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BbICOKOIIPOU3BOJUTE/JIbHBIN AJITOPUTM
INMEPMAHA - MOPPNUCOHA OBPAIIIEHNA MATPUILL
HA GPU'!

H.C. Hedooiwcozun, A.C. Capmaxeesa, C.II. Konvicos

O6parienre MaTPHUILI TBISIETCS BaYKHBIM 9TATIOM MPU YUCICHHOM DEIIEHNH TAKHUX, 33189 KaK
pelllenre CUCTeM JHWHEHHLIX ypaBHEHUH W MOCTpOeHHe HpelobycaaBamBaTeseli, BLIUUCIEHAE T0-
nomaerns [Ilypa B MeTogax meKoMmosunuu ob6JacTH, MAPpPoBasg 06paboTKa W300paKeHn# U T. 1.
Paspaborka BBICOIPOM3BOAUTENBHELIX MAPAIETBHBIX AJITOPUTMOB OBPAIEHUS MATPHUIL CBSI3aHA C
3> PEeKTUBHBIM XpaHEHWEM W OTOOpaXKeHWeM aJTOPUTMOB Ha COBPEMEHHBIE MHOTOSIEPHBIE apXW-
TeKTypbl. Hapsiny ¢ TpamumuonnbiMu MeTofamu obpamenus — LU-dakropusamnueii 1 MeTOIOM
Taycca — 2Kopgama, paccMOTpeHBI mapajjielbHble aJTOPHTMBI METOMA COMPSYKEHHBIX T'DaIHCH-
toB u [llepmana — Moppucona, B KOTOPBIX HCHOJB3YIOTCI MATPHIHO-BEKTOPHBIE W CKAJSIPHBIE
npousBesennst 3pdEeKTUBHO BHITOMHSIEMEBIE Ha MHOTOSIIEPHEIX TIporieccopax. B paGore mpoBemeno
cpaBHEHHEe Ha TeCTOBBIX MATpHIIAX paccMaTpuBaeMbIX MeTonoB Ha CPU u GPU.

Karoneewie caoea: 6uicokonpouseodumenbHle ai20pUumabl, 00pAULEHUE MATRPUY, PA3DENHCEH-
Huie mampuust, aszopumm Hlepmana — Moppucona.

BBeneunne

[Ipu pertenun NpaKTHYECKUX 38/1a9 BOZHUKAET HEOOXOMMMOCTH BHIOOPA TOTO MJIM HHOTO Me-
TOoJa oOpaIeH s MATPUIL HJIH €10 Hapasie bHol peasuzaruu. [lossieHue nporpaMMHuoOro obecrie-
YeHUs [T BRIYUCIeHUIT 06mero HazHauenus Ha rpaduteckux yerpoiictsax (GPGPU) nossonnio
HA Psije 38/1a4, B TOM YHCJIE€ BRIYUCIUTEIbHON JMHEHHON aareOphl, MOay4aTh YCKOPEHUE BBIUKC-
JICHUil B JECATKH W COTHH Pa3, MO CPABHEHHUIO ¢ meHTpanbHbiM mporieccopom (CPU). Teicsun
moTokoB GPU moryT 3¢hpeKTHBHO BHIMOJHATE OJHOBPEMEHHO OOJIBITIOE YHCJIO TPOCTHIX apud-
METHYECKHUX OIEPAIUii, YTO XaPAKTEPHO i MYJbTHILIHKATHBHBIX H I IUTHBHBIX OHepanui ¢
BEKTOPAMH M MaTpuiiamMu. BMecte ¢ TeM, OC/IeI0BATEIBHBIE OTIEPAIUN 1 BETB/IEHUSs, XapaKTep-
HBIE JIJIs PA3JIOXKEHNS MAaTPHUIl Ha TPEYroJbHBIE MHOXKHUTEIH, BhinoJHsorcss GPU meniennee,
gem sapamu CPU.

Jannas pabora opuenTupoBaHa Ha dGQEKTUBHLIE PEANH3ANNN METONOB OOPAIIEHNS CHM-
METPHYHBIX PA3PEKEHHBIX U MOJIOKUTETLHO OIPEIEJIEHHBIX MATPHUIL ¢ HCITOJIBb30BAHUEM THOPH/I-
HBIX BBIYHCIUTEIbHBIX y35i0B ¢ GPGPU. B pabore npoeeneHo cpaBHEHUE ajirOpuTMOB 00Opaiie-
HUsI MaTPUIL, TMEIOIIX PA3PEKEHHYIO CTPYKTYPY. IIpu peanusaiiuu Bcex METOIOB yUHUTHIBAJIACD
CTPYKTYpa XpaHeHus B c2kaToMm opmare.

1. AnaroputmMmbl oOpalieHusI MATPHI]

PaccMOTprM BBICOKOITPOU3BOAUTE/BHBIE aJIFOPUTMbI SBHOT'O U HESBHOTO ODPAIIEHIS MATPHI]
HA THOPUIHON apXUTEKType ¢ BhIAEAeHUEeM onepaiuil 3PEKTUBHO BBINMOJHIEMbIX HA YHHUBED-
cabHbIX U rpaduueckux mnpoieccopax. XoTsd siBHOE 0DpaIleHe MATPHUIIBI BO MHOTHX CJIyYasix
MOXKeT OBIThH HENEeco00Pa3HBIM, OHO MO-NPEXKHEMY MPEJCTABJISET HHTEPEC B PA3JMYHBIX [PHU-
KJIQJIHBIX 00JIaCTAX, TJe BCTPEYAOTCs DOJIBIINE PA3PEXKEHHbBIE 1, TOPOH, MJI0X000YCIOBJIEHHBIE

MaTPUIIHI.

ICrares PeKOMeHIOBaHa K MyOIUKAIAA TPOTPAMMHBIM KOMHUTETOM HaydHOU KoHdepennun «llapantennurie BB
YHACIATENLHBIE TeXHoJoTun — 2014».
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LU-dakropuzanus (LU). i 3a1anH0il HEBBIPDOXKIECHHONH MATPUIBI A CYIECTBYET pas-
JIOYKEeHWe Ha BEPXHIO TPeyroabayio U n Ha HUXKHIO TPEYTOAbHYIO L MaTpuILl. Kean MaTpuIis
A, U, L 06paTuMel, TO crpaBeyiuBo ciaenymomee yreepxacnue: A~ = UL~ Tak kak dak-
TOpU3ANKS TPOBOJMIACK A MaTpuil, xpausmuxcs B gopmare CSR, npu nocrpoenun L u U
CYMMHPOBAJIUCH JIUITh T€ MTPOU3BEJIEHNs, B KOTOPLIX YYaCTBOBAJIM HEHYJIEBBIE JIEMEHTHI HCXO/I-
HOit MaTpuis! [1]. Paccmarpusanack TONbKO mocienoBaTenbHas peanusamus LU-dakropusamnumn
Ha CPU, nmokaspiBatomas HAWIYUINIHE PE3YJbTATH JJId MaJbiX U cpemgaux marpuil. OcoberHo-
CTH JAHHOTO AJrOPUTMa HE TO3BOJSIOT 3(MMEKTUBHO UCIIOIH30BATH BCE BO3MOXKHOCTH MaCCHBHO-
napaJsuiebaoit apxurektypsl GPU.

Mertop T'aycca — 2Koppana (GJ). Tlorennmansuo, meron laycca — 2Kopaana 6osbime
MOAXOJUT JJIsi BRIYUCIEHNH Ha rpaduYecKuX YCKOPUTE/AX, YeEM aJFOPUTM OCHOBAHHBIN Ha LU-
pasyioxkenuu. B paccMarpuBaeMOM BapHAHTE BCE OIEPAIIUN BBIMTOTHAIOTCH HA IEHTPAJTBHOM ITPO-
meccope CPU. Tak kax npeobiagaloniie BbIMUCIEHHs B JAHHOM METONIE COAEPKAT MATPUIHLIE
ONEPAIUU, TO B JAJBHENIEM MOXKHO OXKHJIATh BLICOKYIO MPOM3BOJUTE/IbHOCTH BapUAHTA JJisi
rubPUIHON aPXUTEKTYPbl mpu coBMecTHOM ncnonb3oBanun CPU+GPU. Ognako, B pabore [2]
MOKA3aHO, YTO MAKCHMAJIBLHO MOJIYYAEMOE TPEXKPATHOE yCKOPeHe MeToa obparenus [aycca —
Koppana nocTuraercs JUITh MPH BBIYHCAEHUSX ¢ OQMHAPHON TOYHOCTHIO U PA3JAEICHUEM Olle-
pamuit Bemmonusiembix na CPU u GPU.

Mertopn, conpsixkennbix rpaguentos (CG). PaccmarpuBaemblit B paboTe airopuT™ Bbl-
qUCJIeHNsT 0OPATHON MATPUIIHLI COCTOUT U3 PermeHnii MaTpu4Hoil cucremsr Buga AX = K, tne F
— enuHuyHasg Marpuna. Taxkas cucrema 3dexturno pemaercs va GPU npenodyciopieHHbiM
AJITOPUTMOM COTPSZKEHHBIX I'PaiueHToB. Mcoib30Banne B TecTax MPOCTERIIErO AUATOHAJIBHOTO
Pe00YCIABINBATENST CBA3AHO ¢ 00€CTeYeHIeM MIHIMATBHBIX BEIYUCIUTENBHBIX 3aTPAT (KOJIH-
YecTBa TPeOyeMOil MaMsiTH, BPEMEHU MOCTPOEHUs TPenodyC/IaB/iuBaTe/is U BPEMEHN €ro pelte-
uusi) Ha GPU mis marpun obmero Busa.

Peanuszarus anroputma 6osee moapobHo paccMorpena B pabore [3]. OTveruM TOIBKO, 9TO
OIIEHKA YHCJIa HEHYJIEBBIX DJIEMEHTOB 00PATHONH MATPHUIILI 3ATPYAHEHA U OOPAIIEHHYIO MATPHUILY
MPUXOJAUTCH XPAHUTH IMOJHOCTBIO, YTO HAKJIAJBIBAET CYIIECTBEHHBIE OUPAHMYEHUS HA HMCIO/b-
syemyto namstb npu pabore ¢ GPU. B ciyuae obpaimeHusi MaTpPUIlbl METOIOM COMPSKEHHBIX
rPAIKMEHTOB PE3YIBTAT BBIUUCIEHUN MOYyYaeTCs IO CTOJIOIAM, YTO MO3BOJISIET CPazy npeobpazo-
BBIBATH MATPHUILy B C2KATHINA (POPMAT U, TEM CAMbIM, CHUXKATH OTPDAHUYEHUE HA PA3MED 3aJIa4H,
pemaemoit Ha GPU. B merosie conpsikeHHBIX I'DAJHEHTOB ONEPAIMH CKAJSAPHOIO POU3BEIE-
HUsi, HOPMbI BEKTOPOB, CYMMbI BEKTODOB U YMHOXKEHHS BEKTOPA HA CKAJIP PaClapaJuie/ieHbl ¢
nomomeio 6ubanorekn cuBLAS. MaTpuiHo-BeKTOPHOE IPOU3BEICHNE DEAIN30BAHO ¢ IOMOIILIO
rexnonorud CUDA B BEKTOPHOM BapUaHTe ¢ BO3MOXKHOCTLIO HCIOIL30BaHKs HecKoabKux GPU.

Merop ITepmana — Moppucona (SM). Unest merona SM Bocxogur K paboram [4, 5],
KOTODBIil M3BECTEH B PYCCKOAZBITHOIN JIHTEPATYPE METON Kak MeTon momojHeHus [6]. Cragana
paccmoTpuM ToXaecTBO Bynbepu [4] 3 koroporo ciemyer mssectHasi popmyina Lllepmana —
Moppucora. 3a 0CHOBY MOCTpoeHHs MaTpuibl A~ BozbMeM MaTpumy B Toil e pa3MepHOCTH,
910 U A, HO C U3BECTHOH 06PATHON MATPHIIEH.

Teopema 1. (Bymbepu [4]) na obparumoctn marpunsl A suga A = B — UVT, tme A —
HEBBIPOXKICHHAST MATPHUIa TOopsiaka 1 X n, a U,V mycts (n X m) — Marpuibl, HEOOXOMAUMO H
JIOCTATOYHO, YTOOK! 6BLIA 06PATHMOil MaTpuIa m-ro nopsaaka P = I, — VI B~1U. Ilpn stom

A"t =p~ty B~lup~tvTB-L (1)
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B ugactHoM ciyuae, npu m = 1, ToxpecTBo Bynbepu npuBoauT K CAEAYIOMENR TEOPEME:

Teopema 2. (Illepman — Moppucon [5]) Tlycte B — HEBBIPpOXKIEHHAST MATPHUIIA U BEKTOPA U U
vV Takue, 4To
r=1+vI'B tu#0.

Torma marpuna A = B 1t vT'u apngerca obparuMoii u e€ obpalrneHne HaXOIUTCH KaK
At =Bty ipTluvT B (2)

Hamee 6ymem paccMaTpuBaTh W CIUTATH, 9TO Marpuia A obpatuMas ¢ a;; 7 0 U HeT Heob-
XOMMMOCTH B TEPECTAHOBKAxX Npu eé obpamenun. B sToM ciydae, TpHM yClIoBUH U = € =
[0...1...0/7, Bripaxkenne (2) MOXKHO yIPOCTHTH, nosiaras 4To B~ le, = b}, b} — k-blii cronbern
marpunsl B!, Torga cronber aj MaTpPHILBI A~ prrancnsercs

T %
v bj

a;:b;_mb;;, j=1,2,...,N. (3)
J

ITo coorromenusiv (3) BeraucanM obparmenne Marpunbl A, npuauMasg uto B = F u 3anuckiast

ua k mare
u=ce, vi=vF=a"—el, (4)
ACXOId U3
N
A=B+ Z vE.
k=1
Cronben MaTpUnbl HA Kk MIare HAXOOUTCS U3 COOTHOIIEHHS
T, (k=1)
_ via; _
al® —alk-b T T LU=l j=12,...,N (5)
] ] T (k_l) k }) }) }) }) })
1+via,

rne A9 = F u nng k = N naxoxures ag.m =aj,j=12...,N.
Peanuszarus anroputva (2) B Buge (5) npusenena B Anropurme 1. Bexroprbie oneparyn
peanuzosbiBanuch Ha GPGPU ¢ momompio dyaknmit 6ubamnorexkn cuBLAS.

AgropurMm 1 Ilapannensusiii lHlepmana — Moppucona,

Require: a,v € RY {Bextopa xpaunsarcs B mamsatu GPU}
1: vI' = a* — el { Bexrop ex € RV, k sznement Koroporo pasen 1, a Bee ocraibhble 0}
2: dim {pazmMepHOCTH MATPHUITBI }
3: for k=0— N do

4: for i = 0— N do

5: for j =0— N do

6: B1 «— (vE, ag.k_n) {BBrUncasierca ¢ momompio gyuknun cublasDdot}
7 Bo 1+ (vE, aﬁf‘”) {cublasDdot}

8: B3 = Bi/ B2

9: agm — agk_n — 3 {cublasDaxpy}

10: end for

11:  end for

12: end for
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B pabote 7] 6b11 npeaiozxken 6109HbIH aIT0PUTM 00paIeH st MaTpuIl Ha ocHOBe (1) B cydae
IJIOTHBIX MATPHIL, B KOTOPOM TPeOyeTcsi J0CTATOYHO 3aTPATHOE PA3/IeIeHine MATPUI] Ha OJIOKH.
Vekopenue npu ucnonaszosanns GPU B srom ciydae cocrapuio auib 20%.

B macrosmeii pabore paccMaTpuBaeTCs aJrOPUTM OOPAIEHUs] MATPHIL C HCIOJIb30BaAHIEM
dopmyn (2) A5 PA3PSIKEHHBIX CUMMETPUIHBIX MATPHII.

2. YwncjgeHHBbIe HCCJeIOBAHUS

YucjieHHbIE IKCHEPUMEHTHI, MPEJCTABJIECHHBIE B TAO/UIE, OBLIM ITPOBEIEHBI HA TECTOBBIX
MATPHIAX M3BECTHRIX Oubmorek [8, 9], a Takyke Ha MATPHUIAX TMOJYYECHHBIX MPU PEIICHHHN 3a-
JIAY HAIPsKEHHO-IeDOPMUPOBAHHOTO COCTOSIHUS BUHTOBOM HPYXKUHBI METOMOM JIONOJIHEHHS
lypa [3|. Hezamosmuenubie mojst TabauIBl COOTBETCTBYIOT BBIYHUCIUTEIBHBIM 3aTPATAM CyIIle-
CTBEHHO TPEBBIMIAIONAM PE3YJIBTATH IO JAPYTHM MeTonaM. PazmMepbl MaTpuil BApbUPYIOTCS OT
276 o 18000, 4ucao HEHYAEBBIX 3JEMEHTOB — OT 1666 no 6897316, uncia 00yCIOBIEHHOCTH Y
— ot 10 10 10'°. Bce pesyabraThl HOMyHUeHbl ¢ ABOHHOM TOYHOCTHIO.

st BRIMHC/IEHUE HCIOJBb30BAJICH Y3€/I ¢ YeThbIipexsaepHbiM 1poiieccopoM Intel Xeon CPU
E5430 gacroroit 2667 MI't n rpacduaeckum yerkopurenem NVIDIA GeForce GTX 580. Konuye-
ctBo simep CUDA 512, o6bem namstu 3 I'B, wacrora sigpa/namstn 772 MI' /4008 MI'm.

Briaenum Tpu OCHOBHBIX HApaMETPA JJisi CDABHEHUS U OIEHKH AJIFOPUTMOB 00PAIEHHsI MaT-
PUIl HA TTAPAJJIEIBHON BBIYHC/IUTENBHON CHCTEME: YHCI0 apu(METHUECKUX ONEPAINil, 3aTPATHI
namMsaTu 1 TpeboBaHus K 06paboTKe JAHHBIX.

3arparhl HAMATH METOJA CONPSXKEHHBIX I'DAJIUEHTOB U METOJIA MOIOJIHEHHS HA (DOPMUPO-
BAHIE HCXOAHON paspe:KeHHoil 1 06parTHoil Marpuil coctasagior 16NNZ + 4N? u 8N? 6Gaiir,
cooTBeTcTBEHHO. B Merone Illepmanma — Moppucona Ha BCIOMOTATENbHBIE NMepeMeHHBIE, Tpe-
Oyverca 16N, B MeTO/E CONPS’KEHHBIX IPAJAMEHTOB 3aTPAThI HECKOJIBKO OOJBINE U COCTABJISIOT
48N. Hocryn K ajnemenTam mMarpuilbl B popmare CSR ocyecTBisieTcsi 0 CTOJONAM B METO-
jge SM u o crpokam B CG, Torga kak B Meronax laycca — Kopmana u LU-dakropuzarimu
JIOCTYI K MaTPHIlE NMPOUCXOIUT MOIIEMEHTHO W HA KAXKJIOM IMare HeOOXOIUMO MMETH BCIO Mar-
puily. Beraucaure/ibibie 3aTpaThl aJrOPUTMOB [0 YHCJIY OHEPAIMN BBIIVISIAT CJAETYIONIM 00-
Pa3oM: B METOJIE CONPSKEHHBIX IPAAMEHTOB Oe3 npeo0ycaaBinBaHus Ha KaXKOo# k-ureparuu
OJIH a3 BBINOJIHAETCS MATPUYHO-BEKTOPHOE NMPOU3BEJECHHE U TPU CKAJSAPHBIX TPOU3BEICHUS
N(N? + 3N +3); B MeTojie HOMOTHEHNA Ha KayK 10l nTepanuu N pas3 BLITOIHSAETCS JBa CKAsAP-
HbIX npousseeHus N2(2N + 2).

Jl1s1 BRIMONTHEHNS CKAIAPHLIX IPOU3BeAeHnil B MeTone SM coszmaercsa BekTop B namstn GPU,
B KOTOPBIl 3alMCBIBAETCS CTOJDEN MATPHUIBI, HEOOXOIUMbIH Ha JAHHOM Mare ajropurMa. B
MaTPHUYHO-BEKTOPHOM TpousseeHunn Jjid Merona CG KaxkAyi CTPOKY Marpuiibl obpabarbiba-
€T HECKOJIBKO HuTel (70 32) OIHOBPEMEHHO, 9TO 00ECTEYMBACT €ro BBHIMOJHEHNE B JBa U, NAXKe,
TP pa3a ObICTPEE CKAJIAPHOrO MPOU3BEJIEHUS TPH MPOM3BOJIbHBIX Pa3MePax MATPHI[ H UX Pa3-
PEKEHHOCTH.

Onpenessiomeii, TP UCIOJIB30BAHUN METO/A CONPSXKEHHBIX PAJIMEHTOB, CTAHOBUTCH 00Y-
cnoBieHHOCTL (X) obpamaemoit MaTpuilel. B caydae ¢ Xopomo 0OYCIOBICHHBIME MATPHIIAMU
(KOTIa 9HCI0 UTEPAIHil METO/IA COMPSIKEHHBIX TPAJMEHTOB MEHbBINE PA3MePa MATPHUIIBI), THCIO
orepaIiii B METO/IE COMPSIZKEHHBIX IPAIHEHTOB OyIeT MeHbie, 4eM B Metoge SM (cm. Tabr. 1).

ITpu maoxoit OGYCJIOBIEHHOCTH MATpHIl, HO OoJbmoil paspexennoctan (Dubcoval
16129/253009, bodyy4 17546/121550) CG paboraer Ha mopsiok ObicTpee, dem meton SM. Og-
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Tabauna
Bpewms obpamenusi maTpui, ¢
GJ LU CG SM
Hazsanue N/Nnz X CPU CPU GPU CPU GPU
Schur276 276/7488 1.2e+02 0.1 0.1 1.1 0.1 4.1
Lect 494 BUS 494/1666  3.9e+06 0.3 0.7 23.9 1.31 12.1
1138 BUS 1138/4054  8.0e+09 9.5 11.9 133.1 23.0 62.5
Schur1236 1236/40806  1.5e+01 12.6 18.6 8.8 34.5 74.5
BCSSTK11 1473/34241  5.3e+08 21.4 33.9 246.6 57.9 104.8
BCSSTK15 3948/117816  8.0e+09 426.0 649.1 329.1 11829 751.1
Shurb688 5688,/203238 2.9e+01  1262.8  1822.5 84.8 3171.6 1572.2
ND3K 9000/3279690 1.6e+07  5009.6  7175.4 34801.3 12960.3  3918.7
msc10848 10848/1229776  9.9e+09  8718.8 12446.8 15259.6 21663.5  5741.0
Dubcoval 16129/253009 9.9e+02 29868.9 40859.7  617.3 754722  13006.5
bodyy4 17546/121550  8.1e+02  40400.6 — 3764 —  15566.6
ND6K 18000/6897316 1.5e+07 41782.0 35674.5 — — 16386.0

HAKO, ¢ YBEJTHYCHUEM THC/Ia HEHYIEBBIX 3JIEMEHTOB 3aTparhl Bozpactaior (ND3K 9000/3279690,
ND6K 18000/6897316), a JeBATHKPATHOE YCKOPEHUE JOCTUTAETCS B MAPAIETEHOM MeTome SM.

B ducyieHHBIX 9KCIEPHMEHTAX, JIJIsi BBIIOJHEHUS OA30BBIX ONEPAIHil PACCMATPHBAEMbIX Me-
TOJOB, BhI3bIBaUCh yHKIHN Oubmnorekn cuBLAS (cm. AynropurM 1). OcobeHHOCTBIO TPUMEHE-
Hus pyHkiun cublasDdot siBjisieTCsi TO, YTO P UCIOIB30BAHUM TEKCTYPHON TAMSATH B OCHOBHO!
porpamMMe mocaeay o Bei3os pyHKin cublasDdot BHIIOJIHAETCS CYIECTBEHHEE ME/JIEHHEE,
YeM JPYTHE BbI30BBI IPH BLIYUCIEHUN CKAJISPHBIX pousBejieHuii. C yBequueHneM PazMePHOCTH
BEKTOPOB 3TO BJIMSHUE CTAHOBUTCS 3HAYUTEIbHBIM W ONEPAINs CKAJISAPHOIO MPOU3BEJICHUS BbI-
MOJTHSAETCs, TPAKTHYECKH, B CEMb Pa3 MeJJjIeHHee, YTo xapakrepHo st metona CG, npu peasiu-
3aIK KOTOPOTO TEKCTYPHAS MaMsTh 331eiiCTBOBAHA, B MATPHYHO-BEKTOPHOM MPOU3BEICHUY.

Ucnonwsayemas peanuzanus ajgropurma CG xoporo macimtadupyercs va GPU u nozsosser
JIOCTUTATh YCKOPEHHUs B IECSITKHU Pa3, M0 CPABHEHUIO ¢ BapHaHTOM, peanusosannom Ha CPU [1],
a napaJuiejibias peanuzanus ajropurma SM Ha GPU obecniednBaer ropasio MEHBINHE YCKO-
penusi. Tak, amst marpui mManbix pasmeprocreit (Schur276, 494 BUS, 1138 BUS, Schurl236,
BCSSTKI11) Bpems BhImoIHEHNST BapuanTa, peanuzosannoro na GPU, 6osbimne, gem na CPU, a Ha
MaTpUIAaX OOJIBITNX PA3MEPHOCTEH MOJIYYEHO MAKCHMAJBHOE MECTUKPATHOE yekopenue. lIpex-
JIE BCETO 3TO CBsA3AHO C JIydIneil MacmTabupyeMOCTbI0 CKAJISPHOrO MPOU3BEIEHUS HEOOJIbITHNX
BekTopoB Ha CPU, a ve va GPU. B ciyyae meroja CONpsiKEHHBIX I'DAJHEHTOB 3HAYUTEILHOE
yckopenue Bbruucienuit Ha GPU obecriednBaer MaTpUYHO-BEKTOPHOE ITPOU3ZBEJIEHUE, KOTOPOE
obsiaaer GOJIBINOI CTEMEHBIO MAPAJIIETH3MA.

3aKJII0UYeHue

Ilpn ncnonbzosannn GPU Ha manbix 3agadax (1o N = 3000) cokpammenne BpeMeHH BbI-
IOJTHEHUs ONepaluii He MOKPBHIBAIOT 3aTPATHl HA BBIAEICHHE MAMATH, H09TOMY 3(P(PEKTHBHOCTD
napaJienbubix peanuzanuii Ha CPU B aBa paza Beime. OHAKO, ¢ yBEJINYEHHEM Pa3MepPOB MaT-
pun, aaropuT™sl peannsosanusle Ha CPU He MOKA3BIBAIOT 3HAYNMBIX YCKODEHUH, 8 Pe3yIbTaThl
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nosiydennbie Ha GPU, MeTonamu conpsi>keHHBIX IPAJIMEHTOB U nonojHeHus, 3pdexTuBree 60jee
geM B AecsaTh pas (bodyy4).

HanpHeiimue pa3BuTHE BLICOTPON3BOIUTENBHBIX METOI0B OOPAIEHNS MATPUIT CBIA3aHO C MO-
nudukanueit n ontnMuzalueit anroput™a Merona Llepmana — Moppucona npu o6pariennn cuM-
METPHYHBIX MATPHUIl, B TOM YHCJE U Jjid nocTpoeHus: 3(pPeKTHBHBIX npenobyciapinBaTeei Ha
€ro OCHOBE JIJIsI METOM8 COMPSIKEHHBIX TPAINEHTOB.

Paboma ewnoanena npu gunancosoti noddeporcke PODOHU (epanm 14-01-31066-mon_ a, 14-
01-00055-a, 13-01-00101-a) u npoepammo. Hpesuduyma PAH Ne18 npu noddeporcke ¥YpO PAH
(npoexm 12-11-1-1005).
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SHERMAN — MORRISON HIGH-PERFORMANCE
ALGORITHM FOR INVERSE MATRIX ON GPU

N.S. Nedozogin, Institute of Mechanics of Ural Branch of the RAS (Izhevsk,
Russian Federation),

A.S. Sarmakeeva, Institute of Mechanics of Ural Branch of the RAS
(Izhevsk, Russian Federation),

S.P. Kopysov, Institute of Mechanics of Ural Branch of the RAS (Izhevsk,
Russian Federation)

Matrix inversion is widely used in numerical methods, such as linear solvers, preconditioning
for linear system, domain decomposition, digital image processing, etc. High-performance
implementation of matrix inversion requires efficient matrix storage formats and optimal
distribution of computations between computing devices. In this paper, we study the performance
of traditional matrix inversion algorithms, such as L.U-factorization and Gauss-Jordan, as well as
the conjugate gradient method and the Sherman — Morrison formula. In the last two algorithms,
matrix-vector products and scalar products are efficiently executed on multicore/manycore
processors. We compare the performance of the algorithms on hybrid multi-CPU multi-GPU
platforms, using the matrices from well-know test suites and from the numerical simulation of
wrap spring.

Keywords: Sherman — Morrison formula, high-performance computing, inverse matriz, sparse
matriz.
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