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Multiple GPUs-based AMG Method

Kosuke Takahashi®, Akihiro Fujii’ and Teruo Tanaka'

This study describes the implementation of the algebraic multigrid (AMG) method on
multiple graphics processing units (GPUs), which is one of the fastest linear solvers for
problems with a large sparse matrix. A smoother is an important component of an AMG
solver that mainly determines the solver’s robustness and performance. Although several
types of smoothers implemented on CPUs have been studied, the best method to
implement smoothers on GPUs, which require abundant fine-grain parallelism, still
needs to be developed. Thus, this study evaluates the efficiency of three representative
smoothers such as the Jacobi, the multicolor Gauss-Seidel method, and the modified
multicolor Gauss-Seidel methods, in which unknowns are colored with a smaller number
of colors by eliminating weak dependencies. In addition, this paper shows a well-suited
implementation of the multicolor Gauss-Seidel method on GPU that requires padding
and reordering of the matrices on the basis of color.
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# 3-1 EBITEREE

CPU Intel Xeon X5570 Quad-core 2CPU 2.93GHz
Graphics ETS2050-C3ER 2GPU
Memory 12GB (6x 2GB DDR3-1333 DIMM)
(OF] CentOS 5.5 (64bit)

# 3-2 GPU D fTkk
GPU Chip NVIDIA TESLA C2050
Peak Performance 515Gflops
Number of CUDA core 448
CUDA core Clock 1.15GHz
Memory Transfer 144GBl/s
Memory Interface 384bit
Video memory 3GB GDDR5
1/O Serial Interface PCI Express 2.0 x16
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7 3-3 MY A X 50x50x50 (2 AT 5 V-cycle 2 B'— K (ms/loop)
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L—H— | IC ik MCGS ik Mod-MCGS i MCGS i£-JC ¥
GPU
GPU x1 7.42 63.10 11.38 7.74
GPU x2 15.95 66.77 18.44 16.39

# 3-4 FEY A X 100x100x100 (Z AT %5 V-cycle A E°— K (ms/loop)

A Lh—H— | JC ik MCGS i Mod-MCGS i MCGS -JC ¥
GPU
GPU x1 48.25 163.24 59.21 55.25
GPU x2 32.76 134.35 43.20 37.41
#£ 3-5 BkoBERFHOEE (%)

L—H— | ICiE MCGS i Mod-MCGS % MCGS ik-IC ik
PAX
50x50x50 30.3 7.3 27.9 28.8
100x100x100 12.8 3.9 10.7 104

# 3-6 WEEZ= (MB/sec)

L—H— | IC{E MCGS £ Mod-MCGS i MCGS -JC ¥
PAX
50x50x50 77.56 76.63 72.77 79.46
100x100x100 350.63 280.67 318.57 379.85
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