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Performance Estimation of a Huge Spar se
Matrix-Vector Multiplication on a Hetero
Environment Constructed by PCI express with
GPU and Functional Memory

Yuka Ogawa' Noboru Tanabe'"

Masami Takata' and Kazuki Joe'

In this report, we propose a paralel processing strategy for huge scale sparse
matrix-vector product whose vector cannot be held on a device memory. The strategy
uses a system connected by PCI express with GPUs and functional memories with gather
function. We evaluate the performance of proposed strategy with University of Florida
Sparse Matrix Collection. The result shows the 4.1 times acceleration over the existing
performance record with a GPU in the maximum case. There is no risk of performance
degradation by overflowing cache capacity on GPU. Because of the architecture without
inter-GPU communications, scalability is guaranteed. Therefore, parallel effective
performance is the product of number of nodes and single GPU performance limited by
burst transfer bandwidth of PCI express.
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(1) H/MEEFSH O (exdata_1, G3_circuit)

(2) W/ MEZEESR, 0 BIX/AEWIEZINEWVWE O (thermal2)

(3) HFAMMDO b D (FofaniTs)

22T, DOr—22o0n Tk, GPU ECTONEHERF L, GPU £/213E8 A b
CPU L ToORFEFFHEER OISR 22N 72 WR Y, X 5 TR S U7 fig/IME DS S A
EHZHEEBEZOND. ZOREAICET DEAMEREIL exdata_l DA 9800GT
BREIICE W TIE 7.56GFLOPS(%E 4 @ 1.54 fFm#{k), Tesla BREIIZIH WV Ti
12.29GFLOPS(% 4 ® 1.53 fEmE L) 720, £ 4 OE L W ZFES Lz, G3_circuit
OBFEITTE A EEN 2 LSz b H Y, Y HOMEDR q=1.5(F 9DHA L
q=1.75 DA TENH R h -T2,

—J7, RHAEER/ NOB AN L EERYTY BOMEZE 2 254, (2130) & FHE
LOLLTHEENS. RO L B E _OEEOB S OIXEREE/INE T2 2 &0
VP L LR TRV T, (@)D 7 — AW CIRRHR BT Tk < FHFERR o
ARV T ORELOMO L — A 72 EETHILENDH L. FEEEN
HAREMT 570 —70OZ0OREERE LIZREICOWTIESHOBEL T 5.

WIZ, BIED GPU ®BICB W THREEZHET 2 EBEX LN HR MLy 71220
TERTSH. EFRATEaAaT VAN 72 AKEOBLVIARD GPU Th 5
Geforce9800GT 12\ T b kB B iF 72 FLOPS i b T D . THITiRET A
TALRET LI XLHN GPU AN OFT — X HEGEEHBEZIT> CVDHRRTHD.

£7-, ERROP Y BH% ORI AGFLOPS 22 TW5. RV AT A LT
PCI express Gen.2 x16 % 72 1% PCI express Gen.3 x16 {Z L > C GPU E#&REA £ U N
BRI N2LE1E, 2 BOEE/NER IR LT 1 EoEE)/ k% PCI express 2> 5
WHRTILERDH D Z D, ZNEI 4GFLOPS, 8GFLOPS 73 PCI express /N

RigEAEE T 2 {EE— R COMRIRMAEIZ D, LFto FLOPS O K/NEHEN 5,
GPU DOHERESIRT NA ARXE YNV RERR MRy 72850 TR, X
PCI express DN FIERRE L TWARNTH D Z ENbrolz.

ERLORERIL, TET AT L TiX PCIexpress DYEREMNIE L CTH HHARE ST N
AAAEY ANV RIEOLVIRY, ZiCTHBEBIOKRNI y RLrovre—=2 RO
GPUIZRHLTH, " =2 RO GPU 2555 L SIFEHEESHRNE WS
TLERERTD. THITAEKMEREBCEDICERE KX THEIC, BEHRAM
FMEREEE O EICE BT 5.

2B, BEOH L OTHIM[101IC BV Tix PCI express 1Z4 hLf v 7 TiERan
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ERFSTT. L L, ZRET A ARAERV 2T VX AT 78 AT IR/ LOND
Ry RIEIZ -3 < 3l MFLOPS 2L O FENMEREZ #ERF T 218 hH > TR LRy 7
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BBECTHD LEZXLND. ZHICH LT, BEFAIZZD L D RREBR20.

4. BBHYI

MET—FT7 7T viE, AEVEBLETIVHX LT I RVAANL—T v MEH{b LT
AEAE U 2 PCI express NAD/N—RZX KT 7 ERIZED GPUDT NA ZAAEY LI
BHNLT-T — & EEALe. @Y7 PClexpress A v FH#HWAHZ Licky, 0D
Fghr NiEE GPU OB E IXEBRICR S Z LN TE D728, BfTHIRT MK
DITHNY A R A —F T WIZTED.

AHETIE, BET—F7 7 F v T OHITIIANY SABOT VTY X LEZRERL
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