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Abstract

In many synthesis applications, the structure of the synthesized circuit is derived from its BDD

functional representation. When synthesizing incompletely specified functions,

it is useful to

minimize the size of these BDDs using don’t cares. In this paper, we present two BDD minimization

heuristics that target these synthesis applications. Experimental results show that new techniques

vield significantly smaller BDDs compared to existing techniques with manageable run-times.
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Fig. 1.
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/* substitutability returns fytof . if f, is substitutable
by f'x. f'xtofy if £’y is substitutable by £, NONE
otherwise */

int substitutability(bdd £, bdd ¢) {

if{c==bdd_one)then return{NONE):

x=top_variable(f, c¢}:

if(c,=bdd_zero) then return(fytof y):

if(c’y==bdd_zero) then return(f’ytofy):

fdlrrbdd_xor(fx, x)

if (bdd-intersect-empty( fairr. &) ==TRUE)return(f tof ) :

if (bdd-intersect-empty ( faier, ¢ «)==TRUE)return(f ytofy):

/* bdd-intersect-empty returns TRUE if the conjunction
of argument BDDs is bdd_zero @/

a3 2. A A vl
Fig. 2. Substitutability check pseudocode.
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bdd GS-compaction (bdd £, bdd ¢) {
if (¢ == bdd_zero) return (bdd_zero)
fos_list = create_list():
Mark-essential-edges(f, ¢, fes_list).
Mark-supplemental-edges(fcs_list):
clear-edges();
return(6S-build-result(f)}:
}
void Mark-essential-edges(bdd f, bdd ¢, list fes_list) {
if (¢ == bdd_zero || f == leaf) return;
x = top_variable(f, ¢):
if (£ '= £,)
s = gsubstititutability(f, ¢);
if(f. then_edge ==0 )
if(s == fytof'y) insert(fcs_list,{f c,s}):
else f. then_edge = 1:
if(f. else_edge == 0)insert(fcs_list, {f,c,s});
if(s == f' tof,== 0)
else f else_edge = 1.
if{f. then_edge == 1|\ f == £,)
Mark-essential-edges(f 'y, ¢’y, fes_list):
if (f. else_edge == 1| f == f)
Mark-essential-edges(fy, ¢, fcs_list):

(614)

s

}
void Mark-supplemental-edges(list fes_list) {
while(fcs_list not empty) {
sort fecs_list by level of f in each triple:
fes = first(fes_list):
renove(fcs, fes_list):
f=fcs. f: c=fcs.c. s=fcs.s:
x=top_variable(f, c):
if (s==fytof ;):
if(f. then_edge==0)
Mark-essential-edges(f’y, ¢, fcs_list)
. else Mark-essential-edges(f,, cv. fcs list):
if(s==f'ytofy)
if (f. else_edge==0)
Mark-essential-edges(f,, ¢y, fcs_list)
else Mark-egsential-edges(f’s, ¢'x fos_list):
}
}
bdd 6S-build-result(bdd £} {
if(f=leaf) return(f);
x=top_variable(f);
if (f. then_edge==1 8& f.else_edge==1)
return bdd-find{x, build-result(f), build-result(f’,)):
else if(f. then.edge==188 f.else_edge==0)
return (build-result(f’y);
else
return (build-result(f);

18 5. GS-compaction 7}2.=
Fig. 5. GS-compaction pseudo-code.
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void find-essential-nodes(bdd f,bdd c, hash_table H) {
if (f==leaf)
insert f in A:
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return;

insert bdd_one in H:
insert bdd zerc in H:
find-essential-node-sub(f, c, H):

}

void find-essential-node-sub(f,c, H} {
if(c==bdd_zero || f==leaf) return’
if(f is in H) return;
if (c==bdd_one)insert f in H:
x=top.variable(f, c);
find-essential-node-sub(fy, ¢, H):
find-essential-node-sub(f’y, c’,, H):

712! 6. Find-essential-noded] 7}3=
Fig. 6. Find-essential-node pseudo-code.
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bdd EI-compaction(bdd £, bdd c)

if (c=bdd_zero) return{bdd_zero);

H=create_hash();

find_essential_nodes(f,c, H):

(void)EI-mark-edges(f,c, H):

result=EI-build-result(f):

clear—edges(f);

return(result);
}
/% EI-mark-edges returns the result of

sibling-substitution if it is unique essential node. If
not, return INVALID symbol, DC is a default mark on edges
x/
bdd EI-mark-edges(bdd f, bdd ¢, hash_table H} {
if(c==bdd_zero) return(DC):
if (f==bdd_zero} | f=bdd_one)return(f);
x=top_variable(f, ¢);
templ=EI-mark-edges(f,, ¢} ;
temp2=EI-mark-edges( £, cx):
if (cy!=bdd_zero)
if(templ is not in H) tempI=INVALID):
else if(f. then marK!=DC 8& f. then_marK'=templ)
templ=INVALID:
if (c!'=bdd_zero)
if (temp2 is not in H) temp2=INVALID:
else if(f. else_mark!=DC 8& f.else_mark'=temp2)
temp2=INVALID:
if(ft=£)
if (¢ !=bdd_zero) f.then_mark=tempi:
if (¢ !=bdd_zero) f.else_mark=temp2:
if(c=bdd_zero) return temp2:
bdd_zero) return templ:
INVALID! | temp2==INVLALID)return INVALID:

else if(c==
else if(templ==
}
bdd EI-build-result(bdd f) {
if(f=leaf) return(f):
x=top_variable(f):

if (f. then_mark==INVALID)f_left=EI-build-result(f£,);
else if(f. then_mark==DC) f.left=El-build-result{f}:
if (f. else_mark==INVALID)f_right=EI-build-result(f,):
else if{f.else _mark==DC) f_right=El-build-result(f,):

if (f. then_mark==DC and f. else_mark'=DC) return f_right:

else if(f. then_mark!=DC and f. else mark==DC) return
f_left:
else return{bdd_find(x, f_left, f_right)

}

a2 9. El-compaction 7}2=
Fig. 9. El-compaction pseudo code.
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original BDD size, Sift: sifting,
TO : thresholded osm_bt, LI : leaf-
identifying compaction, GS : general~
substitutability based compaction,
EI: essential node identifying
compaction, timeout : longer than
1 hour. Numbers in parenthesis
show CPU sec.).

kH

Table 1.

DC fraction : 10% DC fraction :

BDD
LI

25
(0.02)
15
(0.11)
58
(0.37)
132
(0.2)
130
(0.25)
211
0.7
274
(0.27)

GS
24
0.08)
15
(0.08)
53
(0.15)
117
(0.13)
92
(0.12)
204
(0.12)
275
(0.13)

El
25
(0.06)

=

15

(0.06)

LI

2
(0.03)
47
(0.08)
131
(0.35)
206
(0.02)

GS
25
(0.08)
44
(0.06)
125
(0.11)
199
.11
269
(0.12)

25

9sym

(0.06)
41
(0.04)
131
(0.08)
201
0.11)
269
0.9
%65
0.2)
1,044
(0.28)

z4ml 47

misex2

0.13)

s344 206

8386 281

(0.08)
214
(0.13)
269
011D

(0.25)
972
(0.36)
1,044
(0.26)

duke? | 973

0.33)
1,038
(043

vg2 1,044

567
(0.36)
13%
0.4)

31,093

(65)

584
(0.19)
1,278
(1.45)

23,150
(38.1)

565
(0.18)
1,313
(0.52)

25,358
(14.8)

1318
0.47)
1,733
(2.2)
36,007
(119)

1,206

(0.36)
1,732

(7.3)
36,001
(387.2)

1177

0.29)
1,732

(35)
36,001
(214.3)

misex3

c432 | 1,733

¢1908 | 36,007

w2 ¢4 el BDD # i3t

L 2= ISCAS 899 MONC-9T =i

(616)

HOL H}j

s
A= Flo Skl LI-compaction, GS-compac-
tion, El-compaction®] BDD 43} Axl= zht LI
GS¢} EIZ FA=9)e). o9 /0] $8-¢ 2= BDDY
7392 eHHAde] vigk A2 wbH-2 GS-compaction
¢} El-compactionol|?t A-E=lgitt ¥= GS-compaction
o] M F2 ZAAE RolFth GSE Lol Hlsted]
DC fractione] 90%4 o < 10%638= < DC
fractiono] 10%% o 2964 % $-+3c} Ele CPUAIZE

A GSEEE A AT A= AT A3k

ey 27k Ad Ak 53] 9% DCellA
complexitys} P AX3}A] WgkeEd), ole ¥& DC
fraction© 2 <18 GS9] marking iAol &3, A
o2 Ele 95 kel ¥ A7l] &8
wie) Ao 4 gk

GS& AgdE EM3lok 8]
Hry Azte] o 485l
marking¥-#°] 2@ A4
F7] Wil Ao o AL
7] gFelct.

V. Conclusion
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