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FFT
preconditioned inexact Newton-Bi-CGSTAB (bi-conjugate stabilized)
method  path following method
Tabor parameter u 1
preconditioner U 1
preconditioner

Abstract

A numerical method for adhesive contact in rectangular coordinate is proposed.
By using Fast Fourier Transform (FFT), the matrix multiplication can be performed.
Then, using preconditioned inexact Newton-Bi-CGSTAG (bi-conjugate stabilized)
method and the path following method, the adhesive contact for the contact between a
sphere and a plane can be solved. For Tabor parameter u less than one, it is not
necessary to use the preconditioner, ant this problem can be solved by a personal
computer. For Tabor parameter u greater than and equal to one, it is necessary to
use the preconditioner and it is necessary to use a large computer.  With this method,
the adhesive contact for any arbitrary types of surfaces can be obtained.
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2.3 Rectangular Analysis
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3.1 FFT and Convolution
(5) 2.Ci > C,P,
256 % 256 ZCij 256* = 42,994,967,296
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3.2 Inexact Newton-Bi-CGSTAB Method
3.2.1 Inexact Newton M ethod

F.(h,h,,A ,h,)=0 i=12,A,N
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start: initial guess H,
dowhile |F(H,)>¢

solve dH =-J*(H,)F(H,)

H,.,=H, +dH
end do
(5) Jacobian inexact Newton method
Inexact Newton method[14]  Newton Raphson method
Jacobian Jacobian

start: initial guess H,
find F(H,)

Outer iteration: do while |F(H,)|>¢
inner iteration: find dH which satisfies
F'(H,)dH =—-F(H,) + R, where [RJ/|[F(H,)] <,

end of inner iteration
H. =H,+dH
find F(H,,,)
end do
inner iteration
Bi-CGSTAB

3.2.3Bi-CGSTAB Method
AX =B A Krylov space method



non-symmetric
conjugate gradient
F'(H,)dH =-F(H,)
Bi-CGSTAB AX =B
Initial guess X,, R, =B-AX,
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Bi-CGSTAB
Inexact Newton method
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if X, small enough, the quit.

R=s-wT
end
inexact Newton method inner iteration A=F'(H,)
B=-F(H,) X=dH Bi-CGSTAB dH
AX B FFT Appendix A

3.2.4 Preconditioner
Bi-CGSTAB

Precondition
M7*=A MA=I
A=F'(H,)
approximate inverse
preconditioner
minization method

diagonally dominant
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preconditioner
AX =B A
MAX = MB
diagonally dominant

Frobenius norm
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3.2.4 Kéller's Path Following M ethod
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Feng[7] inexact Newton iteration
F'(H)Y =F,(s,)
F'(H)Z=-F(s))
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3.2.5 Numerical Scheme
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3. A Inexact Newton method
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Bi-CGSTAB  precontitioner
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dH =Z - dAY
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A = A, +dA

d. F(Xn+l'A1+l)’ N(Xn+11A~|+l)
3 5
5. turning point 3 4

{Hnﬂ =H, +dH
C.

512x512 20% 20 Feng 1000
20 4 01
1 3 outer iteration inner iteration max |dH, |/ max | H, |
10°°
u=0.1 a=-6 a 0.05
a=2 u=1 3 a=-6 a 0.2
a turning points path following method
turning points inexact Newton-Bi-CGSTAB method
a=2 1 =01 diagonally dominant
preconditioner U221 preconditioner
IBM P690
FFT  preconditioning precondition
FFT
FFT IMSL pardld library  NAG parallel
library Dr. Takahashi
FFTE table 1 1 =01 preconditioner
1.8GHz cpu 512M RAM
table 1
W a Feng
Hu=1 a=0 u=1 a=0
Feng

4.2 Discussion

IBM P690 48
W a

preconditioning
FFT Krylov space method
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FFT inexact Newton method  Bi-CGSTAB preconditioner path

following method

Feng
U preconditioner
precondtioner M=5
Acknowledgements
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Appendix A
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oH;)= -
(H)) (H;+1)° (H, +1)°
FFT
F(H
J(H,)oH Yy i gy
B T T o0H,
1 0A OfdH,] [Cy C, A CyuJo'(H)dH,
01 A O|dH,| |[Cy C, A C, ||0'(Hy)dH,
M M O M M M O M M
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FFT

Appendix B Five Diagonal Matrix

CO,O C:1,0 C:O,l

five-diagonal
4x4
01 2 3
0 x x x x
1 x X X X
2 X X X X
3 X X x X
five-diagonal
k i 123012301230123
0 0 0 x x X
1 x x x X
2 X X X X
3 X X X
4 1 0 x X X x
1 X X X X X
2 X X X X X
3 X X X X
8 20 X X X x
1 X X X X X
2 x X X X x
3 x X X X
12 3 0 X X X
1 X X X X
2 X X X X
3 X X X
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Table 1. Computer time

condition H
3 1 0.1
PC |noprecond | X 2h13m
no precond [(diverge) |[4h41m|57m
IBM |serid 19h53m [3h2m [1h23m

P690 (parallel 4 cpu [14h42m |2h8m [1h5m
parallel 8 cpu [12h 1h22m|43m

number of pts(316pts |180pts|160pts

A vs. Pfor u=1, S=3

A vs Pfor =1
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