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A New Algorithm for Accurate Computation of
Eigenvectors on Shared-memory Parallel Processors
and Its Evaluation on the SR8000

YUSAKU YAMAMOTO,t MITSUYOSHI IGAItHt and KEN NAONOf

We developed a new algorithm for computing the eigenvectors of a real symmetric matrix
on shared-memory parallel computer, which will be useful in the area of molecular design and
structural analysis. Instead of using the modified Gram-Schmidt orthogonalization, which
was the bottleneck in parallelizing the conventional inverse iteration algorithm, we chose to
hold the basis of orthogonal complementary subspace of the calculated eigenvectors explicitly,
and successively modify it by the Householder transformation. Thus, the parallel granularity
was increased from O(N) to O(N?), and the overhead due to the parallel startup time was
drastically reduced. We evaluated our algorithm on 1 node of the SR8000 (a shared-memory
parallel computer with 8 processors) and obtained performance 2.4 times higher than that of
the conventional method, when computing all the eigenvectors of a matrix of order 1000.
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Fig.1 Algorithm of the classical inverse iteration method.
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Fig.2 Grouping of the eigenvalues in the classical inverse iteration method.
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Fig.3 Eigenvalue pairs to be orthogonalized with each other in the multicolor method.
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Fig.4 The order of computation of the eigenvectors cor-
responding to the eigenvalue distribution of Fig. 3.
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Fig.5 Algorithm of the Householder inverse iteration method.
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Table 1 Performance of each of the kernel loops.
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Table 2 Performance comparison of the new and the conventional method (1).

Fik 1EXE (SR8000) AFi (SR8000) #ERE (S3800)
N=1000 4.21s (3.92s) 2.06s (1.64s) 2.15s
N=2000 18.84s (17.61s) 12.05s (10.68s) 12.40s
N=4000 98.46s (94.11s) 83.37s (78.68s) 80.65s
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Table 3 Performance comparison of the new and the conventional method (2).

Fik ERE AFE
N=1000 3.20s 1.13s
N=2000 14.06s 7.87s
N=4000 67.76s 57.60s
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Table 4 Comparison of the accuracy of the new and the conventional method (1).

ez [ERs
PRI AFE PERIE AT
N=1000 0.164 X107 0.164 %107 0.135X 102 0.266x10™
N=2000 0.111x10° 0.111X10° 0.909% 10 0.333x10™
N=4000 0.571X10° 0.571X10° 0.767x 101 0.954x10™

05 000000000 2000000000

Table 5 Comparison of the accuracy of the new and the conventional method (2).

FRE B
TERIE AFIE TERIE AFE
N=1000 0.110X 10" 0.110X10"° 0.182X10"° 0.127x101°
N=2000 0.256 X107 0.251 X107 0.155X10"° 0.281x101°
N=4000 0.544x 10" 0.545x10" 0.171x 10" 0.198Xx101°
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