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Abstract

In this paper, a pixelated binary phase grating to generate 5X5 spots is designed using simple
Genetic Algorithm(sGA) composed of selection, crossover, and mutation operators, and it can be
applied for the optical interconnection. So as to adapt that GA is a robust and efficient schema, a
chromosome is coded as a binary integer of length 32X32, the ranking method for decreasing the
stochastic sampling error is performed, and a single—point crossover having 16X16 block size is
used. A designed grating when the probability of mutation is 0.001, the probability of crossover is
0.75, and the population size is 300 has a 74.7[%] high diffraction efficiency and a 173x10"
uniformity quantitatively.
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Fig. 1. A pixelated binary phase grating.
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Table 1. Comparison of genetic algorithm and
traditional methods.
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simple Genetic Algorithm()
begin
t< 0
initialize P(t)
evaluate P(t)
while (not termination criterion) do
select P(t+1) from P(t) // selection
alter P(t+1)  // crossover and mutation
evaluate P(t+1)
t « ttl
end while
end

a8 2. sGAY gx
Fig. 2. Pseudo code of a simple genetic algorithm.
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Fig. 3. System architecture for the optical
interconnection using LC-SLM.
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Table 2. Optimal diffraction efficiency and uniformity on the probability of crossover when p, is 0.001
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Table 3. Optimal diffraction efficiency and

uniformity on the probability of
mutation when . is 1.0 and pop_

size is 100, 200, 300, 400, 500, 600,

respectively.

pm (%] 00005 | 0001 | 00015 | 0002
pop_size 500 300 600 600
HEE (%) | 728 | 744 | T3 | 711
THE 0168 | 0161 | 0274 | 0237
Pm (%] 0.002 | 0003 | 00035 | 0.004
pop_size 600 600 600 500
A EE (%] 739 72.1 55 | 644
TdE 0340 | 0339 | 0624 | 0487
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Diffraction efficiency on the generation
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1s 100, 200, 300, 400, 500, 600, respectively.
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Fig. 11. Consuming time on the generation when
pop_size is 100, 200, 300, 400, 500, 600,

respectively.



64

2% 118 2% 109 AAE AR e, 27
o) Al EdskE Ak 34T Aved, A8
sldes Zxshz AxE AAsked 4fsEs A%
& el Aolk M & 4 s, AR
27} A5 W2 27Nl Be, m9eke A7) A
FHoz 2Rt

2
=

V. =

B =RAE 5x59 AES Aelalr] 4t o)zl
kel 34y AR AdA sGAE A-43}ed
gefvlee] Wzl & BAe FA8la 5x5, 3
%3, 4, x" moke] Hlg wbAlEE AALE A
24, AAY A=) wleh EHozo) 9 el e
2 AR olFoA S 9le-S dotrgith

74z 9AR Edwle] FES HE3e, Fashs
g G aml] FEo] vz FIgE gohE 2
o}, sl 38 0.25 ojideld 67 [ %] o] HAHA
&3 298x10°" ol8le Td EEES Adw 53 E
oiwo] &gl 0.001, AT =771 3008 =,
vl g 07504 747 [ % ] 9o 2 IHEEET 1.73
x107'9) oHHE T BES ZE AxE 9S4 9]
et

o] ixE AL o a7EE FE
F3he Hule dud vixe g3 ¥AF A,
o 2Rgo] 1.0, MAZL =717} 300 =, E<iwo]
2HE 0001914 744 1% ] & &2 3AHE87 161%
1079 A" 7o FEE ZE AxE 9L 5 U
23

=RL o)At kA BdAxte] A leA
NATL] zld] WE 54 M3 AF, S9wo]
ghEo] 0.001, aw) BEo] 1.0d o, AT =)=
30022 8k, 400 AHNE QAAkebH, 74[ %] oA
o] A E&YS 4L 5 ok

>

oL
(o

o

=
b
L

Zdngd
[1] D. E. Goldberg, Genetic algorithms in
search  optimization and
learning, Addison-Wesley, 1989.
Z. Michalewicz, Genetic algorithms +
data structures =
Springer-Verlag, 1992.

machine

(2]

evolution programs,

(644)

A dnEE A4 # 45

(3]

[5]

[6]

(71

[91]

[10]

(111

[12]

[13]

FHE
L. Davis, Genetic algorithms and
simulated annealing, Morgan Kaufmann,
pp. 8-11, 1987.

J. S. Yeun, Y. S. Lee, N. Kim, S. H. Kim,
J. U. Um, and R. S. Kim, “Multi Phase
Only Filter Design by Simulated
Annealing Algorithm in Similar Pattern
Recognition,” Opt. for Science and New
Tech., SPIE, vol. 2778, pp. 535-536, 1996.
AR, ofdd, e, 9F% IR
“SA-MPOF9] 41 & 348w #ojriel
B4 F=EAEE] =1, vol. 21, no. 4,
pp. 855-868, 1996

L. H. Tsoukalas and R. E. Uhrig, Fuzzy
and neural approaches in engineering,
Wiley-Interscience, pp. 539-557, 1997.

J. W. Goodman, Introduction to Fourier
optics, McGraw-Hill, pp. 351-363, 1996.
M. Li, A. Larsson, N. Eriksson, and M.
Hagberg, “Continuous-level phase-only
computer-generated hologram realized
by dislocated binary gratings,” Opt. Lett,,
vol. 21, no. 18, pp. 1516-1518, 1996.

H. H. Suh, C. H. Kwak, and E. H. Lee,
“Combined binary-phase holograms for
free-space optical interconnection,” Opt.
Lett.,, vol. 20, no. 20, pp. 2131-2133, 1995.
D. J. Lee, N. Kim, S. H. Song, and H. H.
Suh, “Optical routing system consisted of
spatial-light-modulator and kinoform
phase  gratings,”  Diffractive  and
Holographic Opt. Tech. I, SPIE, vol.
2689, pp. 300-304, 1996.

D. J. Lee, N. Kim, H. H. Suh, and E. H.
Lee, “Dynamic Optical Interconnection in
Free-Space Switching System,” Opt.
Review, vol. 3, no. 6B, pp. 475-477, 1996.
o|SF, 2, olUY, LAY, ‘B AL
At 3y AR A 9 AR 9’
23] =8%], vol. 33(A), no. 5, pp.
860-869, 1996

L. J. Eshelman and J. D. Schaffer,
“Preventing premature convergence in
genetic algorithms by prevention,” Proc.
of the Fourth Int. Conf. on Genetic
Algorithms, pp. 115-122, 1991.



1994 7R WFITLEHGE £3648 D £ 7% 65

[14] N. Yoshikawa, M. Itoh, and T. Yatagai,
“Quantized phase  optimization of
two~dimensional Fourier kinoform by a
genetic algorithm,” Opt. Lett., vol. 20, no. [16]
7, pp. 752-754, 1995.

(151 AV, odwl, o] 24, RS, A9, &=

F A3 RS fddmeEE o 8% &
AT A7, AR EEEEA], vol.
35(8), no. 11, pp. 176-183, 1998

AR, A 5 A daeEE o8st
MLP #57)e] Faehs," A28 eEx)
vol. 35(C), no. 2, pp. 48-55, 1998

S I

F i H(EER) F 4% DI P 6 B8R € BUE&R) £ 338 A % 3R BH

(645)



