TF-BCGSTAB

TF-BCGSTAB Method Applied to Neutron Diffusion Computations

Katsuyoshi SOTANI

A numerical simulation for the neutron diffusion equation, which is one of the nuclear codes, consists of the
eigenvalue problem. Although we solved the original version by using the SLOR method that is commonly used in
computational physics, in this paper, we applied an improved version of the TF-BCGSTAB method that obtains
the TF-method's preconditioning for the BCGSTAB method. As a result of our investigation of the total
programming balance, we report on having achieved simulations that are nearly three times faster than the
conventional method as a whole. We also report on the practicality of a compositional alteration as an application,
and a result on the control stability problem support.
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Table 1 Relative Table for the Number of Inner Iterations

and Computational Time. (Residual norm 10 level)

and Outer Iterations. (sample)

Number of
Comparative| Inner
Sample No| lterations
1 3
2 4
3 5
4 8
5 10
6 12
7 15
8 18
9 20
10 22
11 25
12 27

Iterations

Number of
Outer

70
53
42
26
21
18
14
12
1n
10
9
8

Table2 Computational Time for the Number of Inner

Iterations.
JT time JT time

number| sec  |number sec
3 104.946 16 86.519
4 102.284] 17 86.246
5 99.822 18 86.121
6 97.557 19 86.182
7 95.587 20 86.381
8 94.016 21 86.835
9 92.674 22 87.573
10 91.455 23 88.718
11 90.348 24 90.332
12 89.366 25 92.337
13 88.468 26 94.674
14 87.669 27 99.833
15 86.953

Table 3 Comparative Table of Executive Time.

Relative| Improvedl] [General original

I Residuall version(sec) version(sec)
oo-1 39.632 57.742
oo-2 50.487 102.535
0o-3 74.083 191.297
0oo-4 89.904 268.906
0o-5 93.887 322.388
oo-6 96.629 384.698
oo-7 103.546 486.149
0o-8 127.794 691.309
oo-9 134.329 878.971
0-10 157.223 1207.465

Table 4 Comparative Table of Computational Value.

Computational The Maximum Eigenvalue
Saple Case| SLOR method | TF-BOGSTAB method
1 0.975108 0.975898
2 0.975874 0.976112
3 0.976734 0.977416
4 0.977546 0.978451
5 0.978658 0.979218
6 0.979807 0.980475
7 0.980674 0.981653

Table5 Comparative Table of Computational Results.

Presait lewel
Residual nom 104 level Time __ |Measured ratio
Gereral original version SR (O 288.9seq OO0
Inproved version TFBGSTAB |1 89.9sed 2.9 times
Bact _solutions” level
[Residual norm 10-6 level Time___|Measured ratio
Gereral original version SR (00 3.7seq OO0
Inproved version TFBGSTAB |1 96.6sed  3.98 tinmes
(6)
SX5/1CPU
. (Fig.6
10*
, 10°
(SLOR), 89
(TF-BCGSTAB), 91
cmartam of Bretion > G i
R %k Improved version
5 General original version
- 4};69;4;} feasi-
ble solution
Improyed ”””
version Range of accurate
77777 sﬁolu’ti?n
Time -

+ 89.9sec

96.6sec

Fig.6 Comparative lllustration.

1268.9sec

:384.7sec



7.2

1) Fig.6 , ,
, 1
F|g7 E 400
(2) ' é 20 -+ General original version
) 200 >k Improved version
150
(3) ’ . Number of Casss
ke ’ ( ) Fig.8 The Relation between Number of Cases and
Fo : ( ) B _
Convergent time.
B®d
7.3
: .k, |
.  ( _ e
) . |
@) |
Si (i=12:--)
, 1 1
' 5i - _ =
©) , ke K,
e - 9o 0
, k e b, (i=12:--)
1/3
_ ( ) 5
.(Fig.8 )
(6) Fig.7 Fig.8 10"
% + General original version
g X Improved version )
g 1
£
z

Fig.7 The Relation between Number of Cases and
Outer Iterations.



< Comparison of Execution >

The Intervals of Eigenvalue (%)
© & 0 o
/

7 Eigenvalue Intervals

1:lorder mode
2:2order mode
3:3order mode
4:4order mode

) \\

. \1\

60 80 100 120 140 The Size of Reector -
cm

Fig.9 Hlustration of Eigenvalue Intervals.

BCGSTAB , TF

[1] James J. Duderstadt and Louis J. Hamilton,

’ ) ’

(1982),pp.211-216.

[2]

1-18,(1987),pp.143-149.
[3] 10
,(1980),pp.132-143.
[4] T.Nakagawa : Summary of JENDL-3.2 General

Purpose File, JAERI-M.1998.
[5] FORTRAN

1982.
[6] R.S.Varga, Matrix Iterative Analysis ,Prentice- Hall ,
Englewood Cliffs,N.J. 1962.
[71 M. R. Hestenes , E .Stiefel , Methods of conjugate
gradients for solving linear systems, J. Res. Nat. Bur.
Standard vol. 49, (1952),pp.33-53.
8 , , , C
[ : :

; , VOL.5,N0.4,(1995),
pp.343-360.
[10] H.A.Van Der Vorst, BICGSTAB: A fast and smoothly
converging variant of Bi-CG for the solution of non-
symmetric linear systems, SIAM J. Sci. Comput., 13. 1992.
[11] AE. Walter, A. B. Reynolds, "FAST BREEDER
REACTORS”, Pergamon Press, 1981.

[12] ()
1989.
[13]
1993.
[14] R.Froehlich , in Mathematical Models and

Computational Techniques for Analysis of Nuclear
Systems ,USAEC CONF-730414-P2,.(1973),V -1.



