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2. Runtime for block-recursive matrix algorithms on a supercomputer with distributed memory

Pedepar:

1. MeTo10 po60TH € CTBOPEHHSI HOBOTO J€LI€HTPali30BaHOTO aJTOPUTMY /1JIs1 AMHAMIYHOTO YIIPABJIiHHS
napa’sejbHUM 004U CIIIOBAIbHUM IIPOLIECOM J17151 6J10KOBO-PEKYPCUBHUX aJITOPUTMIB Ta pO3poOKa Ha 1OT0 OCHOBI
cepeoBUIa BUKOHAHHS MapasesibHUX porpam. O6 eKTOM JOCIIIKEHHS € aITOPUTM YIPaBJIiHHSI
06YMCITI0BAJIbHUM MTPOLIECOM 6AraToONpOIECOPHOTO 06YUCIIOBAILHOTO IPUCTPOIO (CYIIEPKOMIT IOTEPA) 3
POBIO/IiIEHOIO TIAM ATTIO (aJITOPUTM POGOTH CEPENOBUILA BUKOHAHHS). [IpEIMETOM JIOCTIIPKEHHS € HEPIBHOMIpHE
3aBaHTaXXEHHs 00J1aJHAaHHS, HASIBHICTh 3POCTaHHS IIOXMOKU YMCeJl Iif] 4ac po3paxyHKiB, MOXKJINBI (i3nyHi 3601
OKPEMUX IIpoLecopiB. Y po6OTi BUKOPUCTAHO METOIY PEKYPCUBHUX OOUUCIIEHD, 6JI0KOBUX MATPUUYHUX OOYMCIIEHD,
teopii rpadis, Teopii anropuTmis, po3noiieHnx 069NCIeHb, ACUHXPOHHUX OOYNCIIeHb, AMHAMIYHOTO YIIPABJIiHHS,

apuMeTHKU IOBXMHU B Teopil 064KncioBaabHOi moxubku. HaykoBi pe3ysbTaTy, OTpUMaHi B AUCepTaliii:



3aIpONIOHOBAHO METOAUKY Napaselidallii MaTpUYHUX 6JI0KOBO-PEKYPCUBHUX aJITOPUTMIB, PO3PO0JIE€H] aITOPUTMU
HOBOTO JVMHaMi4YHOTO JIeLI€HTPali30BaHOTO CEPENOBUIILA BUKOHAHHS 1151 CYIIEPKOMII'IOTEPA Ta CTBOPEHO
BiATIOBiHMI TPOrPaMHUI1 KOMILJIEKC, IPU3HAYEHUH 117151 BUPilIEeHHS OyAb-sIKUX MaTPUYHUX 3aBJIaHb, SKILO [JIs1 HUX
icHye 67I0KOBO-PEKYPCHUBHUIL aJITOPUTM PO3B’S13KY, 3a[IPOIIOHOBAHO HOBUI1 6JI0KOBO-PEKYPCUBHUI aJITOPUTM
PO3KJaiaHHs X0JEeLbKOrO Ta HOBUI 6J10KOBO-PEKYPCUBHUI AITOPUTM OO€PHEHHS N0JaTHOO3HAYEHOI CUMETPUYHO]
Marpuli. bysi0 BUKOHaHO €KCIIEPUMEHTAJIbHE JNOCIIIIKEHHSI HOBOTO CEPENOBHUIIA BUKOHAHHS Ha MPUKJIafax
MaTpUYHOTO MHOKEHHS], PO3KJIaZlaHHs X0JIeLIbKOr0, 00EpHEHHS TPUMKYTHOI MAaTPHLli, K€ IIPOJIeMOHCTPYBAJO
XOPOILY MaCHITabOBaHICTh LUX aJTOPUTMIB. YCi 0041 CIIIOBajIbHI €KCIIEPUMEHTH OYJIM IPOBEMIEH] Ha
ob6uncmoBanbHoMy KomItekci CKIT IK HAH Vkpainu. Pe3ynbTaTu eKClieprMeHTIB 3 HOBUM JieLleHTPali30BaHUM
IWHAMIYHUM CEPELOBUIIEM BUKOHAHHS [JIS1 BCiX 3a3HAYE€HUX BUIIE aJITOPUTMIB IEMOHCTPYBAJIU XOPOIIY
MacIITabOBaHICTb SIK [1JIs MiJIbHUX, TAK i [J1s1 PO3piAKeHUx MaTpulb 3 minbHIiCTIO 30% Ta 3%. Lle ninTBepaxye
IOLiNBbHICTh 6JI0KOBO-PEKYPCUBHOI Napasleidallii Ta IpaBUJIbHICTb 0OPAHOT0 HAIPSIMKY Y CTBOPEHHI JUHAMIYHOTO
CYIIepKOMITIOTEPHOIO cepeloBulla BUKOHaHHS. CTBOpPEHUI IPOrpaMHUI KOMILJIEKC MOKe OyTH BCTAHOBJIEHUIT Ha
CyIIepPKOMII'IOTEpPaX KOJIEKTMBHOIO KOPUCTYBAHHS 5K 3arajIbHOAOCTYIIHE CUCTEMHE IIPOrpaMHe 3a0e3I1eYeHHs!.
Marepianu nucepratii JrIu B OCHOBY MiIpYYHUKA 3 [TapajIeJIbHOrO IIPOrpaMyBaHHA Ta BIIPOBAKEHI B HABYaJIbHUMI
npouec B HanionanbHOMy yHiBepcuTeTi «KreBo-MoruisiHebKa akageMis». AITOpuTM poboTH cepeioBUIna
BMKOHAaHHSI peajli30BaHO MOBOIO IIPOrpaMyBaHHs Java i BUKOPUCTaHO iHTepdeiic 115 KOMYHIKallii MixK

npouecopamu OpenMPI Ta 6i6ioTexku ng po6otu 3 maTpulssmu MathPartner.

2. The purpose of the study is to create a new decentralized algorithm for dynamic management of parallel
computational processes for block-recursive algorithms and to develop a runtime environment for parallel
programs based on this algorithm. The research object is the algorithm for managing the computational process of
a multiprocessor computing device (supercomputer) with distributed memory (the runtime's operation algorithm).
The subject of the research includes uneven hardware load, the presence of numerical error growth during
calculations, and potential physical failures of individual processors. The work employs methods of recursive
computations, block matrix calculations, graph theory, algorithm theory, distributed computing, asynchronous
computations, dynamic management, and arbitrary-length arithmetic in computational error theory. The scientific
results obtained in the dissertation include the proposed methodology for parallelizing matrix block-recursive
algorithms, the development of algorithms for a new dynamic decentralized runtime for supercomputers, and the
creation of a corresponding software complex designed to solve any matrix tasks that have a block-recursive
solution algorithm. A new block-recursive Cholesky decomposition algorithm and a new block-recursive algorithm
for inverting a positive-definite symmetric matrix were proposed. An experimental study of the new runtime was
conducted using examples of matrix multiplication, Cholesky decomposition, and triangular matrix inversion,
demonstrating good scalability of these algorithms. All computational experiments were conducted on the SKIT IC
NAS of Ukraine computing complex. The experimental results with the new decentralized dynamic execution
environment for all the mentioned algorithms showed good scalability for both dense and sparse matrices with
densities of 30% and 3%. This confirms the feasibility of block-recursive parallelization and the correctness of the
chosen direction in creating a dynamic supercomputing runtime. The developed software complex can be installed
on shared supercomputers as publicly accessible system software. The dissertation materials formed the basis for
a textbook on parallel programming and were integrated into the educational process at the National University of
Kyiv-Mohyla Academy. The runtime's operation algorithm was implemented in the Java programming language,
using OpenMPI for processor communication and MathPartner libraries for matrix operations.
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