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Pedepar:

1. Incepraliist CKJIagaeThCs 3 BCTyMY, 4 pO374iJiiB, BUCHOBKIB, CIMCKY JIITEpaTypH Ta 5 LOIATKIB. 3arajbHUN 00CsT
poboTu cknanae 172 cTopiHky, 3 HUX 118 CTOpiHOK OCHOBHOTO TEKCTY, 35 PUCYHKIB, 9 TabnuLp. [JuceprauiiiHa
poboTa NpucBsideHa po3podlLii METOLiB Ta 3aC00iB JOCIiKEHHS BIIJIMBY [TapaMeTpiB NapajebHUX O0UNC/IEHb Ha
IIBAJKOLI0 o64ymncieHb. Cy4yacHi iHpopMaliiiHi TeXHOJIOrii IOTPeOyI0Th MBUIKOI pOOOTH aITOPUTMIB, SIKy MOXKHA
IOCSTTY 32 JOIIOMOTOI0 NapajiesibHuX o64ucieHs. [IpoTe, B 3a/IeXKHOCTI Bif, IapaMeTpiB, 110 BUBHAYAIOTh
XapaKTepUCTUKU Mif3anay Ta MexXaHi3Mu ix B3aeMO/iii, BUKOPUCTaHHSI MTapajeIbHUX OOUUCIeHb MOKEe IPU3BECTH K
IIO TIPUCKOPEHHS, TaK i 10 CIIOBiJIbHEHHS 00YKCIeHb. MaTeMaTU4YHi METOAU OLiHIOBaHHS €(PeKTUBHOCTI
napasesyibHUX 004KCyIeHb 30aTHI BKa3aTy JIMile Ha iCHyBaHHS 0OMEe>KeHHSI HA MAaKCHMAaJIbHO IOCSDKHE ITPUCKOPEHHS

3a ifjeaJlbHUX YMOB BiJIBHOTO JOCTYILY 10 OOUKCJIIOBAJILHOTO PECYPCy Ta BiICYTHOCTi CHHXPOHi3allii 064rCIeHb.



IcHy10Ui 3aC00M MPOEKTYBaHHS IPOrpaM, Taki sk UML, IaloTh 3MOry (OCUTh y3arajJlbHEHO) PEICTaBUTY rpadivHO
B32€MO/IiI0 OKPEMUX YACTHH IPOrPaMy, IIPOTE HE HAJlal0Th MO>KJIMBOCTI OYb-SIKOTO YMCEJILHOTO aHaIi3y
obuucseHb. Ha cborogHilHil neHb € JoCBif po3podKy CUMYJISITOPiB 064KCyIeHb Ha OCHOBI Mepex IleTpi, npore
’KOJIEH 3 HUX HE CTaB LIMPOKO BUKOPHCTOBYBAHUM Y PO3p00Li IapanesbHUX 00uncieHb. TaKUM YMHOM, HA CbOTOJIHI
He icHye yHi(pikOBaHOTO METOZy CTBOPEHHS MOZEJIi NapajesibHUX 004YKCIIeHb i, BilIOBiAHO, HE iCHY€E iHIIOTrO, OKPiM
peasibHOI ITporpamu, 3acoby, sIKU MOXKHA BUKOPUCTOBYBATH /11 ONTHMi3allii mapameTpiB rapasesibHOi IPOrpaMu.
3 orysy Ha 1€, CTBOPEHHS METO/IIB Ta 3aC00iB, CIPSIMOBAHMX Ha BAOCKOHAJIEHHS IIPOLIECY HAJIarO KEHHS
6araToNOTOKOBUX IPOrPaM Ta MiBULIEHHS €(EeKTUBHOCTI BUKOPUCTAHHS N1apayleJIbHUX OOYMCIIEHD B
iHpopMaLiIHUX TEXHOJIOTISX, € aKTyaJIbHUM HayKOBUM 3aBIaHHSM. MeTO0 HayKOBOI'O AOCIIiIKEHHS € HiIBULIEeHHS
e(eKTUBHOCTI BUKOPUCTaHHSI N1apajlesIbHUX 004YKMCiIeHb B iHOPMaLiiHUX TEXHOJIOTISIX 32 PaXyHOK iX IPOEKTYBaHHS
Ha OCHOBI MOZ€JIeH, 10 MOXKYTb OyTY BUKOPUCTAHI [J1s1 OLiHIOBAHHS 4acCy BUKOHAHHS [1apajleJIbHOTO aITOPUTMY, Ta
onTrMi3alii mapameTpiB napasenpbHuX 064uncaeHb. O6'eKT JOCTIIKEHHS — IIPOLeC PO3pOOKU NapalebHUuX
obynciieHs B iHhopMaliliHUX TEXHOJOTisAX. [IpeamMeT qocimKeHHs] — METO/IM Ta 3aCO0U MO/IEJIIOBaHHS Ta
onTUMi3allii napasesbHUX 06YUCIIEHDb B iHOPMaLiiHMX TEXHOJIOTisIX. HaykoBa HOBM3HA OTPUMAHUX Pe3yJbTaTiB: -
BIIEPILE PO3POOIEHO TEXHOJIOTIIO MOEIOBAHHS NapajlesIbHUX OOUMCIIeHb Ha OCHOBI I1eTpi-06'€eKTHOro Mifgxomy, Mo
HaJla€ MO>KJIMBICTb CKOPOTUTU PECYPCHi BUTpaTH IIPU po3pooOLi TapajesbHUX alTOPUTMIB, i, Ha BiMiHY Bif
iCHYI04MX, Ja€ 3MOT'Y BiITBOPUTHU [I€TAII30BAHO CTPYKTYPY MapaseIbHOI IPOrpaMy Ta MEXaHi3MHU B3aeMOii
OJJHOYaCHO BUKOHYBAaHUX YaCTUH IIPOrPaMU 3 YPaxXyBaHHSIM YaCOBUX 3aTPUMOK Ha BUKOHAHHS OOYMCIIIOBAJIBHAX
il Ta CTOXaCTUYHOCTI 3aXOIJIEHHS] OOYMCIIIOBAJIBHOTO PECYPCY i CIIpOllye Ipolec No6yA0BU MOl 3a paXyHOK
THUPaXXyBaHHS (pparMeHTiB IPOrpamu 3i CX0>K010 QYHKIIOHAJIBHICTIO; - YAOCKOHAJIEHO MOJiesli 6a30BUX MeXaHi3MiB
CHUHXPOHi3allii napasejabH1X 0OUNC/IEHD 32 PaxXyHOK MiJBUIIEHHS TOYHOCTI BiITBOPEHHS, 110 3a0€311€4y€e BUCOKY
TOYHICTb Pe3yJIbTaTiB MOJIEJII0BaHHSI; - BIleplle PO3p06JIeHO TUIIOBI (parMmeHTH Mepex [leTpi, o peanisyioTs
MeXaHi3MM 6araToIOTOKOBOI TeXHOJIOTII Java, BUKOPUCTAaHHS SIKUX [TPHUCKOPIOE PO3POOKY MOZeJIi IapaiesibHOro
aJITOPUTMY 32 PaXyHOK 3MEHIIEHHS KiJIbKOCTi IOMUJIOK Ta 3MEHIIIEHHSI 3arajIbHOI KiJIbKOCTi €J1IEMEHTIB, HEOOXiTHUX
171 pO3pOOKY MOJIeJli; - BIIEPILle 3a[IPOIIOHOBAHO METO/I, ONITUMi3allii TapaMeTpiB napasnesbHUX 00YUCIeHb Ha
OCHOBI eKCIleprMeHTaIbHOTO JoCimKeHHs [1eTpi-06'eKTHOI Mozesti 064K CIeHs, o 3abe3nedye epeKTUBHE
BHUKOPHUCTaHHS OOYMCIIIOBaJIbHUX PECYPCIB i, Ha BiAMiHY Bif] iCHYyIOUMX MiZIXO/iB, la€ 3MOTY IPOBOIUTH
€KCIIEPMMEHTAJIbHE IOCIiI>)KeHHs €(DEKTUBHOCTI NapajiesIbHUX 00YMCIEHb HA MOJIEJIi 3aMiCTh €KCIIEpUMEHTYBAHHS
Ha peasibHil nporpami. [IpakTuyHe 3Ha4€HHS PEe3yJIbTATiB JUCEPTALIHOTO JOCiIKEHHS MOJISITa€ y PO3POOJIEHOMY
[IPOrpaMHOMY 3abe3redeHHi [j1 MOZIeIIOBaHHS IIapajie/IbHUX 064KC/IeHb Ta ONTUMI3allil ix mapameTpiB Ha OCHOBI
[TeTpi-06'eKTHOrO MOe/M0BaHHS. Pe3ysibTaT JUcepTaliiiHOi po60TH ONy6JIiKOBaHO y 9 HAyKOBUX NyOJIiKallisX,
cepep IKUX 3 CTaTTi y IePiogMYHMX HAaYKOBUX BUJIAHHAX, TpoiHJekcoBaHuxX Y Web of Science Core Collection ta
Scopus 6a3ax JaHUX (OBi 3 HUX y BUIHHSX, BilHECEHUX 10 TpeTboro KBapTuiid (Q3)), 1 crartsa y paxoBomy
HayKOBOMY XypHaJi Kateropii «b» (3i cnenianbHocTi 126), 1 cTaTTs y paxoBOMY HAyKOBOMY >KypHaJli 3 IIEpeJIiKy [0
12.03.2020 p. (rexHiuHi Haykn), 3 ny6ikauii y MmaTepianax Mi>kHapoJHMX HAyKOBUX KOH(epeHLil, 1 ny6sikanis y
MaTepiasiax BCEyKpaiHChKOi HayKoBOi KOH(epeH1ii. Kito4oBi c0Ba: 6araTonoToKoOBe MpOrpamMyBaHHS, apajesbHi

064YHMCIIeHHS], ONITUMI3allis, iMiTalliliHe MOJIeTFOBaHHSI, CTOXacTU4YHA Mepexka IleTpi, [leTpi-06’eKTHEe MOIeTIOBaHHSI.

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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Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT bepecreiicekuii, 6yg. 37, Kuis, 03056, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

Baacue IlpizBuuie Im's Ilo-6aTbKOBI:
1. Jopomenko AHaroutin OxumoBuy

2. Anatolii Y. Doroshenko

KBasigikanis: n.¢.-m.u., npodecop, 01.05.03

Imentudikarop ORCID ID: 0000-0002-8435-1451

JoparkoBa indpopmamist:

IloBHE HaliIMEeHYBaHHS IOPUAHYHOL 0C00H: HanjioHanbHuii TexHiuHuil yHiBepcuteT Ykpainu "KuiBchKuit

MOJIITEXHIYHUN iIHCTUTYT imMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3Haxoa KeHHS: npociekT bepecTeiichKuii, oyz. 37, Kuis, 03056, Ykpaina

dopma BiracHOCTI: lepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZOMOCTi
BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBI

TOJIOBH pajgu

BaacHe Ilpi3Buiie Im's ITo-6aTbKOBI

rOJIOBYIOYOTO Ha 3acCiiaHHi

Kopnara fIpocnas Iroposuy

Kopnara fIpocnas Iroposuy



BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTpaTop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZINIOBiZaJIbHUM 32 peECTpallil0 HAyKOBOIi

OisIIBHOCTI

JOudyunna Onexcanpgpa IOpiiBHa

VKpIHTEI

FOpuenko TetsHa AHaToJiiBHA



