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Parallel Computation of the ICCG Method

Hajime TSUBOI* Norio SESHIMA** Motoo TANAKA*

ABSTRACT
Various types of numerical analysis methods for electromagnetic problems have been established and

finite element methods and integral equation methods are practically used in the design of electrical

machines. On the other hand, the technology of personal computer hardware is rapidly progress-

ing and practical electromagnetic computation can be performed by a personal computer. Recently
high end machines are equipped with multi-CPU and multi-core. This means that parallel computa-
tion can be done by the personal computer without speci‘al hardware. In this paper, parallelization of
the ICCG method is investigated. The ICCG method is a suitable solver for finite element methods
using edge elements but parallelization of the method is difficult because of dependent data structure.

Effective parallelization principles are described using some simple examples and effectiveness of

the parallelized ICCG method is shown.

Keywords: parallelization, Open MP, SMP, ICCG method, FEM, electromagnetic field computation.

1. £x28&

EHA O BMERTIE, ARERE, B RIS,

Ea—gn—FoL7EifioESEEEE L, A=Y
FLAVE2—FTHTDEANLBRN»TES L)
o CEN, RETR, "My F - =Y Frav
Ya—#Zik,wnF CPUL, v F a2 P{LaEA TV 5,
i, BN — B 27 084 LIS EFIEHE L]

BEIC 5 2 L2 BIRL, E A Y HOWIIFHEIES

IfTZAB XI5,

CARTE. EREERICLAERABN /0S5 L0
i HY— R BRIE DR T H 5 ICCG (Incomplete
Cholesky Conjugate Gradient Method) D EF{LIC
DWLTRETT %,

2. BRERZTOISALICCGE

HRERLIC & 5 BTN 707 5 his, ARER

FEFT—% DA, EI—RKFBROBEATI DR,
BT —RABROKME, FEEROBNID4>07vx
AZKEL QI B ENTE S, WHNEBES T, #
DRV RLIFTEZDI, FHF— 7 IKE-RD
BORBATHDOERTH Y, 12T = 7 RUFIBIER I
53, —7., MEEIC L > THETERBE 2D, M
Lo L Vo, B —RABROMETH 5 ICCG
ThHb, :

ICCG ., 554V A ¥~z k 2 i A =
#HGAFE T, BHABT CH s N3 ABXRERESR
HIGHE L 8 —RABRROBETH 3, @E. BERA
R CEHEINS ICCGEIR, AV CFABRErPS WV
KODDORRDB L INTV S, FETHIPRINERDE
B REBITH DR 7 — V) v 7 NERRE OB A [1] 23,
ZDHRTH B,

3. FERLUEHERE

AROHEICEHLN— 7 I7BLOY 7 T

*ERAETYEN v ERLEe S -

— 213 —



£1 N—Fyz7k
Table 1 Hardware.

Power PC 970MP 2.5GHz x2
(G5 Dual CPU, Quad Core)

1 MB/Core

1.25 GHz/CPU

CPU (64 bit)
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5. B#sb s, ATk, Fortran77 TER S -7
02 5 L% Open MP % BT FL L 72,
4.1 BT 0IE
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List 1 Program for the sum of a progression.

XEY 8 GB (PC2-4200)
£2 Vv7byI7ofR
Table 2 Software.
oS Mac OS X 10.4.8
(Darwin 8.8.0)
AL T IBM XL Fortran Advanced Edition

for Mac OS X ver. 8.1

avAAnaer et 7S ar

BERALIE xIf -O3
3 L FE xIf_r -O3 -gsmp=omp

TOHEZ2EIBLIUVER2ILR3T, CPUIE, 64y +
. Dual Core ftED & ® % Dual CPU & L CHEAL
TWBDT, Quad Core (42D 7ty Y{FEHTTEE)
&Y, 402D Ly FeRARICHIIVAIAETH 5,
ARV=F 4 VT AT bk, UNIXVAF LD 1 DT
H5HMac OS X TH 3B, 284 7iF, Power PCH
A Fortran 2 284 5T, BROFEOEE & W5 NPE
DIGETIE, Bhsay [ 72— VE2FEHTE L
IR - T3,
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WHIME Iz i3, Open MP % 7= [2], Open MP 13,
HEARY AT L2, ALy FOWIHLIZ L T
WHEE 24T ) R TH 2. HEEXE Y Y AT LDHT,
g7y FDAFEOEMLETAEY EHEICT 7 & AR
72 b Dl SMP (Symmetric Multiprocessor) & FEIE
20, KETHEMLIEN—F7Z73SMP S A7 AT
H5b, £/, Open MP 3, 74 753V TlE%R<., BXR
AR 7Ta 77 MCEAXREAL TSI EICED, i
FULETH. T DIERIIL, Open MP 24K —F L&
WayvRA FTIEMLZaA VY FLARIN, EHEN
DT, BRHABE TR 776 LTEHHREINS LW

implicit double precision (a-h,o-w)
N=2**20

write(*,*) 'Culc Sum(n*n), n=",N

s =N

L=(C2%*30 /N) * 10

do 10 k=1,L
c = 0do

'$omp parallel do private(a), reduction(+:c)
do 20 i=1,N
a=1i
c=c+a*a
20 continue

10 continue
write(*,*) 'C =', ¢
end
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Fig. | Computation time of the sum of a progression.
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List 2 Program of the Gauss elimination method.

subroutine gauss(n,cc,NSIZE)
implicit double precision (a-h,o0-w)
dimension cc(NSIZE+1,NSIZE)

np=n+1

do 1000 k=1,n-1

“1$omp parallel do private(ci,j)
do 10 i=k+1,n
ci=-ccCk,i)/ccCk,k)
do 50 j=k+1,np
cc(j,i)=cc(j,i)+cc(j,k)*ci
50 continue
10 continue

1000 continue

ccCnp,n)=ccCnp,n)/cc(n,n)

do 2000 i=n-1,1,-1
do 30 j=n+1,n

cc(npp,i)= .
& cc(npp,i)-cclnpp,jd*cc(j,i)
30 continue
cc(np,id)=cc(np,i)/cc(i,i)
2000 continue

return
end

#£3 HVADHEEDWFIFE
Table 3 Parallel computation of the Gauss
Elimination method.

Number of threads Computation ratio (%)
time (sec)
1 156. 100.0
2 118. 75.6
3 116. 743
4 116. 74.3
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(b) eddy current distribution
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Fig. 2 Computation model for eddy current testing.
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Table 4 Computation time of the ICCG method.

Scaling coefficient matrix 0.04 sec
Transpose input matrix 0.15 sec
IC decomposition 0.51 sec

CG method
number of threads: 1 0.142 sec/iteration
2 0.120
3 0.113
4 0.110

#5 ICCGHEDUWIEHE
Table 5 Parallel computation of the ICCG method.

Number of threads Computation ratio (%)
time (sec)
1 78.8 100.
2 66.9 84.9
3 62.9 79.8
4 61.0 774
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