Final Report for Small ARC Grant F96042:

Achieving Optimum Performance for Dense Linear Algebra Computations on Parallel Computers

P.E. Strazdins (Chief Investigator), Department of Computer Science, Australian National University

December 15, 1999

1 Introduction

This report will refer to the original Proposal for this Project (July 1995), which accompanied the application for the Small ARC Grant F96042, and the End of Grant Report (December 1997).

This report will give an update of the Project since 1997; for the overview and its milestones (up to 1997), see the End of Grant Report.

See also the Project’s web page,

http://cs.anu.edu.au/people/Peter.Strazdins/projects/ExtendScaLAPACK

which also makes available the LU and Cholesky factorization routines.

2 Recent Milestones

A study of two new techniques (called pipelining with lookahead and panel scattering) that could also improve the performance of parallel block-partitioned algorithms was mnade in 1997. [11]. Preliminary results indicated that these techniques would only yield at best a small improvement over algorithmic blocking (and in some cases, would be slower). This, combined with the large increase in the complexity of implementation that these techniques entailed, argued that these are not viable new directions for the Project to take.

In 1998, detailed studies on the Fujitsu AP1000 and AP+ confirmed this, resulting in the publications [14, 15]. Publication [14] has been submitted to the International Journal of Parallel and Distributed Processing. These papers provided further analysis and refinements to the the algorithmic blocking techniques, showing how worthwhile performance improvements could still be made on computers with higher communication penalties. Over 1998, the DBLAS distributed BLAS library was enhanced to support these improvements [13].

Work has continued on Aim II.3, with successful ports to the Fujitsu AP+ (March 1998), Intel Paragon (Sep 1998) and Fujitsu AP3000 (March 1999) completed.

For the Fujitsu AP+, a performance improvement of 50%–30% (20%–30%) was found for LU (Cholesky) factorization was found over the ScaLAPACK 1.6 (May 1998). On a 64 node Intel Paragon, the performance improvement for LU (QR) factorization was 40% (30%) for small matrices and 17% (10%) for matrices at the limit of memory. On the Fujitsu AP3000, our codes similarly have yielded the performance gains over the ScaLAPACK codes (using the same UltraSPARC BLAS) of 40%, 16% & 18% for small matrices, and 23%, 16% & 15% for large matrices, for LU, Cholesky & QR factorizations respectively on an 8 node 170 MHz 128 MB AP3000.

These results confirm that the combined effect of algorithmic blocking, reduction of software overheads, and memory access pattern optimizations (in the case of LU) combined can achieve a significant benefit over the storage blocking methods currently used in ScaLAPACK, even on contemporary parallel computing platforms.

The work of this Project has aroused strong interest in members of the ScaLAPACK team, based at the University of Tennessee, Knoxville. This resulted in a teleconference presentation to the team in March 1998 [12]. This was followed up by a visit by the Chief Investigator to UTK in September 1998, where results for the recently enhanced algorithmic blocking versions of the LU, Cholesky and QR factorizations was presented in a formal seminar at the end of the visit.

The algorithmic blocking technique is now supported by the UTK Parallel BLAS (PBLAS) library (fully released Nov 1999), although algorithmic blocking was implemented in the ScaLA- PACK matrix factorizations routines, due to funding for the ScaLAPACK project being ended in December 1998 and to other commitments preventing the Chief Investigator from taking on this task.

Acknowledgements

The author gratefully acknowledges the financial support from the SARC Grant F96042, the ANU-Fujitsu CAP Project and the Department of Computer Science, Australian National University.

References

[1] J. Choi, J. Demmel, J. Dhillon, J. Dongarra, S. Ostrouchov, A. Petitet, K. Stanley, D. Walker, and R. C. Whaley. ScaLAPACK: A Portable Linear Algebra Library for Distributed Memory Computers - Design Issues and Performance. In Applied Parallel Computing, pages 95–106, Berlin, 1995. Springer-Verlag.

[2] J. Choi, J. J. Dongarra, S. Ostrouchov, A. P. Petitet, D.W. Walker, and R.C. Whaley.

The Design and Implementation of the ScaLAPACK LU, QR and Cholesky Factorization Routines. Scientific Programming, 5:173–184, 1996.

[3] J. Choi, J. Dongarra, S. Ostrouchov, A. Petitet, and D. Walker and R. C. Whaley. A Proposal for a Set of Parallel Basic Linear Algebra Subprograms. In Applied Parallel Computing, pages 107–114, Berlin, 1995. Springer-Verlag.

[4] P.E. Strazdins. Prototyping Parallel LAPACK using Block-Cyclic Distributed BLAS. In Third Parallel Computing Workshop, pages P1–R–1 – P1–R–7, Kawasaki, November 1994. Fujitsu Parallel Computing Research Center.

[5] P.E. Strazdins. Matrix Factorization using Distributed Panels on the Fujitsu AP1000. In IEEE First International Conference on Algorithms And Architectures for Parallel Processing (ICA3PP-95), pages 263–73, Brisbane, April 1995.

[6] P.E. Strazdins. A High Performance, Portable Distributed BLAS Implementation. In Sixth Parallel Computing Workshop, pages P2–K–1 – P2–K–10, Kawasaki, November 1996. Fujitsu Parallel Computing Research Center.

[7] P.E. Strazdins and H. Koesmarno. A High Performance Version of Parallel LAPACK: Preliminary Report. In Sixth Parallel Computing Workshop, pages P2–J–1 – P2–J–8, Kawasaki, November 1996. Fujitsu Parallel Computing Research Center.

[8] P.E. Strazdins. Distributed Level 3 BLAS: Guide To Function. The Australian National University, Third Edition, May 1997.

[9] P.E. Strazdins. Distributed Level 3 BLAS: Users’ Guide. The Australian National University, Third Edition, May 1997.

[10] P.E. Strazdins. Reducing Software Overheads in Parallel Linear Algebra Libraries. In The 4th Annual Australasian Conference on Parallel And Real-Time Systems, pages 73–84, Newcastle Australia, September 1997. Springer.

[11] P.E. Strazdins. Load Balance and Communication Tradeoffs in Parallel Matrix Factorization, In Proceedings of The Seventh International Parallel Computing Workshop, Australian National University, Canberra, September 1997, pages P1-Q-1 – P1-Q-5.

[12] P.E. Strazdins. Software Overhead and Blocking Issues in Parallel BLAS, Presented to the ScaLAPACK Conference, March 1998.

[13] Peter E. Strazdins. Transporting Distributed BLAS to the Fujitsu AP3000 and VPP- 300. In Proceedings of the Eighth Parallel Computing Workshop, pages 69–76, Singapore, September 1998. School of Computing, National University of Singapore. paper P1-E.

[14] P.E. Strazdins. Lookahead and Algorithmic Blocking Techniques Compared for Parallel Matrix Factorization. In PDCN’98: 10th International Conference on Parallel and Distributed Computing and Systems, pages 291–297, Las Vegas, September 1998. IASTED.

[15] P.E. Strazdins. Optimal Load Balancing Techniques for Block-Cyclic Decompositions for Matrix Factorization. In PDCS’98: 2nd International Conference on Parallel and Distributed Computing and Networks, pages 192–199, Brisbane, December 1998. IASTED.