Framework of Timed Trace Theoretic Verification Revisited

Bin Zhou

TomohiroYoned&

ChrisMyers'

CadencéesignSystemsJapan Tokyo Instituteof Technology University of Utah

binzhou@cadence.com

Abstract

This paperdevelopsa frameavork to supporttracetheo-
reticverificationof timedcircuitsandsystemsA theoktical
foundationfor classifyingtimedtracesas either successes
or failuresis developed. The conceptof the semimiror is
introducedto allow conformancecheding thussupporting
hierarchical verification of timed circuits and systems Fi-
nally, werelateour framevork to thosepreviouslyproposed
for timing verification.

1 Intr oduction

For the formal verification of asynchronougircuits, a
methodcalled trace theoreticverificationis proposed1].
In this method,both specificationand implementatiorare
given by automata,Petri nets, or similar formal models.
The advantagesf this methodare (1) its decisionproce-
dureis simpleandefficient, (2) performanceémprovement
by partial orderreductioncanbe quitelarge[2, 3], and(3)
verificationcanbedonehierarchically

Recently designeroften usetimed circuits in orderto
implementfastandcompactcircuits [4, andothers]. Thus,
for the formal verificationof suchtimed asynchronousir-
cuits, it is desiredto extendthe verificationmethodssothat
they canhandletimed circuits. Sinceit is not easyto ap-
ply symbolic methodsbasedon BDDs to timing verifica-
tion, partial order reductionis one of the most promising
solutionsto the stateexplosionproblem. Thus,methodsn
which partial order reductionis well-suitedare preferred.
Onedirectionis modelcheckingbasedon real-timelogics
andtimed transitionsystemd5, 6, andothers]. The partial
orderreductionis appliedto the timed LTL modelcheck-
ing in [7, 8], but it seemshat the costto handleLTL can
be quite high. The seconddirectionis the languagecon-
tainmentcheckingbasedon timed automatg9]. In order
to usethis methodfor circuit verification,input generators
are often requiredon the circuit side which makes hierar
chicalverificationdifficult. Furthermoreto ourknowledge,
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partial orderreductionhasnot yet beenappliedto it in the

timed domain. As the third direction, we have proposed
a framework of timed tracetheoreticverificationbasedon

time Petrinets[10, 11, 12]. Theworksmostrelatedto ours
are[13, 14] and[15]. However, in the former work, the

modelsarerestrictedsuchthata singletransitionhasonly

one behaioral place,andin the latter work, the notion of

mirrorsis notdiscussed.

In [12, 16], safetyfailuresandtiming failuresare de-
fined,andthe notion of pseuddailuresis introduced.And
then, the decisionprocedurebasedon pseudofailuresis
shawvn. Although this approachis certainly one extension
of thetracetheoreticverification,it differsfrom theoriginal
tracetheoreticmethodin thefollowing two points.

1. Failuresaredefinedbetweemmodulesj.e.,amoduleis
definedwithoutthefailuretraceset.

2. In timed trace theory a mirror module obtainedby
swapping the inputs and the outputsof the original
moduleis not equivalentto maximal ervironmentof
the original module. Hence,the decisionprocedure
basedon mirroring cannotbe usedfor conformance
checking.

In this paper we reformalizethe framevork of the timed
trace theoretic verification in accordancewith the origi-
nal untimed trace theory and introducethe conceptsof
the semimoduleandthe semimirrorto allow conformance
checking.

2 Tracetheoretic verification

We briefly recallthe ideaof the tracetheoreticverifica-
tion from [1] for thediscussiorof the next section.

A Petri net N is four-tuple, N = (P, T, F, uo), where
P is a finite nonemptyset of places T is a finite setof
transitons(PNT = @), F C (PxT)U (T x P)is
the flow relation, andug C P is theinitial markingof the
net. For ary transitiont, ¢ = {p € P | (p,t) € F} and
te = {p € P | (t,p) € F} denotehesourceplacesandthe
destinationplacesof ¢, respectiely. For aplacep, ep and
pe aredefinedsimilarly.



A markingp of N is ary subsebf P. A transitiont is
enabledn amarkingyu if et C u (all its sourceplaceshave
tokensin u); otherwise,it is disabled Let enabled(u) be
the setof transitionsenabledn y. In marking u, transition
t; € enabled(x) canfire, anda new markingp' = (u —
ot;) U tyeisobtained.

Arunp = pg LN 1 2N 4o 3 ... of N is afinite or
infinite sequencef markingsandtransitionssuchthat g is
theinitial marking,and u;,1 is obtainedfrom u; by firing
transitiont; 1. We assumehatevery prefixof arunis also
arun. A Petrinetis one-safeif in any marking u; of ary
runp = pio Lt M1 5 M2 L (i — otip1) Ntiyr0 = 0.
In thesequelanetis alwaysa one-safePetrinet.

A traceis afinite or infinite sequencef transitions. A

runp = g R2Y 7 B generates tracet;ty - --. Let
trace(N) bea setof all the tracesgeneratedy a Petrinet
N. Notethatthe settrace(N) is prefix-closedandalways
includesanemptytrace.

A moduleis atuple (I, O, N), wherel is a setof input
wires, O is a setof outputwires,and N = (P, T, F, o)
is a net, satisfyingl U O = T. Note thatwe may call a
transitiona wire, sincethefiring of atransitiont represents
thechangeof valueon awire. We useamoduleasaformal
modelfor acircuit element(e.g.,a gate)or a specification.
In therestof this sectionwe useA (or A,, - - -) to represent
ITUO (or I UOs,---). A (canonical)trace structuse of
amoduleM = (I,0,N), denotedby T (M), is atuple
(1,0,8,F), whereS is thesetof succesdracesand F' is
thesetof failuretraces satisfying

1. S = trace(N), and
2. F={an|ze({yilyeSiell-9),ne A}

The above definition of failure tracescan be interpreted
suchthatif atraceobtainedby appendingninputto asuc-
cesstraceis not a successthenthe traceis consideredo
beafailure. Thatis, aninput which cannotbe acceptedl-
wayscauses failure. Thus,fory € S,i € I,0 € O, and
P=SUF,

yigS = wyié€lF, @)
yodéS = yo¢gP (2)
hold. A tracein P is calledpossible Furthermoreatrace
extendedrom afailureis alsoafailure,andatraceextended

from animpossibletraceis alsoimpossible Hence for a €
A, we have

yeF = yackF, 3)
y¢P = yagP. (4)
A trace structureis called failure-free if its failure setis

empty
We usethefollowing definitionsin this paper For atrace
T = e1ezes - - - andasetD of wires,

ifeg €D
del(D, z) = { Zély elsel,

wherey = del(D,ese3---). For a set X of traces,
del™(D, X) istheset{z | del(D,z) € X}. For X whose
elementsdo not containary wires in D, del™' (D, X) is

thesetof all tracesthatcanbegeneratedby insertingmem-
bersof D* betweenary consecutie wiresin tracesof X.

Thisis extendedor atracestructurel’ = (1,0, S, F') such
thatdel™! (D, T) = (IUD, O,del (D, S),del™' (D, F)).

Note that the insertedwires are always consideredto be
the inputs. The intersectionof two tracestructures?l; =

(I]_, 01, Sl, Fl) andT2 = (12, 02, SQ, Fz) SUChthatAl =

As andO; N O, = @ is atracestructure

TiNTs = (I, NIz, 01UOs, S1NSs, (FiNP)U(P N E)).

The compositionof T; andT» suchthatO; N O, = Pisa
tracestructure

T1||T2 = del_l(A2 - Al,Tl) N del_l(Al - AQ,TQ).

Now, we showv the core notionsof the trace theoretic
verification. For two modulesM; = (I;,0,,N;) and
M, = (I, 04, N3), wesayM; conformgo Ms,if I) C I,
01 D 0., andfor ary (composablejracestructureE; =
(Ig,0g,Sg, Fg) suchthat I, C Og andO, D Ig, if
E||T (M>) is failure-free sois E||T (M;). Thisis thecor
rectnes<riterion of tracetheoreticverification. Thatis, we
considerthata circuit M is correctwith respecto a spec-
ification Mg, if Mo conformsto Mg. For atracestruc-
tureT = (I,0, S, F), its maximumervironmentis called
amirror of T, denotecby T™, which is alsoa tracestruc-
ture (I',0',S', F') satisfyingl' = 0,0' =1, 5" = S,
andF' = A* — P. Thefollowing lemmaholds.

Lemmal Supposethat M; = (I;,0,,N;) and My =
(I2,02, N2) aremodulessuchthatl; C I, andO; D O,.
M, conformsto M iff T (Mq)||T (Mz2)™ is failurefree.

Lemmal is very important, becauseve can checkcon-
formancewithout consideringall possibleervironmentsE.
But, it is usefulonly whenthe mirror of a tracestructureis
easilyobtained.Thisis guaranteethy thefollowing lemma.

Lemma2 For a module M =
T(M"), whereM' = (0,1, N).

(I,O,N), T(M)™ is

We saythata module (O, I, N) is the mirror of a module
M = (I,0,N), denotedby M™. Notethat M™ is sim-
ply obtainedby swappinginputsandoutputsof M. These
two lemmasstraightforvardly derive the following theo-
rem, which actually allows us to implementthe decision
procedurdor conformanceshecking.

Theorem1 Supposehat M; = (I;,0,,N;) and My =
(I2,02, N2) aremodulessuchthatl; C I, andO; D Os.
M, conformsto M iff T (Mq)||T (MI") is failurefree.



3 Timed trace theoretic verification
3.1 Definitions

Let Q' bethe domainof nonngative rationalnumbers
for time-points For a transitiont andr € Q*, (¢,7)
is called a timed event 7 representghe time when the
transitiont fires, or the correspondingwire changes. A
timedtracez is afinite or infinite sequencef timedevents
x = egey - -- Wheree; = (t;,7;) suchthat monotonicity
(i.e., 7z < 1341 forall i > 0) andprogress(i.e., if z is infi-
nite,thenfor ary 7 € Q* thereexistsani suchthatr; > 7)
aresatisfied.

A time Petri net N is a six-tuple, N = (P, T, F, Eft,
Lft, uo), whereP, T, F, andu, arethe sameasa Petrinet,
andEft : T — Qt, Lft : T — QtU{oo} arefunctionsfor
the earliestandlatestfiring timesof transitions satisfying
Eft(t) < Lft(¢t) forall¢t € T.

A stateo of atime Petrinetis a pair (u, clock), whereu
is amarkingandclock is afunctionT — Q*. Theinitial
stateoy IS (o, clockg), whereclockg(t) =0 forallt € T.
The statesof a time Petrinetchangejf time passe®r if a
transitionfires. In statec = (u, clock), timer € Q* can
passijf for all t € enabled(u), clock(t) +7 < Lft(t). In this
casestates’ = (u', clock’) is obtainedfrom o by passing
T, if ' = p, andfor all t € T, clock'(t) = clock(t) +
7. In statec = (u,clock), transitiont; € T canfire, if
ty € enabled(p) andclock(ty) > Eft(ts). In this case,
states’ = (p/,clock’) is obtainedfrom o by firing ty, if
p' = (u—otg) U tpe, andforallt € T, clock'(t) = 0 for
newly enabledransitionst andclock’(t) = clock(t) for the
others.

Arunp = oy i2\ o1 & o9 % ... of N is afinite or infi-
nite sequencef statesandtransitionssuchthatay is theini-
tial stateando; 11 is obtainedrom o; by passingsometime
andthenfiring transitiont;,;. time;(p) is the sumof all
timespassedetweensy(p) ando;(p); thatis, timeg(p) =
0 andtime;1(p) = time;(p) + clock; 1 (¢) — clock;(t) for
somet whichis notnewly enabledn p; ;. * Thus,arunp
generateatimedtrace(ty, timey (p))(t2, timez(p)) - - -. Let
trace(N) be a setof all timed tracesgeneratedy a time
Petrinet N. In orderto satisfythe progresscondition,we
assumehattime certainlypassesn ary loop structurethat
N contains. In the sequel,a time netis alwaysa one-safe
time Petrinetsatisfyingthe above restriction.

Supposéhatatimedtracey is anelementof trace(NV).
Letenabled(y, N) denotea setof transitions(of N) which
are enabledin the stateobtainedby y. For a transition
t € enabled(y, N), EN_time(t,y, N) is the time whent
got newly enabledn y mostrecently TL(y, N) = min{
EN_time(t,y, N) + Lft(t) | t € enabled(y, N)} is thelat-
esttime until whenthefirings of all enabledransitionscan
be postponed.If enabled(y, V) is empty we assumethat

1in orderto definetime;(p) precisely we may consideran auxiliary
transitiontaux which never become®nabled.

TL(y,N) is co. limit(y, N) = {t | t € enabled(y, N),

EN_time(t,y, N) + Lft(t) = TL(y, N)} is asetof enabled
transitionswhich determineTL(y, V). We saythatatimed
tracey(w, 7) is oversteppedif it satisfiesr > TL(y, N).

3.2 Timed trace structures

A moduleis definedsimilarly exceptthat N is a time
net. A timedtracestructurefor amodule(I, O, N) is alsoa
tuple(I,0, S, F), but.S andF arenow setsof timedtraces.
We classifynon-oversteppedimedtracesinto S, F', or nei-
ther of themin the sameway asthe untimedcases. That
is, S alwaysincludesanemptytimedtrace,andfor atimed
tracey(w, 7) suchthaty € trace(N) andr < TL(y, N),

o if y(w,7) € trace(N), theny(w,7) € S,
o elseif w € I, theny(w, ) € F (from property(1)),
e else(i.e.,w € 0), y(w, ) ¢ P (from property(2)).

On the otherhand,it hasnever beenconsideredvhich set
anoversteppedimed tracebelongsto. Actually, S and F’
cannotbe determinedas simply asin the untimed cases,
becaussometimedeventscannotoccurafteracertaintime
pointdueto thetiming constrainton thetransitions.Thus,
beforeclassifyingoversteppedimed traces,we intuitively
discusswvhenfailuresshouldandshouldnot occut

We basicallyconsidethatmodulesnteractingwith each
otherhave somekind of failure,if eitheranoutputproduced
by amodulecannotbeacceptedy someothermoduleor an
inputexpectedby amoduleis notgivenin time by ary other
module. In the exampleshowvn in Figure 1, the outputof
M, is safelyacceptedy M,, andtheinputof M is given
in time. Note thatinput transitionsfire in synchronization
with the correspondingutputtransitions. In the example
shawvn in Figure 2, the outputw of M, canbe accepted
by M;, if it occursbeforew, and otherwise,the firing of
w is disabledby thatof u. Sincethesepropertieshold for
theothertransitionsjt is naturalto considerthatthereexist
no failuresin theseexamples. On the other hand,in the
modulesshavn in Figure3(a),(b) theinputexpecteday M,
is never givenby Ms, becausehe correspondingutputis
disabled. Neitherdoesthe input u of M, in Figure 3(a).
Thisis a situationcalleddeadlock andso, theremustexist
somekind of failurebetweerthem. In Figure4, (w, 8), for
example,canbeproducediy M, butit cannotbeaccepted
by M; duetoits latestfiring time. Thus,afailureexistsalso
in this case.

Thekey criterionto classifyoversteppedimedtracesis
whetherlimit(y, V) includesan outputor not. If anoutput
isincludedin limit(y, V), thenN itself doesnotallow time
to passafter TL(y, V) without firing ary transitions. It is
underthe controlof N. Thus,we shouldconsiderthatthe
oversteppedimed tracesarenotin P. Onthe otherhand,
if everywirein limit(y, N) is aninput, N canonly wait for
theothermodulesto producethe expectedoutputs.In other
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Figure 1. Example 1.
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[1,5] TL.5] [1,10] 11.,10]

Figure 2. Example 2.

words, if no outputsare producedthe only actionthat N
candois to fail. Thus,it is naturalto considerthatthose
oversteppedimedtracesarein F'.

Considerthe modulesM; and M, showvn in Figure 1.
We have TL(e,N;) = 5 and TL(¢,N,) = 10, and
limit(e, N1) hasan outputw andlimit(s, N2) hasan out-
putu. Thus,for = > 5, either(w, 7) or (u, ) is notin P,
andfor = > 10, either (w, ) or (u,7) is notin P,. From
this, the oversteppedimedtracesof M; and M, cannotbe
in the failure setof 7 (M)]|T (Maz). Thenon-overstepped
timedtracescannotbe, either Hence we canconcludethat
T (M1)||T (M) is failure-free.Thus,the above criterionis
consistento our intuition. A similar discussiorholds for
the examplein Figure2. Notethaty(w, ) is notin P in-
dependentf the attribute (i.e., input or output)of w, if it is
oversteppe@ndlimit(y, N) N O # 0.

In the modulesshavn in Figure 3(a),on the otherhand,
limit(e, N;) containsonly aninput w. Accordingto the
above criterion, we considerthat (w,7) € Fy for 7 > 5.
However, if (w,7) ¢ P, holds, we cannotput this timed
traceinto thefailure setof 7 (A41)||7 (M2). Thus,we pro-
poseto considerthat (w,7) € F», evenif w is disabled
in M,. Note that this is consistento the above criterion,
becausdimit(g, N2) containsonly an input, and (w, 7) is
oversteppedn M,. Then,we have T (M1)||T (M=) whose
failure set contains(w, 7) for > 5. The samediscus-
sionholdsfor (u, 7). Unfortunately we still have a prob-
lem in the exampleshawn in Figure 3(b) wheresomefail-
ure mustexist too. Sincethereare no enabledtransitions
in M, which implies TL(y, N2) = oo, it's impossibleto
put sometimedtraceexceptfor ¢ into P,, andso,it’s diffi-
cult to force 7 (M;)||T (Mz) to have afailure. In orderto
overcomethis problem,we further proposeto assumehat
every modulehasavirtual outputwhichis alwaysdisabled,
andthat every other modulehasthe correspondingyirtual
inputwhichis alsoalwaysdisabled.In the exampleof Fig-
ure 3(b), we assumehat M; hasa disabledvirtual output
vy and M, hasadisabledvirtual inputv; asshowvn in Fig-
ure5. Similarly, v, is thedisabledvirtual outputof M> and
the disabledvirtual input of ;. Then, accordingto the

1={w} M1 O={u} 1={u} M> O={w}
W. u u w
[0,5] [1.1] [0,5] [1.1]
(€Y
I=w} g, O=0 =} g, O=wh
W, w
[0,5] [1,1]

®
Figure 3. Example 3.

=}, O=0) =0 g, O=w

W. W
[0,5] [4,10]

Figure 4. Example 4.

above criteria, we have (vy,7) € Fy with 7 > 5 because
this is oversteppedandwe have (vi,7) € F» becausehis
is neitheroversteppedhorin trace(Nz).

In Figure 4, limit(e, N;) includesonly an input, while
limit(e, No) hasan output. Thus, we have (w,7) € Fy
for 7 > 5 and (w,7') ¢ P, for 7/ > 10. Our in-
tuition is satisfiedalso in this case,because(w, ") for
5 < 7" < 10isincludedin F; andSs, andis in thefailure
setof 7 (My)||T (M).

Finally, criteriaC1 canbeusedfor bothnon-overstepped
andoversteppedimedtraces.2(b) and(c) arefor the over-
steppedimedtraces.2(b) is for the casethat the limit set
consistsof only inputs,and handlesthe failuresexplained
for Figure3 andFigure4. 3 and4 belov arefrom proper
ties(3) and(4) of Section2.

Cl: 1. S =trace(N)
2. fory € S andy(w,7) &€ S,
(@) if 7 < TL(y), then
i. ifwel, theny(w,7) € F
ii. elsey(w,7) ¢ P
(b) elseif limit(y, N) C I, theny(w, ) € F
(c) elsey(w,T) & P
3. forye F,y(w,7) € F
4. fory ¢ P,y(w,7) & P
wherew € TU O, andr € Q™.

3.3 Mirr oring

For untimedsystemsTheoreml allows usto decidethe
conformancédetweera circuit anda specificationvery eas-
ily by usinga mirror module. Here, we presenta similar
approactor timedsystems.



I=wa2) g, O=(vi} =1} g, O=twa2)

P Tl W Ty T
W. vll:\/z W, vl V2

[0,5] [0,0] [0,0] [1,1] [0,0] [0,0]

Figure 5. Virtual transitions for Example 3(b).

Also for atimedtracestructure(Z, O, S, F'), its mirror is
definedasatimedtracestructure(O, I, S, A* — P), where
P=SUF,A={(w,7) |welIUO,7 € Qt} andA*is
asetof all timedtracesover A. Thus,Lemmal holdsalso
in timedcasesHowever, Lemma2 doesnotholdin general.
SupposehatM; = ({w}, {u}, N1) isthemoduleshavnin
Figure2, and’T(Ml) = ({w}, {u}, Sl, Fl) with P, = S1U
F;. Accordingto Clabove, we have, for example,(w, 6) ¢
P;. If weconsiderM| = ({u}, {w}, N1), andT (M]) =
({u}, {w}, Sy, F{) with P| = S{UF|. wehave (w,6) ¢ P,
againfrom C1. This derives (w,6) ¢ F| andso F| #
A} — Py, andthat7 (M) is notamirror of 7(M7). Hence,
Lemma2 doesnot hold in this case. Actually, theredoes
not exist a modulewhosetimed trace structureis exactly
the sameasthemirror of this 7(My).

However, we canstill constructan algorithmto decide
the conformanceof timed systemsasfollows. We first de-
fine a semimodulél, O, N), which is the sameasa mod-
ule exceptthat its timed trace structureis defineddiffer-
ently from that of a module. The timed trace structure
(1,0, 8, F), denotedby 7;(M), of a semimoduleM =
(I,0, N) is definedasfollows.

C2: 1. S =trace(N)
2. fory € Sandy(w,7) € S,
(@) if 7 < TL(y), then
i. ifwel, theny(w, 7)€ F
i. elsey(w,7) & P
(b) elseif limit(y, N) C O, theny(w, ) & P
(c) elsey(w,7) € F
3. forye F,y(w,7) € F
4. fory & P,y(w,7) ¢ P
wherew € TU O, andT € Q™.

Notethatonly 2(b),(c)aredifferentfrom C1. If we consider
asemimodule{u}, {w}, Ny) in the previous example, its
timed tracestructureis exactly a mirror of 7(M7). Actu-
ally, we have thefollowing lemma.

Lemma3 ForamoduleM = (I, 0, N) andasemimodule
M' = (0,I,N), T(M)™ = T,(M'") holds.

Proof: Let T(M) = (1,0,S,F) andT,(M') = (I',0',
S',F'), whereI" = O andO' = I. Then, T(M)™ =
(0,1,5,A*—P). FromS = trace(IV) andS’ = trace(N),
wehave S’ = S. Thus,weonly haveto shov F' = A*— P,

thatis, bothz € F/ = 2 € A* — Pandz ¢ F' =
x ¢ A* — P. If z is non-oversteppedthe proof is similar
to that of Lemma2. Thus,we only considerthe casethat
z is overstepped.This canbe proven by inductionon the
length of 1, denotedby |n|, wherez = yn andy is the
longestprefix of z suchthaty € S’. First,supposer € F".
We shav thatz € A* — P holds. If || = 1, thenfrom
2(b) and 2(c) of C2, limit(y, N) € O' = I mustholdin
Ts(M'"). Thus,in T(M), from 2(c) of C1,z ¢ P holds,
andit impliesthatz € A* — P holds. If || > 1, letz =
yn = y'a with a € A. From4 of C2andyn € F', we have
y' € F'. From the induction hypothesiswe canassume
thaty’ € A* — P. Thisimpliesthaty’ ¢ P. Thus,from 4
of C1,y'a ¢ P, whichderivesy'a € A* — P. Hence,we
haveshovnz € F' = x € A* — P. Similarly, we suppose
x ¢ F' andshow thatz ¢ A* — P holds. If |5| = 1, then
from 2(b) and2(c) of C2, limit(y, N) C O’ = I musthold
in 75(M"). Thus,in T (M), from 2(b) of C1,z € F holds,
andit impliesthatz ¢ A* — P holds. If |5| > 1, letz =
yn = y'a with a € A. From3 of C2andyn ¢ F', we have
y' ¢ F'. From the induction hypothesiswe canassume
thaty’ ¢ A* — P. Thisimpliesthaty’ € P andsoy’ € F.
Thus,from3 of C1,y'a € F, whichdervesy'a ¢ A* — P.
Hencewe haveshovnz ¢ F' = x ¢ A* — P. Q.E.D.

We saythata semimodulgO, I, N) is the semimiror of a
moduleM = (1,0, N), denotechy M*™, FromLemma3
andthetimed versionof Lemmal, we have the following
theorem.

Theorem?2 Supposehat M; = (I;,0,,N1) and My =
(I2,02, N2) aremodulessuchthatl; C I, andO; D Os.
M, conformsto My iff T(Mq)||Ts(M5™) is failurefree.

Fromthis theorem the decisionprocedureof conformance
betweertimed systemsanbe actuallyimplementedif the
failure trace sets of modulesand semimodulesare con-
structeddifferently.

4 Comparisonwith the previousframework

In this section,we comparethe above framewvork with
the onewe proposedn [11]. The relatedworks are pre-
sentedn [12, 16]. In [11], whenasetof modulesaregiven,
the safetyfailuresand timing failures are definedamong
thosemodules.Then,the conformances definedsimilarly.
Let failure(My, M5) denoteall safetyandtiming failures
betweenM; and M,. In orderto distinguishthe confor
mancedefinedin this paperand the one definedin [11],
we call the latter p-conformance That s, for two mod-
ulesM; = (I;,01,N;) and My = (I,02, N;), we say
that M; p-conformsto Ms, if I; C I, O; D O,, and
for ary (composablejnoduleE = (I, O, Ng) suchthat
I, C Og andO, D Ig, if failure(E, M>) is empty sois
failure(E, My).



Accordingto [11], if aninput v with Lft(u) = oo is
enabledin A, and M5 hasno enabledtransitions,then
failure(M;, M>) hasa timing failure. On the otherhand,
T (My)||T (Mz) is failure-freefrom C1. Whethera failure
shouldexist in this caseor not dependson the purposeof
verification. Sincewe wantto compareboth framewvorks
independenbf this situation,we assumebelow that every
transitionhasa finite latestfiring time. This doesnot mean
thatthoseframeavorks areinsufiicient to handletransitions
with infinite latestfiring times.

Underthis restriction,failure(My, M>) is still notequal
to thefailuretracesetof 7 (M1 )||T (M-=). However, wecan
prove thefollowing lemma.

Lemmad Let Ty = (I1,04,51,F1) andTy = (I, 0,
Sa, F») bethetimedtracestructureof My = (11,01, N1)
andMg = (IQ,OQ,NQ) suchthath C O andIQ - 0s.
Ty ||T5 is failure-free,iff failure(My, Ms) = .

The proof of thislemmacanbe foundin [17]. Thislemma
directly derives the following theorem,which shaws the
equivalencebetweerthetwo frameworks.

Theorem3 M; conformsto M, iff My p-conformgo M.

5 Conclusion

In this paper we have proposeda framework to support
tracetheoreticverificationof timed circuits. First, we have
developeda criteria to classify timed tracesof time Petri
netsas successedailures, or impossible,and thenintro-
ducedthe notionsof semimodulesand semimirrorswhich

allow us to implementconformancecheckingprocedures.

This framework is simplerand more comprehensibl¢han
whatwe proposedreviously, but thetheorenshavn in this
papershavsthatthesetwo frameavorksareequialentin the
final decisions.

Thedirectimplementatiorof the conformancehecking
procedureshavn in this paperis not difficult, but we know
thatit is easilyfacedwith the stateexplosionproblem. In
orderto overcomethis problem,we are now developinga
partialorderreductionalgorithmfor conformancehecking
usingthis frameawork, andwe will implementit in our tool
VINAS-P[19 in thefuture.
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