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This paper discusses linear solvers for finite element method of electromagnetic field analysis

on parallel computers. The solvers using overlapping domain decomposition are effective

methods for distributed memory computers. A preconditioner based on the Incomplete Cholesky

decomposition is introduced for this method. The present method improves the convergence of

iteration as well as scalability. The numerical results show that the combination of the present

preconditioner and stabilized conjugate gradient methods results in good convergence and

robustness for mesh distortion as well as the parallel efficiency in the magnetostatic analysis.

Key Words : Domain decomposition, Krylov subspace method, Parallel computation

1. [FL®HIC

AR, RS OB RERMATICH VT, FHRBEOMERER
FIC XY, ZRGCOFIFMNT B FBRIZ/R D 2 2d D, &
FUT R, B ORRE - BARITER T AR S
7o TND, LOLARE, E—XEOEMBEETIEL,
FEEHEA LS IEO VLN TERY, HE#EEEE LT
Ay v aBBT D DITITRHRBREREPILEL D, &
BT, BRI DIEMIERA R E B E - T, BIEDOFE
BeA o T L Th, EFEE R BRAYRNTIZIZ 2 K72 T IR
MAET 5, HELREICRNTY, 0 IR LT AT
7o, fENTRHHORERMERNETH D, ZD X HIT, BN
fENT T, @B 2B b EERREL 2o TVD,

HIREZ T O Bl b D FiEO—> L THFIFHEN &
b, I, CPU Oy 7 RNgEfIH LD, 20D Y
~AFaTPEATEY, WHHAEOEEEITET ET
L TW5, A BREEFRIEDFETIRFR O K4y 2 b 8 2 1
SEHFER O SRR KT DWW HIFHEIE, Bk 72 FIEDNRE X
nNTkEY, 2 OWMEFNH 20O, hT kS ENEL,
REWBRFEO—DTHL2W0O, ZOFETIE, MEHTHEK
Z DN ODOMEIRIZSEI LT, NI PE (Processing
Element) Z#HV 4 TH2HDTH D,

—J, SR OFRERMFITICIBW T, AT & L%
#)ft % PCG(Preconditioned Conjugate Gradient)i% ™ H
T4 IC (Incomplete Cholesky) 7> fi# % RijflLE & 45 ICCG

2007 4% 12 A 29 B=fF, 2008 42 A 7 H= 2

ERESLFRROKMBICE IS VSTV 5, Ll
TR B, SYHRAE Y BREE T OfEE A ENE ISRV T, IC 4y
R X 2 BTLERT TR ORI I, 2% & 7= fth o sEI Ikt
ST DRBATHN O WA LE L 72, PE MoOBEREENSE
{Teb, ZLTC, EREET-NIEOHRZEIKETDZ &
THEREREZHSI L, ICCG EOIURERELT D, 2
T, fEEkE AW — =T I THEES R T,
IWHMEZYGET 2 FIEMRES N TN D,

AL TR, A== v 7 UIEERNEEICRB W T
IC sz b LIc LT, RIEHEROBEEZHNET 2 Z
LR TE DRPLEEFIEICEE L2W, ZoOFIEEBRRAD
WEHGRERMNTICHEATE DL IEE L, 20k
TIREEREA O W 520, ATLBTHIDNIERIFR & 72 5 72
OIZ, CGIEEZRWD Z ENRTET, FENPMREATIIAD
7 a7 EMEE VD MERS D, FEFRRENIT D Z
NHDFEITIE, WL DDROFERMLA TS, £ T,
BRRAREREN BN T, ZORMAEGEE WL D)
D7V v Ty ZEME & B G DT, T OAM &R
B 5 LI, TERFIEE DL EIT D,

2. ERE

2-1 fEESBR

TR O A FREH MM TIE, WIS RAE & B < DBEHRN
LolEBHWLRTWD, £ZTC, BERWDIZE D



WARFEZDERIICHT 5, £9, SEEEESEIL,
% PEZEY T 272 DI, EATHEI O 2 TOROES G %
HELRVE DI 0, MOES Ge (k=1.2,..., n,) (Z5ET
%, DI, £H GIEENDBEL L LD
TOEROERR E, LERT D, EBIT, ECHEEND
WOEA% G, EEHT D, TNHDERICEY, GulE G,
DEEE LT D, ET2, G 135rE LISk OB R AHE
DR F ==y T LTHRFELTNWDLZ EIZRD, &6
12, X COLUDOES G 1D Ge~DEREEAT% Rk
EHT D, FEEIC G 0D G, ~OBREHE T4 R, LEH
T 5,61 LT Fig. 1ITRT X972 3 ANERICLD A
v akEZ, INE_ODEBICHETIHII EEE X
b, 4, BCORE 1=11,2,3,4,5,6,7,8 , G2=19,
10, 11, 12, 13, 14, 15, 16, 17, 18 &I L= & 95, Z D
LE, A—NR=F o T UEROER E L E ZROA
MOXOIChD, LT, A—N"—=F v LEHOES
G, Gyl G=11,23,4,5,6,7,8,9,10,11,12}, G, =
14,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18} L 72 5,

2:2 PCG xMitiFl1E
PCG T A v v 2 DER, REATHIORMEKOE(
Sl L THER e N A N Th D721, A IRERMITIC
BOWTASHWLNA TS, — 17 PCGIEDT LT Y
A L% Fig.2 IZ7R$60, ZOIZRBWT, 175 MIZRTLE
SINTRBATHITH D, A—"—F v 7 LT BIRSENEIC
BT, AIAELTHIE LTRREAWD,
M =3 Rt BT 6
k=1
TIT, M idh & OEEITHI K 2R,

R, = RKR] @
RV THE LIAREATH K, (8 L TR A T~ 72 b
DTH %D, PCGIEDEREDKIEEH TIL, kFH D PE X
& DS 2 BRI RS T 5 M, DARERFET 5, &5
WCKEFHETHND XY Ml x,rz,p, gl ZbORT |
JCHIBRIRE 7 R, &0 L7=~=2 v x5 7 75 pF " %
FPERRFET DL LT D, E>T, ThThD PE I
F—=N—=F T L TR VMLO IR O R & o 7\, 72
2L, MZF=FF 2Ty bR ek BB,
o> PE 33RO ZH (K 2 k) OFND, —R_—F 7L
TWAEIIHET B DA EBIEICL VG L, B2
Ko TF LR LADEDLLERD S,

AL, OXZT TR, KX TERS N DAL
HATHI B LT,
M= ZkaR,{ﬁ,{A}kﬁ,{ 3)
k=1
(B)RXD ReR] DI L V475 M DR KEA LB L,
DN E L IR D720 PCG EEDOIURMEN S E SN D

TEMHMEINTWD, £, ZOREATIIZ WS &,
PCG HEDKBIZHBNT, A—"—F v 7 LBl
By ML TE OfEEE LAY D BERRN, 2070,
WHIFHEICB T D BEREZBMOTZ LN TESD, L LA
WD, T ORVLEATINIIER TR & 72 D128, *FRTH1Z
$E L LI AEE TR L722 W, £ D728, IERFAT
FIENT DffE & BB DR D LERD B,

FTHI_ 27 M AREDTES ¢ =K p 1%

q" =RKR{ p* =K, p" @
LRI 2 LM T& 5, 22 Te' =RgTHY,
¢ TE A= R—F LIS T D A o TR
W, L L, KERHEICIE §F RBETH L0, ¢k L gk
DLy, TibbAd— =T v 7 L TWDIIZHIGT DK
55 %Al PE 2 5i@E1C L 0 BT 2 LERH 5,

Fig.1 An example of overlapping domain decomposition

Compute ry = b - Kx, for some initial guess x;
fori=1,2, ...
solve Mz, =r
Pi1= ri-lT Zi1
if(i = 1) then
P1=20
else
Bi1 = pi1/piz
Pi=ZiatBuapia
endif
q:=Kp; :
a;=pi1/pi qi
X=X top,;
Fi=ri~ aiq;
check convergence
end for

Fig.2 Algorithm for PCG method
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Fig.3. Analysis model for magnetostatic analysis

TABLE I RESULTS OF COMPUTATION TIME AGAINST NUMBER OF PES

# of # of iterations (Computation time[s])
PEs | ICCG BiCGStab GPBiCG | GPBiCR

1 | 297(162) | 213(226) 172(198) | 186(214)
2| 322097 199(117) 187(115) | 191(117)
3| 334(76) 21591) 17980) | 183(81)
4 | 313(59) 197(70) 186(67) | 173(62)

Number of unknowns: 1,096,640, Number of elements: 354,816

Y% --1cca
35 —O— BiCGStab
—8— GPBCG
3 —a&— GPBIiCR
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2 3
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Fig.4 Acceleration ratio against number of PEs
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TABLE II RESULTS OF ITERATIONS AGAINST MESH DISTORTION

Mesh | mean of # of iterations
flatness ICCG BiCGStab | GPBiCG GPBiCR
A 447 313 197 183 173
B 6.31 407 241 240 240
C 14.71 698 455 414 406

TABLE III RESULTS OF ITERATIONS AGAINST DECOMPOSITION

Type # of iterations
ICCG BiCGStab GPBiCG | GPBiCR
1 313 197 183 173
11 358 195 202 199
111 370 218 186 189

Type 111

Fig.5 Illustration of three type of domain decomposition
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