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Abstract. An appropriateapproactfor translatingUML to B formal specifica-
tions allows oneto useUML andB jointly in anunified, practicalandrigorous
softwaredevelopmentWe canformally analysdJML specificationwia their de-
rived B formal specificationsThis point is significantbecauseB supporttools
like AtelierB are available. We canalsouse UML specificationsas a tool for
building B specificationssothe developmentof B specificationdbecomesasier
In this paperwe addresshe problemof modellingUML state-chartén B, which
hasnotbeensofar, completelftreated We distinguishbetweerevent-relatecand
activity-relatedpartsof UML state-chartsWe proposederiving the B specifica-
tion of theevent-relategartindependentlyvith the activity-relatedpart. For this
purpose a new approachfor modelling eventsis proposedthe communication
amongstate-chartss alsoconsidered.

Keywords: UML, state-chartgvent, activity, classoperation,B method,B ab-
stractmachineB operation.

1 Intr oduction

The Unified Modelling LanguaggUML)[22] hasbecomea de-factostandarchotation
for describinganalysisand designmodelsof object-orientedsoftware systems.The
graphicaldescriptionof modelsis easilyaccessibleDevelopersandtheir customersn-
tuitively graspthegenerabtructureof amodelandthushave agoodbasisfor discussing
systemrequirementsndtheir possibleéimplementationHowever, sincethe UML con-
ceptshave English-basednformal semanticsit is difficult evenimpossibleto design
toolsfor verifying or analysingformally UML specificationsThis pointis considered
asaseriousdravbackof UML-basedtechniques.

To remedysucha drawback,oneapproachs to develop UML asa precisemodelling
language The pUML? (preciseUML) group hasbeencreatedto achieve this goal.
Howeverthemainchallengg5] of thepUML isto defineanew formal notationthathas
beenup to now anopenissue. Furthermorethe supporttool for sucha new formalism
is perhapsanotherchallenge.

In waiting for a preciseversionof UML andits supporttool, the necessityto detect
semantiadefectsinside UML specificationshouldbe solvedin a pragmaticapproach
(cf. [26, 4]): formalising UML specificationdy existing formal languagesand then
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analysingUML specificationwia the derivedformal specificationsln this perspectie,

usingtheB languagd1] to modelUML specificationiasheenconsideresa promis-
ing approach13, 25, 18, 20]. By formalisingUML specificationsn B, onecanuseB

powerful supporttoolslike AtelierB [27], B-Toolkit [3] to analyseanddetectsemantic
defectsinsideUML specificationgcf. [14]). Onthe otherhand,we canalsouseUML

specificationsasatool to develop B specificationsvhich canbe refinedautomatically
to theexecutablecode[2, 8].

This paperaddressethe modellingin B of UML state-chartsSucha modelling has
beenpreviously doneby Meyer, NguyenandLano[18, 19, 20, 10, 23]. However, their
rulesfor mappingUML state-chart-relatedonceptsnto B have got followed short-
comings:

1. the modellingof the actiity-relatedpart(cf. [10]) in state-chartslid not consider
theinterferenceof event-relatedart;

2. the modelling of eventscould not work if eventstrigger transitionswith several
sequentialactions. This is the casein which a stateentry/eit action must fol-
low/precedeactionsof incoming/outgoingransitionsof the state;

3. Therehasbeenno mechanisedlerivation procedurefor UML state-chartslueto
ambiguitiesof modellingrules;

4. deferredeventsandthe communicatiorof UML state-chart&ave notbeenconsid-
ered.

We proposeto distinguishbetweenactiity-related and event-relatedparts of state-
charts.Theevent-relatecpartin state-chartselateso events.Theseelementcomprise
events,state transitionandactions.Remaindersn state-chartgonstitutethe actiity-
relatedpart. Sinceactuities do not affect statesijt is naturalto modelthe event-related
partindependentlwith respecto the actiity-relatedpart. However, the modelling of
the actity-related part shouldtake into accountthe interferenceof the event-related
part.

This paperaddressesnly the modellingin B of the event-relatecpartin UML state-
charts.Theinterferenceof the event-relatecpartto the actity-relatedpartneeda fur-
therinvestigationandis beyond the scopeof the currentpaper We proposea new ap-
proachfor modellingeventsin whichthedifferentsemantic®f nondeferredaventsand
deferredeventsshouldbe takeninto accountEachnon deferredeventsis modelledin
two stages:

1. creatingB abstracbperationgor nondeferredeventsin which the eventeffecton
therelateddatais directly specified;

2. implementingor refining the B operationin the first stepby calling B operations
for thetriggeredtransitionandactions.

In our opinion, this two-stagesapproachallows us to overcomethe secondshortcom-
ing above. In addition,modelling non deferredeventsin two stagesgivesalso possi-
bilities to verify the conformanceof the ervisagedeffects of an eventwith respecto
its triggeredactions.Deferredeventsare modelledin a similar manner however, the
queueinganddequeuingf thoseeventsshouldbetakeninto accountTheapproacHor
modellingdeferredeventscanbe extendedio modelthe asynchronousommunication



amongstate-chartsDealingwith the synchronouommunicatioramongstate-charts
is anothercontribution in this paper The ideais to avoid calling the B operationfor
messge receipteventin the B operationf the eventthat sendthe messagédecause
both eventsare modelledin the sameabstractmachine.For this purpose the content
of the B operationfor the messageeceipteventis insertedin the B operationof the
eventthatsendthe messageHence our proposaldogethemwith previousproposaldy
Meyer, Nguyenand Lano for modelling states transitionsand actionsgive rise to a
completeframawvork for deriving B specificationgrom the event-relategoartof UML
state-charts.

In Section 2, basicconceptf UML state-chartenda UML specificatiorexampleare
presentedThe examplewill beusedthroughthewhole presentationin Section 3, pre-
viouswork for modellingUML state-chartgn B is presentedSection 4 present@newv
approachio modelnondeferredevents Themodellingof deferredeventsis presenteéh
Section 5. In Section 6 we goonto presenthe modellingof thecommunicatioramong
UML state-chartsSection 7 presentsan automaticintegration procedureto derive B
specificationdrom UML classdiagramsand UML state-chartsFinally, in Section 8,
concludingremarkscompleteour presentation.

2 UML state-charts

2.1 Basicconcepts

State-chardiagramsare UML diagramsfor modelling dynamicaspectsf systems.
State-chartsvereinventedby Harel[7], the semanticandthe notationof UML state-
chartsaresubstantialljthoseof Harelstate-chartwith adaptationso theobject-oriented
context.

UML state-chartfocuson the event-orderedehaiour of anobject,afeaturewhichis
speciallyusefulin modellingreactve systemsA state-charshows the eventtriggered
flow of control due to transitionswhich lead from stateto state,i.e it describeghe
possiblesequencesf statesandactionsthroughwhich a modelelementcango during
its lifetime asaresultof reactingto discreteavents.A statereflectsa situationin thelife
of anobjectduringwhichthis objectsatisfiessomecondition,performssomeaction,or
waitsfor someevent.

Transitionsareviewedin UML asrelationshipdetweentwo statesndicatingthatan
objectin thefirst statewill enterthe secondstateandperformsspecificactionswhena
specifiedeventoccursprovidedthatcertainconditionsaresatisfied.

Thesemantic®f eventprocessingn UML state-charis basedntherun to completion
(rtc) assumptioneventsare processedne at a time and when the machineis in a
stableconfiguration,i.e. a new eventis processenly whenall the consequencesf
the previous eventhave beenexhaustedTherefore,an eventis never processedvhen
the state-charis in someintermediateunstablesituation.

Eventsmaybespecifiedby astateasbeingpossiblydeferredThey areactuallydeferred
if, when occurring,they do not trigger ary transition. This will last until a stateis
reachedvhereeventsareno moredeferredor whereeventstriggeratransition.



2.2 Example: alift control system

This sectionpresentgshe UML specificatiorof a systemthat controlsa setof lifts and
buttons.The classdiagramis shavn in Figure 1. For a lift, we considerinformation
aboutthe currentmovementdirection(dir € DIRECTION £ {up,down}), the next floor
(curDestFloor € FLOOR £ ground . . top) wherethelift will arriveandthelift doorsta-
tus (doorStatus € DOORSTATUS £ {open,closed}). Eachbuttonis attachedo afloor.
Givenonelift andonefloor, therearetwo buttons:theéndicationbuttonis in thelift and
thecall buttonis atthegivenfloor.

Lift Button
dir : DIRECTION floor - FLOOR
curDestFloor : FLOOR
doorStatus : DOORSTATUS liftButton
goDown() 2.* | getFloor() : FLOOR
goUp()

setCurDestFloor(fl : FLOOR)
getCurDestFloor() : FLOOR
closeDoor()
openDoor()

Fig. 1. Classdiagram for the lift control system

Figure 2 shows the state-chart®f classesButton and Lift. Eachbutton hastwo states
on andoff correspondingdo the stateof the button light. Whenthe buttonis pressed,
it is in the stateon; whenthe floor of the button is visited, it returnsto the stateoff.
Whena buttonin the stateoff is pressedaneventcall is sentasynchronouslyo thelift
associatedo the button. The parametenf call is the floor of the button. Eachlift has
threestatesready, visit and movement. It is only in the stateready thatthe lift senes
an eventualcall by changinginto one of the statesvisit or movement dependingon
the calling floor. Becausea lift shouldprocessall eventualeventscall, the event call
is deferrablein statesvisit and movement. The door of a lift in the statevisit should
be open,meaningthat openDoor() is the entry action of visit. Thelift in the statevisit
shouldchangeto ready beforeprocessanothereventcall. At the exit of the statevisit,
thelift door shouldbe closed,hencecloseDoor() is the exit actionof visit. In the state
movement, if thelift arrivesat the destinatiorfloor (eventarrive), the eventrelease is
sentsynchronouslyor lighting off two buttonsattachedo the visited floor. Note also
thatalift will notchangdts destinatiorfloor duringthe movement.

3 Modelling UML state-chartsin B : state-of-the-art

This sectionrecallsessentiapointsin the work of Meyer, NguyenandLanofor mod-
elling UML state-chartin B. Thoseworksarebasednthe UML state-chartoncepts



Button press/”\(self.getLift()).call(self.getFloor())

release

Lift

call(fl)[fl>getCurRestFloor()])/
setCurDestFloor(fl)yoUp()

getCurDestFloor()])/
close setCurDestFlagr(fl);goDown();

movement
defer/call(fl)

call(fl)[fl=getCurDestFloor()]

arrive(fl)[fl=getCufDestFloor()]/
3uftons(fl)).release

visit
defer/call(fl)
entry/openDoor()
exit/closeDoor()

Fig. 2. State-chartsfor the lift control system

inheritedfrom OMT state-charf21]: state,sequentiakubstate,concurrentsubstate,
transition,actionandnondeferredevent.Eachof suchelementss modelledby aderiva-
tion schemeThe B derivationof UML state-chartss integratedin the B derivation of
classdiagrams.

3.1 Derivation schemego B for UML sate-charts

Derivation 1 (States) Therehasbeenderivationschemedor statessubsstateshow-
ever, werecallhereonly, asanexample the derivationschemdor states.

For eachstate-charattachedo a classClass, we createa B enumeratedet ST ATE
which gathersall the statesof the diagram.The stateof an objectis recordedby a
B variable state definedas a function from the B variableclass, which modelsthe
setof effective instancef Class, to ST AT E. Thus,the stateof an objectoo is de-
finedasstate(oo). Transitionsbetweerstatescorrespondo the modificationof state.
Theinitial stateis setup in the instancecreationoperationsasit is donefor classat-



tributes.Figure 3 presentghe formalisationof the statesassignedo the classLift (cf.
Section 2.2).

MACHINE Lift
/* theabstracmachineTypesdeclareSOBJECT Sandmodelsattributestypess/
SEES Types
CONSTANTS
LIFT
PROPERTIES
LIFT € OBJECTS
SETS
LIFT_STATE = {ready visit, movement}
VARIABLES
lift, dir, curDestFlooydoorStatusliftState
INVARIANT
lift C LIFT A
dir € lift — DIRECTIONA
curDestFloor € lift — FLOOR
doorStatuse lift — DOOR_SATUS
liftState € lift — LIFT_STATE

END

Fig. 3. B formalisation for states

Let usrecallthatthe specialabstracmachinel'ypes is usedto modelattribute typesof
classesT'ypes is seen(link SEES) by abstracmachinegderivedfrom classesn which
we modeltheattributes.An interestingpointof Meyerwork is to modelaclassinstance
spaceby a constantFor example theconstant. F'T modelstheinstancespaceof Lift.
LIFT is consideredasa subsebf thesetOBJECT'S, which modelsinstancespace
of all classesOBJECTS is alsodeclaredin Types. One canthereforemodelthe
multiple inheritancebetweerclassthatcould not be treatedn the work of Nguyenand
Lanoin whichtheclassinstancespacds modelledasa B deferredset.

Derivation 2 (Transitions) Eachtransitionis formalisedby a B operatiorwhich mod-
elsthechangeof thestate Figure 4 shovstheB operationtransVisitReady(...) mod-
elling thetransitionfrom the statevisit to ready in the state-chartift.

Derivation 3 (Actions) Eachactioncorrespondso aclassoperationThus,eachaction
is naturallymodelledasaB operation(cf. close Door(...) in Figure 4).

Derivation 4 (Events) Eacheventis alsoformalisedby a B operation.This operation
is parameterisety targetobjectsandeventualparametersf the event. Parameterare
typed by a predicatein the preconditionclause.The body of the B operationfor an



MACHINE Lift

OPERATIONS

trans\isitReady(ll)=
pre

Il e lift A liftState(ll) = visit
then

liftState(ll) := ready
end;
closeDoor(ll)=
pre

Il e lift
then

doorStatus(ll):= closed
end;

END

Fig. 4. B formalisation for transitions and actions

event constitutesinvocationsto B operationsmodelling the triggeredtransitionsand
their associate@ctions.Figure 5 shavsthe B operationclose(...) for theeventclose.

OPERATIONS
close(ll)=
pre
I e lift
then
selectliftState(ll) = visit then
trans\isitReady(ll) ||
closeDoor(ll)
elseskip end
end;

Fig. 5. Curr ent B formalisation for events

3.2 Observations

In our opinion, derivation schemedor states transitionsand actionshave beenwell
defined.Following obsenationsare aboutthe modelling of events.First of all, one
cannotapplytheeventderivationschemeabove for deferredeventssincethe semantics



of deferredeventshasnot beenconsideredFor nondeferredevents,at thefirst glance,
thederivationschemeseemso beevident.However, atacloseinspectiontwo problems
canberaised:

1. how to distrib ute B operationsinto abstract machines?Consideringhe exam-
plein Figure 5. Becauselose(...), transVisit Ready(...) andcloseDoor(...) are
in abstractmachinesthe abstractmachinefor close(...) shouldhave a link IN-
CLUDES totheabstractnachineLi ft for transVisit Ready(...) andclose Door...)
(cf. Figure 4). However, calling two B operationdrom the sameincludedabstract
machineis not allowed accordingto [1, 27]. The solution by Meyer to declare
transVisitReady(...) in theclauseDEFINITION cannotdealwith transitionsfrom
ready to movement in which severalactionsareattachedo anindividualtransition;

2. what about the action sequence?he actionsequencem transitionsfrom ready
to movement cannotbe modelledin the abstractnachinecontext sincethe sequen-
tial substitution'’;” is notallowed.

The two above problemswerejustified by the fact that therehasnot been,so far, an
appropriatesolutionto automaticallymapUML state-chartinto B (cf. Self-evaluation
of Meyer in section6.2.3 of the chapter6 in [18]). The prototypeArgo/UML+B by
Meyerworksactuallyonly with UML classdiagramsin [9], LaleauandMammarhave
presentec supporttool for generatindd specificationgrom UML diagramsof datain-
tensive applicationsAlthoughthey consideredJML state-chartsjothingnew is added
regardingthework of Nguyen.In thetool U2B by C. SnookandM. Butler [24], which
implementsa subsetof Meyer derivation schemedor UML classdiagramsthe mod-
elling in B of UML state-chartould not dealwith the actionsequencefurthermore,
no mechanisedvay to organiseB operationsnto abstracmachinedasbeenproposed

(cf. [6]).

4 Newapproachfor modelling non deferred eventsin B

We distinguishbetweemon deferredeventsand deferredeventsdueto their different
semanticsA nondeferredeventmustbe handledmmediatelyjust afterits occurrence
orit shouldbelost. A deferredeventcanoccuratastateandcanbehandledafterwardat
anotherstate.This sectionpresent@ way to modelnondeferredevents. Themodelling
of deferredeventswill bediscussedn the next section.

4.1 The two-stagesapproach

As saidearlier we modeleachnondeferredeventby a B operationHoweverthe B op-
erationfor eachnondeferredaventis implementedr refinedafterward.In otherwords,
therearetwo B specificationgor eachnondeferredevent:thefirstis aB abstracbpera-
tion; this abstracoperationis thenimplementedr refinedby the secondTheexpected
effect of anondeferredeventon relateddatais specifieddirectly in the corresponding
B abstractoperation.It is only in the B implementatioror refinementoperationthat
we make explicitly invocationsto B operationf thetriggeredtransitionsandactions.



Building the abstractcontentandimplementationor refinementcontentfor B opera-
tions of nondeferredeventsconstitutegwo stagesn modellingnondeferredeventsin
B?2.

4.2 CreatingB abstract operationsfor non deferred events

MACHINE System
SEES Types

VARIABLES
lift, liftState doorStatus,.., button, ...

OPERATIONS
close(ll)=
pre
Il e lift
then
selectliftState(ll) = visit then
doorStatus(ll) := closed||
liftState(ll) := ready
elseskip end
end;

END

Fig. 6. New B formalisation for non deferred events

In orderto specify directly the effect of an event on its concerneddata,we propose
to group an event andrelateddatain the sameabstractmachine.Thus, the problem
of modelling eventsbecomesne of how B substitutionscan be usedto expressthe

pre-/postof the event. This is similar to model actionsor basicclassoperationghat
arelocal to one class.Figure 6 shavs an abstractmachineSystem, in which the B

operationclose(...) modelsthe event close. In the datadeclarationsection(clauses
SETS, VARIABLES...) of System we notice the presenceof the dataderived from

the classLift. In addition, System haslink SEES to Types becauseSystem needs
referenceso B typesdefinedin T'ypes for modellingattribute typesof Lift.

We proposeto createan abstractmachine(System) for all events;the reasonis that
an eventcanaffect datafrom differentclassedcf. the eventarrive). Dataof System

arederivedfrom thewhole classdiagram.However, System doesnot containB oper

ationsfor transitionsandactionssincethoseoperationsareusedto implementor refine
abstracbperation®f eventsasdescribedn thefollowing sections.

2 Similarideashave beenusedin our previouswork for modellingusecasesandclassoperations
[12,16,15].



4.3 Solution 1: implementing B operationsof non deferred events

Thefirst solutionto dealwith the relationshipbetweennon deferredeventsandtheir
triggeredtransitionsandactionsis to usethe B implementatiorconstructandthe B im-
portationprimitive. The abstracimachine(System) for eventsis implementeday im-
portingabstractmachinedor transitionsandactions sothatB operationgor eventscan
be implementedoy calling B operationf transitionsandactions.In Figure 7(a), the
B operatiorclose(...) of System isimplementedy calling operations:lose Door(...)

andtransVisitReady(...) of Lift.

IMPLEMENT ATION System_imp
REFINES System

REFINEMENT System_ef

SEESTypes REFINES System
IMPORTS Lift SEES Types
OPERATIONS INCLUDES Lift
close(ll) =
var bbin OPERATIONS
/% isMisit() is usedto implementstate +/ close(ll) =
/% checkingconditionsin the substitution */ begin

/= select in Systensincethedatain */

/% Lift is notvisible from operationsn =/

/% System_imp/

bb <+ isMsit(ll);

if bb = TRUE then
closeDoor(ll);
trans\isitReady(ll)

elseskip end

end,

END

/% sincethedatain theLLift is visible %/

/% thistime from operationsn System_ef, x/

/% theoperationis\Msit() is not necessary/

if liftState(ll) = visit then
closeDoor(ll);
trans\isitReady(ll)

elseskip end

end;

END

(a) Solutionl : usingthe B implementa-
tion construct

(b) Solution?2 : usingthe B refinement
construct

Fig. 7. B formalisation for the relationship betweenevents, transitions and actions

As you cannotice,both System and Li ft containsomedatawith the samenameand
propertiesincethosedataareall derivedfrom thesameclass(Lift). Thisidentity actsas
theimplicit gluing invariantbetweenSystem and Li ft in System_imp. In addition,
the statecheckingexpressionli ftState(ll) = wisit hasbeenimplementedby an
auxiliary operationisVisit(...). The reasonis that datain Lift is not visible in the
operationof System_imp thatimports Li ft. The situationis similar for expressions
thatmodeleventualguardconditionsof transitions Thoseeventualauxiliary operations
for the statecheckingandfor guardconditionscanbe definedin abstracmachinedor
classe®r associations.



Remark 1

1. SincetheB implementatiorconstruciallows sequencsubstitutionsthemodelling
of actionsequencés enabledFurthermoresincethereis no restrictionregarding
operationsn importedabstractmachinego be calledin the implementedopera-
tions, we are thereforefree to arrangeB operationsof transitionsand actionsin
differentabstracmachine®r in oneuniqueabstracmachine.

2. The parallelsubstitution’||” is not allowed insidethe B implementatiorconstruct
so we can not model explicitly the parallelismof actions.However, sincethose
actionsaffect differentdata(cf. page434in [22]), we canthereforesimulatethe
parallelismof actionsby the sequencevithoutlosingthetotal effect.

4.4 Solution 2 : refining B operationsof non deferred events

The combinationof the B refinementonstructandthe B inclusionprimitive provides
anotherway to dealwith the relationshipbetweennon deferredeventsandtheir trig-

geredtransitionsand actions(cf. Figure 7(b)). Both solutionsfor modelling the rela-

tionship betweeneventsandtriggeredtransitionsand actionsare equivalent,however

theuseof the B refinementonstructandthe B inclusionprimitive allows oneto avoid

auxiliary operationssuchasisVisit(...) sincethe datain includedabstractmachines
arevisible in the operationsof including refinementcomponentsFor this reasonthe

combinationof the B refinementconstructandthe B inclusion primitive is preferred
andwill bereferenceafterward.

5 Modelling deferred eventsin B

In somemodelling situations,we may want to recognisesomeeventsbut postpone
a responseo themuntil later UML allows oneto specify suchsituationsby using
deferredevents.We thereforedistinguishbetweenthe addingof deferredeventsin an
internalbuffer in somestatesandthe handlingthemin anotherstates Deferredevents
aretaken off the buffers assoonasthe objectentersa statethat doesnot deferthose
eventsandthe eventsbecomeactive.

5.1 Modelling deferred eventinter nal buffers

The internal buffer is composedf items. Eachitem is a recordof fields for recever

objectsandargumentsf the event.In the context of the state-chartift, theeventcall is

deferredn thestatesnovement andvisit. Thebuffer call_Buffer for call containsrecords
of two fields: (i) thereferenceo anobjectll of the classLift; and(ii) the argumentfl of

thetype FLOOR. call_Buffer canbe modelledasa B variablecall_Buf fer definedas
followed:

‘call_BuffeT C lift x FLOOR‘




Remark 2
If suchapair{ll, f} canappearseveraltimesin call_Buffer, call_Buf fer is defined
asfollowed:

|call_Buffer € (lift x FLOOR) + NAT|

wherecall_Buf fer(ll, f1) is theoccurrencenumberof {lI, fl} in call_Buffer.

5.2 B abstract operationsfor deferred events

Asthecaseof nondeferredavents we proposdo modeladeferredeventby aB abstract
operationandits refinementln the B abstracbperationsve shouldmodelat the same
time the buffering of the deferredeventsat stateswherethey are deferrableand the

handlingthemin stateswherethey arenot deferrable Returnto the eventcall; in the

statesmovement andyvisit, call is deferred,it shouldbe insertedin call_Buffer; in the
stateready, call is no moredeferred,it shouldbe removedfrom call_Buffer (in caseit

washbufferedpreviously) andtriggerstransitiong(cf. Figure 8) .

Remark 3

1. For the casewherecall_Buffer is a multi-set (cf. Remark 2), the buffering of an
eventcall ontheobjectll is modelledby increasingeall_Buf fer(Il, f1) by 1. the
removing of a call from call_Buffer is modelledby decreasingall_Buf fer(ll, f1)
by 1.

2. We have notyet consideredhefactthatcall is asynchronouslgentfrom the state-
chartButton to the state-chart.ift, which will bediscussedn Section 6.2.

5.3 B refinementoperationsfor deferred events

In orderto refineB abstracbperationdor deferredevents,it is necessaryo introduce
B operationsfor insertingand removing deferredevents.Suchoperationsshouldbe
definedin a B abstractmachinewherethe correspondind variablefor the internal
buffer is defined.The refinementof B operationdor deferredeventsis similar to the
refinemenof B operationgor nondeferredevents(cf. Section 4.4).

6 Modelling the communicationamongUML state-chartsin B

Thesolutionin theworksof Lano,MeyerandNguyenfor modellingthecommunication
betweerstate-chartganbe appliedin caseof synchronougsommunicatiorbut not for
theasynchronousommunicationln addition,this solutioncouldnotdealwith thecase
wherea messagés diffusedto multiple objects.For this reasonthe modellingin B of
thecommunicatiorbetweerstate-chartss discussedh this section.



MACHINE System
SEES Types

VARIABLES

lift, button, ..., call_Bufer
INVARIANT

... A\ call_Bufer C lift x FLOOR

INITIALISA TION
.|| call_Bufer := ¢

OPERATIONS
call(ll,fl) =
pre
I € lift A fl € FLOOR
then
selectliftState(ll) = visit then
/x insertingcall in call_Buffer «/
call_Bufer := call_Buferu {ll — fl}
when liftState(ll) = movementhen
/x insertingcall in call_Buffer «/
call_Bufer := call_Buferu {ll — fl}
when liftState(ll) = readyA fl = curDestFloor(ll) then
/% specifyingeffectsof Call onrelateddata./
liftState(ll) := visit ||
doorStatus(ll) := open||
/% remaving call from call_Buffer. «/
call_Bufer := call_Bufer — {ll — fl}
when liftState(ll) = readyA fl > curDestFloor(ll) then
/% specifyingeffectsof Call onrelateddata./
liftState(ll) := movement|
curDestFloor(ll) := fl ||
dir(l) := up]||
/% remaving call from call_Buffer. «/
call_Bufer := call_Bufer — {ll — fl}
when liftState(ll) = readyA fl < curDestFloor(ll) then
I specifyingeffectsof Call onrelateddata.x/
liftState(ll) := movement|
curDestFloor(ll) := fl ||
dir(l) := down||
/% remaving call from call_Buffer. «/
call_Bufer := call_Bufer — {ll — fl}
elseskip end
end;

END

Fig. 8. B formalisation for deferred events




6.1 Modelling synchronousmessages

The intuitive ideais to avoid calling the B operationof the messge receipteventin

the B operation®f the eventthatsendghe messagehecausdotheventsaremodelled
in the sameabstractmachine(System). For this purposethe contentof B operation
for the messageeceipteventis insertedin the B operationof the eventthat sendshe
messageConsiderthe examplewith the event arrive that sendmessageselease to

two objectsButton (cf. Section 2). As you cannotice,the effectsof two eventsrelease

arespecifiedin the body of B operationdor arrive (cf. Figure 9). Note alsothatthe B

operationdor release arenolongerneeded.

6.2 Modelling asynchronousmessages

SinceB doesnotallow to modelexplicitly theasynchronousommunicationwe have
to simulateit. The ideais similar to the managemenof deferredevents,namely we

createfor eachsignaltypeabuffer to storesignalsthathave beensentbut have notbeen
treatedby recever state-chartThe buffer is written by senderstate-charandreadby

recever state-chartGenerallyeachitemin the buffer shouldcontaininformationabout
therecever(s)objectseventualparametersf the signals.

In the context of two state-chart$or Lift andButton, theeventcall is nolongerdeferred
in thestatewisit andmovement but it is sendasynchronouslymessagself.getLift().call(

self.getFloor())) from the state-charButton to the state-chartift. The signalbuffer for

call canbedefinedasfollowed:

| call_Signal_Buf fer C lift x FLOOR)|

Remark 4

1. Remark 2 is still valid.

2. By introducingcall_Signal_Buf fer, we canmodelthe sendingof call in the B
operation®f the eventpress (cf. Figure 10).

3. Becauseall is no longerconsideredasdeferredin the context of two state-charts
Lift and Button, the B variablecall_Buf fer is no longerneededAs oppositeto
release, the B operationdor call areneededcandin thoseoperationsve modelthe
effectsof call aswell asthe removing of call from its signalbuffer. For reasonof
spacethemodifiedB operationdor call is omitted.

7 Integrating UML state-chartsinto B specifications

This sectionpresentghe way to develop B specificationdrom UML classdiagrams
andtheevent-relatecgpartof UML state-charts.



MACHINE System
SEES Types

OPERATIONS
arrive(ll,fl) =
pre
I e lift A fl € FLOOR
then
selectliftState(ll) = movementA fl = curDestFloor(ll) then
I effectsof arrive areeffectsof itself on the objectLift /
liftState(ll) := visit ||
doorStatus(ll) := open||
/% andeffectsof two eventsrelease ontwo objectsButton. x/
any bl,b2where
bl € buttonA b2 € button A
{b1,b2} = liftButton™[{II}] N floor~*[{fl}]
then
buttonState:= buttonState <- {b1+— off, b2 — off}
end
elseskip end
end;

END
REFINEMENT System af

REFINES System
SEES Types

OPERATIONS
arrive(ll,fl) =
if liftState(ll) = movementA fl = curDestFloor(ll) then
transMarementisit(ll);
openDoor(ll);
var bl,b2in
b1,b2 «+ getButtons(ll,fl);
if buttonState(b1)= onthen
transOnOfi(b1)
end,
if buttonState(b2)= onthen
transOnOfi(b2)
end
end
elseskip end
end;

END

Fig. 9. B formalisation for synchronousmessages




MACHINE System
SEES Types
VARIABLES
lift,button,...,call_Signal_Bigr
INVARIANT
A
call_Signal_Buker C lift x FLOOR
INITIALISA TION
... || call_Signal_Bukr := ¢
OPERATIONS
press(btF=
pre
bt € button
then
selectbuttonState(bt)= off then
I+ effectsof Press */
buttonState(bt):= on ||
/% sendingcall «/
call_Signal_Bukr :=
call_Signal_Buer U {liftButton(bt) — floor(bt)}
elseskip end
end;

END

Fig.10.B formalisation for asynchronousmessages

7.1 Datain the B specification

By definition (cf. [18]) the datain the B specificationmodelsthe datain classand
state-chartsThus, the B dataare derived from: (i) classesassociationattributesin

the classdiagram;(ii) states,sub-statesn the state-chartsAccordingto Section 5.1

andSection 6.2, we canalsohave B datafor modellingthe buffersof eventualdeferred
eventsandsignalsIn ourexample the B datacomefrom: (i) two classesift andButton,

their attributesandthe associatiorbetweerLift andButton; (ii) the statesin the state-
chartsfor Lift andButton and(iii) the buffer call_Signal Buffer.

7.2 Operationsin the B specification

In general,the B operationsare mainly usedto model events?, transitions,actions.
However, accordingo Section 5, therearealsoB operationdo modeltheinsertingand
removing of eventualdeferredeventsandsignals.In caseusingthe B implementation
constructthereshouldbe B operationdor the statecheckingandguardedconditions
(cf. Section 4.3).

3 exceptthe onesissuedrom the synchronousommunicatiorbetweerstate-charts



In our example,the B operationscome from: (i) the transitionsin state-chartgor
the classed.ift and Button; (ii) the classoperations(they are basic); (iii) the events
close,arrive,press andcall but notrelease andtheinsertingandremoving of call regard-
ing the buffer call_Signal Buffer.

7.3 Structuring the derived B specification

Theoperationsnodellingeventsaregroupedn anabstracmachinecalledSystem (cf.
Figure 6 andFigure 8). Datain System aredescribedn Section 7.1.

MACHINE Basic
SEESTypes MACHINE Basic
SEES Types
VARIABLES /x distributing B operationdor transition,actions */
lift,button, ..., [ into abstracmachined.ift, Buttonx/
call_Signal_Buger EXTENDS Lift, Button
INVARIANT ... VARIABLES
INITIALISA TION ... call_Signal_Buer
OPERATIONS INVARIANT ...
transOnOA(ll) = ... INITIALISA TION ...
closeDoor(ll)= ... OPERATIONS
insertCall(Il,fl) = ... insertCall(Ilfl) = ...
END END
(a) Basic models transitions, actions, (b) DecomposingBasic in abstractma-
deferred event and signal insert- chinesfor classesandassociations
ing/remwing

Fig. 11. The abstract machineBasic

We proposeo createanotherabstractmachine(Basic) to groupB operationdor tran-
sitions,actionsandfor inserting/remwing eventualdeferredeventsandsignals(cf. Fig-
ure 11(a)). Thedatain Basic areidenticalto the System data.We refine System by
including Basic sothatwe canrefine B abstractoperationgor eventsin System by
calling B operation®f transitionsactionsin Basic. Theidentity of dataof Basic and
System actsastheimplicit gluing invariantin System_ref.

We canfurther structureBasic by deleggatingB operationsandrelateddataof transi-
tions and actionsto abstractmachinedfor classesand eventualabstractmachinesfor
associationgConsequentlytherearelinks EXTENDS from Basic to abstracmachines
for classesandeventualabstracimachinedor classassociationsin Basic, we declare
only dataandoperationgor insertingandremoving eventualdeferredeventsandsignals
(cf. Figure 11(b)). Figure 12 shavsthearchitecturef the B specificatiorcorresponding



to the UML specificationin Section 2.2. TheabstracimachineBasic, in this case|n-
cludes(clauseEXTENDS) two abstractmachinesli ft and Button for classed.ift and
Button. The associatiorl. .(2..¥) is expressedy thelink USES from Button to Li ft;
no abstractmachinefor this associatioris created The B specificatiorwasdeveloped
with AtelierB andthe codecanbefoundin [11].

- —> REFINES

Pid ———» INCLUDES

-
- - System_ref -----3» USES
- ----> SEES
Types ~ -

...........

Fig.12.The derived B specificationarchitecture of the UML specificationin Section 2.2

Remark 5

1. Fromexperiencego developthe examplein this paperwe have foundthat LI F'T
must be definedoncein T'ypes. Otherwise,LIF'T shouldbe definedtwice, in
System andin Li ft but this situationis not allowedunderAtelierB.

2. Furthermoreit is evenpossibleto avoid the constantd.] F'T and BUTTON. In
that case /i ft that modelsthe setof effective instancef Lift canbe constrained
directly to beasubsebf OBJECTS.

3. Alwaysunderthe AtelierB ervironment, Basic is hecessargnd we cannotdis-
penseit sincein that case,System_ref must“INCLUDES” directly Lift and
Button, howeverthisis impossibledueto thelink USES from Button to Li ft.

7.4 Generating B operations’ body

We canpresentlyautomaticallyderive thearchitectureof B specificationsThedatathe
skeletonof B operationsn the B specificatiorarealsoautomaticallyderived.According
to Meyer[18], the B operationdor transitionscanbeautomaticallyderived.According
to Section 5 the B operationgor insertingandremaoving eventualdeferredeventsand
signalscan also be automaticallyderived. For the purposeof a completeautomation
of the derivation,we proposedo attachOCL-basedspecificationgo events,actionsand
guardconditions.Hence the of B abstracbperationdor events,actionscanbederived

by usingOCL-B rules[17]. TheB refinemenbperationdor eventscanbederivedfrom

state-chartsThe precisetranslationruleswill beproposedatalaterstage.



8 Conclusion

The contributions of our paperconsistof a new approachfor modellingnon deferred
events,the modelling of deferredeventsandthe modellingof the communicatiorbe-
tweenUML state-chartswhich were not previously treated.Our proposalstogether
with previousderivationschemegor statesactions transitionsgive riseto aderivation
procedurdrom theevent-relatec¢partof UML state-charin B (cf. Section 7).
Togethemwith previousworks[12, 16, 15] we areableto provide acompleteframavork
for deriving B specificationgrom UML structureandbehaiour diagramsHence the
conformancéetweentwo aspectgthe structureandthe behaiour) of UML specifica-
tionscanbeformally verifiedby analysinghe correspondindd specification(cf. [14]).
For further study the adaptatiorof OCL-B translationrules[17] in our work hasbeen
ervisaged; a studyto translateUML state-chartinto B implementatioroperationds
alsoervisaged As saidearlier theinterferenceof event-relatecpartto activity-related
partwhich hasnot beentreatedsofar, is alsoa subjectto investigateln addition,the
prototypeArgo/UML+B by Meyer is currently extendedto take into accountUML be-
havioural diagrams.
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