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Multi-level Logic Optimization Algorithms for Multiple Output Functions
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Summary

The multiple-output logics can be implemented with multi-level logic. Common subexpressions be-
tween functions are substituted with intermediate variables. Boolean substitution process between
functions is executed to reduce literals, and then by executing factorizing procedure recursively,

multilevel logic is simplified with optimal literals.
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b) cube representation

Fig. 1. Cube representation method.
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struct function {

struct intervar *ivfunc:
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struct subfunction *sub:
struct function *kernel:
struct function *remains;
struct function *next;
}:

struct intervar {

char *ivhname.
struct intervar *next:
}:

struct subfunction (

int submask:

int subcube:

struct subfunction *next:

}:

Fig.2. Data structure of multi-level logic
functions.
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Fig.3. Partial common subexpression

substitution process.
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a) before execution
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b) after execution

Fig. 4. Function common subexpression

substitution process.
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during fatorization.
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BOOLDIV (f, g)
{
if (fxg)
return (f) :
e=Function_mapping {f, g) :
h=minimize2 (e} :
if (Cost (h) >Cost (f))
return (f) :
else

return (h) ;

Fig.6. Bool division function.
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Fig.7. Function mapping process.
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FACTOR_GEN(F)
{ COUNT_LIT(F):

if (Cube_free (F))
return;
K=KERNEL_SELECT(F):
H=F/K:
R=F-KxH:
if (common_expression (H, fi))
substitute (H, fi):
else
FACTOR_GEN(H):
if (Common_expression (R, fj))
substitute (R, fj):
else
FACTOR_GEN(R):

Fig.8. Factorization process.
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KERNEL _SELECT(F)

{ K=MAX_LITERAL PAIR(F):
H=F/K. R=F-Hx*K:
Hn=count_cube (H);
Rn=count_cube(R);
while (Rn{Hn)

{ if (Common_kernel (R, H))
{ Kr=R/H:
R-=H=x*Kr:
K+=Kr: Rn-=Hn;
}
else break:
}
if (Common_expresson (K, fi))
substitute (K, fi):
else FACTOR_GEN(X):
return (K)

Fig.9. Kernel selection process.
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graphic output

Fig. 10. Multi-level logic optimization algorithm
flowchart.
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a) Input form
1 Gi AND vl v2
2) yi AND vl v2
3 Gi OR vl v2
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5) yi EQU vl
b) Net list type
Fig. 10. Input and output form of multi-level logic optimizer.

o714 Gie FH+F Jdeldd, yie ¥+§ yvepd AL, HEoke] ‘not’'g Ut
stz vl v2+ 7 olAdLd £E 9w, £ gaFy 4T UF3I Hd ol§ Z
FHF 2 ¥59Y F= Uk =23 L4 Z =g HLE3lo] 1 AAE vz FEe A

Table 1. Multi-level logic optimization execution results

Imputs outputs products SOP FAC MULT
EX1 5 1 6 21 15 13
EX2 4 2 7 34 24 19
EX3 4 3 5 23 20 14
EX4 4 3 5 22 18 16
EX5 4 3 8 30 27 23
EX6 4 7 9 88 72 58
EX7 6 5 11 64 46 38
EX8 6 10 33 476 263 222
EX9 6 12 56 443 248 218
EX10 6 10 32 478 281 242
EX11 7 5 132 1125 826 449
EX12 8 6 134 1135 835 514
EX13 8 8 153 1142 925 526
EX14 9 8 186 1253 1025 622




UYL oY w2 4y YaadF

o} ¢4 279 SOP ¥eleo] % zlelgd 4§ A
Asign, 7 2 Yol i AP £
9y Aztel ¥ v EY AdHug Y 3
, A E T ¥ dndFe AsE
2Ed 4 9 $9173¢& vz o] Table 10
o o7l B ¢rneFe FHe 2719 =HFY
4o uish HF 42%. UAHNE FYE Aol
uis) 27%9 2lelyd o B4 F R

3] 8

2 ERoldE odd Eeltes) 44 4AE
sg cbeelys Mg sgel disl Eshsich
g eszz AW A 29 w2 Pzl o9
cebzel AU £ el fol uisl o 40
%ol By 4o FLE AAfes] Fa Bk
8 wptol sl woh whE Aol chohee 3

2§ 74Y + Al

sy HaolE o Ay ey =
23z AA AF}E 4 PLA 2§ 447
9 743 #d¥Yoz 4¥4 ey 9, 9 &
A& 2AF AAA e SdE A

oj4e] A At ZF gaFEE VAX-1U/
780 R IBM-PC ATAe|4 Cdeolz =283}
sl ZF eej22o] HEY ¥ 2 AAE vz
e HeozA 2 4zl AEAHE UFHA
c}.

dozo] AF FHafz £& Aok A ¥
Ae P4l FdAd 2& Al s43a
deoy, 248 AAF Fo4H o PYAsE Y5
709 EgHY ¥¢ AdHrl gasd, oF
E A% CMOS =+ Gate Arrays} F& =23
2 A¥7 Sy odd =2 Y48 Y 9 Li-
brary MappingZl'jel iyt Q771 Fasloje} &
Helc},

¥ 2 F 3
Bartlett. K.A, Kohen. W. Geus. A D, and Wang. A, 11987. MISS : A Multiplelevel
Hachtel. G, 1988, Multilevel Logic Mini- Logic Minimization system, IEEE Trans. on
mization Using Implicit Don't cares, [EEE CAD, CAD-6. 1062~1081.
Trans. on CAD, Vol.7, 723~739. Hong. S.J.. Cain. R.G and Ostapko. D.L,

N.N, 1985, Multiple Output
Minimization, Proc. 22nd D. A Conf, 674~680.
R and McMullen. C, 1982, The
Decomposition and Factorization of Boolean
of ISCAS, 49~54.

R, Vincentelli.

Biswas.

Brayton,

expression, Proc.

Brayton. R, Rudell. A.S. and

-201-

1974, MINI : A Heuristic Approach for Logic

Minimization, IBM J Res, Vol. 18, 443~457.

Lawler, E., 1983, An Approach to Multilevel
Boolean Minimization, Jounal of ACM, 283~
295.



	Summary
	서론
	다단논리함수의 기본성질 및 데이터구조
	공통 부표현 재대치
	부울 재대치
	다출력 다단 논리 최적화 알고리즘
	결과 및 고찰
	적요
	<참고문헌>



