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Symbolic Substitution Based on Optical Correlator for Optical Parallel Addition with
Redundant Binary Number
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ABSTRACT

We proposed a symbolic substitution method based on an optical correlator for an optical parallel addition. In the proposed
symbolic substitution method, we used redundant binary number which was easy to minimize the number of the symbolic substi-
tution rules as a number system and chose MACE filter which had very low sidelobes and good correlation peak compared with
SDF filter as the optical correlation filter. We encoeded input numbers properly to increase the discrimination capability and divid-
ed input patterns into 5 groups of the same addition resuits to minimize the number of symbolic substitution rules. Through the
computer simulation, we confirmed the proposed method was suitable to implement the optical parallel adder.
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Table 2. Truth table of symbolic substitution rules for
redundant binary number addition

I u
00 01 10 11
00 00 00 00
00
00 01 01 10
00 00 00 00
01
01 10 10 11
00 00 00 00
10
01 10 10 11
1 00 00 00 00
10 11 11 11

Table 1. Example of unsigned redundant binary numbers in canonical and redundant representation.

. Redundant binary number
Binary
Integer Canonical )
number Redundant representation
form
0 000 000000
1 001 000001 | 000010
2 010 000100 | 000011 001000
3 011 000101 | 001001 000110 001010
4 100 010000 | 000111 001100 001011 100000
5 101 010001 | 010010 001101 100001 100010
6 110 010100 | 010011 011000 001111 100100 100011 10100
|7 111 010101 | 010110 011001 100101 100110 011010 101011 101010
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Fig. 1. Parallel application of the symbolic substitution
rules in Table 2 on two RB numbers to perform
addition.
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Fig. 2. An example of addition of two RB numbers by
symbolic substitution.
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Table 3. Grouping of symbolic substitution patterns of coded input patterns.

Symbolic
Group no. 16input RB number Coded input pattern substition
pattern
00
0
0 3
01 10 00 00
1
11 10 00 01
2 ........................... .Bj
0110
@ 10 01 ﬁg ga
01111110
3 11 01 10 11 mm&m IED
11
4 i 22 ullF
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Fig. 3. Optical system for coded input patterns.
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Fig. 4. Optical cascaded correlator system for symbolic substitution.
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Fig. 6. Correlation results of 16 input patterns with
MACE filter of (a) group 1. (b) group 2-®,
(c) group 2-®, (d) group 3. and (e) group 4.
respectively.
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o (1),,+(33) 2 *

Group1 | Group 2D | Group2-® | Group3 Group 4

(1) Minimum correlation

88.2% 96.2% 94% 92.6% 100%
peak of true pattern

(2) Maximum correlation

62.4% 68.8% 69% 69.6% 4%
peak of false input pattern
Difference of (1) and (2) 25.8% 28.4% 25% 23% 56%
Fo3 Eg Frisigoh & 129 109 Jehidc.
2 89 i3 7 FHege] ABARE 1Y 9ol T1EH 1090 miElRlAo] A A HAY:

weRH LI,

276

E 4. 16709 d4oeis $UF MACE S 9te] 28453
Table 4. Correlation peak values of 16 input patterns with each group MACE filter.

group 1 group 1-@ group 22 group 3 group 4
input | MACE filter | MACE filter | MACE filter | MACE filter |MACE filter
group pattern; correlation | correlation correlation correlation correlation
_peak value | peak value eak value | peak value eak value
& | 41 @an | e | 230 0m
1 O | 415415 | 2519 | 15482
$8 | 500 (5000 | 294 311 | 209 (247
28 | 460 (460) | 2783000 | 256 (309)
5 | 21616 | 457 (494) 257 (273)
KBS | os2 s | 457 (499 295 (313)
2@
88| 27 24m) | 463 (500) 326 (346)
$ | 2@ | 445 sy 248 (263)
8| msen 423 (500) | 328 (348)
2@
0% | 20120 398 (470) | 328 (348)
& 268 (284) | 292 (345) | 471 (500) | 195 (199)
, | 98 248 (267) | 258 (305) | 446 (473) | 211 (216)
N 277 (299) | 280(331) | 436 (463) | 183 (187)
2 259 (280) | 281(332) | 461 (489) | 215(220)
4 | B 489 (500)
o | $8 | o

E 5 Q4golol & sdel A4 2 45

opolol & wele] Hu AFBHTA|

Table 5. Minimum and maximum correlation peaks of true and false input pattern, respectively.
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() (d

a8 7. (a) 2d 6(a), (b) 2¥ 6(b), (¢) 28 6(c), (d)
a8 6(d)d (e) 28 6(e)8 AEXY FEg 2
7

Fig. 7. Thresholded results of correlation distribution
of (a) fig. 6(a), (b) fig. 6(b), (c) fig. 6(c).
(d) fig. 6(d), and (e) fig. 6(e). respectively.

I8 8. (16)10*(18)103} ( 1)10*(33)109] Bygd dud
Fig. 8. Coded input patterns of (16),y+(18);5 and ( 1);#+{33)y.

(a) (b)
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a3 9 a2y 89 JEH (a) 1% (b) 2-0F, (¢) 20,
(d) 323 (e) 4% MACE ¥H ¢ o 4323}

Fig. 9. Correlation results of input pattern of fig. 8
with MACE filter of (a) group 1. (b) group
2-®. (¢) group 2-®. (d) group 3, and (e)
group 4. respectively.

a8 10 (a) 28 9(a), (b) 2¢ 9(b). {(c) ¥ 9(c), (D)
a3 9(d) s (e) 27 9(e)el Feyxel FH3 A
fus

Fig. 10. Thresholded results of correlation distribu
tion of (a) fig. 9{a). (b} fig. 9(b), (¢ fig.
9(c), (d) fig. 9(d). and (e) fig. 9(e). respec

tively.
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a3 11 29 89 194 7Kk
Fig. 11. 1st step addition results of fig. 8.
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