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Abstract

Au coursdesdernìeresanńees,plusieurséquipesde recherchesesont intéresśeesà la tra-
ductiondelangagesgraphiquestelsqueUML versdesméthodesformelles.Les langages̀a base
de mod̀elescommeZ et B sont particulièrementbien adapt́es à la traductiondesdiagrammes
statiquesd’UML. Néanmoins,certainesconstructionsde cesdiagrammesmettentenoeuvredes
propriét́esdynamiques.Par exemple,la compositionen UML imposeunedépendanceexisten-
tielle. De tellespropriét́esne peuvent pasêtretraduitespar desinvariants.Cet article étudiela
traductiondecespropriét́esencontraintessurunepaired’états.EnZ, detellescontraintespeuvent
êtreintégréesà la sṕecificationdesopérations,ou expriméespardesobligationsdepreuve.

In thepastyears,severalgroupshave addressedthetranslationof graphicalformalismssuch
asUML into formalmethods.Model-basedapproachessuchasZ or B areparticularlywell-suited
to translatestaticdiagramsof UML into formal specifications.Still someconstructsof thesedi-
agramsinvolve dynamicproperties,e.g. compositionin UML requiresexistentialdependency.
Thesepropertiescannotbe translatedinto invariantproperties.This paperexploresthe transla-
tion of thesepropertiesinto constraintson a pair of states.In Z, suchconstraintscaneitherbe
includedinto thespecificationof operations,or correspondto specificproofobligationsfor these
operations.

1 Intr oduction

In the pastyears,several groups[FBLPS97, LB98, KC99, MS99] have addressedthe translation
of graphicalformalismssuchasUML [BRJ98] into formal methods.This approachbringsseveral
benefits:

� Fromthe formal methodspoint of view, it enablesthe integrationof thesetechniquesinto the
actualpracticeof softwareengineersandfacilitatestheproductionof formalspecifications.

� Fromthegraphicalnotationspointof view, it helpsunderstandingthesemanticsof thenotation.
In particular, it pointsout thoseconstructsthatareambiguous.

In a longer term, both communitiesmay expect mutualbenefitsfrom the integrationof formal
methodstoolsinto thesegraphicalapproaches.

In the recentyears,our grouphasworkedon thedevelopmentof theRoZ tool[DLCP00a]. RoZ
producesa Z specificationfrom a UML classdiagramannotatedin Z. It alsoenablesto synthesize
thespecificationof basicoperationsassociatedto thediagram.Finally, it generatesproof obligations



for eachoperationbasedon the computationof its precondition. Theseproof obligationscan then
bedischargedusinga standardZ prover (e.g. Z-Eves[Saa97]).TheRoZ approachhadthefollowing
interestingresults.

� A specificationexpressedin RoZ hasa precisesemantics,which correspondsto thegenerated
Z specification.Onecould probablyarguethatothersemanticsthanourscould be associated
to the diagram. Still, we believe that having a precisesemanticsis better than many or no
semantics.

� RoZ enablesto associateformal annotationsasa complementto theUML specification.They
roughlyplaythesameroleasOCL annotationsandimprovetheexpressivenessof thespecifica-
tion language.WechoseZ insteadof OCL [WK99] becausealargerpaletteof toolsis available
for this language.This mayevolve in thefutureandmayleadto dropZ andreplaceit by OCL
in ourwork.

� Thedesignof RoZ relieson a carefulstudyof thekindsof annotationsthat canbeassociated
to a UML diagram. It led us proposea classificationof theseannotations[DFLCP00]. This
classificationcanbe usedindependentlyof the RoZ tool by a UML analyst. It helpsidentify
andlocatetherelevantconstraintsfor a givenclassdiagram.

� Of course,thetool alsogeneratesa formalZ specification,andthisspecificationcanbeusedas
input by severalformal methodtools.We haveexperiencedtheuseof a theoremprover in con-
junctionwith RoZ[Led98]. Currentexperimentsexploretheuseof Jaza[Utt02] asananimation
tool. Furtherwork couldexperimentwith testsynthesistoolsbasedon Z like [LPU02].

Model-basedapproachessuchasZ or B areparticularlywell-suitedto translatethestaticdiagrams
of UML into formalspecifications.In RoZ, thetranslationof theclassdiagramproducesa collection
of variablesandtypesassociatedto invariantproperties.Still someconstructsof thesediagramsin-
volvedynamicproperties,e.g.compositionin UML requiresexistentialdependency. Theseproperties
canhardlybetranslatedinto invariantproperties.

This paperaddressesthetranslationof thesepropertiesin Z. Section2 will first givesomeexam-
plesof dynamicpropertiesexpressedin staticdiagrams.Thensection3 will discussthetranslationof
thesepropertiesin Z. Finally, section4 will discussthepotentialintegrationof thesetechniquesinto
theRoZ tool anddraw theconclusionsof thiswork.

2 Dynamic constructsin static diagrams

This sectionwill introducetwo constructsof staticdiagramswhich involvedynamicproperties:

� compositionin UML,

� temporalityin ZSP.

2.1 Composition in UML

In UML, thecompositionconstructexpressesthata classis “part-of” anotherclass.It is a variantof
the agregationconstruct.Fig. 1 givesthe exampleof a conferencecenter. Theconferencecenteris
composedof severalconferencerooms.Unlike theagregationconstruct,whichdoesnot imposearity
constraintsbetweenthewholeandits parts,thecompositionrelationimposesthatthepartsbelongto



a singlewhole.Hereeachconferenceroombelongsto oneandonly oneconferencecenter. Thecom-
positionconstructalsoimposesexistentialdependency betweenthewholeandits parts:if thewhole
is deleted,its partsmustbedeleted.In theexampleof theconferencecenter, if theconferencecenter
is suppressedfrom the informationsystem,thenits roomsmustalsobe suppressed.The interested
readerwill find in [HSB99] amoredetaileddiscussionof variantsof theaggregationconstruct.

ROOM

CONFCENTER

0..*RoomsOfCenter

Figure1: TheUML specificationof aconferencecenter

This existentialdependency is an exampleof dynamicpropertythat cannotbe expressedasin-
variantproperty. In thecompositionrelation,theinvariantpropertystatesthateachroombelongsto
a singleconferencecenter. Unfortunatelythis is not sufficient to expresstheexistentialdependency.
Fig.2 illustratesthis fact.A conferencecenteris deletedbut oneof its conferenceroomsis notdeleted
andreaffectedto anotherconferencecenter. Thisfigure,which is unlikely to happenin mostinforma-
tion systems,compliesto thearity constraintsof thecompositionrelation.Still, it doesnotcorrespond
to theintendedsemanticsof thecompositionconstruct.Thisdemonstratesthataconstraintonthearity
of relationsis not sufficient to capturethefull semanticsof composition.

ConfCenter1

Room1 Room2 Room3 Room4

ConfCenter2

Figure2: Thedeletionof aconferencecenter



2.2 Temporalities in ZSP

ZSP[Abr77, CL94] is a graphicalformalismbasedon an entity-relationshipapproach.J.R.Abrial
initiated ZSPwhich correspondsto early work on Z performedbeforehe went to Oxford. ZSPhas
mainly beendesignedto specifydatabasesandinformationsystems.It alsoincludesa dynamiccon-
structin its staticdiagram:the“temporality” construct.For clarity reasons,insteadof usingtheZSP
syntax,we will usetheclassicalUML notation,augmentedwith this temporalityconstruct.A “[T]”
signwill denoteattributesandrolesof relationssubjectto a temporalityconstraint.

“Temporality”expressesan eventualproperty:a function that is initially not definedfor a given
elementeventuallybecomesdefined.Thispropertymayapplyto bothattributesandrelationsin aclass
diagram.For example,let usconsidertheclassof persons(Fig. 3). A personhasseveralattributes,
including two dates:thedateof birth andthedateof death.Thedateof deathis initially undefined,
but eventuallyit will getavalue.

PERSON

firstname : NAME
lastname : NAME
birth : DATE
death : DATE [T]

Figure3: Theclassof PERSONs

If we model the dateof deathasa function betweenpersonsanddates,the temporalityof this
functionshouldnot be mistakenwith a partial function thateventuallybecomestotal. If this should
bethecase,thenit wouldmeanthat,at somepoint in thefuture,all personswouldbedead.Actually,
thefunctionremainspartial(therearealwayssomeliving persons)but thecardinalityof its domainis
monotonicallyincreasing.

Temporalitiesalsoexist for relations.Fig. 4 shows therelationbetweentwo classesin theinfor-
mationsystemof anairline company:

� A FLIGHT is characterizedby a flight number, its scheduleddepartureandarrival times,and
theairportsit links (origin, destination).

� An INSTANCE correspondsto a givenflight ata particulardate.It is characterizedby thedate
of theflight.

A temporalityexists on this relation: flight instancesappearafter the flight hasbeendefined.
Otherwise,it would require to definethe flight and its first instancesimultaneously. In database
systems,creationor deletionof objectsandrelationsoften correspondsto transactions,andit is not
recommendedthat transactionsbecometoo complex. Thetemporalityexpressedheremeansthatthe
transactionwhichcreatestheflight will beperformedbeforethetransactionwhichcreatestheinstance
andlinks it to theflight. The temporalitymayalsobethe resultof theway thecompany definesits
commercialstrategy: new flights couldbeplannedin theinformationsystemseveraldaysbeforethe
first instanceis decided.



FLIGHT

number : NUMBER
departureTime : TIME
arrivalTime : TIME
origin : AIRPORT
destination : AIRPORT

INSTANCE

date : DATE1..1 [T] 1..*

FlightOfInstance InstancesOfFlight 

FlightInstanceRel

Figure4: Flightsandinstances

In summary, temporalitiesaremainlymotivatedby two reasons:

� thedecompositionof thetransactionmechanismwhich initially breakssomeinvariantlaws;

� themodelisationof laws of thespecifiedsystemwhich requirethatsomepropertieseventually
hold.

Suchtemporalitiescannotbeexpressedasinvariantproperties,becausethey expressa constraint
on the evolution of variables. They correspondin someway to “stable” propertiesin Unity logic
[CM88], i.e. propertiesthatremaininvariantonceestablished.

This sectionhasshown that staticdiagramsmayalsoincludesomepropertieswhich refer to the
dynamicbehaviour of objects.In notationssuchasUML, dynamicpropertiesareusuallyexpressed
in dynamicdiagrams,i.e. Statecharts.This correspondsto a separationof concerns,andit is wise
not to overloadstaticdiagramswith non-staticaspects.Still, UML itself includesdynamicconstraints
in the semanticsof composition.The temporalitiesof ZSPcould alsobe easilyaddedto the UML
classdiagram,eitherasstereotypeson the relations,or asadditionalannotationsto the elementsof
the diagram.Themajor reasonwhy it is interestingto denotesuchpropertieson the staticdiagram
is thatit is mucheasierto adda simpleelementto theclassdiagramthanto startdrawing a dynamic
diagram. Also, statediagramsareunableto expressthe eventualcharacterof theseproperties(see
Sect.3).

Fromamoregeneralpointof view, many informationsystemshaveonly afew invariantproperties.
Oftentheinformationsystemfollowsalife-cycleandpropertiesremaininvariantonly duringaportion
of this life-cycle [PBV95]. It is thereforenecessaryto beableto identify themajorphasesof thelife-
cycle and for eachphasethe correspondinginvariantproperties.Here temporalitiescorrespondto
propertiesthatareverifiedafteraninitialisationphase,while theexistentialdependency of theUML
compositionmaycorrespondto propertiesof aclosingphase.

3 Translating dynamic propertiesin Z

Thedynamicpropertiessuchastemporalityandexistentialdependency mustbetakeninto accountin
thetranslationinto formalspecificationsin ordertoproposeaprecisesemanticsof graphicalnotations.
This work completesthetranslationof staticpropertiessupportedby toolslike RoZ.



3.1 Elementsof the RoZ translation

Thegoalof this sectionis to summarizesomeprinciplesof theRoZ tool. Thestartingpoint of RoZ
is a UML classdiagramannotatedwith Z constraints(Fig. 5). From this information,it producesa
Z specificationwhosestructureis provided by thegraphicalconstructs.This structureis completed
with type definitionsandthe Z annotations.RoZ alsoenablesthe synthesisof the specificationof
standardoperationsassociatedto theclassdiagram,andthegenerationof proof obligationsbasedon
pre-conditioncomputation.The interestedreaderwill find a morecompleteintroductionto RoZ in
[Dup99].

The RoZ tool translatesa static diagraminto a Z specificationaccordingto rules described
in [DLCP00b,Dup00]. For example,classPERSONof Fig. 3 is translatedinto a pair of Z schemas:
PERSONandPersonExt(seelater).

PERSON
firstname� NAME
lastname� NAME
birth � DATE
death � DATE

PERSONis a schematype that definesthe attributesof the class. The UML diagrammustbe
associatedto a definition of typesNAME andDATE. For example,NAME canbe introducedasa
givensetandDATE asasetof integerswhich countthenumberof dayssinceareferencedate.

�
NAME�

DATE �����
Thetemporalityondeathrequiresthatit mayalsobeundefined.Thereareseveralwaysto express

undefinednessfor attributesin RoZ. Let us usea simpleandclassicalmeans:we choosea constant
datein thefuturethatis greaterthanall datesusedin thesystem� .

undefinedDate�	�
undefinedDate��
	
	
	
	
�
	
	
	
	


The RoZ tool alsoallows designersto associateconstraintsto attributesof the class,insidethe
standardUML environment 
 (Fig. 5). For example,the following constraintcanbe stated:death
alwayshappensafterbirth.

death � birth

This constraintalso permitsdeath to be undefined,becausewe choseundefinedDateto be large
enough. It must also be notedthat the birth datemay never be undefined,which is expressedby
thefollowing constraint:

birth �� undefinedDate
�
Many programmersusedto consider9/9/99assucha valuefor undefineddates.Let ususesomethinglike 9/9/999999

instead!�
Here,RationalRoseTM



Constraint associated
to the attributes of the class

Figure5: A Z annotationis associatedto theattributesof theclass

In RoZ,eachclassis translatedinto apairof schemas.Thefirst oneis a schematypewhichgives
thetypeof all elementsof theclass,thesecondoneincludesavariablewhich recordsthefinite setof
all intancesof theclass.

PersonExt
Person �	� PERSON

With this translation,two living personsborn on the samedateandwith the samefirst andlast
nameareconsideredasthesameelementof the set. This probablysuggeststhatwe shouldfurther
refineourmodelandhave anadditionalattributelike thesocialsecuritynumber.

Finally, let ushave a look at thetranlationof relations.Therelationbetweenflightsandinstances
of Fig. 4 is translatedinto:

FlightInstanceRel
InstanceExt� FlightExt
InstancesOfFlight� FLIGHT �� � INSTANCE
FlightOfInstance � INSTANCE �� FLIGHT
�����

FlightOfInstance� Instance����� FlightOfInstance � Flight
InstancesOfFlight�� x � ���	� FlightOfInstance �

x ��  y � ���!� FlightOfInstance" FlightOfInstance# y$%� x � y &	&

This Z schemadeclaresa pair of functions,onefor eachrole. InstancesOfFlightassociatesa set
of instancesto a flight, while FlightOfInstancelinks a singleflight to eachinstance.Theconstraints



of theschemastatethat eachinstancehasa flight, andthat someflights may (temporarily)have no
instance. Theseconstraintsinvolve the extensionsof both classesand the schemascorresponding
to theseextensions(InstanceExtand FlightExt) are included in the schema. The final constraint
expressesthatbothfunctionsarelinkedandincludethesameinformation.

Compositionis treatedin RoZasaspecialcasefor relations.Sotherelationbetweenaconference
centerandconferenceroomswouldbetranslatedas:

ConfCenterComposition
ConfcenterExt� RoomExt
RoomsOfCenter� CONFCENTER �� � ROOM
CenterOfRooms� ROOM �� CONFCENTER
�����

CenterOfRooms� Room����� CenterOfRooms� Confcenter
RoomsOfCenter�� x � ���	� CenterOfRooms�

x ��  y � ���!� CenterOfRooms" CenterOfRooms# y$%� x � y &	&

ThisschemafollowsthesametranslationrulesasFlightInstanceRel. Actually, UML composition
is not simply a UML relationwith existentialdependency, it alsoinvolvesotherpropertieslike non-
reflexivity (an elementmay not be a part of itself), anti-symetry(the whole is not part of its parts)
andtransitivity (subpartsof anelementarepartsof thiselement).A morecompletetreatmentof these
propertiescanbefoundin [DLCP00b,Dup00].

At this stage,temporalitiesandcompositionhavebeentranslatedinto Z datastructuresassociated
to invariant properties. Temporalitiesrequireattributeslike death to be potentially undefined,or
functionslike InstancesOfFlightto be partial, i.e. its arity is “0..*”. This allows the corresponding
datastructureto be temporarilynot defined.CompositionrequiresCenterOfRoomsto have a “1..1”
arity, becausea partmustcorrespondto oneandonly onewhole. But, asalreadystatedin section2,
thesestaticpropertiesdo not translatethefull semanticsof theconstructs.

3.2 Translation of temporality on attrib utes

Temporalityon attributescanbeexpressedin temporallogic as:

' # death �� undefinedDate$
This formulameansthateventually(

'
) a propertywill hold: deathwill bedefined.Temporality

alsomeansthatthispropertyis stable:

death �� undefinedDate(*)+# death �� undefinedDate$
Oncedeathis defined,it is always( ) ) defined.
The

'
and ) operatorsof lineartemporallogic statepropertiesaboutinfinite sequencesof states.

Z doesnot permit to statesuchpropertiesaboutthefuture, . Z enablesto expresspropertiesthat take
into accountinformationabouta singlestate. Suchinvariantpropertiesareexpectedto hold in any
possiblestateof thesystem.They thusconstrainits possibleevolutions.Still thedynamicproperties
-
Early versionsof Object-Z[DKRS91] includedthepossibility to specifybehavioursof classesastemporallogic for-

mulae.Unfortunately, this featurehasdisappearedin subsequentversionsof Object-Z.



that we want to expressinvolve morethanonestate. Therearetwo waysto expresssuchdynamic
propertiesin Z:

� Theonly way to translatetheseinto invariantpropertiesis to recordinformationaboutthepast
of thesystemin somestatevariableandto constrainttheevolutionof this variable.

� Z enablesto definepropertieson a pair of statesin thespecificationof operations.This tech-
niquehasalreadybeenusedin thepast.For example,in [Mor93] Morganusesit to expressthe
behaviour of a telephonenetwork.

In thispaper, wewill mainlyexploit thissecondpossibilityto expressdynamicpropertiesin UML
or ZSPdiagrams.Actually, thebehaviour of deathcanbespecifiedby thestatemachineof Fig.6. This
figurestatesthatdeathis initially undefined,andstaysundefinedfor a while. A transitionmayleadit
to a definedstatefrom whereit will never exit. Actually, this statemachinespecifiesthatdefinedness
is a stableproperty; it doesnot requiredeathto reachthis stablestate. So the statemachinedoes
not expressthefull semanticsof temporality. It mustbenotedthattheotherapproach,which records
informationaboutthepast,doesnot allow to expressthispropertyaboutthefuturetoo.

Sinceit is impossibleto expressthis eventualcharacterin Z, we will restrictour translationto
constraintson thedynamicevolution from initial to final state.

death
is undefined

death
is

defined

Figure6: Statemachinespecificationof death

Z allowsusto statea propertyaboutinitial andfinal statesof transitionsonthisdiagram:

death �� undefinedDate( death.%�� undefinedDate

Actually, this property statesthat there doesnot exist a transition that goesfrom definedto
undefined. Thethreetransitionsof Fig. 6 satisfythisproperty.

Also, wecouldstateanotherdynamicpropertyaboutdeath:

death �� undefinedDate( death. � death

Thispropertystatesthat,oncedefined,thevalueof deathis fixed. It expressesthefact thatpersons
only die once.



3.3 Exploiting dynamic propertiesin Z specifications

In the previous section,we have seenthat Z allows us to expressdynamicpropertieson a pair of
states.We proposetwo waysto exploit theseproperties.The first oneis to includethe propertyin
any operationthataccessesPERSONin read/writemode( / ) 0 . For example,thefollowing operation
modifiesthedeathattribute.

ModifyDeath
/ PERSON
d 12� DATE

death. � d 1
firstname� firstname.43 lastname� lastname.�3 birth � birth .

We candefineanadditionalschema:

DeathDynConstraints
/ PERSON

death �� undefinedDate( death. �� undefinedDate
death �� undefinedDate( death. � death

anddefineanew versionof ModifyDeath

ConstrainedModifyDeath 5� ModifyDeath3 DeathDynConstraints

Of course,includingthis constraintin all schemasthataccessdeathrequiresa systematicproce-
dure.Only a tool canguaranteethatnooperationhasbeenforgotten.

Anotherway to taketheseconstraintsinto accountis to statea proof obligationwhich appliesto
all operationsthataccessdeath.

6
PERSON� PERSON. � d 17� DATE " ModifyDeath� DeathDynConstraints

Here,a slightly modifiedversionof theoperationsatisfiestheproof obligation:

ModifyDeath8
ModifyDeath

death � undefinedDate

In this modifiedversion,a preconditionhasbeenaddedwhich guaranteesthat the operationis
only executedwhen death is undefined. The above mentionedproof obligation hasactually been
dischargedeasilyby theZ-Evesprover for ModifyDeath8 .

In summary, this sectionshows thatdynamicpropertiesexpressedon a pair of statescanbe ex-
ploited in thedevelopmentof a Z specification.It requiresthedevelopmentof adequatetoolswhich
eithercompleteexisting specificationswith theseadditionalconstraintsor generateproof obligations.
9
In recentevolutionsof Z, thiscanberestrictedto theoperationsthataccessthedeathvariablein : mode.



In a context whereimplementationsaredevelopedby refinementsof thespecification,thesetwo
approaches(additionalconstraintsandproof obligations)aresomehow equivalent.If theaddititional
constraintsapproachis chosen,it boils down to considermorecomplex proofsduring refinements.
In a context wherethe specificationonly servesasa referencedocumentandwhereno consistency
proof is performedonthespecification,theadditionalconstraintapproachwouldprobablybeadopted
becauseit doesnot requireaproof activity.

3.4 Temporalities on relations

Temporalitieson relationscanbetreatedin a similar way. Roughlyspeaking,thetemporalityon
InstancesOfFlightrequiresthatonceaflight hascorrespondinginstances,it keepsatleastoneinstance.
This canbeexpressedby thefollowing property:

�����
InstancesOfFlight� ���!� InstancesOfFlight.

Thepropertyexpressesthatthedomainof thefunctionmayonly increase.As soonasthefunction
is definedfor a givenflight, it will remaindefined.Moreover, theconstraintsof theFlightInstanceRel
schemamakeit impossiblefor a flight to be associatedto an emptyset of instances,becausethe
domainof InstancesOfFlightis therangeof FlightOfInstance.

Actually, this propertymay be too strongbecauseit doesnot allow to deletea flight from the
informationsystem.It canbeweakenedinto:

# ���!� InstancesOfFlight; Flight . $<�=# ����� InstancesOfFlight . ; Flight . $
In this constraint,we only take into accountthe flights that remainafter the operation. These

flightsarecollectedinto thesetFlight . whichis theextensionof flights. Since
���!�

InstancesOfFlight.
is necessarilyincludedin Flight . , this canbesimplifiedinto:

# ���!� InstancesOfFlight; Flight . $>� ����� InstancesOfFlight.

3.5 Translation of existential dependency

A similar approachcanbe adoptedfor theexpressionof existentialdependency. Let usstartwith a
simplifiedversionof existentialdependency wheretheassociationbetweena roomanda centermay
never change:theroomis definedanddefinitelyassociatedto a center. If wedon’t allow thedeletion
of roomsor centers,we have thefollowing property:

CenterOfRooms� CenterOfRooms.
Thispropertyexpressesthattheonly evolutionof thefunctionis to addnew associationsbetween

roomsandcenters.Let usnow expressthatsomedeletionsmayoccur:

# ���!� CenterOfRooms. $@? CenterOfRooms� CenterOfRooms.
Here, # ����� CenterOfRooms. $A? CenterOfRoomsis theinitial functionwhosedomainis restricted

to thefinal domain,i.e. theremainingroomsin thefinal state.Thepropertyrequiresinclusionof the
initial andfinal functionsfor thefinal domain.It allows to deleterooms,but alsoconferencecenters.
If a conferencecenteris deleted,thenthecorrespondingroomsmaynot remainin thedomainof the
function,becausetheconstraintwouldrequiretheseroomsto beassociatedto thepreviousconference
center.



Still, this constraintdoesnever allow to modify the assignmentof roomsto conferencecenters.
The semanticsof compositionallow sucha changeof partswhen the whole is not deleted. The
following propertyis weakerandexpressesexistentialdependency:

����� # CenterOfRoomsBC ���	� CenterOfRooms. $D; ����� CenterOfRooms. �FE
Here,CenterOfRoomsBC ���	� CenterOfRooms. is theinitial functionwheretheassociationsto re-

mainingconferencecentershave disappeared.Taking the domainof this function returnsthe setof
roomswhoseconferencecenterhasbeendeleted.Thepropertyexpressesthattheseroomsno longer
appearin thedomainof thefinal function. In otherwords,all roomsassociatedto deletedconference
centershavebeensuppressed.

Onceagain,we seethat it is possibleto expressinterestingdynamicpropertiesby constraininga
pairof states.Theseconstraintscannow beincludedin thespecificationof all operationsthatmodify
thecompositionrelation,or canbeusedin correspondingproof obligations.

4 Conclusion

This paperhasshown that the semanticsof staticdiagrams,suchasthe UML classdiagram,may
involve somedynamicproperties. Languageslike Z which aremainly aimedat the expressionof
invariantpropertiesstill enableto translatepartof thesemanticsof theseconstructs.Thebasicideais
to capturedynamicbehavioursby constraintson pairsof states.

Thesedynamicconstraintsareassociatedtovariablesof thespecification(attributes,functions,.. . ).
They canbe includedin theZ specificationeitherasadditionalpredicatesin thedefinitionof opera-
tionsor asproof obligationson theoperations.A similar approachhasbeenadoptedby Habriasand
Griechwho translatedynamicconstraintsin B asa combinationof constraintsandproof obligations
[HG97].

In orderto ensurethattheconstraintsaretakeninto accountby all operations,it is necessaryto be
very systematic.Thesystematicinclusionof constraintsin operationspecificationsor thegeneration
of theproof obligationsshouldbetterbeautomatizedby a tool. RoZ canbeextendedto becomeone
of thesetools.

This paperhasmadethe deliberatechoiceto stick with Z asa target languagebecauseit pro-
videssatisfactoryanswersto a majority of concernsof the RoZ project. Onemay alsoreconsider
the choiceof the target languageandchosea languagewhich betterintegratesdynamicproperties
of operationswith the descriptionof complex datastructures,like the combinationof TLA with Z
[Lam94b,Lam94a],or theevolutionof theB methodto dynamicproperties[AM98].

Eventualities Thetranslationof temporalitiesinto constraintson pairsof statesdoesnot carry the
full semanticsof theconstruct.Fig. 6 hasshown thattheseconstraintscorrespondto thespecification
of a statemachinebut do not expressthe eventualcharacterassociatedto the temporalitycontruct.
Actually Z doesnotpermitto specifyeventualities,becauseit cannotexpresspropertiesonthefuture.
Still, basedonthetemporalitiesexpressedin thediagram,it maybewiseto generatethespecification
of someobservationoperations.For example,thefollowing operationreturnsthesetof flightswhich
have not yetbeenassociatedto afirst instance.



SearchFlightsWithoutInstancesG
FlightInstanceRel

s17�	� FLIGHT

s1H� Flight I ����� InstancesOfFlight

Theoperationsimply returnstheelementsof theextensionof flights whicharenot in thedomain
of thefunction.Suchanoperationmaybeveryusefulfor theadministratorof theinformationsystem,
becauseit pointsoutthesetof flightswhichdon’t satisfythedynamicconstraintyet. Theadministrator
canthentakethenecessaryactions,if needed.

Variants of dynamic properties Temporalitiesand existential dependency are two examplesof
dynamicconstraints.In ZSPandUML, they correspondto thesemanticsof graphicalelementsof the
staticdiagrams.We have alsoseenthat severaldynamicpropertiescouldbeconsidered.Existential
dependency canbetranslatedin two differentways.Theweakestdefinitionsimply requiresthatparts
of adeletedwholearedeletedalso;thestrongestdefinitionfurtherconstrainspartsto beassociatedto
a uniquewholeduringtheir lifetime. Choosingtheright propertyhelpsidentifying theprecisenature
of thecompositionassociationin thecontext of a givenmodelisation.Suchan integrationof formal
methodsinto graphicalformalismsimprovesthesemanticalawarenessof theanalyst.

Onemayalsowish to generalizethis notionandpermit to expressdynamicpropertieswhich do
not necessarilycorrespondto graphicalelements. This would lead to associatearbitrarydynamic
propertiesto variablesor schemasof thespecification.

Still, onemusttakecarethat thepropertiesexpressedon a pair of initial andfinal statesarenot
necessarilypreservedby consecutiveapplicationsof operations.If aconstraintholdsbetweeninstants
1 and2, andbetweeninstants2 and3, it doesnot necessarilyhold between1 and 3. This is the
casefor existentialdependency. Let usconsiderthe exampleof Fig. 2. A first operationcandelete
ConfCenterJ , RoomJ , andRoom8 , satisfyingthe existential dependency constraint.Thena second
operationcanrecreateRoom8 andlink it to ConfCenter8 . Individualoperationssatisfytheconstraint,
but not their composition. Other constraintsstatedin this paperfeaturethis transitivity property.
For example,thedynamicconstraintsexpressedon the deathattributearepreserved by consecutive
applicationsof operations.For eachdynamicconstraintD in agivenspecification,theanalystshould
checkwhetherit satisfiesthetransitivity propertyor not. Onceagain,heshouldtakebenefitof tools
thatwould systematicallygeneratea proof obligationto show this transitivity, andpossiblysubmitit
to a theoremprover.

In summary, dynamicconstraintsoffer an interestingspecificationconstructin the context of
model-basedmethodssuchasZ or B. But they requirethe help of tools to help understandthem
preciselyandto supporttheir systematicandrigoroususe.
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