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Performance measurement of PIC moment calculation

— QOriginal Paper —

Performance measurement of WorkArray, LISTVEC compile directive, and RETRY algorithms

on SX Super-computer for the PIC (Particle In Cell) simulation model

Tooru Sugiyama'”

The calculation performance of three types of moment calculation algorithms is evaluated on SX super computer. Those are
WorkArray, LISTVEC compile directive, and RETRY algorithms. The used simulation model consists of two dimensional in space.
The calculation time of WorkArray and RETRY methods show almost same cost. That of LISTVEC methods is about 1.5 times larger
than those of others. The used main memory size of RETRY and LISTVEC methods is almost same cost. That of WorkArray is a few
times larger than those of others. The algorithm of WorkArray and LISTVEC are simple but that of RETRY is complicated. However,

in the view points of total merits, we recommend to use RETRY algorithm.
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1. FLwic

PIC (Patticle-inCell) ¥ 32l —3 3 vyFHElE, 7I9A~
BEMAEICBOWTEELRETVDOIDTHSL (BIRIZ,
Birdsall and Langdon, 1991; Fujimoto, 1992; Matsumoto and Omura,
1993). COFETIE, FHEEENICB W TBR - LT
NBIAERF-OWEEIB) . ), BE - ER EORIK
BB IS L THEIND. ZDT0, KO
E— A ME (BAHE - BREER L) &, WFAEI
BEHE T AR E BRI SN TSR 5w, 22T
ML 72 5D, GHETHIBND T ¥ 7 L 7 AE I CEE S
TWBRT-TF—#IZ0L, EDX IRy b VRIEHERET
=AY MEZFET I TH L. TNFT TS, EERY)
# (Birdsall and Langdon, 1991) - RETRY{# (Imamura,
2005) - LISTVECH/R T (Sugiyama et al., 2004) D3O D
FEPREENTEY, 22T, IhS5DHEDETH
EAREE LSRRGS A, I Loy bVEIGHERE
(&, 2009FE2HREE L TV A MERY I 2L -5 ThH L. i
oo — NI, ZBR2KRIC - ME3RTT TR S IG VAT
LR o720 —FTH5H.

2. BiTE—XYV bOFEE

BT, MAHZZEN TOR T OS5 H
IZERBL, EHEFGZIE L <RI 5709010, HTH4D
WCHBREORFE2 0 EsEs. LoT, BFHLETD
BT AFMERICHERT, WM 255 EDS
L. ZOZEnn, FHEAEOMR IR, RFEHEE
TNRBLFET DL ERH L. ZOHT, RLFED
A PDOENNEEE, VATLALRIZT Y AICRE SR
WL, BFm ETERS NGO & FEEAT LR
B (E— AV M) ThH. ZOREE, HBTEEr
BT B BRI,

N(r) = Z S(r-r+)

F(r)= Z VS (r — 1)

#
LEFREND., TIT, 1, v, FRFOMELEETH Y,
ERT-ORFETAE AT . SO, R T2 BRI
BLICHKEECTH 5. KNIJEREEOMEN %2 /RT. (X
OFATIE, BHEOD, LRBEIRICETIVCIT)).
HBRLT-1E, SEME LTTIE R, R Xpa il &
T AT (AX) EFUEEDIESY 2o 72k T-&

territory territory
i im cell itlm cell |
< > >
I AX AX I
| |
I AX AX I
| 2 2 |
| >l > |
| |
| |
| |
] ] | | ] ]
T T | |
Xi-1 Xi @ X, Xil Xi+2
p
Fig. 1. Schematic illustration of the shape function in one-dimensional case. The particle width (dark gray length of a) which lies in the i cell

contributes to the moment on the grid Xi.

1. IR AN, B mEEE X, WA VEZXpE T4, i, BFEEAXEREESOIEYD 28 TY AT LNICHEET
b FBAETEIE, WAXOTF AL L, ZOFICA->TELHTORESHE, BHOKTHLTOE-X Y MEIZES 825, MOIT

&, BEZag M RXiNoFGoe b,
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LCifkbhs. $72, S, HBAfE Xi=i AX) &Y A HAEIMOEAFBROIAY L 2 ), <7 b
EHLETBIE (AX) OfElEEHEOMHEEE T 5. K AR O,

WIZEL-ES D%, KAOBFEANDE—A Y FED DT, BESNTWVAEIDDORY MULHEIZDW TR
FHaET A, MOBITIE, BTX EX,N\DEF551E N5,
TNZFNa/AX, 1-a/AXER D,
T 7 7 LEERRK2ITGRY. ZOFNCESNE K51, 2.1. YEERIE
KA EAG T RO 2 TR AX TR L T b o 3 HATHE L BINBE L IRFT AEIIDA > Ty 7 X %,
2= a YEENT L0, BTHEANOFSSEEE b LRICIEL, COEFHTV—TEREZiT) 2 LT
TH14~154THIZ, AXIZBBIZIZER W, AFBIRE RS 5. Bl TEEDAR) FE IS,
ZoBlE, AH IR O - NTHL. £D TRy T AERBIRT. R LR, TATHICE

72, ZOFETE, A4 V=7 (12~26fTH) 128 RENTVD, ZOFETE, HRLIZA X T 7 2D
W, WTALEDT ¥ & Lk izd, K-OIDF 5NN YA APHRRKRZ PV LIRS E (LFRZ MVE,

1 I

2 I PROGRAM  SCALAR

3 I

4 REAL: : PTL(1: NVAX 1: 4) I Particle

5 REAL: : MOM 1: 1 MAX 1: 4) I Morent

6

7 MM = 0.0

8

9 I

10 Il MANNLOCP

11 I

12 DO NN = 1, NVAX

13

14 IM= FLOOR( PTL(NN 4) ); IP=1 +IM .. @idin X

15 XM = PTL(NN 4) - REAL(I M) ; XP=1. 0- XM I'.. Shape

16

17 MMIM1) = MMIM1) + XM* PTL(NN,1) !.. Flux in X

18 MOMIP, 1) = MMIP, 1) + XP* PTL(NN 1)

19 MMIM2) = MMIM2) + XM* PTL(NN.2) !.. Flux inY

20 MOMIP,2) = MMIP,2) + XP* PTL(NN 2)

21 MOMIM3) = MMIM3) + XM* PTL(NN3) !.. Flux in Z

22 MOMIP,3) = MM IP,3) + XP* PTL(NN 3)

23 MMIM4) = MMIM4) + XM I.. Density

24 MMIP, 4) = MMIP, 4) + XP

25

26 ENDDO

Fig. 2. Program for Scalar procedure. NMAX and IMAX mean the total number of particles and cells. PTL(particle ID num, 1~4) means particle
velocity with three components and position. The moment values on grid are stored in MOM(grid ID, 1~4) with three components of the flux and the
density.

K2, E—AY EMHEOTO 7T LH. AW TRGIHEECETTAGEOTU ST I v 7 HETH A, £585E, MTREONMAX. T
HRBAIMAX. KO3RS ASPTL (R ID%F 7, 1~3), R E2PTL (KFIDFES, 4), E— A ¥ MEDOFluxfEAMOM  (F1-7F
5, 1~3), BEIMOM (#TF&5, 4), Thh.
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© 00 N O 0o b wWN PR

A DA DS D W W WWWWWWWWNDNDNDNDNDNMNDNNDNNDNDNERERRRRERRREPRPRPER
W NP O O 0o~NOO OO WNPEPEP O OOWwWNOO D WNPEPOOOOWWNOOOGP™MOWDNLPREPO

44
45
46
47

I PROGRAM  WORK VECTCR

I

| NTEGER, PARAMETER : LVEC=256
REAL:: PTL(1: NVAX 1: 4)

REAL: .  MOM1: 1 MAX 1: 4)

REAL::  WRK(1:1MAX 1:LVEC 1: 4)

I INITIALI ZATION  LOCP
I

MM = 0.0
WK = 0.0

I

I MAIN  LOOP

I
DONP = 1, NVAX, LVEC

DONN = N°, MN NP+LVEC, NVAX)
NV =N- N+ 1
IM = FLOOR( PTL(NN,4) ); IP=1
XM = PTL(NN 4)-REAL(IN);  XP=1.0-XM ..

WRK(IM NV, 1) = WRK(IM NV, 1) + XM
WRK(IP, NV, 1) = WRK(IP, NV, 1) + XP

WRK(IM NV, 2) = WRK(IM NV, 2) + XM
WRK(IP,NV,2) = WRK(IP, NV, 2) + XP
WRK(IM NV, 3) = WRK(IM NV, 3) + XM

WRK(IP,NV,3) = WRK(IP, NV, 3) + XP
WRK(IM NV, 4) = WRK(IM NV, 4) + XM
WRK(IP,NV,5) = WRK(IP, NV, 4) + XP

ENDDO
ENDDO

I REDUCTI ON  LOCP
I

DOIX =1, IMX
DOIC=1, 4
DO N =1, LVEC

+M ..

* PTL(NN 1)
* PTL(NN 1)
* PTL(NN, 2)
* PTL(NN, 2)
* PTL(NN, 3)
* PTL(NN, 3)

MMIX 10 = MMIXIO + WRK(IX NV, 10

ENDDO
ENDDO
ENDDO

Gidin X
Shape

Fig. 3. Program for WORKARRAY algorithm. The extended array is defined as WRK(Grid ID, extended index, components).

PESERLYEIC X B E— X ¥ MEHRO 7T 7T L0610, Yk L7VESERCHIE, WRK (B7-3%, fhikindex, 7)) LERINTNE.

3.
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NEC-SX > 1) — X Cl3256) O#i4 (44TH : LVEC=256) |2
SHEARENRETH L. OO A XL, R T2
FHB 256 XMEANATEEDL L EFETH Y (X4,
BATHE L B D4 H), EXEVHELE
LCTLE)H. 2ol AT =%, WHAT) I
T, PO KT 2, & SITHETRIIHE 2 H )
SETEDREE 2 5. 512, KTFHICET 2 RMEHE
RIS, ML L ABFIETSE (reduction) ASLETH B (13
TH & 41~4747H). CosMERE, BTHIBPL VIS
121, BETELRWEIHRIA M oA, ZBiZHb L9
12, BT EEDSNODENL, 24 2 V—TDT%IZHET
5.

2.2. LISTVECHURTTiL

VESERLH DE AN & 2 T 4 8 fii & O8N % [A)#E 4
AITHED—2N%, NEC-SX ¥ ) — Ao a > 31 VR
fTLISTVECKH FI\V2 % /i THh % (NEDFEMNIE Sk
Sugiyama et al,, 2004% 2D = &), WEEIL, X218 5
AL =TT, BADRTIDESIH LT, FHUK
THESIMATE D B THNDIFC (FZ38E LIER), KR
DAL & BHS, EIEISEZ S VIR D IE L WiEEZ
B5., LoT, HEREZERL, WMESLRE LD
KR PVEHEN S A TEFEIZY) ) B AUTIE LWk
RE2EL. 77T 0B R4TRT. TORRT (2217
H) 2SS sh-Emgol—7cld, BB EEsE
YER L RDOHEIE AT . AR ITE VS L, 1
ZeS RO E L COFERXEY OFAEAS, K154
D2RICEHEOY A EAXME (1 RICEHE OB A 132X 448)
DHDRLA-% 554 S8 58 L [AMETH B 720 KNI
N, POERIHL AN TITT T T LHhEDOERIZD
e, (G WIEEEZAT) 720, V— 7PN TR LARO
HeH & EEATRHR T E W20, 6~HTHIZH D LI
AL 2 Twd)., Tz, FERNEICHR,
reduction E34 12 X BRI A MIRKE IS W,

2.3. Retry 1%

DL, NEC-SXT ) — RIZRS T, —ikiyza~Ny
MVEETERCHHTE 2 ik Th 5. 22T, [
NVEIETERETIX, BREONZ PVL YRS EDTF—
TIMWMAENIZA T ENLEE, EXAAREITFIZ, —F
DNEFETITHOND | L) X7 MVEIE GO N— K
7R EFIH T %5 (Imamura, 2005). 7V 31) A L Ok
SR E T 7T LB X5 618,

KTV T ALTIE, R ZRVECIHOEIZ LTV —
Th#EZ2 L. HSOBITIIRVEC=12THA. (3£ RVECD
KEZE, N7 MVEEIIHTLTH L05, N7 FIVEDL

18 JAMSTEC Rep. Res. Dev., Volume 12, March 2011, 13-25

ETHRNIEFEFEDSTE R W), T, [M60D24~281T
HTZ, K- OIDFESNNIAIST B HE - HAEIMEZ Ko,
ECHICIG (IM) ~RLF 5 408kd 5 (E— A2 Mt #
EALDOTIIR). XE)ANOEZAMEI—ETH S
EVI DS, ZOFZRATIE, BT HMEOEZE
AEAE LA, HEIWIC, RTIDHFETORENED
7= & DEHICIGIZRLER SN B (5D _FERO KA HEH#EF
#53). BCHICIGIE, A& )R- 18 % fld € 2 U
53CHAHY, KVECHZFERTEL LI T v 7 A%k
RLTWA, KVEC (=NKOEAY 155 %H. X505
TIF3.) OEEKELTIE, SIS, ZOMEIHE
X255 25, VESERCHIEE L [/ I i Ch 5720,
FAEVMEHEIMZTLE D). KIZ, 30~531THICB
W, E—A Y MEEZFHHE LT, BIHITRYmE TRYplZH
#CALTWL, 22T, Eitd~28fTHER UV =7
WL, H5EEEY T v 7§54, 3ATHDIFLIZBNT,
25 L T DAL, BUPICIGOME & R FIDFE 5 2%
B B 7-0HBRETH . HEIEEL T LA,
Z DR TIDE 5 ZFHICINNZ ¥ v 735 (49~5047H).
DREE, SORAY v 7 anh I LT, FUEHE
DR L, HEEARI LAY v 7 SNARTHEL %
% F TDO WHILE—ENDDOC [(/EALFE (RETRY) #1477 .
RIBIS, PR L72A 7y 7 AOBEHFIIHT B EHE
. (reduction) Z479).
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I PROGRAM LI STVEC

REAL: .  PTL(1: NVAX 1: 4)

D MOM 1 NAX 1: 4)
REAL: . WKM 1: 1 NAX), WKP(1: 1 MAX)
REAL: . WM 1: 1 NAX), WP(1: | MAX)
REAL: . WZM 1: I NAX), WZP(1: | MAX)
REAL: . WAM 1: I NAX), WNP(1: 1 MAX)

© 00 ~NOoO 0o b wWNBF

10

11 11l

12 I I NI TIALI ZATION  LOCOP

13 I

14 WM= 0.0; WKP =0.0 .. Fux in X
15 WM=0.0;, WP =0.0 .. FuxinyY
16 WM=0.0; WP =0.0 .. Huxin2Z
17 WWM=0.0, WWP =0.0 I.. Density
18

19 11l

20 I MAIN  LOCOP

21 I

22 ICDR LISTVEC

23 DO NN = 1, NVAX

24

25 IM= FLOCR( PTL(NN 4) ); IP=1 +IM .. Qidin X
26 XM = PTL(NN, 4)-REAL(I1 V) ; XP=1. 0- XM I.. Shape
27

28 WMIN = WMIM + XM* PTL(NN 1)
29 WKP(IP) = WKP(IP) + XP * PTL(NN 1)
30 WMIN = WMIM + XM* PTL(NN 2)
31 WP(IP) = WP(IP) + XP * PTL(NN 2)
32 WMIN = WMIN + XM* PTL(NN 3)
33 WZP(1P) = WZP(IP) + XP * PTL(NN 3)
34 WWMINM = WMIN + XM

35 WWP(IP) = WP(IP) + XP

36

37 ENDDO

38

39 I

40 ' REDUCTION LOOP

41 I

42 DOIX =1, IMNAX

43 MM X 1) = VKMIX) + VKP(1X)

44 MM X 2) = WMIX) + WP(1X)

45 MM I X 3) = VM I X) + WZP(I X)

46 MM X 4) = WMIX) + WP(1X)

47 ENDDO

Fig. 4. Program for LISTVEC algorithm.

4. LISTVECH:Z X BE— AV MlHDO TR 7T 406, XA Y V—TOEANZH725224THIZ, HRITAANSNLT VS,
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=3 =4 I=5
@ 208106 [Cog
Line24-28 BAED |
CIlG Overwritten
NK: 1 @ @ verwritten
=2 @
= @3 | 6 ®
Correct Collisio CIN
a— Line35GD) |®|®|®@
ine30— . =
: TRY ct=1 2 3
O [ @ | @
©) Q)
@ | ® ®
'RETRY (Line57-95)
=1 =2 =3 1=4 I=5
O G
Cine6o67 ThAX
ClG
NK=1 (3)
= ®
= @
Correct Collisio CIN
Line75 (if)
TRY , ct=1 2 3
©) (4 [G9+ ()
@ W +®
@+@ ® ©,

Fig. 5. Conceptual illustration for RETRY algorithm.

[X5. RETRY{ZEDOH#EEX.

20
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11! 54 1-----

21 PROGRAM  RETRY 55

3! 56 ca = ct

4 | NTEGER, PARAMETER: : RVEC = 2048, KVEC=2 57 DO WHILE( 0 < ca )

5 REAL:: PTL(1: NVAX, 1:4) 58

6 REAL:: MOM1:1MAX 1:4) 59 ct =0

7 REAL:: TRYm(1: KVEC 1:1MAX 1:4), TRYp(1: KVEC, 1:1MAX 1: 4) 60 DO NP = 1, ca, RVEC

8 INTEGER: : Cl G 1:1MAX, 1: KVEC) 61

9 INTEGER : CI N(1: NVAX) 62 DO NV = NP, M N( NP+RVEC-1, ca)

10 INTEGER : ct, ca 63 NN = A N(\V)

11 64 NK = MOD(NN, KVEC) + 1

12 11 65 IM= FLOCR( PTL(NN, 4) )

13 I I NI TI ALI ZATION  LOOP 66 A IMNK) = NN

14 11 67 ENDDO

15 TRYm= 0.0; TRYp = 0.0 68

16 MOM = 0.0 69 ! CDI R NODEP

17 70 DO NV = NP, MN NP+RVEG 1, ca)

18 ! 71 NN = O N(NV)

19 1! MAIN  LOOP 72 NK = MOD(NN, KVEC) + 1

20 ! 73 IM= FLOOR( PTL(NN 4) )

21 ct =0 74

22 DO NP = 1, NMAX, RVEC 75 IF( AQIMNK == NN) THEN

23 76 IP=IM+1

24 DO NN = NP, M N( NP+RVEC-1, NVAX) 77 XM = PTL(NN, 4) - REAL(I M

25 NK = MOD( NN, KVEC) + 1 78 XP=1.0- XM

26 M= FLOOR( PTL(NN,4) ) 79

27 GG IMNK) = NN 80 TRYMNK IM 1) = TRIN(NK IM1) + XM* PTL(NN, 1)
28 ENDDO 81 TRYp(NK 1P, 1) = TRYp(NK, I P, 1) + XP * PTL(NN, 1)
29 82 TRYM(NK, IM2) = TRYM(NK, IM2) + XM* PTL(NN, 2)
30 | CDI R NODEP 83 TRYP(NK, I P, 2) = TRYp(NK I P,2) + XP * PTL(NN, 2)
31 DO NN = NP, M N( NP+RVEC- 1, NVAX) 84 TRYM(NK, 1M 3) = TRYM(NK, IM3) + XM* PTL(NN, 3)
32 NK = MOD(NN, KVEC) + 1 85 TRYp(NK 1P, 3) = TRYp(NK, I P, 3) + XP * PTL(NN, 3)
33 86 TRYMNK, I M 4) = TRYN(NK, I M 4)

34 I'M = FLOOR( PTL(NN,4) ) 87 TRYp(NK I P, 4) = TRYp(NK, | P, 4)

35 IF( OGIMNK == NN ) THEN 88 ELSE

36 IP=1M+ 1 89 ct =ct +1

37 XM = PTL(NN, 4) - REAL(I M 90 ANct) =nn

38 XP=10- XM 91 ENDI F

39 92 ENDDO

40 TRYM(NK, IM 1) = TRYM{NK, IM 1) + XM * PTL(NN, 1) 93 ENDDO

41 TRYp(NK, I P, 1) = TRYp(NK, I P,1) + XP * PTL(NN, 1) 94 ca = ct

42 TRYMNK, IM2) = TRYMNK, IM2) + XM* PTL(NN,2) 95 ENDDO

43 TRYp(NK, IP,2) = TRYp(NK IP,2) + XP * PTL(NN,2) 96

44 TRYM(NK, IM 3) = TRYM{NK, IM 3) + XM * PTL(NN, 3) 97 !

45 TRYp(NK, I P, 3) = TRYp(NK, I P,3) + XP * PTL(NN, 3) 98 !'l REDUCTION LOCP

46 TRYN{NK, I M 4) = TRYM(NK, | M 4) 99 !l

47 TRYP(NK, I P, 4) = TRYp(NK, | P, 4) 100 DO IX = 1, | MAX

48 ELSE 101D0IC=1, 4

49 ct =ct +1 102 DO NK = 1, KVEC

50 CNct) = nn 103 MM I X 1Q= MMIX1C + TRYM(NK I X 1Q + TRYp(NK I X 10
51 ENDI F 104 ENDDO

52 ENDDO 105 ENDDO

53 ENDDO 106 ENDDO

Fig. 6. Program for RETRY algorithm. The NODEP compile-directive is necessary for vectorized operation.

[X6. RETRY{EIZL 5E— 22 bEIHEO T T 7T 446, EHFNODEPTERITAZ ANZRITIUL, I V31 FIHMKGE-RTH 5 L LTV —TI8
N7 ML E N,
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3. M

PESERLHE: « LISTVECHE: « RETRY D ZFNLZ 1D\
T, FHESEEZNE L. FTE AT ANICT V5 LI
BLiE LT\ A, SEIEEIZ100[mEIE DO TH4ETH 5.

3.1. LISTVECHURITIE & ML

PESERLA P & LISTVECH /RATIE DO FH R ZE L 72 IR [
(ZNZNTy, T, 2T 5) BN, WBTHEEFZFORL
72b DEMNIRY. R, #1240 P49 5540 < &

Twh, kb, EFtEREMO & FEREH, 210 —
7, L & reduction | C T L 72 O, DOFNZFNICES
L C, LISTVECH/R 1% FV T8 L7251 IR
ENEERH % VT L7255 () #FRL
TWh, fEg, FHEICET AL, W, (EERYIE
AE. Lo L, BT EoBimatEy, LISTVECIRRT
FEIZBWCIEREEERDS TS 20 L, ERYE:
28T 2 AL & reductionfEZE T A M AR K R B HIT &
D, MFEobEine &1, FHERRL (T/T,) 2VhE
SBRBENRTEN, H15THLH (LB SRL).,

Total Executing Time Ratio (T 1 /Tyy)

i ; et 4.0
F 3.5
r 3.0
F 2.5
r 2.0
il U]

10° 10°

10°

1.0

10° 107

1 Total Executing Time

Executing Time [sec.]

" : 102
E 10!
3 10°

L 107

—e— LISTVEC

E 1072
WORK ARRAY |f

F 107

104

10°

10° 107

Main Loop

Executing Time [sec.]

Ll L PP ; 102
Qw
ﬁm
[ 1o

E 102

104

103

10°

107

10° 107

Initialization + Reduction

Executing Time [sec.]

.5101
L 100
F 10
L1072
10
E 10+
F 107

10° 10°

107

10° 107

Number of Grid

Fig. 7.

Executing time for LISTVEC and WORK ARRAY algorithm. Dependence on the total number of grid are plotted. From top to bottom, the

executing time of total calculation, main loop calculation and others of initialization plus reduction. The executing time of "others" has large calculation

cost relative to total cost which is almost 7 %.

[X17.

LISTVECHURATEE (i) EAERRIIE (B 2 WRHEICE LR, B2 S, SFHREBE - 24 =7, e

reduction®Fl, (2T L 7B 2 & TEUCRLTT oy M AEERVIEICB W TIE, T80 2 5 & AL & reduction 12 FE T % BEE A3 41K

DTBIZHET 5.
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Fig. 8. Executing time for RETRY algorithm. Dependence on KVEC (top) and RVEC (bottom) parameters are plotted. The speed is fastest at KVEC=32.
RVEC=256 is not good for RETRY algorithm even though the value corresponds to the length of the vector register.

[28. RETRY#:IZ81F 5 /VF A — & KVEC &L RVECIZH ¥ 5 GHAREBRAT M. BERNIIVEERINE O HR & Ot (Tyw/Tyw) 257 H Y P S
NTws, (EX) KVECIZx LTI, 208 EOfER L 2N EHETH Y, KVEC=320OWD R TH 5%, EATIVMHIHEZHS 720,
% XN SWEER VD ARV, (FR) RVECIZH L T, A7 MVE & UK & ORVEC=256D 8, o4 & BV R

TEN5b.
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Performance measurement of PIC moment calculation

3.3. AR 301 % 8% ol
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Fig. 9. Contour plot for the executing time ratio relative to WORK ARRAY algorithm in space of number of particle per cell versus total number of grid.
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Fig. 10. Contour plot for used main memory in the same format as Fig. 9.

[X10. LISTVEC#: & RETRY{EDMH A €V BIZOWT, (EERIIEE QIO L TEHEEHFRL TS, K9k 7+ —~<v MIFEL.

24 JAMSTEC Rep. Res. Dev., Volume 12, March 2011, 13-25



T. Sugiyama

4. ¥t

INFET, (EERIIENILLS 7T ASPICY I 2L —2
g NN T &, £2Cl, sHEHEEL FIF572012,
N7 MVEDS6E R LA S SOMEERS 2R L T
7o, EATYEEMEL TV, 256 EFEH OIS % MR
T5ZLIE, TORPZTFORTHETH) 15 EE5 2
ELAMETH A, @, 140 100M8FEE OR-1 2 5 H
FTAHPICY I a2l —3arilBnTlid, KKEHETHS.
2T, EXE)MHHEZIZ ZLISTVECE/RITE: -
RETRYEDHRESINTWS., TNEDOT X E ) fHHEL,
BRI 78T X — & Td BRAEAFET24 D 10011, %1
A0~ 107 T, TEEBCHNEDA0% LT THh 5 ([X10).
L], NS OFEE GBS O BRI OFH 24T 5
7oAEF, LISTVECHE CIEETHEIEHE A 156512, RETRY{ZE
TIRIOMVEEL BB 720 8, (ZIFEERGE L LD S 7
WEMEHEE TdH 5 2 L AR S /2. RETRYEEDO 7075
LERUE, Mo 2 DIZHA~JEMET H B 2%, EOIERICZ & -
THOLNLERXE ORI L VI RIEITKE V20D, i
el HEET 5.

AN, 2RICEHE BT B Area-Weighting F-: D € — X
v MERTEICE L C, RHEMELNE L. 7T X<PIC
FHETIE, IRDE— 2 ¥ MEZE L EIER RS D
S 5. KN, ERIRAAEICOW TGS L 72w,

23N

Birdsall, C. K. and A. B. Langdon, (1991), Plasma Physics via
computer simulation, Institute of Physics Publishing, Bristol
and Philadelphia.

Fujimoto, M., (1992), Instabilities in the Magnetopause Velocity
Shear Layer, PhD thesis, Institute of Space and Astronautical
Science, Japan.

Imamura, T., A Group of Retry-type Algorithms on a Vector
Computer, (2005), IPSJ journal, 46, SIG 7 (ACS 10), 52-62.

Matsumoto, H., and Y. Omura, (1993), Computer space plasma
physics: Simulation techniques and software, Terra Pub.

Sugiyama, T., N. Terada, T. Murata, Y. Omura, H. Usui, and H.
Matsumoto, Vectorized Particle Simulation Using
"LISTVEC" Compile-directive on SX Super-computer,
(2004), IPSJ journal, 45, SIG 6 (ACS 6), 171-175.

JAMSTEC Rep. Res. Dev., Volume 12, March 2011, 13-25

25



