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Abstract
The KLuB projectis an attemptto useformal methodsin
theprocessandproductof requirementsengineeringof in-
formationsystems.In thework presentedhere,thescenario
techniquewasusedfor requirementselicitation.Scenarios,
which have beenrecognizedasan effective techniquefor
eliciting requirements,focususuallyon behavior andless
on data.An additionalobjectiveof theprojectwasto inte-
gratedataandbehavior in a formal specification,basedon
statemachines.Semanticintegrationof dataandbehavior
wasachieved by introducingthe conceptof compatibility
betweendatavaluesandsystemstates.Scenariointegra-
tion is alsoachieved basedon datavalues. An additional
objectivewasto automateasmuchaspossibletherequire-
mentselicitationprocess.TheKLuB processinvolvesthree
steps: the ScenarioAcquisition step,the BaselineElici-
tation step,and the Integrationstep,which is completely
formalandcanbeautomated.
KeyWords — requirementsengineering,formalmethods,
scenarios.

1 Intr oduction
Scenarioshave beenrecognizedasan effective technique
for eliciting requirementsin general[1, 2], andfor inves-
tigating behavior, in particular in the object-orientedap-
proach[3, 4]. Scenariodescription,first informal,haslate-
ly beenovertaken by more formal graphicalapproaches
[3, 4]. Scenarioshave alsobeenrepresentedby tools like
relations[5] andfinite stateautomata,usedin many varia-
tions[6, 7, 8].

Whatdoesa scenariodescribe?Usuallybehavior [3,
4, 6, 9], sometimesdataandbehavior [5, 7, 8]. A common
featureof the differentdefinitionsis that it describesonly
part of a system. Oncescenariosare described,the next
problemis to integratethem in order to obtain a system
specification. In someworks, the relative positionof the
scenariosto integratehasto beknown [5, 10, 11], in others
it doesnot [7, 8]. The integrationtechniqueis manual[5,
10], algorithmic[7, 8], or human-assisted[9, 11].

Theobjectivesof the KLuB projectareto apply for-

mal methodsin requirementsengineering,to usethe sce-
nario technique,andto producea formal specificationin-
volving dataandbehavior. Theconceptunderlyingthese-
mantic integrationof dataandstatesis that of compatibi-
lity. In a scenariostate,only certaindatavaluesarepossi-
ble, those“in agreement”with the incomingandoutgoing
transitions.At thesystemlevel, statesaredefinedby data
valuescompatiblewith the samescenariostates.The ap-
proachconsiderssequentialscenarios,oneinstanceof each
dataobject,oneinstanceof eachscenario.

An overview of the KLuB approachis presentedin
Section2. Scenarioacquisitionis describedin Section3.
Section4 dealswith the establishmentof a Baselinefor
scenariointegration,which is thesubjectof Section5. Fi-
nally in the Conclusion(Sect.6), potentialbenefits,pro-
blemsandpossibleextensionsarepresented.

2 Method Overview
2.1 RequirementsEngineering
The KLuB process(seeFig. 1) involves threesteps,two
informal andoneformal. In theScenarioAcquisitionstep,
which is informal, scenariosareelicited and their behav-
ioral part is modeledinto finite statemachines.Additional
informationis requiredfor the Integrationstep;the Base-
line Elicitationstepis intendedto providethis information,
namelyintegrateddatamodelsplussystemsemanticsin the
form of businessrules. The Integrationstep,completely
formal, generatesa systemspecificationasanextendedfi-
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 Montréal’s library systemwasinves-
tigatedanda subsetinvolving six scenarioswasprocessed
in [7]. However, for presentationpurposes,a scaleddown
example,involving simplifiedscenariosfor documentbor-
rowing, documentreturn,and readerregistration,is used
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Fig. 1: RequirementsEngineeringProcess

here.Thebehavior partof theDocumentLoanscenariois
describedin Figure2.

3 ScenarioAcquisition
3.1 Definition of Scenario
Therearemany definitionsandusesof the scenariocon-
cept([4, 5, 6, 7, 8, 10, 12]). For clarificationpurposes,the
meaninganddefinitionof scenariousedin thiswork is pre-
sented.It is relatedto theconceptof transactionintroduced
in [13].

BusinessTask A computerizedinformationsystem(CIS)
is to be developedaspart of an informationsystem(IS).
A businesstaskis an independenttaskor activity which is
partof theIS. A businesstaskhasabeginning,performsan
activity definedby theuser, andhasanending.It leavesthe
IS in acoherentstatein thedatabasetransactionsense.

Example : TheIS is a Library system.A businesstaskis
to registera new document.Theuseris theclerk or libra-
rian in chargeof documentregistration.

Scenario A scenariois definedby a useror communityof
users.It definestheinteractionsbetweena singleuserand
theCIS for performinga businesstask.

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

All elementscontributing to the definition of a sce-
narioareprovidedby or elicited from theuserandareex-
pressedin termsof the IS andthebusinesstask. This will
allow for groundingin therealworld of theIS thecompo-
nentsof theformal specificationgivenlater.

3.2 Formal ScenarioModel
In this work, the formal model of a scenariowill be as-
sumedto beavailable.Thebehavioral partwill bemodeled
by a state-eventautomaton,a variationof a finite statema-
chine,definedas

)+*-,/.102*43&56*7398:*43&;<*73&=>*@?
, where:

A B1C1D�EFHG�I1J�G1K�A L

A B1C1D�ELHM�N�D1OPG�B1E�A LF@G1E D1K B:E MOPI�Q BPR�N�K G�G1B F@G1E D1K BPE MOPI�Q BPR�N�K G�G1B

S G1T G�N�ELHM1N�D�OPG1B�E1F@G1E D1K BS N�G1B�I1K Q M
S G1T G�N�EF@G1I1J�G1K�FHG�U1Q R�E K I�E Q M1BS N�G1B1I�K Q M

FHG�I1J�G1K V RW�M1I1B�X�Q T GL@Q R�C�T I1Y�G�J
Z [@MPK Q U�\1E R�]^PG1R�R�I�U1GLHQ R�C1T I�Y�G1J

_`I�Q E Q B�UPa M�KF@G1I�J1G�KbA L
F@G1I�J1G�KFHG�U1Q R�E K I�E Q M1BS N�G1B1I�K Q M

LHM1N�D1OPG1B�EF@G1E D1K BS N�G�B1I1K Q M

A B1C�D1EL@M1N�D�OPG1B1E�A L FHG1E D�K BPE MW�M1I1B�X�Q T G S N�K G1G1B

Fig. 2: TransitionSystemfor theDocumentLoanScenario

c 02* is a setof states.The scenariois in a statewhena
systemreactionis finishedandthe userhasnot entered
anevent.c 56* is thesetof events. An event is a gestureexercised
by theuserontheinterface,indicatingto thesystemthat
the userhasfinishedenteringall the elementsof an ac-
tion (Sect.3.1). An eventis labelledby theuser-defined
action.c 8:* is thesetof initial states.Initial statescorrespondto
user-definedentrypoints.c ;<* is the setof final states.Interactionsdefinedby the
userasendingthescenario,endona final state.c =>*edf02*hgi5j*hgk02*

is thesetof transitions.Transitionl *m,n.1op*739qr*73sot*@u�?
, meansthatwhile thescenariowasin

state
op*

, the userenteredevent
qr*

, andoneof the sys-
tem’s reactionsis to put thescenarioin state

op* u
.

A state-eventautomatoncanberepresentedbyastate-
event diagram. Figure2 presentsthe state-event diagram
for theDocumentLoanscenario.

4 BaselineElicitation
In thisstep,scenariospecificationsarecompletedwith data
and other semanticinformation. At the end of the step,
all informationsrequiredfor scenariointegration(i.e., the
integrationbaseline)will be available,that is, entitiesand
entity states,businessrules,andcorrespondencebetween
entity statesandscenariostates.

4.1 Data Modeling
Datamodelingconsistsmostly in identifying (1) the “ob-
jects”pertainingto aspecificscenario,(2) theattributesde-
scribingthese“objects”, (3) thedomainof theseattributes,
and(4) thefunctionaldependenciesamongtheseattributes.
We rely on TSER [14] Methodologyfor thesetasks. In
theDocumentLoanscenario,weidentifiedthree“objects”,
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: �9���s�H�@���� ¢¡
Document-type: �@����£p�� ¤¡
Document-status: �9¥@¦@¥H§�¨�¥t©b¨��@��¨��s¥Hª«�&�¬�b ¤¡

Reader: Reader-ID : �9���s�H�9£p�� ¢¡
Reader-data: �s$®�¯s§�ª±°tH�� ¤¡
Reader-rights: �9¥t¨�¨ _�H�s�b²P³´�&ª:®"H��� _�&ª«¨�µP�� ¤¡

LoanFile: Loan-ID : �9���s�H�9¶p�� ¢¡
Return-date: �9�H¥@®��9H�� ¢¡
Borrows : �9���s�H�9£p�� ¢¡
Borrowed: �9���s�H�@���� ¢¡

Fig. 4: AttributeDomainsfor theIntegratedDataModel

scenariodescription,their respectivedomain,andthefunc-
tionaldependenciesamongthem.

The next task is to createa normalizeddatamodel
(BCNF) for eachscenario.This processbreaksdown the
“objects” into normalizedentitiesand relationships. For
the purposeof this work, we will consideran entity any
normalizedconstructhaving a primarykey, eithersingular
or composed.By repeatingthis processto eachscenario,
we identify all theentitiesusedin eachscenario.

4.2 Data Models Integration

At this point, we producean integrateddatamodel, from
the normalizeddata models obtainedfor each scenario
(Sect.4.1). This task is automatedusing TSER’s algo-
rithms. The resultingmodel for the Library example is
illustratedin Figure3. Figure4 providestheintegratedat-
tributedomains.A specialdomainvaluenoted“ · ” repre-
sentsthevalue“not defined.”

4.3 SemanticsElicitation

In this activity, more informationon the scenarioandon
entitieswill begathered,namely, businessrulesandin par-
ticular, pre-andpostconditions.

4.3.1 BusinessRules

In the system,businessrulesdefinehow thingsshouldbe
done. They are constraintson datavalues,on functions,
or on combinationsof both,andarespecifiedin predicate
logic. Businessrulesareobtainedfrom users,procedure
manuals,the natureof the businesstasks,and so on. In
conjunctionwith the entities,they capturethe application
semantics,andwill be usedto constructthe specification.
Table1 presentstherulesfrom theLibrary system.

Tab. 1: BusinessRulesin theLibrary System
Rules Description Definition¯H¸ If the Document entity

does not exist, all its at-
tributesdonotexist

Document-ID=  º¹
Document-status=  ¼»
Document-type=  ¯9½ If the Documententity ex-

ists, someof its attributes
mustexist

Document-ID ¾¿���s�H�@�À¹
( Document-status= ¥@¦@¥H§�¨�¥@©b¨��ÂÁ
Document-status= ¨��s¥Hª«�&� ) »
( Document-type= 1 Á
Document-type= 2)¯&Ã –̄&Ä Theserules are similar to¯ ¸ and ¯ ½ for Readerand

LoanFileentities¯9Å If Readeris not registered,
he(she)cannotborrow the
document,andnoLoanFile
canexist for him (her)

Reader-ID =  º¹
Loan-ID=  º» Borrows =  º»
Borrowed=  º»
Document-status= ¥H¦@¥@§�¨�¥@©b¨��¯&Æ If adocumentis in aLoan-

File, thedocument’s status
mustbe“loaned”

Borrowed=Document-ID¹
Document-status= ¨��s¥Hª«�&�

¯&Ç If Readerhas a LoanFile,
its readingrights must be
compatiblewith thetypeof
theloaneddocument

Borrows = Reader-ID »
Borrowed= Document-ID¹
Reader-rights= ¥@¨�¨ _�@�9��²4³´�&ª:®"ÈÁ
(Reader-rights= � _�9ª±¨�µÉ»
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 thetransitionon theentities.If a transitionhasno effect
onentities,thepreconditionis alsothepostconditionof the
transition.Wewill useÊÌË7Í . l *@? andÊÏÎ o l . l *@? to respectively
representthepre-andpostconditionof ascenariotransitionl *

.

4.3.3 ProcessingAssociatedwith Transitions

Some transitions involve entity processing. For these
transitions,the associatedprocessinghasto be specified.
Transition-associatedprocessingwill be specifiedby pre-
and postconditions. The preconditionspecifiesthe va-
lues of the entitiesbeforethe processingand may there-
fore be different from the transitionprecondition. In the
casewhereno processingoccurs,ÊÌË7Í . Ê *t?Ð, ÊÌË7Í . l *@? and
ÊÏÎ o l . Ê *@?¿, ÊrÎ o l . l *@? . Thepostconditionspecifiestheenti-
ty valuesresultingfrom theprocessing.

In the DocumentLoan scenario,only one transition
(
l *HÑ

=(Reader’s Loan File Displayed,Input DocumentID,
Reader’sLoanFile Displayed))involvesentity processing.
The specificationof the transitionprocessingis madeof
(Ê *HÑ is for processinginvolvedin

l *HÑ
) :

ÊrË¬Í . Ê *HÑp? : Document-status= Ò±Ó«Ò±Ô�Õ1Ò`Ö�Õ"ÍØ×
Borrows

, ·Ù× Borrowed
, ·Ú× Loan-ID

, ·
ÊÏÎ o l . Ê *HÑp? : Document-status= Õ1Î7Ò±ÛÜÍpÝh×

Borrows = Reader-Id × Borrowed= Document-ID ×
Loan-ID Þ * Î7Ý±Í¬ß
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4.4 Integration Baseline

Theintegrationbaselineis thesetof resultsobtainedin this
step(BaselineElicitation)andtheprecedingone(Scenario
Acquisition).Thesystemspecificationwill beformally de-
rivedfrom thatbaselinewhich is composedof :c entitiesasdefinedin theDataModelsIntegrationactivity

(Sect.4.2);c FSAsof thescenarios(the
)+*Hà

, Sect.3.2);c businessrules(set á ), aselicitedin Section4.3.1;c transitionpre- andpostconditions,as identified in Sec-
tion 4.3.2;c specificationof transition-associatedprocessingas de-
rivedin Section4.3.3.

5 Integration
Theintegrationactivitiesproduceacompletesystemspeci-
fication.Thespecificationis formalandintegratesdataand
behavior. All theactivities areformal andcanbeautoma-
ted.

5.1 Formal SystemSpecification

For expressingthe external specificationof the system,
a guardedsequentialmachinemodel is used. The sys-
tem specificationdefinedas the following tuple

02âã,
.1äå39)+*Hà$390ÉæÀ395çæÀ3&èhæÀ3$=-æÀ398PæÀ3&;hæÀ3 á ? , wherec ä is thesetof entitiesof thesystem,c )+* à

is the set of scenarioautomatafor all scenarios*té¬39*Hê43të�ë�ë�3&*Hì
,c 0Éæ is thesetof systemstates,c 5çæ is thesetof externalevents,c èhæ is thesetof transition-associatedprocessing,c =-æ¼dÚ0Éæºgk5çæºgkèhæºgç0Éæ

is thesetof transitions,c 8Pæ is thesetof initial states,c ;hæ is thesetof final states,c á is thesetof businessrules.
The elementsof

02â
areeitherdirectly found in, or

producedformally from, thebaselineasfollows.c 0Éæ is derivedfrom theentities,transitionspre-andpost-
conditions,andfrom thescenariostates,all availablein
thebaseline.Thealgorithmsused(seeSections5.2 and
5.3)areformalandcanbeautomated.c 5çæí,ïîð56*Hà

, where
56*Hà

is thesetof externaleventsof
scenario

*Hà
, asspecifiedin thescenarioFSA partof the

baseline(
)+*Hà

).c èhæñ,òîðè<*Hà
, where

è<*@à
is the setof processesof sce-

nario
* à

, directly partof thebaseline.c =-æ is derivedfrom scenariotransitionsandscenariosta-
tes,availablein thebaseline,from systemstates,entities
andtheirstates.Thealgorithm,describedin Section5.4,
is formalandcanbecompletelyautomated.c 8Pæ is a by-productof systemstateproduction;an initial
systemstateis compatiblewith a scenarioinitial state.

c ;hæ is a by-productof systemstateproduction;a system
final stateis compatiblewith a scenariofinal state.

5.2 Data and Behavior Integration

In this section,scenariostatesandentititeswill be related
by a formalmodelbasedonrelations.

5.2.1 Conceptof Entity State

Entity State Given the attributes Ò é73@ë�ë�ë�3 Ò ì of entity Í
and the domain ó¼Î¬ô . Í ? (definedas ó¼Î¬ô . Ò éH?õgöë�ë�ë¿g
ó¼Î¬ô . Ò ì÷? ) of entity Í , a state

o Û of entity Í is a subset
of ó¼Î¬ô . Í ? . Moreover, all statesof Í constitutea partition
of ó¼Î¬ô . Í ? .
Compatibility betweenentity state and scenario state
Let

0 Û . Í ?º,ùø¬o Û é¬3të�ë�ë�3so ÛÜúüû be the setof statesof enti-
ty Í . For ÔçÞ ø±ýÿþ ôñû 3so Û àå, ø Ó:Û à�é73të�ë�ë�3 Ó±Û à�ì � û , where
Ó±Û à�� ÞÚó¼Î¬ô . Í ? . Let

*
be a scenarioand

op*
be a stateof

scenario
*
.

Definition. A state
o Û of entity Í is compatiblewith stateop*

of scenario
*

if, �ÏÓ±Û à Þ o Û , at leastoneof thefollowing
conditionsis satisfied:
1. thereexistsatransition

l *
startingat

op*
, andÓ±Û à satisfies

ÊÌË7Í . l *t? ;
2. thereexistsatransition

l * u
endingat

op*
, andÓ±Û à satisfies

ÊrÎ o l . l * u ? .
3. thereexistsanentity Í u , having astate

o Û u suchthat:c o Û u is compatiblewith
op*

, asstatedin Conditions1 or
2 above;c thereexists a businessrule statingthat Í can be in
state

o Û only when Í u is in state
o Û u

4. thefollowing conditionsareall satisfied:c Í is involvedin no transitionstartingor endingat
op*

;c Í is involvedin nobusinessruleasstatedin Condition
3 above;c Í is invisible in scenariostate

ot*
, andall its statesare

compatiblewith
*
.

Relation on ó¼Î¬ô . Í ? . We first observe that the definition
of compatibilitygivenabovecanapplyto a singleelement
Ó±Û of óºÎ¬ô . Í ? . We definetherelation � on thevaluesof
ó¼Î¬ô . Í ? suchthat Ó±Û à �hÓ±Û � if f

0 *HàÉ,ï02*��
, where

02*Hà
and02* �

arethesetsof scenariostateswith which Ó±Û à and Ó:Û �
arecompatible,respectively.

It is easily shown that � is an equivalencerelation
(see[15] for the proof). Being an equivalencerelationon
ó¼Î¬ô . Í ? , � inducesa partition of ó¼Î¬ô . Í ? . The equiva-
lenceclassesof thepartitiondefinethestates

o Û à of Í .
Compatible set For eachentity state

o Û , thereis an as-
sociatedset of scenariostates�hÎ¬ô Ê .�o Û ? with which all
valuesin

o Û arecompatible. �hÎ¬ô Ê .�o Û ? is definedasthe
compatiblesetof

o Û .

4



Tab. 2: Entity Statesfor theLibrary System
State Compatiblity set Meaning�ªr¸b¸ �s&�s¸b¸s��$��¸1½t��$��¸"Ã@�b$��¸	��¡ Document-status= ¥@¦@¥H§�¨�¥t©b¨�� »

Document-type= 1�ªr¸1½ �s&�s¸b¸s��$��¸1½t��$��¸"Ã@�b$��¸	�@��$�s¸�
H¡ Document-status= ¥@¦@¥H§�¨�¥t©b¨�� »
Document-type= 2�ª ¸"Ã �s&� ¸b¸ ��$� ¸1½ ��$� ¸	� ¡ Document-status= ¨��9¥@ª±�9��ªr¸	� � Document-ID=  

�ª`½&¸ �s&�s¸b¸s��$��¸1½t��$��¸"Ã�¡ Reader-ID =  �ª`½b½ �s&�s¸b¸s��$��¸1½t��$��¸	��¡ Reader-ID ¾ ���s�H�9£Â»
Reader-rights=¥@¨�¨ _�H�s�b²4³e�$ª±®"È»
Reader-data ¾>$®�¯9§�ª±°t�ª`½�Ã �s&�s¸b¸s��$��¸1½t��$��¸	�@�b$��¸�
s¡ Reader-ID ¾ ���s�H�9£Â»
Reader-rights= � _�9ª±¨�µ2»
Reader-data ¾>$®�¯9§�ª±°t

�ª«Ã9¸ �s&�s¸b¸s��$��¸1½t��$��¸"Ã@�b$��¸	�@��$�s¸�
H¡ LoanFile-ID=  �ª«Ã�½ �s&�s¸b¸s��$��¸1½t��$��¸	��¡ LoanFile-ID ¾¿�$�9�@�&¶ »
Borrows ¾¿�$�9�@�&£ »
Borrowed ¾ ���s�H�@�

5.2.2 Construction of Entity States at the Scenario
Level

Composition of Relations on Partial Setsof Scenarios
Let

02* é 3902* ê
, besubsetsof a set

02*
of scenariostates.Let

Í be someentity and ó¼Î¬ô . Í ? the entity domain. The re-
lation � definedabove induceson ó¼Î¬ô . Í ? onepartition
with respectto

02* é
andonepartitionwith respectto

02* ê
:c� . Í ? , ø¬o Û é 3të�ë�ë�39o Û ì û is the partition induced

on ó¼Î¬ô . Í ? by � with respect to
02*pé

and
�hÎ¬ôÐÊ .1o Û éH?H3@ë�ë�ë�3 �hÎ¬ô Ê .�o Û ìÌ? are the corresponding
compatiblesets;c� u . Í ? , ø¬o Û u é 3@ë�ë�ë�3so Û uì�� û is the partition in-
duced on ó¼Î¬ô . Í ? by � with respect to

0 *Hê
and

�hÎ¬ôÐÊ .1o Û u é ?H3@ë�ë�ë�3 �hÎ¬ô Ê .�o Û uì � ? are the corresponding
compatiblesets.

Proposition1 Theequivalenceclassesinducedby � with
respectto

0 * é�� 02* ê
on ó¼Î¬ô . Í ? are

o Û à�� o Û u� 3 �ÀÔ 3�� . More-
over, the correspondingcompatiblesetsare �hÎ¬ôÐÊ .1o Û à��o Û u� ? , �hÎ¬ôÐÊ .1o Û à ? � �hÎ¬ô Ê .�o Û u� ? .
Theproofmaybefoundin [15].

Construction of Entity States Entity Statesareconstruct-
ed by applying the compositionof relationspropertyde-
fined above, onescenariostateat a time. The processin-
volvesthreesteps: (1) definingthepre-andpostcondition
at eachscenariostate;(2) for eachentity, definingtheval-
uescompatiblewith eachscenariostate;(3) for eachentity,
calculatingtheentity states.

The resultsare all statesof the entity and for each
entity state,its compatibleset. Table2 shows the results
for theLibrary system.

5.3 SystemStatesGeneration
This activity generatesthe statesof the systemspecifica-
tion, basedon theentity statesandthescenariostates.

5.3.1 SystemStateDefinition

A systemstateis characterizedby thevaluesof theentities
composingthe system. Given

ä , ø Í é¬3të�ë�ë�3 Í ì û , a setof
systementities,and

0 Û . Í à1? , thesetof integratedentitysta-
tesfor entity Í à , we have thesetof potentialsystemstates�

, definedas
0 Û . Í éH?¿g ë�ë�ërgk0 Û . Í ì«? .

Someof thepotentialsystemstatesareinvalid, based
on thebusinessrules(Sect.4.3). A purified potentialsys-
temstate, noted�¤Ê , isapotentialsystemstatewhichagrees
with all the businessrules identified in all the scenarios.
Given á , ø Ë é73të�ë�ë�3 Ëtúmû , a setof businessrules,we have
thesetof purifiedpotentialsystemstates

� Ê , which is de-
finedas

ø � ,ö.�o Û é¬3@ë�ë�ë�3so Û ì÷? Þ ��� Ë é × ë�ë�ë ×õËtúÐû .
SystemState A systemstate

otæ
is a subsetof

� Ê . More-
over, all systemstatesconstitutea partitionof

� Ê .

Compatibility betweensystemstate and scenariostate
A systemstate

otæf, ø � Ê é 3@ë�ë�ë�3 � Ê ú û is compatiblewith
scenariostate

op*
if, for everypurifiedpotentialsystemstate

� Ê à , .1o Û à�é 3@ë�ë�ë�3so Û à�ì ? , every entity state
o Û à�� is compati-

blewith
op*

.

Relation on
� Ê . We observe that the definition of com-

patibility givenabove canapply to element� Ê of
otæ

. We
definethe relation � u suchthat � Ê à � u � Ê � if f

02* à , 02* �
,

where
02* à

and
02* �

are the setsof scenariostateswith
which � Ê à and �¤Ê � arecompatible,respectively.

Again, it is easily shown that � u is an equivalence
relation.Therefore,it inducesapartitionon

� Ê . Theequi-
valenceclassesof thepartitiondefinethesystemstates

0Éæ
.

Compatible set For eachsystemstate
otæPà

, thereis anas-
sociatedsetof scenariostates�hÎ¬ôÐÊ .1otæPà�? with which all
valuesin

otæPà
arecompatible.�hÎ¬ô Ê .�otæPà�? is definedasthe

compatiblesetof
otæPà

. Thereis noconstraintonthecontent
of �hÎ¬ô Ê .�o@æ:à�? . It could be empty. Oneequivalenceclass
canthereforecorrespondto thosevaluesof

� Ê which are
compatiblewith no scenariostateof

02*
, thesetof all sce-

narios. Thesestatesrepresentinvalid statesin the context
of currentscenariostatesset

0 *
.

5.3.2 Integration Algorithm

Although the use of businessrules minimizes the num-
ber of systemstates,calculatingthesestatesmay require� . Ò:Ó��! "# %$'&`á(& ? , whereÒ±Ó�� ,*)  "# à,+Âé�-

ì/.,021
 "# is theaverage

numberof entity statesper entity, & ä & is the numberof
entitiesidentifiedin thesystem,and &÷á3& is thenumberof
businessrules.

Obviously, we wantto reducethis numberof stepsas
muchaspossible.Thestrategy thatwehavedevelopeduses
the approachusedin relationaldatabasesystems(RDBS)
to optimizequeries[16]. In RDBS,the “query plan” usu-
ally consistsof a treewherethe leavesarethe relationsto
join to obtainthefinal queryresult,andthenodesarejoin
operationsto perform.
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Theintegrationinvolvestwo tasks.Thefirst task,the
CartesianProductSortingAlgorithm, generatesthe“query
plan”, while the secondtask,theSystemStateGeneration
Algorithm, generatesthe systemstatesby applying that
“query plan”.

Cartesian Product Sorting Algorithm This algorithm
constructsthecartesianproductevaluationtree. Eachleaf
is thesetof statesfor oneentity. Eachnodeis a cartesian
productbetweentwo subtrees,constrainedby somebusi-
nessrules.Thealgorithmperformsin

� . & ä &54 ? .
We iterate until we have determinedthe order of

all the cartesianproducts. At each iteration, we deter-
mine the bestproductto perform, basedon the expected
number Î of tuples in the partial result. Assumingthat6 and 6 u are partial results, Î . 6 � � 687 ? is the number
of tuples in the cartesianproductof 6 and 6 u , given by
Î . 6 �¬? $pÎ . 697 ?;:<) 0�=�>%?�@/>BADCFE�G .,021ê $@ËBHÀÕ"Í o±. 6 � � 687 ? , where
Ò±Ó�� . Í ? is theaveragenumberof tuplesfor entity Í .

In the Library system,basedon the resultsfrom the
algorithm,we would first integrateentitiesDocumentand
LoanFile.Then,we would integratethis partialresultwith
theReaderentity.

System States Generation Algorithm This algorithm
generatesthepurifiedpotentialsystemstatesandremoves
invalid statesasearlyaspossible.It incrementallycreates
thesestatesby following the cartesianproductorder de-
terminedby the CartesianProductSortingAlgorithm. At
eachincrement,we mergetwo previously obtainedpartial
products.At theend,we createsystemstatesby partition-
ning thepurifiedpotentialsystemstateson thesetof com-
patiblescenariostates.

In the Library system,when only consideringthe
DocumentLoanscenario,we obtainthe following system
states(seealsoFig. 5) :c otæ é : LoanFile doesnot exist, Readerdoesnot exist,

Documentis available;c otæ ê : Readerexists andeitherLoanFiledoesnot exist
andDocumentis availableandof type1, or Document
is loaned;c otæ�I : Readerexists,LoanFiledoesnot exist andDocu-
mentis availableandof type2.

5.4 GeneratingExternal SystemTransitions
5.4.1 Definition and Properties

A system transition is a tuple
.1otæÀ39qÌæÏ3 Ê æÀ39otæ u ? . Each

suchsystemtransitioncorrespondsto a scenariotransition.�ot*439qr*739op* u ?
, scenariostates

op*
and

op* u
being in the com-

patiblesetof
otæ

and
otæ u

, respectively, providedthat(1)
o@æ

doesnot violatethepreconditionof thescenariotransition,
(2)

otæ u
doesnot violatethepostconditionof thetransition,

and(3) thatany entity not involved in the scenariotransi-
tion remainsunchanged.Given a scenariotransitionand
a pair of systemstates,this canbe verified automatically,

Select Document
J
Return Scenario

Select Reader
J
Registration Scenario

Input
Reader ID

Select Document
J
Return Scenario

Input
Reader ID

Select Document
J
Return Scenario

Input
Document ID

Return to
LoanFile screen

Input
Document ID

sy3
sy2

sy1

ty5=

ty4=

ty3=

ty2=

ty1=

ty10=

ty9=

ty8=

ty7=

ty6=

ty14=

ty13=

ty12=

ty11=

Return to
main screen

Input
Document ID

Return to
main screen

Return to
main screen

Fig. 5: Final SystemAutomaton

becausethe requiredinformationis availableeither in the
baseline(pre- andpostconditions)or as resultof the sys-
tem stategenerationstep(entity statescorrespondingto a
systemstate).

In Figure5, the part of the systemspecificationpro-
ducedby theDocumentLoanScenariois shown. It is to be
notedthat a scenariotransitionmay createseveral system
transitions.It shouldalsobenotedthatsomeprocessingis
missingfrom this system:c No transition from

otæ é
to the other states. A reader

must registerbeforehe/shecanborrow book. Clearly,
theregistrationscenariois missing.c No transitionfrom

otæ ê
to
otæ I

. This follows from the
absenceof theReturnscenario.

6 Discussion/Conclusion
A major objective of this work was to integratedataand
behavior into a single,formal, specification.This implied
elicitationandformal specificationof thedatainvolvedin
thesystem.By usingtheTSERapproach,we wereableto
specify formally the datainvolved in eachscenario. Da-
ta integrationat thesystemlevel wasalsoperformedwith
TSER,resultingin a formal, i.e. third normal form, data
model. Completesemanticintegrationof dataandbehav-
ior was formally definedby the conceptsof entity states
andof compatibility betweenentity/systemstateandsce-
nario state. The introductionof businessrules expanded
thesemanticpartof therequirements.Theintegrationstep,
completelyformal, yields a formal specificationbasedon

6



anextendedfinite statemachine.
Thepotentialcombinatorialexplosionof the integra-

tion algorithm is controlledby well-tried methodsdrawn
from databaseprocessing,andsemanticinformationpro-
vided by the businessrules. The concretelibrary exam-
ple usedin this work waslargerthanmostpresentedin the
literature,and the combinatorialexplosionwaswell con-
trolled. Therisk existsnonetheless,but therearenow sys-
temswhich canhandlefinite statemachineswith thousand
of states.Onecouldalsoquestionthe entity stateconcept
with datahaving continuousattributesinsteadof discrete
oneslike in the library example. As a matterof fact, the
formal definitionsof entity statesmake no assumptionon
thedomainsof theattributes,andtheentitystatesconstruc-
tion algorithmcaneasilybeadjustedto continuousvalues.

Our approachhassomelimitations. It handlesonly
oneinstanceof eachentity andoneinstanceof eachsce-
nario. Also, the approachimplies that scenarioscanonly
be executedsequentially. Work currently underway ad-
dressestheselimitations, by consideringseveral instances
of entities, the possibility of multiple instancesof a sce-
nario runningconcurrently, thepossibityof scenariosrun-
ningconcurrently.

Finally, becausethe approachis formal, it has a
strongpotential for verification and validation. The for-
mal approach,manualor automatic,is a fertile groundfor
performingverificationsalongtherequirementselicitation
processandnot at the end,on the result,asis usuallythe
case.Work is underway to exploit that formal verification
potential.
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