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Petascale Turbulence Simulation Using FMM

R1o YokoTta,! TETsu Narum, 2 LORENA BARBAT?
and KENJI YAsUOKA™

Fast multipole methods (FMM) were originally developed for accelerating
N-body problems in astrophysics and other particle based methods. A recent
trend in HPC has been to use FMMs in unconventional application areas. We
have performed a 20483 turbulence calculation using an FMM designed for large
scale GPU systems. The proposed method uses a hybridization of the treecode
and FMM, and combines the data-parallel treecode with the O(N) FMM. The
run on TSUBAME 2.0 using 4096 GPUs achieved 74 % parallel efficiency, and
the sustained performance reached 1.01 PFlops.
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Fig.1 Schematic of the dual tree traversal.
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Fig.2 Comparison of treecode, FMM, and hybrid on a single CPU.
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Fig.3 Comparison of treecode, FMM, and hybrid on a single GPU.
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Fig.4 Flow of 3-D FFT calculation.
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Fig.5 Flow chart of vortex method calculation.
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Fig.6 Breakdown of weak scaling up to 4096 GPUs.
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Fig.8 Isosurface of the second invariant of the velocity gradient tensor
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Fig.9 Comparison of the energy spectrum between vortex method and spectral method
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