CACHE OPTIMIZATION FOR STRUCTURED AND UNSTRUCTURED GRID MULTIGRID^∗

CRAIG C. DOUGLAS^†, JONATHAN HU^‡, MARKUS KOWARSCHIK^§, ULRICH RÜDE^¶, AND CHRISTIAN WEISS^‖

Abstract. Many current computer designs employ caches and a hierarchical memory architecture. The speed of a code depends on how well the cache structure is exploited. The number of cache misses provides a better measure for comparing algorithms than the number of multiplies.

In this paper, suitable blocking strategies for both structured and unstructured grids will be introduced. They improve the cache usage without changing the underlying algorithm. In particular, bitwise compatibility is guaranteed between the standard and the high performance implementations of the algorithms. This is illustrated by comparisons for various multigrid algorithms on a selection of different computers for problems in two and three dimensions.

The code restructuring can yield performance improvements of factors of 2-5. This allows the modified codes to achieve a much higher percentage of the peak performance of the CPU than is usually observed with standard implementations.

Key words. computer architectures, iterative algorithms, multigrid, high performance computing, cache.

AMS subject classifications. 65M55, 65N55, 65F10, 68-04, 65Y99.

∗Received May 25, 1999. Accepted for publication February 1, 2000. Recommend by I. Yavneh. This research was supported in part by the Deutsche Forschungsgemeinschaft (project Ru 422/7-1), the National Science Foundation (grants DMS-9707040, ACR-9721388, and CCR-9902022), NATO (grant CRG 971574), and the National Computational Science Alliance (grant OCE980001N and utilized the NCSA SGI/Cray Origin2000).

†University of Kentucky, 325 McVey Hall - CCS, Lexington, KY 40506-0045, USA. (dou-

glas@ccs.uky.edu)

‡University of Kentucky, Department of Mathematics, 715 Patterson Hall, Lexington, KY 40506-0027, USA. (jhu@ms.uky.edu)

§Lehrstuhl für Systemsimulation (IMMD 10), Institut für Informatik, Universität Erlangen-Nürnberg, Martensstrasse 3, D-91058 Erlangen, Germany. (kowarschik@informatik.uni-erlangen.de) ¶Lehrstuhl für Systemsimulation (IMMD 10), Institut für Informatik, Universität Erlangen-Nürnberg, Martensstrasse 3, D-91058 Erlangen, Germany. (ruede@informatik.uni-erlangen.de) ‖Lehrstuhl für Rechnertechnik und Rechnerorganisation (LRR-TUM), Institut für Informatik, Technische Universität München, D-80290 München, Germany. (weissc@in.tum.de)