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TaJSLETIORKLES PIC O— FOMEERIE (2)

FER pf

Particle-In-Cell (PIC) 7" 7 X~ ki 2t — NILFHZEM &0/ T MM T 7 X~ DOF—FEY I 2 b—rva VFRETH L.
PIC ¥ ab—ia T, EHBHIT X DI E LR 3 2 ff gkl OEH) #2530 (Newton-Lorentz )%, FERES DIF
MR 23R 5 Maxwell TR L MY SETHEXED TS, WRARBROMER T 25T L5 2 b - Bt
ZABICEIEZREIS Z &2 0, PIC 2— FIZBWTEWFHEMREZ T 7-OI3fs RTRBLETH D, AilElE, I
NEZONIZRIT O Y A MED, DO TB IR T-O YU 2 M- 22T — THEE 288D PIC 22— KA, fEko
RO YA M- TN —TREEZFFO PIC 2— R LT, /— KbV 45U EEdHTHLZ L& R L. L
L, OpenMP @ reduction 2ZFIEF TR NA—N—~y REFFOZ & b0 o072, AWFSETIE, multi-color ordering 12 & V)
reduction R A H\W e\ 1 /T AEFIIZICERA L, H—/ — RICBWTHZR 2 MREHEZ1T 5

Performance measurement of particle-in-cell (PIC) code with various
program structures. 2

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 individual charged particles 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 previous
study, performance of a new program structure with multiple loop iterations over lists of both grids and particles together with
sorted list of particles has been measured. It is shown that the new program structure is four times firster than the conventional
program structure with unsorted list of particles on a single compute node. On the other hand, a large overhead at the OpenMP
reduction has been seen. In the present study, further performance measurement is conducted on a single compute node by using a
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new program, in which reduction operations are not used by adopting multi-color ordering.

1. [XC®HIC

2 PMMETFH D 99.99%LL EOWRFEILT T X~ LIEIE
NAHEHKETEDONT WS, FHEMICHEET ST
R~ DRI BENIEF NS WEZDREIZH Y, F
HT I A~ (WERT T Av) ZBFETHZ L, FHO
RER 72 BRI DI N D .

Fox NETHMERED OFHEREIX, KE»oHH Iz
EHD 7T X< it T % KGRI KOS R A E SR [
Zefisss CREBOEARGSE) &, HEROEF B & O A
TERNZ Ko THM R EEEE R L TWb. 77 X~
BHBRE LU L35 KGO~ 2EBNC LY, FEHMR
TR, N THEOKRECEEREICEN 5 HEREK
B - BEIE ORBELASN R Sh, TnEFHRR L
eSS, EOEBEFHAT —Y 3 TOFHCATHED
HHEFRE, AARCBOTHFHAANBENICAR> T
XTRY, FHRKOTH - TIICERLFTHY 7 A~
IO TEHETHD.

HERRE QB NICIE, 7T X~ OB EERCIREE 72 ¥ O i<
TA— BRI DRk x R E T D, F ORI OBE S
JECEIN D REEMNE CEEIREDMEN) 1%, BREOLE)
WCRERFEELGZ TN LB TND., FTr—3L

T1 A RR T 7 i ER BRI JERT
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WREMEICR LT, BEREAZERITHHE (1Y) A7
VBB LFEEND. 2 oD a— LB LAY R
— VOB, ki FiEBimEaHR > R ThHL 7T Y 7 (M
WZERNLY <) HRADOK - 1K 2KROE—RA b
M2 Z &icLk > TR BN DBERFMA S (MAD) FHE
Lo Ttk &5, LarL, MFEORFAEIZL D EE
B T2od) ST, RHA S — LV ORLZEEIZE N
T MHD G TR T & 2 WeEfe &k o &S 12
RIZL > TR TE 2PHEERDBEE L TWD Z & 2R
LTW%., INHDOYATF R r— VOBKELTCTH 5 F
HRRAZBEICHMET520101%, &2 TOAFr—LiE T — A
V2L HER R RN () kv Iar—
TarBARERNTHD.

T A DEHRY I 2L — 3 VITIE 2 ODOFERD
D, R TIE, TITATR T THLIA A ROE T E
O x OFFER OEEF =a—Fy » m— LY HFREK
WXV =D 5 PIC (Particle-In-Cell) JEIZIEEHT 5. #&
TF-ri (Cell) BICERENTBBSIT~ v 7 AT 2 VHRERK
WEVREED O, Cell FERTABHHICEIZEDD Z
ED, HLIMBPICIEEMFENTWD, FHZEMICAFE
T LR 2B DOFTERF & FROFFEMEEIR TH O = &1
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RAFETH A=, PIC IETIX, bAREZLE-725KD
iR+ DEMZ 1 D “H” kit (super-particle) & LT
5. PICIEIX 1960 FFX L 0 BRI, 77 XA~R¥k X
OHERHKERZOHOMREELICIVABINTEY
[1,2], & OEMEMEDOSEREITIEFICE L, EFETIET T
A2 RPN O GBI HIEA ISA I TS, Lol

TR EBRTE LTS ZEICXVBWENRE L A
22 &R, BWMBESSERBE R O BRI OEEI i
KT 2BOBEEET FICHIVIEDBRICAE L D@kt — 1
DEMERAEL L TERET AR EOREBHB.

PIC I5TlE, 7770V aBThIRTONMES IV
WE L, AT —ERTHLIERGNRELTEY, AA
FRGBWFN B ICRBWTEWEREEZ S5 DITAS TIEAR
W, Bk T e 7T AEETIE, BT OFSIT L THED
EUBEREEIT> TWA. R TI3IESGIC > T 729,
KL NE DT OB SITR T OB SICERR L 25, L
NoT, MFPETF LOBOF =27 78 2T5HLEIC
T VH LT 7 RALRD, Fv oo I AL DA
BOKTORRERS., —hHT, FT#8Hh¥FrIal—v
3 URRILFD NK (EHEE) vI2b—2 3T,
Bt DT —H kg OFFNRICHE B X, P o0
NEIC#R IR LB ZITH) 2 LIk, BWHEMEREZ ED
LTW3B[3]. £REETIE, ZORTFOFSIEICHEVIRL
WEEZITH) 70/ 7 2 EEIL T I A~PICY I 2l —7
VIZHEAINTEV[4], AR NL—TIZBNTH, 1€
ko7 v s T AMEEICH LT, — Rdbizv 4 H0L EEET
bbHZ LERLE[5]. —F T, i85+ 5 OpenMP D
reduction [ERH DA —/R—~v K2k, 25— ) 74
OHEM A ST,

AWFFETIX, OpenMP @ reduction JEH D A —/3—~ v K
%M CPEREM % X 5 72 912, multi-color ordering %3 A
T 5. F£7, reduction HE A HWD 7 0 s T AL DOMEEL
WEIT .

2. FIEFZEOME
21 HEBEAER
MEE T 7 X~ OEBNIL, LT OfE R T O EB)
(Newton-Lorentz) F#FUZ Lo Titik&an 5.

1.1)
%=q—p(5+v X B)
dt  my, 4
1.2)
ZZTE, B, rBIWvIIZTNETNEY, W, (L&, #
BrERT. £, qEmiITREFNREMEEEZEZRL,
ZATFEpBZEEHOR T THDHZ L HRT.
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77 XA RA- OO AR BEEIE, BB > TR 5.
MY DR ZE 16 R 1T LA T D Maxwell HRERUZ & - TRiik
Shs.

VXB= + 1 oF
—,l.lo] CZ 6t
2.1)
VXE= B
Tt
(2.2)
V.Ezﬁ
€o
2.3)
V-B=0
(2.4)

T CNITEREE, plXEMEE, ulIEEROREE,
EIIEZEF O EER, i3 2 RT. KQ.HDOHEEE LV,
KQ23)ENRATH L, UTOBMEFIIELNS.
%+VJ=0
(3)
vy 7 ATz )V FBRRQDICEENIEBREENLT T X
~ OB L > TAEL, TSk W EBENELTS. &
WE IR BEARAAG) Z MR T HRY, RN7 VR
Q)VTEEMITH =N D.
L EDFREAIL, PIC 22— RIZEBW TN T D HE#E

BAThHY, WERT T A<vDHE—FHETHD.

22 BEREOHME
PIC == — ROFBEIIRE 5T T, RQ)OEWMSDOEH
(LLF, Maxwell &V 9), K(1.2) DR+ O EFH (LLF,

Velocity &\v9) BE, FH(1.1D)OR T OALE F & K(Q3)
WL B ERBEEOFE (BLF, Current £V H) O 3-DODH
=RV TE D, EBIRIIER FOBENIC Lo TAET
b D70 T, A(3)Z 79 B IR OALE O FH
WCHEADWTHET ILER D D.

Maxwell 77—+ /L%, FDTD (Finite Difference Time Domain)
ik & RN B RSS2 VT < . FDTD 5T,
Yee #&1-[6] & FEIZAL D staggered #1 % HWTER YD, il
BT BEANITH T S 110 & 5 [T ENR
BEINTWA. E£72 leap-frog 7/ T Y X ANIZHEADNTES
LWL E A ALAT v T T H L TEY, K& ZE/ILI
REZ2RTHD.

23 #kOFTATSLEE

Velocity 7 —F/L"ClX, Boris {E[7] & FEIZIL D FiEZ W
TEY, leap-frog 7 /L TV X AIZHSWCEREY & BE N
e f BNAT TN, 2 IROFFEREEIZ/R> T 5.
DT 2%kta—NIBF27 17 7 50 ETHS.
1SOMP DO
DO p=1,np

i = nint(x(p))

j = nint(y(p))
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wxl = ...

WX2 = ...

wx3 = ...

wyl = ...

wy2 = ...

wy3 = ...

pex = ex(i-1,3-1) *wxl*wyl &
+ ex (i ,j-1)*wx2*wyl &
+ ex(i+1l,Jj-1) *wx3*wyl &
+ ex(i-1,3 ) *wxl*wy2 &
+ ex(i ,j )*wx2*wy2 &
+ ex(i+l,3j ) *wx3*wy2 &
+ ex (i-1,3+1) *wxl*wy3 &
+ ex (i ,J+1)*wx2*wy3 &
+ ex (i+1,3+1) *wx3*wy3

pey =

pez =

pbx =

pby = ...

pbz = ...

vx (p) = vx(p) +

vy(p) = vy(p) + ...

vz (p) = vz(p) +
END DO
!$SOMP END DO
F7, p FAORFRELKFROFT (1,7) ZFHEL,
Z OB T ~DRLFOEH (wxl, w2, ..., wy3)Zaf
By o (REMNRELHEICONTIERT 52, x(p) B
Ly () IEKF L& E D). RIC, KT ROEMS
(ex, ey, ez, bx,by,bz) IZk L TENENEALEZHIT, KL
FOMBETOEMG AT 5. &K&IZ, BTFOMETD
B LV Boris IE[7]12HWTMEEZFE L, E#E+2®
B2 (BARA 22 IR E OFHRICOWTITERT 5). Pk
DOIEHE%E np ORI FIZH L TIToTWD. RirDOFE p
LR RE DA ROFES (1,3) THEEKRTHDL D, %
TR b M%@Eﬂm®77txi7/ﬁAm*F
%. %72 OpenMP @ DO fHREic kD 2L Mﬁﬁﬂﬂ:%%
BT 2 &N TES.

Current 7 — R /LTI, BT ONMEZ R (1.DIZHESNT2
W OBEEE O leap-frog 7L T Y A A THEFTSH. 72K
ONZESWTERE L Z 7T DB, BATRT & XN
LDFEBIZMNTWD. IR 2ke=— NiZkiT 57 m
T LD ETHS.
!$SOMP DO REDUCTION (+:3x%,3y,jz)
DO p=1,np

i = nint(x(p))

j = nint(y(p))

wxl = ...
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WX2 = ...

wx3 = ...

wyl = ...

wy2 = ...

wy3 = ...

Jx(i-1,3-1) = jx(i-1,3-1) + g(p) *wxl*wyl

jx(1 ,3-1) = Jx(i ,3-1) + q(p)*wx2*wyl

jx(i+1,j—1) = jx(i+1l,j-1) + g(p) *wx3*wyl
x(i-1,3 ) = Jx(i-1,3 ) + q(p) *wxl*wy2
(1,3 ) =3x(E ,3 ) + g(p)*wx2*wy2
x(i+l,3 ) = jx(i+l,3 ) + g(p) *wx3*wy2
x(i-1,3+1) = Jx(i-1,3+1) + g(p) *wxl*wy3
x(1 ,J+1) = Jgx(i ,3j+1) + g(p) *wx2*wy3
x(i+1l,3+1) = Jx(i+1l,3+1) + g(p) *wx3*wy3

jy(i-1,3-1) = jy(i-1,3-1) + ...

jy(i ,3-1) = 3jy@d ,3-1) + ...

Jy (i+1,3-1) = Jjy(i+1,3-1) + ...

Jz(i-1,3-1) = jz(i-1,3-1) + ...
jz(1i ,3-1) = jz(i ,3J-1) + ...
3z (i+1,3-1) = jz (i+1,3-1) + ...

END DO
1$0MP END DO
Velocity 77—V ERRRIC, E£7 p THEORLTE D861
HEE (A, EHEL, TOMER T ~DK1DEH
(wx1l,wx2, ., wy3) EET D (BRI EAEHEICS
WM T DEET 5). RIZ %\%%ﬁ@%wwﬁf;
(3%,3y,32) W LT, R DONETOEMEEICEALAE
B TR LA i?l%ﬁ@%%%rm1®MJ¥ XL THTo
TW5. Velocity I—3/L & 138720, Current 77— R /LD
TR EOBREBEORIN~OT 7B AET X ra— K
BILOT A LA NTIZRD. £ OpenMP @ DO Fi/RHi
2L ALy RIEFILET 5 23, %ﬁ%ﬁjxgmjm@
BFNIT 5 ALy ROFBEZIALDBEE LWL
REDUCTION fimHiZfHF 2 BN H 5.

peROT Ty T AMEETIE, FTOFE p &K TROF

F(i, ) ITERBRTHY, RFOFFIEICHEY K UERE
ﬁo&*u%@%m&f@ﬁﬂ&ﬁTﬁkX#7/&A
0, Xr v vaIARERTL. BTROE S (1,3) D
HHAIZR D KO IR ORI E W ~ER D2 LT *
¥y AIAFKRIEICHS L, a2— KoWiEEZm L5562 &
WTEDZERBILTNS]9,10].

24 HLWITOSS LiEE

UFEHLwT e s g Mg a o2 kot — Rk
2 Velocity I —R/VOMETH 5.
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!'SOMP DO COLLAPSE (2)
DO j=1,ny

SCHEDULE (static, 1)

DO i=1,nx
DO p=psta(i,]j),psta(i,])-1+np(i,])

wxl =

wx2 =

wx3 =

wyl =

wy2 =

wy3 =

pex = ex(i-1,3-1) *wxl*wyl &
+ ex (i ,j-1)*wx2*wyl &
+ ex (i+l,j-1) *wx3*wyl &
+ ex(i-1,7 ) *wxl*wy2 &
+ ex (i ,j )*wx2*wy2 &
+ ex(i+l,]j ) *wx3*wy2 &
+ ex (i-1,3+1) *wxl*wy3 &
+ ex (i ,J+1)*wx2*wy3 &
+ ex (i+1l,j+1) *wx3*wy3

pey =

pez =

pbx =

pby =

pbz =

vx(p) = vx(p) +

vy(p) = vy(p) +

vz (p) = vz (p) +

END DO
END DO
END DO

!SOMP END DO
FLnre s T AMEETIE, BTOT—X BB 0FEEIA
W _RBEZ 5N TWAZ L IFENETHDL., 22T,
psta (i, ) I (1, ) BT A LEOR +DOEF %
L, np(i,J) KFHR(L,])ICBTIRFETHD. H
LnW7'a 7T MG T T OF SISV IR LB 24T
728, ¥T R OB OBRSI~OT 7 & A LI
72%. 723, OpenMP O COLLAPSE (2) ¥E--filE, 1 B
JIZXTH 2 BOMVRLERZA Ly MbT5. £z,
Fx 7Y A X% 1 & LICHNAT Y 2—Y 72T
WA, TAUE, BT ORISR AR TR — AR I —
BTi3hnol, BiIMAr Yo=Y 704 ——~y K
MRENWTZDHTHD.

UFEEH LW v s aEEE R 2 kot = — RickiT
% Current # —F VO TH 5.

'SOMP DO COLLAPSE (2) SCHEDULE (static,1l) &

1 SOMP REDUCTION (+:9%,3y,jz)

DO j=1,ny

(©2020 Information Processing Society of Japan

DO i=1,nx
cjx1=0.0;
cjyl=0.0;
cjz1=0.0;

DO p=psta(i,]j),psta(i,j)-1+np(i,]J)

wxl =
wx2 =
wx3 =
wyl =
wy2 =
wy3 =
cijxl = cjxl
cix2 = cjx2
cjx3 = cjx3
cix4 = cjx4
cjx5 = cjx5
cjx6 = Cjx6
cix7 = cjx7
cjx8 = cjx8

cjx9 = cjx9

cjyl = cjyl
cjy2 = cjy2
cjy3 = cjy3

cjzl = cjzl
cjz2 = cjz2
cjz3 = cjz3

END DO

jx(i-1,3-1) =
$3-1) =
jx(i+1,3-1) =

jx (i

jx(i-1,3 ) =
jx(i ,3 ) =
jx(i+l,3 ) =
jx(i-1,3+1) =
(i ,3+1) =
jx (1+1,3+1) =

jy(i-1,3-1) =
]Y(l Ij_l) =
jy(i+l,3-1) =

jz(i-1,3-1) =
rj_l) =
Jz (i+1,3-1) =

Jz (1

cjx2=0.0;
cjy2=0.0;
cjz2=0.0;
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cjx3=0.0;
cjy3=0.0;
cjz3=0.0;

g(p) *wxl*wyl
g (p) *wx2*wyl
g(p) *wx3*wyl
g(p) *wxl*wy2

+
+

+

+

+ g(p) *wx2*wy2
+ g(p) *wx3*wy2
+ g(p) *wxl*wy3
+ g (p) *wx2*wy3
+

g(p) *wx3*wy3

+
+

+

+

+

+

Jx(i-1,3-1) + cjxl
Jx (1 ,3-1) + cix2
Jx(i+1,3-1) + cjx3
Jx(1i-1,3 ) + cix4
Jx(i ,3 ) + cjx5
Jx(i+l,3 ) + cjxé6
Jx(i-1,3+1) + cjx7
Jx (1 ,3+1) + cjx8
Jx(i+1,3+1) + cjx9
jy(i-1,3-1) + cjyl
Jy(i ,3-1) + ciy2
jy(i+l,3-1) + cjy3
jz (i-1,3-1) + cjzl
jz(i ,j-1) + cjz2
jz (i+1,j-1) + cjz3
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END DO

END DO

!'SOMP END DO

Velocity 71— /L L [FERIZ, #FOFSMEITH: Y i LA
ZITH 20, %%ﬁi@@mﬂ“@@ﬂﬂm@?ﬁtx [
BT/ D, F 070l T AT, p [T 540K
LEBRICBWTRICAN T BT — X 2 EBZADL I LIT X
D, AEVIZHTHT 7 ERAZHIKL TWD

2.5 Multi-color ordering

AiEi T/ L7z Current 7 — /W21 OpenMP @ reduction
HEPEEN, ALy RBFT DHF0MED BIEE D
BEEORIZEA Ly FTEFFLTND.

B 1, KFOFES p WEFROEF S (1,5) ICHEREGE)
OWRD T w7 T sEEEFOa—F (O), KiFDF T p
R R OE S (1, 3) ITEDSOW TR Z 21T > 7218k D
Tu g s ERoa—F (O) BLW, HLnres
T oG O —F (X R OFSFIE~FEZ ST
VD) IZOWT, ALy Mz 1705 18 £ TE(L S THY
AT 750100 (239 % FATHFR 2R L2 A 7 — U~

(a) Vt?locity

200

[$) B =]
o O

Elapsed time (sec)
N
o

—
o O

1 2 4 8 1618
400 (b) qurent
200}
100k

S50}

20¢
10§

Elapsed time (sec)

1 2 4 8 1618
Number of threads
1 : 50,000, 000 EDHFEBFE R T v TH 100 THEL Iz
BED Velocity B& U Current 1 —RJLDIEBEFRE. XHR
Bl&Yk# O, O xI—YFFhEFh, HFOES
NEFEDBESICEBREMNDEENTOTS LEEERED
O—F, HFOBEEZRFRADBSICESVTHEREZ %
oKD TOYTSLEEEFEDI—F, HiLnwros
SLEBEEE D O—FOFAKREERT.
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JHEDOFRERTHDH[5]. T T, #TAREIEN XN, =
500 x 500, K% 2 fE (B FB L NEEMEZFFOA 4 ),
KL T FE & 72 Y N, = 25,000,00018 (4720 100
&) ThY, FHHEY a 7OV A RIEEES E S D TR 4
GB Thd. £/, i TOFBOW~FEZITITAL v RiEF]
fEU7=5+8 Y — R 111Z2 H W=,

AEY DG OERSNT —F DFIHirFHDH T 5 Velocity
H—FNV T, BTOT T T MIBWTHRER A —/L
LTWDb—FT, BHT—ZDHiAEZXNHD Current
— XNV TIE8 ALy Rbi THECHIEBAOLND. FF
2, WA ZToTchF DY A NeRio2 007wl

A (OB LX) TiE, EITRRH 20 BAHEICBWTA T —
FEUVT A DIRTFRAR LN, DFED, BFEAT vy 7HT-
v 0.1 B A— % —T OpenMP @ reduction JEH D A —/3—
~y RBPTFETDZEERBELTND.

BIEIC/R L7= Current 71— /L TlE, BFH (1, 9) 2%
LCHit: 1 83 20F 9.8 BRI TIEF 27 8E7%5) @
BB ERSNOT — X ZHH LTS (BRI R % T8
T2 ODITELDERIEEORBIKFE L TEY, mifio
a7 T ATIHZEM 2 WKETH D), 2072, 1R
(i,9) & (i+1,3) ZHIOA Ly RTRIFICHETZ LT
TR ABAENEZ 5729, reduction FHAENMNETH D, K
WIFETIE, BT (1,9) & (1+3,5) DX I3 WITLIZF
BETHDZ LIV T 78 ABAZELST. LFIIRT Y
077 ALDE I, 2 RILTIIEF 8% 9 I, Bedl
DT TR AFEADRIORWE IICHRIEFAEET 5.

DO 30=0,2
DO 10=0,2
!'SOMP DO COLLAPSE (2) SCHEDULE (static,1)
DO j=1+j0,ny,3
DO i=1+i0,nx, 3
cjx1=0.0; cjx2=0.0; cjx3=0.0;
cjyl=0.0; cjy2=0.0; cjy3=0.0;
cjz1=0.0; c¢jz2=0.0; cjz3=0.0;
DO p=psta(i,]j),psta(i,j)-1+np (i, )
wxl = ...
WX2 = ...
wx3 = ...
wyl = ...
wy2 = ...
wy3 = ...

END DO
END DO
!SOMP END DO
END DO
END DO
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3. fEREAIE

P B 7E 1%, Xeon E5-2697 v4 (Broadwell, 2.3 GHz,
18 cores) ' rt v ¥ & 2 BT I2H-0FHE
— F&HWTIT »72. 22731 F |3 Intel Parallel Studio
XE Verl7 THY, 2L A AF T a v id“—ipo -ip
-03 -xCORE-AVX2 -gopenmp” CThH 5.

&1 S5 EEN, X Ny, = 1000 x 1000, KL 72 (B
FOEBEBMERFOA ), MABIIRFHEHIZIN, =
150,000,00015 (¥ 1-d&7= v 150 f#) THY, FHYa 7D
YA RIIEERINZZHTHK 24 GB THDH. KRR 1
TavAEFV ST (e AKE2ICEEL), ALy R
A 106 18 E TS MR — U VT HIEETT > 7.

M2 OXBLOOv—27ixZhZh, 24 HiTRLE
reduction JEH & I\ % Current 7 —F /LB LW 2.5 Hi TR
L 7= multi-color ordering % i\ 7= Current 7 — % /L D KEfE] A
Ty THE100 ITKRET D EITREM AR T ET2 BB E LT,
a7 T WK O FATRE & Rl TR T

B 1 OFHNCH LT 4 fFOKTZHNTWD 2D,
reduction J# 5L & F V7= Current 7 — R VX FEATRER] 40 RO
TICBWTHREA AL TEY, AT v 7 Hizh D
reduction DA —/N—~y K3 04 B THDH Z L Z2REL
TW%. —J5C, multi-color ordering % H\ 7= Current 7 —
FE, VU TIVELTO & E 1T reduction R Z AV 2 —
ANEBRORES RS- TEY, 3EL—T D 5 EL—
e ol Z LT LD A — =y RO X 72 ATHE MO R
FINDANTA RT 7 EABRRRAE LTEZLND. Lo
L, multi-color ordering % f\ 7= Current 7 — R /UL R < &
=L TEY, 18 ALy REeHWZIEAIZ, reduction
HAERWE—30 (D8 ALy REAWEEHE) Tk L
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