JOINT DOMAIN-DECOMPOSITION H-LU PRECONDITIONERS FOR SADDLE POINT PROBLEMS^∗

SABINE LE BORNE^† AND SUELY OLIVEIRA^‡

Abstract. For saddle point problems in fluid dynamics, several popular preconditioners exploit the block structure of the problem to construct block triangular preconditioners. The performance of such preconditioners depends on whether fast, approximate solvers for the linear systems on the block diagonal (representing convection-diffusion problems) as well as for the Schur complement (in the pressure variables) are available. In this paper, we will introduce a completely different approach in which we ignore this given block structure. We will instead compute an approximate LU-factorization of the complete system matrix using hierarchical matrix techniques. In particular, we will use domain-decomposition clustering with an additional local pivoting strategy to order the complete index set. As a result, we obtain an H-matrix structure in which an H-LU factorization is computed more efficiently and with higher accuracy than for the corresponding block structure based clustering. H-LU preconditioners resulting from the block and joint approaches will be discussed and compared through numerical results.

Key words. hierarchical matrices, data-sparse approximation, Oseen equations, preconditioning, factorization

AMS subject classifications. 65F05, 65F30, 65F50

∗Received January 23, 2007. Accepted for publication March 22, 2007. Recommended by M. Benzi. †Department of Mathematics, Box 5054, Tennessee Technological University, Cookeville, TN 38505 (sleborne@tntech.edu). The work of this author was supported in part by the US Department of Energy under Grant No. DE-FG02-04ER25649 and in part by the National Science Foundation under grant No. DMS-0408950.

‡Department of Computer Science, The University of Iowa, Iowa City, Iowa 52242 (oliveira@cs.uiowa.edu).