GRADIENT DESCENT FOR TIKHONOV FUNCTIONALS WITH SPARSITY CONSTRAINTS: THEORY AND NUMERICAL COMPARISON OF STEP SIZE RULES^∗

DIRK A. LORENZ^†, PETER MAASS^‡, AND PHAM Q. MUOI^‡

Abstract. In this paper, we analyze gradient methods for minimization problems arising in the regularization of nonlinear inverse problems with sparsity constraints. In particular, we study a gradient method based on the subsequent minimization of quadratic approximations in Hilbert spaces, which is motivated by a recently proposed equivalent method in a finite-dimensional setting. We prove convergence of this method employing assumptions on the operator which are different compared to other approaches. We also discuss accelerated gradient methods with step size control and present a numerical comparison of different step size selection criteria for a parameter identification problem for an elliptic partial differential equation.

Key words. nonlinear inverse problems, sparsity constraints, gradient descent, iterated soft shrinkage, accelerated gradient method

AMS subject classifications. 65K10, 46N10, 65M32, 90C48

∗ Received December 15, 2011. Accepted August 29, 2012. Published online on November 26, 2012. Recommended by R. Ramlau.

†Institute for Analysis and Algebra, TU Braunschweig, Pockelsstr. 14, D-38118 Braunschweig, Germany (d.lorenz@tu-braunschweig.de).

‡Center for Industrial Mathematics, University of Bremen, Bibliothekstr. 1, D-28334 Bremen, Germany ({pmaass,pham}@math.uni-bremen.de).