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An Improvement of Stabilized Approximate INVerse
Preconditioner by Double Dropping

YUSUKE IKEDAt and SE1JI FUJINO't

Preconditioning based on incomplete factorization of the matrix A is among the best known
and most popular methods for solving a linear system of equations with symmetric positive
definite coefficient matrix. However, the existence of an incomplete factorization is a delicate
issue which must be addressed if one has a desire to design reliable preconditioner. Recently
stabilized AINV (Approximate INVerse) preconditioners with single dropping have been pro-
posed. Dropping procedure is a key to improvement of efficiency of computation. In this
paper, we propose stabilized AINV precondioner with double dropping. Numerical results
show that the proposed stabilized AINV is very effective for realizing a high-performance
computation as compared with the standard SAINV preconditioners.
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for k=1,2,---,i

if |z,(€ij.71) - %z,ﬁiﬁl)\ > tol

o=
else (7)
z,(j]) =0
end if
end for

ooooooooboooobobobbo Zzo pOooo
coooboooo MmOOOOoOOoooOOoboboooo
o0ooobO pooOooooooooooooooo
oooocGoOOOOoOoooooooOoooooono

3.2 00000000000

goooooooooooooocbooboooboooo
000 SAINVOOOOOOOYO0SAINVOOOOO
00000000 00DoOoooOooooooO AINV
gooobooboooo

[Algorithm of SAINV]
for 7=1,2,---,n

z;o) =ej
end for
for i=1,2,---,n

v =Az2(-i_1)

for j=d,i+1,---,n

d; :vtz;i—l)
end for
for j=i+1,i+2,---,n

(i-1) _ ﬁzl(_i—l)

(%) _
2 = d;
end for

end for

0000v»000000000000A-00000
00000000000000 d; 0000 0AINV
000000000 2"V 0ooooooooo
00000 ¢; 000000 (27V)420"Y oo
00000000000%0000 Odropping000
000000000000000000000000
000D0D000D0000000000d, 00000
0000000000000000000SAINVO
0000000 af2f"Y 000000000000
Dooo (2fV)'42{"Y ooooooooooo
000 ¢, 000000000000 ;000000
i<j<n0000000000000;=i0000
d; = (28 4z"Y ooooooooooooo
00000000000000000000 4,00
00000000000000 MOOOOO0OO
00000000000000000 v000000



Vol. 45 No. SIG 1(ACS 4)

00000000000000 2000000000
O0D0O0000O0O0O0SAINVOOOOOO DOO
00000000000 0000000 tlODODODO
000000000000000000000000
00000000000 DOO0OO0OO0O0O0000000
oooooooo

3.3 post-filteration

OOOO0SAINVODOOOODOOOOO00O00 ZO
00000000000000000000000 n
00000000000 filteringD0O00O0O0D0ODO
0OoO000ooooo®'Y0oooooo0ooooon
0000000000000 post-filterationd 00O
000000000000000000000000
000000000000 2Y 000000000
00000 Z0OOODOOOOOOOOOOOOOOO
post-filteration 0 0 0000000000000

for j=1,2,---.n
for k=1,2,---,75
if |z,(£)\ > tol_pf
2kj = z](;;)
else (8)
zr; =0
end if
end for

end for

OO0 Otolpf O post-filteration 0 DO O OOOO
0000000000000000000 ZO00O0O
000000000000000000000000
000000CGOO0000000000000000
001000000000000000000000
000000000000000000000000
00000 SAINV O SAINV-pf0 000
3.4 000 dropping 00
000000000000 SAINVD OO Olmproved
SAINVOOOOOISAINVO 0000000000
oooooooooooooooo:z Y ooooo
00000 dropping 0000000000000
double dropping0 000000000 ODOO toldd
0000 dropping 000000000 tolDDODO
00000000000000000
(1) OO0 toldd0DODODOO 2" 000
0D0DO0O0O0DO0oDO0ooooooo:z "o
00000 $ 00000000000
(2) 00 (1)0000000000000000
tol 000000000 2 00000000

gmooobooooooooboooooooboooboooooo 13
SAINV SAINV- pf | SAINV
fori=1...n fori=1...n _fori:1,...,n
- - double dropping
dropping dropping 000 toldd
Oo0tol OoO0Otol dropping
end for end for
0ooooooo
|_end for

post- filteration

00 0O tol_pf

v v v
M=zD zZz0O0O M=2zD z,00 M=2,D, 2,00

01 3000000000000D0D00000O
Fig.1 Procedure of three stabilized Approximate INVerse
preconditionings.

0000000 00000000
DDKMMDDDzY”DDDDDDDDDDD

0000 (9)0000000000000000
if [%| > tol.dd
for k=1,2,---,1i

if |z,(:j_1) - Z—iz,(fi_l)| > tol

oD e
else 9)
z,(j) =0
end if
end for
end if

3000000000000 00SAINVO post-
filteration 0 O O SAINV-pfl double dropping 0 O
O ISAINVOOO0O0O0O0OO 1000000000
goobooobboooobbooooobooooo
goobOoobooboooboooboboooooo
000000000000 O00OOSAINVO SAINV-
pf00000 DOOODOOOOOOOOISAINV
0o0o0oOOo poOobOOooooOoooOoooO zO 3
gooooooooooa

4. 0000

4.1 0000000000
oooOooooOo0oooooooooo

e IODOOODOO Prime Power 850

e PEODOI16

e CPUD OOOOOMMISPARC640 1.3 GHzO
e 0000 24 Gbyte

e JOOOOCODO

e N00OOCOOOO C compiler version 5.3
e J0DOD0OTOIDODO-Kfast



14 gooooooooooooboOoOooooooooo

01 0D0o0oooooDoooo
Table 1 Specification of tested problems.
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ooooo
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Table 2 Numerical results of non-preconditioned CG and
ICCG without fill-in.
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IC e 0.01 - -
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IC e 0.06 - -
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Table 3 Numerical results (dropping tolerance values, amount of memory (MB),
iterations, total computation time (in sec.) and ratios) in case of the least
computation time.

oo ooo tol tol_pf tol.dd 000D OO0OO0OO 0OO0O0OO0 ODOOOO ODOOD OOOO OO0OD
SAINV .10 7.00 1.00 1061 0.83 2.31 3.14 1.00
BCSSTK24 | SAINV-pf|.10 .10 - 7.00 1.00 1061 0.84 2.29 3.13  0.99
ISAINV |.13 - .455 2.26 0.32 1044 0.16 1.64 1.80 0.57
SAINV 13 - - 27.9 1.00 13848 12.0 426 438  1.00
BCSSTK35 | SAINV-pf | .06 .15 35.4 1.27 12035 19.1 381 400 091
ISAINV |.14 - 42 21.3 0.76 11199 5.46 272 277 0.63
SAINV 12 - - 2.26 1.00 1471 0.25 2.80 3.05 1.00
NASA4704 |SAINV-pf|.12 12 - 2.26 1.00 1471 0.25 2.79 3.04 0.99
ISAINV |.12 .48 1.78 0.79 925 0.16 1.29 1.45 0.48
SAINV 12 43.8 1.00 7761 16.6 392 408 1.00
NASASRB |SAINV-pf|.12 .30 - 43.8 1.00 9630 16.2 376 393  0.96
ISAINV |.15 - .75 36.6 0.83 7923 13.1 285 298 0.73
SAINV .13 - - 35.3 1.00 4134 25.9 68.0 93.8 1.00
TUBE1-2 |SAINV-pf|.13 13 35.3 1.00 4134 25.9 68.0 93.8 1.00
ISAINV |.05 - .25 15.0 0.42 2050 4.48 42.0 46.5 0.50
SAINV .06 - - 220 1.00 930 61.0 54.5 115.4 1.00
SMT SAINV-pf|.07 .07 - 204 0.93 1057 57.1 58.1 115.2  0.99
ISAINV |.05 .075 96.1 0.44 831 24.5 47.1 71.6  0.62

04 DO0O0O00OO0ODOOOOOOODOOO 30000000 CcGUOOOOOOOODOO
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Table 4 Numerical results (average amount of memory (MB), average iterations,
average computation time (in sec.) and ratios) of three preconditioned
CG method when varying dropping tolerance values.

oo 0ooD 0000 0000 0000 00000 0000 0000 ooo
SAINV 7.46 1.00 1101 1.13 2.55 3.69 1.00
BCSSTK24 | SAINV-pf 7.46 1.00 2122 1.14 3.72 4.86 1.32
ISAINV 2.58 0.35 969 0.22 1.80 2.02 0.55
SAINV 30.7 1.00 12421 15.4 444 459  1.00
BCSSTK35 | SAINV-pf 30.7 1.00 21366 15.4 534 550 1.20
ISAINV 23.1 0.75 11853 6.45 345 352 0.77
SAINV 2.54 1.00 1380 0.30 2.95 3.25 1.00
NASA4704 | SAINV-pf 2.54 1.00 2453 0.31 3.70 4.00 1.23
ISAINV 1.97 0.78 1122 0.20 1.97 2.17  0.67
SAINV 46.9 1.00 9063 18.0 526 544  1.00
NASASRB |SAINV-pf 46.9 1.00 12634 17.6 528 545 1.00
ISAINV 40.2 0.86 7638 14.2 361 375 0.69
SAINV 43.2 1.00 3609 37.8 67.8 106 1.00
TUBE1-2 |SAINV-pf 43.2 1.00 5806 37.8 82.6 120 1.13
ISAINV 14.2 0.33 3486 4.38 56.3 60.7 0.57
SAINV 188 1.00 1286 58.4 65.6 124 1.00
SMT SAINV-pf 188 1.00 2066 58.5 90.0 149 1.20
ISAINV 58.1 0.31 1610 10.6 72.4 83.0 0.67
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Fig.2 Tendency of computation time (in sec.) of CG
method with SAINV-pf for matrix NASASRB.
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Fig.3 Tendency of computation time (in sec.) of CG
method with ISAINV for matrix NASASRB.
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