A short history of AGMG
The papers related to the AGMG project were certainly not the first to consider an algebraic multigrid method with coarsening based on (plain) aggregation (in short, aggregationbased AMG, sometimes also referred to as UA-AMG, for “unsmoothed aggregation AMG”).
This approach traces back at least to works by Bulgakov [1]. However, to obtain a fast
code, it was crucial to observe that
• the basic two-level scheme is optimal when aggregates are formed in a sensible way;
• multi-level schemes are not optimal with the classical V-cycle, but using the K-cycle
make them converge nearly as fast as the two-level variant.
These facts were first revealed in [2], where a model problem analysis of two-level schemes
is presented together with some numerical results for the K-cycle. The K-cycle (sometimes
referred to as “non linear AMLI cycle”) may be seen as a W-cycle with Krylov acceleration
at all intermediate levels. It has been introduced and analyzed in [3].
The aggregation procedure is also important. AGMG uses multiple passes of pairwise
aggregation, following ideas that trace back to at least [4], with some improvements in the
selection procedure based on the results in [2].
Altogether these ingredients form the method implemented in the first AGMG releases,
and presented in [5]. In this paper, seemingly for the first time, extensive numerical results
are reported that highlight the robustness and the efficiency of aggregation-based AMG,
and its competitiveness with respect to more classical AMG algorithms. Since then, an
increasing number of papers exploits the fruitful idea of combining aggregation-based AMG
with the K-cycle.
The theoretical analysis, previously limited to some model configurations, has been
generalized and improved in [6], leading in [7] to an enhanced aggregation algorithm,
which is still based on multiple passes of pairwise matching (as in [4, 5]), but uses a
selection entirely based on a quality control: aggregates are formed in a way that is aware
of their potential impact on the convergence rate. This principle was further extended in
[8] to nonsymmetric problems. From version 3.0.0, the AGMG software uses this enhanced
aggregation algorithm.
The latest developments include a study of AGMG for moderate order (P2, P3, P4)
finite element matrices [9]; this latter work contains also a detailed comparison with the
Boomer AMG module of hypre.
Finally, in [10] it is explained how the AGMG technology allows to obtain excellent
weak scalability results on petascale computers, redesigning some critical components in a
relatively simple yet not straightforward way.
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