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Vectorized Particle Simulation Using “LISTVEC” Compile-directive

on SX Super-computer

TOORU SUGIYAMA,t? NAOKI TERADA,'t TAKESHI MURATA,tt
YOSHIHARU OMURA, 22 HIDEYUKI USUTt8¢
and HIROSHI MATSUMOTO*.27

PIC (Particle-In-Cell) method is frequently used for space plasma particle simulations. In
this method, the field components (i.e. current, electric/magnetic field) are defined on grids
and plasma particles are randomly distributed in space. To obtain the current, we need to
calculate the velocity moment of the particles. The calculation is hard to perform on vector-
type computers. Here, we introduce a new method where “LISTVEC” compile-directive on
SX super-computer is used. We compare it with the conventional robust method.
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Fig.2 Exsample for an unvectorized particle distribution.
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Fig.1 Shape function of the super particle and area
sharing method.

<FaysL1>
INHFOEES, Nmax: BHFH
! DNS: #E
do 100 N=1, Nmax
I =INT( x(N))
S1=Shape_Funcl(x(N))
S2 = Shape_Func2(x(N))

DNS(I ) =DNS(I )+SI
DNS(I+1) = DNS(I+1) + S2
100 continue
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<Jay5L2>

real X(N2max,Lv), V(N2max,Lv)

real WRK_N(Gmax,Lv), DNS(Gmax)

real WRK_V(Gmax,Lv), FLX(Gmax)

do 100 N=1, N2max

do200L=1,Lv
I =INT( x(N,L))
S1=Shape_Funcl(x(N,L))
S2 =Shape_Func2(x(N,L))
WRK_N( I,L)=WRK_N( LL)+SI
WRK_N(I+1,L) = WRK_N(I+1,L)+S2
WRK_V( ILL)=WRK_V( LL)*SI*V(N,L)
WRK_V(I+1,L) = WRK_V(I+1,L)+S2*V(N,L)

200 continue

100 continue

do 300 [=1,Gmax
DNS(I) = SUM(WRK_N(I,1:Lv))
FLX(I) = SUM(WRK_V(I,1:Lv))

300 continue
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Fig.3 Example for a vectorized calculation.
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Fig.4 Dependence of the calculation speed on Lv. The
speed is normalize by that of Lv = 256.
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Table 1 Calculation time (sec.) and vector ratio (%).

RUN1 RUN2 RUN3 RUN4

Size 3.66GB  2.04GB 1.50 GB 1.50 GB
100 step 475.7 586.3 753.7 14510.9
V. Ratio 99.7 99.5 99.7 0.0

2000 step 9473.6 11541.5 14888.5  291891.9
V. Ratio 99.7 99.5 99.7 0.0
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<7845 5.L3>
!CDIR LISTVEC
do 100 N=1, Nmax

I =INT( x(N))
S1=Shape_Funcl(x(N))

DNS(I )=DNS(I )+SI
FLX(I )=FLX{ )+SI1*V(N)

100 continue
!CDIR LISTVEC
do 110 N=1, Nmax
I =INT( x(N))
S2 = Shape_Func2(x(N))
DNS(I+1) =DNS(I+1) + S2
FLX(I+1) =FLX(I+1)+ S2* V(N)
110 continue
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<Fny3.L4>

do 100 N=1, Nmax
I =INT( x(N))
S1=Shape_Funcl(x(N))
S2 =Shape_Func2(x(N))
DNS (I )=DNS (I )+SI
DNS2(I+1)=DNS2(I+1) +S2
FLX (I )=FLX (I )+S1*V(N)

FLX2(I+1)= FLX2(I+1) +S2 * V(N)
100 continue
do3001=1, Gmax
DNS(I) = DNS(I) + DNS2(I)
FLX(I) = FLX(I) + FLX2(I)
300 continue
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Table 2 Calculation time (sec.) and vector ratio (%).

RUN3 RUNS5 RUNG6

Size 1.50 GB 1.563GB 1.53GB
100 step 753.7 547.1 17039.8
V. Ratio 99.7 99.8 96.3
2000 step 14888.5 10907.8  201229.05
V. Ratio 99.7 99.8 95.8
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Table 3 Calculation time (sec.) for 2000 step.

RUN3
1514.9
14888.5

oooo Size
128 x 128 189 MB
512 x 512 1.50 GB
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