L-CURVE CURVATURE BOUNDS VIA LANCZOS BIDIAGONALIZATION^∗

D. CALVETTI^†, P. C. HANSEN^‡, AND L. REICHEL^§

Abstract. The L-curve is often applied to determine a suitable value of the regularization parameter when solving ill-conditioned linear systems of equations with a right-hand side contaminated by errors of unknown norm. The location of the vertex of the L-curve typically yields a suitable value of the regularization parameter. However, the computation of the L-curve and of its curvature is quite costly for large problems; the determination of a point on the L-curve requires that both the norm of the regularized approximate solution and the norm of the corresponding residual vector be available. Recently, the L-ribbon, which contains the L-curve in its interior, has been shown to be suitable for the determination of the regularization parameter for large-scale problems. In this paper we describe how techniques similar to those employed for the computation of the L-ribbon can be used to compute a “curvatureribbon,” which contains the graph of the curvature of the L-curve. Both curvature- and L-ribbon can be computed fairly inexpensively by partial Lanczos bidiagonalization of the matrix of the given linear system of equations. A suitable value of the regularization parameter is then determined from these ribbons, and we show that an associated approximate solution of the linear system can be computed with little additional work.

Key words. Ill-posed problem, regularization, L-curve, Gauss quadrature.

AMS subject classifications. Ill-posed problem, regularization, L-curve, Gauss quadrature.

∗Received May 17, 2001. Accepted for publication August 2, 2001. Communicated by Sven Ehrich. †Department of Mathematics, Case Western Reserve University, Cleveland, OH 44106. E-mail:

dxc57@po.cwru.edu. Research supported in part by NSF grant DMS-9806702.

‡Informatics and Mathematical Modelling, Technical University of Denmark, DK-2800 Lyngby, Denmark. Email: pch@imm.dtu.dk.

§Department of Mathematical Sciences, Kent State University, Kent, OH 44242. E-mail: reichel@math.kent.edu. Research supported in part by NSF grant DMS-9806413.