIECY HAJIaro KEeHHS
6araTonoOTOKOBUX IPOrPaM Ta MiBULIEHHS €(EeKTUBHOCTI BUKOPUCTAHHS IapaJleJIbHUX OOYMCIIEHD B
iHpopMaLiitHNX TEXHOJIOTISX, € aKTyaJIbHUM HayKOBUM 3aBIAaHHSM. MeTO0 HayKOBOI'O AOCIITIKEHHS € HiIBULEeHHS
eeKTUBHOCTI BUKOPUCTaHHS NapajiesIbHUX 004YuCiieHb B iHOpMaLiiHUX TEXHOJIOTISX 32 PaXyHOK iX IIPOEKTYBaHHS
Ha OCHOBI MOZI€JIeH, 110 MOXKYTb OyTY BUKOPUCTaHI [J1s1 OL[iHIOBAaHHS 4acy BUKOHAHHS [1apajleJIbHOTO aIFTOPUTMY, Ta
onTyMi3alii napameTpiB napauenpbHuX 064uncaeHb. O6'€KT JOCTIIKEHHS — IIPOLeC PO3pOOKU NapalebHUX
ob6yuciieHs B iHGOpMaNiiHUX TEXHOJIOTIAX. [IpeaMeT qoCimKeHHs] — METO/IM Ta 3aCO0U MOJIEJTIOBaHHS Ta
onTUMi3allii napasnesbHUX 06YMCIIeHb B iHOPMaLiiHMX TeXHOJIOTisIX. HaykoBa HOBM3HA OTPUMAHUX Pe3yJbTaTiB: -
BIIeplIe PO3PO06JIEHO TEXHOJIOTII0 MOJEII0BAaHHS N1apajiesIbHUX 00YMCIIEHb HAa OCHOBI [1eTpi-06'€KTHOrO Migxomy, o
Ha/la€ MOXKJIMBICTb CKOPOTUTH PECYPCHI BUTPATH IIPY pO3pO6Li apasesbHUX alrOPUTMIB, i, HA BiIMiHY Bif,
iCHyI0YMX, Ja€ 3MOT'Y BiITBOPUTHU [I€TAII30BaHO CTPYKTYPY MapayeIbHOI IPOrpaMy Ta MEXaHi3MHU B3aeMOii
O/IHOYaCHO BUKOHYBAaHUX YaCTHH IPOrPaMU 3 yPaxyBaHHSIM YaCOBUX 3aTPUMOK Ha BUKOHAHHS OOUMCIIIOBAJIBHAX
Iill Ta CTOXaCTUYHOCTI 3aXOIJIEHHSI OOUUCIIIOBAJILHOTO PECYPCY i CIpollye NpoLec Mo6yI0BY MOAEJI 32 PaXyHOK
THPaXXyBaHHS (pparMeHTiB IPOrpaMu 3i CX0>K010 QYHKIIOHAJIBHICTIO; - YAOCKOHAJIEHO MOJiesli 6a30BUX MeXaHi3MiB
CHHXPOHi3allii napasenabHUX OOUNCI/IEHb 32 PaxyHOK MiJBUIIEHHS TOYHOCTI BiITBOPEHHS, 1110 3a6e311e4ye BUCOKY
TOYHICTb PE3YJIbTATiB MOJE/IOBAHHS; - BIEpIlIe PO3pO0JIEHO TUMIOBI (PparMeHTH Mepex [lerpi, mo peanisyoTb
MeXaHi3MM 6araToII0TOKOBOI TeXHOJIOTII Java, BUKOPUCTAaHHS SIKUX [TPHUCKOPIOE PO3POOKY MOZEJIi r1apaiesibHOro
aJITOPUTMY 32 PaXyHOK 3MEHIIEHHS KiJIbKOCTi IOMUJIOK Ta 3MEHIIEeHHSI 3arajbHOI KiJIbKOCTi €JIeMEHTIB, HeOOXiTHUX
171 pO3pOOKY MOJIeli; - BIIEpIlle 3a[IPOIIOHOBAHO METO/I, ONITUMi3allii TapaMeTpiB napajnenbHUX O0YUCIeHb Ha
OCHOBI eKCIleprMeHTaIbHOTO JocimKeHHs [1eTpi-06'eKTHOI Mozesti 064nCIeHs, o 3abe3nedye epeKTUBHE
BHMKOPHCTaHHS OOYMCIIIOBAJIbHUX PECYPCIB i, Ha BiAMiHY Bif iCHYyIOUMX MiZXO/iB, 1a€ 3MOTY IIPOBOIUTH
€KCIIEpMMEHTAaJIbHE IOCIiI>)KeHHs e(DEKTUBHOCTI NapajiesIbHUX 00YMCIeHb Ha MOJIEJIi 3aMiCTh eKCIIepUMEHTYBAHHS
Ha peasbHil nporpami. [IpakTuyHe 3Ha4€HHS PE3YJIbTATiB JUCEPTALIHOTO JOCIiIKEHHS [OJISITa€ y PO3POOIEHOMY
IIPOrpaMHOMY 3a0€e3Ie4€eHHi [1JIs1 MOJIeJII0BaHHS N1apajieJIbHUX 004KC/IeHb Ta ONTUMi3allii ix mapamMeTpiB Ha OCHOBI
[TeTpi-06'eKTHOrO MOze/I0BaHHS. Pe3ysibTaTu [yucepTaLiiiHoi po60TH Omy6JiKoBaHO y 9 HAYyKOBUX IyOJIiKallisX,
cepep sIKUX 3 CTaTTi y IePiogMYHMX HAaYKOBUX BUJAHHSX, TpoiHfekcoBaHux Yy Web of Science Core Collection ta
Scopus 6a3ax JaHuX (OBl 3 HAX y BUJHHSX, BilHECEHUX 110 TpeTboro kBapTuis (Q3)), 1 ctarrs y paxoBoMy
HayKOBOMY XXypHaJi kareropii «b» (3i cienianpHOCTi 126), 1 cTaTTs y pax0BOMY HAyKOBOMY >KypHaJIi 3 IIEPEJIiKy 10
12.03.2020 p. (TexHiuHi Haykn), 3 ny6ikauii y MmaTepianax Mi>kHapoHMX HAyKOBUX KOH(pepeHLil, 1 ny6sikanis y
Marepiasiax BCeyKpaiHCbKOi HayKOBOi KOH(pepeHLii. Kito4oBi ci0Ba: 6araTooTOKOBE IPOrpaMyBaHHS, N1apajesibHi

004KCIIeHHS, ONITUMI3alis, iMiTaliiiHe MozeMoBaHHS, cToXacThuyHa Mepeska Iletpi, IleTpi-06'eKTHEe MOZEIIOBAaHHS.

2. The thesis consists of an introduction, 4 chapters, conclusions, a list of references, and 5 appendices. The total
volume of work is 172 pages, of which 118 pages are the main text, 35 figures, 9 tables. Ph.D. thesis is devoted to the
development of methods and tools for researching the influence of parallel computing parameters on the speed of
computing. Modern information technologies require fast operation of algorithms, which can be achieved through
the use of parallel computing. However, depending on the parameters that determine the characteristics of the
subtasks and the mechanisms of their interaction, the use of parallel computing can lead to both speeding up and
slowing down the computing. Mathematical methods for evaluating the efficiency of parallel computing are able to
indicate the existence of a limit on the maximum achievable speed up under ideal conditions of free access to the



computing resource and the absence of synchronization of calculations. Existing program design tools, such as
UML, allow (quite generalized) to graphically represent the interaction of individual parts of the program but do
not provide any numerical analysis of calculations. To date, there is experience in the development of Petri net-
based computing simulators, but none of them have become widely used in the development of parallel computing.
Thus, today, there is no unified method for creating a model of parallel computing and, accordingly, there is no
tool other than a real program that can be used to optimize the parameters of a parallel program. In view of this,
the creation of methods and tools aimed at improving the process of setting up multi-threaded programs and
increasing the efficiency of using parallel computing in information technology is an urgent scientific task. The
purpose of scientific research is to increase the effectiveness of parallel computing usage in information
technologies by designing it based on models which can be used for performance time estimation of parallel
algorithm and parallel computing parameters optimization. The object of research is the process of developing
parallel computing in information technologies. The subject of research is methods and means of modeling and
optimization of parallel computing in information technologies. Scientific novelty of the obtained results: - for the
first time, a parallel computing simulation technology based on the Petri-object approach has been developed,
which provides an opportunity to reduce resource costs in the development of parallel algorithms. Unlike existing
ones, it allows to reproduce in detail the structure of a parallel program and the mechanisms of interaction of
simultaneously executing parts of the program, taking into account time delays on the execution of computing
actions and the stochasticity of capturing the computing resource. Developed technology simplifies the process of
building a model due to the replication of program fragments with similar functionality; - the models of the basic
mechanisms of synchronization of parallel computing have been improved by increasing the accuracy of
reproduction, which ensures high accuracy of simulation results; - for the first time, typical fragments of Petri nets
implementing the mechanisms of Java multithreading technology have been developed, the use of which
accelerates the development of a parallel algorithm model by reducing the number of errors and reducing the total
number of elements required for model development; - for the first time, a technology for optimizing the
parameters of parallel computing based on an experimental study of the Petri-object model of computing is
proposed. It ensures the efficient use of computing resources and, unlike existing approaches, makes it possible to
conduct an experimental study of the efficiency of parallel computing on a model instead of experimenting on a
real program. The practical significance of the results of the dissertation research lies in the developed software
for modeling and optimizing the parameters of parallel computing based on Petri-object simulation. The results of
the dissertation were published in 9 scientific publications, including 3 papers in a periodical scientific publication
indexed in the Web of Science Core Collection and Scopus databases, 2 papers in a professional scientific journal, 3
publications in the materials of international scientific conferences indexed in Scopus, 1 publication in the
materials of the All-Ukrainian scientific conference. Keywords: multithreaded programming, parallel computing,
optimization, simulation, stochastic Petri net, Petri-object simulation.
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MOJIITEXHIYHMM iIHCTUTYT imMeHi Irops Cikopcpkoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npociekT bepecTeiichKuii, oyx. 37, Kuis, 03056, Ykpaina
dopma BracHOCTI: /lepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBepCUTETCHKUIL

Baacue IlpizBumie Im's Ilo-6aTbKOBI:
1. Jopomenko AHaroutin FOxumoBuy

2. Anatolii Y. Doroshenko

KBasigikanis: n.¢.-m.u., npodecop, 01.05.03
ImenTudikarop ORCHID ID: 0000-0002-8435-1451
JoparkoBa indpopmamist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuHuil yHiBepcuTteT Ykpainu "KuiBchKuit

MOJIITEXHIYHUN IHCTUTYT imMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT bepecreiicbkuii, 6yg. 37, Kuis, 03056, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:



CeKTop HayKH: YHIBEpCUTETCHKUI

VIII. 3ak1104YHi BiZOMOCTI
BaacHe IlpizBume Im's ITo-6aTbKOBI Kopwara fIpocyias Iroposuy

TOJIOBH paju

BnacHe IlpizBume Im's I10o-6aTbKOBI Kopwara fIpocyias Iroposuy

TOJIOBYIOYOTO Ha 3acCiiaHHi

BinmoBigaibHUH 32 MiZTOTOBKY Audyunna Onekcanapa HOpiisHa

00JIiIKOBHX JOKYMEHTIB

PeecTpartop YkpIHTEI

KepiBHuk Bigainy YKpIHTEI, mpo €
BiZINOBiZaJIbHUM 32 peecTpallilo HayKOBOi IOpuenko TeTsHa AHarosiiBHA

OisSIIBHOCTI




