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1. AropuT™MH Ta METOY NIPULIBUJIIEHHS] CUHTYJISIPHOTO PO3KJIAZly 32 PAaXyHOK BUKOPUCTaHHS rpadivHIX
IIpOLIECOPiB

2. Algorithms and methods for accelerating singular value decomposition through the use of graphics processing

units

Pedepat/anoranis:

1. O6'eKT BOCHIIKEHHS: TIPOLeC OOYUCIIEHHS CUHTYJISIPHOTO PO3KJay LIiJIbBHUX CUMETPUYHUX MaTpULlb Ha
BHCOKOIIPOAYKTUBHUX KJIACTEPHUX OOUMCIIIOBAJIBHAX CUCTEMAX i3 PO3MOAiIeHO0 NaM'ATTIo. [IpenmeTom
IOCJIiIKEHHS € 6JI0KOBO-PEKYPCUBHI aJITOPUTMU Ta MOJieJli OpraHisallii mapaseyibHOro 0641 CII0BaIbHOTO MTPOLECY
IJIsI 3BE€JIEHHSI CUMETPUYHUX MaTPUIb 10 TPUAiaroHanbHOi popmu Ta ix miaroHasizanii Ha kinacrepax i3 GPU-
IIPUCKOPEHHSIM. MeTa auceprauiiiHoi poboTu: niABUIIeHHS €(PEKTUBHOCTI 00YMCIIEHHS CUHTYJIIPHOTO PO3KJIaay
IIiIbHUX CUMETPUYHUX MAaTPULb BEJIMKOTO PO3Mipy LIJISXOM PO3POOKU 6I0KOBO-PEKYPCUBHUX AJITOPUTMIB Ta
MoJeJsiell opraHisauii 064rCIII0BaJbHOTO MPOLECY 71 KJIACTEPHUX CUCTEM i3 po3moisieHoo nam'atTio Ta GPU-

MIPUCKOPEHHSIM. MeTony JOCiIKeHHS: YrcesibHa JliHiliHa anre6pa, Teopis aJrOPUTMIB, MapasesbHi U po3nofineHi



00uMCJIEHHS, aHaJli3 [TIOXUOO0K; peanisalis — MoBoto Java y cepenosuilli DAP (MPI, jCUDA, cuBLAS, cuSOLVER),
xiacrep CKIT. HoBi HaykoBi pe3ysbTaTy: ® Briepine 3a1iporioHOBaHO 6JI0KOBO-PEKYPCUBHUN METO, O0YMCIIEHHS
SVD wminbHUX CUMETPUYHUX MATPULb, SIKUH 3BOAUTD yCi 06UUCIIEHHS 40 6JI0KOBO-MATPUYHUX ONepalLliil, 110
IO3BOJISIE 3aCTOCOBYBATH MIBUKI aJITOPUTMH MHOXKEHHSI Ta MacIITabyBaTU OOYMCIIEHHS Ha KJIacTepax i3
PO3MOIiJIEHOI0 TaM'SITTIO. * Brieplie 3aporOHOBAHO aJTOPUTM OOYMCIIEHHSI MATPUYHUX CUHTYJISIPHUAX 3HAY€Hb IJIs1
IiTbHUX CUMETPUYHUX MaTpHLb, YUCJIO ONlepaliil Ikoro Bu3HavyaeTbcs Bupasom C(n) = k(o)-M(n) + O(n2), ge M(n) = ono
+0(n2) — yucso onepaliil B aJIrOPUTMI MHOXKEHHSI MAaTPULb PO3Mipy Nxn, 0 Ta 0 — KOHCTAHTH, 1110 BUBHAYAIOThCS
BUOpPaHUM QJIFTOPUTMOM MHOKEHHS, a KoedilieHT k(o) — sIBHO 3alaHa MOHOTOHHO CHafiHa (QYHKLis, M0 Ma€e TakKi
3HaueHHs: k(3) = 3,15; k(log27) = 4,96; k(2,376) = 20,96. * Briepiie 3ariporIOHOBAaHO MOZeJIb OpraHisariii
0064KCII0BaIbHOTO Ipolecy SVD, 1o peasisye 3anporoHOBaHI METO[, Ta aIfOPUTM Ha KiacTepi 3 GPU uepes MPI-
posmnogin Mk By3namu Ta agantusHe CPU/GPU-nepemukanHs. [Ipaktuyne 3HaueHHs: Q3RP, Ribbon i mogesns

00U CIIIOBAJILHOTO [IPOLIECY — OCHOBA BUCOKONPOAYKTUBHUX 6i6s1ioTek SVD; minTBepAKeHO CTiNKICTh HA PiBHI
MalIYHHOI TOYHOCTI Ta NpUckopeHHs 1o 3,68x Ha 4 GPU-By3nax. BiposamxeHo y TOB «HYJIJIA» (anpo
pexkoMeHpaniiHoi cucremn). Cepa 3aCTOCYBaHHSI — METOJ, TOJIOBHUX KOMIIOHEHT, JIATEHTHO-CEMAHTUYHUI aHai3,

peryssipusatlis oO6epHeHHX 3a/1a4.

2. Object of research: the process of computing the singular value decomposition of dense symmetric matrices on
high-performance cluster computing systems with distributed memory. The subject of research is block-recursive
algorithms and models for organizing the parallel computational process for reducing symmetric matrices to
tridiagonal form and their diagonalization on GPU-accelerated clusters. The purpose of the dissertation work: to
increase the efficiency of computing the singular value decomposition of large dense symmetric matrices by
developing block-recursive algorithms and models for organizing the computational process for cluster systems
with distributed memory and GPU acceleration. Research methods: numerical linear algebra, theory of algorithms,
parallel and distributed computing, numerical error analysis; implemented in Java within DAP (MPI, jCUDA,
cuBLAS, cuSOLVER) on the SCIT cluster. New scientific results: ¢ For the first time, a block-recursive method for
computing the SVD of dense symmetric matrices was proposed, which reduces all computations to block-matrix
operations, thus allowing fast multiplication algorithms and scaling on clusters with distributed memory. * For the
first time, an algorithm for computing matrix singular values of dense symmetric matrices was proposed, with
operation count C(n) = k(g)-M(n) + O(n2), where M(n) = ono + O(n2) is the operation count of nxn matrix multiplication, o
and o are constants determined by the chosen multiplication algorithm, and k(o) is an explicitly defined
monotonically decreasing function with the values k(3) = 3.15; k(log27) = 4.96; k(2.376) = 20.96. * For the first time, a
model for organizing the SVD computational process was proposed that implements the proposed method and
algorithm on a GPU cluster via MPI distribution among nodes and adaptive CPU/GPU switching. Practical
significance: Q3RP, Ribbon and the computational process model form the basis of high-performance SVD
libraries; machine-precision stability and a speedup of up to 3.68x on four GPU nodes were confirmed.
Implemented at NULLA LLC as the computational core of a recommender system. Field of application: principal
component analysis, latent semantic analysis, regularization of inverse problems.
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