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A proposal and estimation of BiCGStar method

Sew1 Fusino 1 and Yosuimairo Usaio 2

We propose a new iterative method based on minimization of associate resid-
ual. We refer to as BiCG using STabilized Associate Residual (hereafter ab-
breviated as BiCGStar) method. BiCGStar method is an improvement of the
conventional GPBiCG_v2 method with the usual residual. We demonstrate that
BiCGStar method outperforms well as compared with the original GPBiCG,
GPBiCG_vl and GPBiCG_v2 methods in view of convergence rate through
many numerical experiments.
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2.2 BiCGStarOOQOQOOODODO

Algorithm 1: BiCGStar O

1. Let &g be an initial guess, and put 7o = b — Az
2. Choose 7 such that (rg,rg5) # 0
3. Compute Arg, ATr}
4. Set f_1 =0, q_1=v_1=w_1=20=0
5. for k=0,1,..., do:
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13.  arg =7k — GATE — Nk 2k,
14 tp = (L+np)ep + CeTr — MeVi—1,
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Table 1 Specification of test matrices. Table 2 Comparison of performance of some iterative methods.
oo ooo goooo oooo oooo oo oo oo |jo1)joooo (o2 oo |0 3| TRR
0oo | oooo oo 0o [s] 00 [ms]
atmosmodd 1,270,432 8,814,880 6.94 gooo atmosmodd | GPBiCG 308 | 1.00 26.430 | 1.00 85.614 | 1.00 | -10.00
poisson3Db 85,623 2,374,949 27.74 oo GPBiCG_v1 296 | 0.96 25.550 | 0.97 86.111 | 1.01 | -10.10
water_tank 60,740 2,035,281 33.51 oo GPBiCG_v2 283 | 0.92 24.424 | 0.92 86.085 | 1.01 | -10.00
bcircuit 68,902 375,558 5.45 oooo BiCGStar 296 | 0.96 | 22.408 | 0.85 75.493 | 0.88 | -10.01
xenon2 157,464 3,866,688 24.5 oooo poisson3Db | GPBiCG 286 | 1.00 4.832 | 1.00 16.853 | 1.00 | -10.00
sme3Da 12,504 874,887 69.97 oooo GPBiCG_v1l 297 | 1.04 5.059 | 1.05 16.993 | 1.01 | -10.00
sme3Dc 42,930 3,148,656 73.34 oo GPBiCG_v2 288 | 1.01 4.871 | 1.01 16.872 | 1.00 | -10.00
big 13,209 91,465 6.92 gooooooo BiCGStar 284 | 0.99 4.658 | 0.96 16.359 | 0.97 | -10.04
ecl32 51,993 380,415 7.32 gooooo water_tank | GPBiCG 2,034 | 1.00 18.955 | 1.00 9.316 | 1.00 | -10.19
k3plates 11,107 378,927 34.12 | O0ooOO GPBiCG_vl | 2,062 | 1.01 19.342 | 1.02 9.376 | 1.01 | -10.03
GPBiCG_v2 1,953 | 0.96 | 18.369 | 0.97 9.401 | 1.01 | -10.02
BiCGStar 2,054 | 1.01 18.507 | 0.98 9.006 | 0.97 | -10.02
bcircuit GPBiCG 15,567 | 1.00 57.084 | 1.00 3.667 | 1.00 | -10.02
ugs3booobbooobobooooonn GPBIiCG_v1 | 12,477 | 0.80 | 47.796 | 0.84|  3.830 | 1.04| -9.60
(1) BiCGStar 000000000000 00000OOOO0 GPBiCG_v2 | 16,966 | 1.09 | 63.879 | 1.12 3.765 | 1.03 | -9.86
. BiCGStar 12,855 | 0.83 | 44.325 | 0.78 3.448 1 0.94 | -9.77
(2) DobOODOOODOGPBICGY200000000 xenon2 GPBIiCG 1,158 | 1.00 | 23.018 | 1.00| 19.863 | 1.00 | -10.00
0 1(a)-(d) 00000000000 OO0OODODOOOO0 GPBiCG.vl | 1,192 |1.03 | 24.010|1.04 | 20.129 | 1.01-10.02
0D1000000000000000000000 GPBiCG_v2 1,166 | 1.01 23.680 | 1.03 20.295 | 1.02 | -10.00
BiCGStar 1,085 | 0.94 | 20.491 | 0.89 18.870 | 0.95 | -10.00
(1) O01(a)00000 xenon2000BICGStar 10000000000 sme3Da GPBICG 4,099 | 1.00 | 15.354 | 1.00 3.745 | 1.00 | -11.30
(2) O00000000BICGStar D00 000 OOoOOOOOO GPBiCG.vl | 3,583|0.87| 13.731|0.89 3.831 | 1.02| -9.53
GPBiCG_v2 | 2,859 |0.70 | 10.798 | 0.70 3.776 | 1.01 | -9.86
4. 0O 0 0 BiCGStar 3,322 | 0.81 12.272 | 0.80 3.693 1 0.99 | -9.86
sme3Dc GPBiCG 5,366 | 1.00 98.413 | 1.00 18.338 | 1.00 | -9.99

GPBiCG.vl | 6,600 | 1.23 | 121.121 | 1.23 18.350 | 1.00 | -9.34

O0000000000000000000 BiCGStar DO0O0O00O0O00O0O00O0O0OO .
GPBIiCG_v2 | 4,742 |0.88 | 86.980|0.88 | 18.340|1.00| -9.18

0000000000000 00000000D000D00BICGStar 00 GPBICG OO BiCGStar 4770 [ 0.89 | 86.315 | 0.88 18.093 [ 0.99 | -9.45
0000000000000000 GPBICGOOO0O0000000000000000 big GPBICG 1745 1.001 1.033 | 1.00 1 0.591 ) 1.00 -10.03
GPBiCG.vl| 1,761 | 1.01 1.081 | 1.05 0.614 | 1.04 | -9.66

uoooood GPBICGv2 | 1,776 | 1.02| 1.084 | 1.05 0.610 | 1.03 | -9.67
BiCGStar 1,791 [ 1.03 ]| 1.020 [ 0.99 0.569 | 0.96 | -10.52

g o O 0O ecl32 GPBICG 377 1.00| 1.014]1.00 2.682 | 1.00 | -10.00

B ] ] ) ) o ) GPBIiCG._v1l 370 0.98 | 1.050 | 1.04 2.832 | 1.06 | -10.09

1) K. Abe, G.L.G. Sleijpen, Solving linear equations with a stabilized GPBiCG GPBICG .2 347 | 0.92 0.978 | 0.96 2810 | 1.05 | -10.01
method, to be published in Applied Numerical Mathematics, (http://dx.doi.org/ BiCGStar 373 | 0.99 0.939 | 0.93 2512 | 0.94 | -10.12
10.1016/j.apnum.2011.06.010). k3plates GPBiCG 4,892 | 1.00 6.340 | 1.00 1.296 | 1.00 | -10.05

2) S. Fujino, M. Fujiwara and M. Yoshida: BiCGSafe method based on minimization GPBiCG_vl | 4,774 |0.98 6.242 | 0.98 1.307 | 1.01 | -10.00
of associate residual, Transactions of JSCES, No.20050028, 2005. (in Japanese) GPBICG.v2 | 4,417]0.90| 5.749|0.91 1.301]1.00 | -10.04
BiCGStar 4,282 [0.88 | 5.398[0.85 1.260 | 0.97 | -10.04
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Table 3 Ranking of iterative methods in view of computational time
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oo oo oo | 0O 4) H. Rutishauser: Theory of gradient method, Refined Iterative Methods for Com-
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Fig.1 History of relative residual 2-norm of iterative methods for three matrices.
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