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Abstract This paper presents a decomposition-based logic synthesis method for speed-independent circuit design
such that each output is synthesized individually. Since the cost of logic synthesis increases rapidly as the specifica-
tion becomes larger, this approach that keeps the specification small by decomposition can potentially be applied to
synthesize circuits for which the conventional methods cannot be successfully applied. The proposed method begins
by reducing the specification to include only the output of interest and its trigger signals. Next, if the synthesis
process fails due to the lack of sufficient input signals, the reachable state space for this reduced specification is
analyzed to determine a minimal number of additional input signals. This paper presents the details of this input
decision algorithm, and also shows some experimental results.
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decomposition_based_synthesis(G) {
forall z € Out {
Ggaps = obtain_synthesizable_abs(G,r)
if (Ggaps == ‘‘impossible’’) then abort
C; = logic_synthesis(Ggps)
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obtain_synthesizable_abs(G,z) {
V = initial_input_set(G,x)

loop {
C'Pabs = obtain_abs(G,V ,x)

if (Ggps has CSC) then return Gipg
CV =

CS
obtain_CSC._violation_trace._set(Ggps)
forall g € CSCV {
candidate =
analyze CSCV_trace(g,G,V ,z,uo ,E)
if (candidate == ‘‘impossible’’) then

return ‘‘impossible’’

add.constraints_matrix(candidate)

newV = solve_covering problem()
V = VUnewV
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analyze_CSCV _trace(g,G,V,z,u,f) {
if (g is empty) {

candidate = find_inputs(f,G,V ,z)
return candidate

g1 = pick the first transitin of g
if (g1 € enabled%’) and 3t € enabled(y)
s.t. t € NonlF N concur(g1)) {
u' = fire(u,t)
result =
analyze CSCV_trace(g,G,V ,z,u ,f - t)

else {
N = necessary(u,g1)
if (N is empty) return °‘backtrack’’
forall t € NP{
u = fire(u,t)

-

9 =g
if (t == ¢1)

remove first transition of g
result =

analyze_CSCV_trace(g’ ,G,V,z,u',f 1)
if (result £ ‘‘backtrack’’)
exit forall

return result
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CBETS. Thbb, REXTOEERBRINRLTY,
CSC ERVBMHEINZZLiH 5. FlxiE, HIDNSTGG &
TOHAcEEZD. FOMIHERRa b bTHHOT, F
¥ abs(G, {a,b,c},c) EEX BN, Zhit, CSCER FL—X
g =ct,a+,b+,b— BHL, go =ct,a+ BL P g = b+,b—
LB HA RV Ialb—Y3 il fo =ct,xl+,22+,a+ &

fi = b+,2l— b~ FERTSH. 22T, z1-b 7V var
G
Geew
fa ?w—(:tz)
f1 +u1+(:tu1)
$w+(=ta)
H [ |
‘u3+<:tu3)
fa ’:.w+(=t4) hs
*w*(:ts)
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B 8 HMEDOLERFEHBERH

INPUTS: ab
OUTPUTS: ¢,x1,x2
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A CHEEREBNDS, 21+ & o+ BETERICH I 2D,
[z14 g a+] 72V, EF 1 fIZBWT fi I confine &
nizw. i, fi I confine SNBEFRFELRV. o7,
EOHA v F—T=2—REHELER2 OFHEHELRY. L
ML, G EfiXCSC %o, Thabb, 21 L 2 3FH 2D
FEEFWMELZNEHLEADLLT, ThoREFEMAZZ LT
CSCEREBHETERZ LI 5.

—%, B2 bhi CSCERMRHEShizWdO+5ist
LROBZZENTE D, FEOME THFIIERT 523, BIF
DEBHRKY L.

[BH 3] bL, fo T~y final(f)] BT Pvart
AV F—=Tx2—ATHHA L F—Tx—2ATH L) BRKL
THEY, FEOHA L Z—Tz—REZ 0 RPVT, u B fiT
BWT fi Ot LAEIZ even-confine S 57425, £d CSCi#

BIXRLTHETERY (K10 28]) . m]
G
n ST
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: suffix of f1
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10 fEHTERV CSC BROF

EH 3 OEMRHEENS L, find input iT “impossible” %
WY, £ 5 Thidhul, CSCEREMETIHA L F—T=—
AEFBEHET. BE, SOESOENEMALRY 35, fix
W, a,b,c, dBw £R20E, c OLERFEEHES L LT {e}
2, d DLREREES & LT, {f} & (g} BIEFETH LT 5.
Thb2RnfM,

aVbV(cAe)V(dA(fVyg))

ERATES. EERMBEL LTHEL D, ZhiaffERcET
EUTOX 245,
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£1 EBER (1)

Circuit | (#1,#0) Petrify Proposed method
CPU (s) Mem(MB) | area | CPU(s) (Petrify+other) | Max(MB) | area
cb (10,10) 9.6 4.6 82 3.3 = (2.9+0.3) 3.4 82
cachem | (11,16) 219.5 7.71 122 39.3 = (38.4+0.9) 3.9 123
1f6 (21,41) | (259272.4) (2742) | -]106.3 = (101.7+4.6) 4.5 | 200
(1 : BDD manager overflow: = 30000000 nodes)
£ 2 EBER (2
Circuit (#1L,#0) Petrify Proposed method
CPU (s) | Mem(MB) | area | CPU(s) (Petrify+other) | Max(MB) | area
FIR5 2mulcsc | (7,19) 78.8 78| 151| 322 = (31.3+0.9) 43| 150
IIR2_2muld_csc | (7,19) 240.2 12.3 | 150 | 184.1 = (182.3+1.8) 5.5 | 152
LMS4_pri2csc | (9,18) 354.6 18.6 | 177 | 26.3 = (25.2+1.1) 43| 177
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