PRECONDITIONING BLOCK TOEPLITZ MATRICES^∗

THOMAS K. HUCKLE^† AND DIMITRIOS NOUTSOS^‡

Abstract. We investigate the spectral behavior of preconditioned block Toeplitz matrices with small non- Toeplitz blocks. These matrices have a quite different behavior than scalar or mulitlevel Toeplitz matrices. Based on the connection between Toeplitz and Hankel matrices we derive some negative results on eigenvalue clustering for ill-conditioned block Toeplitz matrices. Furthermore, we identify Block Toeplitz matrices that are easy to solve by the preconditioned conjugate gradient method. We derive some useful inequalities that give information on the location of the spectrum of the preconditioned systems. The described analysis also gives information on preconditioning ill-conditioned Toeplitz Schur complement matrices and Toeplitz normal equations.

Key words. Toeplitz, block Toeplitz, Schur complement, preconditioning, conjugate gradient method

AMS subject classifications. 65F10, 65F15

∗Received October 31, 2006. Accepted for publication November 12, 2007. Published online on December 17, 2007. Recommended by M. Hochbruck.

†Fakultät für Informatik, Technische Universität München, Boltzmannstr. 3, D-85748 Garching, Germany (huckle@in.tum.de).

‡Department of Mathematics, University of Ioannina, GR–45110, Greece (dnoutsos@uoi.gr). This research was co-funded by the European Union - European Social Fund (ESF) & National Sources, in the framework of the program “Pythagoras I” of the “Operational Program for Education and Initial Vocational Training” of the 3rd Community Support Framework of the Hellenic Ministery of Education.