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Abstract

The KLuB projectis an attemptto useformal methodsin
the processandproductof requirement&ngineeringf in-
formationsystemsin thework presentedhere thescenario
techniquenvasusedfor requirementglicitation. Scenarios,
which have beenrecognizedas an effective techniquefor
eliciting requirementsfocususually on behaior andless
ondata.An additionalobjectie of the projectwasto inte-
gratedataandbehaior in aformal specificationpasedn
statemachines.Semantidntegrationof dataandbehaior
was achiezed by introducingthe conceptof compatibility
betweendatavaluesand systemstates. Scenariointegra-
tion is alsoachiered basedon datavalues. An additional
objective wasto automateasmuchaspossibletherequire-
mentselicitationprocessTheKLuB processnvolvesthree
steps: the ScenarioAcquisition step,the BaselineElici-
tation step,andthe Integration step,which is completely
formal andcanbeautomated.

KeyWords — requirementengineeringformal methods,
scenarios.

1 Intr oduction

Scenarioshave beenrecognizedas an effective technique
for eliciting requirementsn general[1, 2], andfor inves-
tigating behavior, in particularin the object-orientedap-
proach[3, 4]. Scenariadescriptionfirstinformal, haslate-
ly beenovertalen by more formal graphicalapproaches
[3, 4]. Scenarioshave alsobeenrepresentedby toolslike
relations[5] andfinite stateautomatausedin mary varia-
tions[6, 7, 8].

Whatdoesa scenariodescribe?Usually behaior [3,
4, 6, 9], sometimeglataandbehavior [5, 7, 8]. A common
featureof the differentdefinitionsis thatit describenly
part of a system. Oncescenariosare describedthe next
problemis to integratethemin orderto obtain a system
specification. In someworks, the relative position of the
scenariogo integratehasto beknown[5, 10, 11], in others
it doesnot[7, 8]. Theintegrationtechniqueis manual[5,
10], algorithmic[7, 8], or human-assiste®, 11].

The objectivesof the KLuB projectareto apply for-
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mal methodsin requirement®ngineeringto usethe sce-
nario technique,andto producea formal specificationin-
volving dataandbehavior. The conceptunderlyingthe se-
manticintegration of dataand statesis that of compatibi-
lity. In ascenaricstate,only certaindatavaluesare possi-
ble, those“in agreementiith theincomingandoutgoing
transitions. At the systemlevel, statesare definedby data
valuescompatiblewith the samescenariostates. The ap-
proachconsidersequentiabcenariospneinstanceof each
dataobject,oneinstanceof eachscenario.

An overview of the KLuB approachis presentedn
Section2. Scenariocacquisitionis describedn Section3.
Section4 dealswith the establishmenbf a Baselinefor
scenariantegration,which is the subjectof Section5. Fi-
nally in the Conclusion(Sect.6), potentialbenefits,pro-
blemsandpossibleextensionsarepresented.

2 Method Overview

2.1 RequirementsEngineering

The KLuB process(seeFig. 1) involvesthreesteps,two

informal andoneformal. In the ScenaricAcquisition step,
which is informal, scenariosare elicited and their behar-

ioral partis modeledinto finite statemachines Additional
informationis requiredfor the Integrationstep;the Base-
line Elicitation stepis intendedo provide thisinformation,
namelyintegrateddatamodelsplussystensemanticén the
form of businessrules. The Integration step, completely
formal, generates systemspecificatiorasan extendedfi-

nite statemachinein which systemstatesarebasedon in-

tegrateddatavalues.

2.2 A SimpleLibrary Example

Examplesusedfor supportingamethodareoftensmalland
allow for the “does not scale-up”criticism. To alleviate
this, we decidedto usea real-world systemto supportthis
work. Universitéde Montréals library systemwasinves-
tigatedanda subsetnvolving six scenariosvasprocessed
in [7]. However, for presentationpurposesa scaleddown
example,involving simplified scenariogor documenbor-
rowing, documentreturn, and readerregistration,is used
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Fig. 1: Requirement&ngineeringProcess

here. The behavior partof the DocumentLoan scenarias
describedn Figure2.

3 ScenarioAcquisition

3.1 Definition of Scenario

Thereare mary definitionsand usesof the scenariocon-
cept([4, 5, 6, 7, 8, 10, 12]). For clarificationpurposesthe
meaninganddefinitionof scenariaisedin thiswork is pre-
sentedlt is relatedto the concepbf transactionntroduced
in [13].

BusinessTask A computerizednformationsystem(CIS)
is to be developedas part of an information system(IS).
A businesdaskis anindependentaskor activity whichis
partof thelS. A businesgaskhasabeginning,performsan
actiity definedby theuserandhasanending.lt leavesthe
IS in acoherenstatein the databas¢ransactiorsense.

Example: ThelSis aLibrary system.A businesgaskis
to registera new document.The useris the clerk or libra-
rianin chaige of documentegistration.

Scenario A scenarids definedby a useror communityof
users.It definestheinteractiondbetweera singleuserand
the CIS for performinga businesgask.

The basicelementsof a scenariodefinition are one
or several entry points, a set of interactions(useraction,
expectedClIS reaction(s))the partialor completeordering
of the interactions,and thoseinteractionswhich end the
scenario.

All elementscontributing to the definition of a sce-
narioareprovidedby or elicited from the userandareex-
pressedn termsof the IS andthe businesgask. This will
allow for groundingin therealworld of the IS the compo-
nentsof theformal specificatiorgivenlater

3.2 Formal ScenarioModel

In this work, the formal model of a scenariowill be as-
sumedo beavailable. Thebehaioral partwill bemodeled
by a state-gentautomatona variationof afinite statema-
chine,definedasMc¢ = (S¢, He, Ic, Fe,Tc), where:

Input
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LoanFile Screen

Reader's
LoanFile

“No rights”
Message

Return to

main screen Document ID

Return to
main screen

Reader
Registration
Scenario

Document
Return
Scenario
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Reader Registration Document Return
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Fig. 2: TransitionSystemfor the Document_oanScenario

e Sc is a setof states. The scenariois in a statewhena
systemreactionis finishedandthe userhasnot entered
anevent.

e Hc is the setof events. An eventis a gestureexercised
by theuserontheinterface,indicatingto the systenthat
the userhasfinishedenteringall the elementsf anac-
tion (Sect.3.1). An eventis labelledby the userdefined
action.

e Ic is the setof initial states.Initial statescorrespondo
userdefinedentry points.

e F'c is the setof final states.Interactionsdefinedby the
userasendingthescenariogndon afinal state.

e T'c C Sc x He x Scis thesetof transitions.Transition
te = (sc, he, sc'), meanghatwhile the scenariovasin
statesc, the userenteredevent he, andone of the sys-
tem'sreactionds to putthe scenaridn statesc'.

A state-gentautomatorcanberepresentelly astate-
eventdiagram. Figure 2 presentghe state-gent diagram
for the DocumentLoanscenario.

4 BaselineElicitation

In this step,scenarispecificationarecompletedvith data
and other semanticinformation. At the end of the step,
all informationsrequiredfor scenariantegration(i.e., the
integrationbaseline)will be available,thatis, entitiesand
entity states,businessrules, and correspondencbetween
entity statesandscenaricstates.

4.1 Data Modeling

Datamodelingconsistsmostly in identifying (1) the “ob-
jects” pertainingto aspecificscenario(2) theattributesde-
scribingthese‘objects”, (3) thedomainof theseattributes,
and(4) thefunctionaldependencieamongtheseattributes.
We rely on TSER [14] Methodologyfor thesetasks. In
theDocument.oanscenariowe identifiedthreeobjects”,
namely Document,LoanFile, and Reader For eachof
these“objects”, we also identified attributesusedin the
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Fig. 3: Library IntegratedStructuralModel

Document Document-ID:  {codel, 1}
Document-type {1,2, L}
Document-status {awvailable, loaned, 1}

Reader ~ ReadeiD : {code2, 1}

Readerdata: {strings, L}

Readerrights: {all_documents,1_only, L}
LoanFile: Loan-ID: {code3, L}

Return-date {dates, L}

Borrows: {code2, 1}

Borrowed: {codel, 1L}

Fig. 4: Attribute Domainsfor the IntegratedDataModel

scenarialescriptiontheirrespectie domain,andthefunc-
tional dependencieamongthem.

The next taskis to createa normalizeddatamodel
(BCNF) for eachscenario. This processhreaksdown the
“objects” into normalizedentitiesand relationships. For
the purposeof this work, we will consideran entity ary
normalizedconstructhaving a primary key, eithersingular
or composed.By repeatingthis processto eachscenario,
we identify all the entitiesusedin eachscenario.

4.2 Data Models Integration

At this point, we producean integrateddatamodel, from

the normalized data models obtainedfor each scenario
(Sect.4.1). This task is automatedusing TSERS algo-
rithms. The resulting model for the Library exampleis

illustratedin Figure3. Figure4 providestheintegratedat-

tribute domains.A specialdomainvaluenoted” 1" repre-
sentghevalue“not defined:

4.3 SemanticsElicitation

In this actwity, moreinformation on the scenaricand on
entitieswill begatherednamely businessulesandin par
ticular, pre-andpostconditions.

4.3.1 BusinessRules

In the system businessulesdefinehow thingsshouldbe
done. They are constraintson datavalues,on functions,
or on combinationsof both, andare specifiedin predicate
logic. Businessrulesare obtainedfrom users,procedure
manuals,the natureof the businesstasks,andso on. In
conjunctionwith the entities,they capturethe application
semanticsandwill be usedto constructthe specification.
Tablel presentsherulesfrom the Library system.

Tah 1: BusinessRulesin theLibrary System

Rules| Description

Definition

r1 |If the Document entity
doesnot exist, all its at-
tributesdo not exist

Document-ID= 1L —
Document-status L A
Document-types L

ro |If the Documententity ex-
ists, someof its attributes
mustexist

Document-ID€ codel —

( Document-status available V
Document-status loaned ) A

( Document-type= 1 v
Document-type= 2)

r3—rg | Theserules are similar to
r1 andrs for Readerand
LoanFileentities

r7 |If Readeiis not registered
he (she)cannotborrav the|
documentandnoLoanFile
canexist for him (her)

ReadeiiD = L —

Loan-ID= L A Borrovs= L A
Borroved= 1L A
Document-status available

rg |If adocumenisin aLoan-
File, the documens status
mustbe“loaned”

Borroved=Document-ID—
Document-status loaned

rg |If Readerhasa LoanFile,
its readingrights must be
compatiblewith thetypeof

Borrovs = ReadeilD A
Borroved = Document-ID—
Readerights = all_documents V

theloaneddocument (Readerrights=1_only A

Document-type=1)

4.3.2 Preconditionsand Postconditionsof Transitions

Preconditionsand postconditionsare particular business
rules which specify conditionsunder which a transition
may be executed,while postconditionsspecify the effect
of thetransitionontheentities.If atransitionhasno effect
onentities, the preconditionis alsothe postconditiorof the
transition.We will usepre(tc) andpost(tc) to respectiely
representhe pre-andpostconditiorof ascenaridransition
tc.

4.3.3 ProcessingAssociatedwith Transitions

Some transitionsinvolve entity processing. For these
transitions,the associategrocessinghasto be specified.
Transition-associategrocessingwill be specifiedby pre-
and postconditions. The preconditionspecifiesthe va-
lues of the entitiesbeforethe processingand may there-
fore be differentfrom the transitionprecondition. In the
casewhereno processingccurs,pre(pc) = pre(tc) and
post(pc) = post(tc). The postconditiorspecifieghe enti-
ty valuesresultingfrom the processing.

In the DocumentlLoan scenario,only one transition
(tcs=(Readers Loan File Displayed,Input DocumentliD,
Readers LoanFile Displayed))involvesentity processing.
The specificationof the transitionprocessings madeof
(pes is for processingnvolvedin tes) :

pre(pes) : Document-status available A
Borrows= 1. A Borroved= L A Loan-ID= L
post(pcs) © Document-status loaned A
Borrows = Readeild A Borrowed= Document-IDA
Loan-ID € code3
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4.4 Integration Baseline

Theintegrationbaselings the setof resultsobtainedn this

step(BaselineElicitation) andthe precedingone(Scenario

Acquisition). Thesystemspecificatiorwill beformally de-

rivedfrom thatbaselinewhich is composef :

¢ entitiesasdefinedn theDataModelsIntegrationactivity
(Sect4.2);

e FSAsof thescenariogthe M¢;, Sect.3.2);

e businessules(setR), aselicitedin Section4.3.1;

e transitionpre- and postconditionsasidentifiedin Sec-
tion4.3.2;

o specificationof transition-associategrocessingas de-
rivedin Section4.3.3.

5 Integration

Theintegrationactivities producea completesystenspeci-
fication. Thespecifications formal andintegratesdataand
behaior. All the actiities areformal and canbe automa-
ted.

5.1 Formal SystemSpecification

For expressingthe external specificationof the system,
a guardedsequentialmachinemodel is used. The sys-
tem specificationdefined as the following tuple SY =
(Ea Mcia SyaHyaPyaTyaIyaFyaR)!Where

o I/ isthesetof entitiesof the system,

e Mec; is the set of scenarioautomatafor all scenarios
C1,C2,...,Cp,

¢ Sy is thesetof systemstates,

e Hy isthesetof externalevents,

e Py isthesetof transition-associategrocessing,

e Ty C Sy x Hy x Py x Sy is the setof transitions,

o Iy isthesetof initial states,

e Iy isthesetof final states,

¢ Risthesetof businessules.

The elementsof SY are eitherdirectly foundin, or
producedormally from, the baselineasfollows.

¢ Sy is derivedfrom theentities transitionspre-andpost-
conditions,andfrom the scenaricstatesall availablein
the baseline.The algorithmsused(seeSectionss.2 and
5.3)areformalandcanbeautomated.

e Hy = |J Hc;, whereHe; is the setof externaleventsof
scenariae;, asspecifiedin the scenarioFSA partof the
baseling M ¢;).

e Py = |J Pc¢;, wherePg; is the setof processesf sce-
narioc;, directly partof thebaseline.

e Ty is derivedfrom scenaridransitionsandscenaricsta-
tes,availablein thebaselinefrom systemstatesgentities
andtheir states Thealgorithm,describedn Section5.4,
is formal andcanbe completelyautomated.

o [y is aby-productof systemstateproduction;aninitial
systemstateis compatiblewith a scenaridnitial state.

e Iy is aby-productof systemstateproduction;a system
final stateis compatiblewith ascenaridinal state.

5.2 Data and Behavior Integration

In this section,scenaricstatesand entititeswill be related
by aformal modelbasecdbnrelations.

5.2.1 Conceptof Entity State

Entity State Given the attributes a4, ...,a,, of entity e

and the domain Dom(e) (definedas Dom(a1) X ... %

Dom(a,)) of entity e, a statesn of entity e is a subset
of Dom(e). Moreover, all statesof e constitutea partition
of Dom(e).

Compatibility betweenentity state and scenario state
Let Sn(e) = {sn1,...,sny} bethe setof statesof enti-
tye. Fori € {1 : m},sn; = {vni,...,vnn, }, Where
vn;; € Dom(e). Let ¢ beascenaricand sc be a stateof
scenaria.

Definition. A statesn of entity e is compatiblewith state
sc of scenaria if, Yun; € sn, atleastoneof thefollowing
conditionsis satisfied:
1. thereexistsatransitiontc startingat sc, andvn; satisfies
pre(tc);
2.thereexistsatransitiontc’ endingatsc, andvn; satisfies
post(tc).
3. thereexistsanentity e’, having a statesn’ suchthat:
e sn' is compatiblewith sc, asstatedn Conditionsl or
2 above;
e there exists a businessrule statingthat e canbe in
statesn only whene' is in statesn’
4. thefollowing conditionsareall satisfied:
e ¢ isinvolvedin no transitionstartingor endingat sc;
e eisinvolvedin nobusinessule asstatedn Condition
3above;
e e isinvisiblein scenaricstatesc, andall its statesare
compatiblewith c.

Relation on Dom(e). We first obsene thatthe definition
of compatibility givenabove canapplyto a singleelement
vn of Dom(e). We definetherelation@ on the valuesof
Dom(e) suchthatvn;Qun; iff S¢; = Sc;, whereSc¢; and
Sc; arethe setsof scenaricstateswith which vn; andwvn;
arecompatible respectiely.

It is easily shavn that () is an equivalencerelation
(see[15] for the proof). Being an equivalencerelationon
Dom(e), @ inducesa partition of Dom(e). The equva-
lenceclasse®f the partitiondefinethe statessn; of e.

Compatible set For eachentity statesn, thereis an as-
sociatedset of scenariostatesComp(sn) with which all
valuesin sn arecompatible. Comp(sn) is definedasthe
compatiblesetof sn.
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Tah 2: Entity Statedor the Library System
State| Compatiblity set Meaning
sni1 |[{sc11,s¢12,5¢13, SC14} Document-status available A
Document-type= 1
sni2 | {sc11,sc12,8¢13, SC14, sc15 } | Document-status available A
Document-types 2
sn13|{sc11,sc12,sc14} Document-status loaned
sniq |0 Document-ID= L

sno1 | {sc11, sc12,8c13} ReadedlD = L

sna2 | {sc11, sc12, $C14 ReadeilD € code2 A
Readerights=
all_documents N\
Readedatac strings
ReadetlD € code2 A
Readerrights=1_only A
Readedatac strings
sn31 {8(211,8612, 8C13, SC14, 5(315} LoanFile-ID= L

sn3a |{sc11, sci2, sc14} LoanFile-ID € code3 A
Borrows € code2 A
Borrowed € codel

sna3 |{sc11,sc12, sc14, sc15}

5.2.2 Construction of Entity Statesat the Scenario
Level

Composition of Relations on Partial Setsof Scenarios

Let Scy, Scs, besubsetof asetSc of scenaricstates.Let

e be someentity and Dom(e) the entity domain. The re-

lation @ definedabove induceson Dom(e) one partition

with respecto Sc¢; andonepartitionwith respecto Ses :

ollle) = {sni,..,sn,} is the partition induced
on Dom(e) by @ with respect to Se¢; and
Comp(sni), ...,Comp(sn,) are the corresponding
compatiblesets;

oIl'(e) = {sni,..,sn,,} is the partition in-
duced on Dom(e) by @Q with respectto Sc, and
Comp(sn}),...,Comp(sn},) are the corresponding
compatiblesets.

Proposition1 Theequivalencelassesnducedby ) with
respecto Sc; UScz on Dom(e) are sn;Nsn, Vi, j. More-
over, the correspondingcompatiblesetsare Comp(sn; N
sn’;) = Comp(sn;) U Comp(snj).

Theproof maybefoundin [15].

Construction of Entity States Entity Statesareconstruct-
ed by applying the compositionof relationspropertyde-
fined above, one scenaricstateat a time. The processn-
volvesthreesteps: (1) definingthe pre-andpostcondition
ateachscenaricstate;(2) for eachentity, definingthe val-
uescompatiblewith eachscenaricstate;(3) for eachentity,
calculatingthe entity states.

The resultsare all statesof the entity and for each
entity state,its compatibleset. Table 2 shaws the results
for theLibrary system.

5.3 SystemStatesGeneration

This activity generateshe statesof the systemspecifica-
tion, basedn the entity statesandthe scenaricstates.

5.3.1 SystemState Definition

A systemstateis characterizedby the valuesof theentities
composingthe system. Given E = {ey, ...,e, }, a setof
systementities,andSn(e;), thesetof integratedentity sta-
tesfor entity e;, we have the setof potentialsystenstates
W, definedasSn(e1) x ... x Sn(ey).

Someof the potentialsystemstatesareinvalid, based
on the businesgules(Sect.4.3). A purified potentialsys-
temstate notedwp, is apotentialsystenstatewhichagrees
with all the businessrulesidentifiedin all the scenarios.
GivenR = {ry,...,rm }, asetof businesgules,we have
the setof purifiedpotentialsystemstates? p, whichis de-
finedas{w = (sn1,...,sn,) EW | r1 A ... AT}

SystemState A systemstatesy is a subsebf Wp. More-
over, all systemstatesconstitutea partitionof Wp.

Compatibility betweensystemstate and scenario state
A systemstatesy = {wpi, ..., wp, } iS compatiblewith
scenaricstatesc if, for every purified potentialsystenstate
wp; = (sn41, ..., SNip), EVEry entity statesn,; is compati-
ble with sc.

Relation on Wp. We obsene that the definition of com-
patibility givenabove canapply to elementwp of sy. We
definetherelation’ suchthatwp;Q'wp; iff S¢; = Sc;,
where Sc; and Sc; are the setsof scenariostateswith
whichwp; andwp; arecompatiblerespectiely.

Again, it is easily shovn that Q' is an equivalence
relation. Thereforejt inducesapartitionon Wp. Theequi-
valenceclasse®f the partitiondefinethe systemstatesSy.

Compatible set For eachsystemstatesy;, thereis anas-
sociatedsetof scenariostatesComp(sy;) with which all

valuesin sy; arecompatible.Comp(sy;) is definedasthe
compatiblesetof sy;. Thereis no constrainton the content
of Comp(sy;). It couldbe empty Oneequialenceclass
canthereforecorrespondo thosevaluesof Wp which are
compatiblewith no scenaricstateof Sc, the setof all sce-
narios. Thesestatesrepresentnvalid statesin the context

of currentscenaricstatessetSc.

5.3.2 Integration Algorithm

Although the use of businessrules minimizesthe num-
ber of systemstates,calculatingthesestatesmay require
O(avg'™. || R||), whereavg = SIFIl S”T;L.(ﬁ) is theaverage
numberof entity statesper entity, || E || is the numberof
entitiesidentifiedin thesystemand|| R || is the numberof
businessules.

Obviously, we wantto reducethis numberof stepsas
muchaspossible Thestratgy thatwe have developeduses
the approachusedin relationaldatabaseystemgRDBS)
to optimizequeries[16]. In RDBS, the “query plan” usu-
ally consistsof a treewherethe leavesarethe relationsto
join to obtainthefinal queryresult,andthe nodesarejoin
operationgo perform.
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Theintegrationinvolvestwo tasks.Thefirst task,the
CartesianProductSortingAlgorithm, generatethe“query
plan”, while the secondask, the SystenttateGeneation
Algorithm, generateghe systemstatesby applying that
“query plan”.

Cartesian Product Sorting Algorithm This algorithm
constructghe cartesiamproductevaluationtree. Eachleaf
is the setof statesfor oneentity. Eachnodeis a cartesian
productbetweentwo subtreesgconstrainedy somebusi-
nessules. Thealgorithmperformsin O(|| E||).

We iterate until we have determinedthe order of
all the cartesianproducts. At eachiteration, we deter
mine the bestproductto perform, basedon the expected
numbero of tuplesin the partial result. Assumingthat
m and ' are partial results, o(w; U 7) is the number
of tuplesin the cartesianproductof = and ', given by
o(mj) - (k) = e, um ‘wgﬁ - rules(m; U my), where
avg(e) is theaveragenumberof tuplesfor entity e.

In the Library system,basedon the resultsfrom the
algorithm,we would first integrateentitiesDocumentand
LoanFile. Then,we would integratethis partial resultwith
the Readekentity.

System States Generation Algorithm This algorithm
generateshe purified potentialsystemstatesandremoves
invalid statesasearly aspossible.It incrementallycreates
thesestateshy following the cartesianproductorder de-
terminedby the CartesianProductSorting Algorithm At
eachincrementwe memgetwo previously obtainedpartial
products.At the end,we createsystemstatedy partition-
ning the purified potentialsystemstateson the setof com-
patiblescenaricstates.

In the Library system,when only consideringthe
DocumentLoan scenariowe obtainthe following system
stategseealsoFig. 5) :

e sy; . LoanFile doesnot exist, Readerdoesnot exist,
Documentis available

e sy, . Readerexists and either LoanFile doesnot exist
andDocumentis availableandof type 1, or Document
is loaned;

e sy3 : Readerexists, LoanFiledoesnot exist and Docu-
mentis availableandof type 2.

5.4 Generating External SystemTransitions
5.4.1 Definition and Properties

A systemtransitionis a tuple (sy, hy, py,sy’). Each
suchsystemtransitioncorrespond$o a scenaridransition
(sc, he, sc'), scenariostatessc and s¢’ beingin the com-
patiblesetof sy andsy’, respectrely, providedthat (1) sy
doesnotviolatethe preconditionof the scenaridransition,
(2) sy’ doesnot violate the postconditiorof the transition,
and(3) thatary entity notinvolvedin the scenariaransi-
tion remainsunchanged.Given a scenariotransitionand
a pair of systemstatesthis canbe verified automatically

Input
1 =
Y1 Document ID

2

— Input

V12 Document ID

Input ty10= )
t tyf=
Y27 Reader ID DocumentD ¥

_ Return to

— Return to '
main screen

ty14 .
LoanFile screen

tys= Select Document
Return Scenario

ty13= tyo= Return to

137 Y97 main screen
Input 5= Select Document
Reader ID Return Scenario

Select Reader
Registration Scenario

Select Document
Return Scenario

_ Return to
main screen

ty7

Fig. 5: Final SystemAutomaton

becausehe requiredinformationis available eitherin the

baseline(pre- and postconditionspr asresultof the sys-

tem stategenerationstep (entity statescorrespondindo a

systemstate).

In Figure5, the part of the systemspecificationpro-
ducedby the Document_oanScenarids shown. It isto be
notedthat a scenariatransitionmay createseveral system
transitions.It shouldalsobe notedthatsomeprocessindgs
missingfrom this system:

e No transitionfrom sy; to the other states. A reader
must register before he/shecan borrowv book. Clearly,
theregistrationscenarids missing.

¢ No transitionfrom sy» to sys. This follows from the
absencef the Returnscenario.

6 Discussion/Conclusion

A major objective of this work wasto integratedataand
behaior into a single,formal, specification.This implied
elicitation andformal specificationof the datainvolvedin
the system.By usingthe TSERapproachwe wereableto
specify formally the datainvolved in eachscenario. Da-
ta integrationat the systemlevel wasalso performedwith
TSER,resultingin a formal, i.e. third normalform, data
model. Completesemantidntegrationof dataandbehas-
ior was formally definedby the conceptsof entity states
and of compatibility betweenentity/systenstateand sce-
nario state. The introduction of businessrules expanded
thesemantigartof therequirementsTheintegrationstep,
completelyformal, yields a formal specificationbasedon
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anextendedfinite statemachine.

The potentialcombinatorialexplosionof the integra-
tion algorithmis controlledby well-tried methodsdrawvn
from databaserocessingand semanticinformation pro-
vided by the businessrules. The concretelibrary exam-
ple usedin this work waslargerthanmostpresentedn the
literature,and the combinatorialexplosion waswell con-
trolled. Therisk existsnonethelesdyut therearenow sys-
temswhich canhandlefinite statemachineswith thousand
of states.Onecould alsoquestionthe entity stateconcept
with datahaving continuousattributesinsteadof discrete
oneslike in thelibrary example. As a matterof fact, the
formal definitionsof entity statesmake no assumptioron
thedomainsof theattributes,andtheentity statesconstruc-
tion algorithmcaneasilybe adjustedo continuousvalues.

Our approachhassomelimitations. It handlesonly
oneinstanceof eachentity and oneinstanceof eachsce-
nario. Also, the approachimplies that scenariocanonly
be executedsequentially Work currently underway ad-
dressegheselimitations, by consideringsereral instances
of entities, the possibility of multiple instancesf a sce-
nario runningconcurrentlythe possibityof scenariogun-
ning concurrently

Finally, becausethe approachis formal, it has a
strong potentialfor verification and validation. The for-
mal approachmanualor automatic,s a fertile groundfor
performingverificationsalongthe requirementglicitation
processandnot at the end, on the result,asis usuallythe
case.Work is undervay to exploit thatformal verification
potential.
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