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~Background 2
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w Motivation 1
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w Motivation 2
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~Simulation Model | MHD simulation

REMIBE(T?

s FHERBIFEEZELEEDON TSN, FDI9%IFTSXITHI-SN TS,

s FHZEMB.FICKLADOELTAGRIZCEWLWTIIARENOAREGEEMEIEN
5T75XATDANEFREHLTEY . FOKBRALKEIENBEIERE
TAHET HEREARIELN  BAHEEAEETINS,

Fig. 2. MHD Simulation result of Terrestrial magnetosphere §

Fig.1. A sketch of the magnetosphere (modified from Kivelson and Russel [1995])



~Simulation Model | Space weather

Fig. 3. Space weather affects to the environment



Simulation Model | MHD equations

Vlasov equation (collisionless Boltzmann equation)
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Simulation Model | Numerical method

Implementation
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Fig. 4. Coordinate of MLF numerical
method to update one value.

do k=1, nz
do j=1, ny
do 1=1, nx
u(i,j,k,8)=u(i,j,k,8)+dx*(
f(i+1l,3+1,k+1,4)*F(i+1,j+1,k+1,6)
- f(i+1,3+1,k+1,2)*f(i+1,j+1,k+1,8)
f(i+l,j3,k+1,4)*F(1+1,),k+1,6)
f(i+l,j3,k+1,2)*f(1+1,),k+1,8)
f(i+l,j3+1,k,H)*F(1+1,j3+1,k,6)
f(i+l,3+1,k,2)*f(1+1,j3+1,k,8)
F(i+1,j,.k,4)*f(i+1,j,k,6)
F(i+1,j,.k,2)*f(i+1,j,k,8)
f(i,j+1,k+1,4)*f(i,j+1,k+1,6)
f(i,j+1,k+1,2)*f(i,j+1,k+1,8)
F(i,j,k+1,4)*F(i,j,k+1,6)
f(i,j,k+1,2)*F(i,j,k+1,8)
f(r,j+1,k,4)*f(1,jJ+1,k,6)
(L, j+1,k,2)*F(i,J+1,k,8)
f(1,),.k,4)*f(i1,j,k,06)
f(,5,.k,2)*F(1,].k,8) )
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Evaluation Environment
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a7 18 cores /CPU

[BiR %K 3.0 GHz (Turbo 3.7 GHz)

HEm e 3,5 TFlops /node (f&¥5 &)
AEY DDR4 192 GB /node
Bandwidth 255. 9 GB/s /node

B/F 0.074
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~ Evaluation Setting of Code
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Evaluation Results | Calculation performance 1
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Fig. 5. Performance of MHD code with Fujitsu compiler
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Evaluation Results | Calculation performance 2
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Performance of MHD code

Performance comparison

Table 3. Performance evaluation of MHD simulation code on various computer systems.

. Suitable
Rpeak Rmax Efficiency . CcPU

1024/256 65.50 29.20 114.0 45 3D xyzm Vector
262144/32768 419430  914.12 279 22 3Dmxyz SPARC64 VIIIfx
16384/512 57672 91.49 178.7 17 3Dxyzm SPARC64 XIfx
236162952 51011  104.23 35.3 20 3Dxyzm Xeon (SandyBridge)
23160/1930  500.26 8342 432 17 2D Xeon (IvyBridge)
448/32 16.49 1.37 42.8 3 2D Xeon (Haswell)
BEGR 7200014000  6912.00 47010 | 1175 7 ID Xeon (Skylake)
e o 5.30 0.42 104.4 3 3D xmyz Xeon (Skylake)
60/1 1.00 0.08 84.0 3 3D xyzm Xeon Phi KNC
1088/16 43.86 4.32 2733 9 3D xyzm Xeon Phi KNL
2688/1 1.31 0.15 1533 12 3Dxyzm Kepler
RS 554 5.30 038 \ 3822 ) 7 3D xyzm Pascal




Power Evaluation
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Evaluation Results | Power performance 1
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Fig. 7. Power performance of MHD code with all nodes of ITO (per CPU socket)




Evaluation Results | Power performance 2
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Table 2 Power consumption characters of MHD simulation code on ITO
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~Evaluation Results | Power performance 3
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~Evaluation Results | CPU power capping 1
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~Evaluation Results | CPU power capping 2
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~Evaluation Results | CPU power capping 3
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Evaluation Results | CPU power capping 4
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Fig. 11. Elapse time of MHD simulation and CPU frequency under CPU power capping




~Evaluation Results | CPU power capping 5
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Fig. 11. Elapse time of MHD simulation and CPU frequency under CPU power capping
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Summary | Calculation performance
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Summary | Power performance
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