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Abstract
This paper presents properties of Exclusive-OR Sum-of-Products expression (ESOP) for multiple

output function and their simplification algorithm. First, lower bounds on the number of products
in minimum ESOP(MESOP) for multiple output function are shown. Then, an algorithm to simplify
ESOPs and to prove their minimality is presented. Exterimental results for arithmetic functions and

randomly generated functions for up to 10 variables are shown.
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MLP3| 6| 6 18| 15
ADR2| 4] 3| 7| 7
ADR3| 6| 4| 15| 13
NRM2| 4| 3| 7| 7
NRM3| 6| 4| 26| 17
SQR4 | 4| 8| 15| 8
SQR6 | 6| 12| 38| 15
ROT4| 4| 3| 8| 7
ROT6 | 6| 4| 17| 14
LOG4| 4| 4| 10| 8
LoG6 | 6| 6| 33| 19
WGT4| 4| 3f o s
WGT6| 6| 3| 22| 19
RDM4| 4| 4| 6| 6
RDM6| 6| 6] 15| 12
INC4 | 4| s| 7] &
INC6 | 6] 7] 11] 10
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1. #E2 DA
B f OMESOPAEF &L, ROKHILEINBLT 2.
F(0,0)2°° @ F(0,1)z"y" & F(0, 2)z%y?
@F 1,0y’ ® F(1,1)z'y! & F(1,2)2'y*
OF(2,0)z’y° & F(2, D=y @ F(2, 2)z%y?
= f(z,y)
2z f(a,b)(eb € {0,1,2) 1 Bz by bFELLES

OPTHB. (Al IZBNT, (z,y)=(0,0),(1,1),(0,1),(1,0)
EBlL,

(A1)

F(0,0) @ F(0,2) & F(2,0) ® F(2,2) = £(0,0) (A2)
F(LL)® F(1,2)® F(2,1)® F(2,2) = f(1,1) (A3)
F(0,1) @ F(0,2) ® F(2,1) ® F(2,2) = f(0,1) (A4)
F(1,0) ® F(1,2) ® F(2,0)® F(2,2) = F(1,0) (A5)

2135, R(A2) & (A4) &Y,

F(0,0) ® F(0,1) @ F(2,0) & F(2,1) = £(0,0) ® £(0,1) (A6)
£18%. ®(A2) & (A5) &V,

F(0,0)® F(0,2) & F(1,0) & F(1,2) = £(0,0) ® f(1,0) (A7)
%185, R (A3) & (A9 &1,

F(0,1)® F(0,2)® F(1,1) ® F(1,2) = f(1,1) ® f(0,1) (A8)
5155, K (A3) & (A5) &1,

F(1,0)® F(1,1) ® F(2,0) @ F(2,1) = £(1,1) ® £(1,0) (A9)
%185, R (A2) ~(A5) &P,

F(0,0)® F(0,1) ® F(1,0)® F(1,1)

=f(0,00® f(0,1)® f(1,0) & fF(1, 1) (A10)

£133%. 7(F(a,0) = 7r(a,b) &5 &, R (A2) ~(A10) &b,
7£(0,0) + (0, 2) + (2, 0) + 7r(2,2) 2 7(0,0),
(L, 1)+ 1p(1,2) + 77(2,1) + 77(2,2) 2 T(L, 1),
7(0,1) + 7(0,2) + 77(2,1) + 77(2,2) 2 7(0, 1),
7(1,0) + 77(1,2) + 7(2,0) + 77(2,2) > 7(1,0),

7(0,0) + 7(0,1) + 7(2,0) + 7(2,1) > r(0,0:0,1),

77(0,0) 4+ 77(0,2) + 77 (1,0) + 7r(1,2) > 7(0,0: 1,0),

72(0,1) + 7¢(0,2) + 7r(1, 1) + 7p(1,2) > 7(1,1:0,1),
2(1,0) + 7r(1, 1) + 77(2,0) + m(2,1) > 7(1,1: 1,0),
70(0,0)+ 75(0, 1)+ 75 (1, 0)+7r(1,1) 2 7(0,0:0,1: 1,0 : 1,1)
%185, LOIEOREREMAS L,

4{rp(0,0) + 77(0,1) + 7#(0,2) + 7#(1,0)

+1(1, 1)+ 77(1,2) + 7(2,0) + 7r(2, 1) + 7r(2,2)}

> 7(0,0) + 7(0,1) + 7(1,0) + 7(1,1) + (0,0 : 0, 1)
+7(0,0:1,0) 4+ r(1,1:0,1) +7(1,1:1,0)
+7(0,0:0,1:1,0:1,1)

185, Ec,

7(f) = #(0,0) + 77(0,1) + 77(0,2) + 77 (1,0) + 7(1,1) +
r(1,2) + 17(2,0) + 77(2, 1) + 77(2,2)
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