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Acceleration of the Singular Value Decomposition Algorithm
for Rectangular Matrices with a Floating-point Coprocessor

TAKESHI FUKAYA," YUSAKU YAMAMOTO," TAKASHI UNEYAMA, tf
GEN HoriIttt and KEN UMENO*t

In this paper, we propose an approach for accelerating the singular value decomposition
(SVD) of a rectangular matrix with the CSX600 floating point coprocessor. The SVD of
rectangular matrices consists of five steps, namely, QR decomposition of the input matrix A,
transformation of R into a bidiagonal matrix, SVD of the resulting bidiagonal matrix, back-
transformation and back-transformation corresponding to the QR decomposition. In our
study, we optimize each step so that most of the computation is done using the level-3 BLAS
(DGEMM) and accelerate the execution of DGEMM with the CSX600. We implemented
the proposed method using an accelerator board with two CSX600 chips and obtained up to
2.3 times speedup over 3.2 GHz Xeon processor when computing the SVD of a 40000 x 2000
rectangular matrix. Technical issues for further improving the performance are also discussed.
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Fig.1 Performance of the DGEMM routine in CSXL for
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Fig.3 Execution time of the DGEMM routine in CSXL
for M = K = 450.
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Table 6 Computational time (in sec.) for m = 10000.

m 10000
n 1000 2000 3000
ooo CPU CS | CPU CS CPU CSs
(a) 5.03 3.91 | 16.50 8.80 | 33.75 15.06
(b) 1.62 1.65 | 8.87 8.77 | 24.81 24.89
(c) 0.90 0.78 | 4.95 3.10 | 14.15 6.94
(d) 2.94 296 |25.61 2551 | 84.44 83.91
(e) 6.93 1.87 [26.21 5.84 | 55.91 6.94
oo 1 17.42 11.16 | 82.13 52.01 | 213.05 137.73
oo 2 15.95 9.68 | 69.33 39.26 | 170.83 95.77
oooo 1 1.56 1.58 1.54
oooo 2 1.65 1.77 1.78
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07 m=2000000000000000
Table 7 Computational time (in sec.) for m = 20000.

m 20000
n 1000 2000 3000
ooo CPU CS CPU CS CPU CS
(a) 10.19 7.82 | 33.64 17.97| 69.76 30.96
(b) 1.64 1.64 8.79 8.80 | 25.00 24.89
(c) 0.93 0.79 4.92 3.11 | 14.00 6.87
(d) 3.06 3.01 | 25.30 25.34| 86.17 83.71
(e) 13.74 3.56 | 53.79 11.44|117.58 13.30
oo1 29.56 16.82 | 126.45 66.65 | 312.51 159.73
oo 2 28.03 15.32 | 113.79 53.98 | 269.42 117.88
oooo 1 1.76 1.90 1.96
oooo 2 1.83 2.11 2.29
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Table 8 Computational time (in sec.) for m = 30000.

m 30000
n 1000 2000 3000
ooo |CPU CS | CPU  CS | CPU  CS
(a) 15.41 11.86 | 50.92 27.29 | 106.03 47.04
(b) 1.63 1.64 | 876 875 | 24.93 24.67
(c) 0.92 0.80 | 491 3.16 | 14.06 6.89
(d) 2.99 2,98 | 25.46 25.39 | 83.97 83.70
(e) 20.77 5.35 | 81.32 16.81 | 179.88 18.65
00 1 |41.72 22.63|171.37 81.35|408.87 180.95
00 2 |40.22 21.14|158.64 68.66 | 366.88 139.10
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