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A Master-worker Type Parallel Method
for Large-scale Eigenvalue Problems
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In this paper we present a parallel method for finding several eigenvalues and eigenvectors
of large-scale eigenvalue problems. In this method, a small matrix pencil that has only the
desired eigenvalues is derived by solving large sparse linear equations constructed from ma-
trices of the eigenvalue problem. Since these equations can be solved independently, we solve
them on remote hosts in parallel. This approach is suitable for master-worker programming
models. We have implemented and tested the proposed method in a grid environment using

1.

OmniRPC.
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Remote Hosts
0 1 Master-worker 00000000
Fig.1 Master-worker model.
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Algorithm:
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Output: A, A2, A, 41,45, ---,4,,
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Table 1 Approximate eigenvalues and their errors in
Example 1.

Aj A = Ajl
2.00001216473332 | 6.2 x 10~ 1°
2.00002572384809 | 6.2 x 1071?
2.00003928308270 | 1.2 x 10~14
2.00005284243710 | 4.8 x 10~
2.00006640191144 | 1.6 x 10~14
2.00007996150560 | 5.3 x 10~1°

S UL AR W N S

9.8 x 1071?
8.9 x 10715
8.9 x 10716

366 2.0049692129688
367 2.0049828159108
368 2.0049964189732

02 0001000000 Speedup
Table 2 Wall-clock time in second and speedup in

Example 1.
Number of nodes | Time (sec) | Speedup
1 1149 1.00
2 583 1.97
4 304 3.78
6 214 5.37
8 174 6.60
10 150 7.66
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Table 3 Wall-clock time in second and speedup in

Example 2.
Number of nodes | Time (sec) | Speedup
1 159 1.00
2 82 1.94
4 42 3.79
6 30 5.30
8 24 6.63
10 22 7.57
.0 ]IO 0 0.0
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Fig.2 Timing results of remote hosts in Example 2.
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04 000 3000000 Speedup
Table 4 Wall-clock time in second and speedup in

Example 3.
Number of nodes | Time (sec) | Speedup
1 278 1.00
2 143 1.94
4 76 3.66
6 57 4.88
8 50 5.56
10 42 6.62
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OHOMO = —0.2500670 LUMO = —0.1243380
Fig.3 Frontier orbital of the protein in Example 3.
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