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Parallel Particle Simulation Using Linux PC Cluster
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We build a 2-way PentiumPro Linux PC cluster using a 100Base-TX ethernet switch. In
this report, using a Skeleton Particle-In-Cell (SPIC) code that was proposed for a testbed and
benchmarking purposes to build a large scale parallel PIC code, we have first improved the
code and then benchmarked the parallel performances of our Linux cluster using the skeleton-
PIC-code that was optimized using both PVM and OpenMP. The code was improved by
being rewritten in object-oriented-manner using Fortran 90 derived types. We measured the
parallel performances of our code in our Linux PC cluster, and compared the parallel per-
formances of our code with those of commercial parallel computers. We also compared our
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optimized code with High Perfomance Fortran (HPF) code on our Linux cluster.

1. 0 Oo0Oao

o0opUOOO0O0OO0OOO0OOOOOOOOOCOO
gboobooooooooboobbobooboooobobo
oooooooooooooooboOoooooog PC
gooooooobooboooooboooooobooDoo
gooooooooooooobooooooooDooboo
gooooooooboobooooooboobboo
gboooooobooooooooooooboooo
0 Dagum? 00 000000000000 0OO0O

foo0ooooooooo
Institute of Information Sciences and Electronics, Uni-
versity of Tsukuba

++ 000000000
Doctoral
Tsukuba

Y DooDoOoOoOooOoOooOon
Presently with Nihon UNISYS Ltd.

Program in Engineering, University of

124

gooooobolioooboobbo0o 1ooo1iogooo
goooboboooooboooboobbobobooboo
gooobooboooobobboboooooooooo
cpUOOOOO0ODODODODOOODOOOOOOODOOO
00000000 OLiewer0 Y 0000000000
0000000bOO00ooOo0oobooooooo o
Joo00o0oDoOobOOooOoObOo0Oo0bODboOooDOo 1
00000oo0obbOOo0ooooooobooboooo
gooboddoooobooboobuoobbooboobo o
gobbooobooboboboobobbooboooboo
0ooobooobboooboooobobboooboo
gbooobooobobooooooooobboooboboo
go0odobobooooooobobobobooooboooo
000000000 0obOOoO0O0oonLiewer OO
GCPICOODOOOODODODODODOOODODOO
Jo0o00d0do0oooDoO0obOO0o0o0oOoooooono
00DDoOoO0oooooog Skeleton Particle-In-Cell



Vol. 42 No. SIG 12(HPS 4)

OO00O0OOOsSPICOOO0 0000000000
OO0 SPICOOO0O0O00OOO Pentium ProO0 0000
ooooooooo SMP-PC 16 00 100BASE-TX
000000 0000ODOO0O000 LinxPCOOOO
0000000000000000000Y00000
00000O0oooO spiICcooDOpDOOODOOOOOD
0oooooopCO0O0O0OOOOOODDOOOOO
O0O0OSPICO PCOOOOOOOOOOOOOO(L)
Fortran 90 O derived typesDD5)DDDDDD ogd
oooOoooOooooooo(? pCcoOoooonO
oooooogoooo PVM6>DDDDDD(3)PC
ooooooo OpenMP7)DEIEIEIDDEI(1)D(3)
00000Ob0o0ooOOoOogooo selcooooOO
ooo

gooob 200 seicOooooOodoOooooo
000000003000 pCoODOOODODOOOO
0000o000o0ooo400000000000000
O00oO0o0ooo pVYMOOOOOOOOODOODODO
00000000000 O05000 Fortran 900 de-
rived types 00000000000 OO0 OOOpenMP
OoodoooooOooooooooooooooo
00006000 s000ODODOOO SPICcOOOO
ooDOo0o0oD0OOo pVMUODOOOOOOOOOOOOO
00doooooOoooono 7000 HPFOOODO
ooobOOoOoooooooo8soobooUooooooo
O0000ooooooooo

2. Skeleton PICO OO0 SPICOOOOO

10203 00 Skeleton Particle-In-Celll SPICOO O
00 UCLAD DecykDODOODOODOOODOOOO
000000000000000000000000
000000000000000000O0O0o0on?®
0000000000000 O0000O00D000O0
000000000000000000000000
0¥90000000000000000000000
00?9 00000000000SPICO0 100
000000000000 000000000000
000000000000000000000000
00000000000000000000000%0
000 100000000000000000000
00000000000000000000000
0000000000000 00000000000
00000 FFTOOO0OO0OO0O00000000000
00000000000 O0000O000000000
0000000020000 20000000000
0000000000000000 10000000

Linix PCOOOOOOOOOOOOOOOOOOOO 125

Particle

| Manager 4 Deposit

Acceleration
(push)

i

Field Field
Mz:nager Manager

FFT Poisson FF:i"
[FFT | —

Skeleton codeD A IL—TF

01 spicoOno
Fig.1 Structure of SPIC code.

Periodic Boundary

PO <7 °

P1 ¢

P3 o s o

P4 °

Arepunog orporIsg
Periodic Boundary

Periodic Boundary

02 SPICO0O0DO0DO0OO0OOOPIOP20P30P40 000
gooooooo
Fig.2 Domain decomposition of SPIC code. P1, P2, P3,
and P4 denote the processor numbers, respectively.
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Fig.3 Experiments (1) 64 x 128 Grids, 90 particles/cell;
(2) 128 x 256 Grids, 109 particles/cell.
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subroutine push
dimension part(idimp,npmax,nvp)
! nvp is the number of processors
! on SMP
sbufl(idimp,nbmax,nvp) ,sbufr(idimp,nbmax,nvp)
'$0MP PARALLEL
'$0MP DO
do i=1,nvp
do j=1,npp(i) ! npp(i) is the number of particle
! here move the particles

!define particles which move to other processors

enddo

'$0MP END DO NOWAIT
'$0MP END PARALLEL
end

subroutine pmove ! this subroutine move particles

! to other processors

end
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Fig.5 Our parallelization procedure.
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!$0MP PARALLEL

! $0MP SECTIONS

I$0MP SECTION

do j=1,particlel’, number_of_particles

field1%g=

1$0MP SECTION
do j=1,particle2), number_of_particles
field2)q=

'$0MP END SECTIONS

'$0MP END PARALLEL
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0000000 F90O derived types 000 00O O
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type species_descriptor
integer :: number_of_particles

end type species_descriptor

type grid
real, dimension(nx,ny)::q,fx,fy

end type grid
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Fig.7 Benchmark results of case (1): x axis denotes time

(sec.). “CPU”, “delay”, and “Total” are denoted
by processor execution time, communication delay
time, and total time of both “CPU” and “delay”,
respectively.
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Fig.8 Benchmark results of case (2): x axis denotes time

(sec.). “CPU”, “delay”, and “Total” are denoted
by processor execution time, communication delay
time, and total time of both “CPU” and “delay”,

respectively.
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01 HPFOOOOODOD Total [sec.] (CPU/Delay)0
Table 1 Compariosns with HPF code (Total [sec.]

(CPU/Delay)).

2PE 4PE 8PE 16PE
HPF 902 477 293 243

(882/20) (450/27) (223/70) (121/122)
OpenMP | 793 409 227 158
+ PVM | (780/13) (377/32) (187/40) (96/62)
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