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Acceleration of the Singular Value Decomposition
Algorithm for Square Matrices Using CUDA

TakesHI FUukaya,! Yusaku Yamamoro, !
TakAsHI UNEYAMAT? and YosHIMASA NAKAMURAT?

In this paper, we report the result of acceleration of computing the singu-
lar value decomposition (SVD) for a square matrix using CUDA, which is an
integrated development environment for GPGPU. Computing of the SVD for
a square matrix consists of the following three parts: bidiagonalization of the
input matrix, the SVD of the bidiagonal matrix, and inverse transformation.
Among them, we accelerate the first and the third step using GPU. This is
because it is easy to use the CUBLAS, the BLAS library provided in CUDA,
in these two steps. Through simple performance prediction, we assessed that
the Bischof’s method, in which bidiagonalization can be computed with matrix
multiplications, is effective for computation using GPU. Therefore we imple-

mented the algorithm for the SVD based on such method. When computing
the SVD of a 5,120 x 5,120 matrix, we obtained about four times speedup using
a GPU over using only a CPU (Intel Core2 Duo, 1.86 GHz, using 2 cores).
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Table 1 Performance of CUBLAS (in GFLOPS).
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Fig.1 Percentage of computation time for each step in computing the SVD.
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Fig.3 Reduction to a lower triangular band matrix using blocked Householder transformations.

0000000 BOOODOOOOO
0000000000 2000000000000000000000000 20000
ooooog
(c-1) OD0OO0DOD0DODU =Un U0V =V, 0000000000
(c-2) DDOODDDODODOOU=UxU'0V =V V' 0000000000000000

A=UxvTD0O ADODODODOOOOD
0000000000Onr>> Lp0000(a-1)00000 (8/3)n®0(a-2) 00000 82%L5
00000000000000000 (a-1) 0000000000000 (e-1)0 (¢-2) 00
00000o 430000

000000000000000000 (a-1)000000000 (2)00000000
000000000000 A0O0DODOOO0DODO0O000DO0000000

Q=1-vy1Y". (2)

0000YOOO0DO0OO0O0O0O07T000000000000000000 30000
000000000 ADOODODOO00

(I-YTY")A— 4,

0000 30 Level-3 BLASODODOOOODODOOOO
e D0IDDDOOODOSGEMMMYTA — W.
e 0IDDDODOODDOOOSTRMMMITW — W.
e DOIODDOOOOOSGEMMIIA-YW — A.
00000000000 2000000000000000000000 (a-1)0000
000000000000 00D0000000000000
0000D000000000000 2000000000000000000 200000
000000000000000000000000000000000000000000

© 2009 Information Processing Society of Japan



102 000000000000 cubAOOOODOO

02 000000 CUBLAS 0OO0O0OOGFLOPSO
Table 2 Performance data of CUBLAS for estimation (in GFLOPS).
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3,840 3.25 89.2
5,120 3.54 95.2
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Table 3 Computational cost and BLAS level of each step in the conventional method and the
Bischof’s method.
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Table 4 Estimated computation time (in sec.).
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Fig.4 Bidiagonalization using Murata’s method.
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Table 5 Computation time for inverse transformation of Murata’s method (in sec.) on each

implementation.
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Table 6 Assigned tasks for CPU and for GPU.
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Table 8 Computation time (in sec.) for n = 1,280.
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Table 9 Computation time (in sec.) for n = 2,560.
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Table 7 Computational environments used in the performance evaluation.

oo oo

CPU Intel Core2 Duo 1.86 GHz

ooo 2GB

OS openSUSE Linux 10.2064 00000

BLAS Intel Math Kernel Library ver. 8.1
LAPACK Intel Math Kernel Library ver. 8.1
ooooo gce ver. 4.1.20 00000 -0O30

g77 ver. 3.3.50 00000 -030
Intel Fortran 00000 ver. 9.1000000 -0O30

GPU NVIDIA GeForce8800 GTX

GpPUDOOD 768 MB
CUBLAS CUBLAS ver. 1.0
CUDA ODOO0OO0OO nvce ver. 1.0

0oo CPUO2000 CPU O GPU
00 0oo Bischof Bischof
(L = 32) (L = 32)

(a-1) - 3.37 0.89
(a-2) - 1.36 1.49
(a) 000 15.4 4.73 2.38
(b) 6.39 6.34 6.31
(c-1) - 41.7 1.89
(c-2) - 4.87 0.84
(¢)00OD 13.4 46.6 2.73
oo 35.2 57.6 11.4
(b)yDODOD 28.8 51.3 5.11

4. OO 0O 0O

4.1 0 0O0OO

O0oo0oOooooooocubA0DOOOOOOOOOOOOOOOOOOOODOOD
Ooo0oooOooOoooOooooOoo0o0oOoOooooOooOooI-Ssvbooooooo
ooooo0O0ooO00oO0OO00boO00O0000O00O000oO00O000 GeUOODOO
gdooooooooooooooooooooooobooooobobob Too0oooogoo

000000 [-05,05 00000000000 Rnxn000000O000O0OODOOO

000000000 00oDO0OooOoooOooog Vol 2 No.2 98109 (July 2009)

gbooboooogoooboobobooboobooboooooboobboobooobobobo
O000oOooooO »=1,28002,56003,8400 5,120 0 4 000 Bischof 0O OO OO0
0000000 Lg0O Lp=3206401280 30 000000000000 OOCPUDOO
0000 O Intel Math Kernel Library 0 LAPACKO O Bischof 00000000

4.2 O OO0

n = 1,28002,56003,84005,1200 0 0000 000OO0O0O0OOOOO0O 80O 900 100
01100000000000000 (p)0D0O00O00 300000D0O0D0OO0ODOUODO

(© 2009 Information Processing Society of Japan



105 000000000000 cubAOOOOOO

010

n=384000000000000
Table 10 Computation time (in sec.) for n = 3,840.

Oo1

2 n=128000000000
Table 12 Accuracy of computation for n = 1,280.
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Table 13 Accuracy of computation for n = 2,560.
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Table 11 Computation time (in sec.) for n = 5,120.
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Table 16 Computation time (in sec.) with each Lp for n = 5,120.
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Table 17 Speedup by GPU on each step of Bischof’s method.
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Table 18 Comparison between estimated time and execution time (in sec.).
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