A NEW ALGORITHM FOR THE SVD OF A LONG PRODUCT OF MATRICES AND THE STABILITY OF PRODUCTS^∗

DAVID E. STEWART^†

Key words. SVD, products of matrices, Lyapunov exponents.

AMS subject classifications. 65F15, 34D08.

Abstract. Lyapunov exponents can be estimated by accurately computing the singular values of long products of matrices, with perhaps 1000 or more factor matrices. These products have extremely large ratios between the largest and smallest eigenvalues. A variant of Rutishauser’s Cholesky LR algorithm for computing eigenvalues of symmetric matrices is used to obtain a new algorithm for computing the singular values and vectors of long products of matrices with small backward error in the factor matrices. The basic product SVD algorithm can also be accelerated using hyperbolic Givens’ rotations. The method is competitive with Jacobi-based methods for certain problems as numerical results indicate.

Some properties of the product SVD factorization are also discussed, including uniqueness and stability. The concept of a stable product is introduced; for such products, all singular values can be computed to high relative accuracy.

∗Received September 27, 1996. Accepted for publication June 20, 1997. Communicated by L. Reichel. †Mathematics Department, Virginia Polytechnic Institute and State University, Blacksburg, VA 24061-0123, USA. Email: stewart@math.vt.edu. This work was supported in part through CODAC by AFOSR grant F49620-93-1-0280.