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ABSTRACT

Extraction is the most important step in global minimization. Its approache is to identify and extract
subexpressions, which are multiple-cubes or single-cubes, common to two or more expressions which can
be used to reduce the total number of literals in a Boolean network. Extraction is described as either algebraic
or Boolean, according to the trade—off between run-time and optimization. Boolean extraction is capable of
providing better results, but difficulty in finding common Boolean divisors arises. In this paper, we present
a new method for Boolean extraction to remove the difficulty. The key idea is to identify and extract
two~-cube Boolean subexpression pairs from each expression in a Boolean network. Experimental results show
the improvements in the literal counts over the extraction in SIS for some benchmark circuits.
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Algorithm @ Boolean extraction.
Input © Set F of Boolean expressions.
Output © Set F of Boolean expressions.
Method :
begin
for each Boolean expression in F do
begin
generate algebraic divisor/quotient pairs S;
find two-cube Boolean pairs P from S;
end
for i=1 to |P| do
begin
x = argmax ,.p { weight(k) };

if (weight(k) < () then break;

/* x is the multiplication of x; and x; */
for each expression f€F
for which x, may be a divisor do
begin
substitute f with x;;
end
F=F U{xgs
for each expression fE€F
for which x; may be a divisor do
begin
substitute f with %
end
F=F U{x}
end
extract single-cube divisors for F;

THE B <
Aedn. aga, & As/F % HEAE
Fojstn g & g e A& A A
gt ME2E WEE ¥RAT o AF/%
& XFeE FolA =4 E MEE UFE
Aste FAo2 duYFL TAHA Yo
nrger g oz FHE FEHE #
1 FFHE EeE Folnl =74 FAA
TEHE AEL WFE A,

o 7: o 29 =gAEd U 9 dnIYF
& FHE3oh A AHA for-loopolA F EHH
(wx” + 2)(wx + ), Floz2H
(wx’ +2)(x+»E 4A Bk 75HE »

¥ 2 F9 (wd' +2(x+ )7 7H% 2 7
FAE 27 Wi (unx’ +2)(x+yE YT
o AN, un’ +25 Fyst FiolA 3502
AHEE7] BEel, Fygt FiollA we' +28 A



E2 HFE =%y gixdd. =8, F 9
xtye Fi$FoA N2 H4g =93
oF gAY + ik A, dnyEe Nze
HEE =908 g9 =94 Age 43%
o

Fo=t (ux+y)

Fi=ts

Fy=wxy+zs

F,=ux'+z

F=x+y
dRIAFL 16709 FHES 231 YE =74
=°] AEFHATG Y, dFFH B o
B FEHE F2T A AA 1749 FgHE
< e U2y =45 A28 80

Fo=wxz+¢

Fi=xz+1¢

Fy=x(wy+2) +yz

F,=(wx' + 2)y

4. 238 A3

AA R LdnEEFL Pentium IV 14GHz
CPU PC9 Linux @74 Agsqar. 439
AAE M A7) HEA, hREY ATFAEo)
vz ez ArgsteE Ad 7w did TE
4 A& 9% d&Y HAHE =T SISL2
(BE MIS)$t 8% 238 =gy 59 &
#FE Aoz nlmatgt) SISI2E FEAL
F2387] YA SIS12 B "gkx -b'E
WA FP&a, g "gex -b"E FAE F F
Y =Y4EY FHE HE5E A2IES 519
o} SIS1.29) "gkx'e e BEAL 2+ & 3} of
HA g TP FHo|3, "gex"E ©I F
THE Fol HHE FHyPst= wHo|g, A
4 232 F 39 AYstgo E 39 A WA
He& HXvta Fz9 olgo:, TL 2749

e dAa F29 4F +9 29 $£5

i

g 28 g0H 38 =2/4

4

2 479

RURp )
&

ojch. & ¥ SIS127F F3stn A

3 JFE Ve Aolm, wixg &
oA AjtE WHom WAulz 3
P A5 Y F de FHE s
Aotk & 3o2RH SIS12E WA
A (symmetric expression)! rd53% rd73
A A BEEY Je o FgHES 2
g2z FAFIJD. a8, vHA wxwt
g2 g E At whlo] SIS12 B
e 9 YHES 2 IF22 F4HA

o'y
e

9 o
= o f

g
e

R L O - 1 Y o )
) R
rl

<% 3> 4¥ 29
<Table 3> Experimental Results

S151.2 Rloratgd
o | &3
8= = | & | CHE | N | gy | Az
s |® | | &
Example1 4 3 17 0.1 16 0.1
apex? 45 45 2627 2.0 1101 1.9
rds3 3 71 0.2 73 0.1
rd73 3 164 0.4 169 0.4
cont 7 2 23 0.1 23 0.1
z4mi 7 4 70 0.2 61 0.3
cmb 16 4 70 0.1 57 0.1
c17 5 2 10 0.1 10 0.1
vg2 25 8 105 0.1 102 0.1
decod 5 16 52 0.1 51 0.1
5. d&

sz F847 2 ol4e A4 HF
= e

Be =9828 @7 AddE F 2 %
UsA AeHE 3EH2E Bl 7 2o
B2 ALEHA RHES FAGE o 22T
Yolt}. olei@ Aol ¥g F TS

3 BEEEsA nesn 3% w4 4E
W ANz F A7kl

N, @7 SISI2AY WEH PHez WA
zg B AL FUSY, ¥4 A
2%g 9 4 ¢ B P TAS o
287 f4, B =AML 249 Fuz



480 MEZ FEHEXMERE AREE '2006. 10. Vol 7., No 5

TAE B& AL o) &3t FYPNNE 2
X, THYAR HoyAg agstd F@A)
HE MFE U2 29 5 e T54E
EF gyt oA A vmste 4
P A Xvla 329 giREAA BHE A+E
d 5 st AEEAFEEEH A Wy
SISe] RZE £¢om LW w Y
NeEgE €49 &+ A& 3o

_,I"«L[U[O
of W & o

rok

i o iy

FaEd

(1] R. K. Brayton and C. McMullen(1982).
The Decomposition and Factorization of
Boolean Epressions. Proc. ISCAS, pp.
49-54,

[2] R K Brayton, R. Rudell A.
Sangiovanni-Vincentelli, and A. R.
Wang(1987). MIS: A  Multiple-Level
Logic Optimization System. JEEE Trans.
CAD, 6( 6), pp. 1062-1081.

[3] E. M. Sentovich, K. J. Singh, C. Moon,
H. Savoj, R. K. Brayton, R. K., and A.
Sangiovanni~Vincentelli(1992). Sequential
Circuit Design Using Synthesis and
Optimization. Proc, ICCD, pp. 328-333.

[4] J. Rajski and J]. Vasudevamurthy. The
testability-preserving concurrent
decomposition and  factorization  of
Boolean expressions(1992). IEEE Trans.
CAD, 11(6), pp. 778-79.

5] V. K. Singh and A. A. Diwan(1993). A
heuristic for decomposition in multilevel
logic optimization. IEEE Trans. VLSI,
1(4), pp. 441-445.

[6] W-J. Hsu and W.-Z. Shen(1992).
Coalgebraic division for multilevel logic
synthesis. Proc. of DAC, pp. 438-442.

[71 C. Yang and M. Ciesielski(2002). BDS: A
Boolean BDD-Based Logic Optimization

System. IEEE Trans. CAD, 21(7), pp.
866-876.

[81 D. Wu and J. Zhu(2005). FBDD: A
Folded Logic Synthesis System. Proc. of
International Conference on
ASIC(ASICON), pp. 746-751.

91 D. Wu and J. Zhu(2005). BDD-based
Two Variable Sharing Extraction. Proc.
of Asia and South Pacific Design
Automation Conference(ASPDAC), pp.
1031-1034.

(101 O-H. Kwon, S. J. Hong, and J.
Kim(1998). A Boolean Factorization
Using and Extended Boolean Matrix.
IEICE Trans. Inf and Sys, EB81-D(12),
pp. 1466-1472.

(11] A232006), 271 FFNA FTE
o] &3 =g &2 & d=FHiEH
25 8E =X 7(4).



