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ABSTRACT: The “object-oriented meta-modeling”
seemscurrently to be one of the most promising ap-
proach to the “precise” definition of UML. Essentially
this meansusing a kernel object-orientedvisual notation
to define UML. This has proved itself to be an intuitive
way of defining the abstractsyntax of UML. For what
concernsthe “static part”, the initial work of the pUML
group seemsto confirm that the approachis workable,
whereasno convincing proposalhave beenpresentedto
cover the dynamic aspects,as active classes,coopera-
tion/communicationsamongactiveobjects,statecharts,se-
quencediagrams,andsoon.

We think that to convenientlyandpreciselydefinesuch
aspects,we needan underlying formal model of the dy-
namicbehaviour of the active objects,andwe think, sup-
portedby our pastexperience,that labelledtransitionsys-
temsarea goodone. We thusproposehow to usea kernel
visual notationto definelabelledtransitionsystemsin an
object-orientedway. Furthermore,we presentalsoa new
kind of diagrams,quite similar to statecharts,LTD (La-
belledTransitionDiagrams)to visuallypresentsuchdefini-
tions.

As anexample,we work out themeta-modelof thestate
machinesstarting from our formal definition of their se-
manticsbasedon labelledtransitionsystems.

I . INTRODUCTION

UML [25] is theobject-orientedvisualnotationfor mod-
elling softwaresystemsrecentlyproposedasa standardby
theOMG (ObjectManagementGroup1). Thesemanticsof
UML, which hasbeengiven only informally in the origi-
naldocumentation,is a subjectof hotdebateandaof lot of
efforts,muchencouragedby theOMG itself.

In theliteraturetherearemany attemptsto give a formal
semanticsto UML, or betterto asubsetof it; for references
seethe proceedingsof the last UML conferences[9], [2],
[10]. UML presentsspecialfeaturesmakingthis tasknon-
trivial. The behavioural partsof UML, as active classes,
statemachines,sequencesandcollaborationdiagrams,pose
mostof theproblems,seee.g.,[26], [23], andhavebeenthe
topicsof many workshopsat ECOOP, OOPSLAandUML
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conferencesin thelastyears,see,e.g.,[21], [5], [1]. If we
just considerthe statemachines,thenwe canbuild a long
list of paperstrying to givetheirsemanticsusingavarietyof
techniquesandnotations,see,alsofor references,[9], [2],
[10]. However, in somecasesonly a very restrictedsub-
setof the statemachinesis considered;andin othercases
thereis no ideaonhow to integratethesemanticsof thebe-
haviouralview givenby astatemachinewith theviewsof a
systemgivenby theotherdiagramsthatconstitutea UML
model.

The formal methodsgroup in Genova, of which I am
part, hasworkedon this topic by giving a formal seman-
tics to statemachinesassociatedwith active classes[19],
[18]. This work hasbeenuseful, becausewe have been
ableto discovermany, alsoquitesubtle,problemsin thein-
tendedmeaningof statemachines.It seemsthat their new
revisedversionin the forthcomingUML 2.0 will fix some
of them.Wehavealsostudiedhow to integratesuchseman-
ticsof thestatemachineswith thoseof theotherviews[20].
In thosepaperswe adoptedratherclassicaltechniques,like
modellingprocessesaslabelledtransitionsystems(shortly
lts from now on)asin CCSetsimilia, andalgebraicspecifi-
cationtechniques,supportedby a recentlyproposedfamily
of languages[24], [17].

Unfortunatelyour semantics,thoughtreatingadequately
the variousfeaturesof the UML, are ratherhard to read
andto understandfor peoplethathave not a backgroundin
formalmethods.Thereasonis thatthealgebraicspecifica-
tion languagesarebasedonlogic, requirea lot of notational
overhead(sospecificationsarequite long), andarenot vi-
sual. Furthermore,still moredifficult for suchpeopleis to
modify the formal definition of UML when they have to
designa UML variantfor someparticularapplication(and
this is moreor lessthestandardway to useUML).

Other formalizationsof partsof UML suffer the same
problems;in many cases,thenotationsaremoreexotic, the
underlyingformal modelsare more complex, and the re-
sulting specificationslonger than the algebraiconebased
onlts.

Recentlyanew differentapproachto definethenotations
usedin thesoftwaredevelopmentprocessappeared,that is
OOvisualmetamodelling,andhasbeenusedalsofor UML.

A modelis a collectionof artifactsassembledduringthe
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modellingof a softwaresystem(e.g., a UML model). A
metamodelis a model of the information that can be ex-
pressedduringmodelling(e.g.,thedefinitionof UML [25]
by OMG,thatisof theUML models).A meta-metamodelis
the languagein which themetamodel(s)canbeexpressed.
Following the OMG approach,a metamodelof a notation
(e.g.,UML) is roughly the OO visual definition of its ab-
stractsyntax,givenusingMOF [15]. SinceMOF is essen-
tially a small subsetof UML, the metamodels,as that of
the UML, could be easilyunderstoodby the peopleusing
UML, becausethey arewrittenusingmoreor lessthesame
notation.

Unfortunately, thesedefinitionsof notationsarenot rig-
orousatall; indeed,thesemanticsof MOF, andalsothatof
the metamodellednotation(e.g.,UML) aregiven only by
naturallanguagetext, showing many ambiguities,incom-
pleteness,andinconsistencies,see,e.g.,[23].

To fix this andmany otherpointsof theOMG-MOF ap-
proach,“precisemetamodelling”hasbeenproposed,ini-
tially within thepUML group(PreciseUML2), thendesig-
natedasMMF (MetaModellingFacility) andvery recently
supportedby the “2U Consortium”3, with theaim to useit
for a precisedefinition of the next versionof UML (UML
2.0).

Precisemetamodelling[7] meansthat “the metamodel
shouldconcernsnot only the abstractsyntaxof the nota-
tion,but alsoits semanticsandthepresentationsof its mod-
els”. A metamodelpresentedusinga kernelobjectoriented
language,shouldhave theform below

Concrete
Syntax

Display
Mapping

Abstract
�
Syntax

Semantic
Mapping

Semantic
Domain

whereboxesandhollow arrowsdenotepackagesandpack-
agespecializationsrespectively.

Moreover, alwaysto guarantee“precision”, the precise
metamodellingproposalincludesa formal semanticsof the
notationusedto presentthe metamodels[6]. Up to now,
asit resultsfrom theavailabledocumentation[7], [14], [3],
suchproposaldoesnot cover the dynamic/behavioural as-
pectsof a notation.

In this paper, we introducea way to handlenotations
with behavioural dynamicaspectswithin a comprehensive
approachto metamodellingthat we are developing, [11],
by defining a metamodelfor UML statemachines. Our
approach,“Extreme metamodelling”,offers a visual OO
notationfor presentingmetamodels(themeta-metamodel),
GML, that we briefly introducein SectionII; its precise
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definitionby meansof a metamodelis in [11].
We have alreadygiven a formal semanticsof the UML

statemachinesin [19], [18] using labelledtransitionsys-
temsandanalgebraicnotationCASL [24], [17]; thus,here
we do not discussall subtletiesandopenproblemsof their
semantics.Therefore,we have alreadyfoundsomeappro-
priate semanticdomainsfor active classesand statema-
chines.An instanceof anactive classis modelledby a la-
belledtransitionsystem,anda classby the setof all lts’s
modelling its instances.A statemachineassociatedwith
anactive classAC defineswhich arethelts’sgiving these-
manticsof AC.

Thus, to metamodelstatemachineswe needto define
lts’s in anOO fashionby usingGML. In thepast,we have
foundmany waysof visually presentingformal definitions
of lts’s [22], [16], [8], [13] by meansof variantsof graphs
whosearcsaretemplatesfor setsof transitions.So,we in-
troducein GML a new construct,LTS, to definelts’s in an
OOway, andanew kind of diagrams,LTD (LabelledTran-
sition Diagram)to visually definetheir transitions. Such
constructsarepresentedin SectionIII. The statemachine
metamodelis presentedin SectionIV; due to spacelimit
this is a shortversion,the correspondingcompleteonein-
cludingall detailsis in [12].

In theconclusionsSectionV we discusstheresultof this
experimentin metamodellingstatemachines.

I I . GML: THE META-METAMODEL

GML is the notation offered by the Extreme Meta-
modelling approach[11] for defining the metamodelsof
notationsused in the software development (the meta-
metamodel). It is anelementaryobject-orientedvisualno-
tationroughlycorrespondingto a subsetof UML.

GML is similar to MOF and to MML (the meta-
metamodelsof OMG and2U respectively). As MML it is
definedboth in thestandardway (by giving its syntaxand
its formal semantics)andby a metamodelexpressedusing
itself, see[12]. Dif ferentlyfrom it, andfrom MOF, it usesa
standard(functional-infix)notationfor expressionsandfor-
mulae,insteadof thestrangeconcretesyntaxof OCL (the
languageusedfor expressionsandconstraintsin UML).

GML is quite elementary, but it has a straightforward
mechanismfor extendingitself basedonmacro-expansion.

A. TheGML Notation

A GML model,seeFigure1 (UML StateMachinesSe-
manticDomain)for anexample,consistsof a setof
classescharacterizedby a name,someattributesandsome
operations;thestatesof their instances(objects)arenotup-
dateable,andsotheoperationsarejust functions;
associationscharacterizedby a name and the two ends
(two classes,they are alwaysbinary); they are navigable
in bothsenses;
subtypeassertionsstatingthat a classis a subtypeof an-
otherone.
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Moreover, it is possibleto restrictthe instantiationsof the
variouselementsof a model(alsothemodelitself) by stat-
ing properties(named“constraints”) thatthey mustsatisfy.
A constraintattachedto
themodel restrictsthepossibleinstantiationsof its classes
andassociations(modelinvariant);
a class restrictsthe possiblevaluesof its attributes(class
invariant);
an operation restrictsthereturnedvalues;theseconstraints
arepairspre-postconditions,whosemeaningis asfollows:
whenthe pre-conditionholds,thenthe returnedvaluesat-
isfiesthepostcondition. Noticethat theseconstraints,dif-
ferentlyfrom UML, do not imposerestrictionsonwhenthe
operationmaybecalledbut only on theresults;
an associationrestrictsthe setsof its links (e.g.,a multi-
plicity assumption).
All constraintsareexpressedby first-orderlogic formulae.

GML providesalsoarich setof predefineddatatypes,in-
cludingtheusualbasictypes(boolean,integer, string,. . . ),
thoseneededto evaluatethe navigation expressions(sets
andsequences),plussomespecialtypesrelatedto theOO
features.Thelatteraresimilar to thosepresentin OCL and
helpexpressmany constraintsfrequentlyusedin metamod-
els. Amongthem,we have themostgeneralsupertype,the
typeof all objects,thetypeof the“types”, andsoon. Such
specialtypesare equippedwith the correspondingopera-
tions;e.g.,for checkingif anobjecthasa giventypeor if a
typeis a subtypeof another, for returningall instancesof a
giventype,et cetera.

The visual notationis the standardUML like one. We
useboxeswith threecompartmentsfor classes,linesfor as-
sociations,arrows for marking navigation versus,and at-
tachednotesfor the constraints(alternatively they canbe
reportedapart in a purely textual form). Hookedarrows
representsubtypeassertions.Expressions,andso boolean
expressions(i.e., formulae),arepresentedusingthe usual
commonfunctionalor infix syntax.

B. GML FormalSemantics

It is easyto give a completeformal semanticsto GML;
moreover, becauseit is extremelysimplethereis no need
of complex mathematicaltheoriesandtechniques,asthose
usedin [6].

We give a formal meaningto a GML model following
thesepoints.� The meaningof an object is the setsof all its states;a
stateof an object is characterizedby its identity, its type,
the valuesof its attributesand the valuesreturnedby the
variousoperations,whenappliedto it.� Themeaningof a classis the setof all the meaningsof
its instantiations(objects).� Themeaningof anassociationis thesetof all its states,
thatarethesetsof its links (pairsof objectidentities).� The meaningof all subtypeassumptionsis the subtype
relationship(a setof pairsof valuesof type“type”).

� Themeaningof a modelis thesetof all thepossibleob-
jectscommunitiesthat it defines(a setof objectsandlinks
thatcanexist simultaneously).In this case,a communityis
simplyrepresentedby asetof objectandassociationstates.� The meaningof a datatypeis standard,i.e., a bunchof
setsandfunctionsover them.� Theconstraintsallowsto determinewhicharetheadmis-
siblemeaningsfor thevariousconstructs;e.g.,a constraint
onaclassrestrictsthesetof thepossiblestatesof itsobjects,
oneon amodelreducesthesetof theobjectcommunitiesit
definesandsoon.

Theabove ideasmay be formally presentedusingany ap-
propriatenotation;for exampleCASL [24] following [20],
or just a plain mathematicalnotationsufficient to present
setsandfunctions.

C. GML Macro-BasedExtensionMechanism

GML is reallysimple,youcansayalsopoor, for example
thereis no provision either for specialization(it has just
subtyping),or for packages.Thus, it is poorerthanMOF
[15] andof MML [6]. But, to overcomethis limit it hasa
simpleextensionmechanismbasedon macroexpansion.

An extensionGML* of GML canbe definedin the fol-
lowing way.

DefineGML* at a syntacticlevel, by giving theabstract
syntaxof the new constructs,togetherthe new staticcor-
rectnessconditions,andtheir visual presentation(andthis
part is mandatory). Then, you give a translationof any
(clearlystaticallycorrect)modelfragmentcorrespondingto
aninstanceof thenew constructsinto a modelfragmentof
GML. Thus, any model definedby usingGML* may be
transformedinto a correspondingmodeldefinedby using
GML, by replacingany instanceof thenew constructswith
its macroexpansion.

Suchtranslationmustbeeasyto explain andto present,
andquiteintuitive.An informal rule to checkif thetransla-
tion is simpleenoughis “you shouldbe ableto intuitively
presentit by showing how to translatea genericinstanceof
thenew constructsby usingtwo genericvisualdiagrams”.

Examplesof new constructsfor GML, whichmaybeeas-
ily definedin thisway, aremultiplicity constraintsfor asso-
ciations,aggregatedobjects,classspecialization,packages,
packagespecialization,andsoon. Below wegive thecom-
pletedefinitionof classspecialization.

Classspecializationmeansto defineaclassstartingfrom
an old oneby giving new attributes,operations,andcon-
straintsonthenew classandoperations,but alsoon theold
operations.Old attributesandoperationscannotbe over-
ridden(the new onesmusthave new names).Clearly, the
new constraintsmaybeinconsistentwith theold ones,but
this is notdifferentfrom definingby scratchesamodelwith
inconsistentconstraints.

A classdiagramfragmentincludingspecializationas
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I I I . DEFINING LABELLED TRANSITION SYSTEMS WITH

GML

We recall that a labelled transition system(shortly lts)
is a triple � State	 Label	 Transition
 , whereStateandLabel
aretwo sets,andTransition � State � Label � Stateis the
transitionrelation. A triple � 
 	 � 	 
 � 
 � Transitionis saidto

bea transitionandis usuallywritten 
 �� � � 
 � .
If an lts modelsa dynamicsystemS, then a transition


 �� � � 
 � hasthefollowingmeaning:Sin thesituation
 has
the capability of passinginto the situation 
 � by perform-
ing a transition,wherethelabel � representstheinteraction
with the environmentduringsucha move; thus � contains
informationon the conditionson the environmentfor the
capability to becomeeffective, andon the transformation
of suchenvironmentinducedby theexecutionof thetransi-
tion.

We addto GML two constructsto help to definean lts:
LTS to definewhich are its statesandlabels,andLTD, a
new kind of diagrams,to visually defineits transitions.

A. LTS (LabelledTransitionSystem)

Visually an instanceof the constructLTS is a package
markedby lts in the small box containingthe package
name. We require that suchpackagecontainsone class
markedby state andanotheronemarkedby label in the
namecompartment(the two marksmaybeput alsoon the
sameclass)and that it doesnot containany classnamed
eitherLts or Transition.

A correctLTS constructL, wheretheclassesmarkedby
state and label arerespectively State andLabel, stands
for a packagecontainingall elementsof L plus

trans
�

*

source�
1statesOf�

Transition

State

Label

target
�

1

label

1

*

**
*

Lts

andthefollowing constraint
context lts: Lts

for all tr in lts.trans
tr.source in lts.statesOf and
tr.target in lts.statesOf

It is easyto seethateachinstancelts of classLts corre-
spondsto a standardlts

(lts.statesOf, � tr.lab � tr in lts.trans � , lts.trans).

B. LTD (LabelledTransitionDiagram)

TheconstructLTS allowsto definewhich aretheclasses
correspondingto thestatesandlabelsof anlts; moreover it
introducesa classTransition, whoseelementscorrespond
to the transitonsof the lts itself. By adding constraints
we canpreciselydefinethesetof the transitionsof the lts.
However, largesetsof constraintsonthetransitionsmaybe
not very readableandarecomplicateto write. Soherewe
presenta visual way to definethe transitionsof an lts by
meansof a “LabelledTransitionDiagram”(LTD).

An LTD mustbeassociatedwith anLTS package,sayL,
andis anorientedgraphwhere:

� the nodesare roundedboxesdecoratedby strings(ele-
mentsof the GML type String); exactly one nodemust
be labelledwith thestring Initial andany numberwith the
stringFinal. Thenodesmarkedby Initial maybeshown as

andthosemarkedby Final as .

� the orientedarcsgoing from onenode(not labelledby
Final) to anotherone(alsothesame)aredecoratedby

[cond1] lab / cond2
where
– lab, cond1 andcond2 arethreeGML expressions,pos-

siblewith freevariables,lab having typeLabel andtheoth-
ershaving typeBool,
– at mostonefree variableof type State may appearin

cond1 andin lab (and it is namedS1), at most two free
variablesof typeState mayappearin cond2 andarenamed
S1 andS2.

The LTD constructcorrespondsto enrich the statesof
thelts L with a “control state”(anattributeof typeString)
andwith a setof constraintsdefiningthe transitionsof the
lts itself. Precisely, an instanceof LTD is translatedinto a
specializationof thepackageL containing
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State

cs: String�

(thatmeansto addexactly theattributecs: String to class
State) andtheconstraints

� context S: State
S.cs = str1 or . . . or S.cs = strk

wherestr1, . . . , strk are all the stringsappearingon the
nodesof theLTD.� context lts: Lts

for all tr: Transition
tr in lts.trans iff (condT1 or . . . or condTn)

whereT1, . . . , Tn areall transitionsof the LTD, andfor i
= 1, . . . , n condTi is theconditionderivedby thetransition
Ti definedasfollows.

A transitionof theform

cs1 cs2
[cond1]  lab / cond2

correspondsto thecondition
there exit x1:T1, . . . , xh:Th such that

tr.source.cs = cs1 and
cond1[tr.source/S1] and
tr.label = lab[tr.source/S1] and
tr.target.cs = cs2 and
cond2[tr.source/S1,tr.target/S2]

wherethefreevariables,differentfrom S1 andS2, appear-
ing in cond1, lab andcond2 arex1:T1, . . . , xh: Th, and
a[b/X] denotesa whereall freeoccurrencesof X have been
replacedby b.

IV. METAMODELING UML STATE MACHINES

A. UML StateMachinesAbstract Syntax

In thecaseof theUML statemachinestheabstractsyn-
tax hasbeenalreadygiven in [25] andwe cannotchange
it, becauseit is the official one. We just assumethat the
abstractsyntaxpackage(UML AS) containsthe following
fragment. Notice, that however, thereareno problemsin
usingGML to defineit.

context� 0..1
�ActiveClass

�

*

Class

StateMachine

B. UML StateMachinesSemanticDomain

In [19] whengivingaformalsemanticstoUML statema-
chineswe have consideralmostall constructs,we just left
out only few onesnot very relevant (i.e., becausethey are
equivalentto combinationsof otherconstructs,or because

they aresmallvariationsof others,andsowhosesemantics
canbe given without effort by looking at thatof thesimi-
lar construct).Heredueto spacelimits, we do notconsider
timed,changeanddeferredeventsandsignalsendingand
receiving; however they canbeintroducedlaterwithout too
muchtroubles.It just requiresaddingsomeattributesto the
classstate,somenew kinds of labelsandsometransitions
to theLTD.

The lts, SMLts, modellingtheUML active objectswith
associatedstatemachineis definedby first usingLTS, and
afterby definingits transitionsby meansof LTD.

As explainedin [25] theactivity of anactiveobjectspec-
ified by a statemachineconsistof performinga run-to-
completionstep(shortly r-t-c-s) after the other. An r-t-c-
s consistsof dispatchingan event (i.e., to get it from the
eventqueue),thenif thestatemachinehasatransitionwith
suchevent astrigger andwhoseconditionholds, thenthe
actionpart of suchtransitionwill be executedtill it ends;
otherwisether-t-c-sis just terminated.After thattheobject
is readyto dispatchanotherevent, if any, startinganother
r-t-c-s. At any moment,eitherwhenengagedin a r-t-c-sor
not, someattributesof theobjectmaybereadandupdated
by otherobjects(in UML they arenot encapsulated),and
somecalls of its operationsmay be received, resultingin
eventswhich areput in theeventqueue.

In Figure1, we presenttheinstanceof theconstructLTS
usedfor the UML statemachines.For lack of space,the
detailsof someclassesandtheconstraintsareomitted,they
canbefoundin [12]. Therewe usethefollowing two new
GML constructs.
black arrow (strongspecialization)it is a variant of spe-
cialization additionally requiring that any elementof the
supertypebelongsto oneandonly onesubtype.
datatypeA datatypeclassis presentedby puttingin theleft
uppercornerof the classicon a capital D enclosedby a
squarebox ( D ). It requiresthat the classhasalwaysex-
actly a uniqueinstancefor any possiblechoiceof the val-
uesof its attributes. Moreover, if the nameof the class
is Cla, for eachchoiceof valuesof the attributes,say � � ,
. . . , � � , theuniqueinstancedeterminedby suchvaluemay
be denotedby Cla( � � , . . . , � � ). If the classis definedby
strongspecialization,insteadof a uniqueconstructor, we
have many constructors,onefor eachsubtype.
In thesamepicturetheclassesSMSState (controlstatesof
thestatemachines)andAction aredefinedin thepackage
UML AS containingthedefinitionof theabstractsyntaxof
theUML statemachines.

SincetheLTD definingthetransitionsof SMLts cannot
beputon just onepage,we first presentits schematicform
in Figure2, andaftergivetheprecisepresentationsof all its
transitions.

To presentin a convenient way the transitionsof this
LTD, we introducea shortcutfor a very commonkind of
conditionson their target.We write

S2.A1 = exp1; . . . ; S2.An = expn;
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SMState

id: Ident 
equeue: EventQueue  {Content of the event queue}
attrs: Map(String,Value) { Values of the attributes}
actState: SMState  {Currently active state}
currAct: Action’ {Current action to be executed}�
SM: StateMachine  {Modelled UML state machine }

state

ltsSMLts

UML
AS

Call

called: Ident�
op: String
args: Sequence(Value)

D

Basic BeDestroyedMkCall

c: Call�
Create

t: UMLType
�
crId: Ident�

MkDestroy

dstrId: Ident
�

Update

upId: IDent
aid: String
v: Value 

Read

rId: Ident
aid: String
v: Value 

SMLabel

id: Ident   {Identity of the the UML object performing the transition}
rs: Map(String,Value) {Values of its attributes read by other objects during the transition}
ups: Map(String,Value)   {Updates of its attributes made by other objects during the transition}
cs: Bag(Call)  {Calls of its operations received during the transition}�

labelD

Action

Action’

NullD

EventQueue

isEmpty: Bool
dispatchable(Event): Bool

�
Remove(Event): EventQueue
put(Bag(Call)): EventQueue
putDestroy: EventQueue

cont: Bag(Event)�

Destroy

EventD

CallEvent

op: String
args: Sequence(Value)

Ident

Value

DataValue

............

Fig. 1. UML StateMachinesSemanticDomain

for a conditionof theform
S2.A1 = exp1 and . . . and S2.An = expn and

S2.An+1 = S1.An+1 and . . .and S2.Am = S1.Am
where A1, . . . , An, An+1, . . . , Am areall the attributes
of theclassState, differentfrom cs.

Herewe give just somesamplesof thetransitionsof the
LTD the remainingonesarein [12]. We needsomeaddi-
tional operationsto definethem;similarly to [25] they are
definedtextually nearto thepoint wherethey areused;for
lack of spacewe do not reporttheir precisedefinitionsthat
canbefoundin [12].

Havesomeattributesreador updatedandreceivesomecalls
[  S1.equeue.isEmpty()  and     
    S1.coherent(ID,RS,UPS,CS) ]
Basic(ID,RS,UPS,CS)    /
   S2.equeue = S1.equeue.put(CS);
   S2.attrs = S1.attrs.update(UPS) 

Waiting
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Executing
Dispatch an event triggering a 

transition

Dispatch an event not 
triggering a transition

Execute action a1 as 
part of an  r-t-c-s!

Execute action a1 as last part of an  r-t-c-s

Waiting

Terminate 
due to 

destruction

Execute action a2 as last part of an  r-t-c-s

........

Execute action a2 as 
part of an r-t-c-s!
..........

Have some attributes 
read or updated and  to 

receive some calls

Terminate 
due to 

destruction

Fig. 2. LTD definingthetransitionsof SMLts

" context SMState::
coherent(ID:Ident,RS:Map(String,Value),

UPS:Map(String,Value),CS:Bag(Call)):Bool
returnsTrue if f ID (identity),RS (readvaluesof attributes),
UPS (updatesof attributes)andCS (setof operationcalls)
arecorrectfor theUML activeobjectof whichself is astate

Dispatch an eventtriggeringa transition

[  S1.equeue.dispatchable(E)  and 
   UTR  in  S1.SM.transition  and 
   UTR.source = S1.actState  and
   UTR.trigger.matches(E,ENV)  and    
   UTR.guard.evalExp(S1,ENV)   and
   S1.coherent(ID,RS,UPS,CS)  ]
Basic(ID,RS,UPS,CS)   /
   S2.equeue = S1.equeue.remove(E).put(CS);
   S2.actState = UTR.target;
   S2.curAct = UTR.action.instantiate(ENV);
   S2.attrs = S1.attrs.update(UPS) 

Waiting Executing

" context Event ::
matches(E:Event,ENV:Map(String,Value)): Bool

returnsTrue if f E matchesself whenits freevariablesare
instantiatedusingtheenvironmentENV

" context Expression::
evalExp(S:SMState,ENV:Map(String,Value)): Value

evaluatesself over thestateS instantiatingits freevariables
usingtheenvironmentENV

Dispatch an eventnot triggeringa transition

[  S1.equeue.dispatchable(E)  and 
   (  for all  UTR  in  S1.SM.transition                                  )
        UTR.source = S1.actState    implies  
           (for all  ENV  in Map(String,Value)                         )
(               UTR.event.matches(E,ENV) = False)   or    
(        UTR.guard.evalExp(S1,ENV)  = False  )   and
   S1.coherent(ID,RS,UPS,CS)]
Basic(ID,RS,UPS,CS)   /
  S2.equeue = S1.equeue.remove(E).put(CS);
  S2.attrs = S1.attrs.update(UPS) 

Waiting

Call an operation of anotherobjectaslastpart of a r-t-c-s

[  S1.currAct.first() = EXP1.OP(EXP2)   and     
   S1.currAct.next() = Null   and 
   EXP1.evalExp(S1,[]) =  ID’   and    ID’ <>  ID   and
    S1.coherent(ID,RDS,UPS,CS) ]
MkCall(ID,RS,UPS,CS,Call( ID’,OP,EXP2.evalExp(S1,[])))    /
   S2.currAct = Null;
   S2.equeue = S1.equeue.put(CS);
   S2.attrs = S1.attrs.update(UPS) 

WaitingExecuting

" context Action’:: first(next): Action’
returnstheatomicactionwhich mustexecutedasfirst step
of self (the action that must be executedafter the first
atomiconehasbeenexecuted)

Call an operation of anotherobjectasa part of a r-t-c-s

[  S1.currAct.first() = EXP1.OP(EXP2)   and     
   S1.currAct.next() <>  Null   and 
   EXP1.evalExp(S1,[]) = ID’   and   ID’ <> ID   and
   S1.coherent(ID,RS,UPS,CS) ]
MkCall(ID,RS,UPS,CS,Call( ID’,OP,EXP2.evalExp(S1,[])))    /
   S2.currAct = S1.currAct.next();
   S2.equeue = S1.equeue.put(CS);
   S2.attrs = S1.attrs.update(UPS) 

Executing
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C. UML StateMachinesSemantics

ThepackagedefiningtheUML statemachinessemantics
consistsof thefollowing classdiagram

context#
0..1

$ActiveClass

*
StateMachine SMLts

sem%
*

sem%
1

AcLts

andof thefollowing constrains.
context sm: StateMachine

sm.sem = lts implies
for all S in lts.statesOf S.SM = sm

Thesemanticsof a statemachineassociatedwith anac-
tiveclassis anlts of thekind definedin theprevioussection.
We have reportedin eachstateof the lts the original state
machinejust to have at handwhich areits transitionsthat
definethoseof thelts.

Thesemanticsof a UML active classis a setof lts’s (be-
longing to AcLts) which are a generalizationof thosein
SMLts (the labelsarethe samebut their stateshave only
the attributesattrs and Id and their transitionsare what-
ever). Theirprecisedefinitionis in [12].

If anactiveclasshasanassociatedstatemachine,thenits
semanticsis fully determinedby suchmachine,asstatedby
thefollowing constraint.

context AC: ActiveClass
AC.context & ' � � implies

for all SM in AC.context
AC.sem = SM.sem4

V. CONCLUSIONS

The result of the experiment in metamodellingUML
statemachinespresentedin this paperis, in our opinion,
positive. First, we have shown that the “precisemetamod-
elling” of [7] canbe usedalsofor thebehavioural aspects
of a softwareengineeringnotationasUML.

This precisemetamodelhasall the good propertiesof
our previous formal algebraicdefinitionof statemachines,
which wascovering almostany aspectof suchconstructs,
andwhich canbe integratedwith the precisedefinition of
theotherUML diagrams.Theobject-orientedvisualnota-
tion GML, which we have used,hasprovento beadequate
to presentall theneededstructureswithout toomucheffort,
thanksto its macro-extensionfacility. But thestatemachine
metamodelcanbe shown without a long preliminarypre-
sentationof theusednotation;it is visual,muchshorterand
extremely morereadablethanthe algebraicone. Further-
more,theOO featuresof GML areusefulto updateandto

(
UML allows to associatemany statemachineswith a uniqueactive

class,but thisshouldbeprohibited,sinceastatemachinefully determines
the livesof the classobjects;so we assumethatAC.context containsat
mostoneelement.

extendsuchdefinition,whenever theUML statemachines
areupdatedor extended.

TheGML extension(LTS + LTD), definedherefor the
statemachines,canbe reusedmany times; for instance,to
give the precisemetamodelof the whole UML following
[20] (the meaningof a whole UML model is againa set
of lts’s, clearly differentones),or to give the metamodel
of otherbehavioural aware notationsasJTN [8], a visual
notationfor Java targeteddesigns.

TheGML constructsfor lts’s canbespecializedto help
describemorespecializedlts’s for particularusesin meta-
modelling. For example, we can definestructuredlts to
describegroupsof dynamicentitiescooperatingtogether
(e.g.,theUML active/passiveobjectsin amodel,in turnde-
fine by otherlts’s),andgeneralizedlts (i.e., structuredlts’s
whereeachtransitionis equippedwith a descriptionof the
movesmadeby thecomposingentitiesduringit) used,e.g.,
in [20] to describeUML sequencediagrams.Specialvisual
notationsmay be introducedto describehow the compo-
nententitiesof a structuredlts cooperateamongthem,for
example,asthecooperationdiagramsof [22].

Herewehavepresentedaprecisemetamodelof statema-
chinewherethesemanticdomainshave beenconsideredat
a quiteconceptuallevel; their elementsarevaluesof some
kinds abstractlydenotingthe variouselementsof the no-
tation,following theclassicaldenotationalsemanticsstyle.
Suchvalueshave beenpresentedusingan object-oriented
notation,but theobject-orientedflavour is mild: almostall
classesdefining the semanticvaluesare datatypes(then,
theirstatesarenotupdateable).

However, thereis anotherway to describethe semantic
domainin anobject-orientedway thatis asfollows.

We defineGMLO by extendingGML with classicalob-
jects with updateablestates,mechanismsto define their
methods,active objectsandmechanismsto definetheir be-
haviours,mechanismsto definewhicharetheobjectscom-
posing a system,and how they cooperateamongthem.
Clearly, suchmechanismsshouldbequitegeneralandsim-
ple,but powerful.

Then, the semanticmappingspackagefor a notation
XXX will associatethe constructsof XXX with particu-
lar instancesof GMLO constructs;e.g.,a UML model is
associatedwith a GMLO model,a UML active classwith
a GMLO active class,a UML statemachinewith a GMLO
LabelledTransitionDiagram(assumingthat thebehaviour
of active objectsin GMLO is definedby an LTD), andso
on. In this case,the semanticdomainspackagefor XXX
is just theabstractsyntaxpackageof GMLO; but, because
GMLO hasa semanticsgiven directly andso its own se-
manticDomainpackage,thenindirectly this is alsothese-
manticdomainpackageof XXX. In somesense,theseman-
tics given in this way is a kind of translationof XXX into
anelementaryOOlanguage.
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XXX
Abstract
Syntax

) GMLO
*
Abstract
Syntax

)

Translation  
of   XXX  into +

GMLO
*

GMLO
*

Semantic
)
Domain

Semantic
)
Mapping

(of GMLO)
,

A similar style,but in a settingbasedon algebraicspec-
ification andprocesscalculi, hasbeenusedsuccessfullyto
formally definetheAda programminglanguage[4].

We plan to investigatewhetherthis “translation-based”
styleof metamodellingmaypresentsomeadvantageswith
respecttheonefollowedherefor theUML statemachines.
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