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Abstract For two given logical expressions and, when expression contains the same part of the logical expression
as expression, substituting for thatpart of expression is called a substituted logic expression. If asubstituted relation
is established between the logical expressions, there is an advantage in that the number of literals used in the whole
logical expression can be greatly reduced. However, if the substituted relation is not established, there is no
simplification effect obtained from the substituted expression. Previous methods proposed a way to find substituted
relations between logical expressions for the given logical expressions themselves, and to calculate substituted
expressions if only substitution is possible. In this paper, a new method for performing substitution with addition and
revision of logic terms is proposed in order to perform substitution, even though there is no substituted relation
between two logic expressions. The proposed method is efficiently implemented using a matrix that finds terms to
be added. Then, by covering the matrix thathas added terms, substituted logic expressions are found. Experiment
results show that the proposed method for several benchmark circuits can reduce the number of literals, compared
to existing synthesis tools.
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Table 1. Indexes for /'

Term, f;, of F'| acd | abcd| abde | ace | bc'd | bde
index(f i) 1 2 3 4 N 6
Table 2. Array for Substitution
quotient, kj , ,
c b | ef |ad | ¢ | df
Term, g;.0f G
ad 1 2 3
bd 5 6 2 5
ae 4 3
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G=ad+ bd+ ae
H=bcd+ abc’ e+ aef

Table 3. Added Terms

Expression
Term to be added

ac'd
adf
bed 1
bdf

’
abc e

abe

aef
ac’e

adef
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Table 4. Added Terms for Cube Split

Expression
Term to be added a
ac'd
adf
bed I
bdf
abc’e 2
abe
aef 3
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begin
for each expression F'& L do
for each expression G& L | {F} do
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Table 5. Experimental Results
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Circuit SIS Chang & Cheng Kwon Proposed method
Name li#:cr(a)l{s E;ICI?) # of literals g?cc) # of literals E;rcréc) # of literals E;rcréc)
alu2 446 6.2 417 2.1 367 1.9 361 8.8
alud 829 25.4 784 5.1 775 6.2 772 30.5
apex6 807 0.3 795 1.3 795 1.1 764 2.1
apex’/ 278 0.1 263 0.3 263 0.2 263 1.1
dalu 2003 6.2 1768 18.7 1748 9.6 1748 19.9
des 4048 322 5697 65.4 4023 59.2 4023 69.9
i8 1817 4.2 915 253 1012 235 915 325
i9 750 0.2 729 6.2 731 4.9 725 9.9
rot 751 0.4 698 0.3 691 0.3 691 1.2
481 2608 33.1 1958 9.5 2004 17.1 1948 36.6
C880 416 0.2 413 0.2 412 0.2 412 1.2
C1355 562 0.3 558 0.7 559 0.6 551 1.5
C1908 631 0.8 597 0.4 597 1.5 597 1.9
C2670 843 0.8 829 1.2 825 1.2 825 2.3
C5315 1961 2.4 1914 34 1901 3.6 1901 4.1
C6288 4212 13.4 3747 7.4 3689 14.2 3685 154
C7552 2522 5.2 2410 5.4 2420 5.3 2402 7.3
sum of literals 25,484 24,492 22,812 - 22,583 -
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