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Development of error resilience technology for complex moment-based parallel
eigensolvers
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In this research project, we focused on the complex moment-based
eigensolvers, which are massively parallel eigenvalue analysis methods originated in Japan and have
been actively studied in recent years. We developed mathematical fault-tolerance techniques through
theoretical error analysis of the method, aiming to realize fault-tolerance at the algorithm level.
Theoretical and experimental evaluations have shown that the developed technology can obtain
eigenpairs with high speed and accuracy even in the presence of failures. In addition, we have also
developed technologies to improve usability for practical use. The results of this research project
were presented at domestic and international conferences and submitted to international journals.
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Theorem 2 Let (A;.x;) be the exact eigenpairs of the matrix pencil 2B — A. Assume
that f(X;) are ordered in decreasing order of magnitude | f(X;)| = | f(Ai+1)|. Define
2 as the orthogonal projector onto the subspace Z(S). Then, we have
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where o = ||X||2| X |l2. Bi depends on the angle between the subspace H,2(C. V)
and each eigenvector x;.
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Theorem 3 Let (A;.x;) be the °t eigenpairs of the matrix pencil (A, B). Assume
that f(A;) are ordered in decreasing order of magnitude | f(Ai)| = |f(Aix1)|. Define
P as the orthogonal projector onto the subspace #(S'). Then, we have
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where @ = ||X|2l1X ™"\l B, depends on the error matrix E and the angle between
the subspace #,5(C. V) and each eigenvector x;.
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8 #process Stepl  Step2  Step3  MISC  Total
Q 1 2146102 420E-05 492E-01 118E-01 2.15E102
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el ] Time [sec.] max
Hﬁ.ﬂﬂmna&mﬂ

128 939 869 008 1944 G6.66E-03
128 1827 1614 013 3583 S81E-03

60 = 60 128 2438 2363 020 4950 4.65E-03

80 - 80 1.27 31.80 3536 0.26 68.69 3.83E-03

100 39 100 128 2977 3053 025 6182 7.99F-13

120 s 120 129 454 505 010 1098 127814 |IREEEER S PR (B
130 422 467 006 1024 8sop14 |EALICTFET B85 X —4%)
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EItBEN%2HETED
244 188 002 561 3.49E-16

1.27 256 1.83 0.03 5.69 1.81E-15
60 5 102 1.26 246 1.85 0.03 5.60 6.62E-15
80 5 102 127 314 1.94 0.03 6.38 4.08E-16
100 4 102 1.26 3.01 193 0.07 6.27 4.07E-16
120 4 102 127 3.65 213 0.05 7.10 431E-16
140 3 102 128 312 1.93 0.05 6.38 4.77E-15
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