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Development of a Preconditioning Method for Conjugate
Gradient Algorithms using Polynomial of a Matrix
Blocked in Small Scale

NosuaTsu Tanakal and Haruo Terasakat

Preconditioning plays a very important role in the computational conjugate gradient meth-
od for symmetric matrix analysis. The incomplete Cholesky decomposition has been one of
the most popular preconditioning method on sequential computers, and has also been used on
traditional vector supercomputers, combined with the hyperplane method to avoid recur-
rence relations of data. However, such a combined method does not achieve good comput-
ing performance, because the speedup due to vectorization is not so high. On parallel com-
puters, especially on massively parallel ones, the method is never effectively processed in
parallel, and needs more computing time than that without preconditioning. Another way
of preconditioning uses the Neumann series of a matrix, which is excellent in parallel pro-
cessing, but inferior in convergence. This study describes the preconditioning method using
blocked matrix polynomial (BMP) in which a technique of blocking in small scale is com-
bined with the former method for improvement of the convergence. Analysis of the char-
acteristics confirmed that the method satisfies the requirements of the preconditioning for
the conjugate gradient scheme. Then, its efficiency in a practical application was demon-
strated by numerical experiments on a vector computer. It was also shown that even bet-
ter performance can be achieved when the general polynomial takes place of the Neumann
and the coefficients are optimized for the conjugate gradient method.
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Fig. 1 Algorithm for preconditioned conjugate
gradient method.
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A=Dx,'A(D:,7'A | D' A | Dia ' A | Doy 'A

0.01484 | 0.01775 | 0.02211 | 0. 04295
0.03657 | 0.04338 | 0.05419 | 0.1007
0.03657 | 0.04412 | 0.05419 | 0.1008
0.05843 | 0.06920 | 0.08526 | 0.1516
0.07126 | 0.08341 | 0.1047 | 0.1805

0.01171
0.02780
0.02780
0.04443
0.05510

Gl & W N =

396 1.9449 1.9287 | 1.9166 | 1.8953 | 1.8196
397 1.9556 1.9416 | 1.9308 | 1.9147 | 1.8487
398 1.9722 1.9631 | 1.9559 | 1.9458 | 1.8993
399 1.9722 1.9634 | 1.9566 | 1.9458 | 1.8994
400 1,9888 1.9852 | 1.9822 | 1.9779 | 1.9571
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computing speed with the polynomial having optimized order for Cray Y-MP.
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