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Boolean Extraction Technique Using Two-cube Divisors and Complements
Kwon, Oh-Hyeong" - Oh, Im-Geol”

ABSTRACT

This paper presents a new Boolean extraction technique for logic synthesis. This method extracts two-cube Boolean subexpression
pairs from each logic expression. It begins by creating two-cube array, which is extended and compressed with complements of
two-cube Boolean subexpressions. Next, the compressed two-cube array is analyzed to extract common subexpressions for several logic
expressions. The method is greedy and extracts the best common subexpression. Experimental results show the improvements in the
literal counts over well-known logic synthesis tools for some benchmark circuits.

Keyword : Logic Systhesis, Global Optimization, Two-cube Boolean Expression.
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A9 1' W4 (variable) = & ¥3HBoolean space)dl| A
b AEE Yehlle a2tk 2lE D(litera)S W 2 AHA
TE= :L«] B (complement)th. X (cube)= EHEES
Aoz wd FHE o7t EAEHE, 29 B4 HE &
x3elx] Geth. 9sA(expression B sum-of-prod-
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2 =AM e R geds 189
o} HHAOE ALHE =

A FE {ab}= a9 F
ab +best TLE FHOIT

9] M EE(support) = =24 F& 74
Z sup(F)E B3 =24& 743
7J°ﬂ TEo2 AMgHE FHES %
24 FEHA (cube-free) Httn ol
- H FERZEE Yrolld s o, o] FH
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o 20 =24 FP=a+b'9 B, sup(F)= {a, b, c}. =¥
2 abte © FE HWAE Bold, =84 atac R oabe
FH AAE Bo] otk F=icde + abfc + abe + add
TAl F=blde+albctbet+cd) o2 FTHE F Jon o
o Fetbet+dd S IAE ool 3 Aol Hr}

Ao 3 =ydze Hed W 28 Z(directed acyclic
graph)2 X&8HH, 7 ==& W5 . & Yehiz, =g
4 p, & BRI 249 =24 Fo g9 #F FGE
{(C;U D;IC;eFSt D;eG}E V¥ pst g7F M2
=¥ METE(disjoint support)?! B¢ FeE WF Foli,



2 919 A¥ pee & wolth Fiee M8 2 #FE A
A % QF AESY, =84 FEF=QG+RE E3¥
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# BE, F/IGE WF %E, 1 99 BY F/GE TE
Bo] "t F/G=Q=o °la Q7F tF WAl s
AEE A4S g U4 AS(algebraic divisor)el il 1
99| A4 B8 A4(Boolean divisor)g} 3},

o 3 (a+b)(ct+d) =actad+betbds  HF FolH,

(a+b)(a+c)=a+ab+actbce F& FO|th F=ad+abc+bed
oliL G=a+be 7} FoIX BSE A F/GY AAEE O
F % a9 YA abert AEEL o] W, atbes UF AF
7V "tk F=abg +acg+adf +aef +afg+bd-+be+ cd+ce 9}
G=ag+d+ e’} FAA AY F=(af +b+c)(ag+d+e)ZE X
dd 4 ok o W, aftbtcE BE Ko, agtdtet
g AF7t A

22 714 7|4t 384 L&
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¥ =wzz+vz'y+yz
Fy=vz+vyz+uwz+wyz
F, = vy+uw'y

aH, Alg/H% A2 tgd 2ol AEdd =84 Ry
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e dE BHAu WA X 1o 2 AANH 2-FH
A QY 7 Aol ¥ AFE widst, o WA
o] &N & 20 2-FH PFH| & HYTh 474 =
7} 6709 2-FEA o] AEEHUY] Wi FBLE 4749 B
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E 1A index(wr+y)=322 Fo]l WA wZel,

T(Fn,mux'+2)=y,3°] Hoh 29 3y Y4 UEE B2
oz a9 W&ol AR

XY(F;C,p,)Zindez(qi) pl'Eqi O]T_qlEF}G%I“H

of 70 o 59 4/} =EAEFH o 69 2-FEH JPHZEE
ggd 8 AEe A3t £ 39 2ok ® 29 YE T
ol 671¢] F7he Aol ¥ 39 &9 3¥F XT ojth
F 3AM E vtxty’ 2 3E T A HA EA ¢ = uxly
+ xz A wxye] BEE 3 Zolth 9q7)A, p = v+ x
+y @ W, p = wy oL p'Eq °IEE, XT(F,p)
=index(q). &, XT(F,p) =10 Atk YA F7td &
P2 &2 9o} 22 o r AdEd.
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(1) 2-7E2 ROl T8 index B 9 gEzRE ] 4= PE TS wEY o] o), ¢4
dado) @3 @ FE 2-Fn A 79 2 Bk Sy
2-FE | uxy + owx’ + | wx vx’ X i il c e
g xz z vy | vz | vy |V #E XTNA 72 & S92 &4 A9 2-FH A7 F7bd
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q| vx’y + | vwx’ + wx vx’ X u’,
F xz z +y + z +yz + W (index(qj))' XT(Fk,pI)zmde:c(qj)
K, w v,3 2,2 ka’qi) _ ) Ol.l_q c pl%_]'lﬁ
£ z4 v,3 ko % 1919 7%
v’,6; %5;
F, w’,6 vz,5 .
I " o 8 o 79 PP XTZHE F 49 45 P4 CTE 7
: B0 XTe £ @€ B4 o] Aol ol WA @ v w'e
el 2 S A obF WA A ool EHEL, XTR, v to) = 2
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>-Fu Yd TS 4ED ¥ AN 74 g
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g8 TolA zt 99 2-FEA 7 § BEE T3, o 5 w »3 | 22 2
B gLslE e 2-FB gE T Fr1Ed. F7hE K z4 v,3
A3 7t daol ek Axodls e A6l w ol A v | 13
WA & 49 2-FE YD XTA F7h8 Gl & - .
HoE £d42 poldn @ A% 929 @S o8 2 : g
CE 3) A= 2-FE ™ XT
g | vx'y + | vwx” + wx vx’ X v’ v+x x’ vHwt | w’ v’ y’ 2
F xz z +y + z +yz +w’ + oy’ + 2 b +x’ +x + 2z F
F, w v,3 22 1 1 2 3 F,
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g w’,6 vz,5 5 F,
Fy y Fy




w
5 Y
N
o
S
-l
rz

i
o
1>
il
e
N
X
o

o omn gy !
N S
ol
el
N
o

o
e e

Ha

o2

N
ne
fe

ALE3HI T 2-FE 5
Bolate g stdeh. o7|A, 2-FEA ¢ 7FEA Fol
oy =goa FEHo=2 AHEE 7H5A4ol
14 =949 ggd A¢E £¢ F A Bk
ZolA NFg)E 2-FEA ¢ & EFste =d

Agola, Lig)E

W Lol A oae mlo o>
9 @ flo Ju
S
o

&
;>‘4:
>
o
o
E
rlo
M
ot
e
=
o
N
lo
fu
N
ofN
i:‘
A=
ol
=2

Aol

5 &
(tag)E Fol W& A&

v
HoHu 2oan do Hu A

=

Algorithm : 7} 2t (Weight calculation)
g ¥4E CT.
9 1 2-F8A ¢ (¢EQ) W 7HFA weight(q,)
begin
for all ¢, in @ do
g,.tag = not visited;
for each ¢ in @ do
g;.cost = weight(g,);
end;

function weight(g;)
begin
q,.tag = visited;
cost = (NF(g) - D(L(g) - 1) - 1;
if (cost <= 0)

return(0);
for each F, in F do
begin
it ((CT(F,, ¢;) == index(g;) and

(g;.tag == not visited))
then cost = cost + weight(g,);
end
return(cost);
end;

o 9: <¥F 4>9] CT BEAM ¢ =uwz+yol 3 7153
weight(g) & T3RAL WA, g.tag = visitedZ 73}
A g7t 7FEA AR o] & E A RIEF gl ¢ F
% Foold FEORE AMEEHAY] wEl NF(g) = 27} H
i, g AAE 309 EHER FAAHU7] Wi Lig) = 3
oty mekA, cost = (NFlg) - D(L(g) - 1) -1 =18 %
Z9rh thd weightO) 349 for-looptl A WA ifi
AN CT(F,q)=20122 T weight(q)7} %%

c
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Y

it
o

ey, g = Rl £3187] mEel] weight(q)s
HEAR 08 d¥Y E, CT(F,q) = 49 WA=

weight(q,)7} 7bA12 05 ldat7] wiitol g.cost = 1°]
dok. yeA] 2-FEA diafiE T PPor st
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Algorith:
ER

9

=i
-z
o
> OH
of
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jog)
S
@
®
=]
Ie]
<
]
=
(=]
2

begin
for each expression F& F do

begin
e 2-FEA T/ 3%

end
DQ, P, Q& ol &3A 2-71 P4
T3 Q% ol&slA g4 2-78 P&
P4 XTE &5 38 CT= ®
Z -84 ¢ (¢EQ)
k=0
while (@# @) do
begin
Mg 2 %Y TkEAE e
2-784 gEQ 4
Q =0~ g
G, = q;
for each expression F€ F do
begin
if (¢EF)
then =82 FellA 2-FB4 ¢ &
N2e We G2 A

XT 84,

e 7hA] A

end
F=F U{G,}
k=k+1,

end

=2 A FollA gddde

=4 FoFE
L2, Fo =YY FiE F=6 e +2) 2

T =g F= (we+y)(ve’ +2) Q2 HE F= G,

A d4. oA, &
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Agsict, 184, 9 KR EF 8 XS, RS (substitution), <1438} (factorization) 5< & WHS =
() = wi EFIE weA, G =v+uw=E @%EM R R B Ea i =2 e B= R el = = SO R %%lf?} ZA
B=Glur+)E  B=GGL+aE  wamm A¥E ] 984 AN dueFS SIS Aslske &
B = +u)aty)E F=Gl+y)2, F=0+d)ys ¥ 2HE 4EdL 02 =TSR 4SS Hlﬂﬁ}fﬁc}-
F,=Gy2 B8Ed. wehd, Aok dueFo] 45 = SISE M2 7% F77F vlg &ol3te% ’:é?—i]ﬂoi A7
A4ES gea 2ol 1949 AHYS e wPgsez g Wl SISE AUER. AR ANT TE4 Faw
SEE wg waa] A8 AN F5A AE PR3 @
=G Gz +2) Z 3o} vk
F = G (' +2) A2, SIS9 script.algebraic®} script.ruggeds ©] &g
B =G lobys) %9 243 2 BDDE o] 4% =a1d4 =49 FBDDY %
2 1
F—Gy 2 Az} vyt Fn2, 23 Y4EE SIS7H 3 o
- 2 =23 WEE AdE JEld gdolth ¥ 5 & A
p e gol g 23YE RYFolth g mb sAYE
uh o] Gl;;;:]wiam © 7ol SISE ol &3 AL 2 L
= e ¢ —olw e = T z} gdo] 3k Anks 74eFs A g R 591 A sweep
e HEEE ety wugES AEen. W welszola vlw (buffer)oh ¥ (nverter) 7]
[ee)
Fy=[lz+Blw S AAGE 4¥e Fh wedeg 29z dehyd
Fy=[1]2+(3] agjze wrE =gdog FAHEY o 0 o] xEE
Fy =20 +u) el =249 g6 A5t A date @i
Fy =y +u) AL A% g2 =57 FolA sy xEE wEEs 1
(1] =wz+y #o| elimnate B# ¢ 9ot} Resub BHE =& E7
2l =z-+ys o Al FA] A8 A0H, ghaoh gexts =4l
(3] = wz A FEAE FEsE Bolth Simplify9t full_simplify 3
2o 293 (don't-care term)S o] &3 & 7HeEFstE 3
4 NE AT 8t Wegolt}h. Scriptruggedol A AHEE fx Wl disiA
= t}eo Am gl Scriptalgebraic®t script.oruggeds SIS
A1 A oA JEHoz AFse 2AYE FHYo|w, 53

script.rugged® Rajski S(8]0] A<t Wo] &8¢ ~=
YEZ A2 scriptalgebriac® o] &3 AR 1 F2
A#E A3 APE Y B =RodA AAE dae
%9 SISol F71et9len ex2cubeths o9 2AHE ©
Hoz AP} E Ut <F 5>olA 2E8F ~AYET}

o) L=

(=2

Aorst A4 E S Pentium IV 14GHz CPU PCe]

Linux 3404 Adsigt. 238 ALU, w47

(multiplier), ?Y &4 (random logic) & T¥3 =2 ==

723 % Microelectronics  Center of North Carolina(MCNC)

x| vk 3 Z2[13]0] thetel e E A FPANTE VIE

oz wusgth v AW AR Wrel dastan T e B8 23R Aol o] 2auE

%9 scriptrugged?} iR Fdsta @A fx WHE

u] 3
AR 2, on wxE =Y ETE0 ¥ =FdA4 BF e
= FEQSF FZHuWuk olyz H(decomposition), ™A exZcube WHFRIEE Fx WRol vhE Rajski Sol A

(E 5 Script T LHE

script.algebraic script.rugged A|9HEE script
sweep
eliminate 5
simplify -m nocomp -d
resub -a
gkx -abt 30 sweep; eliminate -1 sweep: eliminate -1
resub -a; sweep simplify -m nocomp simplify -m nocomp
gcx -bt 30 eliminate -1 eliminate -1
resub -a; sweep sweep:; eliminate 5 sweep; eliminate 5
gkx -abt 10 simplify -m nocomp simplify -m nocomp
resub -a; sweep resub -a resub -a
gex -bt 10 fx ex2cube
resub -a; sweep resub -a; sweep resub -a; sweep
gkx -ab eliminate -1; sweep eliminate -1; sweep
resub -a; sweep full_simplify -m nocomp full_simplify -m nocomp
gcx -b
resub -a; sweep
eliminate O
decomp -g *




72 HMst 2500 2t

(E 6y 7|Z =2|gd =77 =232 ME Hlu H1}
92 i script.algebraic script.rugged FBDD A o &8
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