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(Design of Fanin-Constrained Multi-Level
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Abstract

This paper presents the design of mufti-level logic optimization algorithm and the development of
the SMILE system based on the algorithm. Considering the fanin constraints in algorithmic level,
SMiLE performs global and local optimization in a predefined sequence using heuristic information.

Designed under the Sogang Silicon Compiler design environment, SMiLE takes the SLIF netlist
or Berkeley equation formats obtained from high-level synthesis process, and generates the optimized
circuits in the same format. Experimental results show that SMILE produces the promising results for
some circuits from MCNC benchmarks, comparable to the popularly used mufti-level logic optimiza-
tion system, MIS.
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kernel (i, f)
|

/* i:i-th variable constituting f */

/* f:function whose kernel is to be extracted */

il (f#%¢) then return;
if (f is cube-free){
for cach cube ¢, in f do {
if (L.C(c,) >AND_FANIN)
/* LC means Literal Count */
f=f-c¢y
f
Insert f to kernel list;
return;
t
n=number of variables in function f;
for (j=i3j<n; j++)1
v=j-th variable in f;
il (v appears morc than once)i/*
g= Divide (f,v);
if {g is not cube-free)
kernel (j+1,g);
elsel
k=1two or more cubes exist in g which
satisfy fanin constraint;
if (k¢
for each cube c; in k do |
if (I.C(c,) >AND FANIN)
k=k—¢;;
t
Insert k to kernel list;

return;

|
if (v’ appears more than once)l/* off-phase
h=Divide {f,v");
if (his not cube-free)
kernel (5, h);
else {
k=two or more cubs exist in g which
satisfy fanin constraint;
il (k¥¢)!
for each cube ¢, in k dot
if (LC(c;) >AND _FANIN)
k=k ¢
¢
Insert k to kernel lisi:

return;

a8 3. Level-0 71de 22
Fig. 3. Extraction of level-0 kernel.

Fanin Alefste] clul =2] 248} 428 7

on-phase */

*/

product termo] AND fanin | of& 238 7% #

ol olslf A" xzof sl decompositiond 43
sof stm2 ol § Fol7l H& fanin Alkg 248}
+ product term- w2l Level-0 #4d& T3l
daelEe A¥3el Hadvh a2 30NN i s
TS W & LA A x el velbe w4
olelgtrt. Devidew 3Hgoll M s} w47t Sof 9
= cubents AlEsled o wgubg Alsla @ cu-
beg 2 ol 501 & T

ol ZRAME ¥ F 2 g4 Az of
dle] A Eelrl YA e 3 ol & 18ldel B

4 .
f=abcdh+abe+bef+af+ags T2 F8d  3h4o
A% A Z2AAE £ sk 2o AY

14 - >
E2lg 73 £ orh zElqo4 UEL Jevel-0

Y& el e wkad fanin # ghe] AND-22b (cdh-+
e) o AJekghet,
[ f=abcdhtabetbel+aftag T
/ta) /b) /le) /(£)
bedh-+be+f+g acd+ae ab-+bf be-t+a
/(b) /(e)
cdh+e a+f

84, Ad Eele o
Fig. 4. A kernel tree example,

(2) #d 2] m A3 (Kernel Intersection)
Wb F g4 ok Gl Aol mAge 2a ol

F«E-
5

tted #4= FoF G A h ktheK(d), keK(g)ol
FE cubesd Aoz o] A} o] cube
% cube-free common divisor (CFCD) e} &}, CF-
CDE AY mATels Adel wAGE  Fehi
714} complexitys= 7139 A4E noletm Tl 7
W owAdEe 471 2"—n—10] 822 NP-complete
o e}'? SMILE® polynomial A 7katel] #3d m A gt
Foha, fanin A obE wHEie] B4 weg s}
Bl Fol& CFCDE Fah7l ol chgat 2
FelzED we Agach ohdhel ool 4
T4l level-0 7492 oju] Adgichn gt
WA LAY eamol b Hesh 47 ohe
cube5 KCST (kernel cube symbol table)oll 523}
i 7} cubeoll ¥ EE Fojdrh KCSTE  cube
o} o3 Jaim sl FAM o o|Fo] Ak 3

oo,

Noro o



19926 4] & [ IR
cubets A} 2
&= ©| cubezt W3
w] w27} 2}z ) A
4 fghel AdE
o Fof o :
={a+b+tec, btc, cdtel
={a+b,ab+e, dtel
):{b+c,c+d‘d+e§

KCST=1(a, 1), (b,2), (c,3),
(d, 7)t7F =tk

7t KCST Atelof+=
b ALL A=

T UE il 9

0.
=

o me

(cd, 4), (e,5), (ab, 6)

2 g
Alof] 4 VPEJ’ it w2l 2] zk(value of position)
"l ar, e+ KCSTel A Bi—"rﬂ Boe] Ee

Qleols ehie] g 7 ol 4] il
-7—7} sl Q=18 e of FA F=HE o«
= nq ,q u] 6 7Lo uj 13,_ H]J:_o}O:] Ao]
Hae mag Aol 74
Werg whEelal gho AL 2917 2

A3,

LF‘! ﬂ oHL
H| 3L

=

d/i

=

42 47} OR fanin

,
SRS

6
W

]

il

BT

3
T

220

=

=

2 Ads

#ofp
la= Zl EV(KCST()),

# fPOs

ﬁ_

VP(KCST{i),a B)

V(KCST (i)

n=1

EV(v) =[1:if v exist in primary output
(:otherwise

NV {v)
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F=ad+bd+cd+af;

G=ae+be+cetdgt+fg;

H=be+ce+dh+fh;
e

K(F) ={a+b+c, d+f}

K(G) ={a+b+c, d+f}

K(H) ={b+c, d+f}

KCST=1(a, 1), (b,2), (c,3), (d,4), (£, 5)}
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K(F) ={b-+c, d+f}

K(G) ={b+c, d+f}

K(H) =1{b+c, d+f}
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Kernel_Intersection (kernel list, OR . FANIN)

1

Build KCST from kernel-list;

Find TK from kernel_ list;/* TK means Translated Kemd */
Insert TK to I.LIST[0];

/* T_LIST likes 2-dimensional array structure,
i=0 ;

while (I_LIST[i] has more than one element) |

*/

n=number of element in I_1.IST[i];
for (j=0; j<n;j+ -+ |
TK[j]=TK field of j-th element in [_LIST[i];
MK([j] = Evaluate VTK(TK[j])];
k=j;k<n;k++) |
TK[k]=TK field of k-th element in [_LIST[i];
TransKernel=TK[j] N TK[k];
if (TransKernel has more than 2 variables)
Insert TransKernel to I.LIST]i+ 1};
if (TK[j1 =TK[k])
Delete TK[k] from I LIST[i};

for (

t

i++;
!
/* from [_LIST, select a kernel */
depth=size of 1. LIST array;
Select.TK=first TK element of I_LIST{0]:
0;i<depth;i+ 4 )|
n=number of element in I LIST[i];
for (j=0;;<n;j++) |

if (Merit of Select_TK<MK[j])

Select_ TK=VTK (TK[j]);

for (i=

!
selected kernel=ITK (Select_TK) ;

return (selected_kernel) ;

Iz, 73 Ay 224

Fig. 5. Kernel intersection procedure.
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ar "r H oy
. gl =g
fH Al gk
Common_cube_substitution (1}
i
cube_list=s g1 /* cubellistza sot of cubes*/
repeat )

(339)

n==number of cubes in 1;

fori=0;i. nii++)1
Ci=1-th cube in }2
m-=number of cubes in cube-list;
fortj=-0 13 mij++) t
Cy=j th cube in cube-list
if (G - Coothen increase NUM (Cyr
else
C=C, ¢,

H {Cecubelisti hen inerease NUM Cr
clse if (Cy g,

Insert C 1o the cube-list o

then

'
H

il G € cube_list insert Gy o the cube-lists

MaxCube= NUIM (C i :
Selected Cabe = Cy 3

for fi-1si mui+ 400 X m # of cubes incubeolst *
if INUM C MaxCuber o
MaxCube = NUM (Coo:

Seleered-Cobe—Cy s

Create imermediate variable g for SelectodCube ;

Insert g to the funcrion list;

f{LC i -AND-FANIN)

Do-satisfv-fanin-consiraint ‘g

m=number of cobes i cube-list s
NSV

Ci=i
ifiC; = Selecied-Cuber then replace C; with g ;
else if 1C; 7 Selecied _cube 1 ihen

replace C; with 1g n (Cilat s

for miidAog

th cube in by

¢
i

{ ll!l[il no more same ('llh(’;

a8l 6. % cube A 2R A
Fig. 6. Common cube substitution procedure.
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Phase.Assignment (F) /*F:a set of functions */
1. Factoring !
Factoring?- &F 3+4ell 2502 S0t lite- for each f€F do}
if (b f’used in s S
ral = cube® o] factored formo & LpEb o 2 if (both f andﬂ lj\(_’d\ ’m some g€ L) then exit;
) h=COMPLEMENT (f}
A literal®} 45 Zha4]71 24 o] o4 Factoring

il h can not satisfy fanin constraint|
o] & = A _'_3_ = (o302 i ] . . . |
o} adeE e A 5l BLHJ 7 esfdleldg Do_satisfy_fanin constraint (h);

£l st widol| wel 29¢se vhEaE literald: if cost(h) >cost(f) then continue;

A el sl 7 algebraic 2.3 dlo] A& 43 ela= LF (lite- !

ral factoring), Boolean < #]2lo] A4S 283l BF if f([l\;\'hR TER_COUNT(f) >INVERTER_COUNT (h)1
—h;

(boolean factoring), level-0 #AY S i3 =t

FelsEl AuE ALee] oalols  aAos

QF (quick factoring)5-o] dch>H ;
SMiLEo| 4] A}-&3} factoringe extraction 1}7‘49] |

7d 22 AHE o] E level-0 7L AT F fa- ‘

ctoring®] A7} A A5 F o|FollA JM we

Change the phase of [;
Adjust g using [

literal & .35k AND- OR fonin Aot 270 ah a7, S 24 =24
= 719 AMslel algebraic ©jelol 4 S 4 Fig 7. Phase assignment procedure.
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f"=FACTORING (f);
cost_g==cost evaluation of g” ;
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Fig. 8. Simplification procedure.
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Table 1. Experimental results for MCNC
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Benehmark | #mns | Sours| minal | MIS [ SMILE L MIS | SAMILE
Flis, | his | s, 7 ins
Sxpl 7 10 293 155 204 210 218
conl 7 2 23 23 30 34 32
12 E { 36 32 32 40 32
f5lm 8 8 36 160 27 20 41
misex] H] 7 122 72 73 97 h
misea2 25 18 188 113 127 145 146
rd33 5 3 140 62 65 91 bt
rd73 7 3 840 140 180 206 00
sand 10 4 489 192 249 567 264
74m] 7 q 252 {2 5 60 kit
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uf
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LEoA 71w =3t factoringAlel fanin 4o} &7

(341)



72 1992% 41 & U ik
9 Fof 8 A= SMILEe| 3% £2 AiEs
walct,

19 Askrse] shied] obarglgoll efgk w4
Ak A ol fof v siEmed A w3 X)) 3= Al w
th Ab2% gate librarv®] fanin Aok 243 oyl
H¥ facroringAloll sl d A E8 A0HE b

& ok 4 olvh

MCNC benchmark 3} &oll cHall fanin #oF 271 &
At sled SMILE 2 - oF w4 9]

A et 6le
AobubS aredshed SMilkS a4l 7 A g 7

7)
zholl o ekol vl Ll ] vl 2 AEpaAll AE
Z 20l vhub el (A)4T fanin A2k glol SMILE
oAyl & ovlaEse «] R A gl Aatela, (B)
4= fanin Alek kol SMILES #8421 + H]”*‘P"{
A w2 ) Aibg A ulaskd fanin Aok =245

vfeto] 71g E8] 245kl bt A4 15, 6”09\
B4 g bA ek AR A8 ol opol
asiell Aebiel A4 E ARen A2 74 Ao
Crrel WA g arow yekelov] AgEl vholiuy
elaz & 26702] Aol o) ol 4] oleh & lol 4 M
0\, SMILE & 43+ fanind i3 45 822

1 4ol Z7bE| M fanin A2k glol v 4 ] kS cost

function @& AR-83F Aibrl of g5 Ao Mot

A wlzrsd < g & g 5ol dakal g 25
fanin A ekg arodsle) Fi= Aol wld el Jlie)
2jakS- Mo man Qloh ofs= Algloll ol Wil
4] ol 7 silos—II“"’P el e Al o] & dhrt

T Aol o Rlel & AS 4 ovh el i v)u{ e
ofgh ol Af sl 4= 9l 32 2) DAG &l
2 G435k g "ji §]§ OI B2 Aojr &5 2-input

NAND #lel=o} g LA A ATA el e A

= 2. el Hl & A

Table 2. Results after technology mapping.
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5xpl 3830 3000
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conl 430 500

2 440 440

misex] 1780 1360
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sa0? 5120 3550
74ml 1220 950
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