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Evaluation of Preconditioning by using block factorlzatlon ,

with RB—ordermg on Origin2400

TOSHIO INOUET and TAKASHI NODERA't

We consider the linear systems of equations with a large, sparse, nonsingular matrix. The
GMRES(m) method is one of major iterative solvers for solving these linear systems of equa-
tions. The computation and memory cost of this method is more expensive as the number of
iteration increase. Consequently, the GMRES(m) method is usually requires preconditioning
to reduce the cost of work. Althouth there are various methods of preconditioning, in this
paper, we mainly describe the preconditioning using both block elimination and block factor-
ization. At last, numerical experiments are given for showing that the GMRES(m) method
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with this preconditioning is more effective than the standard GMRES(m) method.
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choose x’o
b = N(by ~ A3 AT b1);
ro:=b — NBay;
v :=llrolla; vi:=ro/v;
start )
for n:=1to m do
begin
k1 := Agvn;
ko = Al_lkl;
k3 := Azko;
kg 1= Aqun;
kg 1= kg — k3;
w = Nks;
fori:=1tondo
‘begin
hin = wTvﬁ
w = w— hinvi;
end
hat1,n = llwliz;
Vn41 1= W/ hpiy ns
compute y, = miny |lve; — H,yi;
end
’ ?
T, =g+ ViYms
if Ib' — NBz, || < ¢ then
stop iteration
endif
’ ’ 7 ’
Toi1=1T,,; To:=b — NBzgy;
v:=llroll2; vi:=ro/v;
goto start
if b’ = NBa, || < ¢ then
g = x
o1 = A7 (b1 — Azea);
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F*1 HEFL1OKE(N: KB, T : HHEH (1))
Dh 2—2 2-1 20 2l
Method T 1 T 1 T 1 T I T

GMRES(10) 2420 | 93.30 | 1129 | 44.22 | 909 | 35.26 | 969 | 37.22
GMRES(20) 1339 | 73.60 | 1020 | 54.41 | 1099 | 60.00 | 1221 | 65.10
GMRES(30) 1409 | 99.03 | 1108 | 78.04. | 1309 | 93.82 | 1281 | s87.92
GMRES(40) 1319 | 112.59 | 1399 | 118.96 | 1280 | 108.99 | 1323 | 115.93
GMRES(50) 1394 | 142.03 | 1448 | 145.38 | 1598 | 161.51 | 1483 |- 154.51
Schur-J-GMRES(10) 619 | 17.56 | 526 | 1492 | 604 16.67 | 568 | 15.72
Schur-J-GMRES(20) 590 | 21.20 | 580 | 2046 | 720 | 25.47 | 720 | 25.16
Schur-J-GMRES(30) 749 | 32.15 808 | 34.69 868 | 36.75 | 746 31.66
Schur-J-GMRES(40) 839 | 4155 | 838 | 41.93 | 998 | 49.93 | 918 | 4571
Schur-J-GMRES(50) 1000 | 56.96 | 1048 | 60.23 | 1009 | 62.46 | 1049 | 59.35
Schur-N-GMRES(10) 259 | 33.29 | 327 | 3432 | 310 | 36.32 | 302 | 34.95
Schur-N-GMRES(20) 377 | 5165 | 398 | 53.62 | 399 | 5175 | 449 | s4.19
Schur-N-GMRES(30) 480 | 83.75 | 447 | 7541 | 468 | 64.48 | 437 | 79.44
Schur-N-GMRES(40) 395 | 68.88 | 479 | 89.15 | 559 | 79.94 | 483 | 73.82
Schur-N-GMRES (50) 397 | 99.56 | 447 | 93.16 | 498 | 10883 | 408 | 86.54
Schur-MN-GMRES(10) | 349 | 26.72 | 360 | 33.08 | 379 | 31.25 | 355 | 31.04
Schur-MN-GMRES(20) | 479 | 4341 | 499 | 4461 | 479 | 4506 | 500 | 5153
Schur-MN-GMRES(30) | 686 | 60.26 | 620 | 55.93 | 531 60.00 | 652 | 56.62
Schur-MN-GMRES(40) | 511 | 5521 | 679 | 6490 | 600 | 77.05 | s60 | 70.88
Schur-MN-GMRES(50) | 697 | 59.93 | 648 .| 67.75 | 744 | 7456 | 593 | 65.90
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®2 NER 2 OHR (1 REEXK, T:3HHEER (1))

Dh S22 PRt 20 2l
Method 1 T 1 T i T 1 T

GMRES(10) 6870 | 257.49 | 4000 | 148.88 | 2300 | 87.58 | 1840 | 69.77

GMRES(20) 3319 | 179.18 | 2039 | 109.08 | 1840 | 99.63 | 1960 | 105.17

GMRES(30) 2670 | 182.74 | 1829 | 128.53 | 1648 | 112.27 | 2009 | 136.51

GMRES(40) 2039 | 172.85 | 1879 | 159.63 | 1838 .| 156.01 | 2078 | 176.03

GMRES(50) 2050 | 203.66 | 1795 | 180.26 | 1849 | 189.59 | 2247 | 224.09
Schur-J-GMRES(10) 1729 | 57.90 | 1169 | 39.32 | 720 | 24.15 | 939 | 31.61
Schur-J-GMRES(20) 939 | 3868 | 878 | 36.21 | 897 | 36.62 | 940 | 39.79
Schur-J-GMRES(30) | 960 | 46.21 | 898 | 4275 | 950 | 4563 | 1018 | 48.93
Schur-J-GMRES(40) 798’ | 4452 | 839 | 46.07 | 919 | s1.01 | 1117 | 62.60
Schur-J-GMRES(50) 797 | 49.76 | 999 | 61.74 | 1044 | 66.36 | 1008 | 71.05
Schur-N-GMRES(10) 414 | 65.27 | 558 | 90.52 | 558 | 100.20 | 792 | 101.69
Schur-N-GMRES(20) 596 | 98.40 -| 636 | 116.11 | 592 | 100.12 | 838 | 110.82
Schur-N-GMRES(30) 840 | 134.66 | 710 | 139.42 | 702 | 11580 [ 954 | 148.73
Schur-N-GMRES(40) | 1036 | 194.50 | 872 | 155.38 | 720 | 143.60 | 1118 | 215.76
Schur-N-GMRES(50) | 1046 | 183.66 | 900 | 194.14 | 698 | 178.10 | 1200 | 225.59
Schur-MN-GMRES(10) | 558 | 50.94° | 800 | 65.52 | 878 | 66.38 | 898 | 94.35
Schur-MN-GMRES(20) | 756 | 78.12 | 918 | 8249 | 798 | 78.94 | 878 | 108.28
Schur-MN-GMRES(30) | 958 | 12072 | 1014 | 102.42 | 838 | 102.36 | 1076 | 135.74
Schur-MN-GMRES(40) | 1268 | 162.68 | 1028 | 135.68 | 958 | 111.80 | 1430 | 171.24
Schur-MN-GMRES(50) | 1098 | 182.58 | 1198
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