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Performance measurement of Vlasov code hybrid-parallelized with
OpenMP and MPI

TAKAYUKI UMEDA™'  KEIICHIRO FUKAZAWA 73

Vlasov code is a first-principle simulation method for collisionless space plasma. The Vlasov code solves the time development
of phase-space distribution functions of charged particles in hyper-dimensions based on fully kinetic equations. Since the
distribution functions are defined in more than four dimensions, the Vlasov code requires high-resolution and high-performance
numerical schemes which should work in limited computational memory per node or per core. Our Vlasov code has been made
performance tuning on various scalar CPU architectures under Japanese HPC projects. In the present study, the COLLAPSE
directive of OpenMP is used for hybrid-parallelization of our Vlasov code. The results of the performance measurement on the

Vol.2014-HPC-146 No.20

2014/10/3

K-computer, Fujitsu FX10 and Fujitsu CX400 are discussed.
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Figure 1 The domain decomposmon in the configuration space

for the five-dimensional Vlasov code [8].
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1SOMP PARALLEL DO
DO j = 1,ny
DO i = 1,nx
DO n = 1,nvz
DO m = 1,nvy
DO 1 = 1,nvx
A
END DO
END DO
END DO
END DO
END DO
1$SOMP END DO

2 As-Is =2— .
Figure 2 The as-is code.
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!SOMP PARALLEL DO COLLAPSE (2)
DO j = 1,ny
DO i = 1,nx
DO n = 1,nvz
DO m = 1,nvy
DO 1 = 1,nvx
N
END DO
END DO
END DO
END DO
END DO
!'SOMP END DO

B 3 COLLAPSE 7« L7 7 1 7 & niza— k.
Figure 3 The program with COLLAPSE directive.
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Table 1 Comparison of the performance of Vlasov code on a single node with/without COLLAPSE directive.

ALy R/ 7T et 2% FX10 CX400
As-Is / COLLAPSE As-Is / COLLAPSE
1/16 206.64 sec / 206.59 sec 107.03 sec /" 107.82 sec
2,8 199.68 sec .~ 200.16 sec 113.16 sec /" 107.48 sec
4,4 199.47 sec /" 199.53 sec 107.75 sec /" 106.07 sec
8,2 201.08 sec ~ 200.77 sec 113.16 sec /" 109.02 sec
16,1 201.90 sec / 200.83 sec 113.39 sec /" 108.89 sec

#£ 2 CX400 lTBIFDT TV T7a—Rnsg ) — RHRE

Table 2 Performance of Vlasov code on the entire nodes.

v raro

1 AL v K per /— F(As-Is)

4 A1 v K per /— F(COLLAPSE)

B R Fujitsu /" Intel Fujitsu / Intel
MPI_Init / Finalize 17.04 sec / 1153.53 sec 15.04 sec” 402.45 sec
Wk (t2-t1) 135.33 sec / 706.59 sec 13.63 sec / 21.42 sec

A A L —T(13-12)

166.35 sec /" 124.88 sec

162.33 sec /" 120.13 sec
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