Optimizations of a spectral/finite difference gyrokinetic code
for improved strong scaling toward million cores
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Motivation ‘ Summary
One of the key issues in development of magnetic fusion devices is plasma turbulence, which extends The present optimizations improve scaling of GKV and enable multi-scale plasma turbulence simulations.
over temporal and spatial scales of electrons and ions. However, multi-scale plasma turbulence simulations » Segmented rank mapping utilizes the bi-section bandwidth for data transpose and reduces collisions of the
based on 5D gyrokinetic model require huge computations. messages for simultaneous point-to-point communications, and therefore, saves communication cost.
In this work, we present optimization of inter-node communications and computation-communication > Pipelined overlaps of computations and communications efficiently mask the communication cost.
overlaps on massively parallel platforms such as the K computer! and the BX900 (Nehalem-EP cluster), and » Thanks to the above optimizations, GKV shows excellent strong scaling up to ~600k cores and achieves
report their impact on the strong scaling of the gyrokinetic Eulerian code GKV-2. high parallel efficiency ~99.99994% on the K computer.
- - [1] http://www.aics.riken.jp/en/kcomputer/  [2] T.-H. Watanabe and H. Sugama, Nucl. Fusion 46, 24 (2006). - - . System: BX900 (2.93 GHz, 11.72 GFlops/core, Memory BW 6.4 GB/s/cores, 4 cores/node, InfinibandQDR with Fat Tree,
MOdel and paral Iel |Zat|0n Of GKV EffeCtS Of the Optlmlzatlons [Interconnect BW 4 GB/s x 2, 2134 nodes; LinPack 191.4 Tflops), K (2 GHz, 16 GFlops/core, Memory BW 8 GB/s/core, }
8 cores/node, Tofu interconnect with 6D mesh/torus, Interconnect BW 5 GB/s x 4, 88128 nodes; LinPack 10.51 PFlops).
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5D space (X, Y, z, v, M) with multi species of plasma (s). 1.0
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.-r- Problem size: (n,, n, n, n,, n, ng) = (1024, 1024, 32, 32, 32, 1) Problem size: (n,, n, n, n,, n, ng) = (256, 256, 32, 32, 32, 2) for BX900(Small),
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Computation-communication overlaps ‘ Number of cores 5 8.3%-10.8%
Pipelined overlap of spectral calculation Pipelined overlap of finite difference calculation Multi-scale plasma turbulence simulations ‘
w/o overlap I]:> w/ overlap w/o overlap [I:> w/ overlap The optimizations strongly accelerate the plasma turbulence simulations covering scales of electrons and ions.
>Threads >Threads >Threads >Threads » Multi-scale plasma turbulence simulation using the real electron-to-ion mass ratio succeeds for the first time.
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