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Abstract

Theverificationof digital designsj.e., hardware or embed-
dedhardware/softwae systemsis an importanttaskin the
designprocess. Often more than 70% of the development
time is spentfor locating and correcting errors in the de-
sign. Therefore, manytecniqueshave beenproposedto
supportthe dehugging process. Recently simulationand
test methodshave beenaccompaniedby formal methods
sud asequivalencehedking and propertycheding. How-
ever, their industrial applicability is currently restrictedto
small or mediumsizeddesignsor to a specificphasein
the designcycle In this paper we presenta methodfor
verifying tempoal propertiesof systemalescribedin an
executabledescriptionlanguage. Our methodallows the
userto specifypropertiesaboutthe systemin finite linear
time tempoal logic (FLTL). Thesepropertiesare trans-
lated to a specialkind of finite state madineswhich are
then efficiently chedked on-the-flyduring each simulation
run. Propertiesmaybe placedanywhee in the systende-
scriptionandviolationsareimmediatelyndicatedto thede-
signer

1. Intr oduction

Assuringcorrectnes®f digital designss oneof the major
tasksin the systemdesignflow. Systemsn our contet are
hardwaresystemor embeddedhardware/softvaresystems
suchasbusarbiters automotie controllersor microproces-
sors.Thesesystemsrereactie,i.e.,they areembeddedn
aninteractve ervironmentandhave to reactwithin certain
time bounds.

The systemdesignstartswith anabstracimodeldescrib-
ing the mainfunctionality. This modelis thensuccessiely
refineduntil a net-listis createdthat fulfills all systemre-
guirementsuchastiming andareaconstraintspower con-
sumption,etc. Elimination of designerrorscanbecome
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very expensve, i.e., if errorsareencounteredh alaterde-
signstage Hence |t is extremelyimportantto find errorsin
earlydesignstages.

Stateof the art validationtechniquesaresimulationand
test methods. Recently formal methodssuch as equiva-
lencechecking[2] andmodelchecking[3] found entrance
into designlaboratories.Model checkingis an automated
methodworkingwell onsmallor mediumsizeddesignsand
is usuallyappliedvery earlyin the designprocesgRT level
or higher).In contrasto this approachequivalencecheck-
ing hassuccessfullybeenusedfor verifying large designs
andis thematterof choiceoncea designis broughtdown to
thegatelevel.

¢ Froma validation point of view, formal methodshave
thedesiredpropertythatonesingleverificationrun implic-
itly covers100% of all testcases.The major dravbackof
formal verificationmethodshowever, is the limited sizeof
verifiablesystems.In contrastto formal verificationmeth-
ods,simulationbasecdapproachesnly provide a partialtest
casecoverage(definedby the simulatedtest-caseshut do
not suffer from combinationalexplosionandcantherefore
beappliedto very large systems.

Our approachaims at the verification of large sys-
temsdescribedn executablesystemdescriptionanguages.
Thereforewe have chosera simulationbasedapproactor
validatingtemporalpropertief systemsatall levelsof ab-
straction.Our methodtakessimulation-rungeneratedlur-
ing the validationphaseandcheckseachrun againsioneor
moretemporalspecificationsWe call this approaclon-the-
fly sincethe propertycheckingalgorithmis directly linked
to the simulatorandworkslik e an obsener during simula-
tion.

To specifytemporalpropertieswe introduceFLTL (fi-
nite lineartemporallogic), a variantof lineartime temporal
logic (LTL [5]) whichinterpretsformulasoverfinite traces.
In contrast,the semanticof standard_TL is basedon in-
finite runs. In addition, we supportquantitatve timed op-
eratorse.g.,to expressthata certaineventhappenswithin
a specifiedtime interval. Thesepropertiesare especially
importantfor dealingwith reactve systems.Thetemporal



assertionganappearat ary positionin the systemdescrip-
tion andthereforebeusedik eastandardissert-statemeirt
languagetike VHDL or C. Assertstatementdiowever, can
only checkBooleanpropertiesaboutthe currentstateof a
systemwhile temporalpropertiesareableto expressproper
tiesaboutfuture stateqe.g.,livenesgropertiesor reaction
time).

Thenoveltiesof ourapproackcanbe summarizeasfol-
lows: FLTL formulasarecompiledto aspeciakind of finite
statemachines(called AR-automata)prior to simulation.
This approachmovesmostof the computationatomplex-
ity into the preprocessingghaseand minimizesthe com-
putationoverheadduring simulation. We have chosenthis
approachassimulationspeeds moreimportantfor our ap-
plicationsthanmemoryconsumption.In [11] anapproach
usingactive formulaobjectshasbeenpresentedTheseob-
jectsarecreateddynamicallyandchecleduntil theformula
becomegrueor false.Thisapproachastheadwantagehat
no preprocessingtepis required. However, it consumes
a lot of memoryand, moreimportant,it canconsiderably
slow down the simulator Basedon the feedbackfrom in-
dustry speedis the mostimportantrequiremenimposed
on simulation basedverification algorithms. Therefore,
the main motivation for our new approachwasto develop
a simulation-basederification methodthat minimizesthe
computatioroverheadduring simulation,evenfor the price
of highermemoryconsumption.

Compiledformulasare storedin an automata-database.

Hence anFLTL formulahasto be compiledonly once,and
the createdautomatawill automaticallybe reusedn every
new simulationrun. The database-approaatramatically
reduceghe precomputatioroverhead.

Temporalassertscan be placedeverywhereinside the
HDL codewith a specialasserstatement.This makesour
approacleasyto useandtemporalspecificationsmplicitly
documentheHDL code.

We do not make ary restrictionhow temporalassertions
canbenested.Thisis in contrasto [9] which only support
arestrictedemporallogic.

Thetemporalchecleris linkedinto the executablespec-
ification. This enabledull control over the simulationker-
nel. For example,the simulatorcanbe stoppedexactly at
the cycle wherea violation of atemporalspecificationhas
beendetected. Moreover, violations can immediatelybe
promptedto theuser Thisis not possiblewith looselycou-
pled systemghat utilize a pipe-basedommunicatiorwith
the simulationkernel.

This paperis organizedas follows: Section?2 discusses
the state-of-the-arin simulation-basederification.In Sec-
tion 3 we definesyntaxand semanticof the the temporal
logic FLTL (Finite Linear TemporalLogic). Section4, we
introduceaccept/reject-automafdR-automata)which are
utilized to checkanFLTL specificatioragainsta finite sim-

ulationrun. The constructionof AR-automatds presented
in Section5. In Section6, we shav how the state-spacef
AR-automatacan be reducedconsiderablywhich enables
the verification of complex temporalformulas. Section7
outlinesthe integration of our approachinto anindustrial
designanguagd€SystemC)We concludehepapemwith the
presentatiorof someexperimentalresultsin Section8 and
asummaryin Section9.

2. RelatedWork

Severalapproachebave beenproposedn theliteraturefor
checkingtemporalspecificationsduring simulation. The
techniquepresentedn [1] is utilized for checkingevent-
patternsin VHDL descriptions. Similar to our approach,
the patternsaredirectly annotatedas specialcommentsn-
side the hardwaredescriptionlanguaggVHDL). The pat-
tersmaybe clusterechierarchicallyi.e.,a patternmaycon-
tainsubpatternsvhich haveto appeain thespecifiedorder
As the patternscanonly belinearly chained the supported
logic is lessexpressve thanthelogic introducedin this pa-
per

Nelson and Jonesdescribein [9] a simulation-based
checkingalgorithm basedon a translationof the proper
ties into finite statemachines. The compositionof the fi-
nite statemachinesis restrictedto sequentialchaining of
two statemachines. Hence,temporaloperatorscan only
be combinedsequentiallyrestrictingthe supportedogic to
temporalformulasthatare not nested.Sequentiathaining
is expressedy anewly introducedTHEN" operator

Canfieldet. al. proposed methodbasednformulama-
nipulation[4]. This approachchecksthe booleanfraction
in the currentsimulationcycle. If no violation is detected
in the currentcycle, thetemporaloperatorsareunrolledby
their fix-point definitionandthe algorithmis repeatedThe
approachrequireslessmemorythan approached®asedon
finite-state-machinegiowever, thealgorithmrequirescon-
siderablymore computationoverheadin eachsimulation
cycle.

In contrastto compilationbasedapproachesvhich con-
sumethe samecomputationtime independenbf the for-
mulasize,thecomputatioroverheadf thealgorithmin [4]
increaseswith the size of the formula to check. The ap-
proachis, however, well suitedin scenariosvherememory
consumptioris moreimportantthansimulationtime.

Verification techniqueshave also beencombinedwith
test-benchgenerationmethodsand realizedin commer
cially availabletools(e.g.,Specmarklite andVer&). Both
tools provide object-orientedanguage®nrichedwith spe-
cial constructdor specifyingtemporalbehaior. Temporal
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specificationsare thereforepart of the test-benchin con-
trastto ourapproactwheretemporaformulascanbeplaced
inside the HDL codeitself. Furthermorewe have inte-
gratedthe checler inside the executablespecification,i.e.
the checler is realizedas a linkable library. This implies
thatno additionaltools arenecessaryor usingthe checler
andtheuserneednotlearnanew language.

3. Linear Temporal Logic
3.1 Syntax

For the restof this paper assumevars = {a,b,c,...} is a
finite setof distinctsymbols,calledthe variabledomain

Definition 1 A trace T[n..m] (m > n) is a mappingT :
{n,...,m} = 2V&'S_|f n and m are clear from the context,
we oftensimplywrite T insteadof T[n..m]. Thesetof all
tracesis denotedby 7. Thesetof all tracesT[0, m| with
m= o is denotecby 7.

Definition 2 LetT[0,m], T'[0,n] betwo traceswith n > m.
T’ is calleda traceextensionof T iff

forall jwith0< j<m:T(j)=T(j) D)

Definition 3 LTL, thesetofall Linear Tempoal Logic for-
mulas,is the smallestsetsatisfying

Varsc LTL, and
—|f, f Ag,X[m]f,G[mn] f,F[mn]f e LTL
iff,ge LTL andme N andn € NU {e}

3.2 Semantics

LTL formulasareinterpretecbvertraces.

Definition 4 The satisfiability relation |=C (7%,LTL) is
definedrecussivelyoverthe structuie of LTL formulas:

TEia if aeT(i)

T ~f if T-lf

TEi fAg if TkEifandT =g

TEi X[m]f if TEitmf

T Ei Gmuf if forall jwithi+m<j<i+n
holdsthatT |=; f

TEiFmqf if thereex.ajwithi+m<j<i+n

sudthatT |=; f

The standardemporaloperatorg F,G) arespecialcases
of the timed operatordy instantiatingm,n with 0 and co,
respectiely.

We now definethe semantic®f LTL in termsof a satis-
fiability relation.

Definition 5 Let f bea LTL formulaand T € 7* be a
trace T is calledto satisfy f (writtenasT |= f) iff

Thof. 2)

3.3 Inter preting LTL Formulas over Finite Traces

We now interpretLTL formulasover finite traces.We call
theresultinglogic Finite Linear Tempoal Logic (FLTL).

Definition 6 LetT[0..n] beatraceand f beaLTL formula.
f is calledtruewith respecto T (denotedby T |= f) if for
all trace extensionT’[0..c] of T holdsthat T’ = f. f is
calledfalsewith respecto T if there existsno traceexten-
sionT’[0..c0] of T suchthat T’ = f. Otherwisef is called
pending

4. AR-automaton

Definition 7 An AR-automatonis a 5-tuple 4 = (S —
,AR,5) whee S= {s1,...,s} isafinite setof states— is
thetransitionrelation, A C Sis the setof acceptingstates
R C Sis the setof rejectingstates and 5p € Siis the start
stateof A. Theinputof A are all elementsf 2Va's

Wewrite § 3 sj to expressthatthereis a transitionfrom
s to sj labeledwith a.

Definition 8 Let 4 be an AR-automatorand T[0..m] be a
trace Arunof T with respecto 4 is a sequencef states

%0,S1,---,5 Sud thats T—>['] S+1 holdsfor 0 <i < m.

Notethata singletraceT[0..m] mayinduceseveralrunsas
theautomatorcanbe nondeterministic.

Definition 9 Let4 = (S,—,A R, ) beadeterministicAR-
automatorand T[0..m] beatrace

e T is called an acceptedtrace if for the run
%0,S1,---,Sm+1 iInducedby T, thereisa j with0 < j <
m+ 1 with s; € Aandfor all k < j holdssc € R. Ac-
cordingly, this particular runis calledanacceptedun.

e T iscalledarejectedraceif for therun sy, s1, - .., Sn+1
inducedby T, thereis a j with 0 < j < m+ 1 with
sj € Randfor all k < j holdss, € A. Accodingly, this
particular run is calleda rejectedrun.

5. Constructing AR-automata

Thissectionaddressetheconstructiorof anAR-automaton
for a given FLTL formula. The atomic AR-automaton
shavn in Fig.1 acceptatraceif asignalis truein the cur-
rent simulationcycle. The doubly circled staterepresents
theinitial states.The statedabeledwith “A” belongto the
setA of acceptingstatesandthestatedabeledwith Rbelong
to the setR of rejectingstatesFor therestof this paperwe
donotdistinguishbetweerthestatesetrepresentatioA and
thelabelingrepresentatiofA”.



Figure 1. the basic AR-automaton

Table 1. Inheritance patterns
strong weak

astatewill belabeled
beledwith “A” if all | with “A” if one sub-
sub-statearelabeled| stateis labeledwith
with “A” “A”

a state will be la-

astatewill belabeled| a state will be la-
with “R” if onesub- | beledwith “R” if all
stateis labeledwith | sub-statearelabeled

“‘R” with “R”

We now describethe main manipulationoperationsieeded
for the AR-automatorconstructionof nested~LTL formu-
las. The key ideais to build the AR-automatorfor a given
FLTL formulain a bottom-upmannerstartingwith atomic
signals. The constructedAR-automatorare thenconsecu-
tively composedo more complex AR-automatorwith re-
spectto the operatorsn the FLTL formula.

The swap operationexchangeghe setsA andR, i.e., a
statelabeledwith “A” will be labeledwith “R” and vice
versa. This operationcorrespondgo the negationin the
FLTL formula.

A major operationduring the bottom-upconstructionis
to remove nondeterminismj.e., the translationof a non-
deterministicto a deterministicstate machine. With re-
spectto removing nondeterminismAR-automatoncan be
treatedlik e standardinite statemachinesnablingthe ap-
plication of standardalgorithms(e.g.,sub-setconstruction
[10]). We now discusshow the A-setand R-setof the new
AR-automatorare inherited. Applying the standardech-
niguefor determiningan AR-automatonwe obtaina new
automatorwhosestatesaresetsof original statesasshavn
in Figure2 (the numbersbelow the statesrepresentinique
stateidentifiersandshaw the constructiorof new stateshy
setsof original states).For constructingthe A-setandthe
R-setof thenew automatonyve distinguishtwo inheritance
patternsasshavn in Tablel. Thetypeof inheritancenhich
is usedin the currentconstructiorstepis determinedy the
temporaloperatorin the FLTL formula(seebelow).

A third operationis the meige operation. This opera-

Figure 2. left:

original AR-automaton,
deterministic AR-automaton

right:

tion takestwo AR-automaton4 and ‘B andconstructone

new AR-automatorby joining theinitial statesandappend-
ing theremainingtransitionrelationsof both AR-automata.
This operationis usedto build a new AR-automatéor the

conjunctionrespectie disjunction. Theleft AR-automaton
in Figure 2 shaws the memged AR-automatdor the signals
aandb.

Whethertwo mergedAR-automatorareconjunctively or
disjunctively connectedlependsn theinheritancepattern
thatis usedfor constructinghenew A-setandB-set. Strong
inheritanceleadsto conjunctionand weak inheritanceto
disjunction.

Theoperatior‘appendnit loop” addsnew transitionsall
startingfrom theinitial stateandleadingto theinitial state
for all possiblevariablecombinationsThis operationis ex-
emplarilyshavn in figure 3. This operationis usedto build
anAR-automatorfor theglobally (usingstronginheritance
while removing nondeterminismgakesp.eventuallyoperator
(usingweakinheritancewhile removing nondeterminisms)
with aninfinite time bound.

Figure 3. left:

original AR-automaton,
added initial loop

right:

Adding a chain of new initial statesand connectingall of
themwith theinitial stateof the original operatomresultsin
the constructionof the globally resp. eventually operator
with lower anduppertime bounds.This operationis shovn
in Figure4. In the caseof an operatorwith interval [a, b]
we haveto addb new statesThefirstb— a+ 1 stateof the
chainbocomehenew initial statesln thecaseof a= 0, the
initial stateof the original AR-automatonremainsinitial.
The next time operatoris a specialcaseof this operation
wherea = b, i.e. we have to adda chainof lengtha and



only thefirst statebecomedhe new initial state.

Figure 4. left: original AR-automaton,
added chain [2,4]

right:

In orderto obtaincorrectAR-automatawe have to remove
interminismaftereachoperation.

The formal correctnessproof of the constructiontech-
niguesis skippeddueto spacdimitations.

6. Reducingthe State Space

Naive applicationof the constructionrulescaneasilylead
to hugeAR-automata.This is in particulartrue for deeply
nestedormulasor formulascontainingtemporalquantifiers
with very largetime bounds.Looking closerinto the struc-
tureof thegenerated\R-automatahowever, onecannotice
thatthe numberof equivalentstatedbecomewery large. In
otherwords, mary statesin the constructedAR-automata
arebisimilar[8].

The standardmethod for merging bisimilar statesis
basedon a partitioningalgorithm[8]. It startswith acoarse
partitionandconsecutiely appliesrefinemensteps.Theal-
gorithmis thenrepeateduntil a fix-point is reached.n our
applicationwe utilize the standardartioningalgorithmby
initially definingthreeequivalenceclasses:

1. all acceptingstates
2. all rejectingstates
3. thestateswvhich areneitheracceptingior rejecting

Thereductionis exemplarilyshown in Figure5.

Figure 5. left: original AR-automaton,
reduced AR-automaton

right:

As will bedemonstrateth the experimentakesultssec-
tion, the bisimulation reduction dramatically shrinks the

state-spacef AR-automata. To avoid an early combina-
tional explosionof the state-spacehe bisimulationreduc-
tion is appliedaftereachdeterminizatiorstep.

A secondreduction technique for AR-automatonis
calledpruning In constrasto bisimulation,this technique
is very fast,but thereductionmight bewealer thanbisimu-
lation asit is anapproximationof the bisimulationclasses.
In afirst stepwe build aclassby joining all acceptingstates
anda secondclassby joining all rejectingstates.All other
stateshuild theirown equivalenceclass.Thenwe collectall
successorsf acceptingesp. rejectingstatesandaddthem
to thecorrespondingquivalenceclass.

In theexampleshowvn in Figure5, pruningproducedhe
sameAR-automatorasthe bisimulationreduction,but the
experimentakesultsdemonstrat¢éhatthisis not necessarily
true.

7. Implementation using SystemC

For our implementationof the simulation-basegroperty
checler we have chosenthe SystemClanguagg12]. Sys-
temC allows the specificationof systemson variouslev-
els of abstractiorandit providesfastsimulationspeeddue
to compiledexecutablespecificationgsimulationkernel +
systendescription) Moreover, Systemds opensourceand
thereforeeasilyextendable.

We have realizedthe temporalchecler asa stand-alone
library which is linkedto the simulationkernel. Sincethe
checleris realizedasa standardsystem(processit is run-
ningin parallelto thesimulation.Thisimpliesthatproperty
violationscanbe promptedmmediatelyto the user More-
over, temporalassertionsnay be placedeverywherein the
systemdescription.

The user adds propertieswith the sc_assert com-
mand. sc_assert takesa FLTL formula represented
by a string-agumentand syntheziseshe corresponding
AR-automaton. The commandaddsthe generatedAR-
automatorto thechecler processwhichis thenresponsible
for steppingorwardin the AR-automatorcorrespondingo
theactualsimulation.

The formulasmay include arbitrary C++-functions(re-
turning booleanvalues)insteadof a Booleansignal. These
functions are evaluatedin eachsimulation cycle and the
functionresultwill betreatedasthevalueof aBooleansig-
nal.

The AR-automatonsynthesisis realizedin Java. The
generatedAR-automataare storedin a database.When-
ever an FLTL formulais goingto be translatedit is first
checledwetheran adaptionof theformula, i.e., a formula
which can be obtainedby renamingthe signalsof an al-
readytranslatedormula, is alreadystoredin the database.
Hence,the databases functioning as a global cachefor
AR-automaton-objectand dramaticallyreducedthe time



neededfor preprocessing. The databasedoesnot influ-
encethe time spendduring simulation. Figure 6 givesan
overview of ourimplementation.

executable specification

SystemC description

sc_assert("F[20] req");

checker
simulation kernel with
AR-automatal

AR-automaton
automata synthesis

data base

Figure 6. Architecture of our implementation

8. Experimental Results

In this sectionwe presenexperimentakresultsobtainedby
applyingour methodto a scalablebus arbiter The arbiter
is an often usedbenchmarkin the areaof formal meth-
ods[7, 6]. Thearbitercombinesa priority arbitrationwith
aroundrobintechniqueor guaranteeinfairnessij.e.,each
requestingcell will finally getaccesgo thebus. A request
is implementedn the hardwareside by a persistingsignal
(req). Thearbiterhasthe samenumberof cellsasthereare
requestingignals.

For verification,we have randomlygenerategersisting
requestsignals. We have checled the following formulas
on-the-fly:

e Mutual exclusion: G(OneHot)

OneHot is a C++-functioncheckingthatmaximalone
acknavledgesignalis high. As describedn the im-
plementationsection, this function will be evaluated
in eachsimulation cycle and the result “false” will

be promptedto the userand the simulation can be
stopped.

Thepropertyguaranteethatnotwo acknavledgesap-
pearsimultaneously

e Reactvity: F[2n]ad;
nis thenumberof arbitercells. We placethis property
in the systemdescriptionwherethesignalreq is setto
true. This meanghatthesc_assert commanadwill
introducethis formulawhene&ertheads; signalraises.

This propertychecksthatevery requesis followedby
anacknavledgewithin 2n time steps.

e Consenrativenes:G(ad; — req)

Thisformulais introducedbeforethe simulationis in-
voked,i.e. it will beglobally checled.

No acknavledgeis grantedwithoutarequest.

The graphin Figure 7 shows the runtime overheadnec-
essaryfor checkingthe describedproperties(for n cells,
2n+ 1 propertieshave to be checled simulanously). The
graphvisualizegheoverheadn functionof thesystemsize
(measuredh the numberof arbitercells)andthe numberof
simulationcycles. The measureaverheadangeshetween
5% and30%. It decreasewvith the numberof simulation
cyclessincethetime-overheador readingthe AR-automata
from thedatabasés constantfor onefixedsystensize),but
simulationtime andcheckingtime decreaseThis example
is aworst-casescenariosincethe specifiedpropertiedully
describethe functionalbehaior of the system but in real-
world examplesthesystemsarelargerandonly apartof the
functionalbehaiior hasto be representedby the properies
(e.qg. critical time boundsor critical safetyassertuions)in
comparisorto this approachthe methodpresentedn [11]
takestwo timesthe simulationtime (i.e. 100%overhead})f
theparallelpropertycheckingis activated.

runtime
checker to pure simulation time

Figure 7. fraction of using the

In Table2, thedifferentstatespaceaeductiontechniques
arecompared.Thetranslated=LTL formulais G (F[n] s),
i.e., in eachtime-frameof n cycles,signals hasto be high
for atleastonecycle.

If noreductiontechniques used,the state-spacgrows
exponentially The exponential blow-up is completely



Table 2. AR-automata sizes in number of
states

#cells | nored. | pruning | bisim.
2 1433 7 4

4| 5241 11 6

6 | 11069 15 8
20 - 43 22
40 - 83 42
60 - 123 62
80 - 163 82
100 - 203 102
120 - 243 122
140 - 283 142
160 - 323 162
180 - 363 182
200 - 403 202

avoided,however, if oneof thereductionrmethodss applied
aftereachconstructiorstep.Thebisimulationreductionde-
creaseshe numberof statego 50%of the numberof states
obtainedby pruning. Pruning,however, only requires15%
of theruntimeof thebisimulationreduction.

9. Summary

We have presente simulation-base@dpproacHor check-

ing temporalassertiongFLTL formulas)in digital systems.

FLTL formulasarecompiledto AR-automataprior to sim-
ulation. Due to the preprocessinghaseof the translation
the computation-eerheadshrinksto 5% to 30%. This is

a promisingresult as simulation-speeds consideredone
of the main criteriasfor applying simulation-basegrop-
erty checkingin real-life scenariosTo furtherdecreas¢he
preprocessingime, compiledformulasarestoredin anau-
tomatadatabaseAR-automatorof alreadycompiledFLTL

formulasareautomaticallyretrievedfrom thedatabaseOur
approacltsupportmestedemporafformulasandallows the
userto placeassertionsnywhereinsidethe HDL code.

We have alsopresented techniqueto efficiently reduce
the statespaceof the generatedAR-automaton.This tech-
nigueapproximateshebisimulationreductionandcandra-
maticallydecreasethe numberof states.

For testingour approachwith anindustrialstrengthsys-
temdescriptioanguagewe haveintegratecthealgorithms
into the SystemGsimulationkernel. This integrationallows
a fast checkingof simulationruns of systemson various
levelsof abstraction.
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