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Executive Summar y

This documentdescribesthe resultsof the joint effort for PROSYD Deliverable
1.2/4-5. We have developedandimplementedRAT, a requirementsanalysistool
thatsupportsthedesignerin understandinganddevelopingaspeci�cationin PSL.
The tool implementsthe PropertyAssurancemethodologydescribedin Deliver-
able1.2/2[19] andthePropertySimulationmethodsdescribedin
Deliverable1.2/1[15]. Together, thesetechniquesallow for aprincipledconstruc-
tion of a correctspeci�cation,andallow the userto explore the behavior of the
constructedspeci�cation.

In thisdocument,wedescribearequirementsanalysismethodology, andthedesign
andimplementationissuesfor RAT. We includetheusermanualandinstallation
instructions.

RAT's webhomeis http://rat.itc.it .

Purpose

This documentdescribesthe effort undertaken for PROSYD Deliverable1.2/4-5
by describingtherequirementsanalysistool RAT.

Intended Audience

Thisdocumentis intendedfor designersandveri�cation engineerswriting aspec-
i�cation in PSL.A basicunderstandingof PSLis assumed,andthedocumentdoes
not provide a PSLmanual.Rather, it describeshow PropertySimulationandAs-
surancework andhow to install andusethetool. It alsodescribessometechnical
backgroundconcerningtheimplementation.

Backgr ound

In Deliverables1.2/2 [19] and1.2/1 [15] we have proposedPropertyAssurance
andPropertySimulation,andwe have describedthe underlyingtheory. A basic
understandingof PSLis assumed.
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Glossar y

BDD

A binary decisiondiagram(BDD) is a datastructurethat is usedto representa
Booleanfunction. TheBooleanfunctionis representedin a BDD asa rooted,di-
rected,acyclic graphwhereeachnon-terminatingvertex is labeledby a variable
andhastwo directededgesconnectingto child nodes.Oneedgerepresentsavari-
able's assignmentto zeroandtheotherrepresentsanassignmentto one.A 1 or 0
labelsall terminalvertexes[2]. Model checkingapplicationsuseBDDs to repre-
sentsetsby encodingelementsassequencesof Booleanvaluesandby usingthe
characteristicfunctionto representaset.

BMC, BoundedModel Checking

BoundedModel Checkingis a veri�cation techniquebasedon the reductionof
model checkingto the satis�ability of a propositionalformula that representsa
boundedencodingof themodelcheckingproblem[1].

CTL, Computation TreeLogic

ComputationTreeLogic is a temporallogic for thespeci�cationof propertiesin
formalveri�cation.

IEEE, Institute of Electrical and ElectronicsEngineers

TheIEEE is a non-pro�t, technicalprofessionalassociationof morethan360,000
individual membersin approximately175countries.

LanguageEmptiness

The languageof an automatonis empty if thereis no acceptingrun. For Büchi
automata,this is checkedusingtheEmerson-Leialgorithmor anequivalent[8].

LTL, Linear Temporal Logic, Linear-Time Temporal Logic

Linear Time TemporalLogic is a temporallogic for propertyspeci�cationoften
usedin formalveri�cation [16].

Model Checking

Modelcheckingis amethodfor formally verifying �nite-stateconcurrentsystems.
Speci�cationsaboutthesystemareexpressedastemporallogic formulae,andef-
�cient symbolicalgorithmsareusedto traversethemodelde�ned by thesystem
andcheckif thespeci�cationholdsor not [5].

Non-determinism

Non-determinismor existentialchoicefor automatadescribesthepropertyto chose
oneof severalpossiblesuccessors,de�ning a differentrun for every possiblesuc-
cessor.
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NUSM V

An academictool that implementsan openarchitecturefor modelchecking,that
providesthe userswith a rich setof veri�cation techniques,andwhich hashun-
dredsof active installationsworldwide.NUSMV [4] is developedby ITC-irst.

Property

A collectionof logicalandtemporalrelationshipsbetweenandamongsubordinate
Booleanexpressions,sequentialexpressions,andotherpropertiesthatin aggregate
representasetof behaviors.

PSL

Propertyspeci�cationlanguage.Thisis thespeci�cationlanguageusedthroughout
andbuilding thebasisfor thePROSYD project.Referto theLanguageReference
Manual[18] for detailson thelanguage.

RAT

A requirementsanalysistool developedby ITC-irst andGrazUniversityof Tech-
nology, describedin thisdocument.

Regular Expression

A regular expressionis a classicdescriptionof an (in�nite) setof �nite words.
Regularsetsdescribeexactly thelanguagerecognizableby �nite automata.

SAT: Propositionalsatis�ability

PropositionalSatis�ability (SAT) is the problemof decidingwhethera boolean
formulain propositionallogic hasanassignmentthatevaluatesto true.

SAT Solver

An algorithmthatdecidesaSAT problemandreturnsasolutionif it exists.

SERE

SugarExtendedRegularExpressions,asfeaturedby thePSLlanguage.

Vacuity, Vacuoussatisfaction

A tracesatis�esa formulavacuouslyif it satis�esit, but at leastonesub-formula
is irrelevant. I.e., the formula remainstruewhile replacingthesub-formulawith
falseandtrue.

VIS

VIS wasintroducedin 1996asatool for veri�cation andsynthesis[9]. VIS is used
by many researchersasa testbedfor new developmentsespeciallyin veri�cation.
The University of Coloradoat Boulder and Graz University of Technologyare
actively involvedin its development.
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1 Intr oduction
With increasedrelianceon property-basedveri�cation, the quality of properties
becomesof utmostimportance.Theproperties,whichform thespeci�cation,must
becorrectandcompletein thesensethatthey mustruleoutany unwantedbehavior.
At the sametime, a designermustnot spendmore time than necessarywriting
properties.

This deliverableaddressesthe problemof the quality of a speci�cation, which
is given asa setof properties,by consideringtwo dimensions:PropertyAssur-
anceandPropertySimulation.Theunderlyingtheoryfor PropertyAssurancehas
beendescribedin PROSYD Deliverable1.2/2[19]; PropertySimulationhasbeen
describedin Deliverable1.2/1[15]. Wewill furthermotivatetheapproachin Sec-
tion 2.

During the work on PropertyAssuranceandPropertySimulation,it hasbecome
increasinglyclearthat both serve a commongoal: that of effective requirements
analysis.PropertyAssurancefostersamethodologyfor writing aspeci�cationand
includesatechnologyto checkthesanityof suchaspeci�cation.PropertySimula-
tion sharesthegoalof arriving at a high-qualityspeci�cation,but concentrateson
thesemanticsof agivenpropertyor setof properties,morethanonamethodology
for writing speci�cations.

We have thereforedecidedto build a commontool to accommodateboth tech-
niques,andwe have begunanintegrationprocesswith thegoalof developingone
integratedrequirementsanalysistool. Webelieve thatanintegratedtool will allow
theuserto combinethestrongpointsof thesimulationandassurancetechniques.
Wehavealsodecidedto asktheProjectOf�cer to grantusthepossibilityof writing
onecommondeliverableaswe believe thatwe canmake a moreconvincing case
for PropertyAssuranceandSimulationwhenpresentedtogether. On the Project
Of�cer' sapproval theDescriptionof Work document[6] wasupdatedaccordingly.

Thisdocumentis organizedasfollows. In Section2wedescribethemotivationand
themethodologysupportedby our tool. Section3 describestheusageof our tool,
Section4 describesthe installationprocedure,andSection5 the implementation-
speci�c details.

In Table1 we report the list of featuresuniqueto this tool as from the project
Descriptionof Work document.This list is structuredin mandatory, desirableand
niceto havefeatures,with theintendedmeaningthattheminimal requirementfor
thisdeliverableis thatall themandatoryfeaturesmustbeimplementedin thetool,
while all theothersrepresentsadditionalfeaturesnotexplicitly requestedto ful�ll
theduefor thedeliverable.

We use“YES”, “NO” respectively to statewhetherthe featurehasbeenimple-
mentedor not. We use“PARTIAL” to statethat the featurehasbeenpartially
implemented.Moreover, the third columncontainsreferencesto the Sectionsof
thisdocumentthatarerelatedto eachfeature.
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Present Ref.

MandatoryFeatures
Pointersto algorithmsused YES 2.2,2.3
List of targetoperatingsystems YES 5
Explanationof codingstandards YES 5
Discussionof licenseissues YES 4
Userdocumentation,includingdocumentation
of userinterface(commandline switches)and
imported/exported�le formats

YES 3, 5

Testsuite YES 5.4
Supportfor PSLVerilog �a vor YES 3
Speci�cationof requirementsasproperties YES 3.2
Requirementsconsistency YES 3.2
Veri�cation of assertions YES 3.2
Veri�cation of possibilities YES 3.2
Generationof witnesstracesfor consistency
andpossibilitiesand counterexamplesfor as-
sertions

YES 3.2

Traceevaluationby waveform YES 3
Usercaninputconstraintsonsimulationtraces YES 3.3
BasicGUI YES 2, 3
Generatecounterexamplesof tracessatisfying
speci�cation

YES 3.3

Storingandloadingof asession YES 3

DesirableFeatures
CoverageFeaturesfor PS YES 3.3
Advancedalgorithms:Incrementalalgorithms
for PA

YES 3.2

Conversionof a traceinto PSL(internalfunc-
tionality)

YES 5.2,3.3

ExtendedGUI YES 2, 3
Vacuitydetectionfor speci�cationsin PA NO

Nice to have features
Supportfor PSLGDL �a vor PARTIAL 3.2
Vacuitymeasuresof a tracein PS PARTIAL 3.3
Automaticextractionof signalnameandtype
from PSproperties

PARTIAL 5.2

Requirementstraceability functionalities for
PA

PARTIAL 3.2

Moving of propertiesamongPA andPS PARTIAL 3.2
Allow userto createnew tracesto validatere-
quirements

NO

Generationof moreinformative counterexam-
ples(longer, minimizingchangesbetweentwo
consecutive steps,etc.)

NO

Possibilityto show tracesin differentformats NO
Integrationof propertyrealizabilityfunctional-
ities

NO

Search/replacefunctionalitiesof signalnames
andtext

NO

Table1: Tableof features
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2 Requirements Anal ysis

2.1 Intr oduction
“The requirementsanalysistaskis a processof discovery, re�nement,
modelingandspeci�cation.” [17]

“Requirementsanalysisandspeci�cationmayappearto be relatively
simpletasks,but appearancesaredeceiving.” [17]

Thesequotationsidentify two main aspectsof requirementsanalysis:the nature
of the activity andits inherentdif�culty . Even thoughtheseconsiderationshave
beenformulatedin a softwareengineeringsetting,they clearly apply to thekind
of systemsthatwe dealwith within thePROSYDproject.

Requirementsanalysisaimsto guaranteethatasetof requirementsreally captures
the designerintent for the developmentof a system. In the context of property-
baseddesign,like fosteredby PROSYD,theimplementationof requirementsanal-
ysis resultsin a designprocessguidedby a set of propertiesmandatoryto the
system.

Requirementsanalysisis not theactivity of producinganimplementationsatisfy-
ing given properties,the focus is on the speci�cation phase. Consequently, the
methodologyis not implementationrelated,but ratheris aspeci�cationmethodol-
ogy.

Thespeci�cationobtainedfrom requirementsanalysisis usedthroughoutthede-
velopmentprocess,ideally down to theimplementationphase,possiblyinvolving
an automaticsynthesisof prototypes.In sucha scenario,a formally de�ned and
properlysupportedmethodologyfor requirementsanalysisis clearlyneeded.This
is particularlytruefor thePROSYD �o w, whereformal speci�cationplaysa cen-
tral roleasameansof informationexchangebetweenall phasesof thedevelopment
process.

Althoughtheneedfor requirementsanalysisis notspeci�c to formalmethods,it is
of specialimportancein thissetting.In aformalenvironmenttheuserstatesprecise
requirementsandproves propertiesof the speci�cation formally. The precision
associatedwith formal languagesmakessubtlequestionsexplicit that otherwise
mightbehiddenin theambiguityof naturallanguage.Thusthereis aspecialneed
for toolsthatsupporttheexplorationof suchsubtleties.

Typicalquestionthatarisewhenwriting a formalspeci�cationinclude:
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� How do I formalizea requirementexpressedin naturallanguage?

� Do theformal requirementsexpressexactlywhatI have in mind?

� Is thesetof formal requirementsspeci�c enoughto describemy model?

� Doesthissetof formal requirementscover my speci�cation?

In this sectionwe presentanapproachto requirementsengineeringthatbuilds on
PropertySimulation[15] andPropertyAssurance[19] technologies.Ourapproach
helpsgiving answersto thequestionsposedabove.

PropertyAssuranceprovidesamethodologyalongwith ameansfor checkingaset
of requirementsagainstpropertiesthatmustbesatis�edby at leastonebehavior of
thesystem,or whosesatisfactionmusthold for all possiblebehaviors of asystem.
With PropertyAssurancethedesignerscandevelopa betterunderstandingof the
requirementsasa wholeanda strongercon�dencethat the requirementscapture
theintendeddesign.

PropertySimulationallows for �ne grainedinspectionof a singlepropertyandits
features,by showing theuserthedynamicbehavior of a systemthatsatis�esthat
property1. With PropertySimulationthedesignercandevelopa deepunderstand-
ing of the formalismusedto write propertiesandresultingsemantics.Property
Simulationalsoprovidesthedesignerwith a convenientmeansto gainexperience
by experimentingwith properties,thusderiving a betterunderstandingof their se-
mantics.

Integrationof thesetwo techniquesaddsvalueto bothactivities: PropertySimu-
lation canbeusedfor a tentative explorationstepbeforeactuallywriting require-
mentsandcheckingfor theirquality;PropertyAssurancecanleverageonProperty
Simulationto performanalysisonasinglerequirementto ensuretheformalization
of therealintendedmeaning.

BasedonourearlierDeliverables[15, 19] in thefollowing wedepictPropertyAs-
suranceandPropertySimulationfrom themethodologicalandtechnicalpointsof
view. Additional considerationshave beenmadethat in combinationwith ancil-
lary detailscomplementpreviously proposedwork. The actualrequirementsfor
theimplementationof anintegratedtool concludethischapter.

2.2 Proper ty Assurance
PropertyAssuranceis theactivity of checkinga setof requirementsagainstgiven
goldenpropertiesto gainadeepercon�denceontheactualmeaningof thespeci�-
cation.PropertyAssuranceMethodology dictateshow to correctlyperformProp-
erty Assuranceandprescribeshow to developa speci�cationout of a setof initial
properties:themethodologyde�neswhatto do,how to do it, andwhich technolo-
giesto use.

1PropertySimulationcanbeappliedto asetof propertiesby conjoiningthem.
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Theinput of PropertyAssuranceis a setof properties/requirements thatdescribes
thebehavior of asystemandpossiblyof theenvironment.Amongthesystempro-
pertiestherearethosewhichareassumedtoholdandthosethatmustbeguaranteed
to holdgiventheassumptions.Theoutputis asetof requirementsthatre�ects the
intendeddesign.

In this section,basedon Deliverable[19] we depictthe tasksrelatedto property
assuranceandmap themonto the propertechnologies;moreover we describea
re�nement-basedmethodologythatbuilds on PropertyAssurance.In Section2.4
weconcludewith integrationdetailsfor PropertyAssurancein requirementsengi-
neering,anddepictmandatoryrequirementsfor an integratedtool implementing
theproposedrequirementsengineeringconcept.

Methodology

Thestartingpointof thePropertyAssuranceMethodologyis asetof requirements,
asetof “assertions” andasetof “possibilities”:

the requirements: asetGof propertiesthatdescribesthebehaviors of thesystem
(possiblyevenof theenvironment);

the assertions: a setF A of propertiesthatmustbeguaranteedby all behaviors of
thesystemasdescribedby G;

the possibilities: a setF E of propertieseachof which describesa behavior that
mustbeincludedin thesetof possiblebehaviors of thesystemasdescribed
by G.

With Gthedesignerconstrainsthebehaviors of thesystemby assumingthepro-
pertiesin G to hold; thosepropertiesin turn, must be enoughto guaranteethe
propertiescollectedin F A, meaningby this that in any casethesystemdescribed
by Gis requiredto satisfyall thepropertiesin F A. This is to ensurethat thesys-
temis not under-constrainedwith respectto a setof desiredproperties,or, to put
in into anotherway, that thesystemaswe speci�ed it will exhibit all thedesired
properties.It is not enoughto checkwhetherall propertiesin F A arevalid in G,
indeed,thereis a risk of over-constrainingthesystemby limiting its possiblebe-
haviors too much. As a consequenceit is necessaryto checkwhetherthesystem
asdescribedby Gcansatisfythepropertiescollectedin F E, meaningthatfor each
propertyin F E theremustbeat leastonebehavior compatiblewith Gthatsatis�es
that property. It hasto be noticedthat even if theuseof F E resembletheuseof
CTL non-determinism,non-determinismis not actuallybroughtinto the speci�-
cation. Indeed,thepracticaluseof nondeterminismin the requirementsphaseis
not clear. Whatwe needis just to checkthesetof themodelsof our systemsfor
theexistenceof particularbehaviors thatsatisfysomedesirablebut notmandatory
properties.

In therequirements-assertions-possibilities approachto speci�cation,thedesigner
hasto answerthefollowing questions(in thefollowing alsoreferredasproofobli-
gations):
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1. Is thesetof propertiesGconsistent?

2. Doesthesatisfactionof Gimply thesatisfactionof any propertyin F A?

3. Is it possibleto satisfybothGandany singlepropertycontainedin F E?

Proofobligations,(1), (2) and(3) canbemappedon existing proof technologies.
Hereweshow how to mappropertyassuranceproofobligationsontoasatis�ability
(SAT) problem.

Proper ty Assurance and SAT

In the following we write G and F A for the conjunctionof all their elements,
namely

V
g2Ggand

V
j A2F A

j A respectively; this indeedis their intendedmeaning,
sinceGis thesetof propertiesthatdescribethesystemandF A is a setof proper-
ties that mustbe satis�ed by all the behaviors of the system.F E will be treated
differently, sinceit is asked that any singlepropertyin this set is satis�ed by at
leastonebehavior of the systems,andnot that all the behaviors mustsatisfyall
theproperties.Wewrite VALID(F ) to denotetheproblemof validity of thesetof
formulaeF ; SAT(F ) to denotethesatis�ability problemof thesetof formulaeF .
We usetheduality VALID(F ) ( ) : SAT(: F ). In generaltheproblemSAT(F )
providesa “yes/no” answer, plus in thecaseof a “yes” answera witness,that's a
behavior compatiblewith theonesallowedby F .

Proofobligation(1), thatis theproblemof checkingwhethera setof propertiesis
consistentor not canbe naturallyreducedto thecheckon whetherthereexists a
modelfor thatsetof properties.Thus,it reducesto checkSAT(G).

Proofobligation(2) aimsto checkwhetherthatthesetGof requirementsis enough
to ensurethatall theassertionsin thesetF A aresatis�ed,that's checkwhetherall
thebehaviors of Gsatisfyalsoall thepropertiesin F A: Gis thespeci�cationof a
systemandF A is thesetof propertiesthatany behavior of thesystemis requiredto
exhibit. This checkcorrespondsto verify thevalidity of the implicationG! F A,
that in turn canbereducedto thecheckon theunsatis�ability of theconjunction
of Gandthenegationof F A, indeed,whatwe needto verify is whetherthereare
modelsof Gthatarenotmodelsof all thepropertiesin F A. Thus,proofobligation
(2) is reducedto: 8j A 2 F A:: SAT(G^ : j A).

Proofobligation(3) aimsto checkwhetherthesetGof requirementsis suchthat
it is satis�ablein conjunctionwith any singlepossibilitycontainedin thesetF E:
thatis it aimsto checkwhetherthereis abehavior compatiblebothwith Gandwith
j E for any j E 2 F E: whatweneedto provefor any formulain F E is whetherthere
existsa modelof Gthat is alsoa modelfor that formula, i.e. 8j E 2 F E:SAT(G^
j E).

Summingupall thepreviousconsiderationswegettheformaldescriptionof Prop-
erty Assuranceproofobligationsreportedin Table2, whereeachproofobligation
is mappedinto its SAT-basedproblem.
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Proofobligation SAT-basedproblem
Consistency SAT(G)
Assertions 8j A 2 F A:: SAT(G^ : j A)

Possibilities 8j E 2 F E:SAT(G^ j E)

Table2: PropertyAssuranceMethodology

Under standing Possibilities and Asser tions

In thissectionweintroduceasmallrunningexampleto show theuseof Assertions
Possibilities.Supposewe needto specifya simplecountermoduloMAXCOUNTER,
being MAXCOUNTERa constant. The value of the counteris representedwith a
signalv whosevaluerangeis [-MAXCOUNTER,MAXCOUNTER] . The counterreacts
driven by two booleansignalsinc anddec aiming to incrementanddecrement
respectively thecounter.

In aninitial stage,we coulddepicta very simplisticspeci�cationfor thecounter;
thuswe wouldhave Gcollectingthefollowing properties,expressedin PSL[18]:

forall M in {-MAXCOUNTER: MAXCOUNTER-1}:
always ((v == M && inc) -> next (v == M + 1))

forall M in {-MAXCOUNTER+1: MAXCOUNTER}
always ((v == M && dec) -> next (v == M - 1))

never (inc && dec)

The�rst assumptionstatesthatwheneverainc operationis issued,in thenext state
thevalueof thecounterwill beincrementedby onewith respectto thecurrentstate
value.Thesecondassumptionstatesananalogouspropertythatrelatesdecrement
operationsandthevalueof thecounterin thecurrentandnext states.An example
of possibleassumptionon theenvironmentis that incrementsanddecrementsare
not issuedat thesametime,asstatedby thethird assumption

Clearlywe wantour counterto respectsomefunctionalrequirement,like for ex-
amplethatstartingfrom a zerocounter, afterN consecutive inc operationsandN
consecutive dec operations,we get againto have a zerocounter;moreover, the
valueof thecountershouldnot changedif no inc or dec operationsoccur. Hence
thesetF A couldconsistof theassertions:

forall N in {0 : MAXCOUNTER}:
always {v == 0;inc[*N];dec[*N]} |=> v == 0

forall N in {-MAXCOUNTER: MAXCOUNTER}:
always (v == N) -> (v == N) until (inc || dec)

Giventhe functionalspeci�cationin G, we expectthat it is possiblefor thevalue
of thecounterto changeits value,andwecanexpressthisdesiderataby thepossi-
bility:
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forall M in {-MAXCOUNTER+1: MAXCOUNTER-1}:
always ((v == M) -> eventually! (v != M))

This propertyis satis�edby themodelsof Gin which aninc or a dec is issuedin
a statewherethevalueof thecounteris equalto M(whatever Min therange).On
theotherhand,it would be impossibleto satisfysucha formula, if it werea F A,
indeedit is not truethatall themodelsof Gsatisfyit; for examplethosemodelsin
which incrementsanddecrementsarenever issueddonotsatisfythisproperty(but
areanyway legalmodelsof G).

A propertythatwewantto bealwayssatis�edby Gis theexpressedby thefollow-
ing Assertion

never ((v > MAXCOUNTER)|| (v < MAXCOUNTER))

statingthatthevalueof thecounterwill nevergrow higheror lowerthanMAXCOUNTER.
Being-MAXCOUNTERandMAXCOUNTERthelowerandhigherboundsof ourcounter
respectively. It is clearthat,we cannotacceptthatthis propertyis satis�edby just
somemodelsof G, rather, we wantit to hold in any modelof Gandthat's why we
expressit asanassertion.

A re�nement-based methodology

PropertyAssuranceMethodologycanbeinsertedinto awiderframework to depict
are�nement-basedmulti-stepmethodologyof whichPropertyAssuranceMethod-
ology is just a singlestep.This approachallows deriving the�nal speci�cationof
a systemfollowing a multi-stepprocessthat startsfrom an initial coarsegrained
descriptionof the system. At eachstepof the process,the designerre�nes the
setof propertiesof thepreviousstepby addingnew properties,or by substitutinga
subsetof thepropertiesof thepreviousstepfor asetof new propertiesthatdescribe
thesamefeaturesastheold onesbut ata �ner grainedlevel of detail.

To ensurethe correctnessof sucha process,the designermustprove that the set
of propertiesat eachstepof the re�nementprocessimplies the propertiesof the
previous steps;this guaranteesthat the �nal speci�cationsatis�esthe initial pro-
perties.BeingGi thesetof propertiesat the ith step,this proof obligationcanbe
dealtwith as follows: we needto checkthe validity of the formula Gi ! Gi� 1:
VALID(Gi ! Gi� 1). Which in turnsreducesto check: SAT(Gi ^ : Gi� 1)

Table3 describeshow thedesignprocessevolvesaccordinglyto ourmethodology,
and the proofsobligationsat eachstep. We assumethat only the setG evolves
while F A andF E remainunchangedduring the process;a furthergeneralization
of the methodologywould be straightforward. In Table 3, for eachstepof the
re�nementprocess,it is shown whatthesetGcontains,which propertieswe need
to proveandtheproofobligationswemustcopewith. At thebeginning(step0),we
assumeagivensetG, whichcontainstheinitial requirementsspeci�cation,andsets
F A andF E. The proof obligationsfor the initial steparesummarizedby 8j E 2
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Step Speci�cation Props
0 G F AF E

Proofobl 8j A 2 F A:: SAT(G^ : j A)
8j E 2 F E:SAT(G^ j E)

i Gi = Gi� 1 [ Q F AF E
Proofobl 8q 2 Q:: SAT(G! q)

8j E 2 F E:SAT(G^ j E)
i Gi = Gi� 1 nf y g[ Q F AF E

Proofobl y 2 Gi� 1

: SAT((
V

q2Q q) ^ : y )
: SAT(y ! (

V
q2Q q))

8j E 2 F E:SAT(G^ j E)

Table3: A re�nement-basedPropertyAssuranceMethodology

F E:SAT(G^ j E) and8j A 2 F A:: SAT(G^ : j A). This is suf�cient to cover the
proof obligations(1), (2) and(3); indeed,by proving 8j E 2 F E:SAT(G^ j E), we
alsoprove theconsistenceof Gby showing thatthereis at leastamodelsatisfying
it (possiblyat leastasmany modelsasmany propertiesarecontainedin F E, in any
caseeverysinglepropertyin F E is guaranteedto besatis�edby amodelof G).

While we assumethat F A andF E do not changeduring the re�nementprocess,
we dictatetheconditionsthatrule theevolution of Gfrom theinitial requirements
speci�cation towardsthe �nal detailssystemspeci�cation. The intuition is that
thedesigneraddsdetailsto thespeci�cationby addingnew propertiesQ. When
addinga set of new propertiesQ, it is requiredthat the new propertiesarenot
alreadyimplied by the existing ones(proof obligation 8q 2 Q:: SAT(G! q)).
Whenreplacinga propertyy 2 Gfor a setof new propertiesQ (Table3, second
row dedicatedto stepi), it is requiredthatthenew propertiesactuallyimpliesthe
old one,but arenot implied by it, i.e. it is requiredthat Q is a real re�nement
of y (proof obligations: SAT((

V
q2Q q) ^ : y ) and: SAT(y ! (

V
q2Q q))). This

guaranteesthat there�nementproof obligation: SAT(Gi ^ : Gi� 1) is satis�ed. In
both cases,the satisfactionof F E mustbe checked, while the satisfactionof the
re�nementrelationtogetherwith theproof obligationsof step0 guaranteethatat
any stepi Gi ! F A (it canbeveri�ed easilysincewehaveGi ! Gi� 1 ! ::: ! G1 !
G! F A).

This is thepresentationof themethodologyin its generality, however theschema
presentedin Table3 couldfollow a stricterpatternwheretwo iterative phasescan
bedepicted:

Phase1 - de�ning G: during the stepsof this phase,the designerjust addsnew
formulaeto Gto satisfythepropertiesin F A andF E; this phaseterminates
whenF A andF E aresatis�edandthedesignerhasgainedenoughcon�dence
on thequalityof thespeci�cation.

Phase2 - re�ning G: duringthestepsof thisphase,therealre�nementhasplace,
i.e. thedesignersubstitutesold formulaein Gfor new onesthatbetterdetail
thebehavior of thesystem:this phaseterminateswhenthedesiredlevel of
re�nementhasbeenreached.

Thesetwo phasesareindependentfrom eachotherandcanbe interleaved or se-
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rialized. In the �rst caseit is possibleto depicta processthat links setsof sys-
tem featuresto setsof properties;eachsetof featuresis speci�ed independently
and independentlyre�ned. This suggestsa compositionaland hybrid approach
to speci�cationswheredifferentlevelsof abstractioncancoexist. Thesequential
combinationof de�nition andre�nement,ontheotherhand,correspondsto amore
classicalapproachto speci�cationwhere�rst therequirementsareidenti�ed, and
only whenthey areall supposedto be stable,the designerusesthemasinput to
producetheactualdesignof thesystem.

2.3 Proper ty Simulation

Oneof themainprerequisitesfor a successfuldesignphaseusingpropertiesis a
correctunderstandingof thepropertylanguage,andof its correctuseto formulate
properties.PropertySimulationaimsatassistingtheuserin thiscontext. Thereare
two mainapplicationsfor PropertySimulation.First,a novice mayuseit to learn
the formal languageusedto write properties. Second,an experienceddesigner
may useit to �gure out the subtletiesof the meaningof a complicatedproperty
or a conjunctionof properties.In a way, PropertySimulationallows the userto
“reverseengineer”a property. PropertySimulationprovidesa convenientmeans
to gainexperienceby experimentingwith properties.Theusercanstateaproperty
andexplore its semanticsby requestingexamplebehaviors with speci�c features
complyingor contradictingtheproperty.

Simulationis a well-known and widely usedconceptin computeraideddesign
for the explorationof a system's behavior. To conducta simulation,a designer
providesadesignwith inputstimuli andobservestheresultingbehavior. By using
variousinput scenariosandby investigatingtheobserved examplebehaviors, the
designercanevaluateandverify thebehavior of thedesign.Theresultingbehavior
is shown graphicallyasa setof waveforms,a representationeasierto understand
thana textualone.

PropertySimulationtransfersthiswidely acceptedandwell establishedconceptto
theexplorationof thesemanticsof properties.Thus,it helpsincreasetheusability
andacceptanceof propertybasedformal veri�cation methods.

In the following we brie�y depict the PropertySimulationconceptasproposed
in Deliverable[15] and adaptedfor requirementsanalysis. We add additional
considerationsin respectof coverageand vacuity. In Section2.4 we conclude
with integrationdetailsfor PropertySimulationin requirementsanalysis,andde-
pict mandatoryrequirementsfor anintegratedtool implementingourrequirements
analysisconcept.
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How to Simulate a Proper ty?

In PropertySimulationthepropertyplaystherole of themodel,andtheuserpro-
videsthestimuli for thesimulationby addingfurtherconstraintson theproperties
behavior. Theseconstraintscan,for instance,�x speci�c signalvaluesat speci�c
time steps,or they maycontainmoreabstractrequestssuchas“signal c shallbe
truefor at leastonetimestepin thefuture”.

PropertySimulationsupportsambiguousspeci�cationsthatfeaturemorethanone
correctexampletrace.PropertySimulation�nds atracethatful�lls theobligations
of thepropertyandcomplieswith therequestedcharacteristics.By usingdifferent
constraints,theusercanexplorethepropertysemanticsandcheckwhetherspeci�c
behavioral patternssatisfyor contradicttheproperty.

Weuseautomata-basedtechnologyto derive theexampletraces.Thederivedtrace
is muchalike a tracederived by standardsimulationtechnology(simulationof a
model),andwe visualizeit appropriatelyusingwaveforms.

The user is also presentedwith coverageinformation statinghow often a sub-
formulais evaluatedto trueor false,andhow oftentheseevaluationschange.This
assiststhe userin �nding constraintsto explore so far unrecognizedbehavioral
patternsof theproperty.

Methodology

Both thepropertyandtheuserrequestsform thecharacteristicsof theallowedbe-
havior. Thebasicconceptof PropertySimulationis to derive anautomatonfor the
combinationof both,andcheckfor its languageemptinessusingmodelchecking
techniques.Correcttracesin theautomatoncorrespondto exampleillustrationsof
thedesiredbehavior. If the languageof theautomatonis empty, sucha behavior
doesnot exist. Resultingtracesconsistof a �nite stemanda loop that is repeated
in�nitely often.Weshow thederivedtraceasawaveformto visualizeanexample
behavior of theproperty. In orderto explainwhy this traceful�lls theproperty, we
show theevaluationof eachsub-formulafor eachtime-step.

Thedataderivedby formulacoveragecomplementthisexplanation.Furthermore,
thesedataprovide a meansto decidewhich partsof thepropertyshouldbe con-
sideredfor future traces.A detaileddiscussionof coverageandhow to dealwith
vacuitycanbefoundin thenext section.

Figure1 illustratesthebasicwork-�o w of PropertySimulationtechnology.

In Section2.4 we outline the requirementsfor the PropertySimulationpart of a
requirementsanalysistool asRAT.

Form ula Coverage and Vacuity

As discussedin Deliverable1.2/1 [15], coverageand vacuity play a signi�cant
role whenexploring a property. To understanda property, a usermustexplore
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Language-Emptiness
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No such Behavior
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Coverage Info

Feature RequestsProperty

Figure1: PropertySimulationMethodology

tracesallowedby theproperty, with specialattentionto the“extreme”behaviors.
Whenexploring thebehavior of aproperty, coveragecanbeof greathelpto check
whetherbehaviors have beenunnoticedsofar. Vacuity implementsthereasoning
that thereis morethana simplesolution. For example,if thereis never a request
in a tracethen,wehave not reallycheckedwhathappenswhenarequestis issued.
The trace,which is vacuous,thus shows an extremeexampleof the property's
behavior. It is usefulto drive theattentionof theuseron this trace,which perhaps
shouldhavebeenruledoutby theproperty. Thus,coverageandvacuityarerelated
and may be seento someextent as different point of views on the questionof
properlyaddressingall qualitatively differentbehaviors of thesystem.

As theexplorationof differentbehaviors is inherentto PropertySimulation,cov-
erageandvacuityareimportantaspects.Both approachestell theuserthat there
is moreto explore. For the implementationin PropertySimulationwe have com-
binedthe two featuresinto onetransparentpresentationsothata novice unaware
of standardcoverageandvacuityprocedurescanusetheir featuresintuitively.

In Deliverable1.2/1[15] we consideredseveralmeasureswhich couldbeusedin
PropertySimulation,basedon the fact that PropertySimulationusesBüchi au-
tomatafor its computations.Statecoverage [11] for examplemeasuresthe frac-
tion of visited statesof the automaton.Transitioncoverage [12] is moreprecise
andmeasuresthefractionof transitionsof theautomatonthathave beentraversed.
Control eventcoverage [10] is alsoapplicable;it would begoodto cover asmany
differentsignalassignmentsaspossible.Neitherhavebeenappliedto thisproblem
before,mainlybecausePropertySimulationis a new concept.

Thereareseveralconcernsrelatedto theuseof thesemethodswithin PropertySim-
ulation. Controleventcoveragefacestheproblemthat it is aimedonly at signals,
whereasthe featuresof thepropertyitself areleft unconsidered.StateandTran-
sition coveragearebasedon thederivedautomaton,which meansthatthederived
numbersdependon theautomatonconstructionutilized,which is undesirable.
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To gaininterestinginformationfrom thecoveragestatistics,theuserwouldhaveto
identify thepartsof theautomatonuncovered,relatethemto partsof theproperty
andthenthink abouttheseparts. Thesestepsmay be cumbersome.Moreover ,a
new entity would beintroducedto theuser—theautomaton—which hasthusfar
beentransparent.SincePropertySimulationwill be usedby novices,coverage
measuresshouldsatisfythefollowing requirements:

� Theinformationshouldbereproducible,regardlessof computationmethods
usedfor PropertySimulation.

� Theinformationshoulddependon thepropertyitself andprovideduserin-
formation,but nothingelse.

� Thecoveragecomputationmethodshouldbetransparentto theuser.

� Consideringthe coverageinformation the usershouldgain knowledgeon
which partsof thepropertyor which behaviors areconsidered(or not con-
sidered)in theactualtrace.

To live up to thesedesiredfeatureswe have implementeda coveragemeasure
correlatingthe tracewith the property. Every sub-formulais evaluatedfor each
time stepin thetrace.Theseevaluationsform thebasisof thecoveragemeasure.
For both the �nite andin�nite partsof the tracethe evaluationsto true andfalse
arecounted,andarecomplementedwith an activity measure,which meanshow
often the evaluationchangedfrom true to falseandvice versa. For convenience
andbecausetheremight occuranevaluationchangeat the interconnectionof the
�nite andin�nite parts,the desiredfeaturesarecomputedfor the whole traceas
well.

Thederivednumbersoffer agoodoverview of thetraceandareeasyto grasp.Fur-
thermore,asthecomputationis derivedfrom theformulaevaluation,computation
costsareminimized. Lastbut not leastthepresentedmeasureoffersan interface
to dealwith vacuityaswell asdiscussedin thefollowing.

Both vacuousandnon-vacuoustracesareimportantwhenexploring thebehavior
of a property. Suppose,for example,that (part of) a propertystatesthat every
requestshouldeventuallybe followed by a grant. In this case,it is importantto
know bothwhathappensif thereis a requestandto know that thepropertydoes
not requiretherequestto occur. Thus,vacuoustracesshouldnot beexcluded,or
theuserwill missrelevantbehaviors.

Our approachis to usethe coverageinformation to give the userthe necessary
informationto explorevacuity . To implementthis ideawe presentthecoverage
informationin a treeformatwell-known from �le managers.Thetreestructureis
derivedfrom thesyntaxtreeof thepropertyitself, andillustratesthedependencies
betweenthedifferentpartsof theproperty. For everysinglepart,derivedcoverage
informationis shown. Also, the userhasthe possibility of requestinga tracein
which the evaluationof a sub-formulabecometrue or false,eithereventuallyor
globally. Thus,whenconsideringthecoverageinfo, theusermayconsidervacuity
wheredesired.The methodencouragesa very intuitive useanddoesnot require
any knowledgein formal veri�cation, thus is also applicableby the novice and
non-automaton-scientist.
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2.4 Tool Requirements
A propertechnologicalsupportis crucialfor theeffectiveadoptionof formalmeth-
odsbasedmethodologies,this is why in thissectionwedealwith ahighlevel anal-
ysis of the featuresa tool enactingPropertyAssuranceandPropertySimulation
mustexhibit. Obviously a tool enactinga methodologymustprovide anef�cient
implementationof themethodologycoreconcepts,e.g. thealgorithmsthatallows
to realizePropertyAssurancechecksandto build the automatausedin Property
Simulation;but, in additionto this, a greatattentionshouldbe paid to usability
issues,sinceusability plays a centralrole to de�ne the effectivenessof a tool,
in particularwhenthe tool supportsthe adoptionof formal methods.Therefore
this sectioncontainssomeconsiderationson the requirementsa GraphicalUser
Interface(GUI) mustsatisfyto effectively guideandsupporta userin performing
PropertyAssuranceandSimulationrelatedtasks,andto complementandempower
themethodologiespresentedfor requirementsanalysis.In particular, we focuson
how a tool mustorganizeandpresentinformationenteredby theusersor derived
by thetool itself. Theforthcomingconsiderationshave driventhedesignandim-
plementationprocessof theRAT. Therequirementsaredistinguishedin Property
AssuranceandSimulationasto re�ect thetwo mainfunctionalitiesthetool will be
requiredto provide.

Proper ty Assurance

PropertyAssuranceasdescribedin Section2.2 relieson four basicclassesof en-
tities: requirements,possibilities,assertions,andthe signalsusedin writing the
properties;hence,we needto de�ne how a tool shouldmanagethe information
relative to thesefour classes,andhow thetool GUI shouldbestructuredto prop-
erly presenttheuserwith theseentitiesandthemeansof actingon them.

While designinga GUI oneof the most importantaspectsto keepin mind is to
provide the userat eachinstantwith all andpossiblyonly the neededinforma-
tion; hence,we needto considerwhich informationis neededwhile doingwhich
PropertyAssuranceactivity. With respectto this, it hasto benoticedthattheinfor-
mationregardingthesignals(thatdescribethesignatureof therequirements)and
thesetof requirementsareneededwhile checkingbothassertionsandpossibilities:
they arethespeci�cationunderdevelopmentandshouldalwaysbedirectlyacces-
sibleby theuserof thetool. However, while checkinganassertion,theuserdoes
not needto look at thepossibilities,and,theotherway around,while checkinga
possibilitythefocusof theuseris on them,andnot on theassertions.Thesecon-
siderationsthus,suggeststhat themainwindow while doingPropertyAssurance
shouldalwaysshow thesetof signalsandthesetof requirements,while theview
on thelist of assertionsandpossibilitiescanor evenshouldalternate.

Independentlyof thespeci�c layout,theGUI mustprovide meansto:

� Add/Modify/Deletethesignals,therequirements,theassertionsandthepos-
sibilities.
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� Startveri�cation activity by playingwith theoptionsof theunderlyingveri-
�cation tool asto achieve ef�ciency.

� Show theusertheresultsof theveri�cation activity in themainwindow.

� Allow thestoring/removal/modi�cation of theveri�cation result(traces)for
furtherdeeperanalysis.

� Allow theuserto classifytheresultsof theveri�cation in differentcategories
(e.g. to link themto a particularpart of the speci�cation, to re�ect their
alignmentwith thecurrentstatusof thespeci�cationetc.).

� Allow theuserto savethecurrentstatusof therequirementsanalysisactivity,
andallow for therestartof theanalysislater.

� Allow the user to experimentwith a propertyusing PropertySimulation
functionalities.

Hence,besidesa properinterfacetowardstheveri�cation engines,thetool should
provideameansof organizingthedatacorrespondingto thebasicentitiesof Prop-
erty Assurance,andof visualizingandorganizingthe resultsof the checksper-
formed. It appearsevidentthata conceptof requirementsanalysisprojectshould
bethoughtof, a projectbeinga containerfor thestatusof theveri�cation activity,
i.e. the setof requirements,the setof possibilities,the setof assertionsandthe
resultsof thechecksperformed.Moreover, to make it aseasyaspossibleto exam-
ine theresultsof theveri�cation activity, a properway of managingandpossibly
classifyingthe resultsshouldbe provided. The resultsof the checksperformed,
andtheirclassi�cation,shallbeshown in awindow seenasacontaineronwhich it
shallbepossibleto performseveraloperations(e.g.modify someof theattributes
associatedto aresult,changethecategoryassociatedto aresult,de�nitely deletea
result,createnew categories).

Last but not least,we shouldprovide the userdifferentviews on the samedata
so to alwaysshow theneededinformationin the mosteffective way; this canbe
achieved by adoptinga designpatternlike the Model View Controller [3] that
fostersasystematicseparationof thedatafrom theircontrolandtheirvisualization
makingit possibletoconnectmorethanonevisualizationtoasinglesourceof data.

Theabove considerationsaretheprimary input usedto guidethedevelopmentof
thewholetool andin particularof thePropertyAssurancemode.

Proper ty Simulation

AmongstothersPropertySimulationis alsoaimedatnovicesto formalveri�cation
techniques.Thusit is importantto implementbasicwell known conceptsoffering
full-featuredfunctionalitywhile being�e xible,convenientandintuitive to use,and
providing inarti�cial interpretablebut signi�cant results.By transferringthewell-
known conceptof simulationto a new areausingnew technology, thesedemands
have beentakencareof for themethodologyitself. Thepotentialinterfacehasto
perpetuatethis ideaandcompletesthe methodologypresentedin Section2.3 as
illustratedin Figure2 on page16
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Figure2: PropertySimulationInterface

Theuserinterfaceshall implementthreemaintasks:

� Entryof theproperty, controlsto requesttraces.

� Traceandevaluationpresentation,controlsto requesttracefeaturesbychang-
ing attributesof thepresentedtrace.

� Coveragepresentation,combinedwith controlsto requesttracefeaturesdeal-
ing with coverageandvacuity.

Although a textual interface is applicable,a graphicalfront-endoffers superior
usability for PropertySimulation. Thusa graphicalfront-endimplementingthe
proposedconceptof tasksshallbedraftedin thefollowing.

Oneof themainissuesfor graphicalinterfacesis availablespace.Consideringthe
tasksperformedin PropertySimulation,mainly thedisplayof variouswaveforms
for the traceandpropertysub-formulae,it becomesobvious that an interfacefor
PropertySimulationhasto useavailable spacevery ef�ciently. A two-window
approachwith the following dedicationof tasksto the different windows takes
careof this issue:

� Main Window: This window shallcontaina text entrywidget,for theuser
to enterthedesiredproperty. Multi row editassiststheuserin notgettinglost
whenenteringcomplex properties,aseachpartcanbeenteredin a different
row. The main window shall containthe waveform visualizationsof the
derived trace,andthe evaluationof the propertysub-formulaeconsidering
this trace. The visualizationsshouldbe separatedto be able to show the
traceat any time whenwalking throughthe differentpartsof the property
evaluation.Thewaveformsfor theevaluationof thepropertysub-formulae
shallbeorganizedin a treestructurederivedfrom thepropertysyntax.This
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aidsthe userin �nding the desiredpartsandrecognizingstructuralsyntax
errorslike misplacedbrackets. Usingmousecontrolstheusershallbeable
to shapethe traceto requestfeaturesfor thenext behavioral example. The
lastpartof thewindow is a controlbarshowing theactualstatusof thetool,
andcontrolsto requestawitnessor acounterexamplefor theproperty, anda
buttonto openthecoveragewindow.

� CoverageWindow: Thecoveragewindow shallbeusedto displaycoverage
informationandoffer controlsto explorethepropertyby consideringcover-
ageandvacuity. Again a tree-view assiststheuserin relatingthedifferent
partsof the propertyto eachother, whereasuseof the samehierarchyas
for thepropertysub-formulaeevaluationenhancesintegral consistency and
accentuatesthedependency. Summarizinga tree-view containingcoverage
informationand controlsfor eachsingle part of the propertyshall be im-
plementedfor this window. Thecontrolsconsistof theoptionsto requesta
sub-formulato evaluateto trueor falsegloballyor eventually.

BasedontheactualimplementationcolorsandotherGUI techniquesshallbeused
to illustratewhich partsof the interfacecanbe usedat which time. Furthermore
theusershallbekeptup-to-datevisuallywhich featuresareactuallyrequestedfor
thenext example.

Fromtheconceptualpoint of view, whena traceis requestedall desiredfeatures
have to betransformedinto formulaeto complementthepropertyfor theautoma-
ton construction.It is essentialthattheseformulaeareef�cient to minimizecom-
putationtimewhich is crucialto theproposedinteractive usage.

The proposedtasksandinteroperabilityfeaturesrepresenta coreto be extended
at any time by otherfeatures.They implementa maximumfeaturesvs. computa-
tion timeratioby providing a full-featuredinterfaceofferinggreatpotential,while
avoiding crippling PropertySimulationwith overlongcomputationtimes thusa
degradedusability.
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3 RAT Users Manual
Thetool RAT ful�ll theneedfor apropertechnologicalsupportto formalmethods
in thesettingof requirementsanalysisby providing its userswith theintegrationof
two setsof functionalitiesthatenactthePropertySimulationandPropertyAssur-
ancemethodologiesdescribedin Section2. In thissectionweshow how to interact
with RAT in orderto accomplishthetasksrelatedto thetwo methodologies.

All theexamplesin thefollowing sectionsarewritten in theVerilog �a vor of PSL
asfrom [18], thelanguagesupportedby theveri�cation enginesV IS andNUSMV.

3.1 Running RAT

RAT canbeexecutefrom thecommandline by thefollowing command

rat - Launchesthe pythoninterpreter to executeRAT
program

Command

rat [-h|--help] [-v|--version]
[-f <FILE.rat> | --project = <FILE.rat>]

CommandOptions:

-h Printsthecommandusage.
-v Printstheprogramversion.
-f <FILE.rat> Loadsthegivenproject�le

Figure3 shows thestart-upscreen-shotof RAT whenthetool is launchedwithout
any projectasargument.

The unit of interactionwith RAT is the project, i.e. a collectionof formal pro-
pertiesandresultsof veri�cation checksprescribedby PropertySimulationand
Assurancerelatedactivities. The relevanceof the role of a project,asan object
with a statethatcanbesavedandreloadedis clearasfar asPropertyAssuranceis
regarded:theuserthatbuilds formal speci�cationsandinspecttheir quality, must
have the possibility to work in differentsessionsandof saving the resultsof the
work performedfrom sessionto session.With PropertySimulation,sucha feature
couldseemlessrelevant,but thevalueof having thepossibilityof saving simula-
tion sessions(i.e. thepropertiessimulatedandtheconnectedtraces)showsclearly
if wethink of longtimeconsumingwork sessionsandof theimportanceof having
aquick referenceto their results.
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Figure3: RAT- Main window.

ThroughthemenuFile or thecommandNewin thetool barit is possibleto access
thewizard for thecreationof new projects,shown in Figure4, selectthekind of
project,andspecifythedetailsof theprojectenteringthedatain the�elds shown
in Figure5.

Figure4: RAT- New projectwizard.

Figure5: RAT- New projectwizard,projectdata.
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As a resultof theintegrationPropertySimulationandAssuranceinto RAT (rather
thansimply juxtaposingthem),it is possibleto shift from PropertySimulationto
PropertyAssuranceat any time, andto load propertiesfrom PropertyAssurance
into PropertySimulation;projectsindeedcollectboththedataof PropertySimula-
tion andthoseof PropertyAssurance.A projecthencesumsup all thehistoryof a
designdevelopmentprocess,from theinitial explorationsof propertiesprototypes,
to thede�nition of a setof requirements,from the inspectionof requirementsad-
herenceto the intendedmeaning,to the possibleuseof simulationto performa
�ne grainedinspectionof propertiescomingfrom PropertyAssurance.

Onceaprojecthasbeencreated,theusercanproceedasdescribedin Sections3.2
and3.3.

3.2 Proper ty Assurance in RAT
RAT enactsthePropertyAssuranceMethodology(seeSection2.2)by supporting
theusersin PropertyAssurancerelatedtasks;RAT providesa properframework
for managingsetof properties,a user-friendly interfacetowardsveri�cation en-
gines,and a properframework for managingthe resultsof PropertyAssurance
proof obligations. In this sectionwe describehow to interactwith the tool by
following a typicalusecase,whichencompassesthefollowing steps:

� editingof aproject;

– editingof signals

– editingof requirements

– editingof possibilities

– editingof assertions

� veri�cation

– activationof thechecks

– managementof traces

In the settingof PropertyAssurance,Projectsarethe entitiesthat correspondto
theensembleof aspeci�cationtogetherwith theresultsobtainedby theconnected
proofobligations.Thebuilding blocksof aspeci�cationin thePropertyAssurance
Methodologyarerequirements, possibilitiesandassertion, all of whichareproper-
ties formally expressedon a setof atomicsymbolscalledsignals. Following the
methodology, givena speci�cation,someproof obligationneedto bedischarged;
in Section2.2 it hasbeenshown how theseproof obligationscanbemappedonto
SATtechnology:the tool providesan interfacetowardsthis technologyandcom-
municatesthe resultsof the performedveri�cation checksby meansof extended
waveformscalledtracesthatshow theevolutionof thevaluesof signalsin possible
modelsof thesystemunderspeci�cation.
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The Main Windo w

RAT main window whenin PropertyAssurancemodeis shown in Figure6. In
theupperpartof thebodyof thewindow therearethetablesfor themanagement
of signalsandrequirements;in themiddle thearethe tabbedtablesfor theman-
agementof possibilitiesandassertions(on the left), andthecontrolpanelfor the
veri�cation tasks(on the right); the bottomof the window is occupiedby a text
boxshowing theoutputof theveri�cation activity.

Figure6: PropertyAssurancemainwindow.

Adding and modifying elements of a project. The activities of adding,edit-
ing andremoving itemsfrom the setsof signals,requirements,possibilitiesand
assertionsfollow the samepatternregardlessthe classthe itemsbelongto. The
screen-shotsin Table4 Table5 show thewindows for creatinganew signal,anew
requirement,a new possibility anda new assertionrespectively, all of which are
accessibleby clicking on the �rst oneamongthe buttonson the top right of the
tableof theproperclass.

Oncean item is created,it is shown in the tableof its classandit is possibleto
modify or to deleteit by clicking on theproperbuttonon thetableof theclassof
the item. A window similar to the oneusedfor creationis usedfor editing,and
a warningwindow will ask for the user's con�rmation beforedeletingan item.
Multiple selectionis allowed (Ctrl button pressedwhen left-clicking with the
mouseon thedesireditems)andhenceis possibleto opentheeditingwindows of
several itemsat onetime,or to deletemorethanoneitem at onetime. Multi-row
editing andparenthesishighlighting areprovided to easethe input of properties
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Table4: Creatingsignals,requirements.

andto makemoreeffective theirvisualization.Noticethat,all thetasksthatcanbe
performedon signals,requirements,possibilities,assertion,tracesandcategories
are accessiblealso throughpop-upmenusthat shows when the userright-click
with the mouseon an item; the pop-upmenusoffer alsoselectionfacilities like
“selectall”, “deselectall” and“invert selection”.

Since,aspointedout in Section2, it may be of greatuseto simulatea property
whenthe resultsof a PropertyAssurancecheckarenot of easecomprehension,
the useris provided with the possibility of loading an item that belongsto re-
quirements,possibilitiesor assertionsinto PropertySimulationmode;this canbe
accomplishedby selectingthedesireditemsandclicking onthelastoneamongthe
four buttonson the top right cornerof thepropertable,or by selectingthevoice
Load into Simulation from the pop-upmenuaccessibleby right clicking on
theselecteditems. The logical conjunctionof theselecteditemsis copiedin the
Property text box in thePropertySimulationmode(SeeSection3.3).

Veri�cation The veri�cation tabbedpanel,on the middle right of the window,
providestheuserwith controlon theexecutionof theveri�cation engineusedto
perform PropertyAssurancerelatedchecks. The two tabs,shown in Figure 6,
allow to choseamongSAT-basedBMC techniquesor BDD-basedMC techniques,
and to set the respective options. As far as SAT-basedBMC is regarded,it is
possibleto choosewhichSATsolver to use,whetherincrementaltechniquesshould
beused,thedepthof theBMC problemgenerated,andthevaluefor theloopback.
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Table5: Creatingpossibilitiesandassertions.

With regardto BDD-basedMC, theusercande�ne thepartitionmethod,whether
usingConeof In�uence techniques,andwhichkind of dynamicreorderingshould
beused,if any. For moredetailsonthemeaningof theseoptions,theusercanrefer
to theusermanualof NUSMV [13].

Table6: Veri�cation panels.

Traces and their management

The resultsof veri�cation checksareshown astraces,which areshown asnew
tabsbesidetheOutput tabasdepictedin Figure7.
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Figure7: An exampleof tracevisualization.

Eachtracehasa nameand is connectedto the requirementsand the possibili-
ties/assertionsit hasbeengeneratedfrom, i.e. thosethatwhereselectedto perform
thecheckof which thetraceis theresult.Thesedataallow to trackthedependen-
ciesamongthetracesandtheotherelementsof theproject;for example,knowing
which requirementsa tracedependson allows the systemto signal it as out of
dateor no longermeaningfulif somechangeshave beenperformedto oneof the
requirementsthetracedependson.

In Figure7, thetraceshown is composedby aninitial stepfollowedby anin�nite
repetitionof the secondstep, i.e. a loop. Loops are signaledby a little black
arrow closeto thenameof thestepthey startfrom. Colorof stepschangesto help
depictingthe�nite pre�x andthein�nite loop in traces,light grayfor theformer,
darkgrayfor thelatter.

Toeasetheirmanagementandto re�ect thetypicalusecaseof PropertyAssurance,
tracesare organizedin different categories amongwhich the following system
categoriesareprovided:

New: the category wheretracesgeneratedin the currentsessionare storedby
default;

Default : thecategory whereup to datetracesthathave beengeneratedin pre-
vioussessionsarestored;

Out of date : thecategorywhereoutof datetracesarestored(atraceis outof
datewhensomeelementin its dependencieshavebeendeletedor modi�ed);
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Trash : thecategory of tracestheuserscheduledfor deletion.

A simple way of managingtraceswith respectto categoriesis provided by the
buttonsTrash andMove on theright of eachtracein themainwindow, asshown
in Figure7.

Clicking on thebuttonTraces in thetool-bar, it is possibleto accessthewindow
of thetracemanager, asshown in Figure8,whichallowstheuserto managetraces
by editing theassociateddata,moving themfrom a category to anothercategory,
deletingthem,creatingnew categoriesandeditingthedataconnectedto categories.

Figure8: An exampleof tracevisualization.

At thetop left cornerof thetracemanagerwindow thelist of categoriesis shown,
whereeachcategory hasa nameanda Description ; it is possibleto selectmore
thanonecategoryand,onselection,thecontainedtracesareshownontherightpart
of thewindow groupedunderthenameof thecategory they belongto. In theleft
bottomcornerof thewindow thereis thelist of thenamesof thetracescontained
in theselectedcategories,by selectingor de-selectingnamesit is possibleto show
or hidetracesin theright part.As shown, eachtraceis visualizedtogetherwith its
completedatathatcomprisea brief description,thenotesenteredby theuser, the
list of dependencesandthehistory(whenthetracewasgenerated,etc.).Categories
andtracestableson the left partof thewindow, allow theusersto edit, deleteor
additems,in Figure9 andFigure10 the editingdialog for categoriesandtraces
areshown.
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Figure9: Editingacategory.

Figure10: Editinga trace.

An Example

In this sectionwe work outa simplebut meaningfulexamplethatcoversthemost
relevantPropertyAssurancefeaturesof RAT, andlink togetherin a cohesive view
theusageinformationgivenin theprevioussection.

Theexamplewe aregoing to tackleis thespeci�cationof a boundedcounter(an
instantiationof whatdescribedin section2.2); a �rst naivë speci�cationcouldbe
theoneshown in Figure11.

Thespeci�cationis basedon thefollowing signals:

inc : thesignalthatmodelstheissuingof incrementoperations

dec : thesignalthatmodelstheissuingof decrementoperations

v: thesignal(integervalued)thatmodelsthevalueof thecounter

thissignalsareshown in theSignals tabletogetherwith their typeandnotes.

TheRequirements tablecollectsthreerequirementsthatconstituteaninitial spec-
i�cation of the functionalbehavior of thecounter, andof theassumptionson the
environment

R1: prescribesthat any incrementoperationis immediatelyfollowed by an unit
incrementin thevalueof thecounter
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Figure11: Counter- initial speci�cation.

R2: prescribesthatany decrementoperationis immediatelyfollowed by an unit
decrementin thevalueof thecounter

R3: statesthat incrementand decrementoperationsmust not occur simultane-
ously(this is aconstrainton theenvironment)

Oncethis initial speci�cationis enteredby theuser, it is possibleto proceedand
checkit for consistency, i.e. checkingthattherequirementsarenot mutuallycon-
tradictory. This canbeachieved by selectingall the requirements,by ticking the
checkbox Consistency check , andby clicking on theCheck buttonin thecon-
trol panelat thetop. Figure11shown theresultof thischeckis positive: theoutput
from theveri�cation engine,shown in the tabOutput , reportsthat therun of the
enginehascompletedsuccessfullyandno warningmessageis issuedby RAT. As
shown in the control panel,this checkhasbeenperformedusingSATtechnology
with a depthof theproblemequalto 30,andcheckingfor all possibleloop-backs.

Now thatwe have an initial consistentspeci�cation,we canstartanalysingit and
checkif it describesexactly thebehavior wehave in mind.

The�rst stepcanbethatof checkingthatthevalueof ourcounteris alwayscoher-
entwith theinputsreceived. In particular, we wantto besurethat if no operation
is issued,thevalueof thecounterdoesnot change,whatever thevalueis; this is
themeaningof assertionA1 shown in theAssertions tablein Figure12.

OnceA1 hasbeenentered,wecancheckit againstall therequirementsandgetthe
resultshown in Figure12: theassertionis signaledasfailed by aredbullet next to
its namein theAssertions table,anda traceshowing a counterexampleto A1 is
createdandshown at thebottomof themainwindow. Notethata summaryof the
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Figure12: Counter- checkinganassertion.

informationrelatedto thetraceis providedcloseto thetraceitself. By examining
thetrace,wenoticethatthecounterexampleshown hasaninitial stepin which the
valueof the counteris 0 andno operationis issued,anda secondstepin which
thevalueof thecounteris changedto 3. Notethatthelaststateis actuallythe�rst
andonly oneof an in�nite loop, assignaledby the little blackarrow closeto the
nameof thestepin theheaderof the trace.A review of therequirementsreveals
thatactuallynothingis saidabouttheevolution of signalv whenno operationis
issued,andthis leadsusto thede�nition of anew requirementsthat�lls thishole

R4: prescribesthat if no operationis issuedthevalueof thecounterremainsun-
changed

Figure13illustratesthenew stateof thespeci�cationandshowsthatif R4 is added,
thecheckfor A1 passes,assignaledby thegreenbullet in theAssertions table.
Note that in this casethecheckhasbeenperformedusingBDD technologywith
the Sift dynamicreorderingmethod. In this caseno traceis shown becauseno
counterexampleshasbeenfound.

Oncethecheckfor A1 is passed,we gainedmorecon�denceon how thecounter
reactsto the stimuli of the environment. Now we cancheckthat the systemex-
hibitsdesiredbehaviors, i.e. thatit is possiblethatsomethinghappens,evenif not
mandatory. For example,wemaywantto checkthatit is actuallythecasethatthe
valueof thecountermaychange,this meanslooking for a scenarioin which the
systemevolvesreactingto thestimuli of theenvironmentin suchaway to modify
theinitial valueof thecounter. This checkcanbeperformedby thepossibilityP1
shown in Figure14.

Manual for Proper ty Simulation and
Assurance Tool

RAT Users Manual � 29



Figure13: Counter- �xing thespeci�cation.

Figure14: Counter- checkingapossibility.
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Thepossibilityis signaledaspassedin thePossibilities table,anda tracecor-
respondingto awitnessof thedesiredsystembehavior is shown; thetraceexhibits
a threesteploop in which initially v is 0 andan inc operationis issued,thenthe
valueof v changesaccordinglyanda dec operationis issuedmakingthevalueof
v goingbackto 0 in thethird step.

The resultof a work sessionis a speci�cation,a setof possibilities,a setof as-
sertionsanda setof tracescorrespondingto the resultsof thechecksperformed.
Figure15 shows the tracemanagerwindow with the tracesgeneratedduring this
session(actuallyothertracesareshown thatwedonotdescribedbut thathavebeen
generatedwithin thissection).

Figure15: Counter- tracesof thesession.

3.3 Proper ty Simulation in RAT
This sectionillustratestheRAT PropertySimulationfeatures.SomegeneralGUI
featureswill be introduced,followed by explanationsof the main and analysis
windows andanexamplescenariofor asimplestandardproperty.
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The Main Windo w

WhenenactingPropertySimulationin RAT youwill seetheRAT mainwindow to
changeto PropertySimulationmodeasillustratedin Figure16. Pleasenotethat
the useris able to switch the modeat any time usingthe switch controlsin the
upperright of themainwindow.

Figure16: PropertySimulationMain Window.

In the�gure you seethethreemainsectionsof thePropertySimulationinterface.
On theupperleft you canseea multi-row text entrywindow whereyou canenter
your property. Thevariouslinesarecombinedto a singleproperty, thusyou may
split your propertyto several linesfor abetteroverview.

The middle sectionof the PropertySimulationwindow consistsof two widgets
showing waveforms.Theupperoneillustratesthederivedexamplebehavior using
waveforms.Thedifferentwaveformsillustratethesignalvaluesfor everytimestep
in thetrace.Thewholetraceis determinedby the�nite partaspre�x completedby
anin�nite repetitionof thein�nite parts.Thebackgroundcolor indicateswhether
the value is in the �nite or in�nite part of the trace. Light grey correspondsto
the �nite part anddark grey to the in�nite part. You may selecta singlesignal
to highlight its waveform, there is no further impact of sucha selection. The
trace/signalview offers the possibility to requestfeaturesfor the next trace. A
click on the right button of your mouseon a stepof the traceproducesa pop-up
window offering thefollowing requests:

� Insert Time-step:Anothertime-stepis enteredjustbeforetheoneyouhave
clicked on. Thedefault valueis `Do not care',which meansthatyou don't
have any preferencefor thevaluein thenext trace.

� Fix value to False: In thenext tracethisvalueshallbefalse.

� Fix value to True: In thenext tracethisvalueshallbetrue.

� Set to `Do not care': You do not careaboutthe signalsvalueat this time
stepin thenext trace.Thisoptioncanbeusedto unsetrequiredvalues.
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When you establishrequestsyou will notice that the color of the tracefor this
signalandtimestepchangesto red.Redpartsin thetraceshow thatthesepartsare
requestedto be �x ed to thecurrentvaluesfor the next tracerequest.You'll also
noticethatthestatusValueat thebottomchangesto “Outdated”andthewaveform
colorof theformulaevaluationchangesto black.Thismeansthatthetree-view for
theFormula/Propertyevaluationdoesnotcorrespondto thetraceanymore.

Thetree-view for theFormula/PropertyevaluationbeneaththeTrace/Signalview
is not editable,so you cannotshapethe waveform here. It illustratesandcorre-
latesthesinglepartsof thepropertyto the trace. For eachtime-stepof the trace
the propertyandall its sub-formulaeareevaluatedto trueor false,visualizedby
waveformsorganizedin a tree. Thetreestructureis derived from thepropertyto
illustratethedependenciesbetweenthepartsof theproperty. Usethetree-view to
make surethat the formula hasbeenparsedthe way you expected.Relatingthe
waveformsto eachothershowshow thedifferentpartsof thepropertyinteractwith
eachotherinterpretedon thetrace.

Thelastpartof thePropertySimulationmainwindow is thecontrolandstatusbar
locatedat thebottom.It includesthefollowing contents:

� Witness Button: Pressingthis button you can ask RAT to derive a trace
living up to thepropertyandthefeaturerequestsyoumayhave stated.

� CounterexampleButton: With a click on this button you canaskRAT to
provide a tracecontradictingthepropertyor possiblefeaturerequests.

� Status: At this locationyoucanalwaysseewhatRAT is up to whendoinga
computationandthestatusof thetraceandevaluationwhenidle. Examples
areWitness,Counterexample, V IS Error, ....

� Analysis Button A click on this buttonraisesanothersecondanalysiswin-
dow offeringcoverageinformationandcontrolsasdiscussedin theverynext
section.

The Anal ysis Windo w

Theanalysiswindow completestheinformationandcontrolsof themainwindow.
For eachsub-formulaof thepropertythewindow containscoveragestatisticsand
offerscontrolsto requestfor thenext tracethat this partshouldevaluateglobally
or �nally to trueor false.

Thecoveragestatisticstell how oftena propertiespartevaluatesto trueandfalse,
andhow often this evaluationchangeduring the evaluationof the trace. These
statisticsarederivedfor the�nite andin�nite partsof thetrace,complementedby
numbersfor theentiretraceincludingpossiblechangesat the interconnectionof
thetraceandthetransitionfrom thelaststateto the�rst stateof thein�nite part.

The graphicalconceptusesa tree-view for organizationof the visualizationand
offersa `close'buttonat thebottomto closethewindow. Thetree-view shows the
coveragestatisticsfor eachpartof thepropertyandthecontrolsto requestfeatures.
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The�rst columncontainsthenameof thepart,followedby ninecolumnsto illus-
tratethecoverageinformation.For eachparttherearecolumnslabeled̀ 0',`1', and
`C', correspondingto thenumbersfor false(`0'), true (`1') andevaluationresult
changes(̀C'). The threesectionsfor the �nite, in�nite parts,andthewhole trace
aredistinguishedby the usedbackgroundcolors. The sectionsfor the �nite and
in�nite partsusethesamecolorsusedfor thewaveforms;light grey anddarkgrey.
Thesectionfor thewholetraceusesaverydarkgrey.

Additional four columnsoffer theoptionto requestfeaturesfor thenext trace.You
can requesta sub-formulato evaluatea propertyeventually to true (`F(==1)' ),
globally to true (`G(==1)' ), �nally to false(`F(==0)' ), or (`G(==0)' ). A green
zerofor a requestindicatesthat thereis no requestfor the next trace,whereasa
red one indicatesa desiredrequest.Pressingthe right mousebutton on a value
producesapop-upwindow enablingto setor unseta request.

Consideringthe treestructureandthe coverageinformationcanbe of greathelp
in exploring the behavior of a property. Consideringthe exampleof a property
requiringanrequestto beacknowledgedthecoverageinformationmayshow that
thereis no requesthappening(columnslabeled`1' show zerovaluesfor request)
for avacuoustrace.Soby settingtherequestto beeventuallytrueyou canaskfor
amoreinterestingtracefor example.Whenapartof thepropertydoesn't evaluate
to aspeci�c valueatany timeyoumayaskfor anillustrationof whathappensif it
doesby seatingthecorrespondingrequest.

Figure17: PropertySimulationEvaluationAnalysisWindow.

An example

This sectionillustratesRAT PropertySimulationfunctionality with a simpleex-
ample. For this examplescenariowe will considerthe informal propertythat a
requestshouldbeeventuallyacknowledged.

First we have to starta new project. This is doneby calling rat andclicking the
“New” buttonat thetopof thewindow. As for thisexamplewedecideto doProp-
erty Simulationonly we canskip thestepof enteringprojectdetailsat this stage;
PropertySimulationextractstheinformationit needsfor its computationsdirectly
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from thepropertyitself. With a click on the�nish button(Figure18) we arepre-
sentedwith the main window of PropertySimulation(Figure 19). Pleasenote
that if you would like to performPropertySimulationin anexisting requirements
engineeringproject for a device underconstruction,you canswitch to Property
Simulationby clicking thecontrolbuttonat thetop right of themainwindow.

Figure18: Createaprojectfor PropertySimulation.

Figure19: PropertySimulationStartWindow.

Our�rst guessonPSLsyntaxfor ourinformalpropertyis G(r 7! F(a)) . G (“Glob-
ally”) is theshortform of thePSLoperator“always”,andF (“Eventually, Finally”)
is theshortform of the“eventually!” operator. Weenterthatpropertyinto theen-
try widgetof thePropertySimulationmainwindow andpressthe”Witness”button
to askfor anexampletraceful�lling andillustratingtheproperty. We'represented
with thetraceillustratedin Figure20.

The traceis vacuousbecausethereis no request,but actuallythereareacknowl-
edges.We seethat the propertydoesneitherneeda requestto happen,nor that
thereis a requestfor anacknowledgeto occur. Althoughtheexampleis verysim-
pleandwe canobtainthatinformationby judgingandinterpretingthewaveforms
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Figure20: Witnessfor propertyG(r 7! F(a)) .

we now presstheanalysisbuttonto show thecoverageinformationillustratedby
Figure21.

Figure21: Analysisof tracefor propertyG(r 7! F(a)) .

Figure22: Ask for a requeston signalr.

A checkof theanalysisreassuresour preliminaryconclusions.To gaina morein-
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terestingtracewerequestarequestto eventuallyhappenasillustratedin Figure22.
We keepthe analysiswindow openedandaskfor a new witnessby pressingthe
correspondingbuttonin themainwindow.

We arepresentedwith the traceillustratedin Figure23. As we aresatis�ed with
thetraceandwantarequestto happenfor futureexampleswechangeourproperty
to G(r 7! F(a))&& F(r). By askingfor a new witnesswe want to recheckthis
change.Pleasenote that the requestsare resetfor every trace;so you might not
includea forgottenrequestforever resultingin the missof interestingbehaviors
duringpropertyexploration.

Figure23: Witnesswith requestfor propertyG(r 7! F(a)) .

Thederivedtraceillustratedin Figure24 however, unveils thatwehave gotsome-
thing wrong,asthe treestructuredoesnot �t our intention. By the investigation
of thetreestructurewe uncover thatwe have forgottentwo brackets. We have to
put theG() partof thepropertyinto brackets,otherwisethelogical andbindsthe
F(r) to theimplicationpartandnot to theglobally part. We addadditionalbrack-
etsto thepropertyto gain(G(r 7! F(a))) && (F(r)) . By askingfor anew witness
we recheckthepropertyandaresatis�ed with thepresentedtraceandevaluation
(Figure25).

Now we wantto checkif a singleof thetwo acknowledgesconformsto theprop-
erty. Again thismightbeobviousfor our example,but it might notbeobviousfor
amorecomplex one.Thusweshapethetraceby editingthewaveform.We�x the
valuesof signalr to thevaluesof the traceandsignala to true for time-stepone
andfalsefor theremainingtime-steps(Figure26).

Asking for anew witnessproducesa traceillustratingthatour requestsaresatis�-
able(Figure27).

We have usedall elementsof thePropertySimulationinterfacesofar, andnow it
is up to you to explore the propertyandthe potentialof PropertySimulationon
your own. To give you someinitial directionwe would like to suggestto enhance
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Figure24: Witnessfor propertyG(r 7! F(a))&& F(r).

Figure25: Witnessfor property(G(r 7! F(a))) && (F(r)) .

thepropertyto allow anacknowledgeonly on a request,or to limit the lengthof
anacknowledgeto onetime-step.
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Figure26: Shapingthetrace.

Figure27: Witnessfor shapedtracerequest.
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4 RAT Installation and Dis-
trib ution

TheRAT tool canbedownloadedfrom http://rat.itc.it . Fromthesameweb
sitemoreinformationregardingthetool canberetrieved.Thissectiongivesinfor-
mationon installationanddistribution relatedissuessuchassystemrequirements,
installationprocedure,andlicensing.

4.1 System Requirements

The provided RAT tool hasbeendevelopedunderGNU/Linuxusingthe Python
languageandthePyGTKwidgettoolkit.

RAT usesthemodelcheckersNUSMV andanenhancedversionof V IS for some
computations.Binaryexecutable�les for boththemodelcheckersareshippedwith
the provided RAT package.Both the executable�les have beencompiledunder
GNU/Linuxon a32bit x86architectureandwill notwork on differentplatforms.

If RAT is requiredto be executedon differentplatforms,it will be necessaryto
compiletheunderlyingmodelcheckers.Pleasereferto Section4.2for moreinfor-
mation.

For runningRAT thefollowing librariesaremandatory:

� Pythonversion2.2or later. (http://www.python .or g/ )

� PyGTKversion2.4or later. (http://www.pygtk .or g/ )

TheAPI documentationfor theRAT Pythonmodulescanautomaticallyextracted
from thesourcecodeusingtheepydoc 2 tool.

RAT hasbeentestedon x86 andAMD64 GNU/Linuxmachinesrunning2.4 and
2.6serieskernelswith appropriatePythonandPyGTKpackagesandshouldrunon
any similar con�guration. Compatibilitywith otherplatformshasnot beentested
andconsequentlyis not guaranteed;however, full supportfor PythonandPyGTK
mustbeprovidedin orderto beableto runRAT.

2http://epydoc.sourc efo rge .ne t

Manual for Proper ty Simulation and
Assurance Tool

RAT Installation and Distrib ution � 41



Requirements for Compiling VIS

TheprovidedPSL-supportfor V IS usedin RAT hasbeendevelopedfor V IS ver-
sion 2.1. V IS-2.1 hasbeenbuilt andtestedon the following platforms,andmay
work onothers:

� IBM RISCSystem/6000/ AIX Version4.3.3/ gcc,g++

� Intel ix86 / GNU/Linux/ gcc,g++

� Intel ix86 / Windows98SEwith Cygwin1.3.2/ gcc,g++

� SunSparc/Solaris2.8 / gcc,cc,g++

TheprovidedV IS-executablewascompiledfor x86with gcc3.3.5-20050130ona
Gentoox86 machinerunningkernel2.6.5andshouldrunon any similarmachine.

Requirements for Compiling NUSMV

RAT relieson NUSMV versionshigherthan2.3.0,which is the �rst thatexhibit
PSL support.The provided NUSMV executablewascompiledfor x86 with gcc
(GCC)3.2.320030502on a RedHat Linux 3.2.3-53x86 machinerunningkernel
2.4.21-37.ELsmpandshouldrunonany similarmachine.

NUSMV hasbeentestedin arangeof architecture/operating systemcombinations.
It hasbeentestedon PC Intel, Apple Mac andSunarchitectures,with different
versionsanddistributionsof GNU/Linux, Solaris,Windows andMacOSX.

TheNUSMV pre-compiledbinariesfor differentplatformsaredownloadablefrom
[13], whereit is alsopossibleto getthesourcecodeof thesystem.While nopartic-
ular requirementsareposedon GNU/Linuxsystems,in the following we identify
therequirementsfor compilingandrunningNUSMV underotherplatforms.

Mac OSX: To run NUSMV, the X11 unix environmentneedsto be installed.
ThisisavailablefromAppleat: http://www.apple.co m/maco sx /fe atu res /
x11/download/ . PleasenotethatNUSMV hasonly beentestedonMacOS
X 10.3(Panther)althoughtheversionof theoperatingsystemdoesnotmat-
teraslongasX11 is installed.

For thebinarydistribution it is alsonecessaryto have theExpatXML parser
library installed.Thislibrarycanbedownloadedfrom http://sourceforge .
net/projects/expat/ . With the sourcedistribution, the Expat library is
NOT required.

To generatepart of the documentation(the usermanualand the tutorial),
LaTeX is needed. You might considerthat the NUSMV binary distribu-
tion alreadyprovides full documentationandhelp �les. Thereareseveral
implementationsfor Mac OS X, onegoodweb pagewhich provides links
and installationinformation for variousversionsis at: http://www.rna.
nl/tex.html

To generatethehelpon-lineavailableat theNUSMV shell, lynx (http://
lynx.isc.org/ ) or links (http://atrey.karl in. mff .cu ni .cz /˜c loc k/

42 � RAT Installation and Distrib ution Manual for Proper ty Simulation and
Assurance Tool



twibright/links/ ) arerequired.Binaryversionscanbeobtainedby look-
ing to MacOSX repositories.

Micr osoft Windows: Binary distribution hasbeentestedfor MS Windows XP
andMSWindows2000OperatingSystems.For thebinarydistributionexpat_
win32bin is requiredand is downloadablefrom http://sourceforge.
net/projects/expat/
NUSMV hasbeentestedwith two solutionson Microsoft Windows oper-
ating systems:MinGW (http://www.mingw.o rg/ ) and Cygwin (http:
//www.cygwin.com ) environments. In order to build documentationand
help�les, latex, perl andlynx packagesarerequired.

To generatedocumentationand help �les, a few additionalpackagesand
programsareneeded.Considerthatbinarydistributionsalreadyprovide full
documentationandhelp�les.

latex: Thereareseveralimplementationsfor Windows,onecanbefoundat:
http://www.miktex. org /

perl: One implementationcan be found at: http://www.actives ta te.
com/Products/Activ ePerl / (registrationis required)

lynx: One implementationcanbe found at: http://csant.info/ ly nx.
htm

4.2 Installing RAT
RAT is providedasa bzip2compressedtararchive. To decompressthearchive on
a GNU/Linuxplatform, the shell commandtar -vxjf rat.tbz2 may be used.
If your GNU/Linux installationdoesnot featurethis commandor you work on
anotherplatform,pleaseuseautility of your choiceto decompressthearchive.

The contentsof the archive will be organizedin threesub-foldersandthe main
directory. ThemaindirectoryholdsaREADME�le, acopy of theLGPL, therat.py
executableandscriptsto startRAT or compileV IS, calledrat andsetup respec-
tively.

Thesubdirectoriescontain:

src : Thepythonsourcesof RAT, organizedaccordingto thesoftwarestructure
presentedin Section5.1(p. 47)

resources : This directoryholdsin its subdirectorybin theexecutablesof the
enclosedmodel-checkers V IS andNUSMV. Furthermorethe V IS sources,
aswell glade�les canbefoundexploring this directory.

doc : This directorycontainsa pdf versionof this document,anda subdirectory
devel thatcontainsthescript to generatetheprogrammer's documentation
of RAT in HTMLformat(thedocumentationis produceusingtheepydocdoc-
umentationsystemof Python.
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Compiling VIS

Pleasereferto Section4.1for thesoftwarerequirementsfor asuccessfulcompila-
tion. RAT providesascriptto performthecompilationprocessautomatically. This
scriptis calledsetup andis locatedin themaindirectory. It performsall necessary
stepsto compileasystemdedicatedversionof V IS.

Thevis sourcesthemselvesarelocatedin theresources/vis-sourc es subdirec-
tory. In this directoryyou mayalso�nd a log �le for thelastcompilationprocess.
If youencounterany errorusingtheautomaticscriptor wantto compileV IS man-
ually pleasereferto thedocumentationcontainedin thisdirectory. Pleasenotethat
in thiscasethevis-executablehasto becopiedto theresources/bin subdirectory
manually.

Compiling NUSMV

Thesourcedistribution of NUSMV canbedownloadedfrom [13], andall the in-
structionsneededtocompileNUSMV areavailablein theREADMEandREADMEPLATFORMS
�les in themaindirectoryof thesourcedistribution root.

4.3 Licensing and Warranty
RAT is distributedunderGNU LESSERGENERAL PUBLIC LICENSEVersion
2.1,February1999(LGPL).

Copyright (c) 2005GrazUniversityof Technology.
Copyright (c) 2005ITC-irst.

This is freesoftware;youcanredistributeit and/ormodify it underthe
termsof theGNU LesserGeneralPublicLicenseaspublishedby the
FreeSoftwareFoundation;eitherversion2 of theLicense,or (at your
option)any laterversion.
Thissoftwareisdistributedin thehopethatit will beuseful,butWITH-
OUT ANY WARRANTY; withouteventheimpliedwarrantyof MER-
CHANTABILITY or FITNESSFOR A PARTICULAR PURPOSE.
SeetheGNU LesserGeneralPublicLicensefor moredetails.
Youshouldhavereceivedacopy of theGNU LesserGeneralPublicLi-
censealongwith this library; if not,write to theFreeSoftwareFounda-
tion, Inc.,59 TemplePlace,Suite330,Boston,MA 02111-1307USA.

For furtherinfo referto http://www.gnu.org /li cen se s/l ice nse s.
html\#LGPL .
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For furtherinformationon RAT referto http://rat.itc.it / andto
rat@itc.it .

For the provided V IS sourcecodethe following copyright notice (with varying
copyright holdersanddates)holds.

Copyright (c) 2004-2005GrazUniversity of Technology. All rights
reserved.

Permissionis herebygranted,without written agreementandwithout
licenseor royalty fees,to use,copy, modify, anddistribute this soft-
wareandits documentationfor any purpose,provided that the above
copyright noticeandthefollowing two paragraphsappearin all copies
of thissoftware.

In no eventshallGrazUniversityof Technologybeliable to any party
for direct,indirect,special,incidental,or consequentialdamagesaris-
ing out of the useof this softwareandits documentation,even if the
GrazUniversityof Technologyhasbeenadvisedof thepossibilityof
suchdamage.

GrazUniversity of Technologyspeci�cally disclaimsany warranties,
including,but not limited to, theimpliedwarrantiesof merchantability
and�tness for a particularpurpose.thesoftwareprovidedhere-under
is on an “as is” basis,andthe GrazUniversity of Technologyhasno
obligationto providemaintenance,support,updates,enhancements,or
modi�cations.

For theprovidedNUSMV sourcecodethefollowing copyright notice(with vary-
ing copyright holdersanddates)holds.

Copyright (C) 2005by ITC-irst.

NuSMV version2 is freesoftware;youcanredistributeit and/ormod-
ify it underthe termsof the GNU LesserGeneralPublic Licenseas
publishedby theFreeSoftwareFoundation;eitherversion2 of theLi-
cense,or (atyour option)any laterversion.

NuSMV version2 is distributedin thehopethat it will beuseful,but
WITHOUT ANY WARRANTY; without even the implied warranty
of MERCHANTABILITY or FITNESSFORA PARTICULAR PUR-
POSE.SeetheGNU LesserGeneralPublicLicensefor moredetails.

Youshouldhavereceivedacopy of theGNU LesserGeneralPublicLi-
censealongwith this library; if not,write to theFreeSoftwareFounda-
tion, Inc.,59 TemplePlace,Suite330,Boston,MA 02111-1307USA.
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For moreinformationon NuSMV seehttp://nusmv.irst. itc .i t
oremailto nusmv-users@irst.i tc. it . Pleasereportbugsto nusmv-
users@irst.itc.it .

TocontacttheNuSMVdevelopmentboard,emailto nusmv@irst.itc.it .

Notethatthelicensefor RAT, V IS sourcesandNUSMV sourcesallows for com-
mercial use(currently the useof V IS and NUSMV takes placein commercial
settings).
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5 RAT Implementation
In the following the designand implementationof RAT will be discussed.The
generalarchitecturewill be describedin Section5.1 complementedwith aspects
relatedto the implementationprocess.A descriptionof the extensionsthat have
beenimplementedin theveri�cation enginesto copewith requirementsanalysisis
givenin Sections5.2and5.3togetherwith notesaboutthedevelopmentof features
of RAT speci�c to PropertySimulationor PropertyAssurance.We alsoaddress
thecodingstandardsfor RAT andtheveri�cation enginesV IS andNUSMV. The
coding standardsfor V IS and NUSMV are very similar, with the exceptionof
NUSMV's supportof sub-packages.

5.1 Architecture and Implementation Notes
RAT is a stand-alonemulti-platformapplicationthat runsin oneprocess.Evenif
multi-threadingis usedto runexternalveri�cation engines,theGUI part�ts into a
singlemainthread.

RAT hasbeenfully developedwith thePythonobject-orientedprogramminglan-
guage,andtheGUI partrelieson thePyGTKgraphicaltoolkit to draw itself to the
screen,andto handletheinteractionwith theuser.

Thecodingfollowed a few standards”de facto”. Classes,methodsandfunctions
namesfollow PyGTK's convention (seehttp://www.pygtk.o rg ), that derives
from theGTK'sone(seehttp://www.gtk.org ). Styleandindentationarestrictly
Pythoncompliant.Packagesand�lenamesarejava style,but slightly lessrestric-
tive: e.g. a �le foo and foo.py containsde�nition of classFooAndFoo, but may
containsthede�nitions of otherclassesif convenient.

RAT usesexternaltoolstocheckpropertiesfor PropertyAssuranceandSimulation.
In particularcurrentlyit relieson the NUSMV andV IS modelcheckers that are
written in PosixC language.The tools arecalledandusedby RAT asexternal
processes,andarekept separatedfrom RAT by an abstractionlayer calledStub
thatexportsastandardinterface.

RAT is basedonseveralothersoftwareentities,thataffectits softwarearchitecture.
Thepicturein Figure28showsthemainsetof layeredsoftwareentitieswhichRAT
relieson. The layersdepictthedependenciesamongtheentities,ashigherparts
dependon lower parts.

At the top is positionedtheRAT Application,grayshadedto make it clearlydis-
tinguishablefrom theotherparts.

Thesinglepartsaredescribedin thefollowing from thebottomto thetop.
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Figure28: RAT- Softwarepartsandcollocation

Operating System& Runtime SystemLibraries Thosedependon the speci�c
architectureimplementedon the host computer. Currently RAT hasbeen
testedunderGNU/Linuxwith a2.4and2.6kernel.

GTK Toolkit GTK is asetof librariesthatprovide aprettyplatformindependent
supportfor drawing andhandlinggraphicalwidgetslike windows, buttons,
text entries,fonts, etc. Seehttp://www.gtk.or g for further information
aboutGTK andits components.

Python Library This is a generalmulti-platformruntimeenvironmentprovided
by the Pythonenvironment. It provides a large set of featuresand data
structuresto beusedfrom any Python-basedapplication.It alsoprovidesa
portableabstractionlayerover theunderlyingOperatingSystem,makingthe
applicationplatformindependent.Seehttp://www.python. org for further
information.

NUSM V and V I S ThesearetheModelCheckersRAT is currentlybasedon.

PyGTKBindings This is a Pythonbinding that allows Pythonprogramsto use
theGTK Toolkit. Seeat http://www.pygtk.or g for furtherinformation.

MVC & Observer Infrastructur e This is a Pythonpackagethathelpsto design
anddevelopGUI applications.It implementstheModel-View-Controller and
theObserverpatternsdevelopedspeci�cally for PyGTK.

RAT Application This is thesetof PythonpackagesthatimplementtheRAT ap-
plication. The underlyinglayersmake RAT platform independent,andthe
internalsub-partTool StubsinsulatesRAT evenfrom themodelcheckers.

Architectural Patterns

RAT hasaprettycomplex structure,asit currently�ts in sevenpackages,about65
modulesand12300linesof Pythoncodeincludingcomments.RAT is character-
izedby stronglyinterconnectedfeatures,andby theneedof horizontalcommuni-
cationamongindependentparts.Furthermore,it providesmany differentindepen-
dentviewsover thesameobjects,andthoseviewsareoftenpotentiallyeditableby
theuser. Whenever oneof thoseview is changedby theuseror by RAT itself, all
theothershouldreactaccordingly.
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To reducethestructuralcomplexity, to keepa cleandesign,andto minimize the
developmentandmaintenancecosts,two architecturalpatternswereconsidered:
TheModelView Controller(MVC) andtheObserverpatterns,see[3].

The Model-Vie w-Contr oller pattern MVC is anarchitecturalpatternthatforces
the designerto breakup the applicationbeingdesignedamongthreemain parts:
a Model, a View andController. The traditional implementationof this pattern
re�ects thenormaldata�o w of non-GUIapplications:datainput,dataprocessing,
andresultpresentation.Historically, the MVC patternis an attemptto mapthis
naturaldata�o w to the GUI design. In fact, it associatesthe datainput to the
Controller, the dataprocessingto the Model, and the result presentationto the
View.

In RAT thispatternis implementedin theMVCandObserverInfrastructure. This
implementationwantedto be different from the traditionalone,as it is speci�c
for the underlyinggraphicaltoolkit (PyGTK) and language(Python) to exploit
their peculiaritiesandfeatures.In particularpartof thetraditionalView's features
have beenmoved to the Controller, and the modelhasbeenmadenot awareof
theexistenceof any Controlleror View. In combinationwith theObserverpattern
(seenext section),thisallowsfor arealseparationof theapplicationlogic from the
presentationlayer.

Model Containsthelogic of theprogram,intendedasdataanddatamanipulation
routines.Modelscancommunicatewith othermodels(especiallywith mod-
els that they contain),but do not know the otherpartsof theMVC pattern,
namelytheControllerandtheView. Thislimitationguaranteestheinsulation
betweentheapplicationlogic andpresentation.

View Containsthepresentationlayer. TheView constitutedby a setof graphical
widgetsorganizedas a forest (typically a single tree). A singlewidget is
oneatomicGUI element,like a button, a text label, a window, etc. Often
widgetsare containersfor other widgets,hencewidgetsare organizedin
trees,whereverticesrepresentsthecontainmentrelations.As for themodels,
views do not know the modelsthey areconnectedto, asthe connectionis
delegatedto the controllers. This is anothervariation with respectto the
original MVC pattern,as this implementationis intendedto �t betterwith
thePyGTKtoolkit.

Controller Containsthe actionsthat mustbe carriedout whena view event re-
quirestheinteractionwith themodel's logic. TheControlleris alwayscon-
nectedto a singleModel,andto a singleView, makinga sortof link among
thesetwo separatedpartsof thepattern.If a Controllercanbeconnectedto
oneModel, thesamemodelcanconnectmorecontrollersat agiventime.

The Obser ver pattern The Observerpatternconnectsthe applicationlogic to
thepresentationlayer, by allowing thelattertobenoti�ed whentheformerchanges.

TheObserverpatternis ofterusedtogetherwith theMVC pattern,andto acertain
extentit maybeconsideredascomplementary, asit handlesthedata�o w from the
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modelto theview, whereasin theMVC patternthecommunicationgoesgenerally
from theView to theModel throughtheController.

This communicationis carriedoutwithoutmakingthemodelevenknow theexis-
tenceof theview, by usingobservablepropertieswithin themodel,andby de�ning
observersoverthoseproperties.Theobserverswill benoti�ed of any changingthat
occurto theobservableproperties.

In RAT theMVCandObserverInfrastructure providesanimplementationfor both
thepatterns.In particular, any Model cancontainobservableproperties,andany
Controlleris by default anObserver for theModel it is connectedto.

RAT Software Structure

The softwarestructureof RAT is stronglyaffectedby thepatternsit is basedon,
and by the othersoftware entitiesit relieson, that have beenalreadyshown in
Figure28.

The mainpartof RAT is representedby its core,fully basedon theMVC & Ob-
serverInfrastructure. At thecoresides,thereexist servicesandresources,thatare
availabletransversallyto thecore.Figure29 providesmoredetailsaboutthecore
andtheprovidedservices.

Models

MVC & Observer Infrastructure

Glade 
Files

Resources

Views

Controllers
Model

Checkers

Utilities and 
Services

Tool Stubs

Threading 
Control

Images

XML 
Schemata

Figure29: RAT- SoftwareStructure

At theleftmostsideof Figure29 aredepictedthemostimportantservicesthatare
availableto models,controllersandviews. Theseservicesdo not �t well with the
MVC andObserverpatternsasthey do not have any associatedview, or any user
interaction.

Utilities and Services Containsgeneralutilities, globallyaccessibledata,etc.

Tool Stubs Stubsare thoseentities that isolate RAT from the external Model
Checkers.Stubsexportaninterfaceknown to RAT, andeachmodelchecker
hasanassociatedstub. Theresultis thatRAT cancall amodelchecker care-
lessof thespeci�c ModelChecker it is actuallycalling.

Thr eadingControl Provides�ne-grainedportablecontroloverthreads.Thisser-
vice is usedfor examplein stubsinvocation,for runningthemodelcheckers
in background,for controlling the associatedprocess,andfor capturingits
output.
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At therightmostsideof Figure29aredepictedthoseresourcesthatareexclusively
usedby theRAT Views. Noticeableresourcesare:

GladeFiles As alreadymentioned,a Views is a forestof widgets. The widgets
canbe build andconnectedeachotherby hand,or by usingprogramming
tools like glade(seehttp://glade.gnome .or g). This tool canbeusedto
visually designa forestof widgetsrepresentingthe view's widgets. With
very few limitations, this tool canbe usedthento set the propertiesof all
widgets,andto associateactionto becarriedout whena certaineventsoc-
cur (signals). For examplea widget like a button canbe associatedwith a
functionnameto becalledwhenclicked.Theresultof this creationandset-
ting processis a glade�le, that canbe loadedat runtimeby the MVC and
ObserverInfrastructure thatprovidestheneededsupportfor Views creation
basedon glade�les, andto connecttheassociatedControllersthatprovide
theimplementationof signalsactions.

Images Containsicons,andotherimagesto beshown by theviews.

Tools Stubs As alreadymentioned,theinteractionwith themodelcheckerslike
NUSMV andV IS is managedby a Stub, a softwareentity thatprovidesplatform
and OperatingSystemindependentsupportfor running genericexternal model
checkers. The executionof a modelchecker is restrictedto a stand-alonethread
that controlsthe modelchecker within a session. The sessionis monitored,and
canbe stoppedat any time if the underlyingOperatingSystemsupportsprocess
interruption.Also, thestubprovidesaccessto thesessionI/O, allowing to capture
themodelchecker standardoutputanderror, andto controlits standardinput.

A stubexecutionis asequenceof events:

1. Thestubis initialized.

2. A sessionis initialized.

3. Thesessionis prepared(settingof sessionoptions).

4. Thesessionis run.

5. Sessionresultsareprocessed.

6. Thesessionis de-initialized.

7. Thestubis de-initialized.

Thephasesfrom 2 to 6 maybepossiblyrepeatedinde�nitely.

A genericstubmightcontrolamodelchecker in any way, eitherin batchmode,in
interactivemodeor throughits library. In RAT thestubsthatcontrolbothNUSMV
and V IS usethe modelcheckers in batchmode,launchingtheir respective exe-
cutable�les. This is achieved by specializingthe genericstub classes,by im-
plementingsomeinterfacesandoverloadingsomeclassmethodsthathandlesthe
executionof asinglesessionin batchmode.
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A ver tical view over the Software Structure The RAT softwarestructurehas
beensplit horizontallyby usingtheMVC andObserverInfrastructure. Thereex-
istsalsoaverticalsplittingthatbreaksthesoftwarestructureupthroughahierarchy
of softwareentities.

Application

Project

Options SignalsRequirements
Property 

Assurance
Property 

Simulation

Options

Possibilities Assertions

Traces
Manager

NuSMV Stub VIS Stub

TraceProperty Signal

Figure30: RAT- Hierarchyof mainsoftwareentities

Figure30depictsthehierarchyof themainsoftwareentitiesthatoccurwithin RAT.
Eachof the boxesrepresentsa softwareentity, andeachvertex of the hierarchy
treeis a containmentrelation,wherecardinalityis not expressed.Thatmeansfor
examplethatanApplicationcontainsone(or more)softwareentitiesto represent
aProjectandtheOptionsof theApplication.

Theway eachsoftwareentity is implementeddependson theentity's role. Those
entitiesthatneedto beshown, will follow theMVC pattern,andwill be mapped
down to threeobject-orientedclasses(or to atriple of alimited setof classes)to as-
sociateto eachentityaModel,aView andaController. For example,theentityap-
plication's Optionshasa modelto hold theoptions,anda coupleView/Controller
to presentthe optionsto the user, and to allow the userto modify the options.
Thoseentitiesthatinsteaddonotneedto beshown (e.g.thestubs),will bemapped
directlydown to oneclass,or to asetof classes.

In thefollowing thesoftwareentitiesdepictedin Figure30aredetailed.

Application Theapplicationis thetop-level entity. WhentheRAT executable�le
is run,a triple Model,View andControllerof this entity will beinstantiated
andconnectedeachother, andRAT will �nally enterin themainevent loop
to handleuserinteractionandevents.

Application Options This entity is a containerfor application's options.For ex-
ampletools paths,and other generalpurposeoptionsshouldbe localized
within this entity. A the momentthis entity is empty, and thereis not an
associatedView for it.
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Project This entity representsa RAT project. Theproject's modelcontainsmost
of the applicationlogic, meaningthat mostof the application's modelsare
containedwithin thismodel.Theview is embeddedwithin theapplication's
mainwindow whenever a projectis created,andit is constitutedby a large
numberof sub-views correspondingto thecontainedentities.

Project Options This entity is a containerfor theproject's options.Similarly to
theApplicationOptionsentity, thisentity is currentlyempty, andthereis no
associatedview.

Signals Thisentitycontainsthesetof signalsusedby PropertyAssurance.

Requirements This entity containsthesetof requirementsusedby PropertyAs-
surance.

Property Assurance This is theentity for PropertyAssurance.Its view is shown
whenthePropertyAssurancefeatureis selectedat theapplicationlevel.

Property Simulation Thisis theentityfor PropertySimulation.Its view is shown
whenthePropertyAssurancefeatureis selectedat theapplicationlevel.

TracesManager This entity handlesthe setof tracesthat have beengenerated
in the project. Also, this entity organizesthe setof traceswithin a setof
categoriesthattracesbelongto.

NUSM V Stub TheNUSMV stubhandlestheinteractionof RAT with theNUSMV
modelchecker. This entitieshasno associatedView andController, andit
is implementedby a singleclass.This classis thespecializationof a more
genericclasseshierarchythat provides supportfor implementingspeci�c
tool stubs.Section5.3providesfurtherdetailsabouttheNUSMV stub.

Possibilities Containedwithin the PropertyAssuranceentity, this entity repre-
sentsthesetof possibilitiesfor PropertyAssurance.

Assertions Containedwithin thePropertyAssuranceentity, this entity represents
thesetof assertionsfor PropertyAssurance.

Signal Thisentityrepresentasinglesignal.Themodelcontainsinformationabout
thesignal,like thenameandtypeinformation.Theview is shown whenthe
userwantsto createor edit asignal.

V I S Stub Like theNUSMV Stubentity, but speci�c for theV IS modelchecker.
Section5.2providesfurtherinformationabouttheV IS stub.

Trace A traceis theresultof modelchecking,andcanrepresenteithera witness
or a counter-example. In RAT thereexist several view over a trace,asthey
canoccurwithin themainapplicationwindow, andwithin theTraceManager
window. In generalatracecanbeshown asagraphicalwaveform,with some
associatedinformationlike thecategory it belongsto, thenumberof steps,
theloop information,etc.

Property Thisentity representasingleproperty, like a requirementor apossibil-
ity. The modelcontainsinformationaboutthe property, like the nameand
formula. The view is shown whenthe userwantsto createor edit a prop-
erty. Thereexist a dependency betweena propertyandthosetracesthere
weregeneratedfrom it. Whenever a property's formulais changed,thecor-
respondingtraceswill beinvalidated.

Manual for Proper ty Simulation and
Assurance Tool

RAT Implementation � 53



5.2 Proper ty Simulation

In thissectionwecovertheimplementationdetailsof RAT relatedto PropertySim-
ulation. First we outline the implementationof the PropertySimulationconcept
presentedin Section2.3 andillustratedin in combinationwith the userinterface
in Figure2 in respectof theRAT architecture.Consecutively weoutlinedetailson
onhow therequestsfor theinterfaceof arequirementsanalysistool havebeenmet
for PropertySimulation. Documentationof the extensionsto V IS complements
thissection.

Computational Back-end

The implementationof the PropertySimulationconceptproposedin Section2.3
(p. 11)buildson theuseof theV IS modelchecker for theautomatonrelatedcom-
putations.

Regardingto the RAT architecturea stubfor vis wasimplementedcalling vis in
batchmode. To executethe stub, the controller for PropertySimulationcalls a
memberfunction of the model to constructa batchcommand�le for V IS. This
function �rst retrieves the propertyandconstructsPSL formulaefor the various
requestedtracefeatures. Thesedatarepresentthe parametersfor the V IS com-
mandsugarspcontainedin thebatch�le. Thestubthenforks a separateprocess
executingV IS in batchmodeto processtheconstructedbatch�le.

First V IS evaluatesthe property for correctsyntax,determinesits signals,and
writes the derived syntaxtree to an output �le for further usein the RAT main
application. The signal type is booleanby default, conditionedby the V IS PSL
automatonconstructionalgorithm[14]. An automatonfor thecombinationof the
propertyand requestedtracefeaturesis derived, translatedinto a network, and
readbackto performa language-emptinesscheck.If theautomatonoffersat least
onecorrecttrace,anexampletraceis derived andwritten to a �le for furtheruse
by the RAT main application. Debug anderror messagesarewritten to �les as
well, to give themainapplicationtheoptionto reportandacton occurringerrors
(e.g.,if a formulausesincorrectsyntax). WhenV IS completesits computations,
a returnfunction of the stubis executedautomaticallyto retrieve the resultsand
deletecommunication�les.

The resultsreturnedby V IS aresaved in the PropertySimulationmodel. Using
thepropertystructureprovidedby V IS, theevaluationof thesub-formulaeof the
propertyis derived. Dependingon operatorof theoperator, theevaluationof each
sub-formulais derivedby searchingin thestemsfor theoperandsfor eventsto hap-
penandinterpretthemaccordingto theoperatorsemantics.Consideringthesyntax
treeof a property, theimplementationrepresentsa bottom-upapproachstartingat
theleafsof thetreerepresentingtheatomicpropositionsde�ned in valueby V IS,
andtraversingthetreeupwardsto computethevarioussub-formulaewhenever its
operandshave beenderived. For stateformulaetheactualvaluesof its operands
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areconsideredfor theevaluationof aspeci�c time-step,whereasfor pathformulae
thesuf�x pathsstartingat theactualtime-stephave to beconsidered.

Whenthe (sub-)formulaevaluationis completed,the formulacoveragemeasures
arederived. Thevaluesfor eachsignalareevaluatedto counttheoccurrencesof
trueandfalseevaluationsandthechangesof theevaluationvalue.Weshow these
numbersfor the�nite andin�nite parts,completedby measuresfor thewholetrace
includingchangesat theinterconnectionof the�nite andin�nite part.

At this point, thepropertyhasbeenfully consideredandthegatheredinformation
is readyfor visualization. For the visualizationthe traceand evaluationinfor-
mation is translatedto a datastructureusedby the MVC entity implementinga
tree-view basedwidget for thevisualization.This translationtakestheregistered
userrequestsinto accountto determineseveral featuresof thevisualizationandis
performedany time theuserplacesanew request.If theuserrequestsa new trace
thewholecomputationprocessis enacted.

Figure31 (p. 55 illustratesthe dataandcontrol �o ws for PS in RAT. It shows
which tasksare tackledby the main applicationand which onesare addressed
executingV IS. Pleasenotethe introductionof thestructuralanalysiscomponent
for V IS in comparisonto themethodologicalpresentationin Figure2 on page2.
The introductionof this componentillustratesthe divertedcomputationbetween
RAT andV IS in concernsof coveragemeasuresandoutlinesthedatapassedonthe
interfaceof theV IS stub.

Property Feature Requests

Automaton

Language-Emptiness
Check

Empty
No such Behavior

Trace
Example Behavior

Coverage Info

User Interface

RAT

VIS Structural
Evaluation

Figure31: RAT TaskDivision for PropertySimulation

Graphical User Interface

The userinterfacefor PropertySimulationin RAT compliesto the two-window
conceptoutlinedin Section2.4.Derivedinformationis visualizedaccordinglyand
the useris offeredvariousoptionsto placerequests.This sectionfocuseson the
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implementationof theseconcepts,whereasa look andfeel of theinterfacecanbe
foundin theRAT usermanualtogetherwith explanationsof how to useit.

We usea text entrywidgetfor theformulationof theproperty. Thewidgetplaced
at thetop right of themainwindow storesits contentsin thePropertySimulation
model.Theusermayusevariouslinesto split theinput for abetteroverview. RAT
will concatenatethedifferentlinesandremove thetrailing next-line characters.

Beneaththepropertyentrywidget two tree-views showing thewaveformsfor the
trace,consistingof the signalsaliasatomicpropositions,andthe onesrelatedto
theevaluationof thesub-formulae.Both views arevertically scrollable,andthere
is a slider availabledividing availablespacebetweenthe two views. Thus it is
possibleto have thevariablespresentat any time while walking throughthedif-
ferentsub-formulaeevaluation. Collapsingor expandingpartsof the treeallows
for enhancedvisibility managementfor thefocuson distinctpartsof theproperty.
Thehorizontalscrollbarplacedbelow to theevaluationis connectedto bothviews
for easysynchronizationof eventsbetweenthetwo views. Theimplementationof
theview usestheMVC patterninherentin RAT. Thewidgetrelatedto thetraceis
editableandoffers theoption to insertnew time steps,�x valuesto falseor true,
anderase�x ed valuesagain,to enablethe userto requestcharacteristicsfor the
next trace. Color managementusingdifferentvaluesfor �x ed and”don't care”
valuesillustratestherequests.Informationaboutthemodeof avalueis storedin a
distinctivestructurein thepropertysimulationmodel.Differentbackgroundcolors
visualizethedistinctionbetweenthe�nite andin�nite partsof a trace,determined
by theloopbackin theinternaldatastructure.

A control sectionat thebottomof the main window shows the statusof the tool
(whatit is actuallycomputingor displaying),andoffersbuttonsto enacttheprop-
ertysimulationcontrollertoexecutevis toderiveanew witnessor counterexample,
aswell asan analysisbutton to openthesecondwindow concernedto coverage.
Thesecondwindow containscoverageinformationandcontrols.Coverageinfor-
mationis organizedin a tree-view, usingthe sametreehierarchyasthe view of
theformulaevaluationin themainwindow. Eachrow representsonesub-formula,
offering coverageinformationandcontrolsfor featurerequestsdealingwith cov-
erageandvacuity. Namely the usermay requestthat a tracemay be eventually
or globally falseor true. A zeroin the correspondingcolumnrelatesto the lack
of anactualrequest,whereasa oneindicatesa request.Theuseof differentcol-
orsfurtheraccentuatesthis. Theuseof differentbackgroundcolorsrelatingto the
samecolorsusedin thewaveformrelatesthevariouscoverageinformationnum-
bersto thedifferenttracesections.A buttonfor closingthewindow completesthe
contentsof theanalysiswindow.

All theviews implementtheMVC patternandarederivedfrom thebasicPyGTK
structuresfor atree-view, adaptedto includespecialrenderersandfunctionsrelated
to theRAT internaldatastructureaccess.
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Extensions to VIS

PropertySimulationusestheV IS Sugarpackagedevelopedfor PROSYDDeliver-
able3.3/1[14]. Thispackagehasbeenenhancedto providethecommandsugarsp
to suggesta pathfor apropertyandoptionalassumptionsandevaluatetheproper-
tiesstructure.Thesourcesfor thispackagehave beendevelopedin complianceto
thecodingstandardsof theV IS EngineeringManual[7]. Thegeneralconceptof
this commandis to readtheformulaandassumptions,parsethemfor correctness,
evaluatethestructureof theproperty, produceanautomatonfor thecombinationof
propertyandassumptions,translatethisautomatonto anetwork, readthenetwork,
andperformlanguageemptinesscheckingto producea traceif thereis oneavail-
able. For externalaccessthe outputof the commandis directedto several �les,
whereasthe namesdependon an input parameterdeterminingthe projectname.
Thefollowing �les areproduced:

� project.fml:This �le containstheformulaandassumptionsof theproperty.

� project.dbg:Debug andresultmessagesaredirectedto this �le.

� project.err:This �le containserrormessages.

� project.str:Thesuggestedtraceis storedin this �le.

� project.evl: Thecontentsof this �le describethestructureof aproperty.

A descriptionof theautomataconstructionusedfor thecommandsugarspcanbe
found in Deliverable3.3/1[14]. A descriptionof theparameterscanbe found in
thefollowing.

sugar sp - Command

sugar sp [-d dbg level][-f PSL Formula] [-a PSL Formula]
[-p project name][-h][-t period][-v verbosity level]
[-D dc level][-L lockstep mode]
[-M minimize mode][-S schedule][-F][-X][ -Y]

CommandOptions:

-h Printsthehelpmessagecontainingparameterin-
formationto thestandardoutput.

-v level This option determinesthe verbositylevel given
by a numberfrom 0 to 3. Thedefault valueis 0.
Informationprovided by a lower numberis also
providedby highernumbers.
0: Print out theformula.
1: Print outautomatastatistics.
2: Givea transitionlist of all edges.
3: Givevertex list.
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-f PSL formula ThePSLformulaof theproperty.
-a PSL formula ThePSLformulaof furtherrestrictionsto possi-

ble traces.
-p project name The pre�x for all output �les. The output �le

namesarederivedby concatenationof extensions
like .str .

-D level Determinesuseof don't cares.Default is 1.
0: No useof don't cares.
1: Useof unreachablestatesasdon't cares.
2: Use of unreachablestatesas don't cares

andaggressive useof Don't-Caresto sim-
plify MDDs.

3: Use over-approximateunreachablestates
asdon't caresandaggressive useof DCs
to simplify MDDs

-L mode Determines lockstep mode which is one of
f off,on,all,ng.

-M mode Minimize the automaton. The option value
“mode” canbe any sumof the following values
to derive any minimizationcombination:
1: Prunefair sets
2: Direct-simulation
4: Reverse-simulation
8: I/O compatiblesimulation

-d level Determinesthe debug level; default value is 0.
0: No debugging.
1: Automaticdebugging.

-v level This option determinesthe verbositylevel given
by a number from 0 to 3. The default
value is 0. Information provided by a lower
number is also provided by higher numbers.
0: Printout theformula.
1: Printoutautomatastatistics.
2: Givea transitionlist of all edges.
3: Givevertex list.

-S schedule Determinesschedule,which is oneof f EL, EL1,
EL2, budget,random,offg.

-F Useforwardanalysisin �xpoint computation.
-X Disable strengthreduction (using different de-

cision procedurefor strong,weak, terminal au-
tomaton).

-Y Disable incrementalpartition of the composed
system(M � A).
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5.3 Proper ty Assurance
In this sectionwe cover the implementationdetailsof RAT relatedto Property
Assurance.The interactionbetweenRAT andNUSMV is discussed.Finally, a
detaileddescriptionof theextensionsto NUSMV completesthissection.

Computational Back-end

The NUSMV modelchecker is invoked andcontrolledby RAT whentheuserin
PropertyAssuranceasksthe systemto checkeithera possibility or an assertion,
and/orwhenconsistency checkingof asetof requirementsis requested.

As mentionedin section5.1 NUSMV is invoked by RAT by usinga specialized
stubfor NUSMV.

TheFigure32 detailstheinteractionof RAT with NUSMV mediatedby thestub,
andillustratesthestub's activities.

NuSMV
Stub

NuSMV
Model Checker

RAT

NuSMV
Trace Reader

Trace File

1

2
3

6

5

7

9
8

10

Commands

Model File 

4

11

...

12

Figure32: RAT- Interationwith NUSMV

Solid-linearrows representa transitionin theexecution,while dotted-linearrows
aredataproductiontransitions.Thearrows arelabelledto enumeratethem.Each
arrow representsa transitionandthe activity that precededthat transition,asde-
scribedin thefollowing:
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1. The executionof NUSMV is requiredby PropertyAssurance.A stubses-
sionis initialized,andsetby therequiredoptions.In particulartheProperty
Assurancemodelsetsthepropertybeingmodelchecked, thesetof signals,
andtheNUSMV optionsfor modelcheckingtheproperty. After settingup
thesession,thesessionis run.

2. Controlis passedto thegeneralstubshierarchythatdetachesitself from the
RAT main thread,andreturnsimmediatelythecontrol to RAT, that setsits
statusto be“busy” andcontinueprocessingeventsfrom theuser.

3. Thestubgeneratestwo �les:

� A model�le for NUSMV containingthesetof signals(language).

� A �le containingthe commandsthat NUSMV will executein batch
mode,andthe propertyto be checked The commandsdependon the
sessionsettingsthatweresetat point1.

4. Thestubcreatesa monitoredpipeto invoke NUSMV, andcapturesits stan-
dardoutputanderror, redirectingthemto theRAT mainthreadfor visualiza-
tion.

5. NUSMV readsthemodelandcommands�les, andmodelcheckstheprop-
erty.

6. If NUSMV �nds a counter-example, a �le containingthe corresponding
tracewill begenerated.

7. NUSMV quits, returningthe control to the calling threadhandledby the
stub.

8. Thestubswitchesto theresultprocessingphase.It processesthe NUSMV
returnvalue,checkingfor possibleerrorsandinterruptionsby theuser. If a
counter-example�le is found,aTraceReaderis invoked.

9. TheTraceReaderreadsbackthe trace�le generatedby NUSMV, andcre-
atesaRAT compatiblemodelof a trace(TraceModel).

10. The TraceReaderreturnsthe control to the stub, returningthe produced
TraceModel.

11. Thestubscleansup thesession(e.g. removing all pendingtemporary�les),
noti�es the main RAT threadthat it hasaccomplishedthe activity, andde-
stroys thethreadit created.

12. RAT receives either the producedTraceModel,or nothing if no counter-
examplewas found. Dependingon the result andon the context the stub
wasinvoked from, RAT processthe result. If needed,theTraceModelwill
be addedto the modelof tracesandpresentedto the userby creatingthe
correspondingViewsandControllers.
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The commandusedin NUSMV to checkthe problempassedby RAT is the fol-
lowing:

check pslspec- PerformsPSLmodelchecking Command

check pslspec [-h] [-m | -o output-file] [-n number | -p
"psl-expr [IN context]"] [-b [-i] [-g] [-1] [-k
bmc lenght] [-l loopback]]

Dependingon the characteristicsof the PSL propertyand on the options,
the commandsappliesCTL-basedmodelchecking,or LTL-based,possibly
boundedmodelchecking.

A psl-expr to be checked canbe speci�ed at commandline usingoption
-p . Alternatively, option-n canbeusedfor checkinga particularformulain
the propertydatabase.If neither-n nor -p areused,all the PSLSPECfor-
mulasin thedatabasearechecked. If option-b is used,LTL boundedmodel
checkingis applied,otherwisebdd-basedmodelcheckingis applied.For LTL
boundedmodelchecking,options-k and-l canbeusedto de�ne themaxi-
mumproblembound,andthevalueof the loopbackfor thesinglegenerated
problemsrespectively; theirvaluescanbestoredin theenvironmentvariables
bmc lenghtandbmc loopback. Singleproblemscanbe generatedby using
option -1 . By using option -i the incrementalversionof boundedmodel
checkingis activated. Boundedmodelcheckingproblemscanbe generated
anddumpedin a �le by usingoption-g .

CommandOptions:

-m Pipesthe output generatedby the commandin
processingPSLSPECs to theprogramspeci�edby
the PAGERshell variableif de�ned, elsethrough
theUNIX command“more”.

-o output-�le Writes the outputgeneratedby the commandin
processingPSLSPECs to the�le output-�le

-p "psl-expr
[IN context]"

A PSL formula to be checked. context is the
module instancename which the variables in
psl-expr mustbeevaluatedin.

-n number Checksthe PSL propertywith index number in
thepropertydatabase.

-b Applies SAT-based bounded model checking.
TheSATsolver to beusedwill bechosenaccord-
ing to the current value of the systemvariable
sat solver .

-i Applies incrementalSAT-boundedmodelcheck-
ing if available,i.e. if an incrementalSATsolver
hasbeenlinked to NUSMV. This option canbe
usedonly in combinationwith theoption-b .
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-g Dumps DIMACS version of bounded model
checkingprobleminto a�le whosenamedepends
on the systemvariable bmc dimacs filename .
This featureis not allowedin combinationof the
option-i .

-1 Generatesa single bounded model checking
problemwith �x ed boundand loopbackvalues,
it doesnot iterateincrementingthe valueof the
problembound.

-k bmc length bmc lengthis themaximumproblemboundto be
checked. Only naturalnumbersarevalid values
for this option. If no valueis given theenviron-
mentvariablebmc lengthis consideredinstead.

-l loopback Theloopback valuemaybe:
� a naturalnumberin (0, max length-1). A pos-

itive sign (`+') can be also usedas pre�x of
thenumber. Any invalid combinationof length
andloopbackwill beskippedduringthegener-
ation/solvingprocess.

� a negative numberin (-1, -bmc length). In this
caseloopback is considereda valuerelative to
max length. Any invalid combinationof length
andloopbackwill beskippedduringthegener-
ation/solvingprocess.

� thesymbol`X', whichmeans“no loopback”.
� thesymbol`* ', whichmeans“all possibleloop-

backsfrom zeroto length-1” If novalueis given
theenvironmentvariablebmc loopback is con-
sideredinstead..

Extensions to NUSMV

RAT implementationof PropertyAssurance,hasbeendevelopedin sucha way to
be independentfrom veri�cation engine,anyway, currentlythe tool hasbeenin-
stantiatedto exploit a versionof theNUSMV modelchecker that is theextension
of theresultsfrom Deliverable3.3/4[20] andDeliverable3.2/9[21] to cover the
algorithmspresentedin Deliverable1.2/2(for noteson the implementationof the
extensionsfrom Deliverable3.3/4andDeliverable3.2/9,pleaserefer to thosede-
liverables).All the extensionsto NUSMV have beendevelopedfollowing what
prescribedin theNUSMV codingstyleandconventionsdocumentthatcanbere-
questedto nusmv-devel@irst.i tc. it . In ordertheachievethisextension,anew
packagehasbeencreatedthat implementsthe SNF functionalitiesandthe inter-
facestowardsthem.Thenew packagesnf extendsthefunctionalitiesof Bounded
Model Checkingwithin NUSMV, andconsequentlyhasbeenimplementedasa
sub-packageof packagebmc; packagesnf containsthefollowing �les:
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snf.h This is theheader�le for thepackage.

snfInt.h This is an internalheader�le, its contentis not exportedoutsideof
thepackageandusedonly by �le within thepackage.

snfPkg.h This is the header�le for package-relatedfunctionalities,i.e. func-
tionalitiesthat refer to theuseof the packagewithin thesystemandnot to
theuseof SNFfunctionalitiesby theusers.

snfCmd.h This is the header�le for all the commandsthe usercanexploit to
accessSNFfunctionalitiesthat.

snfTableau.h This is theheader�le for theoperationsrelatedto theproposi-
tionalencodingof SNFrules.

snfPkg.c This �les containsthe implementationof the packagerelatedfunc-
tionalities,i.e. functionalitiesthat referto theuseof thepackagewithin the
systemandnot to theuseof SNFfunctionalitiesby theusers.

snfCmd.c This�les containstheimplementationof theSNFcommands,i.e. the
commandstheusercanexploit to accessSNFfunctionalities.

snfNonInc.c This �les containstheimplementationof SNFfunctionalitiesfor
non-incrementalchecking.

snfTableau.c This �le containsthe implementationof all the operationsre-
latedto thepropositionalencodingof SNFrules.

Thesnf packageextendsthesystemwith thenew commandcheck ltlspec bmc snf
thatappliesthealgorithmspresentedin Deliverable1.2/2.

check ltlspec bmc snf - Checks thegivenLTL speci�-
cation,or all LTL speci�cationsif no formula is given,
usingan incrementalalgorithm. Checking parameters
are themaximumlengthandtheloopback value

Command

check ltlspec bmc snf [-h | -n idx | -p "formula"] [-k max length]
[-l loopback] [-e dfl|snf|fix] [-o <filename>]

CommandOptions:

-h Printsthecommandusage.
-n index index is thenumericindex of a valid LTL speci-

�cation formulaactuallylocatedin theproperties
database.

-p "formula" Checksthe formula speci�ed on thecommand-
line.

-k max length max lengthis themaximumproblemboundmust
be reached.Only naturalnumbersarevalid val-
uesfor this option. If no value is given the en-
vironmentvariablebmc length is consideredin-
stead.
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-l loopback Theloopback valuemaybe:
� a naturalnumberin (0, max length-1). A pos-

itive sign (`+') can be also usedas pre�x of
thenumber. Any invalid combinationof length
andloopbackwill beskippedduringthegener-
ation/solvingprocess.

� a negative numberin (-1, -bmc length). In this
caseloopback is considereda valuerelative to
max length. Any invalid combinationof length
andloopbackwill beskippedduringthegener-
ation/solvingprocess.

� thesymbol`X', whichmeans“no loopback”.
� thesymbol`* ', whichmeans“all possibleloop-

backfrom zeroto length-1” .
-e encoding Usestheencodingmethodto encodetheproblem
-o �lename Generatesdimacsoutput�le too.

Notethatsincetheintroductionof SNFsupport,theNUSMV commandto check
PSL propertieshasbeenproperly extendedto leverageon the new veri�cation
backend.

5.4 Testing
Testinghasbeencarriedonrepeatedlythroughoutthewholedevelopmentprocess,
andhasbeentwofold.

On onehand,we focusedon theuserinteractionfeaturesof RAT. Commonprac-
tice for testingGUI-basedsoftwarerelieson theuseof toolsto recordandreplay
GUI sessions,or on thedevelopment/adoptionof APIs to automatethegeneration
of GUI events. This approachappearsto be too costly for our setting,hencethe
testswereperformedmanuallyon thebasisof severalscenariosthatstemmedout
from typical usecaseslike theonesdepictedin Section3. Thetestingactivity has
beenperformedin parallelwith thecodingsincethebeginningof theimplementa-
tion process.Everychangewascheckedagainsttheexpectedbehavior, andit was
checkedalsothatthechangedid not interferewith alreadyestablishedfunctional-
ities. Themajorityof bugsunveiledby thesetestswerelocatedin thecomponents
responsiblefor managingthestateof theGUI, andin thestubsimplementingthe
datainterfacebetweenRAT andtheveri�cation enginesV IS andNUSMV.

On the other hand,testingRAT we generateda lot of different problemsto be
solvedby theveri�cation engines,therefore,wetestedtheveri�cation enginesand
our correspondingenhancementsaswell. Thanksto thesetests,we discovereda
few bugsmainly concentratedin the implementationsof the algorithmsusedby
V IS and NUSMV to handlePSL, and in the internalsof the addedcommands
describedin Section5.
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Several dozensof testswereperformedfor RAT, andbasedon thesetestsaddi-
tional oneswerede�ned, whenever a bug in a veri�cation enginewasdiscovered.
The veri�cation enginetestsunveiled a bug in how NUSMV dealtwith thePSL
constructsforall and[*n] , andabug in theV IS implementationof theautomata
constructionfor PSLsuf�x implication. Regressiontestingfor V IS andNUSMV
hasbeencarriedoutbasedon thestandardtestssuitedistributedwith thetheveri-
�cation engines.

Timeconsumptionof thetestsperformedamountsto aboutoneman-month.
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