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ABSTRACT 

This report discusses properties of event oriented 

logic simulators that employ the technique of selective 

searching the active gates. Properties of interest 

the data structures needed by 

are 

mainly related 

simulator and 

four different 

of gates. 

to the 

associated operations. The report consíders 

timing models for explaining the behavior 

KEYWORDS: logic simulation, timing models, data structures. 

RESUMO 

Este relatório discute propriedades de simulado­

res lógicos orientados a eventos, que utilizam a téc­

nica de procura . iseleti v a das portas lógicas a ti v as. Pro--
l 

priedades de ín~1resse est~o principalmente relacionadas 

com as estrutura, de dados necessárias no simulador e as 

operações associ]das. o relatório considera quatro di­

ferentes modelos temporais para explicar o comportamento 

das portas lÓgica 
1

. 

I 
I 
I -PALAVRAS-CHAVE: s~mulaçao lógica, modelos temporais, estru-

turas de dados. 
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In event
1

oriented logic simulation signal 

transitions are m0deled as events. An event notice for 

each event is stÓred in a list (WA 84]. Considering that 
I 

to each gate in th~ network is associated a positive and 

fini te delay, a t:tansi tion at the gate j_nputs will possibly 
I 

causP an output ev~nt for this gate after this delay. In 

general the list cdntains events scheduled for many future 

times. When the simulated time is advanced, signals must 
I 

be updated according to the events scheduled in the list 

for this new currE!nt time. Even·t oriented logic simulators 
I .• 

use in general t~e selective trace technique [ST 75] . This 

technique allows ~hat at each simulated time only those 

gates are evaluat~d, whose outputs can potentially change, 

so that a more eff1icient sirnulation is achieved. The 

objective of this ~aper is to determine, for a set of 
I 

significant timing
1 

models employed in logic simulation, 

which are the possible operations to be performed on the 
I 

event list, which Fre the properties of this list and 

these operations, 1 and how these properties and 

operations affect the selective trace technique. Four timing 
I 

models are conside~ed: two-valued logic with nominal 

delayi 

delayi 

inertial three-valuea logic with min-max delay; 
I 

and differing delays according to the transition 
I 

direction. It will not be discussed here neither the 

validity nor the abplication of these models. It shall be 
I 

proved that, besid~s the search and removal of the next 

event to be processed (i.e., the event notice in the 

list 

are 

I 

wi th the minimum schedule time) , only two operations 
I 

needed: insertion of an unique new event notice and 

canc(;-.J.lation of an 1 uniquc cvcnt nol:icc (ncccssarily the 
I 

event notice with greatest schedule time associated with 

thc ga t:c :Ln qucs L J.or\) . 'l'hc conscqucnccs o f thcsc prOJ:X-~rtics 

for a logic simula tor which uses selecti ve trace are then 
I 

considercc1. 
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2. TIMING MODELS 

2.1 Two-Valued Logic with Nominal Delay 

In this model a gate behaves like a pure function 

followed by apure delay line, which doesn't introduce 

distortion. Any number of sinal transitions can be 

simultaneously travelling through this line, so that any 

number of future events can be ,scheduled for a gate at each time. 

A new event for the gate will have always a greater 

scheduling time (equal to the current simulated time plus 

the nominal delay for the gate) than all other events yet 

scheduled for this gate. Since only two logic values are 

pres~nt, the event notice doesn' t need to contain the new 

logic value, because this will be surely the complement 

of the previous value at the moment of the event 

occurrence. The event notice contains only the gate name 

and the scheduled time for the event. 

2.2 Three-Valued Logic with Min-Max pel~ 

In this model every signal makes a transition from 

o to or from 1 to O going always through the 

intermediate state U ("unknown"). There is a dominance 

hierarchy [BF 76] between the logic values: U dominates 

O and 1, and these are in turn hierarchically equivalent. 

If there is an event from a logic value "a" to a logic 

value "b", then: 1) if "b" dominates "a", we must 

schedule the event to the earl~.est possible time (i.e., 

current time + minimum delay); 2) if "b" is dominated by 

"a", we must schedule the eveiYt to the latest possible 
time (i.e., current time + maximum deJ.ay) . Using this 

rule the simulation always gives the worst possible cas~ 

that is, the signal will remain in the state U as 

as possible due to the gate input conditions. 
long 
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As in tbe previous model any number of future 

events can be s~heduled for a gate at each rrorrent. Ho.vever, 
I 

as a corollary of Theorem 5 of Eichelberger [EI 65) , the 

gate 

value 

o -+ u 

output alwJys goes 
I 

-+ dominating value 

-+ 1 o r 1 -+ 
1 u -+ o} 
I 

through a sequence "non-dominating 

-+ non-dominating value" {i.e., 

if the gate inputs also go 

through such a sequence. Let us define the gate inputs / 

"at rest" when d1ll of them have values O or 1 (that, is, 

they 

t=t1 

Fig. 

the 

have a non-dominating value). Let us say that 
! 

an input ev1ent for a gate occurs. As we see 

1a, if at t=~2 > t1 a new input event appears, 
I 

gate inputs ~idn't are at rest, then we have 

at 

in 

and 

necessarily th+mindelay and tb (time for the new 

output 

a:t t2 

I 

event) = t~ + maxdelay (the input must 

a "domina tihg -+ non-domina·ting" 
I 

have dane 

so 

tb > ta, that is,1 the new output event 

transition) , and 

has a greater 

scheduling 

gate. 

I 

time than 
I 

I 

all other events scheduled for th1s 

A 

B 

c=A.B 

u 
o 

I 
u 
o 

u 
o 

I 

current time 
I 

I 

' I 

I 

I 
··--·· -··· 

I 

li 

1+- deloy nin I 

tI ta 
-del1ay mox_, 

I 

·-

current time 

: : =M-----t----1!--
o !---··---·-------------

C=A.B I u r--. 

o ---r----t--+-----11 I I 
t 0 t 1 t 2 te tb t0 

~Liaym!in~ Jjl 
~ 1 . deloy max ·. 

1 
. 

r-deloy min--t · 

(o) no futura event must1 be cancelled ( b l a futuro event ot t 0 must be concelled 

Figure 1- Possible Timi
1

ng Relationships between Future Events in tho Min-Max Deloy Model. 
I 

If the gabe inputs were at rest at t2, as j_n Fig. 1b, 

then ta = t1 

happen that 

I 
+ maxdelay and tb t2 + mindelay. It can 

I 

tb < 1ta, tha t :i.s, the new event can have 
I 

a 
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smaller scheduling time than the current event with 

greatest scheduling time for this gate. This later event 

must then be cancelled. However, this new event cannot 

have a smaller scheduling time that a second yet scheduled 

output event at te < ta and due to an input transition 

at 

type 

then 

te < 

with 

for 

o f 

tO < t2, because this second event must be of the 

"non-dominating -+ dominating" transiton. We have 

te = tO + mindelay, tb = t2 + mindelay, and so 

tb. 

We conclude that only a single event, and that 

the greatest scheduled time among those scheduled 

the gate, can be due to cancellation as a result 

a new input transition, and that a new output event 

always 

the gate 

Furthermore, 

will 

for 

time be the evcnt with greatest scheduled 

(after a possible event cancellation). 

after a cancellation, a new cancellation 

will never be needed before at least one new event is 

scheduled for the same gate. 

2.3 Two-Valued Logic with Inertial Delay 

Fig. 2 shows what really happens when an input 

transition occurs for a gate. The gate output capacitance 

is loaded (or discharged) according to an exponential 

curve. We say that the output reaches a logic value 

when this curve passes through a certain boundary.Another 

input transition occurring before the curve has reached 

the boundary can discharge (or load) 

so that the logic value is not really 

then that the gate has an inertial 

the gate capacitance, 

reached. We say 

delay, [BF 7 G] O:.Jual 

to the time interval the gate output needs to reach the 

opposite boundary. Within this interval the input valucs 

cannot be altered, if the modeled gate output really has 

~to respond to the input transition. As algorithm which 

correctly handles this situation has to schedule an 



,,, os 

I 

I 

output event, due to an input transition, for the 
I 

11 current time + inertial delay". I f a new input transition 

occurs before th~ time scheduled for the output event is 

reached, and theloutput v alue calculated wi th the new 

input configuration is different from that predicted in 

the scheduled e~ent (i.e.' the new value is equal to 

the current val~e, in the case of two-valued logic), 

then this event ~ust be cancelled, as in Fig. 2b. 

input 
'I 
I 

-
I 

!_ 

I - I 
' :1!( 

lowor timit- -,--+--!-"7"1-'---~;----~ 
'· 

1 real 
li ~I li 
I' ,--...;. 

for logic f 

I : li , i i :o~trt 
! li :;, ! 

· modelled 
output 

I 

-inertid~ I 
delay 

(a l output reaches the Ioth e r logic 
value ( without initi91 charge) 

cancelled 
event 

( b) output doesn' t reoch 
the other logic value 

Figure 2- Timing Diagrams for an Inverter with lnertial Delay 
I 

(c) output reaches the other 
logic value ( with initial 

charge ) 

A more exact algorithm would consider if the 

gate output capac~tance has yet some charge due to 

previous input t1ransi tions. A smaller inertial delay has 

to be added to th~ current time at this new transition, as 

in Fig. 2c. 

-valued 

future 

I f this I procedure is 
I 

logic, then we will 

event schbduled for a 

followed, and we have two-

neve r have more than one 

gate. A reference for this 

event will be ne~ded in the gate evaluation routine, 

because dependingl on new i.nput trans iti.ons the event can 

be due to canccllation. 
! 
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2.4 Two-Valued Logic with Different Delays for each 

Transition Direction 

Modeling different delays for each transition 

direction can be considered with or without inertial 

delay. If we are considering inertial delay, different 

delays for each transition direction can be easily 

obtained if we have different curves for the charge and 

discharge of the gate output capacitance. We don't need 

to rnake any additional considerations about event 

scheduling and cancellation. 

If we are rnodeling different delays for each 

transition direction without considering inertial delay, 

.then Fig. 3 shows what could happen. An output 

event O + 1 is scheduled for td due to an input 

transition at ta=td-tplh. A later input transition at 

tb creates an input configuration that rnakes the output 

value equal to O, and 

should be scheduled 

the corresponding output event 

at tc=tb+tphl. If tplh < tplh, it 

can happen that te < td. Clearly the event at td rnust 

Figure 3.- Different Deloys for eoch 
Tronsition Sense 



;: 
·'· ' 

07 

be cancelled and I the new event at te doesn 't need to te 

scheduled due to ihe selective trace. If another output 

·event is schedu~ed for a time te < td, it can be easily 

proved that the ltime te for the new event cannot be 

smaller than te. I Times te and te must both be calculateé., 

as the sum of the input transition time and tphl, so 
I that only one event can be due to cancellation. 
I 

3. SELECTIVE TRACEJ AND THE FUTURE EVENTS 
I 

Selectiv;e Trace is a technique which evaluates 
I 

at each simulation step only those gates which potentially 

have 
I transition, i. e. , those which have can an ou·tput 

an input transi tilon at this time. As we se e in Fig. 4 I 

the existence oB many future events must be considered 

when selective ~race is to be applied. At t=O the 

current value of, C is 
I 

O and the new calculated value is 

1, so that an event is scheduled for t=10. At t=5, the 
I 

current value of C is still O and the new calculated 

value is also O, 1so that we could think that no future 

even t would be n 1eeded due to this input transi tion. Ho.vever, 

the new calculate~ 

value just beforel 

value should 

t=15 (which 

be compared with 

is 1) r not with 

the 

the 

current value, b~cause only at t=15 the new v alue will 

appear at the oufput, due to the delay. Then a future 

event must be scheduled at t=15. So, by using the 

selective trace I h . tec n1que we mus·t always compare the new 

calculated value with the value stored :Ln the event 

notice for this gate which has the greatest scheduled 

time. 

L_ _______ ----------------------~------------------------------------------------------------~ 
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delay= lO c 
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Figure 4. - Selective Troce' on Exomple of Comporison 
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4. CONSEQUENCES OF THE TIMING MODELS FOR THE SIMULATION 

ALGORITHM 

We have deduced some properties about the event 

list and the operations on it, which are of course valid 

only for the timing models considered. They will be 

used now to derive the information which must be 

maintained by the simulation algorithm and how it must 

be used and updated when the basic operations on the 

event list are executed (execution, scheduling and 

cancellation of events), in order that the selective 

trace can be correctly applied. Two different cases 

must be considered, namely, simulation with or without 

inertial delay processing. 

4.1 Simulaton with Inertial Delay Processing 

This is the easiest case, because only one 

future event can be scheduled for each gate. The only 

information needed by the simulation algorithm, for each 

l 
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is a pointer to its unique scheduled 
I 

LEP (Latest-Event-Pointer) . Be 
I . 

NO 

Cancel thel event ,Pointed out by LEP (G] 

trom the event I ist 
I 

~ NIL 

NO 

Schedule event (G, NV, NT) in the event list 

l 
LEP[G]I points tothisevent 

-----',~ 

Figure 5.- Prodessing wich lnertiol Deloy: Actions ofteron 
lnput Transition ( G?te Evaluation Routine hos given the volues 

NV- New Logic Value- and NT-NewTime-l 
I 

event 

S h 
11 . 1 h V t e current og1c va ue at t e gate output, 
I 

LEPt.V the output 1ogic va1ue corresponding to the event 
I 

notice pointed out by LEP, 
I 

-..___: _________________________________________________ ,;,..~ 
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LEPt.T the time at which the event notice pointed out by 

LEP is to be processed, 

NV the new gate output value calculated as a result 

of an input transition, and 

NT the calculated time (according to the timing 

model), at which the value NV is to be assigned 

to the gate output. 

When an event notice [gate G, value V, time T] 

is taken from the event list as the next to be processed, 

three actions must be performed by the simulation 

algorithm: 

1 • SV {G) : = V 

2. LEP(G) := NIL, because this was certainly the only 

event scheduled for this gate 

3. Remove the event notice from the list. 

When a gate has an input transition, and its 

function accordingly gives NV and NT, the actions shown 

in Fig. 5 must be executed. 

4.2 Simulation without Inertial Delay Processing 

In this case, at some point t1 a gate can have 

many future events for t., ... t. > t
1

, so that more 
l J 

information is needed. In addition to LEP, the following 

variables will be used: 

COUNT, a count of the number of events scheduled for each 

gate at some moment during the simulation run; 

LV, the logic value stored in the latest cvcnt noticc Eor 
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each gate; 

LT, the time at which the latest event notice for each gate 

is to be processed; and 

VLV, the logic value stored in the latest bu~ one 

notice for each gate. 

event 

SV[G)..r- EV 

Figure 6.- Processing without 
lnertiol Delay: Actions ofter on 
Evlmt ( G, EV. ET) wastoken from 
the Event List to be processed. 

COUNT [G) ~ COLJNT [G)- I 

LV [G]- SV (G] 

~ 
LEP(G) .__ NIL 

v~rv [G] - sv [G] 

Figures 6 and 7 show respectively the actions 

to be taken when an event notice has to be processed 

and after the gate function has evaluated new values NV 

and NT. The pointer LEP can assume the value NIL in 

two situations: 1) when there is really no event 

scheduled for the gate, and 2) when the lal:est event was 

cancelled, there are other events for the gate, but a 

new event was not yet scheduled for it since the 

cancellation. As we remember, two consecutive event 

cancellations for the same gate never occur, so that the 

knowlcdiJC of Lllc Jatcst cvcnt :Ls not nccessarily needed 

after a cancellatiori, until another scheduling is done. 
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= NIL 

YES 

Concel the event pointed out by LEP [G]i 
COUNrr[G) .,..__ COUNT[G) -I i I 

LV[G] .,..__ VLV[G) 
VLV(G) .,..__ empt~ 

LT[G) .,..__ empty 
LEP(G] .,..__ NIL 

NO 

Schedu I e event ( G, NV, NT) 
COUNT[G] ......_ COUNT[G]+I 

VLV(G) ~ LV(G) 
LV(G] ......_ NV 

LT(G] ~ NT 

L EP [G] points to the new event 

Figure 7.- Processing without 

lnertiol Deloy= Actions ofter on 
lnput Tronsition (Gate Evaluation 

· Routine has given the values NV­
New1Logic Volue- and NT-NewTime:..) 

Because of this possibility the logic value and the time 

corre~ponding to the latest event cannot 

always through LEP, and must be maintained 

variables. LV and VLV are initialized with 

be accessed 

in another 

the same 

logic value assigned to the gate output at the beginning 

of the simulation (i.e., SV) . Always when there is only 
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one event scheduled for the gate, VLV has again the 

current gate output logic value SV. If there is no event 

schedulcd for Lhe gu.Le, both VLV and LV have again this 

value SV. 

5. CONCLUSIONS 

We have shown that very simple algorithms, which 

use a very simple data structure besides the event lis4 

namely a pointer to the latest event notice associated 

with each gate and some few variables, are needed in 

order that an event oriented logic simulator correctly 

processes four different significant timing models and 

implements the selective trace technique. The organization 

of the event list was not considered in this paper, and 

it can be deduced from the conclusions that it has no 

influence over the presented models and algorithms. 
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