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Proposal of Auto-corrected IDR(s) Method
for Highly Accurate Krylov Iterative Solvers

TAKAO SAKURAIL T KEN Naono,™ Masasui Ecr, !
MitsuyosHI Iaarl,? HiIRoYUKI KiDACHIT?
and MASANORI SHOJIT?

Recently, the IDR(s) method has been emerged as a high performance itera-
tive solver. However, the method occasionally outputs incorrect solutions. To
alleviate the problem, we propose an auto-tuning type IDR(s) method, which
we call “Auto-corrected IDR(s) method” (AC-IDR(s)). To avoid the incorrect-
ness from the approximation of the original IDR(s), AC-IDR(s) predicts the
occurrence of the incorrectness using the residual norm statistics and automat-
ically replaces the approximation for the direct matrix vector multiplication.
Numerical experiments show that the AC-IDR(s) solutions avoid the incorrect-
ness in all cases.
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1:Let x, be an initial guess, and put r, = b — Ax,
2:DOk=0,5s-1

3:v, = Arn,

“Oen)

)

40

5:q, =wr, e, =-wv,
Oily =H+ € Xy = X+,
7:CONTINUE
8:E =(e,,€)s O, =(q,15 " qp)
9:DO k = s,iter
10: SOLVE ¢, FROM P"E,¢c, = P'r,

P=(pip)s b=/l

(nor)=fy 427

’ 0 (@i=))
11:v, =r,-Ec,
12: IF mod(k,s +1) = s THEN
13: 1, = Av,
14 a)=M
(1,.1,)
15 g, ==Q,c, + wv,
16: ¢, =-E.c, — i,
17: ELSE
18: g, =-Q,c, + wv,
19: ¢, =-Ag,
20: END IF
2lin, =1 +e, X, =X, +q,
:1F |r,[l,/Ip], = ¢ THEN EXIT DO
23: CONTINUE
01 IDR(s) 00000000

Fig.1 Algorithm of IDR(s) method.
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Fig.2 Output and true relative residual.
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Fig.3 Relationship between sum of approximation error and true relative residual.
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Table 1 Test matrices for examination.
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Table 2 Parameters for evaluations.
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Table 3 Test matrices for evaluations.

oo ooo goooo oo/o00 oooo
ex26 2163 94033 43.5 | OODOO
ex28 2603 77781 299 | OOOO
raefsky2 3242 293551 90.8 oooo
wangl 2903 19093 6.6 | DOODO
wang4d 26088 177196 6.8 oooo
memplus 17758 126150 7.1 gooo
poisson3Da 13514 352762 26.1 | OODOO
poisson3Db 85623 2374949 27.7 oooo
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Fig.10 Computation time for matrix poisson3Da by 3 methods.
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Table 4 Computation time and correct convergence rate by 3 methods.

00 00/00 ooooooo 000 (%)

IDR | D-IDR | AC-IDR | IDR | D-IDR | AC-IDR
ex26 43.5 | 1.000 1.101 1.036 | 56.7 100.0 100.0
ex28 29.9 | 1.000 1.063 0.984 | 60.0 100.0 100.0
raefsky? 90.8 | 1.000 1.087 1.017 | 96.7 100.0 100.0
wangl 6.6 | 1.000 1.018 1.000 | 23.3 100.0 100.0
wang4 6.8 | 1.000 1.070 1.036 | 53.3 100.0 100.0
memplus 7.1 | 1.000 1.025 0.991 | 30.0 100.0 100.0
poisson3Da 26.1 | 1.000 1.068 1.019 | 83.3 100.0 100.0
poisson3Db 27.7 | 1.000 1.115 1.058 | 86.7 100.0 100.0
0oo 1.000 1.068 1.018 | 61.3 100.0 100.0

05 0O00sO000000D0DDODODOOOOO
Table 5 Computation time and number of iteration in the case of optimized s.

oo IDR D-IDR AC-IDR
oo oo oo oo oo oo oo oo oo
S (sec) oo S (sec) oo s (sec) oo
ex26 1 0.41 647 2 0.52 599 1 0.42 647
ex28 1 0.24 468 1 0.30 460 1 0.24 468
raefsky2 5 1.10 478 8 1.21 444 5 1.10 474
wangl 1 0.13 615 1 0.16 622 1 0.13 615
wang4 1 2.45 688 2 2.82 565 1 2.46 688
memplus 1 6.47 | 2875 3 8.29 | 2280 1 6.54 | 2875
poisson3Da 2 0.92 211 3 1.14 211 2 0.93 211
poisson3Db 3 17.69 400 4 | 21.21 402 3 17.92 403
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