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Proposal and Implementation of Parallel GEMM Routine
Using CPU and GPU

SATOSHI OHSHIMA,! KENJI KISE,t2 TAKAHIRO KATAGIRI
and TOSHITSUGU YUBAf

GPUs for numerical computations are becoming an attractive research topics. We have
proposed a new computation method of GPU, which utilizes parallel processing based on
CPU and GPU. In this paper, we apply this method to existing numerical computation li-
brary. We examine a performance tuning method and execute performance experiments using
a benchmark program. We also apply the method to the GEMM routine of BLAS and exe-
cute the HPL benchmark. As a result, the performance can be improved to 1.45 times by our
method, compared with a CPU only environment using Pentium4 3.0 GHz. There is a preci-
sion problem depending on GPU’s arithmatic precision, but we show such a potentiality that
our method can be applied to various applications.
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Fig.1 Divided execution of matrix multiplication.
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Fig.2 Structure of a parallel program.

0000000000000DGEMMOOOOOO
000OoGPUODOOODOOOOOOOOOOOOOO
000000000000000CPUDODOODOOO
00000000000000 GPUOOOOOGPU
000 SGEMM OOO0OOODOO0O0ODODOOOODOOOO
CPUDOOODODODODODODOOOOOOOOOOOO
000000000000000000000000
O0DOO0OODGEMMOOOOODOOOOOOODOOO
00000000000000D0000000000
0 GPUOOOOOODOOOOOOOOOOOOOO
00D0000DO0OO0O0O0DoOO

CPUDO GPUODOOOOOOOOOODOOODOO
200000000000001000GPUODO0
00000000000CPUOOOOOOGPUD
00000000000000000000 200
0010000000 10000000000 CPU
0000 GPUOOOODODOOOODOOO 2000
020000000000000000000000
000 OpenGL O GLSL¥ DOODODOODODODO
00000000000 D0000000000000
0ooDoDooog

01 0000

Table 1 Experimental environment.

CPU Pentium4 3.0 GHz
oooooo 1.0GB
GPU GeForce7800GTX
goooooovVvVRAMO 256 MB
GPUOOODO PCI-Express x16
os Vine Linux 3.2 (kernel 2.4.31)
goooooooo GCC 3.3.20 OpenGLO GLSL

gobooooooobooo100000o0o00

4.2 00001

SGEMMOUOO DGEMMOOOOOOOOOOO
gobooooooooooooooboboooobo
s120000000000000O00000O0O000
oooooooboooooob3oooooooon
goooboooooooooooooooooooo
O0000oooooOocpPUD GPUDOOOOO
00 1w0%0000000000000000O0O0OO
gooooboooooooooooooooooooon
000000000 APIODOOOOOOOOOOOO
ooooooooooooooboobobobboooogo
SGEMM OOOOODOO 1,536 000DGEMM OO



Vol. 47 No. SIG 12(ACS 15)

CPULO GPUOOOOOO GEMMOOOOOOOO 321

|I:I CPU = GPU Parallel 2 CPU(double) 1 GPU(double*) B Parallel(double*) |

(WGPUIZ&EDEHEIL, T—2%doubleE! M SfloatB 2L TITHoTLVS

-

Fast

EATHERE (7))
©

SOSOINNNANNNNN

SONNNNY

512 1024 1536

0 — =\

ey
LLLLSA

2048 2560 3072

s X

03 J0oOoOooooooooooooo
Fig.3 Execution result of matrix multiplication.
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Fig.4 Breakdown of SGEMM'’s execution time.
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Fig.5 Breakdown of DGEMM’s execution time.
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