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Executive Summary

This documentdescribeghe resultsof the joint effort for PROSYD Deliverable
1.2/4-5. We have developedandimplementedRAT, a requirementanalysistool
thatsupportdhe designeiin understandingnddevelopinga speci cationin PSL.
The tool implementsthe PropertyAssurancanethodologydescribedn Deliver-
able1.2/2[19] andthe PropertySimulationmethodsdescribedn
Deliverablel.2/1[15]. Togetherthesetechniquesllow for a principledconstruc-
tion of a correctspeci cation, and allow the userto explore the behaior of the
constructedpeci cation.

In thisdocumentye describearequirementanalysismethodologyandthedesign
andimplementatiorissuesfor RAT. We includethe usermanualandinstallation
instructions.

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

Purpose

This documentdescribeghe effort undertakn for PROSYD Deliverablel.2/4-5
by describingherequirementanalysisool RAT.

Intended Audience

This documenis intendedfor designersandveri cation engineersvriting aspec-
i cation in PSL.A basicunderstandingf PSLis assumedandthedocumentoes
not provide a PSL manual.Rather it describeshow PropertySimulationandAs-
surancawvork andhow to installandusethetool. It alsodescribesometechnical
backgroundconcerningheimplementation.

Background

In Deliverablesl.2/2[19] and 1.2/1[15] we have proposedPropertyAssurance
andPropertySimulation,and we have describedhe underlyingtheory A basic
understandingf PSLis assumed.
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Glossar y

BDD

A binary decisiondiagram(BDD) is a datastructurethatis usedto representa
Booleanfunction. The Booleanfunctionis representeth a BDD asarooted,di-
rected,agyclic graphwhereeachnon-terminatingvertex is labeledby a variable
andhastwo directededgesconnectingo child nodes.Oneedgerepresents vari-
ables assignmento zeroandthe otherrepresentsinassignmento one. A 1 or 0
labelsall terminalvertexes[2]. Model checkingapplicationsuseBDDs to repre-
sentsetsby encodingelementsaassequencesf Booleanvaluesandby usingthe
characteristiédunctionto representi set.

BMC, BoundedModel Checking

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

CTL, Computation TreeLogic

ComputationTreeLogic is a temporallogic for the speci cationof propertiesin
formalveri cation.

IEEE, Institute of Electrical and Electronics Engineers

ThelEEE is anon-pro t, technicalprofessionahssociatiorof morethan360,000
individual membersn approximatelyl 75countries.

LanguageEmptiness

The languageof an automatonis emptyif thereis no acceptingrun. For Blichi
automatathisis checled usingthe Emerson-Lealgorithmor anequialent[8].

LTL, Linear Temporal Logic, Linear-Time Temporal Logic

Linear Time TemporalLogic is a temporallogic for propertyspeci cation often
usedin formal veri cation [16].

Model Checking

Model checkingis amethodfor formally verifying nite-stateconcurrensystems.
Speci cationsaboutthe systemareexpressedstemporallogic formulae,andef-
cient symbolicalgorithmsare usedto traversethe modelde ned by the system
andcheckif thespeci cationholdsor not[5].

Non-determinism

Non-determinisnor existentialchoicefor automatalescribeshepropertyto chose
oneof severalpossiblesuccessorgle ning adifferentrun for every possiblesuc-
cessar
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NUSMV

An academidool thatimplementsan openarchitectureor modelchecking,that
providesthe userswith a rich setof veri cation techniquesandwhich hashun-
dredsof active installationsworldwide. NUSMYV [4] is developedby ITC-irst.

Property

A collectionof logicalandtemporalkelationshipbetweerandamongsubordinate
Booleanexpressionssequentiabxpressionsandotherpropertieghatin aggrgate
represent setof behaiors.

PSL

Propertyspeci cationlanguageThisis thespeci cationlanguagaisedthroughout
andbuilding the basisfor the PROSYD project. Referto the LanguageReference
Manual[18] for detailsonthelanguage.

RAT

A requirementsanalysistool developedby ITC-irst andGrazUniversity of Tech-
nology describedn thisdocument.

Regular Expression

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

SAT: Propositional satis ability

PropositionalSatis ability (SAT) is the problemof decidingwhethera boolean
formulain propositionalogic hasanassignmenthatevaluatedo true.

SAT Soler

An algorithmthatdecidesa SAT problemandreturnsa solutionif it exists.
SERE

SugarExtendedregular Expressionsasfeaturedoy the PSLIanguage.
Vacuity, Vacuoussatisfaction

A tracesatis esaformulavacuouslyif it satis esit, but atleastonesub-formula
is irrelevant. |.e., the formularemainstrue while replacingthe sub-formulawith
falseandtrue.

VIS

VIS wasintroducedn 1996asatool for veri cation andsynthesig9]. VIS is used
by mary researcherasatestbedfor nen developmentsespeciallyin veri cation.

The University of Coloradoat Boulder and Graz University of Technologyare
actively involvedin its development.
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1 Introduction

With increasedelianceon property-basederi cation, the quality of properties
become®f utmostimportance.The propertieswhichform thespeci cation,must
becorrectandcompletein thesensehatthey mustrule outany unwantedbehaior.
At the sametime, a designemrmustnot spendmore time than necessaryvriting
properties.

This deliverableaddresseshe problemof the quality of a speci cation, which
is given as a setof properties by consideringtwo dimensions:PropertyAssur
anceandPropertySimulation. The underlyingtheoryfor PropertyAssurancénas
beendescribedn PROSYD Deliverablel.2/2[19]; PropertySimulationhasbeen
describedn Deliverablel.2/1[15]. Wewill furthermotivatethe approachin Sec-
tion 2.

During the work on PropertyAssuranceand PropertySimulation,it hasbecome
increasinglyclearthat both serne a commongoal: that of effective requirements
analysis PropertyAssurancdostersa methodologyfor writing aspeci cationand
includesatechnologyto checkthesanityof suchaspeci cation. PropertySimula-
tion shareghegoalof arriving at a high-qualityspeci cation,but concentratesn
thesemantic®f agivenpropertyor setof propertiesmorethanon amethodology
for writing speci cations.

We have thereforedecidedto build a commontool to accommodatdoth tech-
nigues,andwe have begunanintegrationprocesswith the goal of developingone
integratedrequirementsinalysisgool. We believe thatanintegratedtool will allow
the userto combinethe strongpointsof the simulationandassurancéechniques.
We have alsodecidedo askthe ProjectOf cer to grantusthepossibility of writing
onecommondeliverableaswe believe thatwe canmake a more corvincing case
for PropertyAssuranceand Simulationwhen presentedogether On the Project
Of cer' sapprwal the Descriptionof Work documen{6] wasupdatedaccordingly

Thisdocuments organizedasfollows. In Section2 we describehemotivationand
the methodologysupportedy our tool. Section3 describeghe usageof ourtool,
Section4 describeghe installationprocedureand Section5 theimplementation-
speci ¢ details.

In Table 1 we reportthe list of featuresuniqueto this tool as from the project
Descriptionof Work documentThislist is structuredn mandatory desiableand
niceto havefeatureswith theintendedmeaninghatthe minimal requirementor
this deliverableis thatall the mandatoryfeatureamustbeimplementedn thetool,
while all the othersrepresentadditionalfeatureot explicitly requestedo ful Il
theduefor thedeliverable.

We use“YES”, “NO” respectiely to statewhetherthe featurehasbeenimple-
mentedor not. We use“PARTIAL” to statethat the featurehasbeenpartially
implemented.Moreover, the third columncontainsreferencedo the Sectionsof
thisdocumenthatarerelatedto eachfeature.

Manual for Property Simulation and Introduction 1
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Present Ref.

MandatoryFeatures

Pointergo algorithmsused YES 2.2,2.3
List of taigetoperatingsystems YES 5
Explanationof codingstandards YES 5
Discussiorof licenseissues YES 4
Userdocumentationincludingdocumentation YES 3,5
of userinterface(commandine switches)and
imported/eported le formats

Testsuite YES 5.4
Supportfor PSL Verilog avor YES 3
Speci cationof requirementasproperties YES 3.2
Requirementsonsisteng YES 3.2
Veri cation of assertions YES 3.2
Veri cation of possibilities YES 3.2
Generationof witnesstracesfor consisteng YES 3.2
and possibilitiesand countergamplesfor as-

sertions

Traceevaluationby waveform YES 3
Usercaninputconstraint®n simulationtraces YES 3.3
BasicGUI YES 2,3
Generateountergamplesof tracessatisfying YES 3.3
speci cation

Storingandloadingof asession YES 3
DesirableFeatures

CoverageFeaturegor PS YES 3.3
Advancedalgorithms:Incrementahlgorithms YES 3.2
for PA

Corversionof atraceinto PSL (internalfunc- YES 5.2,3.3
tionality)

ExtendedGUI YES 2,3
Vacuitydetectiorfor speci cationsin PA NO

Niceto have features

Supportfor PSLGDL avor PARTIAL 3.2
Vacuitymeasuresf atracein PS PARTIAL 3.3

Automaticextractionof signalnameandtype PARTIAL 5.2
from PSproperties
Requirementstraceability functionalities for PARTIAL 3.2

PA

Moving of propertiesamongPA andPS PARTIAL 3.2
Allow userto createnew tracesto validatere- NO
gquirements

Generatiorof moreinformative countergam- NO
ples(longer minimizing changedbetweenwo
consecutie stepsgetc.)

Possibilityto shawv tracesn differentformats  NO
Integrationof propertyrealizabilityfunctional- NO

ities
Search/replactunctionalitiesof signalnames NO
andtext
Tablel: Tableof features
2 Introduction Manual for Property Simulation and
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2 Requirements Analysis

2.1 Introduction

“The requirementanalysistaskis a procesof discovery, re nement,
modelingandspeci cation’ [17]

“Requirementsanalysisand speci cation may appearto be relatively
simpletasks but appearancegredeceving.” [17]

Thesequotationsidentify two main aspectof requirementsanalysis:the nature
of the activity andits inherentdif culty. Eventhoughtheseconsiderationhiave

beenformulatedin a software engineeringsetting,they clearly apply to the kind

of systemghatwe dealwith within the PROSYD project.

Requirementanalysisaimsto guarante¢hata setof requirementseally captures
the designetlintent for the developmentof a system. In the context of property-
basedlesign/ike fosteredoy PROSYD, theimplementatiorof requirementsnal-

ysis resultsin a designprocessguidedby a setof propertiesmandatoryto the

system.

Requirementanalysisis not the activity of producinganimplementatiorsatisfy-
ing given properties the focusis on the speci cation phase. Consequentlythe

methodologyis notimplementatiorrelated but ratheris aspeci cationmethodol-
ogy.

The speci cationobtainedfrom requirements&nalysisis usedthroughoutthe de-

velopmentprocessideally dowvn to the implementatiorphase possiblyinvolving

an automaticsynthesisof prototypes.In sucha scenarioa formally de ned and

properlysupportednethodologyfor requirementsinalysiss clearlyneededThis

is particularlytrue for the PROSYD o w, whereformal speci cationplaysa cen-
tral roleasameanof informationexchangebetweerall phase®f thedevelopment
process.

Althoughtheneedfor requirementanalysids notspeci ¢ to formal methodsit is

of speciaimportancen thissetting.In aformalervironmenttheuserstategprecise
requirementsnd proves propertiesof the speci cationformally. The precision
associatedvith formal languagesnakes subtle questionsexplicit that otherwise
might be hiddenin theambiguityof naturallanguageThusthereis a specialneed
for toolsthat supportthe explorationof suchsubtleties.

Typical questionthatarisewhenwriting aformal speci cationinclude:

Manual for Property Simulation and Requirements Analysis 3
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How do | formalizearequiremengxpressedn naturallanguage?
Do theformal requirement&xpressexactly whatl have in mind?
Is the setof formal requirementspeci ¢ enoughto describemy model?

Doesthis setof formal requirementgover my speci cation?

In this sectionwe presentanapproacho requirementgngineeringhatbuilds on
PropertySimulation[15] andPropertyAssurancgl19] technologiesOurapproach
helpsgiving answergo the questiongposedabore.

PropertyAssurancerovidesa methodologyalongwith ameandor checkinga set
of requirementagainspropertieshatmustbesatis edby atleastonebehaior of

the systempr whosesatishctionmusthold for all possiblebehaiors of a system.
With PropertyAssuranceahe designersandevelop a betterunderstandingf the
requirement@sa whole anda strongercon dencethatthe requirementgapture
theintendeddesign.

PropertySimulationallows for ne grainedinspectionof a singlepropertyandits
featurespy shawving the userthe dynamicbehaior of a systemthatsatis esthat
property. With PropertySimulationthe designeicandevelop a deepunderstand-
ing of the formalismusedto write propertiesand resultingsemantics.Property
Simulationalsoprovidesthe designemith a corvenientmeango gainexperience
by experimentingwith propertiesthusderiving a betterunderstandingf their se-
mantics.

Integration of thesetwo techniquesaddsvalueto both activities: PropertySimu-
lation canbe usedfor a tentatve explorationstepbeforeactuallywriting require-
mentsandcheckingfor their quality; PropertyAssurance&anleverageon Property
Simulationto performanalysison asinglerequiremento ensuregheformalization
of therealintendedmeaning.

Basedon our earlierDeliverableq15, 19] in thefollowing we depictPropertyAs-
suranceandPropertySimulationfrom the methodologicabndtechnicalpointsof
view. Additional considerationdiave beenmadethatin combinationwith ancil-
lary detailscomplemenipreviously proposedvork. The actualrequirementgor
theimplementatiorof anintegratedtool concludethis chapter

2.2 Property Assurance

PropertyAssuanceis the actiity of checkinga setof requirementsagainsigiven
goldenpropertiesto gainadeepercon denceontheactualmeaningof thespeci -

cation. Property AssuanceMethodolgy dictateshow to correctlyperformProp-
erty Assuranceandprescribedion to developa speci cationout of a setof initial

propertiesthemethodologyde neswhatto do, how to doit, andwhichtechnolo-
giesto use.

LpropertySimulationcanbe appliedto a setof propertiesby conjoiningthem.

4 Requirements Analysis Manual for Property Simulation and
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Theinputof PropertyAssurances a setof properties/requirenms thatdescribes
thebehaior of asystemandpossiblyof the ernvironment.Amongthesystenpro-
pertiesgherearethosewhichareassumedb holdandthosethatmustbeguaranteed
to hold giventheassumptionsThe outputis a setof requirementshatre ects the
intendeddesign.

In this section,basedon Deliverable[19] we depictthe tasksrelatedto property
assurancend map them onto the propertechnologiesmoreaer we describea
re nement-basednethodologythat builds on PropertyAssuranceln Section2.4
we concludewith integrationdetailsfor PropertyAssurancén requirementgngi-
neering,and depictmandatoryrequirementgor an integratedtool implementing
the proposedequirement&ngineeringoncept.

Methodology

Thestartingpoint of the PropertyAssuranceMethodologyis asetof requiements
asetof “assertions anda setof “possibilities:

the requirements asetGof propertieghatdescribeshe behaiors of thesystem
(possiblyevenof the environment);

the assertions asetF p of propertiegshatmustbe guaranteedy all behaiors of
thesystemasdescribedy G,

the possibilities a setF g of propertieseachof which describesa behaior that
mustbeincludedin the setof possiblebehaiors of the systemasdescribed
by G

With Gthe designerconstrainghe behaiors of the systemby assuminghe pro-
pertiesin G to hold; thosepropertiesin turn, mustbe enoughto guaranteghe
propertiescollectedin F o, meaningby this thatin ary casethe systemdescribed
by Gis requiredto satisfyall the propertiesn F o. Thisis to ensurethatthe sys-
temis not underconstrainedvith respecto a setof desiredpropertiespr, to put
in into anotherway, thatthe systemaswe speci ed it will exhibit all the desired
properties.It is not enoughto checkwhetherall propertiesin F 5 arevalid in G
indeed thereis arisk of over-constraininghe systemby limiting its possiblebe-
haviors too much. As a consequencé is necessaryo checkwhetherthe system
asdescribedy G cansatisfythe propertiesollectedin F g, meaningthatfor each
propertyin F g theremustbeatleastonebehaior compatiblewith Gthatsatis es
that property It hasto be noticedthatevenif the useof F g resemblethe useof
CTL non-determinismnon-determinisms not actually broughtinto the speci -
cation. Indeed,the practicaluseof nondeterminisnin the requirementghases
not clear Whatwe needis justto checkthe setof the modelsof our systemdor
theexistenceof particularbehaiors thatsatisfysomedesirablebut not mandatory
properties.

In therequirements-assentisposshbilities approacho speci cation,thedesigner
hasto answetthefollowing questiongin thefollowing alsoreferredasproof obli-
gations):

Manual for Property Simulation and Requirements Analysis 5
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1. Isthesetof propertiess consistent?
2. Doesthesatishctionof Gimply the satishctionof any propertyin F o?

3. Isit possibleto satisfybothGandary singlepropertycontainedn F g?

Proofobligations,(1), (2) and(3) canbe mappedon existing proof technologies.
Herewe shav how to mappropertyassurancproofobligationsontoasatis ability
(SAT) problem.

Property Assurance and SAT

In the fg)lowing we write G and F o for the conjunctionof all their elements,
namely pggand j,og,] arespectiely; thisindeedis theirintendedmeaning,
sinceGis the setof propertieghatdescribethe systemandF 4 is a setof proper
tiesthatmustbe satis ed by all the behaiors of the system.F g will betreated
differently sinceit is asled thatary single propertyin this setis satis ed by at
leastone behaior of the systemsand not thatall the behaiors mustsatisfy all
the properties We write VALID(F) to denotethe problemof validity of the setof
formulaeF ; SAT(F) to denotethe satis ability problemof the setof formulaeF .
We usetheduality VALID(F) () : SAT(: F). In generalthe problemSAT(F)
providesa “yes/no” answey plusin the caseof a “yes” answera withess that's a
behaior compatiblewith the onesallowedby F.

Proofobligation(1), thatis the problemof checkingwhethera setof propertieds
consistenbr not canbe naturallyreducedo the checkon whetherthereexists a
modelfor thatsetof propertiesThus,it reducego checkSAT (G).

Proofobligation(2) aimsto checkwhetherthatthesetGof requirementss enough
to ensurethatall theassertionsn thesetF 5 aresatis ed, that's checkwhetherall

the behaiors of G satisfyalsoall the propertiesn F o: Gis the speci cationof a
systemandF A is thesetof propertieghatary behaior of thesystenis requiredto

exhibit. This checkcorrespondso verify thevalidity of theimplicationG! F a,

thatin turn canbe reducedo the checkon the unsatis ability of the conjunction
of Gandthe negationof F 5, indeed,whatwe needto verify is whetherthereare
modelsof Gthatarenot modelsof all the propertiesn F 4. Thus,proofobligation
(2)isreducedo: 8j o2 Fa:: SAT(G": | ).

Proofobligation(3) aimsto checkwhetherthe setG of requirementss suchthat
it is satis ablein conjunctionwith ary singlepossibility containedn the setF g:

thatis it aimsto checkwhetherthereis abehaior compatiblebothwith Gandwith

j e foraryj g 2 Fg: whatweneedto prove for ary formulain F g is whethetthere
existsa modelof Gthatis alsoa modelfor thatformula,i.e. 8 ¢ 2 Fg:SAT(G?

j E).

Summingup all thepreviousconsiderationsve gettheformal descriptiornof Prop-
erty Assuranceroof obligationsreportedn Table2, whereeachproof obligation
is mappednto its SAT-basedoroblem.
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Proofobligation SAT-basedproblem
Consisteng SAT(GQ
Assertions | 8] o2 Fa:l SAT(GM: j )
Possibilities 8 2 FE:SAT(G"j )

Table2: PropertyAssurancéMethodology

Under standing Possibilities and Asser tions

In this sectionwe introducea smallrunningexampleto shav theuseof Assertions
Possibilities.Supposeave needto specifya simplecountermoduloMAXCOUNTER
being MAXCOUNTER constant. The value of the counteris representedvith a
signalv whosevaluerangeis [-MAXCOUNTER,MAXOUNER . The counterreacts
driven by two booleansignalsinc anddec aimingto incrementand decrement
respectiely thecounter

In aninitial stagewe coulddepicta very simplistic speci cationfor the counter;
thuswe would have G collectingthefollowing propertiesexpressedn PSL[18]:

foral  Min {-MAXCOUNTER: MAXCOUNTER-1}.
always (v == M&&inc) -> next (v == M+ 1))

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

never (inc && dec)

The rst assumptiorstateghatwheneerainc operatiorisissuedjn thenext state

thevalueof the countemwill beincrementedby onewith respecto thecurrentstate

value. The secondassumptiorstatesananalogougpropertythatrelatesdecrement
operationsandthevalueof the counterin the currentandnext states An example

of possibleassumptioron the environmentis thatincrementsaanddecrementgare

notissuedatthe sametime, asstatedoy thethird assumption

Clearlywe wantour counterto respectsomefunctionalrequirementjik e for ex-

amplethatstartingfrom a zerocountey after N consecutie inc  operationsandN

consecutie dec operationswe getagainto have a zero counter;morewer, the
valueof the countershouldnotchangedf noinc ordec operationsccur Hence
the setF A couldconsistof the assertions:

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

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

Giventhe functionalspeci cationin G, we expectthatit is possiblefor the value
of thecounterto changséts value,andwe canexpresshis desideratdy the possi-
bility:
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forall  Min {-MAXCOUNTER+1: MAXCOUNTER-1}:
always ((v. == M) -> eventually! (v = M)

This propertyis satis ed by themodelsof Gin whichaninc or adec isissuedn
a statewherethe value of the counteris equalto M(whatever Min therange).On
the otherhand,it would be impossibleto satisfysucha formula, if it wereaF 4,
indeedit is nottruethatall the modelsof Gsatisfyit; for examplethosemodelsin
whichincrementanddecrementareneverissueddo not satisfythis property(but
arearyway legal modelsof G).

A propertythatwe wantto bealwayssatis ed by Gis theexpressedy thefollow-
ing Assertion

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

statingthatthevalueof thecountemwill nevergrow higheror lowerthanMAXCOUNTER
Being-MAXCOUNTERNAMAXCOUNTE#Relower andhigherboundsof our counter
respectiely. It is clearthat,we cannotacceptthatthis propertyis satis ed by just
somemodelsof G, rather we wantit to holdin ary modelof Gandthat's why we
expresdt asanassertion.

A re nement-based methodology

PropertyAssurancéMethodologycanbeinsertednto awiderframewvork to depict
are nement-basednulti-stepmethodologyof which PropertyAssurancévethod-
ologyis justasinglestep.This approactallows deriving the nal speci cationof

a systemfollowing a multi-stepprocesghat startsfrom an initial coarsegrained
descriptionof the system. At eachstepof the processthe designerre nes the

setof propertieof the previous stepby addingnew propertiespr by substitutinga

subsebdf thepropertieof thepreviousstepfor asetof new propertieghatdescribe
thesamefeaturesasthe old onesbut ata ner grainedlevel of detail.

To ensurethe correctnes®f sucha processthe designemustprove thatthe set
of propertiesat eachstepof the re nement processmplies the propertiesof the
previous steps;this guaranteeshatthe nal speci cationsatis estheinitial pro-
perties. Being G the setof propertiesat the it step,this proof obligationcanbe
dealtwith asfollows: we needto checkthe validity of the formulaG'! G *:
VALID(G! G 1). Whichin turnsreducego check: SAT(G": G 1)

Table3 describediow the designprocessvolvesaccordinglyto our methodology
andthe proofs obligationsat eachstep. We assumehat only the setG evolves
while F o andF g remainunchangediuring the processa further generalization
of the methodologywould be straightforvard. In Table 3, for eachstepof the
re nementprocessit is shavn whatthe setG containswhich propertiesnve need
to prove andtheproofobligationsve mustcopewith. At thebeginning(step0), we
assumeagivensetG, whichcontaingheinitial requirementspeci cation,andsets
Fa andFg. The proof obligationsfor the initial steparesummarizedy 8j g 2
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| Step | Specication | Props]|

0 G | FAFE
Proofobl | 8] a2 Fa:: SAT(G": ] a)
8] E2 FESAF(GAJ E)

i G = G l[ Q | FAFE
Proofobl 892 Q:: SAT(G! Q)
8] E2 FEZSN(GAj E)

i G =G Infyg[ Q| FaFe
Proofobl w2G !

: SAI(( @™ Y)

- SATY 1 o)
8j e2 FE:SAI(G"j E)

Table3: A re nement-basedPropertyAssurancevethodology

Fe:SAT(G™ jg) and8j o2 Fa:: SAT(G”: ] a). Thisis sufcient to cover the
proof obligations(1), (2) and(3); indeed by proving 8j g 2 Fe:SAT(G" j g), we
alsoprove the consistencef Gby shaving thatthereis atleasta modelsatisfying
it (possiblyatleastasmary modelsasmary propertiesarecontainedn F g, in ary
caseevery singlepropertyin F g is guaranteedo be satis ed by amodelof G).

While we assuméhat F o andF g do not changeduring the re nementprocess,
we dictatethe conditionsthatrule the evolution of G from theinitial requirements
speci cationtowardsthe nal detailssystemspeci cation. The intuition is that
the designeraddsdetailsto the speci cationby addingnew propertiesQ. When
addinga setof new propertiesQ, it is requiredthat the new propertiesare not
alreadyimplied by the existing ones(proof obligation8q 2 Q:: SAT(G! Qq)).
Whenreplacinga propertyy 2 Gfor a setof new propertiesQ (Table3, second
row dedicatedo stepi), it is requiredthatthe new propertiesactuallyimpliesthe
old one, but are not implied by it, i.e. it is requiredthat Q is a real re nement
of y (proofobligations: SAT(( g20d) " : y) and: SAT(y ! ( 200)))- This
guaranteethatthe re nementproof obligation: SAT(G ~ : G 1) is satis ed. In
both casesthe satishction of F g mustbe checled, while the satisaction of the
re nementrelationtogethemwith the proof obligationsof step0 guaranted¢hat at
ary stepi G! Fa (it canbeveri ed easilysincewehareG! G 11 ::1 Gl!
G! Fp).

Thisis the presentatiorof the methodologyin its generality hovever the schema
presentedn Table3 couldfollow a stricterpatternwheretwo iterative phasesan
be depicted:

Phasel - de ning G. during the stepsof this phase the designerjust addsnew
formulaeto Gto satisfythe propertiesn F o andF g; this phasaerminates
whenF 5 andF g aresatis edandthedesignehasgainedenoughcon dence
onthequality of the speci cation.

Phase2 - re ning G duringthestepsof this phasetherealre nementhasplace,
i.e. thedesignesubstitute®ld formulaein Gfor nenv onesthatbetterdetail
the behaior of the system:this phaseterminatesvhenthe desiredlevel of
re nementhasbeenreached.

Thesetwo phasesreindependenfrom eachotherandcanbeinterleaed or se-
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rialized. In the rst caseit is possibleto depicta procesghat links setsof sys-
tem featuresto setsof properties;eachsetof featuress speci ed independently
and independentlyre ned. This suggestsa compositionaland hybrid approach
to speci cationswheredifferentlevels of abstractiorcancoexist. The sequential
combinatiorof de nition andre nement,ontheotherhand,correspond amore
classicalapproacho speci cationwhere rst therequirementareidenti ed, and
only whenthey areall supposedo be stable,the designerusesthemasinput to
producethe actualdesignof the system.

2.3 Property Simulation

Oneof the main prerequisitegor a successfutlesignphaseusingpropertiess a

correctunderstandingf the propertylanguageandof its correctuseto formulate
properties PropertySimulationaimsatassistingheuserin this contet. Thereare
two mainapplicationsfor PropertySimulation. First, a novice may useit 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 corvenientmeans
to gainexperienceby experimentingwith properties The usercanstatea property
andexplore its semanticdy requestingexamplebehaiors with speci c features
complyingor contradictingthe property

Simulationis a well-knowvn and widely usedconceptin computeraideddesign
for the exploration of a systems$ behaior. To conducta simulation,a designer
providesa designwith input stimuli andobserestheresultingbehaior. By using
variousinput scenariosandby investigatingthe obsered examplebehaiors, the
designercanevaluateandverify thebehaior of thedesign.Theresultingbehaior
is shavn graphicallyasa setof waveforms,a representatioeasierto understand
thanatextual one.

PropertySimulationtransferghis widely accepted@ndwell establishedoncepto
the explorationof the semantic®f propertiesThus,it helpsincreasahe usability
andacceptancef propertybasedormal veri cation methods.

In the following we brie y depictthe PropertySimulationconceptas proposed
in Deliverable[15] and adaptedfor requirementsanalysis. We add additional

considerationsn respectof coverageand vacuity In Section2.4 we conclude
with integrationdetailsfor PropertySimulationin requirementsnalysisandde-

pict mandatoryrequirement$or anintegratedtool implementingour requirements
analysisconcept.
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How to Simulate a Property?

In PropertySimulationthe propertyplaysthe role of the model,andthe userpro-
videsthe stimuli for the simulationby addingfurtherconstraintson the properties
behaior. Theseconstraintsan,for instance,x speci ¢ signalvaluesat speci ¢
time steps,or they may containmoreabstractrequestsuchas“signal ¢ shallbe
truefor atleastonetime stepin the future”.

PropertySimulationsupportsambiguouspeci cationsthatfeaturemorethanone
correctexampletrace.PropertySimulation nds atracethatful lls theobligations
of the propertyandcomplieswith therequesteaharacteristicsBy usingdifferent
constraintstheusercanexplorethepropertysemanticandcheckwhetherspeci c
behaioral patternssatisfyor contradictthe property

We useautomata-basadchnologyto derive theexampletraces.Thederivedtrace
is muchalike a tracederived by standardsimulationtechnology(simulationof a
model),andwe visualizeit appropriatelyusingwaveforms.

The useris also presentedvith coverageinformation statinghow often a sub-
formulais evaluatedo trueor false,andhow oftentheseevaluationschange This
assistghe userin nding constraintso explore so far unrecognizedehaioral
patternsof the property

Methodology

Boththe propertyandthe userrequestdorm the characteristicef the allowed be-
havior. The basicconcepof PropertySimulationis to derive anautomatorfor the
combinationof both, andcheckfor its languageemptinessisingmodelchecking
techniquesCorrecttracesn theautomatorcorrespondo exampleillustrationsof
the desiredbehaior. If the languageof the automatoris empty sucha behaior
doesnot exist. Resultingtracesconsistof a nite stemanda loop thatis repeated
in nitely often. We shav thederivedtraceasa waveformto visualizeanexample
behaior of theproperty In orderto explainwhy thistraceful lls theproperty we
shawv the evaluationof eachsub-formulafor eachtime-step.

Thedataderived by formulacoveragecomplementhis explanation.Furthermore,
thesedataprovide a meansto decidewhich partsof the propertyshouldbe con-
sideredfor futuretraces.A detaileddiscussiorof coverageandhow to dealwith
vacuitycanbe foundin the next section.

Figurel illustratesthe basicwork- ow of PropertySimulationtechnology

In Section2.4 we outline the requirementdor the PropertySimulationpart of a
requirementsnalysigool asRAT.

Formula Coverage and Vacuity

As discussedn Deliverablel.2/1[15], coverageand vacuity play a signi cant
role when exploring a property To understanch property a usermustexplore
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Figurel: PropertySimulationMethodology

tracesallowed by the property with specialattentionto the “extreme” behaiors.
Whenexploring the behaior of a property coveragecanbeof greathelpto check
whetherbehaiors have beenunnoticedsofar. Vacuityimplementghereasoning
thatthereis morethana simplesolution. For example,if thereis never arequest
in atracethen,we have notreally checledwhathappensvhenarequesis issued.
The trace, which is vacuous,thus shavs an extreme example of the propertys
behaior. It is usefulto drive the attentionof the useron this trace which perhaps
shouldhave beenruledout by the property Thus,coverageandvacuityarerelated
and may be seento someextent as different point of views on the questionof
properlyaddressingll qualitatively differentbehaiors of the system.

As the explorationof differentbehaiors is inherentto PropertySimulation,cov-

erageandvacuity areimportantaspects.Both approachesell the userthatthere
is moreto explore. For theimplementatiorin PropertySimulationwe have com-
binedthetwo featuresinto onetransparenpresentatiorso thata novice unavare
of standarccoverageandvacuity proceduresanusetheir featuresntuitively.

In Deliverablel.2/1[15] we consideredseveral measuresvhich could be usedin
PropertySimulation,basedon the fact that PropertySimulationusesBiichi au-
tomatafor its computations.Statecoverage [11] for examplemeasureshe frac-
tion of visited statesof the automaton.Transitioncoverage [12] is more precise
andmeasureshefractionof transitionsof theautomatorithathave beentraversed.
Contwl eventcoverage [10] is alsoapplicablejt would begoodto cover asmary
differentsignalassignmentaspossible Neitherhave beenappliedto this problem
before,mainly becauséropertySimulationis a new concept.

Thereareseveralconcernselatedo theuseof thesemethodswithin PropertySim-
ulation. Controlevent coveragefacesthe problemthatit is aimedonly at signals,
whereaghe featuresof the propertyitself areleft unconsidered Stateand Tran-
sition coveragearebasedon the derived automatonywhich meanghatthe derived
numbergdependon the automatorconstructiorutilized, whichis undesirable.
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To gaininterestingnformationfrom the coveragestatisticstheuserwould have to

identify the partsof the automatoruncovered,relatethemto partsof the property
andthenthink abouttheseparts. Thesestepsmay be cumbersomeMoreover ,a
new entity would beintroducedo the user—the automaton—which hasthusfar

beentransparent.Since PropertySimulationwill be usedby novices, coverage
measureshouldsatisfythefollowing requirements:

Theinformationshouldbereproducibleregardlessof computatiormethods
usedfor PropertySimulation.

Theinformationshoulddependon the propertyitself andprovided userin-
formation,but nothingelse.

Thecoveragecomputatiormethodshouldbetransparento theuser

Consideringthe coverageinformationthe usershouldgain knowledge on
which partsof the propertyor which behaiors are consideredor not con-
sidered)n theactualtrace.

To live up to thesedesiredfeatureswe have implementeda coveragemeasure
correlatingthe tracewith the property Every sub-formulais evaluatedfor each
time stepin thetrace. Theseevaluationsform the basisof the coveragemeasure.
For boththe nite andin nite partsof thetracethe evaluationsto true andfalse
are counted,andarecomplementedvith an activity measurewhich meanshow
often the evaluationchangedrom true to falseandvice versa. For convenience
andbecausdheremight occuran evaluationchangeat the interconnectiorof the
nite andin nite parts,the desiredfeaturesare computedfor the wholetraceas
well.

Thedervednumbersffer agoodoverview of thetraceandareeasyto grasp.Fur
thermoreasthe computationis dervedfrom the formulaevaluation,computation
costsareminimized. Lastbut not leastthe presentedneasureffers aninterface
to dealwith vacuityaswell asdiscussedn the following.

Both vacuousandnon-vacuoustracesareimportantwhenexploring the behaior
of a property Supposefor example,that (part of) a property statesthat every
requestshouldeventually be followed by a grant. In this case,it is importantto
know bothwhat happensf thereis a requestandto know thatthe propertydoes
not requirethe requesto occur Thus,vacuougracesshouldnot be excluded,or
theuserwill missrelevantbehaiors.

Our approachis to usethe coverageinformationto give the userthe necessary
informationto explore vacuity . To implementthis ideawe presenthe coverage
informationin atreeformatwell-knovn from le managersThetreestructureis
derivedfrom the syntaxtreeof the propertyitself, andillustratesthedependencies
betweerthedifferentpartsof the property For every singlepart,derived coverage
informationis shavn. Also, the userhasthe possibility of requestinga tracein
which the evaluationof a sub-formulabecometrue or false,eithereventually or
globally Thus,whenconsideringhe coveragenfo, theusermayconsidewacuity
wheredesired. The methodencourages very intuitive useanddoesnot require
ary knowledgein formal veri cation, thusis also applicableby the novice and
non-automaton-sciéat.
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2.4 Tool Requirements

A propertechnologicasupportis crucialfor theeffective adoptionof formalmeth-
odsbasedmethodologiegshisis why in this sectionwe dealwith ahighlevel anal-
ysis of the featuresa tool enactingPropertyAssuranceand PropertySimulation
mustexhibit. Obviously a tool enactinga methodologymustprovide anef cient
implementatiorof the methodologycoreconceptse.g.the algorithmsthatallows
to realizePropertyAssurancechecksandto build the automatausedin Property
Simulation;but, in additionto this, a greatattentionshouldbe paid to usability
issues,since usability plays a centralrole to de ne the effectivenessof a tool,
in particularwhenthe tool supportsthe adoptionof formal methods. Therefore
this sectioncontainssomeconsideration®n the requirementsa GraphicalUser
Interface(GUI) mustsatisfyto effectively guideandsupporta userin performing
PropertyAssurance&ndSimulationrelatedasksandto complemenandempaver
the methodologiepresentedor requirementsanalysis.In particular we focuson
how atool mustorganizeandpreseninformationenteredoy the usersor derived
by thetool itself. The forthcomingconsiderationdiave driventhe designandim-
plementatiorprocesof the RAT. Therequirementaredistinguishedn Property
AssurancendSimulationasto re ect thetwo mainfunctionalitiesthetool will be
requiredto provide.

Property Assurance

PropertyAssuranceasdescribedn Section2.2 relieson four basicclassef en-
tities: requirementspossibilities,assertionsandthe signalsusedin writing the
properties;hence,we needto de ne how a tool shouldmanagethe information
relative to thesefour classesandhow thetool GUI shouldbe structuredo prop-
erly presenthe userwith theseentitiesandthe meansof actingonthem.

While designinga GUI one of the mostimportantaspectgo keepin mind is to
provide the userat eachinstantwith all and possiblyonly the needednforma-
tion; hence we needto considemwhich informationis neededwhile doingwhich
PropertyAssurancectiity. With respecto this, it hasto benoticedthattheinfor-
mationregardingthe signals(thatdescribethe signatureof the requirementsand
thesetof requirementsreneededvhile checkingoothassertionandpossibilities:
they arethe speci cationunderdevelopmentandshouldalwaysbe directly acces-
sible by the userof thetool. However, while checkingan assertionthe userdoes
not needto look at the possibilities,and, the otherway around,while checkinga
possibilitythefocusof the useris on them,andnot on the assertionsThesecon-
siderationghus, suggests¢hat the main window while doing PropertyAssurance
shouldalwaysshav the setof signalsandthe setof requirementswhile the view
onthelist of assertiongndpossibilitiescanor evenshouldalternate.

Independentlpf the speci ¢ layout,the GUI mustprovide meango:

Add/Modify/Deletethesignals therequirementsheassertionandthe pos-
sibilities.
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Startveri cation actvity by playingwith the optionsof the underlyingveri-
cation tool asto achieve ef ciency.

Shaw theusertheresultsof theveri cation activity in themainwindow.

Allow the storing/remweal/modi cation of the veri cation result(traces)or
furtherdeepemanalysis.

Allow theuserto classifytheresultsof theveri cation in differentcateyories
(e.g. to link themto a particular part of the speci cation, to re ect their
alignmentwith the currentstatusof the speci cationetc.).

Allow theuserto save thecurrentstatusof therequirementsinalysisactiity,
andallow for therestartof theanalysidater.

Allow the userto experimentwith a property using Property Simulation
functionalities.

Hence besides properinterfacetowardstheveri cation enginesthetool should
provide ameanf organizingthe datacorrespondingo the basicentitiesof Prop-
erty Assuranceand of visualizing and organizingthe resultsof the checksper
formed. It appearevidentthata conceptof requirmentsanalysisprojectshould
bethoughtof, a projectbeinga containerfor the statusof the veri cation actity,
i.e. the setof requirementsthe setof possibilities,the setof assertionsandthe
resultsof the checksperformed.Moreover, to make it aseasyaspossibleto exam-
ine the resultsof the veri cation actiity, a properway of managingandpossibly
classifyingthe resultsshouldbe provided. The resultsof the checksperformed,
andtheir classi cation,shallbeshavn in awindow seermasa containeonwhich it
shallbe possibleto performseveral operationge.g.modify someof the attributes
associatetb aresult,changehecateory associatetb aresult,de nitely deletea
result,createnew catgories).

Last but not least,we shouldprovide the userdifferentviews on the samedata
soto awaysshav the needednformationin the mosteffective way; this canbe
achiered by adoptinga designpatternlike the Model View Controller[3] that
fostersasystematiseparatiomf thedatafrom their controlandtheirvisualization
makingit possibleo connecmorethanonevisualizationto asinglesourceof data.

The above considerationgrethe primary input usedto guidethe developmentof
thewholetool andin particularof the PropertyAssurancenode.

Property Simulation

AmongstothersPropertySimulationis alsoaimedat novicesto formalveri cation
techniquesThusit is importantto implementbasicwell knovn conceptsffering
full-featuredfunctionalitywhile being e xible, corvenientandintuitive to use,and
providing inarti cial interpretabléout signi cant results.By transferringhewell-
known conceptof simulationto a new areausingnew technologythesedemands
have beentaken careof for the methodologyitself. The potentialinterfacehasto
perpetuatehis ideaand completesghe methodologypresentedn Section2.3 as
illustratedin Figure2 on pagel6
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Figure2: PropertySimulationinterface

Theuserinterfaceshallimplementthreemaintasks:

Entry of the property controlsto requestraces.

Traceandevaluationpresentationgontrolsto requestracefeaturesy chang-
ing attributesof the presentedrace.

Coveragepresentationrcombinedwith controlsto requestracefeaturesieal-
ing with coverageandvacuity

Although a textual interfaceis applicable,a graphicalfront-end offers superior
usability for PropertySimulation. Thus a graphicalfront-endimplementingthe
proposed:onceptof tasksshallbe draftedin thefollowing.

Oneof themainissuedor graphicalinterfacess availablespace Consideringhe
tasksperformedn PropertySimulation,mainly the displayof variouswaveforms
for the traceand propertysub-formulaejt becomeshviousthatan interfacefor
PropertySimulationhasto useavailable spacevery efciently. A two-window
approachwith the following dedicationof tasksto the differentwindows takes
careof thisissue:

Main Window: This window shallcontainatext entrywidget,for theuser
to enterthedesirecbroperty Multi row editassistsheuserin notgettinglost
whenenteringcomple propertiesaseachpartcanbe enteredn adifferent
row. The main windown shall containthe waveform visualizationsof the
derived trace,andthe evaluationof the propertysub-formulaeconsidering
this trace. The visualizationsshouldbe separatedo be able to shav the
traceat ary time whenwalking throughthe different partsof the property
evaluation. The waveformsfor the evaluationof the propertysub-formulae
shallbeorganizedin atreestructurederived from the propertysyntax. This
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aidsthe userin nding the desiredpartsandrecognizingstructuralsyntax
errorslike misplacedbraclets. Using mousecontrolsthe usershallbe able
to shapethe traceto requestfeaturesfor the next behaioral example. The
lastpartof thewindow is a controlbarshaving the actualstatusof thetool,
andcontrolsto request withessor a countergamplefor theproperty anda
buttonto openthe coveragewindow.

CoverageWindow: Thecoveragewindow shallbeusedto displaycoverage
informationandoffer controlsto explorethe propertyby consideringcover
ageandvacuity Again atree-viav assistghe userin relatingthe different
partsof the propertyto eachother whereasuse of the samehierarchyas
for the propertysub-formulaesvaluationenhancetegral consisteng and
accentuatethe dependenc Summarizinga tree-viev containingcoverage
informationand controlsfor eachsingle part of the propertyshall be im-
plementedor this window. The controlsconsistof the optionsto request
sub-formulato evaluateto true or falseglobally or eventually

BasedontheactualimplementatiorcolorsandotherGUI techniqueshallbeused
to illustratewhich partsof the interfacecanbe usedat which time. Furthermore
theusershallbe keptup-to-datevisually which featuresareactuallyrequestedor
thenext example.

Fromthe conceptuapoint of view, whena traceis requestedll desiredfeatures
have to betransformednto formulaeto complementhe propertyfor the automa-
ton construction t is essentiathattheseformulaeareef cient to minimize com-

putationtime whichis crucialto the proposednteractie usage.

The proposedasksand interoperabilityfeaturesrepresent core to be extended
atary time by otherfeatures.They implementa maximumfeaturesvs. computa-
tion time ratio by providing a full-featuredinterfaceoffering greatpotential while

avoiding crippling PropertySimulationwith overlong computationtimesthusa

dggradedusability
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3 RAT Users Manual

Thetool RAT ful Il theneedfor a propertechnologicakupportto formal methods
in thesettingof requirementsinalysisby providing its userswith theintegrationof
two setsof functionalitiesthat enactthe PropertySimulationandPropertyAssur
ancemethodologieslescribedn Section?. In thissectionwe shawv how to interact
with RAT in orderto accomplishthetasksrelatedto thetwo methodologies.

All theexamplesin thefollowing sectionsarewrittenin the Verilog avor of PSL
asfrom[18], thelanguagesupportedy theveri cation enginesvisandNuSMV.

3.1 Running RAT

RAT canbeexecutefrom the commandine by thefollowing command

rat - Laundesthe pythoninterpreter to executeRAT Command
program

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

CommandOptions:

-h Printsthecommandusage.
-V Printsthe programversion.
-f <FILE.rat> Loadsthegivenproject le

Figure3 shavs the start-upscreen-shodf RAT whenthetool is launchedwithout
ary projectasamgument.

The unit of interactionwith RAT is the project i.e. a collectionof formal pro-
pertiesand resultsof veri cation checksprescribedoy PropertySimulationand
Assurancerelatedactvities. Therelevanceof therole of a project,asan object
with a statethatcanbe savedandreloadeds clearasfar asPropertyAssurances

regarded:the userthatbuilds formal speci cationsandinspecttheir quality, must
have the possibility to work in differentsessionsandof saving the resultsof the
work performedrom sessiorno sessionWith PropertySimulation,suchafeature
couldseemlessrelevant, but the valueof having the possibility of saving simula-
tion sessiongi.e. the propertiesimulatedandthe connectedraces)shaws clearly
if wethink of long time consumingwork sessionsindof theimportanceof having

aquickreferenceo theirresults.
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-~ RAT IBEES|

Ble Edit Wew Help

N —

New  Open

RAT v.10

A tool for Requirements Analysis

Copyright {ch 2005 by [TC-Irst
Copyright (¢} 2005 by Graz University of Technology

,4) Quick Start
To start a New Project click hew
To load an Existing Project click Open

Figure3: RAT- Main window.

ThroughthemenuFile orthecommand\Newin thetool barit is possibleto access
the wizard for the creationof new projects,shavn in Figure4, selectthe kind of
project,andspecifythe detailsof the projectenteringthe datain the elds shavn

in Figureb.
-+ Create a New Project E]@@
Specify the initial project type:
@® Property Assurance:
€ Property Simulation
Note:
It will be possible to switch between the two
oroject bipes at any time,
X Cancel | G- | & Forward | &PFinish |
Figure4: RAT- New projectwizard.
=~ Create a New Project E@E
Other optional project information:
Project File: lCounter _]
Project Motes: [The specification of a counter
modulo 5.
X cancel | & Back | -] | <P Finish |
Figure5: RAT- New projectwizard,projectdata.
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As aresultof theintegrationPropertySimulationandAssurancénto RAT (rather
thansimply juxtaposingthem),it is possibleto shift from PropertySimulationto
PropertyAssuranceat ary time, andto load propertiesfrom PropertyAssurance
into PropertySimulation;projectsindeedcollectboththedataof PropertySimula-
tion andthoseof PropertyAssuranceA projecthencesumsup all the historyof a
designdevelopmentprocessfrom theinitial explorationsof propertiegrototypes,
to thede nition of a setof requirementsfrom the inspectionof requirementsad-
herenceo the intendedmeaning,to the possibleuseof simulationto performa
ne grainedinspectionof propertiecomingfrom PropertyAssurance.

Oncea projecthasbeencreatedthe usercanproceedasdescribedn Sections3.2
and3.3.

3.2 Property Assurance in RAT

RAT enactghe PropertyAssuranceMethodology(seeSection2.2) by supporting
the usersin PropertyAssuranceaelatedtasks;RAT providesa properframeavork
for managingsetof properties,a userfriendly interfacetowardsveri cation en-
gines,and a properframewnork for managingthe resultsof PropertyAssurance
proof obligations. In this sectionwe describehow to interactwith the tool by
following atypical usecasewhich encompasseasefollowing steps:

editingof a project;
— editingof signals
— editingof requirements
— editingof possibilities
— editingof assertions
veri cation

— activation of thechecks
— managemenf traces

In the settingof PropertyAssuranceProjectsarethe entitiesthat correspondo
theensembl®f a speci cationtogethemith theresultsobtainedby theconnected
proofobligations.Thebuilding blocksof aspeci cationin the PropertyAssurance
Methodologyarerequittmentspossibilitiesandassertionall of whichareproper
tiesformally expressedn a setof atomicsymbolscalledsignals Following the
methodologygiven a speci cation,someproof obligationneedto be dischaged,;
in Section2.2it hasbeenshavn how theseproof obligationscanbe mappedonto
SATtechnology:the tool providesan interfacetowardsthis technologyand com-
municateghe resultsof the performedveri cation checksby meansof extended
waveformscalledtracesthatshav theevolution of thevaluesof signalsin possible
modelsof the systemunderspeci cation.
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The Main Window

RAT mainwindow whenin PropertyAssurancenodeis shavn in Figure6. In
the upperpartof the body of the window therearethe tablesfor the management
of signalsandrequirementsin the middle the arethe tabbedtablesfor the man-
agemenbf possibilitiesandassertiongon the left), andthe control panelfor the
veri cation tasks(on theright); the bottom of the window is occupiedby a text
box shawing the outputof the veri cation actity.

1<~ RAT - Counter BICIE
File Edit Wew Help
0 5 B @ v &
Mew  Open Traces Assurance  Simulation
Signals & % @ Requirements & 8 B
hName |Type ‘Notes I ,'ﬂ‘Name 1Property INotes I
Property Assurance
Possibilities |Assertion5 &Check I Check Consistency
& E @

‘ Sat Technology | BOD Technology'

Solver: MINISAT 'v] [ Inc T SME
Depth: |30 :-_
Loop: Al Laops|

.sa|Name" status |Property |Notes

- Checking outcomes
! s Clear
=

Output

Figure6: PropertyAssurancanainwindow.

Adding and modifying elements of a project. The activities of adding, edit-
ing andremoving itemsfrom the setsof signals,requirementspossibilitiesand
assertiondollow the samepatternregardlesshe classthe itemsbelongto. The
screen-shotm Table4 Table5 shav thewindows for creatinga new signal,anewv
requirementa new possibility anda new assertiorrespectiely, all of which are
accessibléy clicking on the rst oneamongthe buttonson the top right of the
tableof the properclass.

Onceanitem is created,t is shavn in the table of its classandit is possibleto
modify or to deleteit by clicking on the properbutton on the tableof the classof
theitem. A window similar to the one usedfor creationis usedfor editing, and
a warningwindow will askfor the users con rmation beforedeletingan item.
Multiple selectionis allowed (Ctrl  button pressedwhen left-clicking with the
mouseon the desiredtems)andhenceis possibleto openthe editingwindows of
ses/eralitemsat onetime, or to deletemorethanoneitem at onetime. Multi-row
editing and parenthesiighlighting are provided to easethe input of properties
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[L=][ea[]

| Create a new signal

Mame: ‘inc

Type: @ Boolean
() Other:

v Editar

Motes: [The input signal for
o

incrementing the value
f the counter

X cCancel I Pok

BEE

| Create a new requirement

Mame: IRl

Propertyt Jalways ( forall M in {-8:5 1
(fw=M && inc) -= next (v = (M+ 1)1}

v Editor

Motes:  leach inc is immeadiately
followed by an increment]
of v

X Cancel ‘ Pok |

Table4: Creatingsignals requirements.

andto make moreeffective theirvisualization.Noticethat,all thetasksthatcanbe
performedon signals,requirementspossibilities,assertionfracesand catejories
are accessiblealso through pop-up menusthat shavs whenthe userright-click
with the mouseon an item; the pop-upmenusoffer also selectionfacilities like
“selectall”, “deselecll” and“invert selection”.

Since,aspointedout in Section2, it may be of greatuseto simulatea property
whenthe resultsof a PropertyAssurancecheckare not of easecomprehension,
the useris provided with the possibility of loading an item that belongsto re-
guirementspossibilitiesor assertionsnto PropertySimulationmode;this canbe
accomplishedy selectinghedesiredtemsandclicking onthelastoneamongthe
four buttonson the top right cornerof the propertable,or by selectingthe voice
Load into Simulation from the pop-upmenuaccessibléy right clicking on
the selectedtems. The logical conjunctionof the selectedtemsis copiedin the
Property  text boxin the PropertySimulationmode(SeeSection3.3).

Veri cation The veri cation tabbedpanel,on the middle right of the window,
providesthe userwith control on the executionof the veri cation engineusedto
perform PropertyAssurancerelatedchecks. The two tabs,shavn in Figure 6,
allow to choseamongSAT -basedBMC technique®r BDD-basedC techniques,
andto setthe respectre options. As far as SAT-basedBMC is regarded,it is
possibleto choosewvhich SATsolverto use whetherincrementatechniqueshould
beusedthedepthof theBMC problemgeneratedandthevaluefor theloop back.
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Table5: Creatingpossibilitiesandassertions.

With regardto BDD-basedMC, the usercande ne the partitionmethod whether
usingConeof In uence techniquesandwhich kind of dynamicreorderingshould
beusedjf ary. For moredetailsonthemeaningof theseoptions theusercanrefer
to theusermanualof NUSMV [13].

Table6: Veri cation panels.

Traces and their management

The resultsof veri cation checksare shavn astraces,which areshavn asnew
tabsbesidethe Output tabasdepictedn Figure?.
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Figure7: An exampleof tracevisualization.

Eachtracehasa nameandis connectedo the requirementsand the possibili-
ties/assertiong hasbeengeneratedrom, i.e. thosethatwhereselectedo perform
the checkof which thetraceis theresult. Thesedataallow to trackthe dependen-
ciesamongthetracesandthe otherelement®of the project;for example ,knowing
which requirementsa trace dependson allows the systemto signalit asout of
dateor no longermeaningfulif somechangesave beenperformedto oneof the
requirementshetracedepend®n.

In Figure7, thetraceshavn is composedy aninitial stepfollowedby anin nite

repetitionof the secondstep,i.e. aloop. Loopsare signaledby a little black
arrov closeto the nameof the stepthey startfrom. Color of stepschangego help
depictingthe nite pre x andthein nite loop in tracesJight grayfor theformer,
darkgrayfor thelatter

To easdheirmanagemerdndto re ect thetypicalusecaseof PropertyAssurance,
tracesare organizedin different cateyories amongwhich the following system
catgyoriesareprovided:

New the catgyory wheretracesgeneratedn the currentsessionare storedby
default;

Default : thecateyory whereup to datetracesthathave beengeneratedn pre-
vioussessionsirestored,;

Out of date : thecateyorywhereoutof datetracesarestored(atraceis outof
datewhensomeelementn its dependenciesave beendeletedor modi ed);
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Trash : thecatayory of traceghe userscheduledor deletion.

A simple way of managingtraceswith respectto cateyoriesis provided by the
buttonsTrash andMove on theright of eachtracein the mainwindow, asshavn
in Figure?.

Clicking onthe button Traces in thetool-bar it is possibleto accesgshe window
of thetracemanayer, asshawvn in Figure8, which allowstheuserto managdraces
by editingthe associatediata,moving themfrom a cateyory to anothercateyory,
deletingthem,creatingnew categjoriesandeditingthedataconnectedo cateories.

Figure8: An exampleof tracevisualization.

At thetop left cornerof thetracemanagewindow thelist of cateyoriesis shavn,
whereeachcateyory hasa nameanda Description  ; it is possibleto selectmore
thanonecatayory and,onselectionthecontainedracesareshavn ontheright part
of thewindow groupedunderthe nameof the catayory they belongto. In theleft
bottomcornerof the window thereis thelist of the namesof thetracescontained
in theselectedcatayories,by selectingor de-selectinghamest is possibleto shav
or hidetracedn theright part. As shawvn, eachtraceis visualizedtogethemwvith its
completedatathat comprisea brief descriptionthe notesenteredby the user the
list of dependenceandthehistory(whenthetracewasgeneratedetc.). Catayories
andtracestableson the left part of the window, allow the usersto edit, deleteor

additems,in Figure9 andFigure 10 the editing dialog for cateyoriesandtraces
areshawn.
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Figure9: Editing a catayory:.

Figurel0: Editing atrace.

An Example

In this sectionwe work outa simplebut meaningfulexamplethatcoversthe most
relevantPropertyAssurancdeaturesof RAT, andlink togethetin a cohesie view
the usagdanformationgivenin the previous section.

The examplewe aregoingto tackleis the speci cationof a boundedcounter(an
instantiationof whatdescribedn section2.2); a rst nawé speci cationcouldbe
theoneshavn in Figurell.

Thespeci cationis basednthefollowing signals:

inc : thesignalthatmodelstheissuingof incrementoperations
dec: thesignalthatmodelstheissuingof decremenbperations

v: thesignal(integervalued)thatmodelsthevalueof the counter

this signalsareshavn in theSignals tabletogethewith theirtypeandnotes.

TheRequirements tablecollectsthreerequirementshatconstituteaninitial spec-
i cation of the functionalbehaior of the countey andof the assumptionsn the
ervironment

R1. prescribeghatary incrementoperationis immediatelyfollowed by an unit
incrementn thevalueof the counter

Manual for Property Simulation and RAT Users Manual 27
Assurance Tool



Figurell: Counter- initial speci cation.

R2: prescribeghatarny decremenbperationis immediatelyfollowed by an unit
decremenin thevalueof thecounter

R3: statesthat incrementand decremenbperationsmust not occur simultane-
ously(thisis aconstrainton the environment)

Oncethis initial speci cationis enteredcby the user it is possibleto proceedand
checkit for consisteny, i.e. checkingthatthe requirementarenot mutually con-
tradictory This canbe achieved by selectingall the requirementsby ticking the
checkbox Consistency  check , andby clicking on the Check buttonin the con-
trol panelatthetop. Figurellshavn theresultof thischeckis positive: theoutput
from the veri cation engine,shavn in thetab Output , reportsthatthe run of the
enginehascompletedsuccessfullyandno warningmessagés issuedby RAT. As
shawvn in the control panel,this checkhasbeenperformedusing SATtechnology
with a depthof the problemequalto 30, andcheckingfor all possibldoop-backs.

Now thatwe have aninitial consistenspeci cation,we canstartanalysingt and
checkif it describesxactly thebehaior we have in mind.

The rst stepcanbethatof checkingthatthevalueof our counteris alwayscoher

entwith theinputsreceved. In particular we wantto be surethatif no operation
is issued the value of the counterdoesnot changewhatever the valueis; this is

themeaningof assertiorAl shavn in the Assertions  tablein Figurel2.

OnceAl hasbeenenteredwe cancheckit againstll therequirementandgetthe
resultshavn in Figurel12: theassertions signaledasfailed by aredbullet next to
its namein the Assertions  table,andatraceshaving a countergampleto Al is
createdandshavn atthe bottomof the mainwindow. Notethata summaryof the
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Figurel2: Counter- checkinganassertion.

informationrelatedto thetraceis provided closeto thetraceitself. By examining
thetrace,we noticethatthe counter@ampleshavn hasaninitial stepin whichthe
value of the counteris 0 and no operationis issued,anda secondstepin which
thevalueof the counteris changedo 3. Notethatthelaststateis actuallythe rst

andonly oneof anin nite loop, assignaledby thelittle blackarrov closeto the
nameof the stepin the headerof thetrace. A review of therequirementseveals
that actuallynothingis saidaboutthe evolution of signalv whenno operationis
issuedandthis leadsusto thede nition of anew requirementshat lls this hole

R4. prescribeghatif no operationis issuedthe valueof the counterremainsun-
changed

Figurel3illustratesthenew stateof thespeci cationandshavsthatif R4 is added,
the checkfor Al passesassignaledoy the greenbullet in the Assertions  table.
Note thatin this casethe checkhasbeenperformedusingBDD technologywith

the Sift dynamicreorderingmethod. In this caseno traceis shovn becauseno
countergampleshasbeenfound.

Oncethe checkfor Al is passedywe gainedmorecon denceon how the counter
reactsto the stimuli of the ervironment. Now we cancheckthat the systemex-

hibits desiredbehaiors, i.e. thatit is possiblethatsomethinchappensevenif not
mandatory For example,we maywantto checkthatit is actuallythe casethatthe
value of the countermay change this meandooking for a scenarian which the
systemevolvesreactingto the stimuli of the ervironmentin suchaway to modify

theinitial valueof the counter This checkcanbe performedby the possibility P1

shavn in Figure14.
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Figurel3: Counter- xing thespeci cation.

Figure14: Counter- checkinga possibility
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Thepossibilityis signaledaspassedn the Possibilities table,andatracecor
respondindo awitnessof thedesiredsystembehaior is shavn; thetraceexhibits
athreesteploop in whichinitially v is 0 andaninc operationis issuedthenthe
valueof v changesaccordinglyanda dec operationis issuedmakingthe value of
v goingbackto 0 in thethird step.

The resultof a work sessions a speci cation, a setof possibilities,a setof as-
sertionsanda setof tracescorrespondingo the resultsof the checksperformed.
Figure 15 shaws the tracemanagemwindow with thetracesgeneratediuringthis
sessior{actuallyothertracesareshavn thatwe donotdescribedut thathave been
generatedvithin this section).

Figurel5: Counter- tracesof thesession.

3.3 Property Simulation in RAT

This sectionillustratesthe RAT PropertySimulationfeatures.SomegeneralGUI
featureswill be introduced,followed by explanationsof the main and analysis
windows andanexamplescenaridor a simplestandarcproperty
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The Main Window

WhenenactingPropertySimulationin RAT youwill seethe RAT mainwindow to
changeto PropertySimulationmodeasillustratedin Figure16. Pleasenotethat
the useris ableto switch the modeat ary time usingthe switch controlsin the
upperright of the mainwindow.

Figurel6: PropertySimulationMain Window.

In the gure you seethethreemain sectionsof the PropertySimulationinterface.
Ontheupperleft you canseea multi-row text entrywindow whereyou canenter
your property Thevariouslinesarecombinedto a singleproperty thusyou may
split your propertyto severallinesfor a betteroverview.

The middle sectionof the PropertySimulationwindow consistsof two widgets
shaving waveforms.Theupperoneillustratesthederived examplebehaior using
waveforms.Thedifferentwaveformsillustratethesignalvaluesfor everytime step
in thetrace.Thewholetraceis determinedy the nite partaspre x completedy
anin nite repetitionof thein nite parts.Thebackgroundolorindicateswhether
the valueis in the nite or in nite part of the trace. Light grey correspondgo
the nite partanddark grey to thein nite part. You may selecta single signal
to highlight its waveform, thereis no further impact of sucha selection. The
trace/signaliew offers the possibility to requestfeaturesfor the next trace. A
click on theright button of your mouseon a stepof the traceproducesa pop-up
window offering the following requests:

Insert Time-step: Anothertime-steps enterequstbeforetheoneyou have
clickedon. Thedefault valueis "Do not care', which meangshatyou don't
have ary preferencdor thevaluein thenext trace.

Fix valueto False: In thenext tracethis valueshallbefalse.
Fix valueto True: In thenext tracethis valueshallbetrue.

Setto 'Do not care": You do not careaboutthe signalsvalue at this time
stepin the next trace. This optioncanbeusedto unsetrequiredvalues.
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Whenyou establishrequestsyou will notice that the color of the tracefor this
signalandtime stepchangeso red. Redpartsin thetraceshov thatthesepartsare
requestedo be x edto the currentvaluesfor the next tracerequest.You'll also
noticethatthe statusvalueat the bottomchangego “Outdated’andthewaveform
color of theformulaevaluationchangeso black. Thismeanghatthetree-viev for
the Formula/Propertgvaluationdoesnot correspondo thetraceanymore.

Thetree-viav for the Formula/Propertyevaluationbeneattthe Trace/Signaliew

is not editable,so you cannotshapethe waveform here. It illustratesand corre-
latesthe single partsof the propertyto thetrace. For eachtime-stepof the trace
the propertyandall its sub-formulaeare evaluatedto true or false,visualizedby
waveformsorganizedin atree. The treestructureis derived from the propertyto
illustratethe dependencieletweerthe partsof the property Usethetree-viev to

male surethat the formula hasbeenparsedthe way you expected. Relatingthe
waveformsto eachothershavs how thedifferentpartsof the propertyinteractwith

eachotherinterpretecbnthetrace.

Thelastpartof the PropertySimulationmainwindow is the controlandstatusbar
locatedat the bottom. It includesthefollowing contents:

Witness Button: Pressingthis button you canask RAT to derive a trace
living up to the propertyandthe featurerequestyou mayhave stated.

Counterexample Button: With a click on this button you canaskRAT to
provide atracecontradictingthe propertyor possiblefeaturerequests.

Status: At this locationyou canalwaysseewhatRAT is up to whendoinga
computatiorandthe statusof the traceandevaluationwhenidle. Examples
areWtness,Counteexample Vis Error, ...

Analysis Button A click on this button raisesanothersecondanalysiswin-
dow offering coveragenformationandcontrolsasdiscussedh thevery next
section.

The Analysis Windo w

Theanalysisvindov completegheinformationandcontrolsof the mainwindow.
For eachsub-formuleof the propertythe windown containscoveragestatisticsand
offers controlsto requestor the next tracethatthis part shouldevaluateglobally
or nally totrueorfalse.

The coveragestatisticstell how oftena propertiegpartevaluatego true andfalse,
and how often this evaluationchangeduring the evaluationof the trace. These
statisticsarederivedfor the nite andin nite partsof thetrace,complementedyy

numbersfor the entire traceincluding possiblechangesat the interconnectiorof

thetraceandthetransitionfrom thelaststateto the rst stateof thein nite part.

The graphicalconceptusesa tree-viav for organizationof the visualizationand
offersa “close'buttonatthe bottomto closethewindow. Thetree-viev shavs the
coveragestatisticsfor eachpartof the propertyandthecontrolsto requesteatures.
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The rst columncontainsthe nameof the part,followed by ninecolumnsto illus-
tratethecoverageanformation.For eachparttherearecolumndabeled 0',"1', and
"C', correspondingo the numbersfor false("0'), true ("1') andevaluationresult
changesC'). The threesectiongfor the nite, in nite parts,andthe wholetrace
aredistinguishedoy the usedbackgroundcolors. The sectionsfor the nite and
in nite partsusethesamecolorsusedfor thewaveforms;light grey anddarkgrey.
Thesectionfor thewholetraceusesavery darkgrey.

Additionalfour columnsoffer the optionto requesfeaturedor thenext trace.You
canrequesta sub-formulato evaluatea property eventuallyto 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 oneindicatesa desiredrequest. Pressinghe right mousebutton on a value
producesa pop-upwindow enablingto setor unsetarequest.

Consideringthe tree structureandthe coverageinformationcanbe of greathelp
in exploring the behaior of a property Consideringthe exampleof a property
requiringanrequesto be acknavledgedthe coverageinformationmay shav that
thereis no requesthappeningcolumnslabeled 1’ shav zerovaluesfor request)
for avacuoudrace.Soby settingtherequesto be eventuallytrueyou canaskfor
amoreinterestingracefor example.Whena partof thepropertydoesnt evaluate
to aspeci ¢ valueatary time you mayaskfor anillustrationof whathappensf it
doesby seatingthe correspondingequest.

Figurel7: PropertySimulationEvaluationAnalysisWindow.

An example

This sectionillustratesRAT PropertySimulationfunctionality with a simple ex-
ample. For this examplescenariowe will considerthe informal propertythata
requesshouldbe eventuallyacknavledged.

First we have to starta new project. This is doneby calling rat and clicking the
“New” buttonatthetop of thewindow. As for this examplewe decideto do Prop-
erty Simulationonly we canskip the stepof enteringprojectdetailsat this stage;
PropertySimulationextractstheinformationit needdor its computationglirectly
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from the propertyitself. With a click onthe nish button (Figure18) we arepre-

sentedwith the main window of PropertySimulation (Figure 19). Pleasenote

thatif youwould like to performPropertySimulationin anexisting requirements
engineeringprojectfor a device underconstruction,you canswitch to Property
Simulationby clicking the controlbuttonatthetop right of the mainwindow.

Figure18: Createa projectfor PropertySimulation.

Figure19: PropertySimulationStartWindow.

Our rst guesonPSLsyntaxfor ourinformal propertyis G(r 7! F(a)). G (“Glob-
ally”) is theshortform of thePSLoperatoralways”,andF (“Eventually Finally”)
is the shortform of the“eventually!” operator We enterthatpropertyinto theen-
try widgetof thePropertySimulationmainwindow andpresghe”Witness”button
to askfor anexampletraceful lling andillustratingtheproperty We're presented
with thetraceillustratedin Figure20.

The traceis vacuousbecauséhereis no requestput actuallythereareacknavl-

edges. We seethat the propertydoesneitherneeda requestto happen,nor that
thereis arequesfor anacknavledgeto occur Althoughtheexampleis very sim-
ple andwe canobtainthatinformationby judgingandinterpretingthe waveforms
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Figure20: Witnessfor propertyG(r 7! F(a)).

we now pressthe analysisbuttonto shav the coverageinformationillustratedby
Figure21l.

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

Figure22: Ask for arequesbn signalr.
A checkof theanalysisreassuresur preliminaryconclusionsTo gainamorein-
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terestingracewe requestrequesto eventuallyhapperasillustratedin Figure22.
We keepthe analysiswindow openedandaskfor a new witnessby pressingthe
correspondingputtonin the mainwindow.

We arepresentedvith the traceillustratedin Figure23. As we aresatis ed with

thetraceandwantarequesto happerfor futureexampleswve changeour property
to G(r 7! F(a))&& F(r). By askingfor a new withesswe wantto recheckthis
change.Pleasaote that the requestsare resetfor every trace; so you might not
include a forgottenrequestforever resultingin the miss of interestingbehaiors
duringpropertyexploration.

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

Thederivedtraceillustratedin Figure24 however, urveils thatwe have got some-
thing wrong, asthe tree structuredoesnot t our intention. By the investigation
of thetreestructurewe uncover thatwe have forgottentwo braclets. We have to

putthe G() partof the propertyinto braclets, otherwisethe logical and bindsthe
F(r) to theimplicationpartandnot to the globally part. We addadditionalbrack-
etsto the propertyto gain(G(r 7! F(a))) && (F(r)). By askingfor a new witness
we recheckthe propertyandaresatis ed with the presentedraceandevaluation
(Figure25).

Now we wantto checkif a singleof the two acknavledgesconformsto the prop-
erty. Againthis mightbe obviousfor our example,but it might not be obviousfor
amorecomples one. Thuswe shapehetraceby editingthewaveform. We x the
valuesof signalr to the valuesof the traceandsignala to true for time-stepone
andfalsefor theremainingtime-stepgFigure26).

Asking for anew witnessproduces traceillustratingthatour requestsresatis -
able(Figure27).

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

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

the propertyto allow anacknavledgeonly on a requestor to limit the length of
anacknavledgeto onetime-step.

38 RAT Users Manual Manual for Property Simulation and
Assurance Tool



Figure26: Shapingthetrace.

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

TheRAT tool canbedownloadedrom http://rat.itc.it . Fromthesameweb
sitemoreinformationregardingthetool canberetrieved. This sectiongivesinfor-
mationon installationanddistribution relatedissuessuchassystenrequirements,
installationprocedureandlicensing.

4.1 System Requirements

The provided RAT tool hasbeendevelopedunder GNU/Linuxusing the Python
languageandthe PyGTKwidgettoolkit.

RAT usesthe modelcheclersNUSMYV andanenhancedersionof Vis for some
computationsBinaryexecutableles for boththemodelcheclersareshippedwith
the provided RAT package.Both the executableles have beencompiledunder
GNU/Linuxon a 32bitx86 architectureandwill notwork on differentplatforms.

If RAT is requiredto be executedon differentplatforms,it will be necessaryo
compiletheunderlyingmodelcheclers. Pleasaeferto Sectiord.2for moreinfor-
mation.

For runningRAT thefollowing librariesaremandatory:

Pythonversion2.2 or later. (http://www.python .or gl)
PyGTKversion2.4 or later. (http://www.pygtk .or g/)

The APl documentatiorior the RAT Pythonmodulescanautomaticallyextracted
from the sourcecodeusingtheepydoc 2 tool.

RAT hasbeentestedon x86 and AMD64 GNU/Linuxmachinesunning?2.4 and
2.6seriekernelswith appropriatdPythonandPyGTKpackageandshouldrunon
ary similar con guration. Compatibilitywith otherplatformshasnot beentested
andconsequentlys not guaranteedhowever, full supportfor PythonandPyGTK
mustbeprovidedin orderto beableto run RAT.

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

Manual for Property Simulation and RAT Installation and Distrib ution 41
Assurance Tool



Requirements for Compiling Vis

The provided PSL-supporfor Vis usedin RAT hasbeendevelopedfor Vis ver
sion2.1. Vis-2.1 hasbeenbuilt andtestedon the following platforms,and may
work on others:

IBM RISC System/6000 AlX Version4.3.3/ gcc,g++
Intelix86 / GNU/LinuX gcc,g++
Intel ix86 / Windows98SEwith Cygwin 1.3.2/ gcc,g++

SunSparc/Solaris2.8/ gcc,cc,g++

TheprovidedV1s-executablevascompiledfor x86 with gcc3.3.5-2005013@n a
Gentoox86 machinerunningkernel2.6.5andshouldrun on ary similar machine.

Requirements for Compiling NuSMV

RAT relieson NUSMYV versionshigherthan2.3.0,which is the rst thatexhibit
PSL support. The provided NUSMV executablewas compiledfor x86 with gcc
(GCC)3.2.3200305020n a RedHat Linux 3.2.3-53x86 machinerunningkernel
2.4.21-37.ELsm@andshouldrun onary similar machine.

NUSMV hasbeentestedn arangeof architecture/operaiy systencombinations.
It hasbeentestedon PC Intel, Apple Mac and Sunarchitectureswith different
versionsanddistributionsof GNU/Linux Solaris,Windows andMac OS X.

TheNuSMYV pre-compiledinariesfor differentplatformsaredownloadabldrom
[13], whereit is alsopossiblao getthesourcecodeof thesystem While nopartic-
ular requirementsare posedon GNU/Linuxsystemsin the following we identify
therequirement$or compilingandrunningNuSMV underotherplatforms.

Mac OS X: To run NuUSMYV, the X11 unix ervironmentneedsto be installed.
Thisis availablefrom Appleat: http://iwww.apple.co m/maco sx /fe atu res /
x11/download/ . PleasenotethatNuSMV hasonly beentestedon Mac OS
X 10.3(Panther)althoughthe versionof the operatingsystemdoesnot mat-
teraslongasX11lisinstalled.

For thebinarydistributionit is alsonecessaryo have the ExpatXML parser
library installed.Thislibrary canbedownloadedrom http://sourceforge
net/projects/expat/ . With the sourcedistrikution, the Expatlibrary is
NOT required.

To generatepart of the documentatior(the user manualand the tutorial),
LaTeX is needed. You might considerthat the NUSMV binary distribu-
tion alreadyprovidesfull documentatiorandhelp les. Thereare several
implementationgor Mac OS X, one goodweb pagewhich provideslinks
and installationinformation for variousversionsis at: http://www.rna.
nl/tex.html

To generatdhe help on-line availableat the NuSMYV shell, lynx (http://
lynx.isc.org/ ) orlinks (http://atrey.karl in. mff .cu ni .cz I'c loc k/
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twibright/links/ ) arerequired.Binary versionscanbe obtainedoy look-
ing to Mac OS X repositories.

Micr osoft Windows: Binary distribution hasbeentestedfor MS Windows XP
andMS Windows 20000peratingSystemsForthebinarydistributionexpat_
win32bin is requiredand is downloadablefrom http://sourceforge.
net/projects/expat/

NUSMV hasbeentestedwith two solutionson Microsoft Windows oper
ating systems: MinGW (http://iwww.mingw.o0  rg/ ) and Cygwin (http:
IlIwww.cygwin.com ) ervironments. In orderto build documentatiorand
help les, latex, perlandlynx packagesrerequired.

To generatedocumentatiorand help les, a few additional packagesand
programsareneededConsidetthatbinary distributionsalreadyprovide full
documentatiorndhelp les.

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

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

lynx: Oneimplementationcan be found at: http://csant.info/ ly nx.
htm

4.2 Installing RAT

RAT is providedasabzip2compressethr archive. To decompresthearchive on
a GNU/Linuxplatform, the shellcommandar -vxjf rattbz2  maybe used.
If your GNU/Linux installationdoesnot featurethis commandor you work on
anothemplatform,pleaseausea utility of your choiceto decompresthearchive.

The contentsof the archive will be organizedin threesub-foldersandthe main
directory ThemaindirectoryholdsaREADMEe, acopy of theLGPL, therat.py
executableandscriptsto startRAT or compileV1s, calledrat andsetup respec-
tively.

Thesubdirectoriegontain:

src . Thepythonsourcesof RAT, organizedaccordingto the software structure
presentedn Section5.1(p. 47)

resources : Thisdirectoryholdsin its subdirectorybin the executableof the
enclosedmodel-checkrs Vis andNuSMV. Furthermorehe Vis sources,
aswell glade les canbefoundexploring this directory

doc: Thisdirectorycontainsa pdf versionof this documentanda subdirectory
devel thatcontainsthe scriptto generate¢he programmes documentation
of RAT in HTMLformat(the documentatioiis produceusingthe epydoadoc-
umentatiorsystemof Python
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Compiling Vis

Pleasaeferto Sectiond.1for the softwarerequirements$or a successfutompila-
tion. RAT providesascriptto performthe compilationprocessautomatically This
scriptis calledsetup andis locatedin themaindirectory It performsall necessary
stepsto compilea systemdedicated/ersionof Vis.

Thevis sourceshemselesarelocatedin theresources/vis-sourc es subdirec-
tory. In thisdirectoryyoumayalso nd alog le for thelastcompilationprocess.
If youencounteary errorusingtheautomaticscriptor wantto compileVis man-
ually pleaseeferto thedocumentatiorwontainedn this directory Pleasenotethat
in thiscasehevis-executablenasto becopiedto theresources/bin ~ subdirectory
manually

Compiling NuUSMV

The sourcedistribution of NUSMV canbe downloadedfrom [13], andall thein-
structionsneededo compileNuSMYV areavailablein theREADMBNAREADMEPLATFORMS
les in themaindirectoryof the sourcedistribution root.

4.3 Licensing and Warranty

RAT is distributedunderGNU LESSERGENERAL PUBLIC LICENSE Version
2.1,Februaryl999(LGPL).

Copyright (c) 2005GrazUniversity of Technology
Copyright (c) 2005ITC-irst.

Thisis freesoftware;you canredistritute it and/ormodify it underthe
termsof the GNU LesserGeneralPublic Licenseaspublishedby the
FreeSoftware Foundationgitherversion2 of the License,or (at your
option)ary laterversion.

Thissoftwareis distributedin thehopethatit will beuseful,but WITH-
OUT ANY WARRANTY; withouteventheimpliedwarrantyof MER-
CHANTABILITY or FITNESSFOR A PARTICULAR PURPOSE.
Seethe GNU LesserGeneralPublicLicensefor moredetails.
Youshouldhaverecevedacopy of theGNU LesseiGeneraPublicLi-
censalongwith thislibrary; if not,write to the FreeSoftwareFounda-
tion, Inc., 59 TemplePlace Suite330,Boston,MA 02111-130USA.

For furtherinfo referto http://www.gnu.org fli censes/l ice nses.
htm\#LGPL .
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For furtherinformationon RAT referto http://rat.itc.it | andto
rat@itc.it

For the provided Vis sourcecodethe following copyright notice (with varying
copyright holdersanddatesholds.

Copyright (c) 2004-2005Graz University of Technology All rights
resered.

Permissioris herebygranted without written agreemenandwithout
licenseor royalty fees,to use,copy, modify, anddistribute this soft-
wareandits documentatiorior ary purpose provided thatthe above
copyright noticeandthefollowing two paragraphappeain all copies
of this software.

In no eventshallGrazUniversity of Technologybe liable to ary party
for direct,indirect, special,incidental,or consequentialamagesris-
ing out of the useof this softwareandits documentationevenif the
GrazUniversity of Technologyhasbeenadvisedof the possibility of
suchdamage.

Graz University of Technologyspeci cally disclaimsary warranties,
including,but notlimited to, theimplied warrantiesof merchantability
and tness for a particularpurpose.the software provided here-under
is on an“asis” basis,andthe Graz University of Technologyhasno
obligationto provide maintenancesupportupdatesenhancementsy
modi cations.

For theprovided NuSMV sourcecodethe following copyright notice (with vary-
ing copyright holdersanddatesolds.

Copyright (C) 2005by ITC-irst.

NuSMV version2 is free software;you canredistritute it and/ormod-
ify it underthe termsof the GNU LesserGeneralPublic Licenseas
publishedby the FreeSoftwareFoundationgitherversion2 of the Li-
censepr (atyour option)ary laterversion.

NuSMV version2 is distributedin the hopethatit will be useful,but
WITHOUT ANY WARRANTY:; without even the implied warranty
of MERCHANTABILITY or FITNESSFORA PARTICULAR PUR-
POSE.Seethe GNU LesserGeneraPublicLicensefor moredetails.

Youshouldhave recevedacopy of theGNU LesseiGeneraPublicLi-
censalongwith thislibrary; if not, write to the FreeSoftwareFounda-
tion, Inc., 59 TemplePlace,Suite330,Boston,MA 02111-1307USA.
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For moreinformationon NuSMV seehttp:/nusmv.irst. itc it
oremailto nusmv-users@irst.i tc. it . Pleaseeportbugstonusmv-
users@irst.itc.it

To contactheNuSMV developmentboard emailto nusmv@irst.itc.it

Notethatthelicensefor RAT, VIs sourcesandNuUSMV sourcesallows for com-
mercial use (currently the useof Vis and NUSMV takes placein commercial

settings).
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5 RAT Implementation

In the following the designandimplementationof RAT will be discussed.The
generalarchitecturewill be describedn Section5.1 complementedvith aspects
relatedto the implementatiorprocess.A descriptionof the extensionsthat have
beenimplementedn theveri cation enginedo copewith requirementsinalysiss
givenin Sections$.2and5.3togethemwith notesaboutthedevelopmenbf features
of RAT speci c to PropertySimulationor PropertyAssurance.We alsoaddress
the codingstandard$or RAT andtheveri cation enginesvVis andNuSMV. The
coding standarddor Vis and NUSMV are very similar, with the exceptionof
NuSMV's supportof sub-packages.

5.1 Architecture and Implementation Notes

RAT is a stand-alonenulti-platform applicationthatrunsin oneprocess Evenif
multi-threadings usedto run externalveri cation enginestheGUI part ts into a
singlemainthread.

RAT hasbeenfully developedwith the Pythonobject-orientegorogrammingan-
guageandthe GUI partreliesonthe PyGTK graphicaltoolkit to draw itself to the
screenandto handletheinteractionwith theuser

The codingfollowed a few standard$de facto”. Classesmethodsandfunctions
namesfollow PyGTKs corvention (seehttp://www.pygtk.o rg), that derives
fromtheGTK'sone(seehttp://www.gtk.org ). Styleandindentatiorarestrictly
Pythoncompliant. Packagesnd lenamesarejava style, but slightly lessrestric-
tive: e.g.a le foo _and _foo.py containsde nition of classFooAndFoo, but may
containghede nitions of otherclassesf corvenient.

RAT usesexternaltoolsto checkpropertiedor PropertyAssurancendSimulation.
In particularcurrentlyit reliesonthe NUSMV andVis modelcheclersthatare
written in Posix C language. The tools are called and usedby RAT as external
processesand are kept separatedrom RAT by an abstractiorlayer called Stub
thatexportsa standardnterface.

RAT is basedn severalothersoftwareentities thataffectits softwarearchitecture.
Thepicturein Figure28 shavs themainsetof layeredsoftwareentitieswhichRAT
relieson. Thelayersdepictthe dependencieamongthe entities,ashigherparts
dependnlower parts.

At thetop is positionedthe RAT Application, gray shadedo malke it clearly dis-
tinguishabldrom the otherparts.

Thesinglepartsaredescribedn thefollowing from the bottomto thetop.
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RAT Application

MVC & Observer
Infrastructure

PyGTK Bindings ool Stubs

GTK Toolkit Python Library NuSMV VIS

Operating System & Runtime System Libraries

Figure28: RAT- Softwarepartsandcollocation

Operating Systemé& Runtime SystemLibraries Thosedependon the speci c
architecture@mplementedon the hostcomputer Currently RAT hasbeen
testedunderGNU/Linuxwith a2.4and2.6kernel.

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

Python Library This is a generalmulti-platform runtimeervironmentprovided
by the Python ervironment. It provides a large set of featuresand data
structuredo be usedfrom ary Pythonbasedapplication.It alsoprovidesa
portableabstractioayerovertheunderlyingOperatingSystemmakingthe
applicationplatformindependentSeehttp://www.python. org for further
information.

NUSMV and Vis Thesearethe Model CheclersRAT is currentlybasedon.

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

MVC & Observer Infrastructur e Thisis a Pythonpackagehathelpsto design
anddevelopGUI applicationslt implementgheModel-Vew-Contoller and
the Observematternglevelopedspeci cally for PyGTK

RAT Application Thisis thesetof Pythonpackageshatimplementthe RAT ap-
plication. The underlyinglayersmalke RAT platformindependentandthe
internalsub-parfTool StubsinsulatesRAT evenfrom themodelcheclers.

Architectural Patterns

RAT hasa prettycomple structureasit currently ts in sevenpackagesabout65
modulesand 12300lines of Pythoncodeincluding comments.RAT is character
ized by stronglyinterconnectedeaturesandby the needof horizontalcommuni-
cationamongindependenparts.Furthermoreit providesmary differentindepen-
dentviews over the sameobjects,andthoseviews areoftenpotentiallyeditableby
theuser Wheneer oneof thoseview is changedy the useror by RAT itself, all
the othershouldreactaccordingly
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To reducethe structuralcompleity, to keepa cleandesign,andto minimize the
developmentand maintenanceosts,two architecturalpatternswere considered:
TheModel View Controller(MVC) andthe Observempatternssee[3].

The Model-Vie w-Contr oller pattern MVC is anarchitecturapatternthatforces
the designetto breakup the applicationbeing designecamongthreemain parts:

a Model, a View and Controller The traditionalimplementatiorof this pattern
re ectsthenormaldata o w of non-GUIlapplicationsdatainput, dataprocessing,
andresultpresentation.Historically, the MVC patternis an attemptto mapthis

naturaldata o w to the GUI design. In fact, it associateshe datainput to the

Controller the dataprocessingo the Model, and the result presentatiorto the

View.

In RAT this patternis implementedn the MVC and Observerinfrastructue. This

implementationwantedto be differentfrom the traditional one, asit is speci c

for the underlyinggraphicaltoolkit (PyGTK) and language(Python to exploit

their peculiaritiesandfeaturesIn particularpartof thetraditionalView's features
have beenmoved to the Controller andthe modelhasbeenmadenot aware of

the existenceof any Controlleror View. In combinatiorwith the Observerpattern
(seenext section) this allows for arealseparatiorof theapplicationlogic from the

presentatiotayer

Model Containghelogic of the program jntendedasdataanddatamanipulation
routines.Modelscancommunicatevith othermodels(especiallywith mod-
elsthatthey contain),but do not know the otherpartsof the MVC pattern,
namelytheControllerandtheView. Thislimitation guaranteetheinsulation
betweerthe applicationlogic andpresentation.

View Containsthe presentatiotayer The View constitutedoy a setof graphical
widgetsorganizedas a forest (typically a singletree). A singlewidget is
oneatomic GUI element,like a button, a text label, a window, etc. Often
widgetsare containersfor other widgets, hencewidgetsare organizedin
treeswhereverticesrepresentthecontainmentelations.As for themodels,
views do not know the modelsthey are connectedo, asthe connectionis
deleggatedto the controllers. This is anothervariation with respectto the
original MVC pattern,asthis implementationis intendedto t betterwith
the PyGTKtoolkit.

Controller Containsthe actionsthat mustbe carriedout whena view eventre-
guiresthe interactionwith the models logic. The Controlleris alwayscon-
nectedo a singleModel, andto a singleView, makinga sortof link among
thesetwo separateghartsof the pattern.If a Controllercanbe connectedo
oneModel,the samemodelcanconnectmorecontrollersat a giventime.

The Observer pattern The Observerpatternconnectghe applicationlogic to
thepresentatiotayer, by allowing thelatterto benoti ed whentheformerchanges.

TheObserverpatternis ofter usedtogethemith the MVC patternandto a certain
extentit maybe considerecascomplementaryasit handleghedata o w from the
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modelto theview, whereasn the MV C patternthe communicatiorgoesgenerally
from theView to the Model throughthe Controller

This communicatioris carriedout without makingthe modelevenknow the exis-
tenceof theview, by usingobserablepropertiesvithin themodel,andby de ning
obserersoverthosepropertiesTheobsererswill benoti ed of ary changinghat
occurto theobserableproperties.

In RAT theMVC andObservelinfrastructue providesanimplementatiorfor both
the patterns.In particular ary Model cancontainobsenrable propertiesandary
Controlleris by defaultan Obserer for theModel it is connectedo.

RAT Software Structure

The software structureof RAT is strongly affectedby the patternst is basedon,
and by the other software entitiesit relies on, that have beenalreadyshavn in
Figure28.

The main partof RAT is representedby its core,fully basedon the MVC & Ob-
serverlnfrastructue. At thecoresidesthereexist servicesandresourcesthatare
availabletrans\ersallyto the core. Figure29 providesmoredetailsaboutthe core

andthe providedservices.
-
~—
Utilities and Views ==
Services Glade
Files
- ]
= =—
VM = Tool Stubs Controllers Resources —
ode Images
Checkers ]
Threading —
Control Models —
XML
Schemata
MVC & Observer Infrastructure

Figure29: RAT- SoftwareStructure

At the leftmostsideof Figure29 aredepictedthe mostimportantserviceghatare
availableto models,controllersandviews. Theseservicesdo not t well with the
MVC andObserverpatternsasthey do not have ary associatediew, or ary user
interaction.

Utilities and Services Containggeneraldtilities, globally accessiblelata,etc.

Tool Stubs Stubsare those entities that isolate RAT from the external Model
Checlers. Stubsexportaninterfaceknown to RAT, andeachmodelchecler
hasanassociatedtub Theresultis thatRAT cancall amodelchecler care-
lessof the speci ¢ Model Checlerit is actuallycalling.

ThreadingControl Provides ne-grainedportablecontroloverthreadsThisser
vice is usedfor examplein stubsinvocation,for runningthe modelcheclers
in backgroundfor controlling the associategrocessandfor capturingits
output.
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At therightmostsideof Figure29 aredepictedhoseresourceshatareexclusively
usedby the RAT Views. Noticeableresourcesre:

GladeFiles As alreadymentioneda Views is a forestof widgets. The widgets
canbe build and connecteceachotherby hand,or by usingprogramming
toolslike glade(seehttp://glade.gnome .0or g). Thistool canbe usedto
visually designa forestof widgetsrepresentinghe view's widgets. With
very few limitations, this tool canbe usedthento setthe propertiesof all
widgets,andto associatectionto be carriedout whena certaineventsoc-
cur (signals). For examplea widgetlike a button canbe associatedvith a
functionnameto becalledwhenclicked. Theresultof this creationandset-
ting processs a glade le, thatcanbe loadedat runtimeby the MVC and
Observelnfrastructue thatprovidesthe neededsupportfor Views creation
basedon glade les, andto connectthe associatedontrollersthat provide
theimplementatiorof signalsactions.

Images Containscons,andotherimagesto be shavn by theviews.

Tools Stubs As alreadymentionedtheinteractionwith themodelcheclerslike

NuUSMV andVis is managedy a Stuh a software entity that providesplatform

and OperatingSystemindependensupportfor running genericexternal model

checlers. The executionof a modelchecler is restrictedto a stand-alonghread
that controlsthe modelchecler within a session The sessioris monitored,and

canbe stoppedat ary time if the underlyingOperatingSystemsupportsprocess
interruption.Also, the stubprovidesaccesdo thesessiorl/O, allowing to capture
themodelchecler standardutputanderror, andto controlits standardnput.

A stubexecutionis asequencef events:

Thestubis initialized.

A sessions initialized.

Thesessions preparedsettingof sessioroptions).
Thesessions run.

Sessiorresultsareprocessed.

Thesessions de-initialized.

N oo o~ W Dd P

Thestubis de-initialized.

Thephasedrom 2 to 6 maybepossiblyrepeatednde nitely.

A genericstubmight controla modelchecler in ary way; eitherin batchmode,in
interactve modeor throughits library. In RAT the stubsthatcontrolbothNuSMV
and Vis usethe modelcheclersin batchmode,launchingtheir respectie exe-
cutable les. This is achieved by specializingthe genericstub classespy im-
plementingsomeinterfacesandoverloadingsomeclassmethodghathandleshe
executionof asinglesessiorin batchmode.
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A vertical view over the Software Structure The RAT software structurehas
beensplit horizontallyby usingthe MVC and Observernfrastructue. Thereex-
istsalsoaverticalsplittingthatbreakghesoftwarestructureupthroughanhierarchy
of softwareentities.

Application

Options Project

Property Propert, Traces
perty Options Requirements . P vy
Assurance Simulation Manager

Possibilities Assertions

Signals

Property Trace Signal

NuSMV Stub VIS Stub

Figure30: RAT- Hierarchyof mainsoftwareentities

Figure30depictghehierarchyof themainsoftwareentitiesthatoccurwithin RAT.
Eachof the boxesrepresenta software entity, and eachvertex of the hierarchy
treeis a containmentelation,wherecardinalityis not expressed That meangor
examplethatan Application containsone (or more)software entitiesto represent
a Projectandthe Optionsof the Application.

Theway eachsoftwareentity is implementediepend®n the entity's role. Those
entitiesthat needto be shavn, will follow the MVC pattern,andwill be mapped
down to threeobject-orientedlassegor to atriple of alimited setof classesjo as-
sociateto eachentityaModel,aView anda Controller For example theentity ap-
plication's Optionshasa modelto hold the options,anda coupleView/Controller
to presentthe optionsto the user andto allow the userto modify the options.
Thoseentitiesthatinsteaddo notneedto beshavn (e.g.thestubs) will bemapped
directly down to oneclass,or to a setof classes.

In thefollowing the softwareentitiesdepictedn Figure30 aredetailed.

Application Theapplicationis thetop-level entity. Whenthe RAT executablele
is run, a triple Model, View andControllerof this entity will beinstantiated
andconnectedachother andRAT will nally enterin the maineventloop
to handleuserinteractionandevents.

Application Options This entity is a containerfor applications options. For ex-
ampletools paths,and other generalpurposeoptions should be localized
within this entity A the momentthis entity is empty andthereis not an
associateWiew for it.
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Project This entity representa RAT project. The projects modelcontainsmost
of the applicationlogic, meaningthat mostof the applications modelsare
containedwithin this model. Theview is embeddedvithin theapplications
mainwindow wheneer a projectis createdandit is constitutedby a large
numberof sub-vievs correspondingo the containeckentities.

Project Options This entity is a containerfor the projects options. Similarly to
the Application Optionsentity, this entity is currentlyempty andthereis no
associatediew.

Signals This entity containgthe setof signalsusedby PropertyAssurance.

Requirements This entity containsthe setof requirementsisedby PropertyAs-
surance.

Property Assurance Thisis the entity for PropertyAssurancelts view is shavn
whenthe PropertyAssurancdeatureis selectedat the applicationlevel.

Property Simulation Thisistheentityfor PropertySimulation.Its view is shavn
whenthe PropertyAssurancdeatureis selectedht the applicationlevel.

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

NuUSMYV Stub TheNuSMYV stubhandlegheinteractionof RAT with theNuSMV
modelchecler. This entitieshasno associated/iew and Controller andit
is implementedyy a singleclass. This classis the specializatiorof a more
genericclasseshierarchythat provides supportfor implementingspeci ¢
tool stubs.Section5.3 providesfurtherdetailsaboutthe NUSMV stub

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

Assertions Containedwithin the PropertyAssurancesntity, this entity represents
the setof assertiongor PropertyAssurance.

Signal Thisentityrepresenasinglesignal. Themodelcontaingnformationabout
thesignal,like the nameandtypeinformation. Theview is shavn whenthe
userwantsto createor editasignal.

Vis Stub Likethe NUSMV Stubentity, but speci ¢ for the Vis modelchecler.
Section5.2 providesfurtherinformationaboutthe Vis stub

Trace A traceis theresultof modelchecking,andcanrepreseneithera witness
or a counterexample. In RAT thereexist several view over atrace,asthey
canoccurwithin themainapplicatiorwindow, andwithin the TraceManager
window. In generahtracecanbeshavn asagraphicawaveform,with some
associatedhformationlike the cateyory it belongsto, the numberof steps,
theloop information,etc.

Property Thisentity represenaisingleproperty like arequiremenbr a possibil-
ity. The modelcontainsinformationaboutthe property like the nameand
formula. The view is shawvn whenthe userwantsto createor edit a prop-
erty. Thereexist a dependenc betweena propertyandthosetracesthere
weregeneratedrom it. Wheneer a propertys formulais changedthe cor
respondingraceswill beinvalidated.
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5.2 Property Simulation

In thissectiorwe covertheimplementatiordetailsof RAT relatecdto PropertySim-
ulation. First we outline the implementatiorof the PropertySimulationconcept
presentedn Section2.3 andillustratedin in combinationwith the userinterface
in Figure2 in respecbf the RAT architectureConsecutiely we outline detailson
on how therequestdor theinterfaceof arequirementanalysigool have beenmet
for PropertySimulation. Documentatiorof the extensionsto Vis complements
this section.

Computational Back-end

The implementatiorof the PropertySimulationconceptproposedn Section2.3
(p. 11) builds onthe useof the Vis modelchecler for theautomatorrelatedcom-
putations.

Regardingto the RAT architecturea stubfor vis wasimplementedcalling vis in
batchmode. To executethe stub, the controller for PropertySimulationcalls a
memberfunction of the modelto constructa batchcommandle for Vis. This
function rst retrievesthe propertyand constructsPSL formulaefor the various
requestedracefeatures. Thesedatarepresenthe parameterdor the Vis com-
mandsugarsp containedn the batch le. The stubthenforks a separatgrocess
executingV1s in batchmodeto procesghe constructedatch le.

First Vis evaluatesthe propertyfor correctsyntax, determinests signals,and

writes the derived syntaxtreeto an output le for further usein the RAT main

application. The signaltypeis booleanby default, conditionedby the Vis PSL

automatorconstructioralgorithm[14]. An automatorfor the combinationof the

property and requestedracefeaturesis derived, translatednto a network, and

readbackto performalanguage-emptinesheck.If theautomatoroffersatleast
onecorrecttrace,an exampletraceis derived andwrittento a le for furtheruse

by the RAT main application. Delug and error messageare written to les as

well, to give the mainapplicationthe optionto reportandacton occurringerrors
(e.g.,if aformulausesincorrectsyntax). WhenVis completests computations,
a returnfunction of the stubis executedautomaticallyto retrieve the resultsand

deletecommunicationles.

Theresultsreturnedby Vis aresaved in the PropertySimulationmodel. Using
the propertystructureprovided by Vis, the evaluationof the sub-formulaeof the
propertyis derived. Dependingon operatorof the operatorthe evaluationof each
sub-formulas derivedby searchindn thestemdor theoperandgor eventsto hap-
penandinterpretthemaccordingo theoperatorsemanticsConsideringhesyntax
treeof a property theimplementationmepresenta bottom-upapproactstartingat
theleafsof thetreerepresentinghe atomicpropositionsde ned in valueby V1s,
andtraversingthetreeupwardsto computethe varioussub-formulaavheneer its
operandsave beenderived. For stateformulaethe actualvaluesof its operands
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areconsideredor theevaluationof aspeci ¢ time-stepwhereador pathformulae
thesufx pathsstartingatthe actualtime-stephave to be considered.

Whenthe (sub-)formulaevaluationis completedthe formula coveragemeasures
arederived. The valuesfor eachsignalare evaluatedto countthe occurrence®f
true andfalseevaluationsandthe change®f the evaluationvalue. We shaw these
numberdor the nite andin nite parts,completedy measurefor thewholetrace
includingchangesttheinterconnectiorof the nite andin nite part.

At this point, the propertyhasbeenfully consideredndthe gatherednformation
is readyfor visualization. For the visualizationthe trace and evaluationinfor-

mationis translatedto a datastructureusedby the MVC entity implementinga
tree-viav basedwidgetfor thevisualization. This translationtakesthe registered
userrequestsnto accounto determineseveral featuresof the visualizationandis

performedary time the userplacesanew requestlf theuserrequestsa new trace
thewhole computatiorprocesss enacted.

Figure 31 (p. 55 illustratesthe dataand control o ws for PSin RAT. It shavs
which tasksare tackled by the main applicationand which onesare addressed
executingVis. Pleasenotetheintroductionof the structuralanalysiscomponent
for Vis in comparisorto the methodologicapresentatiorin Figure2 on page2.
The introductionof this componenillustratesthe divertedcomputationbetween
RAT andV1sin concern®f coveragemeasureandoutlinesthe datapasseanthe
interfaceof the Vs stub

RAT

1 \\\\

Property Feature Requests

' /
! ; < —
I It
h / Automaton
I /
. L
Structural
User Interface VI S Evaluation

‘, ‘\ Language-Emptiness
| | Check

< N

Trace Empty
Example Behavior No such Behavior

i

Coverage Info

Figure31: RAT TaskDivision for PropertySimulation

Graphical User Interface

The userinterfacefor PropertySimulationin RAT compliesto the two-windowv
concepbutlinedin Section2.4. Derivedinformationis visualizedaccordinglyand
the useris offeredvariousoptionsto placerequests.This sectionfocuseson the
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implementatiorof theseconceptswhereasa look andfeel of theinterfacecanbe
foundin the RAT usermanualtogethemwith explanationsof how to useit.

We useatext entrywidgetfor theformulationof the property Thewidgetplaced
atthetop right of the mainwindow storesits contentsn the PropertySimulation
model. Theusermayusevariouslinesto splittheinputfor abetterovervien. RAT

will concatenatéhe differentlinesandremove thetrailing next-line characters.

Beneaththe propertyentrywidgettwo tree-vievs shawving the waveformsfor the
trace,consistingof the signalsaliasatomic propositions,andthe onesrelatedto
the evaluationof the sub-formulae Both views arevertically scrollable andthere
is a slider available dividing available spacebetweenthe two views. Thusit is
possibleto have the variablespresentat ary time while walking throughthe dif-
ferentsub-formulaesvaluation. Collapsingor expandingpartsof the treeallows
for enhancedisibility managemerfor thefocusondistinctpartsof the property
Thehorizontalscrollbarplacedbelav to theevaluationis connectedo bothviews
for easysynchronizatiorof eventsbetweerthetwo views. Theimplementatiorof
theview usesthe MVC patterninherentin RAT. Thewidgetrelatedto thetraceis
editableand offers the optionto insertnew time steps, x valuesto falseor true,
anderase x ed valuesagain,to enablethe userto requestcharacteristicgor the
next trace. Color managementising differentvaluesfor x ed and”don't care”
valuesillustratestherequestsinformationaboutthe modeof avalueis storedin a
distinctive structuran thepropertysimulationmodel.Differentbackgroundolors
visualizethedistinctionbetweerthe nite andin nite partsof atrace,determined
by theloopbackin theinternaldatastructure.

A control sectionat the bottom of the main windowv shaws the statusof the tool
(whatit is actuallycomputingor displaying),andoffersbuttonsto enactthe prop-
erty simulationcontrollerto executevis to derive anew witnessor countergample,
aswell asananalysisbutton to openthe secondwindown concernedo coverage.
The secondvindow containscoverageinformationandcontrols. Coverageinfor-
mationis organizedin a tree-viav, usingthe sametree hierarchyasthe view of
theformulaevaluationin themainwindow. Eachrow representsnesub-formula,
offering coverageinformationandcontrolsfor featurerequestsiealingwith cov-
erageandvacuity Namelythe usermay requestthat a trace may be eventually
or globally falseor true. A zeroin the correspondingolumnrelatesto the lack
of anactualrequestwhereasa oneindicatesa request.The useof differentcol-
orsfurtheraccentuatethis. The useof differentbackgroundolorsrelatingto the
samecolorsusedin the waveformrelatesthe variouscoverageinformationnum-
bersto thedifferenttracesections A buttonfor closingthewindow completeghe
contentof theanalysiswvindow.

All the views implementthe MVC patternandarederived from the basicPyGTK
structuredor atree-viav, adaptedo includespeciakendererandfunctionsrelated
to the RAT internaldatastructureaccess.
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Extensions to VIS

PropertySimulationusegshe Vs Sugampackagalevelopedfor PROSYD Deliver
able3.3/1[14]. Thispackagéasbeenenhancedo providethecommandsugarsp
to suggesh pathfor a propertyandoptionalassumptionandevaluatethe proper
tiesstructure.The sourcedor this packagenave beendevelopedin complianceo
the codingstandard®f the Vis EngineeringManual[7]. Thegeneralconceptof
this commands to readthe formulaandassumptionsparsethemfor correctness,
evaluatethestructureof theproperty produceanautomatorior thecombinatiorof
propertyandassumptiondranslatehis automatorio a network, readthe network,
andperformlanguageemptinessheckingto produceatraceif thereis oneavail-
able. For externalaccesghe outputof the commands directedto several les,
whereaghe namesdependon an input parametedeterminingthe projectname.
Thefollowing les areproduced:

project.fml: This le containgheformulaandassumptionsf the property
project.dbg:Delug andresultmessagearedirectedto this le.
project.err:This le containserrormessages.

project.str:The suggestedraceis storedin this le.

project.@l: Thecontentsof this le describethe structureof a property

A descriptiornof theautomataconstructiorusedfor the commandsugar sp canbe
foundin Deliverable3.3/1[14]. A descriptionof the parameterganbe foundin
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 Printsthe helpmessage&ontainingparametein-
formationto the standardbutput.
v level This option determineghe verbositylevel given

by anumberfrom 0 to 3. Thedefault valueis 0.
Information provided by a lower numberis also
providedby highernumbers.

0: Printouttheformula.

1: Printoutautomatsstatistics.

2: Giveatransitionlist of all edges.

3: Giveverte list.
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-f PSL formula ThePSLformulaof the property

-a PSL formula The PSLformulaof furtherrestrictionsto possi-
bletraces.

-p project name  The pre x for all output les. The output le
namesarederivedby concatenationf extensions
like .str.

-D level Determinesuseof don't cares.Defaultis 1.
0: Nouseof don't cares.

1: Useof unreachablstatesasdont cares.

2. Use of unreachablestatesas don't cares
andaggressie useof Don't-Caresto sim-
plify MDDs.

3. Use overapproximateunreachablestates
asdon't caresandaggressie 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 ary sumof the following values
to derive ary minimizationcombination:
1: Prunefair sets
2. Direct-simulation
4: Reverse-simulation
8: /0 compatiblesimulation
-d level Determinesthe detug level; default valueis O.
0: Nodehugging.
1. Automaticdehugging.

v level This option determineghe 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: Printouttheformula.

1: Printoutautomatsstatistics.

2. Giveatransitionlist of all edges.
3: Giveverte list.

-S schedule Determinesschedulewhichis oneof f EL, EL1,
EL2, budget,random offg.

-F Useforwardanalysisn 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 Property Assurance

In this sectionwe cover the implementationdetailsof RAT relatedto Property
Assurance.The interactionbetweenRAT andNUSMYV is discussed.Finally, a
detaileddescriptionof the extensiongo NUSMV completeghis section.

Computational Back-end

The NUSMV modelchecler is invoked andcontrolledby RAT whenthe userin
PropertyAssuranceasksthe systemto checkeithera possibility or an assertion,
and/orwhenconsisteng checkingof a setof requirementss requested.

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

The Figure32 detailsthe interactionof RAT with NUSMV mediatedby the stub,
andillustratesthe stub’s actiities.

__________ 3 ) Model File
4 5 .
—_— e
”~ L’ P
NusSMv
Model Checker
Nusmv 7 .. 6
8
\ 9' 3
NuSMV k. -
Trace Reader

2 — I‘y

Figure32: RAT- Interationwith NUSMV

Solid-line arravs represeng transitionin the execution,while dotted-linearrovs
aredataproductiontransitions.The arrows arelabelledto enumeratehem. Each
arron represents transitionandthe actiity that precededhat transition,asde-
scribedin thefollowing:
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1. The executionof NUSMYV is requiredby PropertyAssurance.A stubses-
sionis initialized, andsetby therequiredoptions.In particularthe Property
Assurancanodelsetsthe propertybeingmodelchecled, the setof signals,
andthe NUSMV optionsfor modelcheckingthe property After settingup
thesessionthesessioris run.

2. Controlis passedo the generalktubshierarchythatdetachedtself from the
RAT mainthread,andreturnsimmediatelythe controlto RAT, that setsits
statusto be “busy” andcontinueprocessingventsfrom theuser

3. Thestubgenerateswo les:

A model le for NUSMV containingthe setof signals(language).

A le containingthe commandshat NUSMV will executein batch
mode,andthe propertyto be checled The commandsdependon the
sessiorsettingghatweresetat point 1.

4. Thestubcreatesa monitoredpipeto invoke NUSMV, andcapturests stan-
dardoutputanderror, redirectingthemto the RAT mainthreadfor visualiza-
tion.

5. NUSMYV readsthe modelandcommandsles, andmodelchecksthe prop-
erty.

6. If NUSMV nds a counterexample,a le containingthe corresponding
tracewill begenerated.

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

8. Thestubswitchesto theresultprocessinghase.lt processethe NUSMV
returnvalue,checkingfor possibleerrorsandinterruptionsby the user If a
counterexample le isfound,aTraceReadeliis invoked.

9. TheTraceReadereadsbackthetrace le generatedy NUSMV, andcre-
atesa RAT compatiblemodelof atrace(TraceModé).

10. The Trace Readerreturnsthe control to the stub, returningthe produced
TraceModel.

11. Thestubscleansup thesessior(e.g.removing all pendingtemporaryles),
noti es the main RAT threadthat it hasaccomplishedhe actvity, andde-
stroys thethreadit created.

12. RAT receves either the producedTraceModel,or nothing if no counter
examplewas found. Dependingon the resultand on the contet the stub
wasinvoked from, RAT procesgheresult. If neededthe TraceModewill
be addedto the model of tracesand presentedo the userby creatingthe
correspondind/iews andControllers.
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The commandusedin NUSMYV to checkthe problempassedy RAT is the fol-

lowing:

check pslspec- PerformsPSLmodelcheding Command\
check _psispec [-h] [m | -0 output-file] [[n number | -p
"psl-expr [IN context]] b [ [9 [ [k
bmc_lenght] [l loopback]]

Dependingon the characteristicof the PSL propertyand on the options,
the commandsappliesCTL-basedmodelchecking,or LTL-based,possibly
boundednodelchecking.

A psl-expr  to be checled canbe speci ed at commandine usingoption
-p . Alternatively, option-n canbeusedfor checkinga particularformulain
the propertydatabaself neither-n nor-p areused,all the PSLSPECfor-
mulasin thedatabasarechecled. If option-b is used LTL boundednodel
checkings applied,otherwisebdd-basednodelcheckings applied.For LTL
boundedmodelchecking,options-k and-l canbeusedto de ne the maxi-
mum problembound,andthe value of the loopbackfor the singlegenerated
problemgespectiely; theirvaluescanbestoredin theervironmentvariables
bmclenghtandbmcloopbadk. Single problemscanbe generatedy using
option-1. By usingoption-i the incrementalversionof boundedmodel
checkingis activated. Boundedmodelcheckingproblemscanbe generated
anddumpedn a le by usingoption-g .

CommandOptions:

-m Pipesthe output generatedy the commandin
processingPSLSPEG to the programspeci ed by
the PAGERshell variableif de ned, elsethrough
the UNIX command'more”.

-0 output- le Writes the outputgeneratedy the commandin
processingPSLSPECsto the le output- le

-p "psl-expr A PSL formulato be checled. context is the

[IN context]" module instance name which the variablesin
psl-expr  mustbeevaluatedn.

-n  number Checksthe PSL propertywith index number in
the propertydatabase.

-b Applies SAT-based bounded model checking.
The SATsolver to be usedwill be choseraccord-
ing to the currentvalue of the systemvariable
sat _solver .

-i AppliesincrementalSAT-boundedmodelcheck-
ing if available,i.e. if anincrementalSATsolver
hasbeenlinkedto NUSMV. This option canbe
usedonly in combinatiorwith 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 boundandloopbackvalues,
it doesnot iterateincrementingthe value of the
problembound.

-k bmclength bmclengthis the maximumproblemboundto be
checled. Only naturalnumbersarevalid values
for this option. If no valueis giventhe ernviron-
mentvariablebmclengthis considerednstead.

-1 loopbak Theloopbadk valuemay be:

a naturalnumberin (0, maxlength-3. A pos-
itive sign ("+') can be also usedas pre x of
the number Any invalid combinationof length
andloopbackwill beskippedduringthe gener

ation/solvingprocess.
a neggative numberin (-1, -bmclength. In this

caseloopbad is considereda value relative to
maxlength Any invalid combinationof length
andloopbackwill be skippedduringthe gener

ation/solvingprocess.
thesymbol X', whichmeans'no loopback”.

thesymbol™*', which means‘all possibldoop-
backsfrom zeroto length-1 If novalueis given
the environmentvariablebmcloopbad is con-
siderednstead..

Extensions to NUSMV

RAT implementatiorof PropertyAssurancehasbeendevelopedin suchaway to
be independenfrom veri cation engine,anyway, currentlythe tool hasbeenin-

stantiatedo exploit a versionof the NUSMV modelchecler thatis the extension
of theresultsfrom Deliverable3.3/4[20] andDeliverable3.2/9[21] to cover the
algorithmspresentedn Deliverablel.2/2 (for noteson the implementatiorof the
extensiondrom Deliverable3.3/4andDeliverable3.2/9,pleasereferto thosede-
liverables).All the extensionsto NUSMV have beendevelopedfollowing what
prescribedn the NUSMV codingstyleand conventionsdocumenthatcanbere-
guestedo nusmv-devel@irst.i tc. it . In ordertheachiave thisextensionanew

packagehasbeencreatedthatimplementsthe SNF functionalitiesand the inter

facegowardsthem. Thenew packagesnf extendsthe functionalitiesof Bounded
Model Checkingwithin NUSMV, and consequentihasbeenimplementedasa
sub-packagef packageéamc; packagesnf containghefollowing les:
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snf.h  Thisistheheaderle for thepackage.

snfint.h This is aninternalheaderle, its contentis not exportedoutsideof
the packageandusedonly by le within thepackage.

snfPkg.h  Thisis the headerle for package-relateflinctionalities,i.e. func-
tionalitiesthat referto the useof the packagewithin the systemandnotto
theuseof SNFfunctionalitiesby theusers.

snfCmd.h This is the headerle for all the commandghe usercanexploit to
accessSNFfunctionalitiesthat.

snfTableau.h Thisis theheaderle for theoperationselatedto the proposi-
tional encodingof SNFrules.

snfPkg.c  This les containsthe implementatiorof the packagerelatedfunc-
tionalities,i.e. functionalitiesthatreferto the useof the packagewithin the
systemandnotto the useof SNFfunctionalitiesby theusers.

snfCmd.c This les containgheimplementatiorof the SNFcommandsi,.e. the
commandshe usercanexploit to accessSNFfunctionalities.

snfNoninc.c This les containgheimplementatiorof SNFfunctionalitiesfor
non-incrementathecking.

snfTableau.c This le containsthe implementatiorof all the operationge-
latedto the propositionakencodingof SNFrules.

Thesnf packagextendsthesystemwith thenew commandheck ltlspec  _bmc_snf
thatappliesthealgorithmspresentedn Deliverablel.2/2.

checkltlspec bmc_snf - Cheds the givenLTL speci - Command
cation, or all LTL speci cationsif no formulais given,

using an incrementalalgorithm. Cheding parametes

are the maximunlengthandtheloopbadk value

check _ltlspec _bmcsnf [-h | -n idx | -p “formula"] [-k maxlength]
[[| loopback] [-e dfl|snflfix] [0 <filename>]
CommandOptions:

-h Printsthecommandusage.

-n index index is the numericindex of a valid LTL speci-
cation formulaactuallylocatedin the properties
database.

-p "formula” Checkstheformula speci ed on the command-
line.

-k maxlength maxlengthis the maximumproblemboundmust

be reached.Only naturalnumbersarevalid val-
uesfor this option. If no valueis giventhe en-
vironmentvariablebmclengthis consideredn-
stead.
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-1 loopbadk Theloopbak valuemaybe:
a naturalnumberin (0, maxlength-3. A pos-
itive sign ("+) can be also usedas pre x of
the number Any invalid combinationof length
andloopbackwill be skippedduringthe gener

ation/solvingprocess.
a ngyative numberin (-1, -bmclength. In this

caseloopbad is considereda value relative to
maxlength Any invalid combinationof length
andloopbackwill beskippedduringthe gener

ation/solvingprocess.
thesymbol X', whichmeans'no loopback”.

thesymbol™*', which means‘all possibldoop-

backfrom zeroto length-1 .
- encoding Usestheencodingmethodto encodehe problem

-0 lename Generateslimacsoutput le too.

Notethatsincethe introductionof SNF supportthe NUSMV commando check
PSL propertieshasbeenproperly extendedto leverageon the new veri cation
baclend.

5.4 Testing

Testinghasbeencarriedonrepeatedlythroughouthewholedevelopmeniprocess,
andhasbeentwofold.

On onehand,we focusedon the userinteractionfeaturesof RAT. Commonprac-
tice for testingGUI-basedsoftwarerelieson the useof toolsto recordandreplay
GUI sessionspr onthedevelopment/adoptionf APIsto automatdhe generation
of GUI events. This approachappeargo betoo costlyfor our setting,hencethe
testswereperformedmanuallyon the basisof several scenarioghatstemmedut
from typical usecasesik e theonesdepictedn Section3. Thetestingactivity has
beenperformedn parallelwith the codingsincethe beginningof theimplementa-
tion processEvery changenvaschecled againsthe expectedoehaior, andit was
checledalsothatthe changedid notinterferewith alreadyestablishedunctional-
ities. Themajority of bugsurveiled by thesetestswerelocatedin thecomponents
responsibldor managinghe stateof the GUI, andin the stubsimplementingthe
datainterfacebetweerRAT andtheveri cation enginesvis andNuSMYV.

On the other hand, testing RAT we generateda lot of different problemsto be
solvedby theveri cation enginesthereforewe testedtheveri cation enginesand
our correspondingnhancementaswell. Thanksto thesetests,we discorereda
few bugsmainly concentratedn the implementation®f the algorithmsusedby
Vis and NUSMYV to handlePSL, andin the internalsof the addedcommands
describedn Sectionb.
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Several dozensof testswere performedfor RAT, and basedon thesetestsaddi-
tional oneswerede ned, whenaer abug in averi cation enginewasdiscovered.
The veri cation enginetestsurveiled a bugin hov NUSMV dealtwith the PSL
constructdorall  and[*n] , andabugin theVisimplementatiorof theautomata
constructiorfor PSLsufx implication. Regressiorntestingfor Vis andNuSMV
hasbeencarriedout basedn the standardestssuitedistributedwith thethe veri-
cation engines.

Time consumptiorof thetestsperformedamountgo aboutoneman-month.
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