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Abstract

This paper presents a new performance-driven multi-levelizer which transforms a two-
level description into a boolean network of the multilevel structure satisfied with user ‘s
costraints, such as chip area, the number of wires and literals. maximum delay. function
level, fanin, fanout, etc..

The performance of circuits is estimated by reference to the informations in cell library
through the cell mapping phase. and multi-levelization of circuits is constructed by the
decomposition using the kernel and factoring concepts. Here, the saving cost of a common
subexpression is defined to the sum of area and delay saved., when it is substituted. The
experiments with MCNC benchmarks show the efficiency of the proposed method.
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Fig. 2. Overall flow of area and timing analyzer.
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for(each node f; € F) {
if(supp(fi) = all P1) /% £, & QJ&o] F primary Y& */

flevel[f,] = 1
else
for(each f;  supp(fi} and f; ¢ PI) {
if(f; 7} Yepayol A¥sal wdctd)
insert(F1, f,): break: /¢ FAEX YL == Yol AA »/
else
flevel [f,)=vax( flevel {f,), flevel{f])+1:
}

F=F1
}
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Cell_mapping(fi)
i£((NC(f;) = 1) and NL(fi) = 1) /% Single line type %/
return(SLINE or INV):
else if(NC(f;) = NL(fi)) { /% OR type @B »/
cell_type = OR2 + (NC(f() - 2):

}
else if(NC(fi) = 1) /% AND type BB ¥/

cell_type = ANDZ + (NL(f;)-2):

else /% AND-OR type %/

switch(NC(f)) {
case 2 : cell_type = find_two_cover(f,): break:
case 3 : cell_type = find_three_cover(f;): break:
case 4 : cell_type = find_four_cover(f;); break:
default: cell_type = SOP:
}
return{cell_type):
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Fig. 4. The algorithm for mapping to cells.
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SOP_size(f;) { /% sum of product area */
for(each cube C; € f;)
area += AND_size(NL{C;)):
area += OR_size(NC(f;)):
return(area):
}
AND_size(p) {
while( p > MAXAND) {
n_gate = p / MAXAND:
area += n_gate * lib_area(MAXAND):
p = p - n_gatex(MAXAND-1):
}

/% AND area %/

if(p>1) {
switch(p) {
case 2 : cell_type = AND2 : break:
case 3 ; cell_type = AND3 : break:
case 4 : cell_type = AND4 . break:
case 5 . cell_type = AND5 : break;

}

area += lib_area(cell_type):
}
return(area):

}
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Fig. 5. The algorithm for calculating the
area of SOP.
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Delay(g) = ID(g) + TD(g) + WD(g)
(ID:intrinsic delay. TD:transition delay.
WD:wire delay)
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CSG(F) {
for(each function f|EF )
(K,Fac)=KF_gen(f)): /#Kernel and Factor generation */
CKk = Common_kern_gen{K): /% Kernel intersection %/
Comp!_common_kern_gen(CK): /* Complement of common kernel M7} %/
CC = Common_cube_gen(F): /# Common cube generation %/
return{CK U CC):

/* Common Subexpression Generation %/

}
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Fig. 6. Overall flow of the generation of
common subexpressions.
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KF_gen(f, fac, vindex) {
for(i = vindex: i < NI(f): j++) |
cf = common_factor(f):

if(cf =¢or {0.1,2,.... vindex-1) N ef = ) {

0 = zero_cov(f, i)i/agid: fol idlaf Wz} 2eroQl HHtag,
fl = one_cov(f, i):
if(NC(10) 2 2)

PUTinput(fac, i, 0)i/s fac 8| i¥lsf Waof zero § AlQ) s/
KF_gen(f0, fac, i+1):
PFINCUEL) 2 2)
PLTinput(fac, i, 1)
KF gen(fl, fac, i-1):
}
}
if(level s K_lev or NV(f) s K_var)

KF_insert(f. fac): /% kernel?} factor & M4 e
return:

}
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Fig. 7. The algorithm for the generation of
kernels and factors.
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Table 1. The results of benchmark circuits.

% & % | AREA [WIRE No. |LITERAL No. |FUNC. LEVEL| MAX DELAY [CPU(sec)
PLA | 639 | 399 794 1 B.7

S5xpl [MULTI{a)| 420 225 174 4 45.5 47.5
WULTI(A)| 434 | 246 197 3 EXI
PA | 763 | 475 0 1 0.1

adrd [WITI(a)] 184 | 91 7 5 %7 | 436
MULTI(d)}} 193 94 ki) 5 40.1 46.3
P | 281 | 162 122 1 3.9

sisexl WLTi(a)| 223 | 128 97 3 EREIRE
WLTI(A)| 236 | 144 115 2 52 | 126
PLA | 208 | 112 % 5 4.3

hrB T 137 | 69 [ 5 64.3 9.0
MULTI(a)| 188 | 96 ) 5 4.3 9.7
PLA | 467 | 294 721 1 5.3

sqré
MULTI(a)| 397 | 230 7 3 D
WULTI(9)| 399 | 233 7 3 EXIER
PLA 775 466 M5 1 3.9

2 | s19 | 33 757 3 U8 | %2
WILTI(d)| 628 | 373 264 3 1 | .2
PLA | 309 | 194 140 1 5.3

rds3
WITI(a)| 161 | 92 7 3 w09 |47
WLTI(@)| 177 | 101 76 3 02 |45
PLA  [1709 | 1099 804 1 50.1

“E i w8 | 7 182 4 590 | 55.0
WILTI(d)| 400 | 241 199 B 538 | 62.9

e L[ [ 346 1 0.1
WLTI(a)| 476 | 276 209 [ 62 | 926
WILTI(d)] 500 | 299 230 1 523 | 178.0

o LT[ | a9 %21 1 60.1
MULTI{a)| 410 224 176 3 45.3 58.4
WLTI(A)| 447 | 216 197 3 was |45
PLa | 451 | 286 207 1 'X]

" lwiria)| 30 | 200 151 3 08 |30
MULTI(d)| 345 i 209 158 2 38.9 48.4
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