
Analysis on aggregation and block smoothers
in multigrid methods for block Toeplitz linear
systems *

Matthias Bolten1, Marco Donatelli2, Paola Ferrari3, Isabella Furci4

1School of Mathematics and Natural Sciences, University of Wuppertal, Wuppertal, Germany.
email: bolten@uni-wuppertal.de
2Department of Science and High Technology. University of Insubria, Como, Italy.
email: marco.donatelli@uninsubria.it
3Department of Mathematics, University of Genoa, Genoa, Italy
School of Mathematics and Natural Sciences, University of Wuppertal, Wuppertal, Germany.
email: paola.ferrari@dima.unige.it, email: ferrari@uni-wuppertal.de
4Department of Mathematics, University of Genoa, Genoa, Italy.
email: isabella.furci@dima.unige.it

Abstract

We present novel improvements in the context of symbol-based multigrid procedures for solv-
ing large block Toeplitz linear systems [4]. We study the application of aggregation-based grid
transfer operators that transform the symbol of a block Toeplitz matrix from matrix-valued to
scalar-valued at the coarser level [1]. The convergence analysis of the TGM reveals the connec-
tion between the features of the scalar-valued symbol at the coarser level and the properties of
the original matrix-valued one [3]. This permits to prove the convergence of a V-cycle multigrid
involving classical grid transfer operators for scalar Toeplitz systems at the coarser levels [2].

Moreover, we extend the class of suitable smoothers focusing on the efficiency of block
strategies, particularly the relaxed block Jacobi method. General conditions on smoothing pa-
rameters are derived, with emphasis on practical applications where these parameters can be
calculated with negligible computational cost.

We test the proposed strategies on linear systems stemming from discretization of differ-
ential problems. The numerical results show computational advantages compared to existing
methods for block structured linear systems.
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