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Abstract. An appropriateapproachfor translatingUML to B formal specifica-
tionsallows oneto useUML andB jointly in anunified,practicalandrigorous
softwaredevelopment.Wecanformally analyseUML specificationsvia theirde-
rived B formal specifications.This point is significantbecauseB supporttools
like AtelierB are available.We can also useUML specificationsas a tool for
building B specifications,sothedevelopmentof B specificationsbecomeeasier.
In thispaper, weaddresstheproblemof modellingUML state-chartsin B, which
hasnotbeen,sofar, completelytreated.Wedistinguishbetweenevent-relatedand
activity-relatedpartsof UML state-charts.We proposederiving theB specifica-
tion of theevent-relatedpartindependentlywith theactivity-relatedpart.For this
purpose,a new approachfor modellingeventsis proposed;the communication
amongstate-chartsis alsoconsidered.

Keywords: UML, state-chart,event, activity, classoperation,B method,B ab-
stractmachine,B operation.

1 Intr oduction

TheUnified Modelling Language(UML)[22] hasbecomea de-factostandardnotation
for describinganalysisand designmodelsof object-orientedsoftware systems.The
graphicaldescriptionof modelsis easilyaccessible.Developersandtheircustomersin-
tuitively graspthegeneralstructureof amodelandthushaveagoodbasisfor discussing
systemrequirementsandtheir possibleimplementation.However, sincetheUML con-
ceptshave English-basedinformal semantics,it is difficult even impossibleto design
tools for verifying or analysingformally UML specifications.This point is considered
asa seriousdrawbackof UML-basedtechniques.
To remedysucha drawback,oneapproachis to developUML asa precisemodelling
language.The pUML1 (preciseUML) group hasbeencreatedto achieve this goal.
Howeverthemainchallenge[5] of thepUML is to defineanew formalnotationthathas
beenup to now anopenissue.Furthermore,thesupporttool for sucha new formalism
is perhapsanotherchallenge.
In waiting for a preciseversionof UML and its supporttool, the necessityto detect
semanticdefectsinsideUML specificationsshouldbesolvedin a pragmaticapproach
(cf. [26, 4]): formalising UML specificationsby existing formal languagesand then

1 http:://www.cs.york.ac.uk/puml/



analysingUML specificationsvia thederivedformal specifications.In thisperspective,
usingtheB language[1] to modelUML specificationshasbeenconsideredasapromis-
ing approach[13, 25, 18, 20]. By formalisingUML specificationsin B, onecanuseB
powerful supporttoolslike AtelierB [27], B-Toolkit [3] to analyseanddetectsemantic
defectsinsideUML specifications(cf. [14]). On theotherhand,we canalsouseUML
specificationsasa tool to developB specificationswhich canberefinedautomatically
to theexecutablecode[2, 8].
This paperaddressesthe modelling in B of UML state-charts.Sucha modellinghas
beenpreviously doneby Meyer, NguyenandLano[18, 19, 20, 10, 23]. However, their
rules for mappingUML state-chart-relatedconceptsinto B have got followed short-
comings:

1. themodellingof theactivity-relatedpart (cf. [10]) in state-chartsdid not consider
theinterferenceof event-relatedpart;

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

3. Therehasbeenno mechanisedderivationprocedurefor UML state-chartsdueto
ambiguitiesof modellingrules;

4. deferredeventsandthecommunicationof UML state-chartshavenotbeenconsid-
ered.

We proposeto distinguishbetweenactivity-relatedand event-relatedpartsof state-
charts.Theevent-relatedpartin state-chartsrelatesto events.Theseelementscomprise
events,state,transitionandactions.Remaindersin state-chartsconstitutetheactivity-
relatedpart.Sinceactivities do not affect states,it is naturalto modeltheevent-related
part independentlywith respectto theactivity-relatedpart.However, themodellingof
the activity-relatedpart shouldtake into accountthe interferenceof the event-related
part.
This paperaddressesonly the modellingin B of the event-relatedpart in UML state-
charts.Theinterferenceof theevent-relatedpart to theactivity-relatedpartneeda fur-
ther investigationandis beyondthescopeof thecurrentpaper. We proposea new ap-
proachfor modellingeventsin whichthedifferentsemanticsof nondeferredeventsand
deferredeventsshouldbetakeninto account.Eachnondeferredeventsis modelledin
two stages:

1. creatingB abstractoperationsfor nondeferredeventsin which theeventeffect on
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,modellingnon deferredeventsin two stagesgivesalsopossi-
bilities to verify the conformanceof the envisagedeffectsof an event with respectto
its triggeredactions.Deferredeventsaremodelledin a similar manner, however, the
queueinganddequeuingof thoseeventsshouldbetakeninto account.Theapproachfor
modellingdeferredeventscanbeextendedto modeltheasynchronouscommunication



amongstate-charts.Dealingwith the synchronouscommunicationamongstate-charts
is anothercontribution in this paper. The idea is to avoid calling the B operationfor
message receiptevent in the B operationsof the event that sendthe messagebecause
both eventsaremodelledin the sameabstractmachine.For this purpose,the content
of the B operationfor the messagereceiptevent is insertedin the B operationof the
eventthatsendthemessage.Hence,our proposalstogetherwith previousproposalsby
Meyer, NguyenandLano for modelling states,transitionsandactionsgive rise to a
completeframework for deriving B specificationsfrom theevent-relatedpartof UML
state-charts.
In Section 2, basicconceptsof UML state-chartsandaUML specificationexampleare
presented.Theexamplewill beusedthroughthewholepresentation.In Section 3, pre-
viouswork for modellingUML state-chartsin B is presented.Section 4 presentsanew
approachto modelnondeferredevents.Themodellingof deferredeventsis presentedin
Section 5. In Section 6 wegoonto presentthemodellingof thecommunicationamong
UML state-charts.Section 7 presentsan automaticintegrationprocedureto derive B
specificationsfrom UML classdiagramsandUML state-charts.Finally, in Section 8,
concludingremarkscompleteourpresentation.

2 UML state-charts

2.1 Basicconcepts

State-chartdiagramsare UML diagramsfor modelling dynamicaspectsof systems.
State-chartswereinventedby Harel [7], thesemanticsandthenotationof UML state-
chartsaresubstantiallythoseof Harelstate-chartswith adaptationsto theobject-oriented
context.
UML state-chartsfocuson theevent-orderedbehaviour of anobject,a featurewhich is
speciallyusefulin modellingreactive systems.A state-chartshows theeventtriggered
flow of control due to transitionswhich lead from stateto state,i.e it describesthe
possiblesequencesof statesandactionsthroughwhich a modelelementcango during
its lifetime asaresultof reactingto discreteevents.A statereflectsasituationin thelife
of anobjectduringwhich thisobjectsatisfiessomecondition,performssomeaction,or
waitsfor someevent.
Transitionsareviewed in UML asrelationshipsbetweentwo statesindicatingthat an
objectin thefirst statewill enterthesecondstateandperformsspecificactionswhena
specifiedeventoccursprovidedthatcertainconditionsaresatisfied.
Thesemanticsof eventprocessingin UML state-chartis basedontherun to completion
(rtc) assumption:eventsare processedone at a time and when the machineis in a
stableconfiguration,i.e. a new event is processedonly whenall the consequencesof
the previousevent have beenexhausted.Therefore,an event is never processedwhen
thestate-chartis in someintermediate,unstablesituation.
Eventsmaybespecifiedby astateasbeingpossiblydeferred.They areactuallydeferred
if, when occurring,they do not trigger any transition.This will last until a stateis
reachedwhereeventsareno moredeferredor whereeventstriggera transition.



2.2 Example: a lift control system

This sectionpresentstheUML specificationof a systemthatcontrolsa setof lifts and
buttons.The classdiagramis shown in Figure 1. For a lift, we considerinformation
aboutthecurrentmovementdirection(dir

�
DIRECTION

�
{ up,down}), thenext floor

(curDestFloor
�

FLOOR
�

ground ��� top) wherethelift will arriveandthelift doorsta-
tus(doorStatus

�
DOORSTATUS

�
{ open,closed}). Eachbuttonis attachedto afloor.

Givenonelift andonefloor, therearetwo buttons:theindicationbuttonis in thelift and
thecall button is at thegivenfloor.

dir : DIRECTION
curDestFloor : FLOOR

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

Lift

liftButton

2..*

Button

getFloor() : FLOOR

floor : FLOOR

doorStatus : DOORSTATUS

Fig.1. Classdiagram for the lift control system

Figure 2 shows the state-chartsof classesButton andLift. Eachbutton hastwo states
on andoff correspondingto the stateof the button light. Whenthe button is pressed,
it is in the stateon; whenthe floor of the button is visited, it returnsto the stateoff.
Whena buttonin thestateoff is pressed,aneventcall is sentasynchronouslyto thelift
associatedto the button.Theparameterof call is the floor of the button.Eachlift has
threestatesready, visit andmovement. It is only in the stateready that the lift serves
an eventualcall by changinginto one of the statesvisit or movement dependingon
the calling floor. Becausea lift shouldprocessall eventualeventscall, the event call
is deferrablein statesvisit andmovement. The door of a lift in the statevisit should
be open,meaningthat openDoor() is the entryactionof visit. The lift in the statevisit
shouldchangeto ready beforeprocessanothereventcall. At the exit of thestatevisit,
the lift doorshouldbeclosed,hencecloseDoor() is theexit actionof visit. In thestate
movement, if the lift arrivesat thedestinationfloor (eventarrive), theevent release is
sentsynchronouslyfor lighting off two buttonsattachedto thevisitedfloor. Notealso
thata lift will notchangeits destinationfloor duringthemovement.

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

This sectionrecallsessentialpointsin thework of Meyer, NguyenandLanofor mod-
elling UML state-chartsin B. Thoseworksarebasedon theUML state-chartconcepts



Button

Lift

ready

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

movement
defer/call(fl)

call(fl)[fl<getCurDestFloor()]/
setCurDestFloor(fl);goDown();

call(fl)[fl>getCurDestFloor()]/
setCurDestFloor(fl);goUp()

arrive(fl)[fl=getCurDestFloor()]/
^(selft.getButtons(fl)).release

off

release

on

press/^(self.getLift()).call(self.getFloor())

call(fl)[fl=getCurDestFloor()]

close

Fig.2. State-chartsfor the lift control system

inheritedfrom OMT state-chart[21]: state,sequentialsubstate,concurrentsubstate,
transition,actionandnondeferredevent.Eachof suchelementsis modelledby aderiva-
tion scheme.TheB derivationof UML state-chartsis integratedin theB derivationof
classdiagrams.

3.1 Derivation schemesto B for UML sate-charts

Derivation 1 (States) Therehasbeenderivationschemesfor states,subsstates,how-
ever, werecallhereonly, asanexample,thederivationschemefor states.
For eachstate-chartattachedto a classClass, we createa B enumeratedset �����	��

which gathersall the statesof the diagram.The stateof an object is recordedby a
B variable ��
���
�� definedasa function from the B variable ��������� , which modelsthe
setof effective instancesof Class, to �����	��
 . Thus,the stateof an objectoo is de-
finedas ��
���
���������� . Transitionsbetweenstatescorrespondto themodificationof � 
���
�� .
The initial stateis setup in the instancecreationoperationsasit is donefor classat-



tributes.Figure3 presentsthe formalisationof the statesassignedto the classLift (cf.
Section 2.2).

MACHINE Lift
/ ! theabstractmachineTypesdeclaresOBJECTSandmodelsattributestypes ! /

SEESTypes
CONSTANTS

LIFT
PROPERTIES

LIFT " OBJECTS
SETS

LIFT_STATE= {ready, visit, movement}
VARIABLES

lift, dir, curDestFloor, doorStatus,liftState
INVARIANT

lift " LIFT #
dir $ lift % DIRECTION #
curDestFloor $ lift % FLOOR
doorStatus $ lift % DOOR_STATUS
liftState $ lift % LIFT_STATE

...
END

Fig.3. B formalisation for states

Let usrecallthatthespecialabstractmachine�	&(')��� is usedto modelattributetypesof
classes.�	&(')��� is seen(link SEES) by abstractmachinesderivedfrom classesin which
wemodeltheattributes.An interestingpointof Meyerwork is to modelaclassinstance
spaceby aconstant.For example,theconstant*,+�-.� modelstheinstancespaceof Lift.
*,+�-.� is consideredasa subsetof theset /.0213
546�6� , which modelsinstancespace
of all classes./.0213
546�6� is also declaredin �	&(')��� . One can thereforemodel the
multiple inheritancebetweenclassthatcouldnot betreatedin thework of Nguyenand
Lanoin which theclassinstancespaceis modelledasaB deferredset.

Derivation 2 (Transitions) Eachtransitionis formalisedby a B operationwhich mod-
elsthechangeof thestate.Figure 4 showstheB operation
87���9:�(;5<�� <=
�>.�(��?@&A���B�B� � mod-
elling thetransitionfrom thestatevisit to ready in thestate-chartLift.

Derivation 3 (Actions) Eachactioncorrespondsto aclassoperation.Thus,eachaction
is naturallymodelledasaB operation(cf. ����������CD���(7��E�F�B�G� in Figure 4).

Derivation 4 (Events) Eachevent is alsoformalisedby a B operation.This operation
is parameterisedby targetobjectsandeventualparametersof theevent.Parametersare
typedby a predicatein the preconditionclause.The body of the B operationfor an



MACHINE Lift
...
OPERATIONS

transVisitReady(ll)=
pre

ll $ lift # liftState(ll) H visit
then

liftState(ll) I H ready
end;
closeDoor(ll)=
pre

ll $ lift
then

doorStatus(ll):= closed
end;

...
END

Fig.4. B formalisation for transitions and actions

event constitutesinvocationsto B operationsmodelling the triggeredtransitionsand
their associatedactions.Figure 5 shows theB operation�������������B�F�G� for theeventclose.

...
OPERATIONS

close(ll)=
pre

ll $ lift
then

selectliftState(ll) H visit then
transVisitReady(ll) J
closeDoor(ll)

elseskip end
end;

...

Fig.5. Curr ent B formalisation for events

3.2 Observations

In our opinion, derivation schemesfor states,transitionsandactionshave beenwell
defined.Following observationsare about the modelling of events.First of all, one
cannotapplytheeventderivationschemeabovefor deferredeventssincethesemantics



of deferredeventshasnot beenconsidered.For nondeferredevents,at thefirst glance,
thederivationschemeseemsto beevident.However,atacloseinspection,two problems
canberaised:

1. how to distrib ute B operations into abstract machines?Consideringtheexam-
ple in Figure 5. Because�������������B�B� � , 
87���9:��;5<���<K
�>.�(��?@&A�E�F�B� � and ����������CD���(7��E�F�B�G� are
in abstractmachines,the abstractmachinefor � �����������B�F�G� shouldhave a link IN-
CLUDES to theabstractmachine*,<8LM
 for 
87���9:�(;N<8��<=
�>.�(��?�&A���B�F�G� and� �������(CO���(7����B�F�G�
(cf. Figure 4). However, calling two B operationsfrom thesameincludedabstract
machineis not allowed accordingto [1, 27]. The solution by Meyer to declare

87���9:�(;N<8��<=
�>.�(��?�&A���B�F�G� in theclauseDEFINITION cannotdealwith transitionsfrom
ready to movement in whichseveralactionsareattachedto anindividualtransition;

2. what about the action sequence?Theactionsequencesin transitionsfrom ready
to movement cannotbemodelledin theabstractmachinecontext sincethesequen-
tial substitution“;” is not allowed.

The two above problemswerejustified by the fact that therehasnot been,so far, an
appropriatesolutionto automaticallymapUML state-chartsinto B (cf. Self-evaluation
of Meyer in section6.2.3of the chapter6 in [18]). The prototypeAr go/UML+B by
Meyerworksactuallyonly with UML classdiagrams.In [9], LaleauandMammarhave
presentedasupporttool for generatingB specificationsfrom UML diagramsof datain-
tensiveapplications.Althoughthey consideredUML state-charts,nothingnew is added
regardingthework of Nguyen.In thetool U2B by C. SnookandM. Butler [24], which
implementsa subsetof Meyer derivationschemesfor UML classdiagrams,the mod-
elling in B of UML state-chartcouldnot dealwith the actionsequence.Furthermore,
no mechanisedway to organiseB operationsinto abstractmachineshasbeenproposed
(cf. [6]).

4 Newapproachfor modelling non deferred eventsin B

We distinguishbetweennondeferredeventsanddeferredeventsdueto their different
semantics.A nondeferredeventmustbehandledimmediatelyjust after its occurrence
or it shouldbelost.A deferredeventcanoccuratastateandcanbehandledafterwardat
anotherstate.Thissectionpresentsaway to modelnondeferredevents.Themodelling
of deferredeventswill bediscussedin thenext section.

4.1 The two-stagesapproach

As saidearlier, wemodeleachnondeferredeventby aB operation.However theB op-
erationfor eachnondeferredeventis implementedor refinedafterward.In otherwords,
therearetwo B specificationsfor eachnondeferredevent:thefirst is aB abstractopera-
tion; thisabstractoperationis thenimplementedor refinedby thesecond.Theexpected
effect of a nondeferredeventon relateddatais specifieddirectly in thecorresponding
B abstractoperation.It is only in the B implementationor refinementoperationthat
we make explicitly invocationsto B operationsof thetriggeredtransitionsandactions.



Building the abstractcontentand implementationor refinementcontentfor B opera-
tionsof nondeferredeventsconstitutestwo stagesin modellingnondeferredeventsin
B 2.

4.2 CreatingB abstract operationsfor non deferredevents

MACHINE System
SEESTypes
...
VARIABLES

lift, liftState, doorStatus,..., button,...
...
OPERATIONS

close(ll)=
pre

ll $ lift
then

selectliftState(ll) H visit then
doorStatus(ll) I H closed J
liftState(ll) I H ready

elseskip end
end;

...
END

Fig.6. New B formalisation for non deferredevents

In order to specify directly the effect of an event on its concerneddata,we propose
to group an event and relateddatain the sameabstractmachine.Thus, the problem
of modellingeventsbecomesoneof how B substitutionscanbe usedto expressthe
pre-/postof the event.This is similar to modelactionsor basicclassoperationsthat
are local to oneclass.Figure 6 shows an abstractmachine ��&P� 
���Q , in which the B
operation �������������B�B� � modelsthe event close. In the datadeclarationsection(clauses
SETS, VARIABLES...) of �R&���
���Q we notice the presenceof the dataderived from
the classLift. In addition, �R&���
���Q haslink SEES to �	&(')��� because��&P��
���Q needs
referencesto B typesdefinedin �	&(')��� for modellingattributetypesof Lift.
We proposeto createan abstractmachine( ��&P��
���Q ) for all events;the reasonis that
an event canaffect datafrom differentclasses(cf. the event arrive). Dataof ��&P��
���Q
arederivedfrom thewholeclassdiagram.However, ��&P� 
���Q doesnot containB oper-
ationsfor transitionsandactionssincethoseoperationsareusedto implementor refine
abstractoperationsof eventsasdescribedin thefollowing sections.

2 Similar ideashavebeenusedin ourpreviouswork for modellingusecasesandclassoperations
[12, 16,15].



4.3 Solution 1 : implementing B operationsof non deferredevents

The first solutionto dealwith the relationshipbetweennon deferredeventsandtheir
triggeredtransitionsandactionsis to usetheB implementationconstructandtheB im-
portationprimitive.Theabstractmachine( ��&P��
���Q ) for eventsis implementedby im-
portingabstractmachinesfor transitionsandactions,sothatB operationsfor eventscan
be implementedby calling B operationsof transitionsandactions.In Figure 7(a), the
B operation� �����������B�F�G� of ��&P��
���Q is implementedby callingoperations���������(CO���(7��E�F�B� �
and 
87���9:�(;N<8��<=
�>.�(��?�&A���B�F�G� of *,<�LM
 .

IMPLEMENT ATION System_imp
REFINES System
SEESTypes
IMPORTS Lift
OPERATIONS

close(ll) H
var bb in

/ ! isVisit() is usedto implementstate ! /

/ ! checkingconditionsin thesubstitution ! /

/ ! select in Systemsincethedatain ! /

/ ! Lift is not visible from operationsin ! /

/ ! System_imp! /

bb S isVisit(ll);
if bb H TRUE then
closeDoor(ll);
transVisitReady(ll)

elseskip end
end;

...
END

(a)Solution1 : usingtheB implementa-
tion construct

REFINEMENT System_ref
REFINES System
SEESTypes
INCLUDES Lift

OPERATIONS
close(ll) H
begin

/ ! sincethedatain theLift is visible ! /

/ ! this time from operationsin System_ref, ! /

/ ! theoperationisVisit() is not necessary! /

if liftState(ll) H visit then
closeDoor(ll);
transVisitReady(ll)

elseskip end
end;

...
END

(b) Solution2 : usingthe B refinement
construct

Fig.7. B formalisation for the relationshipbetweenevents,transitions and actions

As you cannotice,both ��&P��
���Q and *T<�LM
 containsomedatawith thesamenameand
propertiessincethosedataareall derivedfrom thesameclass(Lift). This identityactsas
the implicit gluing invariantbetween��&P� 
���Q and *,<8LM
 in ��&P��
���Q _<=QU' . In addition,
the statecheckingexpression�V<�LM
E��
���
����������XW Y�<���<K
 hasbeenimplementedby an
auxiliary operation<��(;Z<���<=
����B�F�G� . The reasonis that datain *T<�LM
 is not visible in the
operationsof ��&P��
���Q _<=Q[' that imports *,<�LM
 . Thesituationis similar for expressions
thatmodeleventualguardconditionsof transitions.Thoseeventualauxiliaryoperations
for thestatecheckingandfor guardconditionscanbedefinedin abstractmachinesfor
classesor associations.



Remark 1

1. SincetheB implementationconstructallowssequencesubstitutions,themodelling
of actionsequenceis enabled.Furthermore,sincethereis no restrictionregarding
operationsin importedabstractmachinesto be called in the implementedopera-
tions, we are thereforefree to arrangeB operationsof transitionsandactionsin
differentabstractmachinesor in oneuniqueabstractmachine.

2. Theparallelsubstitution“||” is not allowedinsidetheB implementationconstruct
so we can not model explicitly the parallelismof actions.However, sincethose
actionsaffect differentdata(cf. page434 in [22]), we canthereforesimulatethe
parallelismof actionsby thesequencewithout losingthetotal effect.

4.4 Solution 2 : refining B operationsof non deferredevents

Thecombinationof theB refinementconstructandtheB inclusionprimitive provides
anotherway to dealwith the relationshipbetweennon deferredeventsandtheir trig-
geredtransitionsandactions(cf. Figure 7(b)). Both solutionsfor modelling the rela-
tionshipbetweeneventsandtriggeredtransitionsandactionsareequivalent,however
theuseof theB refinementconstructandtheB inclusionprimitiveallowsoneto avoid
auxiliary operationssuchas <��(;.<���<=
����B�F�G� sincethe datain includedabstractmachines
arevisible in the operationsof including refinementcomponents.For this reason,the
combinationof the B refinementconstructand the B inclusionprimitive is preferred
andwill bereferencedafterward.

5 Modelling deferred eventsin B

In somemodelling situations,we may want to recognisesomeeventsbut postpone
a responseto them until later. UML allows one to specify suchsituationsby using
deferredevents.We thereforedistinguishbetweenthe addingof deferredeventsin an
internalbuffer in somestatesandthehandlingthemin anotherstates.Deferredevents
aretaken off the buffers assoonasthe objectentersa statethat doesnot defer those
eventsandtheeventsbecomeactive.

5.1 Modelling deferredevent internal buffers

The internalbuffer is composedof items.Eachitem is a recordof fields for receiver
objectsandargumentsof theevent.In thecontext of thestate-chartLift, theeventcall is
deferredin thestatesmovement andvisit. Thebuffer call Buffer for call containsrecords
of two fields: (i) thereferenceto anobjectll of theclassLift; and(ii) theargumentfl of
the typeFLOOR. call Buffer canbemodelledasa B variable � ����� _05\]LAL]��7 definedas
followed:

������� _05\]LAL]��7_^`�V<�LM
6ab-Z*c/Z/.>



Remark 2
If sucha pair { ll, fl} canappearseveraltimesin call Buffer, ������� _0N\ALAL]��7 is defined
asfollowed:

������� _05\]LAL]��7 � ����<8LM
.ad-Z*c/Z/.>Z�feg h �	�
where������� _0N\ALAL]��7������EijL]�K� is theoccurrencenumberof { ll, fl} in call Buffer.

5.2 B abstract operationsfor deferredevents

As thecaseof nondeferredevents,weproposeto modeladeferredeventby aB abstract
operationandits refinement.In theB abstractoperationswe shouldmodelat thesame
time the buffering of the deferredeventsat stateswherethey are deferrableand the
handlingthemin stateswherethey arenot deferrable.Returnto the event call; in the
statesmovement and visit, call is deferred,it shouldbe insertedin call Buffer; in the
stateready, call is no moredeferred,it shouldbe removedfrom call Buffer (in caseit
wasbufferedpreviously)andtriggerstransitions(cf. Figure 8) .

Remark 3

1. For the casewherecall Buffer is a multi-set (cf. Remark 2), the buffering of an
eventcall on theobjectll is modelledby increasing� ����� _05\]LAL]��7�������ikL]��� by 1. the
removing of a call from call Buffer is modelledby decreasing������� _05\]LAL]��7�������ikL]���
by 1.

2. We havenot yet consideredthefactthatcall is asynchronouslysentfrom thestate-
chartButton to thestate-chartLift, which will bediscussedin Section 6.2.

5.3 B refinementoperationsfor deferredevents

In orderto refineB abstractoperationsfor deferredevents,it is necessaryto introduce
B operationsfor insertingand removing deferredevents.Suchoperationsshouldbe
definedin a B abstractmachinewherethe correspondingB variablefor the internal
buffer is defined.The refinementof B operationsfor deferredeventsis similar to the
refinementof B operationsfor nondeferredevents(cf. Section 4.4).

6 Modelling the communicationamongUML state-chartsin B

Thesolutionin theworksof Lano,MeyerandNguyenfor modellingthecommunication
betweenstate-chartscanbeappliedin caseof synchronouscommunicationbut not for
theasynchronouscommunication.In addition,thissolutioncouldnotdealwith thecase
wherea messageis diffusedto multiple objects.For this reason,themodellingin B of
thecommunicationbetweenstate-chartsis discussedin this section.



MACHINE System
SEESTypes
...
VARIABLES

lift, button,..., call_Buffer
INVARIANT

... # call_Buffer " lift l FLOOR
INITIALISA TION

... J call_Buffer I Hnm
...
OPERATIONS

call(ll,fl) =
pre

ll $ lift # fl $ FLOOR
then

selectliftState(ll) H visit then
/ ! insertingcall in call Buffer ! /

call_Buffer I H call_Buffer oqp ll r% fl s
when liftState(ll) H movementthen

/ ! insertingcall in call Buffer ! /

call_Buffer I H call_Buffer oqp ll r% fl s
when liftState(ll) H ready # fl H curDestFloor(ll) then

/ ! specifyingeffectsof call on relateddata. ! /

liftState(ll) I H visit J
doorStatus(ll) I H open J
/ ! removing call from call Buffer. ! /

call_Buffer I H call_Buffer tup ll r% fl s
when liftState(ll) H ready # fl v curDestFloor(ll) then

/ ! specifyingeffectsof call on relateddata. ! /

liftState(ll) I H movementJ
curDestFloor(ll) I H fl J
dir(ll) I H up J
/ ! removing call from call Buffer. ! /

call_Buffer I H call_Buffer tup ll r% fl s
when liftState(ll) H ready # fl w curDestFloor(ll) then

/ ! specifyingeffectsof call on relateddata. ! /

liftState(ll) I H movementJ
curDestFloor(ll) I H fl J
dir(ll) I H down J
/ ! removing call from call Buffer. ! /

call_Buffer I H call_Buffer tup ll r% fl s
elseskip end

end;
...
END

Fig.8. B formalisation for deferredevents



6.1 Modelling synchronousmessages

The intuitive ideais to avoid calling the B operationof the message receiptevent in
theB operationsof theeventthatsendsthemessage,becausebotheventsaremodelled
in the sameabstractmachine( ��&P��
���Q ). For this purpose,the contentof B operation
for themessagereceiptevent is insertedin theB operationof theevent thatsendsthe
message.Considerthe examplewith the event arrive that sendmessagesrelease to
two objectsButton (cf. Section 2). As you cannotice,theeffectsof two eventsrelease
arespecifiedin thebodyof B operationsfor arrive (cf. Figure 9). Notealsothat theB
operationsfor release areno longerneeded.

6.2 Modelling asynchronousmessages

SinceB doesnot allow to modelexplicitly theasynchronouscommunication,we have
to simulateit. The idea is similar to the managementof deferredevents,namely, we
createfor eachsignaltypeabuffer to storesignalsthathavebeensentbut havenotbeen
treatedby receiver state-chart.Thebuffer is written by senderstate-chartandreadby
receiverstate-chart.Generally, eachitemin thebuffer shouldcontaininformationabout
thereceiver(s)objects,eventualparametersof thesignals.
In thecontext of two state-chartsfor Lift andButton, theeventcall is no longerdeferred
in thestatesvisit andmovement but it is sendasynchronously(messageself.getLift().call(
self.getFloor())) from thestate-chartButton to thestate-chartLift. Thesignalbuffer for
call canbedefinedasfollowed:

������� _��<Kx�93��� _05\]LAL]��7_^`�V<�LM
6ab-Z*c/Z/.>

Remark 4

1. Remark 2 is still valid.
2. By introducing ������� _��<Kx�93��� _05\]LAL]��7 , we canmodelthe sendingof call in the B

operationsof theeventpress (cf. Figure 10).
3. Becausecall is no longerconsideredasdeferredin thecontext of two state-charts

Lift andButton, the B variable ������� _0N\ALAL]��7 is no longerneeded.As oppositeto
release, theB operationsfor call areneededandin thoseoperationswe modelthe
effectsof call aswell asthe removing of call from its signalbuffer. For reasonof
space,themodifiedB operationsfor call is omitted.

7 Integrating UML state-chartsinto B specifications

This sectionpresentsthe way to develop B specificationsfrom UML classdiagrams
andtheevent-relatedpartof UML state-charts.



MACHINE System
SEESTypes
...
OPERATIONS

arrive(ll,fl) =
pre

ll $ lift # fl $ FLOOR
then

selectliftState(ll) H movement# fl H curDestFloor(ll) then
/ ! effectsof arrive areeffectsof itself on theobjectLift ! /

liftState(ll) I H visit J
doorStatus(ll) I H open J
/ ! andeffectsof two eventsrelease on two objectsButton. ! /

any b1,b2where
b1 $ button # b2 $ button #
{b1,b2} H liftButtonyMzk{ p ll sk|A} floor y)z�{ p fl s~|

then
buttonState I H buttonState ��t�p b1 r% off � b2 r% off s

end
elseskip end

end;
...
END

REFINEMENT System_ref
REFINES System
SEESTypes
...
OPERATIONS

arrive(ll,fl) =
if liftState(ll) H movement# fl H curDestFloor(ll) then

transMovementVisit(ll);
openDoor(ll);
var b1,b2 in

b1,b2 S getButtons(ll,fl);
if buttonState(b1) H on then

transOnOff(b1)
end;
if buttonState(b2) H on then

transOnOff(b2)
end

end
elseskip end
end;

...
END

Fig.9. B formalisation for synchronousmessages



MACHINE System
SEESTypes
VARIABLES

lift,button,...,call_Signal_Buffer
INVARIANT

... #
call_Signal_Buffer " lift l FLOOR

INITIALISA TION
... J call_Signal_Buffer I Hnm

OPERATIONS
press(bt)=
pre

bt $ button
then

selectbuttonState(bt) H off then
/ ! effectsof press ! /

buttonState(bt) I H on J
/ ! sendingcall ! /

call_Signal_Buffer I H
call_Signal_Buffer o�p liftButton(bt) r% floor(bt)s

elseskip end
end;

...
END

Fig.10.B formalisation for asynchronousmessages

7.1 Data in the B specification

By definition (cf. [18]) the datain the B specificationmodelsthe data in classand
state-charts.Thus, the B dataare derived from: (i) classes,association,attributesin
the classdiagram;(ii) states,sub-statesin the state-charts.According to Section 5.1
andSection 6.2, wecanalsohaveB datafor modellingthebuffersof eventualdeferred
eventsandsignals.In ourexample,theB datacomefrom: (i) two classesLift andButton,
their attributesandthe associationbetweenLift andButton; (ii) the statesin the state-
chartsfor Lift andButton and(iii) thebuffer call Signal Buffer.

7.2 Operations in the B specification

In general,the B operationsare mainly usedto model events3, transitions,actions.
However, accordingto Section 5, therearealsoB operationsto modeltheinsertingand
removing of eventualdeferredeventsandsignals.In caseusingtheB implementation
construct,thereshouldbe B operationsfor the statecheckingandguardedconditions
(cf. Section 4.3).

3 excepttheonesissuedfrom thesynchronouscommunicationbetweenstate-charts



In our example, the B operationscome from: (i) the transitionsin state-chartsfor
the classesLift and Button; (ii) the classoperations(they are basic); (iii) the events
close,arrive,press andcall but not release andtheinsertingandremoving of call regard-
ing thebuffer call Signal Buffer.

7.3 Structuring the derived B specification

Theoperationsmodellingeventsaregroupedin anabstractmachinecalled ��&P��
���Q (cf.
Figure 6 andFigure 8). Datain ��&P� 
���Q aredescribedin Section 7.1.

MACHINE Basic
SEESTypes
...
VARIABLES

lift,button,...,
call_Signal_Buffer

INVARIANT ...
INITIALISA TION ...
OPERATIONS

transOnOff(ll) = ...
closeDoor(ll)= ...
insertCall(ll,fl) = ...

...
END

(a) Basic models transitions, actions,
deferred event and signal insert-
ing/removing

MACHINE Basic
SEESTypes
/ ! distributingB operationsfor transition,actions ! /

/ ! into abstractmachinesLift, Button ! /

EXTENDS Lift, Button
VARIABLES

call_Signal_Buffer
INVARIANT ...
INITIALISA TION ...
OPERATIONS

insertCall(ll,fl) = ...
...
END

(b) DecomposingBasic in abstractma-
chinesfor classesandassociations

Fig.11.The abstract machineBasic

We proposeto createanotherabstractmachine( 05����<=� ) to groupB operationsfor tran-
sitions,actionsandfor inserting/removingeventualdeferredeventsandsignals(cf. Fig-
ure 11(a)). Thedatain 05����<8� areidenticalto the ��&P��
���Q data.We refine ��&P��
���Q by
including 05����<=� so thatwe canrefineB abstractoperationsfor eventsin ��&P��
���Q by
calling B operationsof transitions,actionsin 0U����<8� . Theidentityof dataof 05����<8� and
��&P� 
���Q actsastheimplicit gluing invariantin ��&P��
���Q _7���L .
We canfurther structure0U����<8� by delegatingB operationsandrelateddataof transi-
tions andactionsto abstractmachinesfor classesandeventualabstractmachinesfor
associations.Consequently, therearelinks EXTENDS from 0U����<8� to abstractmachines
for classesandeventualabstractmachinesfor classassociations;in 05����<8� , we declare
only dataandoperationsfor insertingandremovingeventualdeferredeventsandsignals
(cf. Figure 11(b)). Figure 12 showsthearchitectureof theB specificationcorresponding



to theUML specificationin Section 2.2. Theabstractmachine0U����<8� , in this case,in-
cludes(clauseEXTENDS) two abstractmachines*T<�LM
 and 05\)
8
��(9 for classesLift and
Button. Theassociation1 ��� (2..*) is expressedby the link USES from 05\)
8
��(9 to *,<�LM
 ;
no abstractmachinefor this associationis created.TheB specificationwasdeveloped
with AtelierB andthecodecanbefoundin [11].

ButtonLift

Basic

REFINES

INCLUDES

USES

SEES
Types

System

System_ref

Fig.12.The derived B specificationarchitectureof the UML specificationin Section 2.2

Remark 5

1. Fromexperiencesto developtheexamplein this paper, we have foundthat *,+�-.�
must be definedonce in �	&(')��� . Otherwise, *c+�-.� shouldbe definedtwice, in
��&P��
���Q andin *,<8LM
 but this situationis not allowedunderAtelierB.

2. Furthermore,it is evenpossibleto avoid theconstants*,+�-.� and 0��6�	��/ h . In
that case,�V<�LM
 thatmodelsthesetof effective instancesof Lift canbe constrained
directly to bea subsetof /.0213
546��� .

3. Alwaysunderthe AtelierB environment, 05����<=� is necessaryandwe cannotdis-
penseit since in that case, ��&P��
���Q _7���L must “ INCLUDES” directly *,<8LM
 and
0N\M
8
��(9 , however this is impossibledueto thelink USES from 0N\M
8
��(9 to *T<�LM
 .

7.4 GeneratingB operations’ body

Wecanpresentlyautomaticallyderivethearchitectureof B specifications.Thedata,the
skeletonof B operationsin theB specificationarealsoautomaticallyderived.According
to Meyer [18], theB operationsfor transitionscanbeautomaticallyderived.According
to Section 5 theB operationsfor insertingandremoving eventualdeferredeventsand
signalscanalsobe automaticallyderived.For the purposeof a completeautomation
of thederivation,we proposeto attachOCL-basedspecificationsto events,actionsand
guardconditions.Hence,theof B abstractoperationsfor events,actionscanbederived
by usingOCL-B rules[17]. TheB refinementoperationsfor eventscanbederivedfrom
state-charts.Theprecisetranslationruleswill beproposedat a laterstage.



8 Conclusion

The contributionsof our paperconsistof a new approachfor modellingnondeferred
events,the modellingof deferredeventsandthe modellingof the communicationbe-
tweenUML state-charts,which were not previously treated.Our proposalstogether
with previousderivationschemesfor states,actions,transitionsgiveriseto aderivation
procedurefrom theevent-relatedpartof UML state-chartin B (cf. Section 7).
Togetherwith previousworks[12, 16, 15] weareableto provideacompleteframework
for deriving B specificationsfrom UML structureandbehaviour diagrams.Hence,the
conformancebetweentwo aspects(thestructureandthebehaviour) of UML specifica-
tionscanbeformally verifiedby analysingthecorrespondingB specification(cf. [14]).
For furtherstudy, theadaptationof OCL-B translationrules[17] in our work hasbeen
envisaged; a studyto translateUML state-chartsinto B implementationoperationsis
alsoenvisaged.As saidearlier, the interferenceof event-relatedpart to activity-related
partwhich hasnot beentreatedso far, is alsoa subjectto investigate.In addition,the
prototypeArgo/UML+B by Meyer is currentlyextendedto take into accountUML be-
havioural diagrams.
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