DOMAIN DECOMPOSITION AND MULTIGRID ALGORITHMS FOR ELLIPTIC PROBLEMS ON UNSTRUCTURED MESHES^∗

TONY F. CHAN^† AND BARRY F. SMITH^‡

Abstract. Multigrid and domain decomposition methods have proven to be versatile methods for the iterative solution of linear and nonlinear systems of equations arising from the discretization of partial differential equations. The efficiency of these methods derives from the use of a grid hierarchy. In some applications to problems on unstructured grids, however, no natural multilevel structure of the grid is available and thus must be generated as part of the solution procedure.

In this paper, we consider the problem of generating a multilevel grid hierarchy when only a fine, unstructured grid is given. We restrict attention to problems in two dimensions. Our techniques generate a sequence of coarser grids by first forming a maximal independent set of the graph of the grid or its dual and then applying a Cavendish type algorithm to form the coarser triangulation. Iterates on the different levels are combined using standard interpolation and restriction operators. Numerical tests indicate that convergence using this approach can be as fast as standard multigrid and domain decomposition methods on a structured mesh.

Key words. domain decomposition, grid refinement, mulitigrid, numerical partial differential equations.

AMS subject classifications. 65N30, 65F10.

∗Receive April 26, 1994. Accepted for publication November 8, 1994. Communicated by O. B. Widlund. This paper will appear, in slightly different form, in the Proceedings of the Seventh Annual International Conference on Domain Decomposition. This research was supported by the National Science Foundation under contract ASC 92-01266, the Army Research Office under contract DAAL03-91-G-0150, and subcontract DAAL03-91-C-0047, and ONR under contract ONR-N00014- 92-J-1890.

† Department of Mathematics, University of California, Los Angeles, CA 90024-1555

(chan@math.ucla.edu). Part of this work was performed while the author was visiting the Computer

Science Department of the Chinese University of Hong Kong.

‡ Department of Mathematics, University of California, Los Angeles, CA 90024-1555. Current Address: MCS Division, Argonne National Laboratory, 9700 South Cass Ave., Argonne, IL 60439- 4844. (bsmith@mcs.anl.gov).