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for IDR(s) Based Residual Reduction Method
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Abstract: IDR(s)-Residual Reduction (abbreviated as R2) method as an extension of IDR(s) method
have been proposed by the authors. Due to IDR(s)-R2 method, a rich variety of preconditioning can be
chosen in place of iteration matrix. In this article, we consider reduction of computational cost of IDR(s)-

R2 method from the viewpoint of building of dense matrix P. Slim Double Dense and a variant of Slim

Double Dense for matrix P are proposed. Through numerical experiments, we clarify that preconditioned
IDR(s)-R2 method with the proposed structure of matrix P has preferable convergence stability.
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Fig.1 Structure of Slim Double Dense matrix P of di-

mension n.
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Fig.2 Structure of Slim Double Dense variant matrix P

of dimension n.
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Matrix-vector multiplication in SDD matrix P
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2.2 Slim Double Dense variant
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Table 1 Summary of characteristics of dense and slim

dense matrices P.

matrix | computa- convergence | implemen-

P tional cost | stability tation
D large sound simple
SDD small moderate complicated 0O
SDD-v small moderate | complicated
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Let @ be an initial guess

2. put 7o =b— Axo
3. P=(p,py ... p.) ERV* set v =0
4. {initial loop : build E = (dr1 ... drs)
5. Q = (dey de2 ... das) by IDR-R2}
6. fork=0,1,...,s—1
7. v = TE — Yedri
8. Compute CiTC’flvk
9. degy = CiTCﬁlvk — yedak
10. driy+1 = Adxg
11. Trt1 =Tk +dres1, Tet1 = e +derp
12, if ||regall2/]|roll2 < € then exit
13. Vk+1::‘é£i%%ii%
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17. {main loop}
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29. end for
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Table 2 Computational costs of IDR(s)-R2 method with
both SDD and SDD-v matrices P.

P Au | uTw u L v | total
D nnz | (3s+1)N | 4N 3sN + 5N + nnz
SDD | nnz | (2s+3)N | 4N 2sN + 7N + nnz
2 2sN —1/s)N
SDD-v | nnz (2s+3 4N sN+ (7= 1/s)
—1/s)N +nnz
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Fig.3 Variation of ratio of computational cost of SDD

and SDD-v matrices to D matrix.
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Fig.4 Variation of ratio of computational cost of SDD-v

matrix to SDD matrix.
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Table 3 Specification of test matrix.

. dimen- ave. analytic
matrix nnz
sion nnz | field
language 399,130 (1,216,334| 3.05| language
epb3 84,617 | 463,625 5.48
heat
epbl 14,734 95,053 6.45
exchanger
epb2 25,228 | 175,027 6.94
add20 2,395 13,151 5.49
memplus 17,758 99,147 | 5.58
dc2 116,835| 766,396 6.56 | electric
ecl32 51,993| 380,415 7.32| circuit
matrix_9 103,430 | 1,205,518 | 11.66
torso3 259,156 | 4,429,042 | 17.09
big 13,209 91,465 6.92
poisson3Da | 13,514 | 352,762| 26.10
poisson3Db | 85,623 (2,374,949 | 27.74 | structural
sme3Da 12,504 | 874,887 | 69.97
sme3Db 29,067 | 2,081,063 | 71.60
raefsky2 3,242 293,551 | 90.55| fluid
Fig.5 Fluctuation of iterations of IDR(s)-R2 method
with three kinds of P for matirx epbl.
0.24
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02
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Fig. 6 Fluctuation of total time of IDR(s)-R2 method

with three kinds of P for matirx epbl.
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Table 4 Convergence of preconditioned IDR(s)-R2
method with D, SDD and SDD-v matrix P.

matrix P s |itr. total ratio| TRR
timel[s]
D 81377 0.320| 1.00|-8.01
big SDD |16 |280 0.283| 0.88|-8.12
SDD-v |16 |283| 0.277| 0.87|-8.15
D 81144 1.307| 1.00| -8.09
dc2 SDD 81151 1.216 | 0.93|-8.19
SDD-v| 8|148| 1.205| 0.92]-8.18
D 81174 0.726| 1.00 |-8.07
ecl32 SDD 81178 0.681| 0.94|-8.10
SDD-v| 8|172| 0.663| 0.91|-8.15
D 41137| 0.093| 1.00|-8.08
epbl SDD 41142 0.095| 1.02|-8.11
SDD-v| 4139 0.094| 1.01|-8.09
D 4| 41 0.063| 1.00 |-8.06
epb2 SDD [32] 38 0.069| 1.10|-8.15
SDD-v| 4| 40| 0.060| 0.95|-8.05
D 41159 0.781| 1.00 | -8.07
epb3 SDD 8118 0.658]| 0.84|-8.11
SDD-v | 4144 0.700| 0.90-8.20
D 2| 10 0.355| 1.00 | -8.77
language SDD (16| 10 0.333| 0.94|-8.48
SDD-v| 8| 9| 0.324| 0.91-8.49
D 99 1.452| 1.00 | -8.02
matrix_9 SDD 97 1.330| 0.92|-8.02
SDD-v 96| 1.322| 0.91]-8.31
D 16 | 210 0.348 | 1.00|-8.01
memplus SDD |16(|230| 0.314| 0.90|-8.07
SDD-v | 16 | 251 0.334| 0.96 | -8.03
D 4] 65 0.175| 1.00 | -8.09
poisson3Da | SDD 4| 64| 0.171] 0.98|-8.31
SDD-v| 8| 62 0.175| 1.00 | -8.55
D 8122 2.824| 1.00|-8.15
poisson3Db | SDD 8122 2.728| 0.97| -8.04
SDD-v| 8|120| 2.686| 0.95|-8.13
D 8| 46 0.097| 1.00|-8.24
raefsky?2 SDD 4] 48 0.098| 1.01|-8.16
SDD-v | 16| 44| 0.091| 0.94|-8.04
D 32433 2.449 | 1.00 | -8.05
sme3Da SDD [32|429| 2.255]| 0.92|-8.35
SDD-v | 32 435 2.279| 0.93|-8.74
oood

gbooobooooooo

e[ ratio0.950000000000O0SDDO SDD-vOO
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Table 5 Convergence of preconditioned IDR(s)-R2
method with D, SDD and SDD-v matrix P.

(cont’d)
. . total .
matrix | P s |itr. ratio | TRR
timel[s]
D 32642 9.711| 1.00|-8.08

sme3Db | SDD | 32622 8.837| 0.91|-8.17
SDD-v|32|620| 8.796/| 0.91|-8.06
D 2| 27 0.980| 1.00|-8.03
torso3 |SDD [32| 27 0.949| 0.97|-8.12
SDD-v|32| 27| 0.947| 0.97|-8.12
D 41979 6.181| 1.00 | -8.25
xenonl |SDD [16|334| 2.539| 0.41|-8.09
SDD-v| 8458 3.075| 0.50|-8.01

Table 6 Fastest cases for each matrix P.

structure | fastest
of P case
D 1
SDD 5
SDD-v 10
total 16

Table 7 Distribution of ratio for each matrix P.

structure 0.90 ~ | 0.95 ~

~ 0.90 1.00 ~ || Total
of P 0.95 1.00
SDD 3 7 3 3 16
SDD-v 3 7 5 1 16

Iterations

Fig.7 Fluctuation of iterations of IDR(s)-R2 method
with three kinds of P for matirx epb3.
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Fig.8 Fluctuation of total time of IDR(s)-R2 method

with three kinds of P for matirx epb3.
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