Expressingdynamic propertiesof static diagramsin Z
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Abstract

Au coursdesderniresanrees,plusieurséquipesde recherchese sontintéresgesa la tra-
ductiondelangagegraphiquegels que UML versdesméthodesormelles.Leslangages base
de mocklescommeZ et B sont particulierementbien adapés a la traductiondesdiagrammes
statigued’UML. Néanmoinscertainesonstructiongle cesdiagrammesnettenten oeuvredes
proprietesdynamiques.Par exemple,la compositionen UML imposeune dépendancexisten-
tielle. De telles proprietesne peuwent pasétre traduitespar desinvariants. Cet article étudiela
traductiondecesproprietesencontraintesurunepaired’états.EnZ, detellescontraintepeuwent
etreintégréesala specificationdesopérations ou expriméespar desobligationsde preue.

In the pastyears several groupshave addressethe translationof graphicaformalismssuch
asUML into formal methods Model-basedpproachesuchasZ or B areparticularlywell-suited
to translatestaticdiagramsof UML into formal specifications Still someconstructof thesedi-
agramsinvolve dynamicproperties,e.g. compositionin UML requiresexistential dependenc
Thesepropertiescannotbe translatednto invariantproperties. This paperexploresthe transla-
tion of thesepropertiesinto constraintson a pair of states.In Z, suchconstraintcaneitherbe
includedinto the specificationof operationspr correspondo specificproof obligationsfor these
operations.

1 Intr oduction

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

o Fromtheformal methodgpoint of view, it enableghe integrationof thesetechniquednto the
actualpracticeof softwareengineerandfacilitatesthe productionof formal specifications.

e Fromthegraphicalnotationgpointof view, it helpsunderstandinghesemantic®f the notation.
In particular it pointsoutthoseconstructghatareambiguous.

In alongerterm, both communitiesmay expect mutual benefitsfrom the integrationof formal
methoddoolsinto thesegraphicalapproaches.

In the recentyears,our grouphasworkedon the developmentof the RoZ tool[DLCP004. RoZ
producesa Z specificationfrom a UML classdiagramannotatedn Z. It alsoenablego synthesize
the specificatiorof basicoperationsassociatedo the diagram.Finally, it generateproof obligations



for eachoperationbasedon the computationof its precondition. Theseproof obligationscanthen
be dischagedusinga standardZ prover (e.g. Z-Eves[Saa97]) The RoZ approacthadthe following
interestingresults.

o A specificationexpressedn RoZ hasa precisesemanticsyhich correspondso the generated
Z specification.Onecould probablyamgue that othersemanticghanourscould be associated
to the diagram. Still, we believe that having a precisesemanticds betterthan mary or no
semantics.

e RoZenabledo associatéormal annotationsasa complemento the UML specification.They
roughlyplaythesamerole asOCL annotationgndimprove the expressvenes®f the specifica-
tion languageWe choseZ insteadof OCL [WK99] because largerpaletteof toolsis available
for thislanguage This mayevolvein thefutureandmayleadto dropZ andreplaceit by OCL
in our work.

e Thedesignof RoZ relieson a carefulstudyof the kinds of annotationghat canbe associated
to a UML diagram. It led us proposea classificationof theseannotation§DFLCPO0O0]. This
classificationcanbe usedindependentlyof the RoZ tool by a UML analyst. It helpsidentify
andlocatetherelevantconstraintdor a givenclassdiagram.

o Of coursethetool alsogenerates formal Z specificationandthis specificatiorcanbe usedas
input by severalformal methodtools. We have experiencedhe useof atheoremproverin con-
junctionwith RoZ[Led9§. Currentexperimentsexploretheuseof JazgUtt02] asananimation
tool. Furtherwork couldexperimentwith testsynthesigoolsbasedon Z like [LPUOZ].

Model-basedpproachesuchasZ or B areparticularlywell-suitedto translatehestaticdiagrams
of UML into formal specificationsin RoZ, thetranslationof the classdiagramproducesa collection
of variablesandtypesassociatedo invariantproperties.Still someconstructof thesediagramsin-
volve dynamicpropertiese.g.compositionin UML requiresxistentialdependeng Theseproperties
canhardlybetranslatednto invariantproperties.

This paperaddressethetranslationof thesepropertiesn Z. Section2 will first give someexam-
plesof dynamicpropertiesexpressedn staticdiagrams.Thensection3 will discusghetranslationof
thesepropertiesn Z. Finally, section4 will discusghe potentialintegrationof thesetechniquesnto
the RoZ tool anddraw the conclusionf this work.

2 Dynamic constructsin static diagrams

This sectionwill introducetwo constructf staticdiagramswhich involve dynamicproperties:
e compositionn UML,

e temporalityin ZSR

2.1 Compositionin UML

In UML, the compositionconstructexpresseshata classis “part-of” anotherclass.lt is a variantof
the agregationconstruct.Fig. 1 givesthe exampleof a conferencecenter The conferencecenteris
composedf severalconferenceooms.Unlike theagregationconstructwhich doesnotimposearity
constraintbetweernthewhole andits parts,the compositiorrelationimposeghatthe partsbelongto



asinglewhole. Hereeachconferenceéoombelongsto oneandonly oneconferenceenter The com-
positionconstructalsoimposesexistentialdependeng betweernthe whole andits parts:if thewhole
is deletedjts partsmustbedeleted.In the exampleof the conferenceenter if the conferencesenter
is suppressefrom the information system thenits roomsmustalsobe suppressedThe interested
readewill find in [HSB99]amoredetaileddiscussiorof variantsof the aggreationconstruct.

CONFCENTER

RoomsOfCenter| 0.*

ROOM

Figurel: TheUML specificatiorof aconferenceenter

This existentialdependengis an example of dynamicpropertythat cannotbe expressedasin-
variantproperty In the compositionrelation,the invariantpropertystateshateachroom belongsto
a singleconferencecenter Unfortunatelythis is not sufficient to expressthe existentialdependeng
Fig. 2 illustratesthisfact. A conferenceenteris deletedout oneof its conferenceéoomsis notdeleted
andreafectedto anotherconferenceenter Thisfigure,whichis unlikely to happerin mostinforma-
tion systemscompliesto thearity constraintof thecompositiorrelation. Still, it doesnotcorrespond
to theintendedsemantic®f thecompositiorconstruct.Thisdemonstratethata constrainonthearity
of relationsis not sufficientto capturethefull semantic®f composition.
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Figure2: Thedeletionof aconferenceenter




2.2 Temporalitiesin ZSP

ZSP[Abr77, CL94] is a graphicalformalism basedon an entity-relationshipapproach.J.R. Abrial
initiated ZSP which correspondso early work on Z performedbeforehe wentto Oxford. ZSPhas
mainly beendesignedo specifydatabaseandinformationsystemslt alsoincludesa dynamiccon-
structin its staticdiagram:the “temporality” construct.For clarity reasonsinsteadof usingthe ZSP
syntax,we will usethe classicalUML notation,augmentedvith this temporalityconstruct.A “[T]"
signwill denoteattributesandrolesof relationssubjectto atemporalityconstraint.

“Temporality” expressesn eventualproperty: a functionthatis initially not definedfor a given
elemeneventuallybecomeslefined.This propertymayapplyto bothattributesandrelationsn aclass
diagram. For example,let us considerthe classof personqFig. 3). A personhasseveralattributes,
including two dates:the dateof birth andthe dateof death. The dateof deathis initially undefined,
but eventuallyit will getavalue.

PERSON

firstname : NAME
lastname : NAME
birth : DATE

death : DATE [T]

Figure3: Theclassof PERSONs

If we modelthe dateof deathasa function betweenpersonsand dates,the temporalityof this
function shouldnot be mistakenwith a partial function thateventuallybecomesotal. If this should
bethecasethenit would meanthat,at somepointin thefuture,all personsvould be dead.Actually,
thefunctionremaingpartial (therearealwayssomeliving personshut the cardinalityof its domainis
monotonicallyincreasing.

Temporalitiesalsoexist for relations.Fig. 4 shavs therelationbetweenwo classesn the infor-
mationsystemof anairline compay:

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

e An INSTANCE correspond$o a givenflight ata particulardate.lt is characterizethy the date
of theflight.

A temporality exists on this relation: flight instancesappearafter the flight hasbeendefined.
Otherwise,it would requireto definethe flight andits first instancesimultaneously In database
systemsgreationor deletionof objectsandrelationsoften correspondso transactionsandit is not
recommendethattransactiondecometoo compl. Thetemporalityexpressecheremeanghatthe
transactiorwhich createsheflight will beperformedoeforethetransactiorwhichcreatesheinstance
andlinks it to theflight. The temporalitymay alsobe the resultof the way the compary definesits
commercialstratgy: new flights could be plannedin the informationsystemseveraldaysbeforethe
firstinstancds decided.



FLIGHT FlightinstanceRel

number : NUMBER
departureTime : TIME
arrivalTime : TIME 1.1 [T]1.* date : DATE
origin : AIRPORT
destination : AIRPORT

FlightOfinstance InstancesOfFlight | INSTANCE

Figure4: Flightsandinstances

In summarytemporalitiesaremainly motivatedby two reasons:

o thedecompositiorof thetransactiormechanisnwhich initially breakssomeinvariantlaws;

o themodelisatiorof laws of the specifiedsystemwhich requirethatsomepropertiesventually
hold.

Suchtemporalitiescannotbe expressedasinvariantpropertieshecausehey expressa constraint
on the evolution of variables. They correspondn someway to “stable” propertiesin Unity logic
[CM83], i.e. propertieghatremaininvariantonceestablished.

This sectionhasshown that staticdiagramsmay alsoinclude somepropertieswhich referto the
dynamicbehaiour of objects.In notationssuchasUML, dynamicpropertiesareusuallyexpressed
in dynamicdiagrams,i.e. Statecharts.This corresponds$o a separatiorof concernsandit is wise
notto overloadstaticdiagramswith non-staticaspectsStill, UML itself includesdynamicconstraints
in the semanticof composition. The temporalitiesof ZSP could also be easilyaddedto the UML
classdiagram,eitheras stereotype®n the relations,or asadditionalannotationgo the elementsof
the diagram. The major reasonwhy it is interestingto denotesuchpropertieson the staticdiagram
is thatit is mucheasierto adda simpleelementto the classdiagramthanto startdraving a dynamic
diagram. Also, statediagramsare unableto expressthe eventualcharacternof theseproperties(see
Sect.3).

Fromamoregenerapointof view, mary informationsystemdave only afew invariantproperties.
Oftentheinformationsystenfollowsalife-cycle andpropertiegemaininvariantonly duringaportion
of thislife-cycle [PBV95]. It is thereforenecessaryo be ableto identify themajor phase®f thelife-
cycle andfor eachphasethe correspondingnvariantproperties. Here temporalitiescorrespondo
propertieghatareverified after aninitialisation phasewhile the existentialdependeng of the UML
compositionmay correspondo propertieof a closingphase.

3 Translating dynamic propertiesin Z

Thedynamicpropertiessuchastemporalityandexistentialdependeng mustbe takeninto accountn
thetranslatiorinto formal specificationsn orderto proposea precisesemantic®f graphicahotations.
This work completeghetranslationof staticpropertiessupportedy toolslike RoZ.



3.1 Elementsof the RoZ translation

The goal of this sectionis to summarizesomeprinciplesof the RoZ tool. The startingpoint of RoZ
is a UML classdiagramannotatedvith Z constraintgFig. 5). From this information, it producesa
Z specificatiorwhosestructureis provided by the graphicalconstructs.This structureis completed
with type definitionsandthe Z annotations.RoZ also enableshe synthesisof the specificationof
standardperationsassociatedo the classdiagram,andthe generatiorof proof obligationsbasedon
pre-conditioncomputation. The interestedreaderwill find a more completeintroductionto RoZ in
[Dup9g.

The RoZ tool translatesa static diagraminto a Z specificationaccordingto rules described
in [DLCPOOb,Dup0d. For example,classPERSONof Fig. 3 is translatednto a pair of Z schemas:
PERSONandPersonEx{seelater).

PERSON
firstname: NAME
lasthame NAME
birth : DATE
death: DATE

PERSONis a schematype that definesthe attributesof the class. The UML diagrammustbe
associatedo a definition of typesNAME and DATE. For example, NAME canbe introducedas a
givensetandDATE asa setof integerswhich countthe numberof dayssinceareferencedate.

[NAME]

DATE==1Z

Thetemporalityon deathrequireshatit mayalsobeundefined Thereareseveralwaysto express
undefinednestor attributesin RoZ. Let us usea simple andclassicalmeans:we choosea constant
datein thefuturethatis greaterthanall datesusedin thesysten.

undefinedDate Z
undefinedDate= 9999999999
The RoZ tool alsoallows designerdo associateonstraintgo attributesof the class,insidethe
standardUML environment? (Fig. 5). For example, the following constraintcan be stated: death

alwayshappensfterbirth.
death> birth

This constraintalso permits deathto be undefined,becausenve choseundefinedDatdo be large
enough. It mustalso be notedthat the birth datemay never be undefined,which is expressedoy
thefollowing constraint:

birth # undefinedDate

!Many programmersisedto considerd/9/99assucha valuefor undefineddates.Let ususesomethingdike 9/9/999999
instead!
2Here,RationalRosd™
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Figure5: A Z annotatioris associatedo the attributesof theclass

In RoZ, eachclassis translatednto a pair of schemasThefirst oneis a schemaypewhich gives
thetypeof all elementf theclass,thesecondneincludesavariablewhich recordsthefinite setof
all intancesof theclass.

PersonExt
’7 Person: FPERSON

With this translation two living persongorn on the samedateandwith the samefirst andlast
nameare consideredasthe sameelementof the set. This probablysuggestshatwe shouldfurther
refineour modelandhave anadditionalattribute like the socialsecuritynumber

Finally, let ushave alook atthetranlationof relations.Therelationbetweerflights andinstances
of Fig. 4 is translatednto:

__FlightinstanceRel
InstanceExt FlightExt
InstancesOfFlight FLIGHT + FINSTANCE
FlightOfinstarce: INSTANCE + FLIGHT

dom FlightOfInstance= Instance
ran FlightOfinstanceC Flight
InstancesOfFlight= {x : ran FlightOfinstarcee
X — {y : dom FlightOfinstance FlightOfinstancegy) = x e y}}

This Z schemadeclaresa pair of functions,onefor eachrole. InstancesOfFlighaissociates set
of instancego a flight, while FlightOfinstancdinks a singleflight to eachinstance.The constraints



of the schemastatethat eachinstancehasa flight, andthat someflights may (temporarily)have no
instance. Theseconstraintsnvolve the extensionsof both classesand the schemascorresponding
to theseextensions(InstanceExtand FlightExt) are includedin the schema. The final constraint
expresseshatbothfunctionsarelinked andincludethe sameinformation.

Compositionis treatedn RoZ asaspecialcasefor relations.Sotherelationbetweera conference
centerandconferencegoomswould betranslateds:

__ConfCenterCompositian
ConfcenterExt RoomExt
RoomsOfCenter CONFCENTER+» F ROOM
CenterOfRoomsROOM + CONFCENTER

dom CenterOfRooms- Room
ran CenterOfRooms. Confcenter
RoomsOfCentet {x: ran CenterOfRooms
X+ {y : dom CenterOfRoomgCenterOfRoomy) = x e y} }

This schemdollowsthesametranslatiorrulesasFlightinstanceRelActually, UML composition
is notsimply a UML relationwith existentialdependeny it alsoinvolvesotherpropertiedike non-
reflexivity (an elementmay not be a part of itself), anti-symetry(the whole is not part of its parts)
andtransitwvity (subpartof anelementarepartsof this element) A morecompletereatmenof these
propertiescanbe foundin [DLCP0OOb,Dup0d.

At this stagefemporalitiesandcompositiorhave beentranslatednto Z datastructuresassociated
to invariant properties. Temporalitiesrequire attributeslike deathto be potentially undefined,or
functionslike InstancesOfFlighto be partial,i.e. its arity is “0..*”. This allows the corresponding
datastructureto be temporarilynot defined. CompositionrequiresCenterOfRooms have a“1..1"
arity, because part mustcorrespondo oneandonly onewhole. But, asalreadystatedin section2,
thesestaticpropertieddo nottranslatehefull semantic®f theconstructs.

3.2 Translation of temporality on attrib utes

Temporalityon attributescanbe expressedn temporallogic as:

<(death# undefinedDatg

This formulameanghateventually (<) a propertywill hold: deathwill be defined.Temporality
alsomeanghatthis propertyis stable:

death# undefinedDate> O(death## undefinedDatg

Oncedeathis defined;t is always(O) defined.

The < andO operatorf lineartemporallogic statepropertiesaboutinfinite sequencesf states.
Z doesnot permitto statesuchpropertiesaboutthe future®. Z enableso expresspropertieshattake
into accountinformationabouta single state. Suchinvariantpropertiesare expectedto hold in ary
possiblestateof the system.They thusconstraints possibleevolutions. Still the dynamicproperties

Early versionsof Object-Z[DKRS91] includedthe possibility to specifybehaviours of classesastemporallogic for-
mulae.Unfortunately this featurehasdisappeareth subsequentersionsof Object-Z.



that we wantto expressinvolve morethanonestate. Therearetwo waysto expresssuchdynamic
propertiesn Z:

e Theonly wayto translateheseinto invariantpropertiess to recordinformationaboutthe past
of the systemin somestatevariableandto constrainthe evolution of this variable.

e Z enabledo definepropertieson a pair of statesin the specificationof operations.This tech-
niguehasalreadybeenusedin thepast.For example,in [Mor93] Morganusest to expresshe
behaiour of atelephonenetwork.

In this paperwewill mainly exploit this seconcpossibilityto expressdynamicpropertiesn UML
or ZSPdiagramsActually, thebehaiour of deathcanbespecifiedoy thestatemachineof Fig. 6. This
figure stateghatdeathis initially undefinedandstaysundefinedor awhile. A transitionmayleadit
to a definedstatefrom whereit will neverexit. Actually, this statemachinespecifieghatdefinedness
is a stableproperty;it doesnot requiredeathto reachthis stablestate. So the statemachinedoes
notexpressthefull semantic®f temporality It mustbe notedthatthe otherapproachwhich records
informationaboutthe past,doesnot allow to expressthis propertyaboutthe futuretoo.

Sinceit is impossibleto expressthis eventualcharactelin Z, we will restrictour translationto
constraintson the dynamicevolution from initial to final state.

death
is
defined

Figure6: Statemachinespecificatiorof death

Z allows usto statea propertyaboutinitial andfinal statesof transitionson this diagram:
death+# undefinedDate> deatt # undefinedDate

Actually, this property statesthat there doesnot exist a transition that goesfrom definedto
undefined Thethreetransitionsof Fig. 6 satisfythis property
Also, we could stateanotherdynamicpropertyaboutdeath

death# undefinedDates deatH = death

Thispropertystateshat,oncedefined thevalueof deathis fixed. It expresseshefactthatpersons
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

ary operationthataccesseBERSONN read/writemode(A)?*. For example,thefollowing operation
modifiesthe deathattribute.

—ModifyDeath
APERSON
d? : DATE

death = d?
firstname= firsthamé A lasthame= lastnamé A birth = birth’

We candefineanadditionalschema:

—DeathDynConstints
APERSON

death= undefinedDate> death # undefinedDate
death# undefinedDate> death = death

anddefinea new versionof ModifyDeath
ConstainedModifyDedat = ModifyDeathA DeathDynConstints

Of course ncludingthis constraintin all schemashataccessleathrequiresa systematigroce-
dure.Only atool canguarante¢hatno operationhasbeenforgotten.

Anotherway to taketheseconstraintdnto accounts to statea proof obligationwhich appliesto
all operationghataccessleath

VY PERSON PERSON d? : DATE | ModifyDeathe DeathDynConstints
Here,a slightly modifiedversionof the operationsatisfieghe proof obligation:

—ModifyDeatl?
ModifyDeath

death= undefinedDate

In this modified version,a preconditionhasbeenaddedwhich guaranteeshat the operationis
only executedwhen deathis undefined. The abore mentionedproof obligation hasactually been
dischagedeasilyby the Z-Evesprover for ModifyDeatt?.

In summarythis sectionshows that dynamicpropertiesexpressen a pair of statescanbe ex-
ploited in the developmentof a Z specification.It requiresthe developmenif adequateools which
eithercompleteaxisting specificationsvith theseadditionalconstraintor generatgroof obligations.

*In recentevolutionsof Z, this canberestrictedto the operationghataccesshe deathvariablein A mode.



In a context whereimplementationsredevelopedby refinementf the specificationthesetwo
approachegadditionalconstraintsandproof obligations)aresomehav equivalent. If the addititional
constraintsapproachis chosen,it boils down to considermore complex proofs during refinements.
In a context wherethe specificationonly senesasa referencedocumentandwhereno consisteng
proofis performedon thespecificationtheadditionalconstrainapproactwould probablybe adopted
becausét doesnotrequirea proof actwvity.

3.4 Temporalities on relations

Temporalitieon relationscanbetreatedn a similar way. Roughlyspeakingthetemporalityon
InstancesOfFlightequireghatonceaflight hascorrespondingnstancesit keepsatleastoneinstance.
This canbe expressedy thefollowing property:

dom InstancesOfFlightc dom InstancesOfFligHt

Thepropertyexpresseshatthedomainof thefunctionmayonly increase As soonasthefunction
is definedfor a givenflight, it will remaindefined.Moreover, the constraintof the FlightinstanceRel
schemamakeit impossiblefor a flight to be associatedo an empty set of instancesbecausehe
domainof InstancesOfFlights therangeof FlightOfinstarce

Actually, this propertymay be too strongbecausét doesnot allow to deletea flight from the
informationsystem.lt canbeweakenednto:

(dom InstancesOfFlight Flight’) C (dom InstancesOfFlig N Flight')

In this constraint,we only takeinto accountthe flights that remainafter the operation. These
flights arecollectedinto thesetFlight’ whichis theextensionof flights. Sincedom InstancesOfFligHt
is necessarilyncludedin Flight’, this canbe simplifiedinto:

(dom InstancesOfFlight Flight’) C dom InstancesOfFligHt

3.5 Translation of existential dependency

A similar approachcanbe adoptedfor the expressionof existentialdependeng Let us startwith a
simplified versionof existentialdependengwherethe associatiorbetweeraroomanda centermay
never changetheroomis definedanddefinitelyassociatedo a center If we don't allow the deletion
of roomsor centersyve have thefollowing property:

CenterOfRooms. CenterOfRoonis

This propertyexpresseshattheonly evolution of thefunctionis to addnew associationbetween
roomsandcentersLet usnow expressthatsomedeletionamayoccur:

(dom CenterOfRoonis <t CenterOfRooms. CenterOfRoonis

Here,(dom CenterOfRoonis <t CenterOfRoomis theinitial functionwhosedomainis restricted
to thefinal domain,i.e. theremainingroomsin the final state. The propertyrequiresinclusionof the
initial andfinal functionsfor thefinal domain.It allowsto deleterooms,but alsoconferenceenters.
If aconferencecenteris deleted thenthe correspondingoomsmay not remainin the domainof the
function,becausé¢heconstrainwould requiretheseroomsto beassociatetb the previousconference
center



Still, this constraintdoesnever allow to modify the assignmenbf roomsto conferencecenters.
The semanticsof compositionallow sucha changeof partswhen the whole is not deleted. The
following propertyis weakerandexpresse®xistentialdependeng

dom(CenterOfRooms ran CenterOfRoonis N dom CenterOfRoondis= ()

Here,CenterOfRooms ran CenterOfRooniss theinitial functionwherethe associationso re-
maining conferencecentershave disappearedTaking the domainof this function returnsthe setof
roomswhoseconferencecenterhasbeendeleted.The propertyexpresseshattheseroomsno longer
appeaiin thedomainof thefinal function. In otherwords,all roomsassociatedo deletedconference
centershave beensuppressed.

Onceagain,we seethatit is possibleto expressinterestingdynamicpropertiesdby constraininga
pair of states.Theseconstraintsannow beincludedin the specificatiorof all operationghatmodify
thecompositiorrelation,or canbe usedin correspondingproof obligations.

4 Conclusion

This paperhasshawn that the semanticof static diagrams,suchasthe UML classdiagram,may
involve somedynamicproperties. Languagesdike Z which are mainly aimedat the expressionof
invariantpropertiesstill enableto translatepartof the semantic®f theseconstructsThebasicideais
to capturedynamicbehaioursby constraintn pairsof states.

Thesalynamicconstraintsreassociatetb variableof thespecificatior(attributes functions,. .).
They canbeincludedin the Z specificatioreitherasadditionalpredicatesn the definition of opera-
tionsor asproof obligationson the operations A similar approachasbeenadoptedoy Habriasand
Griechwho translatedynamicconstraintdn B asa combinationof constraintsaandproof obligations
[HG97].

In orderto ensurehatthe constraintsaretakeninto accounty all operationsit is necessaryo be
very systematic.The systematiagnclusionof constraintsn operationspecification®r the generation
of the proof obligationsshouldbetterbe automatizedy a tool. RoZ canbe extendedto becomeone
of thesetools.

This paperhasmadethe deliberatechoiceto stick with Z as a target languagebecauset pro-
vides satisfactoryanswergo a majority of concernsof the RoZ project. One may alsoreconsider
the choiceof the target languageand chosea languagewhich betterintegratesdynamicproperties
of operationswith the descriptionof complex datastructureslike the combinationof TLA with Z
[Lam94b,Lam94a],or the evolution of the B methodto dynamicpropertiedAM98].

Eventualities Thetranslationof temporalitiesinto constraintson pairsof statesdoesnot carrythe

full semantic®f theconstruct.Fig. 6 hasshovn thattheseconstraintorrespondo the specification
of a statemachinebut do not expressthe eventualcharacterassociatedo the temporalitycontruct.
Actually Z doesnot permitto specifyeventualitiesbecausét cannotexpresspropertieon thefuture.

Still, basednthetemporalitiesexpressedn thediagram it maybewiseto generatehespecification
of someobsenationoperations For example,thefollowing operationreturnsthe setof flights which

have notyetbeenassociatedo afirst instance.



—SeachFlightsWthoutinstances
=FlightinstanceRel
s? : FFLIGHT

s? = Flight \ dom InstancesOfFlight

The operationsimply returnsthe elementf the extensionof flights which arenotin the domain
of thefunction. Suchanoperatiormaybe very usefulfor theadministratoiof theinformationsystem,
becausé pointsoutthesetof flightswhichdon't satisfythedynamicconstraintyet. Theadministrator
canthentakethe necessaractions,if needed.

Variants of dynamic properties Temporalitiesand existential dependeng are two examplesof
dynamicconstraintsin ZSPandUML, they correspondo thesemantic®f graphicalelementf the
staticdiagrams.We have alsoseenthat several dynamicpropertiescould be considered Existential
dependengcanbetranslatedn two differentways. Theweakestefinitionsimply requireshatparts
of adeletedwholearedeletedalso;the strongestefinitionfurtherconstraingartsto be associatedo
auniquewholeduringtheir lifetime. Choosinghe right propertyhelpsidentifying the precisenature
of the compositionassociatiorin the contect of a given modelisation.Suchan integrationof formal
methodsnto graphicaformalismsimprovesthe semanticalbwarenes®f theanalyst.

Onemay alsowish to generalizehis notion and permitto expressdynamicpropertieswvhich do
not necessarilycorrespondo graphicalelements. This would lead to associatearbitrary dynamic
propertiego variablesor schema®f the specification.

Still, onemusttakecarethatthe propertiesexpressedn a pair of initial andfinal statesarenot
necessarilypreseredby consecutre applicationsof operationslf a constrainholdsbetweerinstants
1 and 2, and betweeninstants2 and 3, it doesnot necessarilyhold betweenl and 3. This is the
casefor existentialdependeng Let usconsiderthe exampleof Fig. 2. A first operationcandelete
ConfCentet, Roomni, and Roon?, satisfyingthe existential dependeng constraint. Thena second
operationcanrecreateRoon? andlink it to ConfCente?. Individual operationsatisfythe constraint,
but not their composition. Other constraintsstatedin this paperfeaturethis transitvity property
For example,the dynamicconstraintexpressedn the deathattribute are presered by consecutre
applicationsof operationsFor eachdynamicconstraintD in a givenspecificationtheanalystshould
checkwhetherit satisfieshetransitivity propertyor not. Onceagain,he shouldtakebenefitof tools
thatwould systematicallygenerate proof obligationto show this transitvity, and possiblysubmitit
to atheoremprover.

In summary dynamic constraintsoffer an interestingspecificationconstructin the contet of
model-basednethodssuchas Z or B. But they requirethe help of tools to help understandhem
preciselyandto supporttheir systemati@andrigoroususe.
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