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SUMMARY

Algebraic multigrid (AMG) has proven to be an effective scalsble solver on many high performance com-
puters; however, iis InCTessing commumicsiion complexiiy on cozrser levels has shown to senously iImpact
its performance omn compaters with high commuonicstion cost Additive AMG varisnts provide not only
incressed parallelism as well 25 decrezsed numbers of messages per cycle but also generslly exhibit slower
Ccomvergence. We presant varions new additive varisnts with comvergence rates thee sre significantly improved
compared to the classical sdditive slgebrsic mmltisrid method =nd imvestigate their potentisl for decressed
communication, znd improved communicztion-computstion overlap, feamres that are essential for good per-
formance on fumre exzscale architecmres. Poblished 2014, This zricle is 2 US Govermment work and is in
the public domzin in the TT5A.
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1. INTRODUCTION

Algebraie multigrd (AMG) is a popular solver for large-scale scientific computing #nd an essen-
tial component of many simulation codes. AMG has shown to be extremely efficient on distributed
memory architecturss [1, 2]. However, wath single-core speeds plateaning, future increasés in com-
puting performance have to rely on increased concurrency provided by the architecture, leading to
potentially billions of cores or threads. Apphications have to mateh this inereased level of concur-
rency to exploit the performance potential and hence face additional communication requirements.
Future systems will also be subjected to strict power limitations for overall system power, and data
movement, which includes commumeation, 15 responsible for a majonty of the power consumed
in a system. Thersfore, to address these challenges, increased parallelism and reduced availabality
of power, and to sucesssfully exploit future archdtectures, it 15 crucial to develop algonthms with
reduced commumication. Such an algemthm will consume less power, and its performance will be
l=ss affected by a reduction in power.

Algebraic multigrid obtsins its optimal computation complexity by wiing smaller coarse grid
problems to approximate the solution of the original fine grid problem. For raditions]. matrix-basad
AMG with Galerkin or variational coarseming, which we consider hers, the number of nonzeros per
row for the cosarse gnd operators grows, and with it the oumber of neighbor processes. The com-
mumication complexity iner=ases sigmficantly, leading to a large number of messages. Contention
at these levels can le=ad to & significant decrease in performance and scalability on current archatec-
tures with slower networks [3, 4] and 15 expected to be a bottleneck for future exascale machines.
To counter the high communication complexities at the coarse levels, new variants with redoced
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