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Abstract

This paper presents an adaptively structured event scheduling gate—level logic simulator. This simulator, which
was implemented with the Scheme programming language in the Synopsys Milkyway database environment, can
generate simulation models and construct design automatically based upon the information extracted from the
Milkyway database. Generally, logic simulators have an array—style event scheduler in order to speed up the
scheduling time. This linear array style scheduler is normally required to have a fine timing resolution for
event—sorting and works well for a high density event scheduling task. However, this type of scheduler tends to
be inefficient when scanning an area of no event or a low—density area. In such cases, using the next event's
information is helpful because we can skip empty time slots and reduce the simulation time. However, without a
smart event estimation technique, the overhead of getting the next event's information will be too high. In this
paper, we propose an estimation based adaptively structured scheduler, which can reduce the simulation time
substantially, without having too much overhead.
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2. Logic LevelZ} Simulation Model

Simulation Logic Level Scheme Language®l
U 374412 Value (0,1,#0) 5 AHE-Stch o714 #f+=
unknown ‘X' gkell @l-sicy,

Simulation Model> “182%} 72 Schemel Z 7|
%% Not, And, Or, Xor? 4] 7§19 7]¥ Functione
7122 2470 GateE9) Function®] Modeling® th.

{define Not
(lambda X
(hegin

(cond

(define Or
(lambda X
(kegin

(cond

{null? ) #1) ((nuti? ) 0)
(lequal? O (car X)) 1) ((equal? 1 (car X1 1)
((equal? 1 (car x}) 0) ((equal? 0 {car X)) (apply Or (cdr X))
(else #1))))) ((and (equal? #f (car X))
(

(not (hoalean? (member 1 (cdr X)) 1)
(define And else #1))1))
(lambda X
(begin
(cond
((nun? %) 1)

(lequal? 0 (car xJ

({equal? 1 (car ]

{6

(

(define Xar
(lambia X
(begin
)0 (cond
) (apply And (cdr X)) ((nult? %) 0
and (aqual? #f (car X)) ((nat (hoolean? (member #f X))) #)
{not (boolean? (member 0 {cdr X)) 0} ({odd? (apply + X)) 1)
else #0))1) ((even? (apply + X)) 00

8 2. AZ2Z J|=% Simulation Model
Fig. 2. Simulation Model described in Scheme
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Initialize design status:
Initialize the timers for clock, event and stimulus:
while { event timer <= target simulation time ) {

while ( stimulus timer — event timer ) {
foreach stimulus at current time on the stimulus scheduler {
if { stimulus is different from the status of port ) {
update pin instance status lxhle.

pin port {
if { driven pin instance is slnrage element pin ) {
pin i wort i delay to
clock pin event wheel; }
else {

pin i wort i

logic pin event wheel: 111}
update stimulus timer to the next scheduled slimulus:
3

delay to

foreach clock pin events on curment time {
if ( scheduled pin is clock ) {
operate storage el ement functons:
if { output pin status is changed ) {
schedule propagated events: }
update pin status table: }
elseif { scheduled pin event is different from pin instance
stats ) {
update pin instance table: }}

foreach logic pin events on current time {
if ( scheduled pin event is different from pin instance
swmtus ) {
cell i master i
if { output pin status is changed ) {
schedule propagated events: }
update pin instance status table: 1}

increase event timer:
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Fig. 4. Simulation Algorithm
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Table1. ISCAS 99 Circuit Optimization Result
Design |Gate Count| Speed Net Count
B19 198352 80MHz 106415
B18 95422 90MHz 49591
B22 34068 100MHz 23112
B17 26573 100MHz 12199
B14 11194 100MHz 7593
B12 1517 250MHz 596
B10 225 330MHz 109
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Table2. ISCAS 99 Circuit Simulation Result
Type |Type N|Type A+N|Est H/L| Ruduced
A(sec.)| (sec.) (sec.) |Hit Rate|Time Rate
B19| 1874 1951 1812 81.5% 3.3%
B18 | 790 923 773 84.5% 2.1%
B22 | 1046 1135 1009 89% 3.5%
B17| 331 281 281 99% 15.1%
B14| 496 524 474 73% 4.5%
B12 68 33 33 100% 51.5%
B10 45 8 8 100% 82.3%
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