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Fast Verification Method for Large-scale Linear Systems

TAKESHI OGITAHt and SHIN’ICHI OISHIt

This paper is concerned with the problem of verifying the accuracy of the approximate
solutions of large-scale dense linear systems. In this paper, the guaranteed error bounds
on computed solutions of large-scale linear systems are calculated. Results of numerical ex-
periments have elucidated the limit of applicability of the previous verification methods for
large-scale problems under certain conditions. To overcome this, a new verification method
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is proposed for large-scale problems.
evaluated.
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Finally, the performance of the proposed method is
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Fig.1 Construction of ScaLAPACK.
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Table 1 Evaluation of ||[RA — I||~: 8CPU.

n 00 INV 00 LU
2,000 | 2.94 x 1079 | 8.33 x 1073
4,000 | 2.56 x 1071° | 1.80 x 107!
6,000 | 6.32 x 1071 1.16 (> 1)

8,000 2.89 x 1077 —
10,000 | 6.54 x 10~° —
—0oooo
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Table 2 Elapsed time [sec] for calculating numerical
solutions and their verifications: 8CPU.
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6,000 | 79.5 395 (5.0) *
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10,000 | 270 | 1,565 (5.8)
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Table 4 Evaluation of ||[RA — I||s by a two-stage
method: 8CPU.

n 00 INV 20000
2,000 | 2.94x107'° | 8.33x 1073
4,000 | 2.56 x 1071% | 1.80 x 107*
6,000 | 6.32x 10710 | 5.28 x 107 %«
8,000 2.89 x 1077 | 9.91 x 10~ 5%
10,000 | 6.54 x 107 | 1.85 x 10~ %«
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Table 5 Result of verification for ||& — A7 'b||oo: 8CPU.
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2,000 | 8.05x 107 % | 7.10 x 10~°
4,000 | 6.04 x 1079 | 6.08 x 1078
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Table 6 Elapsed time [sec] by a two-stage method:

8CPU.

n 000 | DOINV | 20000
2,000 | 7.93 | 248 (3.1) | 6.93 (0.87)
4,000 | 35.6 138 (3.9) | 33.2 (0.93)
6,000 | 79.5 395 (5.0) | 268 (3.4) %
8,000 167 882 (5.3) | 579 (3.5) *
10,000 | 270 | 1,565 (5.8) | 981 (3.6) *
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ScalLAPACK PDGEMM (Pentium4 2.4GHz, 100 CPU)
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Fig.3 Performance of PDGEMM in ScaLAPACK
(2.4 GHz Pentium 4, 100CPU).
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Table 7 Evaluation of ||[RA — I||: 100CPU.
n 00 INV oooon
10,000 | 1.30 x 10~% | 2.57 x 107
15,000 | 2.07 x 10~% | 6.96 x 10~ 7
20,000 | 1.75 x 1078 | 1.74 x 1076
25,000 | 1.23x 1077 | 2.59 x 10~°
30,000 | 2.34 x 10°7 | 4.03 x 10~°
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Table 8 Result of verification for || — A~ 'b||o0: 100CPU.

n 00 INV oooo
10,000 | 1.06 x 1078 | 5.63 x 10~
15,000 | 1.62 x 10~% | 2.01 x 106
20,000 | 1.02 x 10~% | 3.61 x 10~°
25,000 | 7.27 x 1078 | 8.22 x 10~
30,000 | 1.25 x 1077 | 1.31 x 10~°
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Table 9 Elapsed time [sec] for calculating numerical

solutions and their verifications: 100CPU.

n 0oo 0o INV oooo
10,000 | 79.1 138 (1.7) 117 (1.5)
15,000 | 130 328 (2.5) 257 (2.0)
20,000 | 207 616 (3.0) 463 (2.2)
25,000 | 303 | 1,034 (3.4) | 758 (2.5)
30,000 | 408 | 1,595 (3.9) | 1,119 (2.7)
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