Parallel Sparse Linear Algebra and Application to Structural Mechanics^?

David Goudin^1, Pascal Henon^1, François Pellegrini^1, Pierre Ramet^1, Jean Roman^1, et Jean-Jacques Pesqué^2

1 LaBRI, UMR CNRS 5800, ENSERB and Université Bordeaux 1 351, cours de la Libération, F-33405 Talence, France fgoudin|henon|pelegrin|ramet|romang@labri.u-bordeaux.fr

2 CEA/CESTA, BP 2, 33114 Le Barp, France

pesque@bordeaux.cea.fr

This presentation deals with the parallelization of the OSSAU structural mechanics code being developped at CEA/CESTA (Le Barp, France).

In computational structural mechanics, the handling of complex 3D objects whose meshes consist in a large number of finite elements yields several problems. Since the matrix of the system does not have good properties (mainly due to the use of serendipity family finite elements), iterative methods do not behave well. Therefore, one must use direct linear out-of-core solvers that take into account the sparsity of the system. When the number of degrees of freedom becomes too large (typically above 100 000 dofs), sequential out-of-core solvers are outperformed too, and parallel solving is required. In that case, sparsity and irregularity is still a concern, all the more that the problem to solve is often non-linear (because of plasticity, large displacement, contact, etc.).

The OSSAU application computes the response of a structure to various constraints (external forces, pressures, thermic dilatations, accelerations). For each increment, one has to nullify a vector function of the unknown nodal displacement vector, which amounts to solving a sparse linear system. From the displacement vector, we compute structure constraints; in case of large displacements, plasticity occurs and the problem becomes nonlinear. A potential destruction of the structure can be predicted thanks to the constraint vector.

One of the goals of the collaboration between CEA/CESTA and the ALiENor team of LaBRI is to parallelize the OSSAU code. More generally, our purpose is to develop a whole parallel processing chain for the assembly and solving, by direct methods, of huge sparse linear systems, for MIMD calculators with distributed memory. The final objective is a realistic validation of these tools for the OSSAU application.

In our presentation, we will describe our parallel processing chain, which integrates all of the state-of-the-art techniques used in parallel sparse linear algebra for direct methods:

– ordering, based on a tight coupling of the Nested Dissection and Approximate Minimum

Degree followed by amalgamation;

– block symbolic factorization, in linear time and space complexity; – block partitioning and mapping, based on a logical block simulation; – parallel block solving, with local aggregations (Fan-In effect) and BLAS computations; – distribution of elements, induced by the one of the matrix blocks.

Performance results will be shown, that have been obtained on IBM SP2 machines located at LaBRI (Bordeaux, France) and at CNUSC (Montpellier, France), for a large class of sparse matrices.

? This work is supported by the French Commissariat à l’Énergie Atomique CEA/CESTA under contract No.

7V1555AC, and by the GDR ARP (iHPerf group) of the CNRS.

References

1. P. Amestoy, T. Davis, and I. Duff. An approximate minimum degree ordering algorithm. SIAM J. Matrix Anal. and Appl., 17:886–905, 1996.

2. C. Ashcraft, S.C. Eisenstat, and J.W.H. Liu. A fan-in algorithm for distributed sparse numerical factorization.

SIAM J. Sci. Stat. Comput., 11(3):593–599, May 1990.

3. P. Charrier and J. Roman. Algorithmique et calculs de complexité pour un solveur de type dissections emboîtées. Numerische Mathematik, 55:463–476, 1989.

4. I. S. Duff. Sparse numerical linear algebra: direct methods and preconditioning. Technical Report TR/PA/96/22, CERFACS, 1996.

5. M. Dumitrescu, M. Doreille, J.-L. Roch, and Trystram D. Two-dimensional block partitionings for the parallel sparse Cholesky factorization. Numerical Algorithms, 16:17–38, 1997.

6. G. A. Geist and E. Ng. Task scheduling for parallel sparse Cholesky factorization. Internat. J. Parallel Programming, 18:291–314, 1989.

7. A. Gupta, G. Karypis, and V. Kumar. Highly scalable parallel algorithms for sparse matrix factorization.

IEEE Transactions on Parallel and Distributed Systems, 8(5):502–520, May 1997.

8. A. Gupta and V. Kumar. WSSMP: A high-performance serial and parallel symmetric sparse linear solver. In PARA’98 Workshop on Applied Parallel Computing in Large Scale Scientific and Industrial Problems, Umea, Sweden, June 1998.

9. P. Henon, P. Ramet, and J. Roman. A mapping and scheduling algorithm for parallel sparse fan-in numerical factorization. In Europar’99, 1999. To appear.

10. F. Pellegrini and J. Roman. Sparse matrix ordering with scotch. In Proceedings of HPCN’97, Vienna, LNCS 1225, pages 370–378, April 1997.

11. F. Pellegrini, J. Roman, and P. Amestoy. Hybridizing nested dissection and halo approximate minimum degree for efficient sparse matrix ordering. In Proceedings of Irregular’99, Puerto Rico, LNCS 1586, pages 986–995, April 1999.

12. A. Pothen and C. Sun. A mapping algorithm for parallel sparse Cholesky factorization. SIAM J. Sci. Comput., 14(5):1253–1257, September 1993.

13. E. Rothberg. Performance of panel and block approaches to sparse Cholesky factorization on the iPSC/860 and paragon multicomputers. SIAM J. Sci. Comput., 17(3):699–713, May 1996.

14. E. Rothberg and A. Gupta. An efficient block-oriented approach to parallel sparse Cholesky factorization.

SIAM J. Sci. Comput., 15(6):1413–1439, November 1994.

15. E. Rothberg and R. Schreiber. Improved load distribution in parallel sparse Cholesky factorization. In Proceedings of Supercomputing’94, pages 783–792, 1994.