A WEIGHTED-GCV METHOD FOR LANCZOS-HYBRID REGULARIZATION^∗

JULIANNE CHUNG^†, JAMES G. NAGY^†, AND DIANNE P. O’LEARY^‡

In memory of Gene Golub

Abstract. Lanczos-hybrid regularization methods have been proposed as effective approaches for solving largescale ill-posed inverse problems. Lanczos methods restrict the solution to lie in a Krylov subspace, but they are hindered by semi-convergence behavior, in that the quality of the solution first increases and then decreases. Hybrid methods apply a standard regularization technique, such as Tikhonov regularization, to the projected problem at each iteration. Thus, regularization in hybrid methods is achieved both by Krylov filtering and by appropriate choice of a regularization parameter at each iteration. In this paper we describe a weighted generalized cross validation (W- GCV) method for choosing the parameter. Using this method we demonstrate that the semi-convergence behavior of the Lanczos method can be overcome, making the solution less sensitive to the number of iterations.

Key words. generalized cross validation, ill-posed problems, iterative methods, Lanczos bidiagonalization, LSQR, regularization, Tikhonov

AMS subject classifications. 65F20, 65F30

∗Received March 7, 2007. Accepted for publication September 12, 2007. Recommended by L. Reichel. The work of the first author was supported in part by a DOE Computational Sciences Graduate Research Fellowship. The work of the second author was supported in part by NSF grant DMS-05-11454 and by an Emory University Research Committee grant. The work of the third author was supported in part by NSF Grant CCF 0514213.

†Department of Mathematics and Computer Science, Emory University, Atlanta, GA 30322, USA

({jmchung,nagy}@mathcs.emory.edu}).

‡Department of Computer Science and Institute for Advanced Computer Studies, University of Maryland, College Park, MD 20742, USA; and National Institute for Standards and Technology, Gaithersburg, MD 20899, USA

(oleary@cs.umd.edu).