O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iIKOBHI HOMep: 0821U100416
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peecrtpamnii: 17-03-2021

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Cniunbko Makcum CeprifioBud

2. Slynko Maksym

KBasmigikamis:

InenTudikarop ORCID ID: He 3acrocosyerbcs

Bupg, pucepranii: nokrop dinocodii
AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIIndp HayKoBOi crIeniaIbHOCTI: 123

Ha3zBa HayKoBOi creniaIbHOCTI: Komm'iotepHa iHxeHepis
T'anyss / ranysi 3HaHb!

OcBiTHBO-HayKOBa Mporpama 3i creniaJbHOCTI: He 3acTocoByeTbCs
Jata 3axucTy: 03-03-2021

CnenianbHICTB 32 OCBiTO0: Kommn'loTepHa iHXeHepis
Micue po6oTu 3400yBayva:

Kop 3a €IPIIOY:

Micue3HaxoaKeHHS:

dopma BaacHOCTI:

Cdepa ynpasiriHHS:

ImenTudikarop ROR: He zacrocoyerbcs




I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT
Iudp cnenianizoBaHoi BYU€HOI pagH (Pa30Boi Cleniaai3oBaHOi BY€HOI pazu). 1O 26.001.066

IloBHe HaiMeHYBaHHSI IOPHUAHUYHOI 0COOM: KuiBChKuil HaLiOHAbHMIA YHIBEpCUTET iMeHi Tapaca

[IleByeHka

Kog 3a €IPIIOY: 02070944

Micue3HaxoaKeHHS: ByJI. Bononumupceka, 6ya. 60, m. Kuis, Kuicbka 06:1., 01033, Ykpaina
dopma BaacHOCTI:

Cdepa ynpaBitiHHS: MinictepcTBo oCBiTH i HayKu YKpainu

InenTugikarop ROR: He zacrocosyerscs

IV. BizomocTi nipo nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHe HaliMEeHYBaHHSI IOPHUAUYHOI 0COOM: Kuichkuil HauioHaIbHMI yHiIBEpCUTET iMeHi Tapaca
[leByeHKa

Kopg 3a €IPIIOY: 02070944

Micue3HaxoaKeHHS: ByJI. Bonmogumupceka, 6ya. 60, M. Kuis, Kuiscbka 06:1., 01033, Ykpaina
dopma BaacHOCTI:

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH | HayKy YKpaiHu

ImenTudikarop ROR: He zacrocoyerbcs

V. BimomocTi npo gucepraniio
Moga guceprariii:
Koau TemaTHYHHUX PYOpPHK: 28.23.33

Tema guceprauii:
1. ocnimkeHHs i cTBOpeHHs popMai3oBaHUX METOZiB [IPOEKTYBaHHS 3aCTOCyBaHb B TexHOJoTii GPGPU

2. Research and development of formalized methods of application design in GPGPU technology

Pedepar:

1. B po6oTi foCiIKeHO BUKOPUCTAaHHS iHCTPYMEHTA/IbHUX 32CO0iB aJITOPUTMIUYHOTO €Tally IPOEKTyBaHHS IJ1s1
3aCcTOCyHKIB B TexHosorii GPGPU ta chopmoBaHo ¢popmasizoBaHy METOAMKY CTBOPEHHS 1apajleJIbHUX 3aCTOCYBaHb
ILJISI IPOTPAaMHUX CUCTEM i3 BieoamantepaMu. Ha 0CHOBI NpoBeAeHUX NOCIiI)KEHb CTBOPEHO KOMILJIEKCHUNA METO],
IIPOEKTYBaHHS Ta Bepudikallii BUCOKONPOAYKTUBHUX 3aCTOCYBaHb JJ1s1 IPOrPaMHUX CUCTEM, SIKi BKJIIOUAIOTh
BifjeoasanTepu AJ1s1 BUKOHAHHS OOYMCIIEHD 3aTajlbHOTO IPU3HAUYEHHS, SIKUH JO3BOJISIE BUKOPUCTATH
iHCTpyMEeHTaJIbHI 3aCO0M aJITOPUTMIYHOTO €TaIly IIPOEKTYyBaHHSI, a caMe — airedpy aaropuTMiB, TPaH3ULIHHI
CHACTEMU, MEPEXKEBi, aBTOMATHI MozeJii Ta GOpMYJIU JiHIHO-TeMIIOPaJIbHOI JIOTIKY /1J1s MifBUILIEHHS
IIPOAYKTUBHOCTI NapajieJIbHUX 3aCTOCYBaHb a TAKOX 3a0e3Me4YeHHs iX HaAiliHOCTi. [lo nepesar jbOro METOLY
BiJHOCSITBCSI MOXKJIMBICTb MOZEJIIOBAHHS CUCTEMHU, 110 PO3IJIAAETHCS, HA Pi3HUX PiBHIX abCTpaKLiii, o 103BOJISE

3a/IiSTH 5K leIyKTUBHY Bepu@ikaliiio abo KjlacuyHe TeCTyBaHHS Ha BUCOKOMY piBHi abcTpakliii, Tak i



aBTOMATM30BaHi MeToau Bepudikalii 6i1b11 HU3KOPiBHEBOI JIOTIKY, TaKi, K nepesipka mogesi. OTpUMaHU METOs
3aCTOCOBAHO JJ1s1 BUPiLleHHs 3a/1a4i KylacTepu3allii 3 BAKOPUCTaHHSM O0YMCIIIOBATIbHUX TIOTY>KHOCTEN rpadiuHux
ajanrepis Ta Bepudikallii oTpuMaHoi cucteMu. B xozi focinkeHHs 6yJ10 BUSBIEHO IOMUJIKY CUHXPOHI3allii, Ky
HEMOJKJIMBO 0yJI0 6 BUSIBUTU 32 JOIIOMOTOI0 TPAOULiTHOTO TeCTyBaHHs. [106y0BaHO PEryJIsIPHY CXEMY QJIFCOPUTMY
J>koHCOHA 3 BUKOPUCTAHHSIM MaTeMaTtnyHoro anapaty CAA-M, sika € OCHOBHOIO 117151 GOPMYyBaHHSI NapajiebHUX
CXEM ITOPUTMY 3 BUKOPUCTAHHSIM Bifleoazantepis Ta apxitektypu oouucyienb CUDA. Ha ocHOBI nocifgoBHoOi
napametrpruyHoi CAA-cxemu nobynosaHo napasnesnpbHy CAA-M-cxeMy anroputmy [PKOHCOHA. 3allpOIIOHOBAHO
METO/, po3TnapasesloBaHHS alropuTMy JI)KOHCOHA 171 porpamHo-anaparHoi niaatgopmu CUDA. HaykoBa HOBH3HA
OTPUMAaHUX Pe3yJIbTaTiB IOJISITa€ B TOMY, L0 BIleplie BUKOPUCTAHO arapaTy CUCTEM aJITOPUTMIYHUX anredp Ta
TpaH3ULiHuX cucteM 17151 popMasizalii 3actocyBasb B TexHos0rii GPGPU; cTBOpEHO KOMIIJIEKCHUI METO[L
IIPOEKTYBaHHS Ta BepudiKallii TAKMX 3aCTOCYBaHb, KU LO3BOJISIE BUPILIUTU NPO6JIEMYy CKIaAHOCTI iIH)KEHEPHOTO
IIPOEKTYBAHHS 3aCTOCYBAHb 1711 CY4aCHUX e TEePOT€HHUX CUCTEM; alPOOOBAHO CTBOPEHUI METOJ, HAa IIPUKJIAZAX
BUpillIEHHS KiJIbKOX 33714, 30Kpema 3afjaui KjaacTepusalii Ta 3aadi nomyky nulsxiB y rpadi (asroputmy J>KOHCOHA).
OTpumaHi pe3ysibTaTy MalOTh He JIMIlle TEOPETUYHE, ajle i IPaKTUYHEe 3HAYEHHS], OCKIJIbKM MOXYTb OyTH
BMKOPHCTAaHi $IK 1J1s1 IPOEKTYBaHHSI HOBUX, TaK i [IJIs1 OCJIiIPKEHHS iCHYI0OYMX 3aCTOCYBaHb Ta BUSIBJIEHHS B HUX

ITOMMJIOK.

2. The use of tools of the algorithmic design stage for applications in GPGPU technology was investigated in the
thesis and the formalized method of parallel application design for massively parallel GPU-based computing
systems was created. A comprehensive high-performance application design and verification method for systems
that include GPUs to perform general purpose calculations was created. The proposed method allows using the
tools of the algorithmic design phase, namely - algebras of algorithms, transition systems, Petri networks,
automaton models and formulas of linear-temporal logic to increase the application performance and guarantee
its reliability. The advantages of this method include the ability to model the system under analysis at different
levels of abstraction, which allows using both deductive verification and classical testing at a high level of
abstraction, and automated methods of verification of lower level logic, such as the model verification. The
obtained design method is used to solve the problem of clustering using the GPU computing power and
verification of the resulting system. The analysis identified a synchronization error that could not be detected by
traditional testing. A regular scheme of Johnson's algorithm was built using the SAA-M mathematical apparatus.
The scheme served as the basis for the formation of parallel schemes of the algorithm using GPGPU specifics and
CUDA architecture. A parallel CAA-M scheme of Johnson's algorithm is constructed on the basis of a sequential
parametric CAA scheme. A method of parallelization of the algorithm for the CUDA software and hardware
platform is proposed. The scientific novelty of the obtained results is that for the first time the apparatus of
systems of algorithmic algebras and transition systems were used to formalize applications in GPGPU technology;
a comprehensive application design and verification method was created, which allows to solve the problem of
complexity of engineering design of applications for modern heterogeneous systems; the created method was
tested on examples of the implementing solutions for several problems, in particular - clustering problem and all
pair shortest path graph problem (Johnson's algorithm). The obtained results have not only theoretical but also
practical significance, as they can be used both for designing new and for analyzing existing applications to
identify potential failure paths in it.

Jdep>kaBHU#M peecTpauiiiHuii Homep [IiP:

IIpiopuTeTHHI HaNIpSIM PO3BUTKY HayKH i TEXHIKH:
CrpareriyHui# NpiopHTETHUI HAIIPSIM iHHOBaLiHOI AiSJILHOCTI:
IlizcyMKH JOCIiAKEHHS:

ITy6osikamii:

HaykoBa (HayKOBO-TEeXHiYHa) IPOAYKILisi:



ConuiasIbHO-€KOHOMIYHA CIIPSIMOBaHICTh:

OxopoHHi gokymeHTH Ha OIIIB:

BrnpoBaakeHHS pe3yJIbTaTiB AHCEpPTalLii:

3B's130K 3 HAYKOBUMH T€MaMH:

VI. BizomocCTi Ipo HayKOBOr0 KePiBHHKA/KEPiBHHUKIB (KOHCYJIbTAaHTA)
Baacue IlpizBumie Im's Ilo-6aTbKOBI:

1. Ioropinui Ceprin Jem'sHOBUY

2. Pogorilyy Sergiy Demianovych

KBasigikamis: 1. r. 1., 01.05.03
InenTudikarop ORCID ID: He 3acrocosyetscs
JoparkoBa indopmamist:

IloBHe HaliMeHYBaHHS IOPHIHUYHOI 0COOH:
Kop 3a €IPIIOY:

Micue3HaxoaKeHHS:

dopma BaacHoOCTI:

Cdepa ynpasitiHHS:

InenTudikarop ROR: He zacrocosyerscs

VII. BizomocTi npo odiliiHuX OTIOHEHTIB Ta pelleH3€eHTiB
OdiuiiiHi OIOHEHTH
Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. Ponik Onekcanap IBaHoBrY

2. Rolik Oleksandr I.

KBasidikamis: 1. 1. 1., 05.13.06
InenTudgikarop ORCID ID: He 3acrocosyerbcs
JoparkoBa inHdpopmamuist:

IloBHe HaHMEHYBaHHS IOPHIHYHOI 0COOH:
Kopg 3a €IPIIOY:

Micue3Haxoa KEeHHSI:

dopma ByracHOCTI:

Cdepa ynpasiiHHS:

InenTudikarop ROR: He zacrocosyerscs



BiacHe IIpizBuie Im'sa I1o-6aThKOBI:
1. Onanacenko Bosogumup MuyKosainoBuy

2. Opanasenko Volodymyr Mykolayovych

KBasigikanis: 1. 1. 1., 05.13.05
Imentudikarop ORCID ID: He zacrocoyerbcs
JoparkoBa iHdopmamist:

IloBHe HaliMeHYBaHHSI IOPUAHUYHOI OCOOH:
Kopg 3a €IPIIOY:

Micue3Haxoa KeHHS:

dopma ByTacHOCTI:

Cdepa ynpasiriHHS:

InenTudikarop ROR: He zacrocosyerscs

Penensentu

Baacue IlpizBuuie Im's Ilo-6aTbKOBI:
1. Boiiko [Opiit Bonogumuposuy

2. Boyko Yurii Volodymyrovych

KBasmigikamis: k. ¢.-m. 1., 01.04.10
Imentudikarop ORCID ID: He zacrocosyerbes
JoparkoBa iHdpopmamist:

IloBHe HaliMeHYBaHHS IOPHIHYHOI 0COOH:
Kopg 3a €IPIIOY:

Micue3HaxoaKeHHS:

dopma BaacHoOCTI:

Cdepa ynpasiriHHS:

InenTudgikarop ROR: He zacrocosyerscs

Biacue IlpizBuuie Im's I1o-6aThKOBI:
1. Kyznin Bonogumup IBaHoBMY

2. Kudin Volodymyr Ivanovych

KBasigikanis: n. 1. u., 01.05.02
InenTudikarop ORCID ID: He 3acrocosyetscs
JoparkoBa iHdpopmamnis:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOH:
Kop 3a €IPIIOY:

Micue3HaxoaKeHHS:



dopma By1acHoCTI:
Cdepa ynpasiiHHS:

InenTudikarop ROR: He zacrocosyerscs

VIII. 3akar04Hi BimoMocTi
BiiacHe IIpi3Buine Im'sa ITo-6aTbKOBI
TOJIOBH paju

BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBi
rOJIOBYIOYOrO Ha 3aCiflaHHi
BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JJOKYMEHTIB

PeecTpartop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZITIOBiZJaJIbHUM 32 PEECTpalLilo HayKoBoi

OisIIBHOCTI

3acyaBcbKul Bosogumup AHaTOinOBUY

3acyaBcbKUl Bosiogumup AHaTOJiOBUY

Opuenko T.A.



