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1. Inceprarnifina po60Ta IPUCBIYeHA JOCTIIKEHHIO BUCOKOIIPOIYKTUBHUX [IapajleJIbHUX O0UNCIIEHb IS
KOMITIOTEPHHUX cUcTeM riopugHoi ta myabTu-GPU apxitektypu. [IpeameTrom pob0oTH € 1o6yLoBa METOLIB Ta
KOMITIOTEPHHUX aJITOPUTMIB BUCOKOIIPOYKTUBHUX IIapajleJIbHUX OOUKCIIEHD [JIs1 PO3B’s13yBaHHS 3a/1a4 JIiHIHOI
anre6pu 3 BAKOPUCTAaHHSM Tri6puaHux Ta MyabTu-GPU KOMITI0OTepHUX cUCTEM. [I7151 IPOBEAEHHS JOCTiIKEeHb
BHMKOPHUCTaHi METOM JIiHIlHOI aire6pyu, MeTony napajeabHUX OOUNC/IeHb, METOAM MAaTEMaTUIHOTO MO EJIIOBAHHS.
B nuceprauiiiHiil po6oTi: - HaBeleHO OIJIsA], Cy4aCHUX METOZIB Ta aJIFTOPUTMiB PO3B'SI3aHHS BEJIMKOMACIITAaOHUX
CHCTEM JIiHIHUX anrebpaiuHux piBHSIHB, 110 BUHMUKAIOTh y 33[la4aX MaTEMaTUYHOTO MOJIEJIIOBaHHSL. PO3IJIIHyTO
0CO06JIMBOCTI MaTEMATUYHUX MOJIeJIeil 3 HAOIVDKEeHUMU JaHMMHU, IIPOAHAJI30BaHO MOKJIMBOCTI € (PEKTUBHOTO

BHUKOPHCTaHHS MaTPULb 3 PI3HUMU CTPYKTYpPaMHU, a TaKOX ITPOBEIEHO OIJISLM, Cy4aCHUX 6i6/1i0TeK Ta IporpaMHUX



3ac06iB yMCI0BOi JIiHIHOI anre6pu 1151 BUCOKOIIPOLYKTUBHUX OOUNCITIOBATIBHUX CUCTEM. — LOCIIPKEHO METOIN
PO3B'sI3aHHS CUCTeM JIiHIHUX anrebpaiyHuX piBHSIHb Ha CyYaCHUX IiOPUIHUX KOMII'IOTEPHUX apXiTeKTypax.
Po3pob6seHo napanenbHuit anroputm LU-dakTopusariii 1j1s miibHUX MaTpUllb Ha OCHOBI TBOBUMIPHOTO 6JI0YHO-
LMKJIIYHOTO PO3NOALNY AaHUX JIS1 CUCTEM 3 KiJIbKOMa rpaiyHMMU IPUCKOPIOBAYaMu Ta IPOBELEHO
€KCIIepUMEHTAJIbHI JOCIiIP)KeHHS €(PeKTUBHOCTI 3aIIPOIIOHOBAHOTO MiAX0y. — IPEJCTaBJI€HO MO3aiYHUI AJITOPUTM
daxTopusalii HeCUMETPUYHUX 30HHUX MaTpullb. ONMKCaHO CTPYKTYPY aArOPUTMY, OL[iHEHO KiJIbKiCTb
apupMeTUYHUX OIlepalill Ta OTPUMaHO TEOPETHUYHI OL[iHKM IIPUCKOPEHHS Ta €(PEKTUBHOCTI pOOOTHU aJTOPUTMY NIPU
napa’sejbHOMY BUKOHAHHI. — TOCJII)KEHO METOAY PO3B'SI3aHHSI CUCTEM JIiHIHUX anre6paiyHux piBHSHbD 3
PO3piIKeHUMH 6JI0YHO-TOPU3OHTAJIbHUMU MaTPULSIMU. 3aIIPOIIOHOBAHO aJITOPUTM 0OPOOKM TaKUX MAaTPULb 3
BUKOPUCTAHHSM PAAKOBO-LUKIJIIYHOTO PO3IOLINY AAaHMX MIX IIporecopamu. OTpUMaHO TEOPETUYHI OLIHKA

004K CII0BAIbHOI CKJIAIHOCTI aJITOPUTMY Ta NIPECTABIEHO PE3YyIbTaTU OOYMCIIIOBAJIbHUX €KCIIEPUMEHTIB. —
PO3IJISIHYTO 3aCTOCYBAHHS PO3POOJIEHMX METOIiB BUCOKOIIPOAYKTUBHUX O0YMCIIEHDb [0 3371a4 MaTEMATUYHOTO
MOJIeJII0BaHHS iH)KeHEepPHUX KOHCTPYKLiil. [IpoBefieHO yncenbHUM aHali3 Hallpy>KeHO-Ae(OpMOBaHOIO CTaHy
3BapHUX KOHCTPYKLiH 3 JIOKaJIbHUMU AedeKTaMU BTPaT MeTaly. 3allpOIIOHOBAHO BapiallilHO-0I€PaTOPHY MOJEJIb
KEPOBaHOI AMCKpeTU3allii Ta IPOBEIEHO TeCTYBaHHS PO3PO0JIEHUX MiaxoaiB. HaykoBa HOBU3HA POOOTHU MOJIATAE,
30KpeMa, B HACTYIIHOMY: — BIleplie po3po0JieHO napajebHIi ABOBUMIPHUN 6I0YHO-IUKITIYHUHN anroputm LU-
daxTopusalii mMiTbHUX MaTpuLp A MyabTU-GPU cucTtem; — Brieplie 3alIpOIIOHOBAHO 6JI0YHO-LUKJIIYHUM
anroputMm ¢axkTopusaii HeCUMETPUYHUX CTPIYKOBUX MATpPHLb, SIKMI BPaXOBye 3MEHIIEHHS 00CSTiB OOUNC/IEHD i
KOMYVHIKalili; - BIOCKOHAJIEHO MeTOAM 0OpOOKY aHUX y 3a1a4yax ¢pakTopursalii MaTpuilp Ha OCHOBI 6JI0YHUX
anroputMiB Ha MysibTU-GPU; — OTpHMaHO OLiHKM OO0YKMCIIIOBaIbHOI CKJIAIHOCTI Ta MacITab0BaHOCTI HOBUX
aJITOPUTMIB 3 ypaxyBaHHSIM CTPYKTYPH MaTpPUlb; — [IPOBEJIEHO anpoballilo po3po06IeHUX aJIFTOPUTMIB Ta
€KCIIEPMMEHTAJIbHE IOCIIiI>)KEHHS €(DEKTUBHOCTI B 33/1a4aX MaTEeMAaTUYHOTO MOJI€/IIOBAHHS MIlJTHOCTI 3BapHUX
KOHCTPYKLiN. [IpakTyHe 3HaYEHHS OJlep>KaHUX PE3YJIbTATIB MOJISIra€ B TOMY, 110 3alIPONIOHOBAaHI aJIrOPUTMU
MOXYTb OYTH BUKOPUCTAH] [IpY CTBOPEHHI NPOrpaMHUX 3aCO0iB MaTeMaTUYHOTO MOJIE/IIOBaHHS CKIaAHUX Qi3UUHUX
i TexHIYHMX IPOLIECIB, 5IKi 3BOJATHCS 10 PO3B'SI3yBaHHSI CUCTEM JIiHITHUX anre6paiyHux piBHSIHD 3 BEJIMKUMU
CTPYKTYpPOBaHMMU MaTpulsiMU. Po3po6iieHe porpamHe 3abe3nedyeHHs MOXKe OyTH 3aCTOCOBAHO y HAYKOBUX
IOCJiI)KeHHSIX, iHKEeHEePHUX PO3paxyHKaX Ta CUCTEeMax KOMITIOTEPHOTO MOJIE/II0BaHHSI, @ TAKOXK IIPU BUKOHAHHI
004K CJIEHb HA CYyYaCHUX CYIIEPKOMITIOTEPHUX cucTeMax. OCHOBHI HAyKOBi I10JIOKEHHS, pe3YyJIbTaTU Ta BUCHOBKU
IycepTaliiiHoOl po60TH OTpUMaHi 3106yBaueM 0COOMCTO. Y HAyKOBUX ITpallsiX, BUKOHAHUX y CHiBaBTOPCTBI,
3100yBaveBi HasleKaTh IOCTAHOBKA 33/1a4, PO3POOJIEHHS aJITOPUTMIYHUX MiIXOiB, IPOrpaMHa peasisalis Ta aHasti3
OTpUMaHUX pe3yJbTartis. [IpoBeneHo anpoballilo po3po6ieHUX AITOPUTMIB Ta €KCIIEPUMEHTAJIbHE AOCIIiIpKEHHS

e EeKTUBHOCTI B 337jJa4aX MaT€MaTUYHOIO MOZEJIIOBAaHHS MTPOLIECIB 3BAPIOBAHHS TA CIIOPIIHEHUX TEXHOJIOTI Ta
BiloOpa>keHO B poboTax aBTOpa: — Mi>kHapoHill HayKoBiil KoHpepeHLii "AkTyasnbHi NpobaeMu mexaHiku - 2023" 1o
145-pivus Bin gHs HapomkeHHs C.I1. Tumomenka; — 10-Tiit MibkHapoHill HayKoBil KOHepeHLii nam'aTi A.T.H., Ipod
A.®. Bepnang; - XIII MibkxHapogHill HayKoBO-IIpakTU4Hil KoHepeHuii "['ymKoBebKi unTaHHg" Tema: CyyacHa
KibepHeTuka 2024; - III HayKOBO-TIPaKTMYHIY KOH(epeHL|iill "Pe3nnbeHTHICTh JuHaMiyHuX cuctem"; — XIII
MixHaponHili HayKOBO-TIpaKTU4Hil KoHepeHL1ii MaTeMaTuyHe Ta IporpaMHe 3a0e3ledyeHHs! iHTeIeKTyaJIbHUX

cucrem 2025.

2. The dissertation is devoted to the study of high-performance parallel computing for computer systems of hybrid
and multi-GPU architecture. The subject of the work is the construction of methods and computer algorithms for
high-performance parallel computing for solving linear algebra problems using hybrid and multi-GPU computer
systems. Linear algebra methods, parallel computing methods, and mathematical modeling methods were used to
conduct the research. The dissertation: - provides an overview of modern methods and algorithms for solving
large-scale systems of linear algebraic equations that arise in mathematical modeling problems. The features of
mathematical models with approximate data are considered, the possibilities of effective use of matrices with
different structures are analyzed, and a review of modern libraries and software tools for numerical linear algebra
for high-performance computing systems is also conducted. - investigates methods for solving systems of linear
algebraic equations on modern hybrid computer architectures. A parallel LU-factorization algorithm for dense



matrices based on two-dimensional block-cyclic data distribution for systems with several graphics accelerators
has been developed and experimental studies of the effectiveness of the proposed approach have been conducted.
- a mosaic algorithm for factoring asymmetric zone matrices has been presented. The structure of the algorithm
has been described, the number of arithmetic operations has been estimated, and theoretical estimates of the
acceleration and efficiency of the algorithm during parallel execution have been obtained. - methods for solving
systems of linear algebraic equations with sparse block-horizontal matrices have been investigated. An algorithm
for processing such matrices using row-cyclic data distribution between processors has been proposed.
Theoretical estimates of the computational complexity of the algorithm have been obtained and the results of
computational experiments have been presented. - the application of the developed methods of high-performance
computing to problems of mathematical modeling of engineering structures has been considered. A numerical
analysis of the stress-strain state of welded structures with local metal loss defects has been performed. A
variational-operator model of controlled discretization was proposed and the developed approaches were tested.
The scientific novelty of the work lies, in particular, in the following: - for the first time, a parallel two-dimensional
block-cyclic algorithm for LU-factorization of dense matrices for multi-GPU systems was developed; - for the first
time, a block-cyclic algorithm for factorization of asymmetric strip matrices was proposed, which takes into
account the reduction of the amount of calculations and communications; - data processing methods in matrix
factorization problems based on block algorithms on multi-GPU were improved; - estimates of the computational
complexity and scalability of new algorithms were obtained taking into account the structure of matrices; - testing
of the developed algorithms and experimental study of their effectiveness in problems of mathematical modeling
of the strength of welded structures were carried out. The practical significance of the results obtained is that the
proposed algorithms can be used in the creation of software tools for mathematical modeling of complex physical
and technical processes, which are reduced to solving systems of linear algebraic equations with large structured
matrices. The developed software can be used in scientific research, engineering calculations and computer
modeling systems, as well as when performing calculations on modern supercomputer systems. The main
scientific provisions, results and conclusions of the dissertation work were obtained by the applicant personally. In
scientific works performed in co-authorship, the applicant is responsible for the formulation of problems, the
development of algorithmic approaches, software implementation and analysis of the results obtained. The
developed algorithms were tested and an experimental study of their effectiveness in the tasks of mathematical
modeling of welding processes and related technologies was carried out and reflected in the author's works: -
International Scientific Conference "Actual Problems of Mechanics - 2023" dedicated to the 145th anniversary of
the birth of S.P. Tymoshenko; - 10th International Scientific Conference in Memory of Doctor of Technical
Sciences, Professor A.F. Verlan; - XIII International Scientific and Practical Conference "Glushkovsky Readings"
Topic: Modern Cybernetics 2024; - III Scientific and Practical Conference "Resilience of Dynamic Systems"; - XIII
International Scientific and Practical Conference Mathematical and Software Support of Intelligent Systems 2025.
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