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In this research, we discuss flexibility of preconditioning

of the conventional GPBi-CG and our proposed GP-

BiCG_AR methods. Through some numerical experiments, validity of preconditioned GPBiCG_AR method will

be demonstrated in view of convergence rate and robustness of convergence for various realistic problems.
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xo is an initial guess, rg = b — Awmg,
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xp is an initial guess, ro = b — Az, f-1 =0,
forn=0,1, - until ||rn41]| < e {irol| do:
begin
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xg is an initial guess, 7o = b— Axp, [_1 =0,
for n = 0,1, -- until {|rpp1]| <e ||roll do:
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Table 1: Number of computation of forward and

backward substitutions per one iteration.

AIALER
ik || A
GPBi-CG 3] 2] 3
GPBICGAR | 2| 2] 2
5. B{EXRER

BEERS, WNRPAERVBATERE > 5 —
IZER g & fi/k Hitachi SR11000 E5)L J1 Thro
Jz. EAEVUIL128Gbytes, CPUIZPOWERS (¥
0w 7 1.9GHz), OS: AIX53 &R L. 70y
T I3 Fortran90 THEE, FEREHEERE/NEK
HRE, Bt 7> a i3, -64 -Oss -nolimit -
noscope -noparallel 2 U7z, KAEEOFIHTEL
Bz 3TRTEBEL, BRARERZ 1 A6, JK
FIESEME, HMEZED 2 JIVA ||lraallz/liroll2
OEN 1072 LFizho/b&EE L. £, #AX
ToRnALE D & RN, MiATLE D & GPBi-CG
#%, GPBIiCGARETIImARILED & (RHTid
Two-prec. EB&EE), AHILEDE (F U < Right-
prec. £M&ER), GEF3EETHS. FREAOAHTHE
b, BEHEE =11, 1T &L b= A2 25
R Uz, WIS v RORRE vy 1ERTHITRSE ro 218
AL7Ze. Eiz, gt OREITH A DFEE
REFEUHAO fill-in 723 &2 5 ILU(0) HMR%E R
AU, &2I1C57 X MTF 1] OR#ERT.

Table 2: Description of test matrices.
751 KT | EHFE |
=4 R | BER | 5T
beircuit | 68,902 | 375,558 5.45 | [E1E&
12,504 | 874,887 | 69.97 | Bk
smeddc | 42,930 | 3,148,656 | 73.34 | Bk
bfw398a 398 3,678 9.61 | Bk
cheby- 2,053 18,447 | 899 | &
shev2
big 13,209

5.1 REBERLBE

# 317, EOMXEZ (TRR: True Relative
Residual) DRRD® O E175 6 #IZH T % FI54E
(FRXEOME) 279, BTORFIIETINCH

sme3da

91,465 | 6.92 | &

WTZDOEHENRDIN-TEBDERTY, Ek,
fmax| WESZSWELAN LI LERT.

Table 3: Worst score and average score of TRR.

GPBi-CG GPBiCG_AR
Al [0 P

75 | RE ¥H| RE V5| RE 19
beircuit | -4.11 -7.97[-10.63 -10.82]-10.30 -10.85
sme3da | -6.44 -831] -0.32 -9.53] -8.00 -9.45
sme3dc | -6.95 -8.04] -8.88 -9.69] -8.72 -9.69
bfw398a|-11.98 -12.25]-12.12 -12.33[-12.01 -12.28

cheby- | -5.25 —-(-12.00 -12.06(-12.03 -12.16
shev2
big -9.22 -11.62(-12.01 -12.19(-12.02 -12.15

# 412, 175 chebyshev2 IZHBWT, /NTA—F
Yy EEZEED, WHRRHEZRT. RHT, linf)
FRBL &%, Tbreak) IJIHBETORER
T L2 &E& L2 KT, GPBi-CGIEDIERA
REBRVHFET 501 LT, GPBICG_AR &
DOUREEMENEILD.

Table 4: Variation of TRR at various parameter
s for matrix chebyshev2.

GPBi-CG | GPBICG_AR
vy T 1 Tl &
1.10 -5.84 -12.00 | -12.26
1.11 =5.25 -12.03 | -12.17
1.12 -5.70 -12.14 | -12.11
1.13 -6.62 -12.14 | -12.07
1.14 inf -12.04 | -12.05
1.15 break -12.15 | -12.03
1.16 -5.49 -12.12 | -12.11
1.17 break -12.07 | -12.14
1.18 -5.45 -12.09 | -12.09
1.19 -8.55 -12.06 | -12.10
1.20 break -12.00 | -12.18
1.21 -6.21 -12.10 | -12.15
1.22 -7.89 -12.01 | -12.12
1.23 -6.22 -12.01 | -12.39
1.24 inf -12.01 | -12.33
1.25 -5.48 -12.03 | -12.18

1(a), (b) i, 175 sme3de, big KHL T, v
DOEZE 11215 1.25 £T001 KA TELIRZE
ZOmMMFTUNED % GPBi-CG ¥, 2 BEORNE
D& GPBICG AR KD LE 2,41 IHTDHED
R : ||b— Azpga|l2/||b— Amo||z DEENDH
FERT.
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Rightprec AR ==
W-Drec. AR <o
o TWO-BIGCAGP  rernenr

Two-prec.-GP

True Relatlve Rasidual

Rightprec.-AR

(Kl 112 114 1.16 118
Gamma

(a)matrix: sme3dc

matrix: big

Two

True Relative Residual

Right-prec.-AR

Two-prec.-AR

11 112 114 116 1.18 12 122 124
Gamma

(b)matrix big
1: Variation of True Relative Residual when v
of ILU(0) varies from 1.1 to 1.25 for sme3dc, big.

2(a), (b), (c) 1, 175 beircuit, sme3da,
sme3dc IZHBT 5, ﬁ@ﬂﬁljk@?% GPBi-CG %,
2 BHEOFLE D F GPBICG_AR D E DO HXFE
Z: ||b— Azpiall2/]|b — AmOHQ OBEFEEZRY. [
iz, B 3(a), (b), (c) 12, 175 bfw398a, cheby-
shev2, bigiZHBF2, HHl HIJLJE%?% GPBI-CG i%,
2 BHEORUED X GPBICG AR EORUKED
HHEEDBEEZRT.

beircult (gamma=1.13)

Right-pre. IR
Two-pre.
Two-pre. GP

True Relative Residual

o 2000 4000 6000 8000 10000
Number of Iterations

(a)matrix: beircuit and v = 1.13
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True Relative Residual

True Relative Residual

True Relative Residual

True Relative Residual

smedda (gamma=1.12)

T Right-pre.-AR =
Two-prec-AR
Two-pre. -GP

o 200 400 600 800 1000
Number of Iterations
(b)matrix sme3da and v = 1.12
sme3de {gamma=1.14)
L1 T T ! RIGht-prec-aR
Two-prec . -AR
Two-prec.-GP
0 200 400 600 800 1000 120¢ 1400 1600 1800

Number of Iterations

(c)matrix: sme3dc and v = 1.14

2: True Relative Residual history of
preconditioned GPBi-CG and GPBICG_AR

methods for beircuit, sme3da and sme3dec.

bfw3SBa (gamma-1.12)

_’_“f"\ Right-] prec AR
N - Two-prec.-AR -
TPwo-prec . -GP

o
EOEAY
B,

o 10 20 30 a0 50
Number of Iterations

(a)matrix bfw398a and v = 1.12

Chebyshev2 (gamma=1.23)

- N T Right-pre.-AR ———
Two-pre.-AR

Two-pre . -GP

0 20 40 80 80 100 120 140
Number of Iterations

(b)matrix chebyshev2 and v = 1.23



Big {gamma=1.14)

Right-pre.-AR we—
TWo-pre . ~AR e

True Relative Residual

0 200 400 600 800 1000 1200
Number of Iterations

(c)matrix big and y = 1.14
3: True Relative Residual history of
preconditioned GPBi-CG and GPBIiCG_AR
methods for bfw398a, chebyshev2 and big.
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Table 5: Variation of iterations and CPU times
at various parameter s for matrix sme3dc.

GPBi-CG GPBICG_AR

[l W ra

v |E¥) CPU|E#¥ CPU|E¥ CPU
1101900 191.9[1162 100.0 1235 126.3
1.11 | 1489 150.4 | 1221 105.7 | 1157 118.4
1.12 [ 1698 172.8 | 1192 102.5|1183 120.7
1.13 | 1619 162.9 | 1293 110.4 | 1263 129.5
1.14 | 1614 164.0 | 1251 108.4 | 1368 139.6
1.15 | 1521 155.2 [ 1288 110.3 | 1185 120.7
1.16 | 1717 172.3 1320 114.1|1213 1225
1.17 11803 182.9 (1248 106.9 | 1291 130.8
1.18 | 1693 171.9 (1220 105.3 | 1265 128.1
1.19 | 1849 184.8 [ 1318 111.9 |1339 137.1
1.20 | 1921  194.6 [ 1252 108.2|1549 1555
1.21 | 2016 2025 | 1342 114.6 | 1239 127.5
1.22 | 1940 193.9 | 1331 114.8 | 1367 138.2
1.23 | 1800 181.3 (1322 113.9 1430 1459
1.24 | 1962 1955 | 1441 123.9 | 1482 1485
1.25 1927 194.0 | 1319 112.0 {1285 130.6

Table 6: Variation of iterations and CPU times

at various parameter s for matrix big.

GPBi-CG GPBICG_AR
L] Ll A

y | B CPU|H% CPU|E¥ CPU
1.10| 1012 4.16 | 850 3.01| 821 3.38
1.11| 956 3.93 | 837 295| 883 3.57
1.12 | 1035 4.26 | 837 295, 919 3.71
1.13| 1011  4.17| 919 3.23| 901 3.65
1.14| 1041 4.27| 963 3.39| 81 3.50
1.15| 963 3.99| 860 3.03| 898 3.64
1.16 | 1010 4.16 | 860 3.04| 907 3.68
1.17 {1017 4.18| 825 2.90| 829 3.37
1.18 | 1017 4.18 | 808 2.85| 846 3.44
1.19| 986 4.06| 871 3.08| 896 3.65
1.20 | 1013 4.17| 895 3.17| 894 3.62
1.21 | 1100 4.51 | 977 3.43| 848 3.44
1.22 | 1059 4.35| 988 3.48 | 895 3.62
1.23 (1045 4.30| 919 3.23| 983 3.99
1.24 1058 4.35| 912 3.22| 873 3.55
1.25 1074 4.40| 963 3.40| 811 3.30
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PEF D GPBi-CG T, WHATEEE L R
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