COMMUNICATION BALANCING IN PARALLEL SPARSE MATRIX–VECTOR MULTIPLICATION^∗

ROB H. BISSELING^† AND WOUTER MEESEN^‡

Dedicated to Alan George on the occasion of his 60th birthday

Abstract. Given a partitioning of a sparse matrix for parallel matrix–vector multiplication, which determines the total communication volume, we try to find a suitable vector partitioning that balances the communication load among the processors. We present a new lower bound for the maximum communication cost per processor, an optimal algorithm that attains this bound for the special case where each matrix column is owned by at most two processors, and a new heuristic algorithm for the general case that often attains the lower bound. This heuristic algorithm tries to avoid raising the current lower bound when assigning vector components to processors. Experimental results show that the new algorithm often improves upon the heuristic algorithm that is currently implemented in the sparse matrix partitioning package Mondriaan. Trying both heuristics combined with a greedy improvement procedure solves the problem optimally in most practical cases. The vector partitioning problem is proven to be NP-complete.

Key words. vector partitioning, matrix–vector multiplication, parallel computing, sparse matrix, bulk synchronous parallel

AMS subject classifications. 05C65, 65F10, 65F50, 65Y05

∗Received October 5, 2004. Accepted for publication June 14, 2005. Recommended by B. Hendrickson. †Mathematical Institute, Utrecht University, PO Box 80010, 3508 TA Utrecht, The Netherlands (Rob.Bisseling@math.uu.nl). Part of the work was done while this author was a visiting scientist at the Computer Science Research Institute, Sandia National Laboratories, PO Box 5800, Albuquerque, NM 87185-1110, USA. Part of the research has been funded by the Dutch BSIK/BRICKS project. Computer time has been partially funded by the Dutch National Computer Facilities foundation (NCF).

‡Mathematical Institute, Utrecht University, PO Box 80010, 3508 TA Utrecht, The Netherlands (woutermeesen@gmail.com).