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

Duck Soo Noh*, Jeong Woo Kim**, Woong Ho Cho***, Soo Joong Kim** Regular Members
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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 results 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.

AR dty At
“*AEdgn AAFeI
T FA A EUHE AAA LT

FOCER ¢ 95301-0904
BZAF : 1995% 98 4H



270 i BLE 2 RAEHCEE '96-1 Vol .21 No. 1
1. & B 9 NEAES FEH0R FEE o 15X 73
Pt g F Aol rFtng aAF e
By dibrle BAFEY 7 FoknAM F3HFE 9 +& Hagse Rl Yo
7% ;}L)«gg_io]q. BARXE L &0 R EE] o B owRoldE BHE sl FEE Asd A
A wrAEh= A5 94 (interconnection), A& xel ol AFE AR BT NFAWYEL ALstact. B
gAA, o9 E woltH(Von Neumann) B58%3 =

& 223 4 ok BAFE Y ARFAAAA &Y
Aoy AdAxe LaRe F2 FHE(spatial
light modulator, SLM)& F2 At&stn, Wz
AEAdclr E2OWE T2 o] &Y, FWE 7M7)

v oBaEE AR o ?‘;*&71% FolA FparE
et 1A F28 J1BRA Fol sueld wabd
By bl WEA ) mtaw. a2en we A

alhE B e de BAS £ o8 Uxs
2 e FHA (number system)t ¥ doletel &
Bl 2z WE Abgstdol stk A gaAle] B
gd spaty] FEojAE o)A (binary number)"
#4 (residue number)"?, ¥ $(redundant
number)® " F3 2L FAAS A4ees W Eel F
2 A7 gt

ol E ALgF N HIE A ol JMivie At
e 8 g¥LE A Avhabrlel 9 &EER
AF4g N dA A7
Abole] oz o g Y4 A AAe]l HAyaith
&l A5E Abgsted BVPIE FRYE A e Ads
Atelel elzAg ZtA] 7] wBe] AT Alte] =&
Aelarel dig sHabe A oAk 2eid o] o
dabstazt sk 9 ghol E4% B2 &
FAG w28 AT Yoang Fdo| oy

dal g ol &8 AAI2Re 2 dAe] 713A el
ole) &Rl FHRG FHA ME FAT 4+ v
Ag7A A5 o= 3 AEe] MSD(modified
signed digit)"**'9t 9o o}z 4 (redundant binary
number, RBN)™7} sl MSD 721 & #etse s
Fd5t7] 9léled Brenner®” e o WHALE o &
FAERE 349 A7 Raste HY R3Es 5 7
ALY E Adetgdan olgel MSD 7MI7iE 2
DAY slEAger FAHD ABFHES 7 GAnG
2, =& Giuseppe A "2 BWY dAE g
o] o|AFE AEtg o A4S Yt AlEAge |
SR FARL Z4 dAlntt Bdd AP E 2=

AFA /\E‘J

270

= AFER AE AN e 71T A3 739

A3 - g FAlad FHol shgst
t} wjo] 713 gk At JEHAAY F 1670 of
m, 71 EAP FH & HALuEr] Yt B A
RS A e dEAEE FUdLoR g 59 2
(group)2& EFsUct o 9 & o] THE 9¥
He $99222 <43te A& SDF(synthetic
discriminant funtion) ¥&""4 MACE(mini-
mum average correlation energy) ¥el''e 71&
Y FAYE o1 &E W shgstth. SDF HeEis
MACE %8 F & 5949 #71 78t AW &
At el disi A Al wla) o] Ayt obF ztm
AE) #oyrzt $487] HEo B AFdNE MACE
el 2 dgsidct. w8 2 Iy S FoA90
slal EHfHE Fusiatgon ARH AsdH s
Fato] Aloky B2 EXNY Wiyt BEE b
T e HAA

A
W
2

ol ALeA Fel B

2 REEY, A7 a8 0 Be otk do of3lFd

D = z @, 271NN even (2)

2 BEEY. oA7IH re A48 A4S vehdy
a0 E¥ 1otk A ()M | gl tig fx v

=

'wil%el A=

88442211

rnrnrnrn
o2 ey RE 943 7HEAEe 2E VHFAE 2
A4 ztedh 2hEAVY e o AYF A 8% 2

4% riredundant). 28% #2842 n(normal)



/A oAy BHE MY E 9% BAR V1TAY

271

olg} @r}. 71&9] o|WAFE Yo olAFE sEE] o
g 7% Al

0—00,1—01
& AME-sla 71E9]
ek, oleld wWyer d& dd
(canonical form)elgt &dt. 2t 9o oFE s
o ¥5¥3 o3 Yo XEES 7B B 1& R
£ 9o ojzl4e XEYW o HAS ot}

ojzlFol X oo olHFTE & F
= #
= o

P
-
SRS

. 2of olzs2 Jjat

Jda o)RAF9) 7Hde rn AEs Aol diEtd AR
of & Aeold 7|zXNY FAEL AET22N, 2749
oo olzlgrel Mg WE2 YL £+ U E 2&
o] elalge) spbE AF ZIzAE FHSY 2R
th E 204 ue dFEe] 9F goln, [ FY of
A% Polol 7Y Aol ol F: AL & AAT
F 4% or olFdch

E 2004 48 2e shRAE Ze Ads AX7
#13% AR 249 rn ARS Aoln NEAHE 2
He atele AU #1393 A A9 o B A
A +2 8 +1Q 3H rn el o] AL VN
A% 739 Al 4H 45 Fol 4 294 ¥E
o @ BEF HEQRC. F 9] A9 m 4 3
o o A% AL U, 2 Lyole sz, N5 #3

a3

o

E 1 $30E 99 odse BEEY3 9o B o

of Agd 289 49 m A% &4 m B/ 4z
Usse % Lo©l? 812

Uin+ Lin = Uout + Lout (3)

7t €@k ® 2014 N HIES] Ho(N:B4)E Ze o
o ol VIEAY FAE 2¥ H{sdE, 1 AFHe
A48 BEDE ¥4 N9 0 BIEER 4T a9
g 4 (3 oAstd &9 HEGe] JHt s} Ao
ag 12 2749 949 <135 M Y8l A3ty
E 29 7|38 H3S IR AH&se AF i)

E 2. 99 ojAFe sME A% 713X 73 AR
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

gl
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a8 1. do oA
A4 7y

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 $8
01 10 00 00
1
11 10 00 01
e SRR
D O 00 10 11 01 e B
01 10 n
@ 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. 16 input patterns for computer simulation.
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Fig. 8. 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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E 4. 16709 =9t $UF MACE eiete] 4R35
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
& | 4w | swew | 200w
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)
, | &8 248 (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 | 88| ;e

E 5 Qagoelol & sdel H4 2 A45A spolor & Yol Ho) 4AFA

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

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%

Oﬂ (1)10*’(33)1()9] “‘?“ii" r’“‘a%‘ %"'7}3}'9&‘;}'
nd 89 |lHEFt 4 Tde el AuAAE Y 9l
UERAI. B 40lA el V)&l mak BEaE g A
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(a) (b)

() (d

a8 7. (a) a2’ 6(a), (b) 21¥ 6(b), (¢) 2¥ 6(c). (d)
a8 6(d)d (e) 18 6(e)8] FAEFY FE3 A
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.

(e)

ARt

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 1y 89 dEH (a) 19 (b) 2-0F, (0) 2-0%,
(d) 323 (e) 4% MACE ¥E ¢ o 4ads

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). (o) 2% 9(c), ()
28 9@t (o) 2¥ 9(e)el FHEXY 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 89l 194 Mk
Fig. 11. 1st step addition results of fig. 8.
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