SIMPLE SQUARE SMOOTHING REGULARIZATION OPERATORS^∗

LOTHAR REICHEL^† AND QIANG YE^‡

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

Abstract. Tikhonov regularization of linear discrete ill-posed problems often is applied with a finite difference regularization operator that approximates a low-order derivative. These operators generally are represented by a banded rectangular matrix with fewer rows than columns. They therefore cannot be applied in iterative methods that are based on the Arnoldi process, which requires the regularization operator to be represented by a square matrix. This paper discusses two approaches to circumvent this difficulty: zero-padding the rectangular matrices to make them square and extending the rectangular matrix to a square circulant. We also describe how to combine these operators by weighted averaging and with orthogonal projection. Applications to Arnoldi and Lanczos bidiagonalization-based Tikhonov regularization, as well as to truncated iteration with a range-restricted minimal residual method, are presented.

Key words. ill-posed problem, regularization operator, Tikhonov regularization, truncated iteration.

AMS subject classifications. 65F10, 65F22, 65R32

∗Received May 13, 2008. Accepted October 13, 2008. Published online May 7, 2009. Recommended by A. Salam.

†Department of Mathematical Sciences, Kent State University, Kent, OH 44242, USA (reichel@math.kent.edu).

‡Department of Mathematics, University of Kentucky, Lexington, KY 40506, USA (qye@ms.uky.edu). Supported in part by NSF under grant DMS-0411502.