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BiCGStab(£) method with varying / in adaption
KENTARO MoORIYA t and TAKASHI NODERA!

BiCGStab(£) method is one of iterative methods. to solve large and sparse nonsymmetric
linear systems of equations. It stablizes the residual norm of BiCG (bi-conjugate gradient)
method by adapting £ degree MR (minimal residual) polynomial. When the degree of MR
polynomial £ becomes larger, the convergence of residual norm will be better. However, the
computational cost will be increased. Sleijpen and van der Vorst!%) proposed the BiCGStab(¢)
method with varying £, when a breakdown of the algorithm occurs. But original BiCGStab(£)
method often costs effective rather than their algorithm. In-this paper, it is both of when the
norm of residual stagnates and the breakdown is likely to occur, the BiCGStab(£) method for
varying £ in adaption is proposed. At last this algorithm is implemented on the distributed
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memory machine Fujitsu AP3000 and the numerical examples are given.
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BiCGER, BE~<7 tr, BUBE~7 1, &
<7 A, FLER~ 7 trDERLENRNEDO OHAL
AL X-oTHBEEhLTw3. B 1 € BiCG gEoEdic
DWVTRT. TTTC, 1 up BEENT PAB LR
K7 rATBD, 7 G HELEE< PABL
UBRLER~<7 b Th 3. Bl ar O KOWTH,
BE~X 7 W ABRERET, HoBR~N2 b ARWIR

k=0
choose zp
compute rg = b~ Axg
take 7o =rg, up =G =0, pg = 1

repeat until || r || is small enough
fork=1, 2, 3,...
Pk = (&, k) s  Br = ~pr/pk—1
ug =Tk~ Bp—1Uk—1
g = Tk — Pr—1Tk—1
e = (Auk, Fr) ok = pr/Vk
Tht1 = Tk + QxUk
Tht1 = Tk — apAug
Trht1 = Fr — apg Al
endfor
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Fig. 1 BiCG method
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wi = llre |l = Hre—e 11/ Ire

ok = (rk, ro} /(L rx Il [l 7o [])

if wy < 6 and £ = £,,;,, then
count = count + 1

_endif

if wy > & and £ = £,,;n, then
count = 0

endif

if count = stag and £ = {;,;p, then
L= émaz

endif
if op < € and £ = Lyin

L= emaa:

endif

if wg > 6 and £ = £pmqx and o > £ then
£=4Lmin, count=0

endif
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Fig. 2 BiCGStab(£) method varying £
in adaption by the breakdown and
the stagnation of residual norm
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Fig. 3 The convergence behavior of residual norm for the numerical example 1 (Dh = 21)

®1 BN L ORER (sec: B (), iter: RAEH)

Table 1 Numerical results of the example 1 (sec: Computational time, iter: iteration count)
Dh 22 2~ 71 20 2! 22
Wk sec iter sec iter sec iter sec iter sec iter
BiCGStab 10.101 | 444 9.938 | 458 | 11.866 | 554 | 14.854 | 618 | 22.679 | 1055
BiCGStab(2) 10.001 4486 12.379 516 13.640 568 16.278 600 12.207 562
BiCGStab(4) 11.497 | 480 | 13.009 | 536 | 13.819 | 566 | 19.702 | 580 | 14:552 564
P-BiCGStab(1:2) 10.276 451 11.340 473 16.679 519 12.870 573 17.918 653
P-BiCGStab{1:4) 12,120 | 442 | '12.467 | 488 | 15.415 | 578 | 16.353 | 628 | 14.877 | 558
PSR-BiCGStab(2:4) 9.180 476 8.970 473 9.789 504 9.932: 508 13.441 566
PSR-BiCGStab(2:6) 9.089 434 | 9.869 456 10.539 496 12.673 590 16.055 628
FSR—BiCGStaB(Z:B) 10.679 444 12.235 476 14.582 564 14.355 580 17.389 598
- < PSR-BiCGStab(£ip : Lmax) ED ¢ OZLEH > i
PSR-BiCGStab(2:4) 21 33 47 82 81
PSR-BiCGStab(2:6) 16 25 31 68 64
PSR-BiCGStab(2:8) 15 19 22 45 45

®2 BEG 2 OR (sec: KR (B), iter: REEH)

Table 2 Numerical results of the example 2 (sec: Computational time, iter: iteration count)

Dh 2—2 21 20 2! 2°
¥k sec iter sec iter sec iter sec " iter 3ec iter
BiCGStab 20.618 942 22.811 1030 26.558 1238 30.937 1476 39.057 1984
BiCGStab(2) 21.504 914 22.848 1014 28.368 1244 31.700 - | 1478 39.666 1896
BiCGStab(d) 23,367 | 966 | 24.940 | 1062 | 30.628 | 1272 | 35.478 | 1530 | 48.191 | 1892
P-BiCGStab(1:2) 21.598 919 24.238 1079 28.117 1261 33.618 1469 43.916 1919
P-BiCGStab(1:4) 25.102 938 28.205 1028 32.395 1258 39.344 1502 48.156 1860
PSR-BiCGStab(2:4) 19.089 947 21.539 1084 24.860 1285 28.768 1475 41.697 1930
PSR-BiCGStab(2:6) 20.478 964 21.639 1022 25.899 1256 31.057 1456 43.976 1892
PSR-BiCGStab(2:3) 23.603 | 940 25.501 1028 31.596 1220 38.214 1488 45.617 1960
‘ \ < PSR-BICGStab(lpiy * tmaz) BD £ BIRILEH >
PSR-BiCGS3tab(2:4) 56 52 50 42 111
PSR-BiCGStab(2:6) 37 34 41 27, 7
PSR-BiCGStab(2:8) 29 28 35 29, 50

lmaz) BRCELTH, REED BiCGStab(£) BEICH~T
HEHMEEERACS, B ¥ ol3EBEHEAL
TLES Z 2 S8UER 1, 22 BLCHERENL — 4,
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bz =4 O & & ICEHERERN S > 2 bEMENS &
wh T e sHERENS. . BEM 1 CELTH,

BERD BiCGStab(f) 8 & HRT, BHERMEADE <
Eh 18, RATIHECEMIN. ThICHLT,
BEE 2 cREFERMREREI LT, SCEELE-
Babhkdok. LaL, P-BiCGStab(l : fmas)
BEO X5, 3D BiCGStab(f) Bic < TEH HB
BIRERICGBL RS T E iR b ok LkH>T, 3
R RETH KO BiCGStab(f) TLERLTH
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Table 3 The apropriate judgement of iteration counts for the stagnation of residual norm

. Dh 272 2~ 2Y
Xk AR IR sec iter sec iter sec iter
PSR-BiCGStab(2:4) 5 20.142 9208 22.318 982 -27.408 1260
10 19.146 912 21.736 1012 26.354 1214
15 19.089 947 21.539 1084 24.860 1285
20 21.208 928 22.430 1028 27.306 1292
PSR-BiCGStab(2:6) 5 22.634 928 23.498 1002 28.579 1264
10 21.986 942 22.348 984 27.673 1246
15 20.478 964 21.639 1022 25.899 1256
20 21.970 928 24.309 1058 28.422 1276
PSR-BiCGStab(2:8) 5 24.215 908 24.749 1026 31.958 1278
10 23.999 946 26.062 1064 29.149 1278
15 23.603 940 25.501 1028 31.596 1220
20 24.768 944 25.418 1046 29.842 1274
Dh 2! 24

Wik R E N sec iter sec iter

PSR-BiCGStab(2:4) 5 30.642 1448 41.888 1896

10 32.017 1480 41.920 1924

15 28768 | 1475 | a1.697 | 1930

20 30.179 1434 41.936 1920

PSR-BiCGStab(2:6) 5 34.249 1502 43.956 1918

10 31.967 1464 44.302 1922

15 31.057 | 1456 | 43.976 | 1892

20 32.629 1496 43.457 1912

PSR-BiCGStab(2:8) 5 39.542 1564 46.587 1920

10 34.803 1340 46.007 1984

15 38,214 1488 45.617 1960

20 34.257 1462 46.017 1944

b, BEBLl-oTRERMENI LTI L 5TE
3. WX, RE¥ED BiCGStab(f) X ) b Fx i
RLABEDOT VA 78D v oBE I A LDEBCK
U7 £ 2EGHCELE 43 PSR-BiCGStab(£min

: lmaz)&t*umj-aﬁﬁ ﬁigi L.
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