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AN AGGREGATION-BASED ALGEBRAIC MULTIGRID METHOD  *

YVAN NOTAY f

Abstract. An algebraic multigrid method is presented to solve largaesys of linear equations. The coarsen-
ing is obtained by aggregation of the unknowns. The agdmgatheme uses two passes of a pairwise matching
algorithm applied to the matrix graph, resulting in mostesai a decrease of the number of variables by a factor
slightly less than four. The matching algorithm favors ttrersgest negative coupling(s), inducing a problem depen-
dent coarsening. This aggregation is combined with piesewonstant (unsmoothed) prolongation, ensuring low
setup cost and memory requirements. Compared with preaggiegation-based multigrid methods, the scalability
is enhanced by using a so-called K-cycle multigrid schemayiging Krylov subspace acceleration at each level.
This paper is the logical continuation of [SIAM J. Sci. CorhpB0 (2008), pp. 1082—-1103], where the analysis of
a anisotropic model problem shows that aggregation-bagedytid methods may have optimal order convergence,
and of [Numer. Lin. Alg. Appl., 15 (2008), pp. 473-487], whdt is shown that K-cycle multigrid may provide
optimal or near optimal convergence under mild assumptiorthe two-grid scheme. Whereas in these papers only
model problems with geometric aggregation were considdrect a truly algebraic method is presented and tested
on a wide range of discrete second order scalar elliptic PDERIding nonsymmetric and unstructured problems.
Numerical results indicate that the proposed method maydpéfisantly more robust as black box solver than the
classical AMG method as implemented in the code AMG1RS5 by tkib&. The parallel implementation of the
method is also discussed. Satisfactory speedups are ethtaima medium size multi-processor cluster that is typical
of today computer market. A code implementing the methodeisly available for download both as a FORTRAN
program and a MATLAB function.
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