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Abstract

Theverificationof digital designs,i.e., hardwareor embed-
dedhardware/software systems,is an importanttaskin the
designprocess.Oftenmore than 70% of the development
time is spentfor locating and correctingerrors in the de-
sign. Therefore, manytechniqueshavebeenproposedto
support the debugging process. Recently, simulationand
test methodshave beenaccompaniedby formal methods
such asequivalencecheckingandpropertychecking. How-
ever, their industrial applicability is currently restrictedto
small or mediumsizeddesignsor to a specificphasein
the designcycle. In this paper, we presenta methodfor
verifying temporal propertiesof systemsdescribedin an
executabledescriptionlanguage. Our methodallows the
user to specifypropertiesabout the systemin finite linear
time temporal logic (FLTL). Thesepropertiesare trans-
lated to a specialkind of finite statemachineswhich are
then efficiently checked on-the-flyduring each simulation
run. Propertiesmaybeplacedanywhere in thesystemde-
scriptionandviolationsareimmediatelyindicatedto thede-
signer.

1. Intr oduction

Assuringcorrectnessof digital designsis oneof the major
tasksin thesystemdesignflow. Systemsin our context are
hardwaresystemsor embeddedhardware/softwaresystems
suchasbusarbiters,automotivecontrollersor microproces-
sors.Thesesystemsarereactive, i.e., they areembeddedin
an interactive environmentandhave to reactwithin certain
timebounds.

Thesystemdesignstartswith anabstractmodeldescrib-
ing themainfunctionality. This modelis thensuccessively
refineduntil a net-list is createdthat fulfills all systemre-
quirementssuchastiming andareaconstraints,powercon-
sumption,etc. Elimination of designerrorscan become�
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very expensive, i.e., if errorsareencounteredin a laterde-
signstage.Hence,it is extremelyimportantto find errorsin
earlydesignstages.

Stateof theart validationtechniquesaresimulationand
test methods. Recently, formal methodssuchas equiva-
lencechecking[2] andmodelchecking[3] foundentrance
into designlaboratories.Model checkingis an automated
methodworkingwell onsmallor mediumsizeddesignsand
is usuallyappliedveryearlyin thedesignprocess(RT level
or higher). In contrastto this approach,equivalencecheck-
ing hassuccessfullybeenusedfor verifying large designs
andis thematterof choiceonceadesignis broughtdown to
thegatelevel.

¿Froma validationpoint of view, formal methodshave
thedesiredpropertythatonesingleverificationrun implic-
itly covers100%of all testcases.The majordrawbackof
formal verificationmethods,however, is thelimited sizeof
verifiablesystems.In contrastto formal verificationmeth-
ods,simulationbasedapproachesonly provideapartialtest
casecoverage(definedby thesimulatedtest-cases),but do
not suffer from combinationalexplosionandcantherefore
beappliedto very largesystems.

Our approachaims at the verification of large sys-
temsdescribedin executablesystemdescriptionlanguages.
Therefore,wehavechosenasimulationbasedapproachfor
validatingtemporalpropertiesof systemsatall levelsof ab-
straction.Our methodtakessimulation-runsgenerateddur-
ing thevalidationphaseandcheckseachrun againstoneor
moretemporalspecifications.Wecall thisapproachon-the-
fly sincethepropertycheckingalgorithmis directly linked
to thesimulatorandworks like anobserver duringsimula-
tion.

To specify temporalproperties,we introduceFLTL (fi-
nite lineartemporallogic), avariantof lineartimetemporal
logic (LTL [5]) which interpretsformulasoverfinite traces.
In contrast,the semanticsof standardLTL is basedon in-
finite runs. In addition,we supportquantitative timed op-
erators,e.g.,to expressthata certaineventhappenswithin
a specifiedtime interval. Thesepropertiesare especially
importantfor dealingwith reactive systems.The temporal



assertionscanappearat any positionin thesystemdescrip-
tionandthereforebeusedlikeastandardassert-statementin
languageslikeVHDL or C.Assertstatements,however, can
only checkBooleanpropertiesaboutthe currentstateof a
systemwhile temporalpropertiesareableto expressproper-
tiesaboutfuturestates(e.g.,livenesspropertiesor reaction
time).

Thenoveltiesof ourapproachcanbesummarizedasfol-
lows: FLTL formulasarecompiledto aspecialkind of finite
statemachines(called AR-automata)prior to simulation.
This approachmovesmostof the computationalcomplex-
ity into the preprocessingphaseand minimizesthe com-
putationoverheadduringsimulation. We have chosenthis
approachassimulationspeedis moreimportantfor our ap-
plicationsthanmemoryconsumption.In [11] anapproach
usingactive formulaobjectshasbeenpresented.Theseob-
jectsarecreateddynamicallyandcheckeduntil theformula
becomestrueor false.Thisapproachhastheadvantagethat
no preprocessingstepis required. However, it consumes
a lot of memoryand,more important,it canconsiderably
slow down the simulator. Basedon the feedbackfrom in-
dustry, speedis the most important requirementimposed
on simulation basedverification algorithms. Therefore,
the main motivation for our new approachwasto develop
a simulation-basedverificationmethodthat minimizesthe
computationoverheadduringsimulation,evenfor theprice
of highermemoryconsumption.

Compiledformulasarestoredin an automata-database.
Hence,anFLTL formulahasto becompiledonly once,and
thecreatedautomatawill automaticallybe reusedin every
new simulationrun. The database-approachdramatically
reducestheprecomputationoverhead.

Temporalassertscan be placedeverywhereinside the
HDL codewith a specialassertstatement.This makesour
approacheasyto useandtemporalspecificationsimplicitly
documenttheHDL code.

We do not make any restrictionhow temporalassertions
canbenested.This is in contrastto [9] which only support
a restrictedtemporallogic.

Thetemporalchecker is linkedinto theexecutablespec-
ification. This enablesfull controlover thesimulationker-
nel. For example,the simulatorcanbe stoppedexactly at
thecycle wherea violation of a temporalspecificationhas
beendetected. Moreover, violations can immediatelybe
promptedto theuser. This is not possiblewith looselycou-
pledsystemsthatutilize a pipe-basedcommunicationwith
thesimulationkernel.
This paper is organizedas follows: Section2 discusses
thestate-of-the-artin simulation-basedverification.In Sec-
tion 3 we definesyntaxandsemanticsof the the temporal
logic FLTL (Finite LinearTemporalLogic). Section4, we
introduceaccept/reject-automata(AR-automata)which are
utilized to checkanFLTL specificationagainstafinite sim-

ulationrun. Theconstructionof AR-automatais presented
in Section5. In Section6, we show how thestate-spaceof
AR-automatacan be reducedconsiderablywhich enables
the verification of complex temporalformulas. Section7
outlinesthe integrationof our approachinto an industrial
designlanguage(SystemC).Weconcludethepaperwith the
presentationof someexperimentalresultsin Section8 and
asummaryin Section9.

2. RelatedWork

Severalapproacheshavebeenproposedin theliteraturefor
checkingtemporalspecificationsduring simulation. The
techniquepresentedin [1] is utilized for checkingevent-
patternsin VHDL descriptions. Similar to our approach,
thepatternsaredirectly annotatedasspecialcommentsin-
sidethe hardwaredescriptionlanguage(VHDL). The pat-
tersmaybeclusteredhierarchically, i.e.,apatternmaycon-
tainsubpatternswhichhaveto appearin thespecifiedorder.
As thepatternscanonly be linearly chained,thesupported
logic is lessexpressive 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 sequentialchainingof
two statemachines. Hence,temporaloperatorscan only
becombinedsequentiallyrestrictingthesupportedlogic to
temporalformulasthatarenot nested.Sequentialchaining
is expressedby anewly introduced“THEN” operator.

Canfieldet. al. proposedamethodbasedonformulama-
nipulation[4]. This approachchecksthe booleanfraction
in the currentsimulationcycle. If no violation is detected
in thecurrentcycle, thetemporaloperatorsareunrolledby
their fix-point definitionandthealgorithmis repeated.The
approachrequireslessmemorythanapproachesbasedon
finite-state-machines.However, thealgorithmrequirescon-
siderablymore computationoverheadin eachsimulation
cycle.

In contrastto compilationbasedapproacheswhich con-
sumethe samecomputationtime independentof the for-
mulasize,thecomputationoverheadof thealgorithmin [4]
increaseswith the size of the formula to check. The ap-
proachis, however, well suitedin scenarioswherememory
consumptionis moreimportantthansimulationtime.

Verification techniqueshave also beencombinedwith
test-benchgenerationmethodsand realized in commer-
cially availabletools(e.g.,SpecmanElite1 andVera2). Both
toolsprovide object-orientedlanguagesenrichedwith spe-
cial constructsfor specifyingtemporalbehavior. Temporal
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specificationsare thereforepart of the test-benchin con-
trastto ourapproachwheretemporalformulascanbeplaced
inside the HDL code itself. Furthermore,we have inte-
gratedthe checker inside the executablespecification,i.e.
the checker is realizedasa linkable library. This implies
thatno additionaltoolsarenecessaryfor usingthechecker
andtheuserneednot learnanew language.

3. Linear Temporal Logic

3.1. Syntax

For the restof this paper, assumeVars ��� a � b � c �	�
�
��� is a
finite setof distinctsymbols,calledthevariabledomain.

Definition 1 A trace T 
 n ���m��� m � n� is a mappingT :� n �	�
�	�
� m��� 2Vars. If n andm are clear from the context,
we oftensimplywrite T insteadof T 
 n ���m� . Thesetof all
tracesis denotedby � . Thesetof all tracesT 
 0 � m� with
m � ∞ is denotedby � ∞.

Definition 2 Let T 
 0 � m��� T ��
 0 � n� betwo traceswith n � m.
T � is calleda traceextensionof T iff

for all j with 0 � j � m : T � j ��� T � � j � (1)

Definition 3 LTL, thesetof all LinearTemporal Logic for-
mulas,is thesmallestsetsatisfying

Vars � LTL, and� f � f � g � X�m f � G �m! n f � F�m! n f " LTL
if f � g " LTL andm "$# andn "%#'&(� ∞ �

3.2. Semantics

LTL formulasareinterpretedover traces.

Definition 4 The satisfiability relation ) � i �*�+� ∞ � LTL � is
definedrecursivelyover thestructure of LTL formulas:

T ) � i a if a " T � i �
T ) � i

� f if T � ) � i f
T ) � i f � g if T ) � i f andT ) � i g
T ) � i X �m f if T ) � i , m f
T ) � i G �m! n f if for all j with i - m � j � i - n

holdsthatT ) � j f
T ) � i F �m! n f if thereex. a j with i - m � j � i - n

such thatT ) � j f

Thestandardtemporaloperators(F,G) arespecialcases
of the timed operatorsby instantiatingm� n with 0 and∞,
respectively.

We now definethesemanticsof LTL in termsof a satis-
fiability relation.

Definition 5 Let f be a LTL formula and T ".� ∞ be a
trace. T is calledto satisfy f (writtenasT ) � f ) iff

T ) � 0 f � (2)

3.3. Inter preting LTL Formulas over Finite Traces

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

Definition 6 LetT 
 0 ��� n� bea traceand f bea LTL formula.
f is called truewith respectto T (denotedby T ) � f ) if for
all trace extensionT �/
 0 �0�∞ � of T holds that T ��) � f . f is
called falsewith respectto T if there existsno traceexten-
sionT � 
 0 ���∞ � of T such that T � ) � f . Otherwisef is called
pending.

4. AR-automaton

Definition 7 An AR-automatonis a 5-tuple 12�2� S�3�� A � R� s0 � whereS �4� s1 �	�
�
�5� sn � is a finitesetof states,� is
the transitionrelation,A � S is the setof acceptingstates,
R � S is the setof rejectingstates, and s0 " S is the start
stateof A. Theinput of A areall elementsof 2Vars.

Wewrite si
a� sj to expressthat thereis a transitionfrom

si to sj labeledwith a.

Definition 8 Let 1 be an AR-automatonandT 
 0 ���m� be a
trace. A run of T with respectto 1 is a sequenceof states

s0 � s1 �
�	�
�5� sn such that si
T � i  � si , 1 holdsfor 0 � i 6 m.

Notethata singletraceT 
 0 �0�m� mayinduceseveralrunsas
theautomatoncanbenondeterministic.

Definition 9 Let 14�7� S�3�8� A � R� s0 � bea deterministicAR-
automatonandT 
 0 �0�m� bea trace.9 T is called an accepted trace if for the run

s0 � s1 �	�
�
�5� sm, 1 inducedby T, there is a j with 0 � j �
m - 1 with sj " A and for all k 6 j holdssk :" R. Ac-
cordingly, thisparticular run is calledanacceptedrun.9 T is calleda rejectedtraceif for therun s0 � s1 �	�
�	�	� sm, 1

inducedby T, there is a j with 0 � j � m - 1 with
sj " Randfor all k 6 j holdssk :" A. Accordingly, this
particular run is calleda rejectedrun.

5. Constructing AR-automata

Thissectionaddressestheconstructionof anAR-automaton
for a given FLTL formula. The atomic AR-automaton
shown in Fig.1 acceptsa traceif a signalis true in thecur-
rent simulationcycle. The doubly circled staterepresents
the initial states.Thestateslabeledwith “A” belongto the
setA of acceptingstatesandthestateslabeledwith Rbelong
to thesetRof rejectingstates.For therestof this paper, we
donotdistinguishbetweenthestatesetrepresentationA and
thelabelingrepresentation“A”.
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Figure 1. the basic AR-automaton

Table 1. Inheritance patterns
strong weak

a state will be la-
beledwith “A” if all
sub-statesarelabeled
with “A”

astatewill belabeled
with “A” if one sub-
state is labeledwith
“A”

astatewill belabeled
with “R” if onesub-
state is labeledwith
“R”

a state will be la-
beledwith “R” if all
sub-statesarelabeled
with “R”

We now describethemainmanipulationoperationsneeded
for theAR-automatonconstructionof nestedFLTL formu-
las. Thekey ideais to build theAR-automatonfor a given
FLTL formula in a bottom-upmannerstartingwith atomic
signals.The constructedAR-automatonarethenconsecu-
tively composedto morecomplex AR-automatonwith re-
spectto theoperatorsin theFLTL formula.

The swap operationexchangesthe setsA andR, i.e., a
statelabeledwith “A” will be labeledwith “R” and vice
versa. This operationcorrespondsto the negation in the
FLTL formula.

A majoroperationduring thebottom-upconstructionis
to remove nondeterminism,i.e., the translationof a non-
deterministicto a deterministicstatemachine. With re-
spectto removing nondeterminism,AR-automatoncanbe
treatedlike standardfinite statemachinesenablingthe ap-
plicationof standardalgorithms(e.g.,sub-setconstruction
[10]). We now discusshow theA-setandR-setof thenew
AR-automatonare inherited. Applying the standardtech-
niquefor determiningan AR-automaton,we obtaina new
automatonwhosestatesaresetsof original statesasshown
in Figure2 (thenumbersbelow thestatesrepresentunique
stateidentifiersandshow theconstructionof new statesby
setsof original states).For constructingthe A-setandthe
R-setof thenew automaton,wedistinguishtwo inheritance
patternsasshown in Table1. Thetypeof inheritancewhich
is usedin thecurrentconstructionstepis determinedby the
temporaloperatorin theFLTL formula(seebelow).

A third operationis the merge operation. This opera-
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Figure 2. left: original AR-automaton, right:
deterministic AR-automaton

tion takestwo AR-automaton; and < andconstructsone
new AR-automatonby joining theinitial statesandappend-
ing theremainingtransitionrelationsof bothAR-automata.
This operationis usedto build a new AR-automatafor the
conjunctionrespective disjunction.Theleft AR-automaton
in Figure2 shows themergedAR-automatafor thesignals
a andb.

Whethertwo mergedAR-automatonareconjunctivelyor
disjunctively connecteddependson the inheritancepattern
thatis usedfor constructingthenew A-setandB-set.Strong
inheritanceleadsto conjunctionand weak inheritanceto
disjunction.

Theoperation“appendinit loop” addsnew transitionsall
startingfrom the initial stateandleadingto the initial state
for all possiblevariablecombinations.Thisoperationis ex-
emplarilyshown in figure3. This operationis usedto build
anAR-automatonfor theglobally (usingstronginheritance
while removingnondeterminisms)resp.eventuallyoperator
(usingweakinheritancewhile removing nondeterminisms)
with aninfinite time bound.

A

R

a

a aa

A

R

aa

Figure 3. left: original AR-automaton, right:
added initial loop

Adding a chainof new initial statesandconnectingall of
themwith theinitial stateof theoriginal operatorresultsin
the constructionof the globally resp. eventuallyoperator
with loweranduppertimebounds.Thisoperationis shown
in Figure4. In the caseof an operatorwith interval = a > b?
wehaveto addb new states.Thefirst b @ a A 1statesof the
chainbocomethenew initial states.In thecaseof a B 0, the
initial stateof the original AR-automatonremainsinitial.
The next time operatoris a specialcaseof this operation
wherea B b, i.e. we have to adda chainof lengtha and



only thefirst statebecomesthenew initial state.

A

R

a

a

A

R

a

a

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

In orderto obtaincorrectAR-automata,we have to remove
interminismaftereachoperation.

The formal correctnessproof of the constructiontech-
niquesis skippeddueto spacelimitations.

6. Reducingthe StateSpace

Naive applicationof the constructionrulescaneasily lead
to hugeAR-automata.This is in particulartrue for deeply
nestedformulasor formulascontainingtemporalquantifiers
with very largetime bounds.Looking closerinto thestruc-
tureof thegeneratedAR-automata,however, onecannotice
thatthenumberof equivalentstatesbecomesvery large. In
otherwords,many statesin the constructedAR-automata
arebisimilar [8].

The standardmethod for merging bisimilar statesis
basedon apartitioningalgorithm[8]. It startswith acoarse
partitionandconsecutivelyappliesrefinementsteps.Theal-
gorithmis thenrepeateduntil a fix-point is reached.In our
application,weutilize thestandardpartioningalgorithmby
initially definingthreeequivalenceclasses:

1. all acceptingstates

2. all rejectingstates

3. thestateswhich areneitheracceptingnor rejecting

Thereductionis exemplarilyshown in Figure5.
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Figure 5. left: original AR-automaton, right:
reduced AR-automaton

As will bedemonstratedin theexperimentalresultssec-
tion, the bisimulation reductiondramaticallyshrinks the

state-spaceof AR-automata. To avoid an early combina-
tional explosionof thestate-space,thebisimulationreduc-
tion is appliedaftereachdeterminizationstep.

A second reduction technique for AR-automatonis
calledpruning. In constrastto bisimulation,this technique
is very fast,but thereductionmightbeweaker thanbisimu-
lation asit is anapproximationof thebisimulationclasses.
In afirst stepwebuild aclassby joining all acceptingstates
anda secondclassby joining all rejectingstates.All other
statesbuild theirown equivalenceclass.Thenwecollectall
successorsof acceptingresp.rejectingstatesandaddthem
to thecorrespondingequivalenceclass.

In theexampleshown in Figure5, pruningproducedthe
sameAR-automatonasthe bisimulationreduction,but the
experimentalresultsdemonstratethatthis is notnecessarily
true.

7. Implementation usingSystemC

For our implementationof the simulation-basedproperty
checker we have chosenthe SystemClanguage[12]. Sys-
temC allows the specificationof systemson various lev-
elsof abstractionandit providesfastsimulationspeeddue
to compiledexecutablespecifications(simulationkernel+
systemdescription).Moreover, SystemCis opensourceand
thereforeeasilyextendable.

We have realizedthe temporalchecker asa stand-alone
library which is linked to the simulationkernel. Sincethe
checker is realizedasastandardSystemCprocess,it is run-
ningin parallelto thesimulation.This impliesthatproperty
violationscanbepromptedimmediatelyto theuser. More-
over, temporalassertionsmaybeplacedeverywherein the
systemdescription.

The user addspropertieswith the sc assert com-
mand. sc assert takes a FLTL formula represented
by a string-argumentand synthezisesthe corresponding
AR-automaton. The commandadds the generatedAR-
automatonto thecheckerprocesswhich is thenresponsible
for steppingforwardin theAR-automatoncorrespondingto
theactualsimulation.

The formulasmay includearbitraryC++-functions(re-
turningbooleanvalues)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 formula is going to be translatedit is first
checkedwetheran adaptionof the formula, i.e., a formula
which can be obtainedby renamingthe signalsof an al-
readytranslatedformula, is alreadystoredin the database.
Hence,the databaseis functioning as a global cachefor
AR-automaton-objectsand dramaticallyreducedthe time



neededfor preprocessing. The databasedoesnot influ-
encethe time spendduring simulation. Figure6 givesan
overview of our implementation.

AR-automaton
synthesisautomata

data base

SystemC description
....
sc_assert("F[20] req");
...

AR-automata

checker
withsimulation kernel

executable specification

Figure 6. Architecture of our implementation

8. Experimental Results

In this section,we presentexperimentalresultsobtainedby
applyingour methodto a scalablebus arbiter. The arbiter
is an often usedbenchmarkin the areaof formal meth-
ods[7, 6]. Thearbitercombinesa priority arbitrationwith
a roundrobin techniquefor guaranteeingfairness,i.e.,each
requestingcell will finally getaccessto thebus. A request
is implementedon thehardwaresideby a persistingsignal
(req). Thearbiterhasthesamenumberof cellsasthereare
requestingsignals.

For verification,we have randomlygeneratedpersisting
requestsignals. We have checked the following formulas
on-the-fly:C Mutualexclusion:G D OneHot E

OneHot is a C++-functioncheckingthatmaximalone
acknowledgesignal is high. As describedin the im-
plementationsection,this function will be evaluated
in eachsimulation cycle and the result “f alse” will
be promptedto the user and the simulation can be
stopped.

Thepropertyguaranteesthatnotwo acknowledgesap-
pearsimultaneously.C Reactivity: F F 2nG acki

n is thenumberof arbitercells.We placethisproperty
in thesystemdescriptionwherethesignalreqi is setto
true. This meansthat thesc assert commandwill
introducethis formulawhenever theacki signalraises.

This propertychecksthatevery requestis followedby
anacknowledgewithin 2n time steps.C Conservativenes:G D acki H reqi E
This formulais introducedbeforethesimulationis in-
voked,i.e. it will beglobally checked.

No acknowledgeis grantedwithouta request.

The graph in Figure 7 shows the runtime overheadnec-
essaryfor checkingthe describedproperties(for n cells,
2n I 1 propertieshave to be checked simulanously). The
graphvisualizestheoverheadin functionof thesystemsize
(measuredin thenumberof arbitercells)andthenumberof
simulationcycles. Themeasuredoverheadrangesbetween
5% and30%. It decreaseswith the numberof simulation
cyclessincethetime-overheadfor readingtheAR-automata
from thedatabaseis constant(for onefixedsystemsize),but
simulationtime andcheckingtime decrease.This example
is a worst-casescenario,sincethespecifiedpropertiesfully
describethe functionalbehavior of thesystem,but in real-
world examples,thesystemsarelargerandonly apartof the
functionalbehavior hasto be representedby the properies
(e.g. critical time boundsor critical safetyassertuions).In
comparisonto this approach,the methodpresentedin [11]
takestwo timesthesimulationtime (i.e. 100%overhead)if
theparallelpropertycheckingis activated.
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Figure 7. fraction of runtime using the
checker to pure sim ulation time

In Table2, thedifferentstatespacereductiontechniques
arecompared.The translatedFLTL formula is G (F[n] s),
i.e., in eachtime-frameof n cycles,signals hasto behigh
for at leastonecycle.

If no reductiontechniqueis used,the state-spacegrows
exponentially. The exponential blow-up is completely



Table 2. AR-automata sizes in number of
states

#cells no red. 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 thereductionmethodsis applied
aftereachconstructionstep.Thebisimulationreductionde-
creasesthenumberof statesto 50%of thenumberof states
obtainedby pruning.Pruning,however, only requires15%
of theruntimeof thebisimulationreduction.

9. Summary

We have presenteda simulation-basedapproachfor check-
ing temporalassertions(FLTL formulas)in digital systems.
FLTL formulasarecompiledto AR-automataprior to sim-
ulation. Due to the preprocessingphaseof the translation
the computation-overheadshrinksto 5% to 30%. This is
a promising result as simulation-speedis consideredone
of the main criterias for applying simulation-basedprop-
erty checkingin real-life scenarios.To furtherdecreasethe
preprocessingtime, compiledformulasarestoredin anau-
tomatadatabase.AR-automatonof alreadycompiledFLTL
formulasareautomaticallyretrievedfrom thedatabase.Our
approachsupportsnestedtemporalformulasandallows the
userto placeassertionsanywhereinsidetheHDL code.

We havealsopresenteda techniqueto efficiently reduce
thestatespaceof thegeneratedAR-automaton.This tech-
niqueapproximatesthebisimulationreductionandcandra-
maticallydecreasesthenumberof states.

For testingour approachwith anindustrialstrengthsys-
temdescriptionlanguage,wehaveintegratedthealgorithms
into theSystemCsimulationkernel.This integrationallows
a fast checkingof simulationruns of systemson various
levelsof abstraction.
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