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Performance and Power Consumption Evaluation of MHD
Simulation Code on Supercomputer System ITO

KEIICHIRO FUKAZAWA™!

TAKESHI NANRI™

HIROAKI HONDA

Abstract. The supercomputer system ITO has introduced to Kyushu University in 2017 and its peak performance
reaches around 10 PFlops. In this study the performance of Magnetohydrodynamic (MHD) simulation code is
evaluated using the all 2,000 nodes of subsystem A of ITO which has Skylake Xeon and peak performance 6.91
PFlops. In the evaluation several array configurations are used, and the results show the different calculation
performance among those configurations. From those results the best performance with 2,000 nodes is about
470TFlops. In this evaluation the large variations of power consumption and CPU frequency are appeared on not
only the different calculation node but the same calculation node. This study shows the detail of performance

evaluation and power consumption.
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Table 1 Subsystem A of ITO

iR Fujitsu PRIMERGY CX2550/CX2560 M4
HE/—F CPU Intel Xeon Gold 6154
(Skylake-SP) X 2 /node
a7 18 cores /CPU
B & 3.0 GHz (Turbo 3.7 GHz)
BEimERE | 3,5 TFlops /node (fS45EE)

AE DDR4 192 GB /node

Bandwidth |255. 9 GB/s /node
B/F 0.074

W/ —F# 2,000 nodes

REEmIERE | 6.91 PFlops

J—RRE#% | InfiniBand EDR 4x (100Gbps)
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Figure 1 Performance of MHD code with Fujitsu compiler
-@-3D xyzm
| 3D
100,000 xymz
. E 3D xmyz
2 -4-3D mxyz
g [
o 10000 <P
(O] F —=1D
®
8 r
S 1000 ¢
g o
% L
g 00 ¢
10 I Lol I Lo I I Lo
10 100 1,000 10,000 100,000

number of cores

BJ2 Intel 2731 7 2017 {12 K % MHD = — R OHRR
Figure 2 Performance of MHD code with Intel compiler 2017

-@-3D xyzm

100,000 L -e 3D xymz
— E 3D xmyz
§_ F 3D mxyz
o 10000 . 2P
[0) E -=1D
[0)
8 L
& 1,000 3
g E
,g L
o 100 ~

10 L Lol 1 Lol 1 Lol 1 Tt
10 100 1,000 10,000 100,00¢

number of cores

¥ 3 Intel =22 /3A F 2018 (Z &% MHD =— K DERE
Figure 3 Performance of MHD code with Intel compiler 2018



AL 2 e
IPSJ SIG Technical Report

Vol.2018-HPC-166 No.4
2018/9/27

#£ 2 ITOICHBIFAMHD >3 = b—3 3 v a— REFTROEEE SR

Table 2 Power consumption characters of MHD simulation code on ITO

FRm R [FD] CPUH#EES [W] | DRAMHEES [W] | CPU A% [W]
R3] 0.088 135.118 41.754 3.236
&R 0.154 148.252 51.606 3.700
52N 0.056 122.104 34.940 2.320
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Table 3 Performance trend of various computer systems [6, 8]
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Core/CPU Rpeak Rmax Rmax Efficiency | Suitable CPU
[TFlops] | [TFlops] | /CPU [%] domain architecture
[GFlops] decomposition
SX-ACE 1024/256 65.50 29.20 114.0 45 3D xyzm Vector
K 262144/32768 | 4194.30 914.12 27.9 22 3D mxyz SPARC64 VIIIfx
FX100 16384/512 576.72 91.49 178.7 17 3D xyzm SPARC64 XIfx
CX400 23616/2952 510.11 104.23 35.3 20 3D xyzm Xeon (SandyBridge)
HA8000 23160/1930 500.26 83.42 432 17 2D Xeon (IvyBridge)
XC30 448/32 16.49 1.37 42.8 8 2D Xeon (Haswell)
XC40 1088/16 48.86 4.32 2733 9 3D xyzm Xeon Phi KNL
Xeon Phi 5120 60/1 1.00 0.08 84.0 8 3D xyzm Xeon Phi KNC
Tesla K20X 896/1 1.31 0.15 153.3 12 3D xyzm Kepler
ITO-A 72000/4000 | 6912.00 470.10 117.5 7 1D Xeon (Skylake)

MTOITWDHEEZXBND. —F, Rk &8RS %
HARTHD L, SRR, o LAUEmOEE) 2

RLTWDEIHICRZD. BEENREWIEAI, HillcE
CHENKDD EWH Z ETIFRWESND. Zhid BF

B & OEBUSNIRRN S D & Bbhd. #ik/ — K
BB L CAHDE, HEEEOEENIE ) — N BE I
WEIHICRZ DM, BlREIXY 7> ME, /—FHETH
BEIZFRUMEER > TW5S. MHD =— RI{ZIZIFHIE5
DEENDTZD, RN RFFRN—/HEIZ2 > TV D
LEZLND.

5. hEtE#MRTLLEDLE

A== A Ea—F AT AITO TOMHD ¥ 3 = L
—Yara— ROMRELMMOFHEK S 27 A TO MHD ¥
Ral—vara— NOWELZLETS 2T, FHEEN
DFPEREFRICEN D LB HND. K3 ICZ I E TMHD
Yialb—vara— FOHREFHEILIZW O00FE
B AT AOFEFR E 1TO ORERFBFEEZRT[S, 6]. SHEO
ITO OMHEREFHAN TIZ 3 IRITHEIRAENCIB VT, 4 FFHOR
FIREEZ R L7228, ZHETIRVDWS SoA (xyzm) &
AoS (mxyz) ZFIH L7ZHIE L2 LT W, £72, CPU
(GPU, =27 mtyH¥—) BEOWELLRLLT VLD
2, CPU %4720 OMHE (Rmax/CPU) #RIZIMZ T3,
CPU Y79 OMEREIEL Xeon i TH 2D CX400 TIL,
35.3GFlops, HA8000 Tix 43.2GFlops, ¥+ L T XC30 TiZ
42.8GFlops & 72> TE Y, Skylake {:f% Xeon ## D ITO 1L
117.5GFlops & ¥ 3 5 DMEREL 2> TWD Z ENX D . —
5T, FHiD Xeon Phi Z#5# L 72 XC40 1% 273.3GFlops &
2o TEY, Xeon V—"08 1/ — FY72 9 2CPU ## L T
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1o%#E) 23 16%RE & W EREZ R LT\ %. Skylake it
RATBM S TITRBT DO Xeon TH Y, 21731 T OPEREM
b, Fla— FRE (LA ETLZ & T, Zi3bel s
BEihbd. x86 RUNDT —XT 7 Fx bbb &, H=
VB 2 —% T 27.9 GFlops, FX100 %% 178.7GFlops & 72> T
WBN, MY AT LEL 1/ — RIZICPU OF®, ITO X
J— F¥%72 0 TITEX100 O 30%FEEEWERE L 22> T 5.
DX IHIT Xeon & LTIE, HANRBH LS oD LiZHE
MREH M ELTED, Fo, EROVATLLERT, —
RY7= 0 CIEEWEREZ R L T 5.

6. FEH

MK ZIZH LS BAINTZA—R—ar Ba—F ¥
AT AITOWCR LT, BT I A~%fE< MHD v =
—Yara— FOWRHELITo7-. BEhBar (7L
Intel =22 3o F &R LR, HlieMERED 721 Tik
W<, BRABEEZFF ORI L TENERD 3 8
T OB ER D ol Bl A TIE, v
— RTOMEFEN Intel 2 XA Z LD HEL, 512 /— R
UL ETiE Intel 2234 T OMREREL Y, Ar—J¢
U7 4 IZHMNCER S -T2, Alal 3 IRtk ENZ BT
4 FEORSIESEZ AW, X7 bt $y v ok
B LOBENSGE R D L, HiffiZa AoS X SoA TIXZRW
WEOESNE WD Z & TERWERESHIFTE 5 Z &3 o)
STz

AEA—R—a v Ea—F THREINDIHEEENIC
WTITO ZHWTHAHEE, MHD I 2 b —va =
— Rix TDP X 9 2272 0 ARWVHEEE ST CEIE L T e,
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J— RME7Z0 i<, H—/— FNTo CPU A%
EDIEL2% 0% HY, H— CPU TOZWENFEN
BTN D Z EBRRINT. ZOELHSEITLD, FF
HEEE b A DD, EEALELEBbhb.

B ARRTIEIE, JUNRAE IR e & o 7 —F
Bk 29/30 AR SERRORHRB AR T B Y = 7 OSRIT K
5.
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