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Dynamic load balance and strong scaling
of Multi-GPU computation for passive scalar particles

SATORI Tsuzukl, ! Takayuk: Aok, !
TAKASHI SHIMOKAWABE!! and WaNG Xi1anf!

Particle tracing is an effective method on mesh-based applications in com-
putational fluid dynamics (CFD). Graphics processing units (GPUs) make it
possible to carry out the computation of billion passive-scalar particles on the
velocity field. Data transfer among GPUs is a big overhead. Defragmenta-
tion of GPU memory in the time step and imbalance of particle distribution
also reduce the performance. In this study, we present an effective method to
minimize the CPU-GPU communication and optimize the frequency of the re-
numbering by sorting. In addition, the load balance of the particle computation
should be considered by dynamically changing the domain decomposition. The
performance for weak and strong scaling are examined on the TSUBAME 2.0
supercomputer and it is found that our method greatly improves the strong
and weak scalability for the problems with over billion particles.
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Fig.1 Flow diagram of the time integration for passive scalar particles on Multi-GPU platform.
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Fig.2 Defragmentation of the GPU memory as increased in the time step.

gooobooocooooooooooooooboOooooboooooobooboOoooooboa
gooooboooooooooboooobooOoooooboooboooooObocOooooooOoboOoo
goboooooboobooobooooobobooboboooooooooooooboooooooooon
ooooocooboooooooboo 2000000000O0DOCO0O0OOOOO0DOOOOnOO
gooooooooOOOOGPUOOOOOOOOOOOOOOOOODOODODOOODOO
gobooooobobooooooooooobobooooOooobooOoooboOobooooooooo

00000000000000000000O0(G)00000000000000000 3
goooobooooooooooooooooobooooobooo0ooooooobDboo
goooobooooooooboooobooooooooooboobDoooOooobooo
goooobooooooooobooooobobooooooobobooboobooooooDboObDo
gooooooooooobobooooboobooobboobooobobooooDbboooo
00000o0o0O00oo0o0ooo0o0ooo0o00 GepU-CPUDODOOOOOOOO
goooboooooooooooooboooooooooboooooooooobonoa
gobodooooooo

22 0O0O0O0OO0OO0OOOOO

O00o0o0ooo0oo0oooooUooo GpUODOOOOOOOODOOOOODOOO
gooobooooooooooobooooooobooboOooooobooOobocOoooOoooDbono
O000000o00oo0ooo GpUOOOOOOOOOOOOOODOOOOODOOOOO
goboooboooooooboooobooooooo

goboooooboobooobooob 4000001000000 000DO0O00O0ODOOOO

Vol.2012-HPC-133 No.37
2012/3/27

HFDEZIER

HFDBEES|®R

1.1111

03 0Oooooooo
Fig.3 Re-numbering by sorting
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Fig.4 Flow diagram of the time integration for passive scalar particles on Multi-GPU platform.
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Fig.5 Process of packing particles on voundary field.
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Fig.6 The result of weak scaling on TSUBAME 2.0
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Fig. 7 The result of strong scaling on TSUBAME 2.0
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Fig.8 Time variation by sorting every 100 time steps
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Fig.9 Elapsed time per a step on 64 GPU by sorting every 100, 1000, and 2000 steps.
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TSUBAME 2.0
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