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Improvement of convergence rate for GPBiCG method
by means of stabilized associate residual

UsHIO YOSHIHIRO? MURAKAMI KEIcHl? FuJiNo SELT?

Abstract: We consider to solve a linear system of equations Az = b by iterative method. In product-type
iterative methods, the residual vector ry := b — Ax is obtained by multiplying the Lanczos polynomial and
acceleration polynomial. Though GPBiCG method is one of the popular product-type iterative methods,
this method has some issues. There, we improve GPBiCG method based on the associate residual and
three term recurrence. We propose BiCGStar method from above improvements. BiCGStar method is a
new product-type iterative method. We demonstrate the performance of BiCGStar method on convergence
through numerical experiments.

Keywords: product-type iterative method, GPBiCG method, associate residual, three-term recurrence,
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Algorithm 1: BiCGStar O

1. Let x¢ be an initial guess, and put ro = b — Axo
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Table 1 Specifications of test matrices.

oad ggod o0 |(ggooo |ooog
ooad ooo |goooo

atmosmodd | 1,270,432 | 8,814,880 690000

air-cfls 1,536,000 | 19,435,428 19.5

poisson3Db 85,623 | 2,374,949 27.7

water_tank 60,740 | 2,035,281 33.5

raefsky3 21,200 | 1,488,768 70.2

raefsky2 3,242 293,551 90.5

bcircuit 68,902 375,558 550000

xenon2 157,464 | 3,866,688 2450000

af23560 23,560 460,598 196 | 0000

sme3Da 12,504 874,887 70.0

sme3Dc 42,930 | 3,148,656 73.3

epb3 84,617 463,625 5.5 ooog

epbl 14,734 95,053 6.5

language 399,130 | 1,216,334 3.0/0000

big 13,209 91,465 69| 00O

wang3 26,064 177,168 6.8 0O0OO

wang4 26,068 177,196 6.8 oo

ecl32 51,993 380,415 7.3

torso3 259,156 | 4,429,042 17.0| 2D/3D

k3plates 11,107 378,927 3341|0000

0200000000000000
(1)00 k3platess 0O OO OBICGStar 0O OO OO0
GPBICGUUODO 13%0000000000 14%0
gbobooooogoog
(2)0000000000O00OOO0OODOOOOOOO
OO0O00O0O00DOoOOoO0O0eeph300O0O0O0ODODOO
gboboooooobooboboboboooo
(3)0000000000000O00DoooooOooon
00000000O0O0TRRO 10700000000
0000000000000 bighOOOOOGPBICG
O0BiCGStar 00 TRRO 10-°00000000
OO0GPBIiCGwvl,v20000TRRO 1070000
gooooo
0000 10000000000000 (a)(b)a(c) O
000000 xenon20 sme3DcO k3plates DO O OO OO
0000000000000 D000 k3platesO O OO
obobobobooooooooo
01000b00boboooooon
(1)()J0D000 xenon2 D0 OBICGStar 00 00O O
obooooobooboobo soboooooboobooo
obobooooogonog
(2)(b) DD OODO sme3Dec O O OBiCGStar O O GP-
BiCGv2 0000 OGPBICG O 0OGPBiCGwv2 00
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02 00000000 (b) OO0 sme3Dc OO k3plates
Table 2 The result of iterative methods. (b)matrix sme3Dc ~ k3plates
(a) 00O atmosmodd OO sme3Da 0o 0o on oo 0| TRR
(a)matrix atmosmodd ~ sme3Da oo |aag s
oo oo oo oo O | TRR sme3Dc | GPBIiCG 5,366 | 98.386 | 1.00 | -9.99
00|00 [s] GPBiCG.vl | 6,600 | 121.771 [ 1.24| -9.34
atmosmodd | GPBIiCG 308 | 25.2711.00 |-10.00 GPBiCG._v2 | 4,742 | 87.497/0.89| -9.18
GPBiCG._vl 206 | 25.300|1.00 |-10.10 BiCGStar 4,770 | 87.126 | 0.89 | -9.45
GPBiCG_v2 283 | 24.363|0.96 | -10.00 epb3 GPBiCG 3,447 | 13.9811.00 |-10.27
BiCGStar 296 | 22.137 | 0.88 | -10.01 GPBiCG.vl | 3,157 | 13.119]0.94|-10.00
air-cflb GPBiCG 27| 4.001]1.00 |-10.23 GPBiCG.v2 | 2,982 | 12.356 | 0.88 |-10.06
GPBiCG_vl 27| 4.1911.05(-10.26 BiCGStar 3,335 |11.943 | 0.85 | -10.00
GPBiCG_v2 27| 4.1891.05 [-10.25 epbl GPBiCG 413 | 0.231(1.00|-10.11
BiCGStar 27| 3.8300.96 |-10.32 GPBiCG.v1 420 | 0.251(1.09|-10.01
poisson3Db | GPBiCG 286 | 4.797]1.00 |-10.00 GPBiCG_v2 424 | 0.260 | 1.13|-10.03
GPBIiCG.v1 297 | 5.047]1.05 |-10.00 BiCGStar 404 | 0.231|1.00|-10.45
GPBiCG_v2 288 4.878 | 1.02 | -10.00 language | GPBiCG 27| 0.647|1.00 |-11.02
BiCGStar 284 | 4.696|0.98 |-10.04 GPBiCG.v1 27| 0.697|1.08|-10.78
water_tank | GPBiCG 2,034 | 18.835|1.00 |-10.19 GPBiCG_v2 27| 0.697|1.08 | -10.57
GPBiCG_vl| 2,062| 19.457|1.03|-10.03 BiCGStar 29| 0.662|1.02-10.16
GPBiCG.v2| 1,953 |18.389|0.98|-10.02 big GPBiCG 1,745 | 1.010|1.00 |-10.03
BiCGStar 2,054 | 18.654 | 0.99 |-10.02 GPBiCG.vl | 1,761 1.078 | 1.07 | -9.66
raefsky3 GPBiCG 4,380 25.816 | 1.00 | -10.02 GPBiCGwv2| 1,776 | 1.118|1.11| -9.67
GPBiCG.vl | 4,514 26.997 | 1.05 |-10.00 BiCGStar 1,791 1.030 | 1.02 | -10.52
GPBIiCGv2| 4,511| 27.200|1.05 |-10.00 wangd | GPBICG 151| 0.160 | 1.00 |-10.46
BiCGStar 4,408 | 26.017|1.01|-10.00 GPBiCG.v1 154 | 0.170 | 1.06 | -10.56
raefsky?2 GPBiCG 337 | 0.279|1.00|-10.71 GPBiCG_v2 156 | 0.176 | 1.10|-10.65
GPBiCG_v1 360 | 0.302]1.08 |-10.70 BiCGStar 154 | 0.168|1.05|-10.15
GPBiCG_v2 339| 0.285]1.02|-10.16 wang4 GPBiCG 145| 0.152|1.00 |-10.02
BiCGStar 343| 0.299]1.07 | -10.05 GPBiCG.v1 144 | 0.159 | 1.05 | -10.02
beircuit GPBiCG 15,567 | 57.154 | 1.00 |-10.02 GPBiCG_v2 147| 0.166 | 1.09 | -10.06
GPBiCG.v1l | 12,477 | 48.127|0.84 | -9.60 BiCGStar 143 | 0.157|1.03|-10.05
GPBiCG_v2| 16,966 | 68.919|1.21| -9.86 ecl32 GPBiCG 377 | 1.013|1.00 |-10.00
BiCGStar 12,855 | 44.796 | 0.78 | -9.77 GPBiCG.v1 370 1.053 | 1.04 | -10.09
xenon?2 GPBiCG 1,158 | 22.7411.00 |-10.00 GPBiCG.v2| 347 | 1.017|1.00|-10.01
GPBiCG.v1 1,192 | 24.008 | 1.06 | -10.02 BiCGStar 373| 0.971(0.96 | -10.12
GPBiCG_v2 1,166 | 23.582 | 1.04 |-10.00 torso3 GPBiCG 5 1.942|1.00 | -10.18
BiCGStar 1,076 | 20.446 | 0.90 | -10.01 GPBiCG.v1 73 1.953|1.01 | -10.10
af23560 GPBiCG 2,309 | 4.446|1.00 |-10.05 GPBiCG_v2 72 1.933 | 1.00 | -10.09
GPBiCG.v1 2,288 | 4.5611.03 |-10.02 BiCGStar 73| 1.832]0.94|-10.15
GPBiCG.v2 | 2,151 4.30710.97 | -10.03 k3plates | GPBiCG 4,892 | 6.323|1.00 | -10.05
BiCGStar 2,302 | 4.303|0.97 [-10.04 GPBiCG_vl| 4,774 | 6.265|0.99 |-10.00
sme3Da GPBiCG 4,099 | 15.628 |1.00|-11.30 GPBiCGv2 | 4,417 | 5.761|0.91|-10.04
GPBiCG._vl 3,583 | 13.663|0.87| -9.53 BiCGStar | 4,282 | 5.452|0.86|-10.04
GPBiCG.v2| 2,859 |10.930|0.70| -9.86
BiCGStar 3,322 | 12.552(0.80 | -9.86 ooooooooon
00ddo 300bobobouobooobuobuobobo2o0d
gobooobogod gobodobobobobooboobuoobobooboon
(3) (c)O(d)oOooGPBICGOOOOODOODOUODOO goooon
000000000000 BiCGStar DODOODOO 0 3000BICGStar D000 120000000000
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Table 3 The ranking of computational time for iterative meth-

ods.

oo oo oo oo

1 2 3 oo
GPBIiCG 7 5 5 44 2
GPBiCG_vl 0 1 9| 10 69 4
GPBiCG_v2 2 6 6 56 3
BiCGStar 12 7 1 29 1
oo 21 |19 | 21 | 19 - -
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