USING FGMRES TO OBTAIN BACKWARD STABILITY IN MIXED PRECISION^∗

M. ARIOLI^† AND I. S. DUFF^†

Dedicated to Gérard Meurant on the occasion of his 60th birthday

Abstract. We consider the triangular factorization of matrices in single-precision arithmetic and show how these factors can be used to obtain a backward stable solution. Our aim is to obtain double-precision accuracy even when the system is ill-conditioned. We examine the use of iterative refinement and show by example that it may not converge. We then show both theoretically and practically that the use of FGMRES will give us the result that we desire with fairly mild conditions on the matrix and the direct factorization. We perform extensive experiments on dense matrices using MATLAB and indicate how our work extends to sparse matrix factorization and solution.

Key words. FGMRES, mixed precision arithmetic, hybrid method, direct factorization, iterative methods, large sparse systems, error analysis

AMS subject classifications. 65F05, 65F10, 65F50, 65G20, 65G50

∗Received February 6, 2008. Accepted August 25, 2008. Published online on January 7, 2009. Recommended by Yousef Saad.

†STFC Rutherford Appleton Laboratory, Chilton, Didcot, Oxfordshire, OX11 0QX, UK. email: mario.arioli@stfc.ac.uk, iain.duff@stfc.ac.uk. Phone: +441235 445332. This work was supported by the EPSRC Grants EP/E053351/1 and EP/F006535/1.