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ABSTRACT

Conventional binary addition rules require a carry formation and propagation to the most signifi-
cant bit, and lead to serial addition. Thus. the carry propagation in a binary addition stands as a
hindrance to the full utilization of parallelism optics offers. Optical adders using a modified
signed-digit(MSD) number system have been proposed to elimnate the carry propagation chain
encountered in a conventional binary adder. But. MSD number system must encode three different
states to represent the three possible digits of MSD. In the paper, we propose the design of a par-
allel optical adder based on 2-bit addition rules using the method of symbolic substitution(SS).
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Fig. 1. Recognition of the reference pattern,

(a) reference pattern,

(b) method of the recognition.
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Fig. 3. Output of the substituted pattern,
(a) substitution pattern,
(b) method of the substition.
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Fig. 5. Input and output relation of each block for two
digits.
(a) input and output for block A,
(b) input and output for block B,
(c) input and output for block C.
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Fig. 6. Representation of an MSD digit by polarized
light.

a9 72 8 298 HERsd e 89
A B, Col tlE qf - £ AAE eRTCH
MSD7}H+e 88t SSL(SS logic)ell 7%
TEE 39 79 4% e Hu S A4, o
g e £9sm Qe vl dHste Huow
Ak A7)M, Hee sase U, 0, T A
FRPow THATL WS the o 4vA R AN B
4 k.

(1) Q%) Q= 71ZFAHESo] dsis 2 sEol

me} deulole} G e BALR 2 g BE

(2) 1 EARS) 2 shaol e Q) B AR

& 0ol M 4570 A2 ARAARE
A7 3, Tl cns}wt: 45°91 A A /4 91447
AT SR LU aE B

(3) BAFEL 9] 3AES 2t Aele] A4 =

F7NEE AZE

(4) AZEH BAARES FH A7
FHE A FoA = Y FAEFE YT E e

ZigdH e &g 72702 o|F AT ¢

Aol
B 2ge] A2 Ao} gt wEkA, J1EH
Hg Eata gle dwre] FaetE & #8 X (thre-

874

t t t

t - - t

t 1 - ,
- Ve t tl
t — —

Va — — —

= 1] 5

t 7 t t

- 7 - |
7 ! LR
Va — —

1 — — —

/7 e —

- t Ve 7

7 /7 s

e — - 7

(a) (b) (c) (d)

8 7. 2 B8 th & X et 3]
(a) 7 2Alel e A= (x, yi) -
(b) 23 Ao t)g [ 73
(c) &% Bl gt x| §ht 3
(d) &2 Coll o & x| &7 &
Fig. 7. Substitution rules for the each block.
(a) input pattern(xi, yi) of each stage,
(b) substitution rules for block A,
(c) substitution rules for block B,
(d) substitution rules for block C.
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Fig 8. Block diagram of the generalized recogmtlon
systm for reference patterns.
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Fig. 9. Example of MSD addition using polarization'
coded symbolic substitution,
(a)input data representing xi and yi,
(b) output data corresponding to stage 1,
(¢) output data corresponding to stage 2,
(d)output data corresponding to stage 3{(final
output).
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Fig. 11. Block diagram of 2-bit adder.
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00 00 01 10 01 00
group A ——
000 001 001 010 010 010
10 11 01 10 11 11
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group B
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00 11 01 10
group C
011 o011 011 011
X X x X

(b)

0712, 2-¥EA] A8 f e
(a) @utH2l 39
(b) 167} 7Hg @ 2%

Fig. 12. Derivation of the substitution rules of the 2-bit
adder,
(a) general case,
(b) the 16 possible cases.
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Fig. 13. Derivation of the substitution rules for in-
crement,
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(a) Anr3Q 3¢
(b)97}A 7had A+
Fig. 14. Derivation of the substitution rules of the
preprocessed 2-bit adder.
(a) general case,
(b) the 9 possible cases.
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Talble 1. Substitution rules of 2-bit adder.

SSitHom uty] s 2t Aol & 59 s
2 A dig x#gte s o 2 tE FHZE
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=l
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(a) 1@ 149 285t %)

(b) 19 139 @7 ¥
Fig. 15. Substitution rules for the p_reprocessed input
and output,

(a) substitution rules of Fig. 14,
(b) substitution rules of Fig. 13.

=[] - (=]
Lt - =2

input digit preprocessed input digit
group
Xt Xi-1 ¥Yi Yi-y ci 12 Zi-y ti | 8i Si-t
o 0 0 0 0 0 0 0 0 0 0
0 1 0 0 0 0 0 1 ] 0 1
A 0 0 0 1
o 0 1 0 0 0 1 0 0 1 0
1 0 0 O
0 1 0 1 0 1 0 0 '] 1
1 0 1 0 1 0 0 0 1 0
1 1 0 1 0 1 1 0 1 0
B 0 1 1 1
1 ] 1 1 1 0 0 1 ] 0 1
1 1 1 0
1 1 1 1 1 0 0 1 1 0
1 1 o 0 0 0 1 1 X 1
[\ ] 1 1
c 1 [ ] 1
0 1 1 0

877

www.dbpia.co.kr



WEATE4RER ik '93-6 Vol.18 No.6

B F HFTEYHgS devh 1A A 2 uE
| 2¢kA SSaFF 9] o g dAMs
it AX2(XOR# ANDIH) 93 Hie
Ak %ALU(arlthmetlc and logical unit)oll 913z
A7l A aE 4 A,
M o 7543_ ] } AoR 7P P}, 19
%‘ﬁ’—iﬁ}ﬂ%“ﬂ o
714, sfede] 3
AWy o g7

o

& 519 SSLol N2 g & i - 9 15t el 2%
| 3z, o ez Wuos
o Q4B & 5eA R THE

(1) YZe A= 71ZHE 5 dair] 2 el
ule} B dio] el G 2] HAMHE A7) E ThETh
(2) 71Z e o) 2} ghaol gk QlE g o] HAME
EL2 0 daiMe 45°0 4 A/29 3R A
Eal7|a, ‘1S oz o,

(3) BAME o] 3hAEe 7t divly ddss A=

7= HEE )

(4) FZEH HALRE S FHAZIT

5 FHE 93Hl v2Aag Fol 71Eg ] o

HIAET FYsle s sio}

HpamE A ZolA 47)9] FAARE Huke
Ado] 7lEg el EAE 7FEZ ) weA o] & A 8]
& ohe At WES AAsY st viazg o
AFe £3 fgd s v E (invert) Bl Q& AHEgH
o 14" e g 2@ oz x#@ste 1S 9
o] Q1A GA & (1) — Q) 7R o, (L)NA HALEL S
270 W el

19 162 F dlolel X=00100110(38:0) ¢} Y=0011
0011(51;0) & AND$} XOR =] 44k8 & % 2.0 E
7Ha710 E 3t AAtshe o & vhERdTE
a9 16(a)e ¥ dHdlolg g8 AND9F XOR =g
HAiE 3 F olE j’]*‘%ﬁﬂiﬁ}i vrebd ziolar, 1
%i 16(b)& 2¥ 15(a)y 7IEA 5ol g SS#"’
:L%] 16(a) 9] & gtell 2 g3te] A& s 7

Eoll wal g3l to u}\'g #H}E AZEG ’—:h%
1/]'5]":“_‘4. a9 16(c) = FESHAZEE d X 2 9
& Aojgte g s 27 15(b) 2] SSHA S 3
:?94 HAEAH g Vel L, ol F it x,

o] & vepdich
878

tlo rle

s

rSL' f;}i il ;.= tio

C= c7 cc cs €4 C3 cz :1
—=|t}t]|=fet =0 o' o ao= 3810

=== = Z-z7zazszcz:z:z
=0 0 0 1 0 0 lhol- Slio

[ =1 1] = Jrertshirtor v
ol EEEI

(b}

Stage 2 .n.....n si S- :1 :c 55 ;A T’ 82 sn

(c)

i
i
]

!
1
i

|3== 8910

8 6. ﬁ*-‘*”iﬁ}‘%‘ SSE A& & AAel | 2-¥EAL
o} o
(a)C1 ziE YEhl = 98 dlolet
(b) &A1)l & dlo]e}
(c) ©+A129] &4 dlole}
Fig. 16. Example of the preprocessed 2-bit addition
using polarization-coded symbolic substitution,
(a) input data representing ¢i and zi,
(b) output data corresponding to stage 1,
(c) output data corresponding to stage 2.
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