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Performance Evaluation of Computer Systems Consisted of Various
Architectures with Scientific Application
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Recent supercomputer systems consist of various architecture such as X86, SPARC, POWER, Vector and GPU. In
addition the computer systems which consist of MIC and ARM are appeared. Some applications are better suited for
these computer systems or not due to the different architectures of calculation core they have. The way of
performance optimization is also difference depending on the architecture. Thus it is hard to introduce applications
running on a computer system to another computer system. In this study we evaluate the effective performance of
various architectures computer systems using an MHD (magnetohydrodynamic) simulation code. The MHD
simulation code used in this study solves the planetary magnetosphere in the space plasma. We evaluate two types
of optimization, which are the vector suited and effective cache-hit. As the results, we found the vector suited
optimization is effective to the X86 architecture computer systems and the cache hit optimization is suited for the
SPARC and POWER architectures. There is the twice difference of performance between the results of effective
optimization and not. The MHD simulation code is a kind of fluid code (including the magneto-electric force) so
that it is general that these results are performed in the fluid codes.
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Figure 1 Configuration of Terrestrial magnetosphere
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Table 1 Character of computer systems
System SR16000/M1 SX-9 FX10 XEB CX400
CPU POWER? Vector SPARC64 IXfx Opteron62xx Xeon E5-26xx
8 cores 1 core 16 cores 16 cores 8 cores
3.83 GHz 3.2GHz 1.848 GHz 2.5GHz 2.7 GHz
245.1 GFlops 102.4 GFlops 236.5 GFlops 160 GFlops 172.8 GFlops
L2: 256 KB/core | ADB: 256 KB | L2:12 MB/CPU L2: 2 MB/2cores L2: 256 KB/core
L3: 32 MB/CPU L3: 16 MB/CPU L3: 20 MB/CPU
Number of CPU  per node 4 16 1 2 2
Memory size per node 128 GB 1TB 32 GB 64 GB 128 GB
Memory bandwidth per node 512 GB /s 4096 GB/s 85GB/s 102.4 GB/s 51.2 GB/s
Number of nodes 176 18 4800 940 1476
Inter-node connection 20 GB/s x 2 128 GB/s x 2 | Tofu Interconnect Gemini, InfiniBand FDR
(5GB/s) 9.3GB/sec or (6.78GBI/s)
4.6GB/sec
Theoretical performance 172 TFlops 29.5 TFlops 1.1 PFlops 300.8 TFlops 510.1 TFlops
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Figure 4 Performance of MHD code on SR16000/M1
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Figure 6 Performance of MHD code on SX-9
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Figure 4 Performance of MHD code on FX10
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Table 2 Performance trend of various computer systems [5, 6, 7]

Core/CPU | Rpeak | Rmax | Rpeak |Efficiency Suitable CPU architecture
[TFlops]|[TFlops]| /CPU [%] domain
[Gflops] decomposition

SX-8R 8/8 0.08 0.28 10.0 28 1D Vector
SX-9 64/64 2.19 6.55 34.2 33 2D Vector
HAB8000 8192/1024 | 10.04 | 75.37 9.8 13 3D_A Opteron (Barcelona)
HX600 1024/256 2.17 10.24 8.5 21 3D_A Opteron (Shanghai)
XE6 8192/512 14.16 | 81.92 27.7 17 1D or 2D Opteron (Interlagos)
RX200S6 864/144 3.51 10.13 24.4 35 3D_A Xeon (Westmere)
RX200S3 1536/768 2.54 18.43 33 14 3D_A Xeon (Woodcrest)
CX400 23616/2952 | 104.23 | 510.11 | 35.3 20 3D_A Xeon (Sandy Bridge)
FX1 1024/256 2.08 10.24 8.1 21 3aD_B SPARC64VII
FX10 76800/4800 | 234.59 |1135.41| 48.9 21 3D_B SPARC64 1Xfx
K 262144/32768| 914.12 |4194.30| 27.9 22 3aD_B SPARC64 VIlIfx
SR16000/L2 1344/672 5.38 25.27 8.0 21 3aD_B POWER6
SR16000/M1 4096/512 19.49 | 12550 | 38.1 16 3D_B POWER7
Xeon Phi 5110P 60/1 0.049 1.01 49.0 5 3D_A Knights Corner
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(272 0 BERPERE S K& < kMY o 7= Sandy Bridge A% Xeon
2B TS 20 WEREE D FEATRHRZZEM L T 5. SPARC %
TIX, FX1I0 PR TFXL & AR D ENR R A2 L TE Y,
CPU H7= Y Tli% Xeon R HMREAZ R L TV D

CPU %47-v @‘tﬁi“b%:tt&‘fifé L, A ElEEE pﬂﬂﬁ L7z
FX10 & Xeon Phi TIZIZIER UHREZ > T 5D Z & 23y
#5.:@XwﬂNﬁwa?ﬂ%bTPé.ﬁﬁd§%
HERT AR E NV, £7- CX400 1 X K LD CPU %4721
DOYEREIZE <, SX-9 ® 1CPU LV HEWERE L 72> TW
5.

5. £&OH

FH 7T A~ O LI TS MHD 22— R&FIAH
LT, #a2RT —X7 7 F ¥ 2RO HEMY AT L DMERE
M 2 AT o 72, Al IR RICRIH SN DT RV
DOELFNEE ¥ v v 2 b vy MRIERMIITOND LD 7
B g OVE 2. & OfER, SR16000/M1 <° FX10 Tik
yYyvatby NORKBIEDEHTHY, x86 L2 THD XE6
R CX400 TIE~7 hValT il b BB RATE & oo 7.
R7 MAETIEEN S OESITE NS EICRT MLEEE
T2 &9 b ziThRVnE, RN & b
2O BT, HRZ SR16000/M1, FX10 = SX-9 TIEEFI D
WONEIL D720 THRED 2 < E D Z &R EN, I
LD EEENHRTE S,

A F TloERE YE'J/E%??/J?:E'JO)VX?Akttf\“f:k z
5, LROBEEIZFALCT =377 F v ThiFHmn L 5
WCRZ5D. f:f:b%ﬁ&ﬁ@ik%<%§@]b“(b\é.

AWML TIEEEM 2R i L & 4 AT K2 T2 TR
0, SHFEMGREEILEITY, JVET—FT 7 F v Dk
ELEREZEREL, AL TS TFETHD.

BB AWTIE O G AE R 1T B R HUSE R S JE R R
H - JEEBFZEHLE (JHPCN), R KA HEREE 7 —K
B HPC F v LY, JUN KGR IERR ¥
— e ER R T e P 2 7 Mk 0 H S 2T A
FIAOIE =TT,
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