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1. KoMmIT'toTepHi METOAM NOCTiIKEHHSI MaTeMaTUIHUX MOJiesIel 3 pO3PiIKEeHNMU CTPYKTYPaMu JaHUX

2. Computer Methods for Research of Mathematical Models with Sparse Data Structures

Pedepar:

1. Incepranifina po60Ta IpUCBIYE€HA PO3POOJIEHHIO METOIB, aJITOPUTMIB Ta IPOIPAMHUX 3aCO0iB IJ1s1
KOMITIOTEPHOTO JIOCJIiZPKeHHS Ta PO3B'I3aHHS MaTeMaTUYHUX MOJieJiel 3 pO3PiIpKeHMMHU CTPYKTypaMU JaHUX Ha
OCHOBI 6JI0YHUX Ta 06JI0YHO-LMKJIIYHUX METO/iB 00POOKY MaTpuLib, CTPYKTYPHOI perysspusaliii Ta 1eKoMIo3uLii
IAQHUX PO3PiI’KEHOI CTPYKTYPH [1J11 KOMITI0TepiB HOBiTHIX MIMD, SIMD i ri6puaaux MIMD+SIMD apxiTeKkTyp.
OCHOBHI pe3ysIbTaTu pOOOTHU IOJIATAIOTh Y HACTYITHOMY: PO3PO0JIEHO i JOCTiI)KEHO BUCOKOE(DEKTUBHI 6JI0UHI Ta
0JI0YHO-1IMKJIIYHI METOM i aJITOPUTMU MapaJieIbHUX O0YMCIIeHb JOCTIIKEHHSI MAaTeMAaTUYHUX BJIACTUBOCTEN Ta
PO3B’A3yBaHHs Ha KOMITIOTepax Pi3HOI apXiTeKTypu 3a/ady JIiHifHOI ajiredpy 3 po3pifKeHUMU MaTPULISIMY;
PO3pO6JIEHO METOMIU TA AJITOPUTMU KOMITIOTEPHOTO AOCiI)KEHHS JOCTOBIPHOCTI OTPUMAaHUX PO3B’3KiB;
3aIIPOIIOHOBAHO METO/IOJIOTIIO TOCTIiIKEHHSI MaTeMaTUYHUX MOJiesIell 3 HabJIMKeHNMU TaHUMU PO3PilpKeHoi

CTPYKTYpHY Ha HOBITHIX BUCOKOIIPOAYKTUBHUX MapajleJIbHUX i pO3NoJieHnX KOMITIOTEPHUX CUCTeMaX, y TOMY YMCJIi



3 BUKOPUCTAHHSM 6araTOpiBHEBOTO MapasesizMy; po3po6JIeHO aITOPUTMU CTPYKTYPHOI peryssipu3anii Ta 6104Hi i
0JI0YHO-IIMKJIIYHI CXeMU IeKOMIIO3U1lii, PO3IIOAiNy MK IIPOLLECOPHUMU ITPUCTPOSIMU €JIEMEHTIB PO3PiIKeHUX
MaTpullb; pO3pOOJIEHO METOMIOJIOTII0 Ta OTPUMAHO OLiHKYU e(DEeKTUBHOCTI 3alIPOIIOHOBAHUX aJITOPUTMIB 1151
BHCOKOIIPOAYKTUBHUX KOMITIOTEPIB Pi3HOI apXiTeKTypH, y TOMY YMCJli IPY BUKOPUCTAHHI 6araTopiBHEBOi MOJei
napajiesibHuX 004YMCieHb. PO3p061€HO METO0IOriI0 PO3B’13aHHS HEKOPEKTHHUX 33]1a4 3 €JINTUYHUMU
orepaTopamu — OGUKCJIEHHS €JUHOr0 PO3B'sI3Ky Ha MiANPOCTOPi Iepu1oi OCHOBHOI 3a7a4i Teopii npy>kHOCTi. 1715
PO3B’13yBaHHS 3 FapaHTOBAHOIO TOYHICTIO CUCTEM JIiHIMHUX anreOpaiyHuX piBHSHD (SIKi BUHMKAIOTD) i3
CUMETPUYHMMU HaMiBBU3HAYEHUMU MATPULISIMU, PO3PO6JIEHO Ta JOCTIIKEHO €KOHOMIYHUI NapasesbHUAN
aJITOPUTM TPUETAIHOI perysspusalii 11 KOMITIOTepiB pi3HUX apxiTekTyp. OTpuMaHi pyHIaMeHTaNbHi pe3yibTaTu
OyJ11 BUKOPUCTaHI IIPU CTBOPEHH] iHTEeJIeKTyaJIbHOrO IIPOrPaMHOTo 3abe3MeyeHHs [J1s aBToMaTu3allii npouecy
IIOCTIiIPKEHHS Ta pO3B’s13aHHS 33724 JIiHiMHOI anredpy 3 HAOIMKEeHMMU TaHUMU Ta OIiHKOIO JOCTOBIPHOCTI
KOMII'IOTEpHUX Po3B's13KiB (Inpartool, Inparlib). CtBopeHo nporpamuuii Komiiekc Jlipa-cluster ajs uncenbHOro
aHasizy (Ha OCHOBi METOJly CKIHYEHHUX €JIeMEHTIB) MiLIHOCTi Oy[iB€JIbHUX KOHCTPYKLii Ha BUCOKOIIPOLYKTUBHUX
KOMIT'IOTEpPHUX crucTeMax. Po3po6sieHo HOBi e(peKTUBHI METOIY, aJITOPUTMU i TporpaMHe 3abe3rnedeHHs s
PO3B’sI3yBaHHS Ha BUCOKOIPOJAYKTUBHUX KOMITI0TEpax (MIMD Ta ribpuaHoi apXiTeKTypH) CUCTEM JHIHUX Ta
HEJIHIHUX PiBHAHD JIS1 MATEMATUYHOTO MOJEJIIOBAHHS KUTTEBOTO LIUKJITY BifIOBiAaTbHUX 3BAPHUX KOHCTPYKIIil;
IIporpamHe 3a6e31e4eHHs] BUKOPHUCTOBYEThCS B IHCTUTYTI eslekTpo3BapioBaHHs iM. €.0. [Tatona HAH Ykpainu.
KiouoBi cy1oBa: MaTeMaTU4HI MOZEJIi, PO3PiIPKEeH] CTPYKTYpU JAHUX, 3aadi JIiHilHOI anredpu, 6J104Hi MeToau,
0JI0YHO-LIMKJIYHI aJITOPUTMHU, KOMITIOTEPHE LOCIiIKEHHS JOCTOBIPHOCTI PO3B'3KiB, BUCOKOIIPOYKTHUBHI
komITtotepy, MIMD apxitexTypa, ribpuHa apxiTekrypa.

2. The thesis is devoted to the development of methods, algorithms, and software for computer research and
solution of mathematical models with sparse data structures based on block and block-cyclic methods of matrix
processing, structural regularization, and decomposition of sparse structure data for computers of the latest
MIMD, SIMD, and hybrid MIMD + SIMD architectures. The main results of the work are as follows: highly efficient
block and block-cyclic methods and algorithms of parallel calculations of research of mathematical properties and
solving on computers of different architecture of linear algebra problems with sparse matrices are developed and
investigated; developed methods and algorithms for computer research of the reliability of the obtained solutions;
the methodology of research of mathematical models with approximate data of sparse structure on the newest
high-performance parallel and distributed computer systems, including with use of multilevel parallelism is
offered; algorithms of structural regularization and block-cyclic schemes of decomposition and distribution
between processor devices of elements of sparse matrices are developed; developed a methodology and obtained
estimates of the effectiveness of the proposed algorithms for high-performance computers of different
architectures, including the use of a multilevel model of parallel computing. A methodology to solve incorrect
problems with elliptic operators has been developed - the calculation of a single solution in the subspace of the
first basic problem of the theory of elasticity. To solve with guaranteed accuracy systems of linear algebraic
equations (which arise) with symmetric semi-defined matrices, the economic parallel algorithm of three-stage
regularization for computers of different architectures is developed and investigated. The obtained fundamental
results were used in the creation of intelligent software to automate the process of research and solving problems
of linear algebra with approximate data and evaluation of the reliability of computer solutions (Inpartool, Inparlib).
The Lira-cluster software package for numerical analysis (based on the finite element method) of the strength of
building structures on high-performance computer systems has been created. New efficient methods, algorithms,
and software for solving systems of linear and nonlinear equations for mathematical modeling of the life cycle of
responsible welded structures on high-performance computers (MIMD and hybrid architecture) have been
developed; software used in the E.O. Paton Institute of Electric Welding. of the National Academy of Sciences of
Ukraine. Keywords: mathematical models, sparse data structures, linear algebra problems, block methods, block-
cyclic algorithms, computer investigation of the reliability of solutions, high-performance computers, MIMD
architecture, hybrid architecture.
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