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Multigrid Preconditioned Bi-CGSTAB Method
Kazugo MaAEDA and YosHIo OYANAGH

A discretization of convection-diffusion equation with a finite difference method or a finite
element method produces a system of linear equations where the coeflicient matrix is nonsym-
metric and sparse. Though the Modified Incomplete LU preconditioned BiConjugate Gradient
Stabilized (Bi-CGSTAB) method is widely used to solve such a problem, it converges slower
as the problem size enlarges.

In this paper, the multigrid preconditioner is applied to the preconditioned Bi-CGSTAB
(MGBIi-CGSTAB) method.

The MGBi-CGSTAB method is applied to non-rectangular problems discretized with a ir-
regular finite element method. It is shown that it converges independently of the problem
size. It is also shown that the coarsening well-matched with the long wavelength component
of the solution make the convergence fast. Moreover, it is shown that the W-cycle is effective

in the problems requiring many iterations to solve.
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size(# of equations) 32(4817) 64(18117) 128(70253)
method mg type #iter  time(s) | #iter time(s) | #iter  time(s)
V-cycle/DCA 10 3.2 11 14.4 12 68.0
MG V-cycle/GCA 10 2.8 11 13.4 11 58.9
Bi-CGSTAB W-cycle/DCA 6 2.0 6 12.9 6 57.7
W-cycle/GCA 5 2.8 6 11.6 5 45.5
MG W-cycle/DCA 23 4.6 20 18.3 18 77.5
W-.cycle/GCA 21 4.0 19 16.2 18 71.6
MILUBiI-CGSTAB 61 4.9 117 41.4 237 335.75
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coarsening (C1) (€2) (C'3) (C4)
method mg type #iter  time(s) | #iler  time(s) | #iter time(s) | f#iter  time(s)
V-cycle/DCA 33 16.7 285 13.1 25 12.7 21 11.1
MG V-cycle/GCA 33 16.0 21 10.1 22 11.0 18 9.5
Bi-CGSTAB | W-cycle/DCA 13 10.4 5 6.2 3 5.7 4 5.7
W-cycle/GCA 13 9.5 6 5.7 [} 5.9 4 5.2
MG W-cycle/DCA 149 43.8 233 80.4 243 34.8 11 7.3
W-cycle/GCA 149 44.2 164 63.0 192 78.6 10 5.9

MILUBI-CGSTAB 225 35.6
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coarsening (C1) (C5) (C6)
method mg type #iter  time(s) | #iter  thne(s) | #iter  time(s)
V-cycle/DCA 27 13.8 20 10.9 17 9.9
MG V-cycle/GCA 27 12.8 18 9.7 15 7.8
Bi-CGSTAB | W-cycle/DCA 11 3.3 5 5.8 5 7.0
We-cycle/GCA 11 80 5 4.9 5 6.2
MG W-cycle/DCA 467 1332 100 37.2 40 20.3
W-cycle/GCA 467 135.0 75 20.7 36 191
MILUBI-CGSTAB 200 31.8
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coarsening (C:1) (C4)
method mg type #iter  time(s) | #iter  time(s)
V-cycle/DCA 92 46.5 60 30.8
MG V-cycle/GCA 86 40.4 52 24.8
Bi-CGSTAB | W-cycle/DCA 45 30.8 7 13.8
W-cycle/GCA 46 32.3 7 13.4
MG W-cycle/DCA > 500 33 27.6
W-cycle/GCA > 500 31 27.8
MILUB-CGSTAB 458 77.0

E8 (C5)DRHIMN7Y v F

X9 (Cs)oHRDOYY v F

o (C4) 32 x 32 Ay ¥a B b kJE Ksemi-
coarsening ¥ frla vy, 2 x1 Ay ian, £D
o b HEHHFNIC semi-coarsening %7\, K H
WHDEI X1 Ay va
WREEITH S WH O coarsening THEH MG HET
BIERICHREL o, EhitH LT, MGBi-
CGSTAB ETid V-cycle ¢ 2 YR EEL &
bhdolk ERCX LT, coarsening ¥ TRL 7%
BE, YOMEELrE ) ORKEEOE¥SALNR

k=1 k=0.0001 f=100

10 HAHIREE v — RIH (S 4)

oo L L, HIBREABEC R > Bl vwTFhd
MILUBI-CGSTAB B X D A& b o7

3.5 MGCGS EnLes

Bi-CGSTAB B i BRI AME (CGS) Bric e~
THWRDBEOREDRB AP E WS HEND
3. =AF 7 )y FETAHEZHAWEHS, MHCrE
SAYERHRENCE DD DD BLHEELR
VARSI RENNEC EBNELAELRAL BHllR
JZER 3 C coarsening(C1), V-cycle/GCA ¥ wich
o MGBI-CGSTAB i & MGCGS oK T7C
H3 (BEhpsHxEz MK EDR . MGBi-
CGSTAB B2t MGCUS g X b b BEQIEBI D % <
CHEAT BTN, Eih, BUREHELENE
1072 LAHLBELDIC L, BHBOAY T
MRS L EBROBRE L OMCTEMARLN 5.
TDEE, b¥rruddhs, MGBI-CGSTAB s
MGOOS X D & (HIKEMOET) MERBWweET
HECHNTLCnB.

4. ¥ & ®

AWk 7 Y v FRTLES Bi-CGSTAB &
FIENDEHIROIE—EE A v o 2 OBIEICSK L CERL,



residual

1e-10

MGBi-CGSTAB -
MGCGS -+

L L ! 1

0 5 10

15 20
# iter

®11 MGBI-CGSTAB & MGCGS HOBURDERT

* ORCR SRR Y 4 KB L LD, &b
I, EH D coarsening THEHEMT DB+ T
7 B 5 LT iE coarsening ¥ T3§ 3 ¢ & THIR
BHELRBC LER LA T DD coarsening [
Yy FECLBZ LR THS BB 40
DEBT L SR DB % 1000 ~ 10000 5% 1c &5
L7 ®D7c®, V-cycle 27 MG B2 IER I
KB ok —F, W-cyce ¥k MG tEii£
D7 —RCREFAEPERE R 7cds, w2hDr—2
TRPROBET 2R THRLONA ThicxL T,
MGBI-CGSTAB gtk V-cycle, W-cycle icBidb b
THEFAERYEA MG, MGBI-CGSTAB &
$ Ik W-cycle # Hl\n 3 T & 23SBUREHE D) _EICEHRE
THBCLBFho7kdl, WYy FLOHENS
< 3 W-cycle gEFEICEBIWTWwhWn. Licsio
T, V-cycle T L wniEH#/RL & MGBi-CGSTAB
i, MGEIY 3 HFUEKFITwE ni 3.

2 ® XM

1) T. Osoda. The multigrid preconditioned con-
jugate gradient squared method. Master’s the-
sis, University of Tokyo, 1995.

" 2) K. Oosterlee T. Washio. Experirnces with ro-
bust parallel multilevel preconditioners for bi-
cgstab. Arbeitspapiere, GMD, 1995.

3) P. Wesseling. An introduction to multigrid
methods. John Wiley & Sons, 1992.

4) FHEER, AEGE, BEARRRY. RBEIREY 2
L— oz v, mEEE, 1990.



