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OpenMP Parallelization Method for Current Calculation
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and MASAKI AOKI'?

In Particle-In-Cell (PIC) plasma simulations, we calculate the current density
to advance the electromagnetic fields. One of the ways to obtain the current
density is to gather the velocity moment of each particle to the adjacent grid
points. The current calculation is not basically parallelized because the par-
ticle positions, which are random in the simulation space, are independent of

the array number of current density. In the present paper, we propose a new
parallelization method which explicitly associates particles to threads by using
OpenMP and evaluate the performance of the proposed method. We clarified
that the scalability performance is affected by the number of spatial grid points
and is independent of the number of particle per grid. In the proposed method,
each thread is in charge of a part of the array of current density divided with
the number of thread. When the memory size of the array allocated to each
thread becomes small and close to the data cache size of CPU, we found that
the scalability performance shows super-linear characteristics and the execution
needs less time than the case of using the automatic parallelization compiler.
In addition, each thread redundantly scans the particle array to obtain the in-
formation of the particle positions for assigning the corresponding particles in
charge. Because of this redundant parallelization, we do not have to use work
arrays and can save the memory consumed for simulations.
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Fig.1 Basic equations used in plasma electromagnetic Particle-In-Cell simulations.
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Fig.2 Concept of a superparticle and the distribution of the particle information such as

momentum to adjacent grid points, I and I+1.
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Fig.3 Example of relation between array for plasma particle positions and those for

electromagnetic fields including current density.

oo 3ioooonbobooooooooobooooooooooooooog
oo ooooooddoooooooobooo o oboooooog
o0o00O000000dooo0o0oooooDOOoO0o0ooUoooooooooooooooog
o0ooD00o0odoooO00ooOoooOoOoUoU0oooooUOooooooooooog
o00o0O000000oooooooooDO0o0ooooooooooooooooooog
o00o0000o00oopoooo0oOoDOo00OoooDoOoOoooooooooog
00o00o0o0ooooooooooooooo
0000000o000o0o0ooo0o0ooo010000goooooooog xXo
ocooobooo0b00 30 x,00000000000000O000000O0O0C0DO1I00O
0000000000U00000n FleOUOO Flz(I)OOOOO Flz(I4+1)00000
OO0 VvVOOOOOoOOoO ShapeFuncl 000 ShapeFunc2 00 000000000000
000000000 NmexOD0O0ODODOOODoOOOOODDOOO NODOOOODDOO
0000000000000 00000000000ooooD I0I+100000000

(© 2008 Information Processing Society of Japan



252 00000000000OO0O00DOOO000 OpenMPOODOOO

goboobobooboooooobobobobobobobooooooo

00000 1ooooooooooo
IN:0J000000Nmax: 00O OO
1X:0oooov:0000

'Flx:00

!ShapeFunci1&2: 0000 (UOOOOOO)
|
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I=int (X(N))

S1=ShapeFunc1 (X(N))
S2=ShapeFunc2 (X(N))
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Fig.4 Relation between threads and array elements of particles for the algorithm(1) with
automatic parallelization compiler.
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! iPara : OJOOOOO
! Nthread: OO OOO0O

! Nx . 0oooo
! FlxW : 00O0Doooooo
! iLen ;1 000000000oog

--——— Q000ooooo
do iPara = 1,Nthread
do i = 1,Nx
FlxW(i, iPara) = 0.0
end do
end do
--——— Q00oooo
iLen = Nmax / Nthread
do iPara = 1, Nthread
ms = (iPara-1)*ilLen+1
me = min(iPara*iLen,Nmax)
do i = ms, me
ii = X(1)
S1 = ShapeFunc1(X(i))
S2 = ShapeFunc2(X(i))
FlxW(ii, iPara)
=F1xW(ii, iPara)+S1*V (i)
FlxW(ii+1, iPara)
=F1xW(ii+1, iPara)+S2x*V(i)
end do
end do
---——- 000000 reduction DO OO OO
do iPara = 1,Nthread
do i = 1,Nx
Flx(i)= Flx(i)+ F1lxW(i, iPara)
end do

end do
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! iNum : 0oOooo
! iThread : gooooo
! iWidth ;1 0000000oogooog

!$omp parallel

!$omp&private(m, iThread, I1, I2)

!$omp&private(S1,52)

!$omp&private (iNum, iWidth, iStt, iEnd)

!$omp&private(TheadTbll, TheadTbl2)
iThread = OMP_GET_THREAD_NUM()

iNum = OMP_GET_NUM_THREADS ()
iWidth = Nmax/iNum

iStt =1 + ( iWidth * iThread)
iEnd = iStt +1

if( iEnd < 1 ) iEnd = Nmax

m = iStt

Do while (m /= iEnd)

I1 = INT(X(m))
I2 = I1+1
TheadTbll = mod(I1, iNum)
TheadTbl2 = mod (I2, iNum)
if (TheadTbll = iThread) then
S1 = ShapeFunc1(X(m))
F1x(I1)= F1x(I1)+S1%V(m)
endif
if (TheadTbl2 = iThread) then
52 = ShapeFunc2(X(m))
F1x(I2)= F1x(I2)+S2*V(m)
endif
m=m +1
if(m > Nmax ) m = 1
Enddo

!$omp end parallel
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Fig.5 Relation between threads and array elements of particles for the algorithm(2) with OpenMP.
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Fig.6 Performance of the current density routine parallelized with OpenMP: Dependence of execu-
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tion time on the number of CPU for different numbers of grid along z direction. In all cases,
the number of particle per grid is fixed as one.
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Fig.7 Performance of the current density routine parallelized with OpenMP: Dependence of execu-
tion time on the number of CPU for different numbers of grid along z direction. In all cases,

the number of particle per grid is fixed as one (Enlarged figure of Fig. 6).
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Fig.8 Performance of the current density routine parallelized with OpenMP: Dependance of scala-
bility on the number of CPU for different particle density. In all cases, the nubmer of grid

along z direction is fixed as 512.
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Fig.9 Scalability performance of each part of the current routine parallelized with automatic parallelization compiler for cases of 8 (left)

and 128 (right) particles per cell, respectively.
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Fig. 10 Performance of the current density routine parallelized with OpenMP: Dependance of scala-
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bility on the number of CPU for for different numbers of grid along z direction. In all cases,

the number of particle per grid is fixed as one.
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