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Performance measurements of Xeon Phi with
Magnetohydrodynamics code

KEIICHIRO FUKAZAWA - 727 KEITARO OKA™

The magnetohydrodynamics (MHD) code we have developed is used to study the space plasma and measures the performance on
the various computer systems. Thus we can evaluate the performance of computer systems relatively using those performances.
In this study we evaluated the newly many core co-processor Xeon Phi with MHD code and compared the performance with
other computer systems (architectures). In the evaluation we use the codes which is optimized for vectorization and cache hitting
with changing the number of process and thread. As the results, we found that the vector tuned code is suitable for Xeon Phi and
in particular we obtained the best performance using the combination of 4 threads and 60 processes. Considering the effective
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performance, there is double performance difference between the optimized code and not optimized code.
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Figure 1 Configuration of Terrestrial magnetosphere
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Table 1 System of Xeon Phi server

MIC Architecture Xeon Phi 5110P (Knights
Corner)
Number of core 60 cores
Frequency 1.053 GHz
Cache L2: 30 MB/CPU
Rmax 1.01 TFlops
Memory size 8 GB (GDDRSY)
Bandwidth 320 GB/s
B/F 0.32
CPU Architecture Xeon E5 2643 3.3 GHz
Memory size 64 GB
System | Number of nodes | 2
MIC per node 1
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Figure 2 Scheme of Modified Leap Frog method
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Figure 3 Concept of domain decomposition in 1D, 2D and 3D
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Figure 4 Performance of MHD code on Xeon Phi
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Figure 5 Performance of MHD code with 3D decomposition
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Figure 6 Performance of MHD code with 3D decomposition
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Table 2 Performance trend of various computer systems [5, 6]

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

SX-9 64/64 2.19 6.55 342 33 2D Vector
HA8000 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 | 353 20 3D A Xeon (Sandy Bridge)
FX1 1024/256 2.08 10.24 8.1 21 3D B SPARC64VII
FX10 76800/4800 | 234.59 [1135.41| 48.9 21 3D B SPARC64 IXfx
K 262144/32768| 914.12 |4194.30| 27.9 22 3D B SPARC64 VIIIfx
SR16000/L2 1344/672 5.38 25.27 8.0 21 3D B POWERG6
Xeon Phi 5110P 60/1 0.049 1.01 49.0 5 3D A Knights Corner

30 7t R, 4 ALy ROEA D 46.14 GFlops & PEREN
HAREHTWANR, 240 ALy RETTHHE LSS
D BYERERS B, 120 A Ly RRIJHT28BE812 60 ot
A, 2ALy REV307atvR, 4 2Ly ROFTNRRWE
RELR-oTWE., —FT16 Furk X, 15 ALy KTIEM
DOFHE DRI THL ICHENEN. ZofR L
Flat MPI DR 22584 7Y » RilEFIAY Xeon Phi TIHEBHR
720, TOMAEOHIITEEEZTHOILERH D Z LM
PMb.

S OITHERENBEWVR SIS T Y v RIS ZEIT & &
DX BRIBEDIEENET DD 70T, 3 RILiEEk > E
Type BZHWT, e 2 ALy FEEZ(LIETH
BEREi 21T o 7. K6 cZDfiRz2xR7. EXUTIXK 5 &
UTh 5. BRI 3 WITiEEk /> Type A (2~ THREN
O, RENRIED L Type AICEITEY, 60 71
B, 4 2Ly FRIARENES BWERLE 2D, 2779
GFlops & 72> CW 5. Flat MPI B & OMEREM E3RI% 3 ot
I E Type A & Type B TRKEL B LT 1.5 oM
fem k& 72> CTWb. —J5 T Flat MPI T 240 7' 1 & A0
FEhIMEREAS 19.41 GFlops D7z, 30 7' & AFIH L7=tERE
L 16 FrtR, 15 ALy FFIHFFOMEREIL Flat MPI K &
FIEED LRV, ZREVEL, 3 RITERSH Type A
DOEE ER TN,

42 P RTFLEDLE

SEIOFER LA F CHEFMZIT-o CEXEFOHEA
e 2T NS B 12012, RRIEATIERE, CPU %47-0
D FEEREC I R B B A A R 21T E L 0T[5, 6].
_7 MBEIER 7 PVERRE EUL D 2 RoLEE S HI TTM
REH TR Y, RISC 7 vt v Th 5 POWER % & SPARC
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RTHEF vy oty FEERE L3 RILHEESE Type B
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TIE, FX10 P TFX1 & RO ED R FE 2 ZEK L TE Y,
CPU 7= Y TiZ Xeon RIZHE D IHEREZ FER L TV 5.

A a1 RE & 34T L 72 Xeon Phi TIZHEZNNHRN 5% & 72 -
TH Y, Xeon %=X SPARC A D CPU 25 H. 5 & PEREDS .
—FTCPU 472V (XeonPhilZa7ot oy P —47=0) d
MEREZ L% &, Xeon Phi i% FX10 &1ZIEE UHEREZ F5 -
TW5. F72 CX400 LB L, 1.4 50D CPU H72 0
DOMHREZFF- TR Y, HAEIFEHELW, 2 A METE
ZC% Xeon Phi DPEREN W EAEE X% . Xeon Phi (2%
LTIt MHD =2— F& ELEFEMICEEILEZIT>THE LT,
SIS EBRD L ThuE, ET TV r—v =
> @ Xeon Phi FI|FH 23 A3 5 AIHEME A B
5. £&OH

FH 7T A~ O THEDILTV D MHD =— R FIA
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Opteron &R UFERTH 72, 20 3 WS EIZB W
T OpenMP ZF|H] L T Hybrid MPI Z Hl\W\/=34, 60 7
TR, 4 ALy ROGENRBIEGENR <, Flat MPI KD
) 1.4 f5OMERE (48.97 GFlops) %155 Z & 73T & 7z Hybrid
MPI ZF| B ICIE, WU 240 2 Ly FRIATHHRENZE D
D, 7akzrl ALy FEOHAEDOEICEET D LE
NHDHI BTz,
ASETICHRBBTEET OV AT L LH~ND L
Xeon Phi IZ5EIDFERERNZHEN 4.9%TH Y, CPU &L
RBHE VAL T THo72n, CPU MY OMERE TS &
FX10 |25 & TV % SPARC64 IXfx & 1FEIE[R UPERE & v
D EMhrhr ot AR TITFEEM R B kAT it T
78738, Sandy Bridge X ™ Xeon & Y CPU %72 v OHHE
1% Xeon Phi 23 @V & W S FERIC 72 o 72 A% EEM 7 e {b
ATV, A TEE — FOFHEI AT > TWS TETH 5.

BEE ARHFIE O FH RS T IUIN R AL AR A 5T PR 3%
o F—DF AR AT L BRI L TR L.

SE Xk

1) Chang, C. L. and Lee, R. C. T.: Symbolic Logic and Mechanical
Theorem Proving, Academic Press, New York (1973).

2) R. O. Dendy, [Plasma Dynamics], Oxford University Press, 1990.
3) T. Ogino, R. J. Walker, M. Ashour-Abdalla, A global
magnetohydrodynamic simulation of the magnetopause when the
interplanetary magnetic field is northward, IEEE Trans. Plasma Sci.20,
817.828, 1992.

4) Fukazawa, K., T. Ogino, and R.J. Walker, "The Configuration and
Dynamics of the Jovian Magnetosphere", J. Geophys. Res., 111, A10207,
2006.

5) Fukazawa, K., T. Umeda, T. Miyoshi, N. Terada, Y. Matsumoto and T.
Ogino, “Performance measurement of magneto-hydro-dynamic code for
space plasma on the various scalar type supercomputer systems”,
submitted to IEEE Trans. Plasma Sci., 2009.

6) Fukazawa, K., T. Nanri and T. Umeda, “Performance Measurements
of MHD Simulation for Planetary Magnetosphere on Peta-Scale
Computer FX10”, International Conference on Parallel Computing 2013
(ParCo02013), accepted.

7) Intel Quick Reference Guide to Optimization with Intel Compilers
Version 13.

(© 2013 Information Processing Society of Japan

Vol.2013-HPC-141 No.5
2013/9/30



