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A Parallel Linear Equation Solver
for Nonsymmetric Tridiagonal Matrices

YUSAKU YAMAMOTO,t MITSUYOSHI IGAITT and KEN NAONOf

We propose a new parallel solver for nonsymmetric tridiagonal matrices, which is an im-
provement over the dissection method. The conventional dissection method is difficult to
apply to a general nonsymmetric tridiagonal matrix, because the independence of decomposi-
tion operations in each subdomain is lost when pivoting is introduced. In our algorithm, due
to the reordering of the nodes adjacent to the boundary nodes, the independence of decompo-
sition operations in each subdomain is guaranteed even when partial pivoting is introduced.
Thus, the LU decomposition of the whole matrix with partial pivoting can be done in par-
allel. We evaluated our algorithm on 1 node of the SR8000/F1 (a shared-memory parallel
computer with 8 processors) and obtained speedup of 5.5 times compared with the conven-
tional sequential tridiagonal solver with pivoting, when computing the LU decomposition of
a nonsymmetric tridiagonal matrix of order 8000.
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Fig.1 A graph associated with a tridiagonal matrix.
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Fig.2 A tridiagonal matrix permutated by the nested
dissection method.
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Fig.3 Nonzero structure after elimination by the 6-th

column.
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Fig.4 Reordering of the nodes by the proposed method.
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Fig.5 A tridiagonal matrix permutated by the proposed
method.
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Fig.6 Block structure of nonzero elements.
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Fig.7 Nonzero structure after elimination by the 6-th

column.
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Fig.8 Nonzero structure during elimination by columns
in block B.
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Table 1 Execution time of the conventional and the
proposed method.
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N (1PU) (2PU) (4PU) (8PU) (8PU)

500 | 3.26E-4 2.04E-4 1.85E-4 2.58E-4 1.26
1000 | 6.24E-4 3.49E-4 2.66E-4 3.05E-4 2.04
2000 | 1.21E-3 6.63E-4 4.32E-4 3.84E-4 3.15
4000 | 2.44E-3 1.32E-3 7.42E-4 5.48E-4 4.45
8000 | 4.79E-3 2.59E-3 1.38E-3 8.75E-4 5.47
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Fig.9 Execution time of the LU decomposition.
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Fig.10 Details of the execution time.
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Fig.11 Residual of each method for random matrices.
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Fig.12 Residual of each method for random matrices

whose diagonal elements are multiplied by 1074,
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Fig.13 Residual of each method for matrices obtained
by tri-diagonalizing the Frank matrices.
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Fig.14 Residual of each method when the seed of the

random numbers are changed.
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