ADAPTIVE K-STEP ITERATIVE METHODS FOR NONSYMMETRIC SYSTEMS OF LINEAR EQUATIONS^∗

THOMAS A. MANTEUFFEL^† , GERHARD STARKE^‡ , AND RICHARD S. VARGA^§

Dedicated to Professor W. Niethammer on the occasion of his 60th birthday.

Abstract. This study is concerned with k-step methods for the iterative solution of nonsymmetric systems of real linear equations. These are generalizations of the Chebyshev (2-step) iteration, with the potential for faster convergence in cases where the spectrum of the underlying coefficient matrix is not approximated well by an ellipse. We investigate the problem of optimizing the associated (asymptotic) convergence factor with respect to a finite number of points (e.g., eigenvalue estimates obtained from using the Arnoldi process). We formulate this minimization problem as an optimization problem with constraints and propose an algorithm to compute near-best k-step parameters. The computational advantages of the Chebyshev method, such as avoidance of inner products, the implementation as an adaptive method, and the simplicity of the overall scheme, carry over to the case k > 2.

Key words. k-step method, Chebyshev method, adaptive implementation, polynomial iteration.

AMS subject classification. 65F10.

∗Received June 14, 1994. Accepted for publication July 19, 1994. Communicated by R. W. Freund.

†Program in Applied Mathematics, Campus Box 526, University of Colorado at Boulder, Boulder, CO 80309-0526. (tmanteuf@boulder.colorado.edu). This research was supported by the National Science Foundation under grant number DMS-8704169 and Department of Energy, Applied Math Program Grant DE-FG03-94ER25217.

‡Institut für Praktische Mathematik, Universität Karlsruhe, Englerstrasse 2, 76128 Karlsruhe, Germany. (starke@ipmsun1.mathematik.uni-karlsruhe.de). This research was supported by the Deutsche Forschungsgemeinschaft.

§Institute for Computational Mathematics, Kent State University, Kent, OH 44242. (varga@mcs.kent.edu). This reseach was supported by the National Science Foundation under grant number DMS-9205531.