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Performance measurement of Particle-In-Cell plasma simulation code

TAKAYUKI UMEDA!

Particle-In-Cell (PIC) plasma simulation code is a first-principle method for collisionless space plasma. The PIC code solves the
Newton-Lorentz equation (equation of motion for charged particles) for each charged particle together with the Maxwell
equations for electromagnetic fields. Since a huge number of charged particles move freely in the grid cells of electromagnetic
fields, it is difficult to achieve a high performance of the PIC code on a massively-parallel scalar supercomputer. In the present
study, the performance of PIC code on a single node is focused on and is measured on the Fujitsu FX10 and Fujitsu CX400.
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DO n=1,np
i = nint(x(n))
j = nint(y(n))
wxl =
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+ ex(i-1,3+1) *wxl*wy3&
+ ex (i ,j+1)*wx2*wy3 &
+ ex (i+1,3+1) *wx3*wy3
vx(n) = vx(n) +
vy(n) = vy(n) +
vz (n) = vz (n) +
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DO n=1,np

i nint (x(n))
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wxl = ...

Wx2 = ...

wx3 = ...

wyl = ...

wy2 = ...
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Jx(1i+1,3-1) = jx(i+1l,j-1) + g(n)*wx3*wyl
IJx(1-1,3 ) = JIx(i-1,3 ) + g(n) *wxl*wy2
Jx(1 ,3 ) = Jx(i ,3J ) + g(n)*wx2*wy2

IJx(1i+1,3 ) = JIx(i+1l,3 ) + g(n) *wx3*wy2
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END DO

Velocity & [FI#RIZ, FIHRIF03 & DT RO IR D D
(i,)) ##H L, TOBREK T ~DOH O ER
Lowy3) BERT D (BAR R EARFEICS
WTITEMER - DB . I, BHRFESDOEREE
(3%,3y,32) IR LT, KFOME TCOBRBEICELE
TR LA, ML EDOIEEE np HOKRTFITH L TiT-
TW5. Velocity &1X872 0, Current DT HT — X ~D
TIRRAIT o HE L O — R« FUX KR NTIZRD.

(wx1l,wx2, ..

3. tEREAIE

HM— /) —RIZBTA2EAT L a4 T0 PIC
o— RMEREAR R 1 IRT. FXI101X/—FHE0 16 27
THY, CX400 X/ — KH7=Y 12 27O CPU R 2> (F+

(©2015 Information Processing Society of Japan

Vol.2015-HPC-151 No.25
2015/10/1

24 a7) THDH. /— Kbz Oki14% 144,000,000 f&
WCHEE LT, £72 CX400 TIEELEa AT LA 0T
a2 T O E RV,

Velocity 1%, &L= /314 Z %M\ CX400 7 FX10
DR A%, AT Nar AT % Fuviz CX400 23 FX10 O
KT EEETH o=, Current 1%, HELtiw@aL 4 T7%
V72 CX400 28 FX10 OF) 2.5 %, A T a4 %
VN2 CX400 23 FX10 O 1.2 fi5 @3 T - 2. F 7= Maxwell
OFHERRITIZ LA LB TE D Z N0 572, LIk
DOFHAITIX Velocity & Current @ 2 DIZDHIEHT5H.

1 XX 212, ALy REEZE{LS 72D, Velocity
KO Current ¥ 7 /L —F o ORIBEER 2 TN FhRT.
Velocity 1%, AL FEITHR L THH LS A7 —1 LT
BY, KRRy ROAr—780 7 1%, FX10 Tix
) 80%, & il = > /1 T & AV 2 CX400 TIELIZIE 100%,
AT TRV CX400 TIEK 60% TH - 7-.
1 2Ly ROBEITA T334 F % iz CX400 D
FEIORKN1EERTH o728, ALy FEAHEZ 2B
WE L@ a S T ERWE D BNEWEREL o 7z

FX10 - 16t CX400 - 24t | CX400 - 24t
+ Fujitsu + Intel
= RIYAE &/ a4
Velocity 37.89 sec 9.517 sec 14.29 sec
Current 99.69 sec 40.93 sec 80.09 sec
Maxwell 3.02E-02 sec 1.99E-02 sec 3.02E-02 sec

= 1 :144,000, 000 EDHIF% 10 BEEIR T v TR U=15E&
DEY TIL—F LD FEER.

500
450}
400}
350}

(1]

E 300}

[

3 250}

& 200}

[1N)

150}

| CX400-+ifort
o e CX400+frf

Velocity

0 B — —

12 4 6 8 12 16 24
Number of Threads

1: 144,000, 000 B DK F% 10 BER T v THIN=15BE
D Velocity T IL—F o DI BEFRE.




AL A e
IPSJ SIG Technical Report

600 —r—r
00} Current
FX10
o 400}
%300 \
":_3200-
e CX400+|fort
L, CX400+4frt
T2 4 6 ¢ 24
Number of Th reads

2 : 144,000, 000 B QR F % 10 BEER T v TRN-BE
D Current 4 JJL—F > D #FBEER.

—J5C, Current |ZIXT U Z LA ST RH B0, KA
Ly REDAr—7 U7 1%, FXI0 T 35%, &1
B3 7 & VT CX400 TIHK 15%, 4 T vy
A T &z CX400 TIFH 10%THh 72, FFIZ CX400 T
I3, 6 ALy Rb7=v CHENfafn L7,

PLEDORERIE, FV X LA RNTRHHEEICIE, ALy
RAEFIOHEREBZBIRICHEH D 2 L2 RBR LT 5. R T
—HEG_REZ (/= RFL )TV X LT 7AW T
LI E D, AHFEICPUIZEIT D PIC =— ROMREL M)
EFazidmbnTnab6]. L, ALy RPERRICSH

TAHY—F 4 T OHRICONTIEHE D A STV,

2012, Y= RLIKFT—2ERAVTEHAEOR — ) —
RIZBT DK AT L/ 234 F 0 PIC 22— KRR
R R — 2D Y —F 4 72X, Velocity 13 1.5 £

DB 4 %, Current 134 8 5 LA EOMERER B R 6D 2
EBFND.
3R4IZ, Y—=bLIRFT—2EANWTAL Y R

Hoa B /72D, Velocity & O Current %7 /L—F > D
IS ke ar gl (W B

FX10 - 16t CX400 - 24t | CX400 - 24t
+ Fujitsu + Intel
mRAC G a4
Velocity 10.91 sec 6.823 sec 9.369 sec
(x3.7) (x1.4) (x1.5)
Current 13.29 sec 5.193 sec 7.985 sec
(x7.7) (x7.9) (x10)

% 2:Y— k L1= 144,000, 000 QK F% 10 BREIR Ty 7
BOEBEOEY IIL—FUoORBEMEY, V—FEL
DBE (E ) ICHT HER,

(©2015 Information Processing Society of Japan

Vol.2015-HPC-151 No.25
2015/10/1

Velocity

Elapsed Time

CX400+ifort
20f £X400+frt

12 4 6 8 12 16 24
Number of Threads

3:Y— bk L17= 144,000,000 DK F% 10 BEER T v J
RLNE=BED Velocity T IL—F U DR 1EERE.

| Current
- FX10

B~
[=]

CX400+frt
__CX400-+ifort

———f
12 4 6 8 12 16 24
Number of Threads

4:— kL7= 144,000,000 DK F% 10 BERER T v T
EUNIEE D Current B JIL—F U DR BRFR.

Velocity DEcRA Ly REDA 7 —F Y7 11%, FX10
FEOVE i@ 3 T & Wiz CX400 TIHIFIE 100% & 72
D, AT ar g T &Nz CX400 TiEH 70%2m E
L72. Current ODIg KA L v DA r—7 U 7 013,
FX10 TiIH 95%, & ti@=a i 34A 7 & iz CX400 T
) 80%, A TN A T EFNTZ CX400 T 50%
WZENENm E L, ERHE—2 Ly FOMREDR FX10 T
#1345, CX400 TH 1.5 B ELTRY, hitTr—FD Y
=T 4TI E D AT THERED AT BT ALy RYERED )
LTz tnrEn.

4. BhYIc
PIC =— Ni%, FHLEMIIAL fFET S EHE T T X<
—FHYI 2L =g VRETHIDORRBLT, TT



AL A e
IPSJ SIG Technical Report

X RSN THIESANLN TS, 7FF X=3@E
OFERTOEMEZFT L OB L L TERIND.
PIC ¥ alb—vavidT 770 Yaliieta4 o —55%
MRELTRY, sthtEom ESRECTHD. AIFET
IZHEIZ, PIC 22— FOAD THEE IR Ly RHERRIZHEH
L7 EREili 21T o 7. TR, TT7T—2~D7 &
AT 7AW T KOk T — %2/ — 9550,
AHTHREDH I LT A Ly FMEREG A B35 Z &2 o0
Sl FRRIFT—HDOY—T 4 VT OHRIL, T A
T—RED LI HFARMTICRLTL VA THLZ &
WAoo Tz,

SHOEE LT, R 2T FEE LA HRRFICENT
B4 5 FX100 K T CX400/2550 (233 1F B MERERIE 23 281F
NS, £, BENOA LY MERESG Y —T 47
TNAITYXLORFEL, SHOBEBELBELE L TR LN
5.

i AR, BEareE B a - BB PFSE(B)  No.
26287041 IC X VIR —FE2ZITTWDH. XUTFv—T TR
MR LA —/—a v B a—# A7 A(Fyjitsu FX10
RO CXA00)DFE Y V) — 21, 41l B K AR R BR B2 T
FeATEHEAEF L RAF TR B O K22 1 AR T JE B o8 =

U H IR AR T e Y = 7 MR D Rk,

SE X

1. Nakashima, H., Miyake, Y., Usui, H., Omura, Y. : OhHelp: A
Scalable Domain-Decomposing Dynamic Load Balancing for
Particle-in-Cell Simulations., Proc. Intl. Conf. Supercomputing, 90—99
(2009).

2. Fujimoto, K.: A new electromagnetic particle-in-cell model with
adaptive mesh refinement for high-performance parallel computation, J.
Comput. Phys., Vol.230, 8508—8526 (2011).

3. Yee, K. S., Numerical solution of initial boundary value problems
involving Maxwell's equations in isotropic media, /EEE Trans. Antenn.
Propagat., Vol.AP-14, 302—307 (1966).

4. Boris, J. P.: Relativistic plasma simulation-optimization of a hybrid

code, Proc. Fourth Conf. Num. Sim. Plasmas, ed. by J. P. Boris and R. A.

Shanny, pp.3—67, Naval Research Laboratory, Washington D. C. (Nov.
1970).

5. Umeda, T., Omura, Y., Tominaga, T., Matsumoto, H. : A new charge
conservation method in electromagnetic particle-in-cell simulations,
Comput.Phys.Commun., Vol.156, 73—85 (2003).

6. Bowers, K. : Accelerating a particle-in-cell simulation using a
hybrid counting sort, J. Comput.Phys, Vol.173,393—411 (2001).

(©2015 Information Processing Society of Japan

Vol.2015-HPC-151 No.25
2015/10/1



