Parallel Computing in Quadratic Programming

M. D’Apuzzo^∗ V. De Simone^† M. Marino^‡ G. Toraldo^‡

Unità operativa di Napoli (Prof. G. Toraldo) Unità operativa di Napoli (Prof. A. Murli)

We describe the research activity of the Unità Operativa in Naples, coordinated by Prof. G. Toraldo (Metodi numerici per alcuni problemi di ottimizzazione non lineare), and the Unità Operativa in Naples, coordinated by Prof. A. Murli (Software matematico per architetture avanzate) concerning the development of parallel software for numerical optimization.

We present some design and computational experiences on the solution of convex bound constrained quadratic programming problems on high performance machines. We want to compare active set strategies with interior point strategies, in order to develop efficient software. In particular, efficient parallelization strategies and computational results [1, 3] will be presented for the projected gradient method [6] and the potential reduction algorithm [4] which are considered very competitive and well representative of the two classes of algorithms that we want to compare.

We consider the case in which the matrix A is dense and a direct solver is used in the inner iterations. The main differences between the two algorithms stands in the linear algebra operations that must be performed at each iteration; the potential reduction requires the solution of a linear system of order n while the projected gradient requires a factorization updating process that can not be performed by using standard linear algebra libraries like LAPACK. Moreover, it has been observed that the number of iterates in interior point algorithms does not depend on the number of variables; in contrast, the number of iterations for an active set strategy strongly depends on the number of variables.

Our numerical results seem to suggest that on sequential machines, although not easy to be implemented, active set strategies can be competitive with interior point algorithms. Moving on parallel machines, however, things are very different, and the Potential Reduction algorithm is the most effective to be implemented.

In this talk we will also, briefly, outline the development of block and simultaneous versions of a Row-Action algorithm for solving large sparse convex programming problems on parallel machines [2].

References

[1] M. D’Apuzzo, V. De Simone, M. Marino, G. Toraldo, Modifying the Cholesky Factorization on MIMD Distributed Memory Machines, in High Performance Algorithms and Software in Nonlinear Optimization (R. De Leone, A. Murli, G. Toraldo and P.M. Panos, eds.), Kluwer Academic Publishers, 125–141 (1998).

[2] M. D’Apuzzo, A.N. Iusem, M.R. Maddalena, Row-Action Algorithms for Large and Sparse Convex Programming Problems, Supplementi ai Rendiconti del Circolo Matematico di Palermo serie II, i n. 58, pp. 81–100 (1999).

[3] M. D’Apuzzo, M. Marino, P.M. Pardalos, G. Toraldo, Parallel Computational Results for the Potential Reduction Algorithm for Bound Constraints Quadratic Programming, submitted for publication.

[4] G.C. Han, P.M. Pardalos, Y. Ye, Computational Aspects of an Interior Point Algorithm for Quadratic Programming Problems with Box Constraints, in Large-Scale Numerical Optimization (T.F. Coleman and Y. Li, eds.), SIAM, 92–112 (1990).

[5] A.N. Iusem, B.F. Svaiter, Primal-Dual Row-Action Method for Convex Programming, JOTA 86, pp.

73–112 (1995).

[6] J.J. Moré, G. Toraldo, Algorithms for Bound Constrained Quadratic Programming Problems, Numer.

Math. 53, pp. 377–400 (1989).

∗Dipartimento di Matematica, II Università di Napoli & CPS-CNR, dapuzzo@matna2.dma.unina.it. †CPS-CNR, desimone@matna2.dma.unina.it.

‡Dipartimento di Ingegneria Agraria e Agronomia del Territorio, Università di Napoli “Federico II” & CPS-CNR,

(marino,toraldo)@matna2.dma.unina.it.