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The Formal TroposProject

® TheTroposprojectaimsto the developmentof andAgent-Orientedsoftware
engineeringnethodologythe TroposSoftwae DevelopmenProcesssupported
by avarietyof analysisools.
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® TheFormal Troposprojectaimsto aneffective integrationandharmonizatiorof
Formal Methodsin the TroposSoftware DevelopmentProcesslit buildson...
» i*, aframework for modelingsocialsettingspasedon the notionsof actors,
goals,dependencies...
» KAOQOS agoal-orientedequirementéramavork thatprovidesarich temporal
speci cationlanguage.
» NUSMV, a(symbolic)modelcheclerinitially developedfor theveri cation
of hardwaresystems.
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Model Checking Early Requirements[REO1]

® FormalMethods(FM) areusuallyappliedin advancedstageof thedevelopment
processandtheir applicationin Early Requirementss by no meandrivial:

»
»
»

FM amountdo validateanimplementatioragainstrequirements;
FM requirea detaileddescriptionof the beharior of the system;
FM conceptsaarenotappropriatdor Early Requirements.

® FormalMethods,andin particularModel Ched&ing cannotbe usedto prove
correctnessf thespeci cation.

® Howeverthey can...

»

o
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shov misunderstandinggndomissiondn therequirementshatmight not be
evidentin aninformal setting;

assistherequirementlicitationby helpingin theinteractionwith the
stalkeholders;

addexpressve power to therequirementspeci cationformalism;
enableproof of correctnesm advanceddevelopmeniphases.
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Outline

Themethodology
TheT-TooL
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Theoriginal contrilbution.

Theexperimentanalysis.
ConclusionsandFutureWork.
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Our contribution

® In thispapemwe focusonapplyingmodelcheckingin earlyrequirementsnalysis.
® \We build ontheresultsin [REO1].
® Theoriginal contribution:

»
»

°

?@% ITC

Enrichedthei* notation(e.g.,Prior-to links, cardinalityconstraint$
Heuristicrulesto automaticallyextracta Formal Troposmodelfrom the

enriched* model
A methodologyto usethe mosteffective modelcheckingtechniquedor the

analysisof FT speci cations
A tool supportinghe methodology(T-TooL).
Experimentakvidenceof the effectivenesof theapproach.
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The course-exammanagementcasestudy
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The course-exammanagementcasestudy
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® therearedifferentinstance®f actors,goals,dependenciegndrelationsamong
thesenstances

® stratgyic dependencielave atemporalevolution (they arise,they areful lled,
thereis anordet...)
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The course-exammanagementcasestudy
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® therearedifferentinstance®f actors,goals,dependenciegndrelationsamong
thesanstances

® strat@ic dependencielave atemporalevolution (they arise,they areful lled,
thereis anordet...)
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The course-exammanagementcasestudy (I1)

Entity Course Resource Dependency Answer
Mode achieve

Entity Exam
Attribute constant course: Course Depender Teacher
Dependee Student
Actor Student Attribute constant exam: Exam
Goal PassCourse Resource Dependency Mark
Mode achieve Mode achieve
Actor Student Depender Student
Actor Teacher Attribute constant exam: Exam
Task GiveExam passed boolean
Mode achieve Softgoal Integrity
Actor Teacher Mode maintain
Attribute constant exam: Exam Actor Student

® FT emphasiss in modelingthe“stratggic” aspect®f the evolution elements.
® FT focusis onthecreation andful Iment centralmomentof elements.

®» FT allowsthedesigner:
» to specifydifferentmodalitiesfor theful Iment of elements.
» tospecifytemporalconstraintonthecreationandful Iment of elements.

%@ |TC Requirement&ngineerin2003— Montergy (CA) Sept.2003 —p.7



The course-exammanagementcasestudy (l11)

Goal PassCourse
Mode achieve
Actor Student
Attribute constant course: Course
Ful llment de nition
[* OR decompositiort/
(( e: Exam (e.course=coursg
e: Exam ( e.course= course
( p: PasskExam(p.exam=e p.pass_course=self Fullled (p)))))
( r: DoReseachProject (r.pass_course=self Fullled (r))))

[* cardinalityconstraint*/
( p:PassCoursg(p self) (p.actor=actor) (p.course=course Fullled (p)))
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Formal Analysisof Early Requirements

Oncea “satisfactory” Formal Troposmodelof the requirementss availablewe can
performthefollowing formal analysis:

consisteng check “the speci cationadmitsvalid scenarios”
possibilitycheck “thereis somescenaridor the modelthatrespectsertain
possibility properties”
assertiorvalidatiornt “all scenariogor the modelrespectertainassertion
properties”
animation theusercaninteractvely explorevalid scenario®f themodel:
givesimmediatefeedbackon the effectsof the constraints;
makesit possibleto catchtrivial errors
Is aneffective way of communicatingvith the stalkeholder
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Possibility Checksin Formal Tropos

A possibility:
describegxpectedyalid scenario®f the speci cation;

IS usedto guarante¢hatthe speci cationdoesnotrule out any wanted
executionof thesystem.

Global Possibility p: PassCoursgFul lled (p))

Theresultof theveri cation is:
A witnessscenariaf thepossibilityis veri ed.

PassCourse(pcl) $ -------------------------------- Elﬁgglti?j
PassExam(pe) | @ T Creatos
varknt) e T Created
Markmi)passed | 1T False
Exam(el) | , Created

to t1 t2 t3 t4 5

A negative answelf thereis no scenaricsatisfyingthe possibility.
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Assertion Validation in Formal Tropos

An assertion
describeexpectedconditionsfor all thevalid scenarios;

IS usedto guarante¢hatthe speci cationdoesnotallow for unwanted
scenarios.

Global Assertion a: Answer(F pe: PassExam(pe.exam=a.exam pe.actor = a.dependee))
Theresultof theveri cation is:
A positve answelf the propertyis satis ed,

"""""""""""""""""""""" Fulfilled

GiveExam(gel,tl) ---|----- Created
"""""""""""""" Fulfilled

PassExam(pel,sl) | O | . Created
"""""""""""""""""""""" " Fulfilled

PassExam(pe2,s2) | | | | | | . Created
""""""""""" Fulfilled

AnSWGr(al,Sl) PR P I h _____________________ . Created
"""""""""""""""""""""" " Fulfilled

Answer(a2,s2) | | ® Created
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The Supporting Tool: T-TooL

[- | 00l
#
~_
/ . - ”_ | I|_ — N
- 2 | S S
| | M M
I 22
ET Scenario IL Scena” Verification Engine

Requirement&ngineerin2003— Monterey (CA) Sept.2003

—-p.12



The Model Checking Veri cation Engine

It Is basedbnthe NUSMV symbolicmodelchecler.
NUSMYV adoptssymbolicmodelcheckingalgorithmsbasedon:
Binary DecisionDiagramsgBDDs):
performsanexhaustve traversalof the modelby consideringall the possible
behaiorsin acompactvay;
becaus®f theexhaustvenesshey arecomplete;
very expensve for largemodels.
PropositionaBatis ability (SAT), known asBoundedModel Checking(BMC).
Looksfor atraceof givenlengththatsatis es/falsi es a property;
moreef cient thanBDD for tracesof reasonabléength;
completeup to the consideredength;alongertracecouldfalsify the property

NUSMYV hasbeenextendedo allow for theveri cation of FT speci cations:
An IL2SMV moduleto interfacethelL with the NUSMV system,;
SAT basedBMC hasbeenextendedo dealwith pastoperators;
An improved e xible interactve animator
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Which Veri cation Techniquefor What?

Possibility(Consisteng) checksamountgo identify a withessscenaridor a
givenproperty
Thesekind of propertiesappeaito be moreamenabldéo SAT basedBMC
techniques.
Thelengthof thewitnessess usuallyreasonablé ).

Assertionvalidationamountgo checkwhetherall theadmissiblebehaiors
satisfya certainproperty
SAT basedBMC canprovide a quiteimmediatefeedbackon thetruth of the
consideregropertyup to areasonabléength.

If SAT BMC doesnot pointout aws,thenwe canproceedwvith BDD based
Model Checkingto possiblycon rm theresult.

Model oftentoo big to be ef ciently handledoy BDD basedsymbolicmodel
checkingtechniques.
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Which Veri cation Techniquefor What? (1)

Theproblem while verifying assertionsBDD basedexhaustve techniquevery
oftenblow up whenthe systemis too large.
Thesolution useof “standard”reductiontechniquese.g.abstractiortechniques

Thegeneralssertiorvalidationproblem:

If we considera If then
If we fail with we needto chooseanother suchthat and
iterate.

SAT basedBMC cangive animmediatefeedbaclkon thetruth of thereduced
model,thussuggestinge nementof the constraintconsidered.

BDD basedVC thenwill guarante¢hetruth.

Opento differentveri cation stratggies(BMC andBDD in parallel,the rst
thatproducearesultstopstheother ...).
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Experimental Results

Following the devisedmethodologywe conductedseveraliterationsof
experiments.

At eachiterationanFT speci cationwasvalidatedby consisteng checksand
possibilityandassertionseri cations on differentupperboundsof numberof

classinstances.
Whenever a bug wasfoundthe FT speci cationwascorrectecandthe
approachterated.
Iterationsendedwhenall thechecksan the FT speci cationweresuccessfuli.e.
we hada“reasonable’speci cation.
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Experimental Results(lIl)

Possibility Chedks

1 instance 1..2instances 2 instances

BMC BDD BMC BDD BMC BDD

P1 Valid[3] Valid[3] Valid[3] Undecided Valid[3] Undecided
9.4sed 29Mb | 1786sed 64Mb | 55.7sed 77Mb T.0. 860sed 295Mb M.O.

P2 Valid[3] Valid[3] Valid[3] Undecided Valid[3] Undecided
9.3sed 29Mb | 1719sed 63Mb | 55.6sed 77Mb T.0. 842sed 295Mb M.O.

P3 Valid[4] Valid[5] Valid[4] Undecided Valid[4] Undecided
14.2sed 38Mb | 1979sed 64Mb | 94.9sed 96Mb T.0. 1629sed 375Mb M.O.

P4 | Undecided[10] Invalid Undecided[10] | Undecided Undecided[4] Undecided
105sed 84Mb | 1626sed 64Mb | 2143sed 237Mb T.0. T.0 M.O.
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Experimental Results(l11)

AssertionChedks
1 instance 1..2instances
BMC BDD BDD-reduced BMC BDD BDD-reduced

Al NoBug[10] Valid Valid NoBug[10] Undecided Valid

100sed 83Mb | 1298sed 64Mb | 0.3sed 2Mb 1086sed 237Mb T.0O. 30.8sed 4.2Mb
A2 NoBug[10] Valid Valid Invalid[3] Undecided Invalid[7]

111sed 84Mb | 1295sed 64Mb | 44sed 17Mb 57.6sed 77Mb T.0. 757sed 100Mb
A3 NoBug[10] Valid Valid NoBug[10] Undecided Undecided

107sed 83Mb | 2110sed 64Mb | 2.5sed 4Mb | 2837sed 234Mb T.0O. T.O.
A4 NoBug[10] Valid Valid NoBug[9] Undecided Undecided

114sed 83Mb | 1297sed 63Mb | 0.1sed 2Mb T.O. T.O. T.0O.
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Analysis of results

For our casestudythe devisedmethodology..
waseffective in producinga FT speci cationof goodquality;
leadto a betterunderstandingf thedomainrevealingtricky aspectge.g....)
validationtechniquegrovidedby the T-TooL veri cation enginewereusefulin
detectingougs,while animationwaseffective in earlyphasego pointouttrivial
bugs.
SAT basedBMC techniquesverevery effective in answeringo consisteng and
possibility checking.
SAT basedBMC is very effectivein providing acon denceonthetruth of
assertionsthuspreventingspendingmucheffort in applyingBDD based
veri cation.
Abstractiontechniquesrevery promising,but needto be automatedde ning
heuristicso extractinitial setof constraintaandto re ne themin caseof
veri cation failure.
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Futur e Work

Devisetechniquegjuaranteeingorrectnessf anFT speci cationregardlessof
guali cations.
Automatetheveri cation procesdor assertions
developingtechniquedor choosingnitial setof constraintsandto re ne them
whenreducedveri cation fails;
heuristicsto automaticallyalternatgohasesvherethetool triesto prove
validity of a model,with phasesvhereit looksfor bugs.
Improve modelgeneratiorby exploiting possiblesymmetriesn the speci cation.
Developa GUI allowing theuserto write FT speci cationsandto inspect
scenarioproduceday T-TooL asanimationof thei* diagrams.

Extendthe methodologyto the furtherphase®f the TroposSoftware
DevelopmentProcess.
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