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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 corvincing proposalhave been presentedo
cover the dynamic aspects,as active classes,coopera-
tion/communicationamongactive objects statecharts se-
guencediagramsandsoon.

We think thatto corveniently and preciselydefinesuch
aspectswe needan underlying formal model of the dy-
namic behaiour of the active objects,andwe think, sup-
portedby our pastexperience that labelledtransitionsys-
temsarea goodone. We thusproposehow to usea kernel
visual notationto definelabelledtransitionsystemsin an
object-orientedvay. Furthermorewe presentalsoa new
kind of diagrams,quite similar to statecharts,LTD (La-
belledTransitionDiagrams}o visually presensuchdefini-
tions.

As anexample,we work outthe meta-modebf the state
machinesstarting from our formal definition of their se-
manticsbasedn labelledtransitionsystems.

I. INTRODUCTION

UML [25] is the object-orientediisual notationfor mod-
elling softwaresystemgecentlyproposechsa standardy
the OMG (ObjectManagemenGroup). The semanticof
UML, which hasbeengiven only informally in the origi-
nal documentationis a subjectof hot debateanda of lot of
efforts, muchencouragethy the OMG itself.

In theliteraturetherearemary attemptgo give aformal
semanticgo UML, or betterto asubsedf it; for references
seethe proceeding®f the lastUML conference$9], [2],
[10]. UML presentspecialfeaturesmakingthis tasknon-
trivial. The behaioural partsof UML, asactive classes,
statemachinessequenceandcollaboratiordiagramspose
mostof theproblems seee.qg.,[26], [23], andhave beenthe
topicsof mary workshopsat ECOOR OOPSLAandUML
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conferenced thelastyears,seee.g.,[21], [5], [1]. If we
just considerthe statemachinesthenwe canbuild along
list of papergryingto givetheirsemanticsisingavarietyof
techniguesaindnotations,see,alsofor references|9], [2],
[10]. However, in somecasesonly a very restrictedsub-
setof the statemachiness consideredandin othercases
thereis noideaon how to integratethe semanticof the be-
havioural view givenby a statemachinewith theviews of a
systemgiven by the otherdiagramsthat constitutea UML
model.

The formal methodsgroup in Genaora, of which | am
part, hasworked on this topic by giving a formal seman-
tics to statemachinesassociatedvith active classeq19],
[18]. This work hasbeenuseful, becausaeve have been
ableto discorer mary, alsoquitesubtle problemsn thein-
tendedmeaningof statemachines.lt seemghattheir new
revisedversionin the forthcomingUML 2.0 will fix some
of them.We have alsostudiedhow to integratesuchseman-
tics of the statemachinesvith thoseof the otherviews[20].
In thosepapersve adoptedatherclassicatechniqueslike
modellingprocessesaslabelledtransitionsystemgshortly
Its from now on) asin CCSetsimilia, andalgebraicspecifi-
cationtechniquessupportedy arecentlyproposedamily
of language$24], [17].

Unfortunatelyour semanticsthoughtreatingadequately
the variousfeaturesof the UML, are ratherhard to read
andto understandor peoplethathave notabackgroundn
formal methods.Thereasoris thatthe algebraicspecifica-
tion languagesrebasednlogic, requirealot of notational
overhead(so specificationsare quite long), andare not vi-
sual. Furthermorestill moredifficult for suchpeopleis to
modify the formal definition of UML whenthey have to
designa UML variantfor someparticularapplication(and
thisis moreor lessthe standardvay to useUML).

Other formalizationsof partsof UML suffer the same
problemsin mary casesthenotationsaremoreexotic, the
underlyingformal modelsare more compl, andthe re-
sulting specificationdongerthan the algebraicone based
onlts.

Recentlya new differentapproacho definethenotations
usedin the softwaredevelopmentprocessappearedthatis
OOvisualmetamodellingandhasbeerusedalsofor UML.

A modelis a collectionof artifactsassembledluringthe



modelling of a softwaresystem(e.g.,a UML model). A
metamodeis a model of the information that can be ex-
pressediuringmodelling(e.g.,the definitionof UML [25]
by OMG, thatis of theUML models).A meta-metamodédt
thelanguagen which the metamodel(stanbe expressed.
Following the OMG approacha metamodebf 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 metamodelsasthat of
the UML, could be easilyunderstoody the peopleusing
UML, because¢hey arewritten usingmoreor lessthe same
notation.

Unfortunately thesedefinitionsof notationsarenot rig-
orousatall; indeed the semanticof MOF, andalsothatof
the metamodelledhotation(e.g.,UML) aregivenonly by
naturallanguagetext, shaving mary ambiguities,incom-
pletenessandinconsistencieseee.g.,[23].

To fix this andmary otherpointsof the OMG-MOF ap-
proach,“precise metamodelling”’has beenproposed,ini-
tially within thepUML group(PreciseUML ?), thendesig-
natedasMMF (MetaModelling Facility) andvery recently
supporteddy the “2U Consortium®, with the aim 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 semanticandthe presentationsf its mod-
els”. A metamodepresentedisinga kernelobjectoriented
languageshouldhave theform below

1 1 1
Concrete Abstract Semantic
Syntax Syntax Domain
1 1
Display Semantic
Mapping Mapping

whereboxesandhollow arrons denotepackagesndpack-
agespecializationsespectiely.

Moreover, alwaysto guaranteé'precision”, the precise
metamodellingoroposalncludesa formal semantic®f the
notationusedto presentthe metamodelg6]. Up to now,
asit resultsfrom theavailabledocumentatioti7], [14], [3],
suchproposaldoesnot cover the dynamic/beh@ioural as-
pectsof a notation.

In this paper we introducea way to handlenotations
with behaioural dynamicaspectsithin a comprehensie
approachto metamodellingthat we are developing, [11],
by defining a metamodeffor UML statemachines. Our
approach,“Extreme metamodelling”, offers a visual OO
notationfor presentingnetamodelgthe meta-metamodel),
GML, thatwe briefly introducein Sectionll; its precise
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definitionby meansf ametamodeis in [11].

We have alreadygiven a formal semanticof the UML
statemachinedn [19], [18] using labelledtransitionsys-
temsandanalgebraicnotationCA SL [24], [17]; thus,here
we do not discussall subtletiesandopenproblemsof their
semantics.Therefore we have alreadyfound someappro-
priate semanticdomainsfor active classesand statema-
chines.An instanceof anactive classis modelledby a la-
belledtransitionsystem,anda classby the setof all Its’s
modellingits instances.A statemachineassociatedvith
anactive classAC defineswhich arethelts’s giving the se-
manticsof AC.

Thus, to metamodelstate machineswe needto define
Its’sin anOO fashionby usingGML. In the past,we have
found mary waysof visually presentingormal definitions
of Its’s [22], [16], [8], [13] by meansof variantsof graphs
whosearcsaretemplatedor setsof transitions.So,we in-
troducein GML anew constructL TS, to definelts’sin an
OOway, andanew kind of diagrams|. TD (LabelledTran-
sition Diagram)to visually definetheir transitions. Such
constructsare presentedn Sectionlll. The statemachine
metamodeis presentedn SectionlV; dueto spacelimit
this is a shortversion,the correspondingompleteonein-
cludingall detailsis in [12].

In theconclusionsSectionV we discusgheresultof this
experimentin metamodellingstatemachines.

Il. 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-orientedrisualno-
tationroughly correspondingo a subsebf UML.

GML is similar to MOF and to MML (the meta-
metamodel®f OMG and2U respectiely). As MML it is
definedbothin the standardwvay (by giving its syntaxand
its formal semanticspndby a metamodekxpressedising
itself, see[12]. Differentlyfrom it, andfrom MOF, it usesa
standardfunctional-infix) notationfor expressionandfor-
mulae,insteadof the strangeconcretesyntaxof OCL (the
languageusedfor expressionandconstraintsn UML).

GML is quite elementary but it hasa straightforward
mechanisnior extendingitself basecon macro-&pansion.

A. TheGML Notation

A GML model,seeFigurel (UML StateMachinesSe-
manticDomain)for anexample,consistof a setof
classescharacterizethy a name someattributesandsome
operationsthe statesf theirinstancegobjects)arenotup-
dateableandsotheoperationsarejust functions;
associationscharacterizecdby a name and the two ends
(two classesthey are alwayshbinary); they are navigable
in bothsenses;
subtypeassertionsstatingthat a classis a subtypeof an-
otherone.



Moreover, it is possibleto restrictthe instantiationsf the
variouselementof a model(alsothe modelitself) by stat-
ing propertiegnamed‘constraints”) thatthey mustsatisfy
A constraintattachedo

themodel restrictsthe possibleinstantiationf its classes
andassociationgmodelinvariant);

a class restrictsthe possiblevaluesof its attributes(class
invariant);

anopeition restrictsthereturnedvaluesitheseconstraints
arepairspre-postconditionswhosemeanings asfollows:
whenthe pre-conditionholds, thenthe returnedvalue sat-
isfiesthe postcondition. Notice thattheseconstraintsdif-
ferentlyfrom UML, do notimposerestrictionsonwhenthe
operationrmay be calledbut only ontheresults;

an associationrestrictsthe setsof its links (e.g.,a multi-
plicity assumption).

All constraintsareexpressedy first-orderlogic formulae.

GML providesalsoarich setof predefinediatatypesin-
cludingthe usualbasictypes(booleanjnteger, string,...),
thoseneededo evaluatethe navigation expressiong(sets
andsequencesplus somespecialtypesrelatedto the OO
features.Thelatteraresimilar to thosepresenin OCL and
helpexpresamary constraintdrequentlyusedin metamod-
els. Amongthem,we have themostgeneralsupertypethe
type of all objectsthetype of the“types”, andsoon. Such
specialtypesare equippedwith the correspondingpera-
tions; e.g.,for checkingif anobjecthasagiventypeorif a
typeis a subtypeof anotherfor returningall instancef a
giventype,etcetera.

The visual notationis the standardJML like one. We
useboxeswith threecompartment$or classeslinesfor as-
sociations,arrows for marking navigation versus,and at-
tachednotesfor the constraints(alternatively they canbe
reportedapartin a purely textual form). Hookedarrowns
represensubtypeassertions Expressionsandso boolean
expressiondi.e., formulae),are presentedising the usual
commonfunctionalor infix syntax.

B. GML Formal Semantics

It is easyto give a completeformal semanticio GML;
morewer, becauset is extremely simplethereis no need
of complex mathematicatheoriesandtechniquesasthose
usedin [6].

We give a formal meaningto a GML modelfollowing
thesepoints.

« The meaningof an objectis the setsof all its states;a

stateof an objectis characterizedy its identity, its type,

the valuesof its attributesandthe valuesreturnedby the

variousoperationswhenappliedto it.

+ The meaningof a classis the setof all the meaningof

its instantiationgobjects).

« The meaningof anassociatioris the setof all its states,
thatarethesetsof its links (pairsof objectidentities).

« The meaningof all subtypeassumptionss the subtype
relationship(a setof pairsof valuesof type“type”).

+ Themeaningof a modelis the setof all the possibleob-
jectscommunitieghatit defines(a setof objectsandlinks
thatcanexist simultaneously)in this casea communityis
simply representedly asetof objectandassociatiorstates.
« The meaningof a datatypeis standardj.e., a bunch of
setsandfunctionsover them.

« Theconstraintallowsto determinevhich aretheadmis-
sible meaningdor the variousconstructsg.g.,a constraint
onaclassrestrictsthesetof thepossiblestatesf its objects,
oneon amodelreduceghe setof the objectcommunitiest
definesandsoon.

The above ideasmay be formally presentedusingary ap-
propriatenotation;for example CAsL [24] following [20],

or just a plain mathematicahotationsuficient to present
setsandfunctions.

C. GML Macro-BasedExtensiorMliechanism

GML is really simple,you cansayalsopoor, for example
thereis no provision either for specialization(it hasjust
subtyping),or for packages.Thus, it is poorerthan MOF
[15] andof MML [6]. But, to overcomethis limit it hasa
simpleextensionmechanisnbasedn macroexpansion.

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

DefineGML* ata syntacticlevel, by giving the abstract
syntaxof the new constructstogetherthe new static cor
rectnesonditions,andtheir visual presentatior{andthis
partis mandatory). Then, you give a translationof ary
(clearlystaticallycorrectimodelfragmentcorrespondingo
aninstanceof the new constructdnto a modelfragmentof
GML. Thus, ary modeldefinedby using GML* may be
transformednto a correspondingnodel definedby using
GML, by replacingary instanceof thenew constructsith
its macroexpansion.

Suchtranslationmustbe easyto explain andto present,
andquiteintuitive. An informal rule to checkif thetransla-
tion is simpleenoughis “you shouldbe ableto intuitively
presenit by shaving how to translatea genericinstanceof
thenew constructdy usingtwo genericvisualdiagrams”.

Examplef naw constructgor GML, which maybeeas-
ily definedin thisway, aremultiplicity constraint$or asso-
ciations,aggr@atedobjects classspecializationpackages,
packagespecializationandsoon. Below we give the com-
pletedefinitionof classspecialization.

Classspecializatiormeando definea classstartingfrom
anold one by giving new attributes,operationsand con-
straintsonthe new classandoperationsput alsoontheold
operations.Old attributesand operationscannotbe over
ridden(the new onesmusthave new names).Clearly, the
new constraintamay beinconsistentvith the old ones,but
thisis notdifferentfrom definingby scratchesmodelwith
inconsistentonstraints.

A classdiagramfragmentincluding specializatioras
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. DEFINING LABELLED TRANSITION SYSTEMS WITH
GML

We recall that a labelled transition system(shortly Its)
is atriple (State Label Transition), whereStateandLabel
aretwo sets,and Transition C Statex Label x Stateis the
transitionrelation. A triple (s, [, s’) € Transitionis saidto

beatransitionandis usuallywritten s L s
If an Its modelsa dynamicsystemsS, then a transition

PRI hasthefollowing meaning:Sin thesituations has
the capability of passinginto the situations’ by perform-
ing atransition,wherethelabel! representsheinteraction
with the ervironmentduring sucha move; thus! contains
information on the conditionson the ervironmentfor the
capabilityto becomeeffective, and on the transformation
of suchervironmentinducedby the executionof thetransi-
tion.

We addto GML two constructgo help to definean Its:
LTS to definewhich areits statesandlabels,andLTD, a
new kind of diagramsto visually defineits transitions.

A. LTS (LabelledTransitionSystem)

Visually an instanceof the constructLTS is a package
markedby lIts in the small box containingthe package
name. We require that such packagecontainsone class
markedby state andanotherone markedby label in the
namecompartmentthe two marksmay be put alsoon the
sameclass)andthatit doesnot containary classnamed
eitherLts or Transition.

A correctLTS constructL, wherethe classesnarkedby
state andlabel arerespectrely State andLabel, stands
for apackagecontainingall elementf L plus

label

Transition

*
*

source target
1

State

statesOf

andthefollowing constraint
context Its: Lts
for all tr in Its.trans
tr.source in Its.statesOf and
tr.target in Its.statesOf
It is easyto seethateachinstancdts of classLts corre-
spondgo a standardts

(Its.statesOf, { tr.lab | tr in lts.trans }, Its.trans).

B. LTD (LabelledTransitionDiagram)

Theconstructl TS allowsto definewhich arethe classes
correspondingo the statesandlabelsof anlts; morewer it
introducesa classTransition, whoseelementscorrespond
to the transitonsof the Its itself. By adding constraints
we canpreciselydefinethe setof the transitionsof the Its.
However, large setsof constrainton the transitionamay be
not very readableandare complicateto write. So herewe
presenta visual way to definethe transitionsof an Its by
meanf a“Labelled TransitionDiagram”(LTD).

An LTD mustbeassociatesvith anLTS packagesayL,
andis anorientedgraphwhere:

« the nodesare roundedboxes decoratedby strings (ele-
mentsof the GML type String); exactly one node must
belabelledwith the string Initial andary numberwith the
stringFinal. The nodesmarkedby Initial may beshovn as

andthosemarkedby Final as @

« the orientedarcsgoing from one node (not labelled by

Final) to anotherone (alsothesame)aredecoratedy
[cond1] lab / cond2

where

— lab, cond1 andcond?2 arethreeGML expressionspos-
siblewith freevariables]ab having typeLabel andtheoth-
ershaving typeBool,

— at mostonefree variableof type State may appeatin
condl andin lab (andit is namedS1), at mosttwo free
variableof typeState mayappeain cond2 andarenamed
S1 andS2.

The LTD constructcorrespondgo enrich the statesof
thelts L with a “control state” (anattribute of type String)
andwith a setof constraintdefiningthe transitionsof the
Its itself. Preciselyaninstanceof LTD is translatednto a
specializatiorof the packagd. containing



State

cs: String

(thatmeango addexactly theattributecs: String to class
State) andthe constraints
« context S: State

S.cs=strlor... or S.cs = strk
wherestrl, ..., strk are all the stringsappearingon the
nodesof theLTD.
o context Its: Lts

for all tr: Transition

trin lts.trans iff (condT1 or ... or condTn)

whereT1, ..., Tn areall transitionsof the LTD, andfor i
=1,..., ncondTiis theconditionderived by thetransition
Ti definedasfollows.

A transitionof theform

[cond1] lab / cond2

csl cs2

correspondso the condition
there exit x1:T1, ..., xh:Th such that

tr.source.cs = cs1 and

condl[tr.source/S1] and

tr.label = lab[tr.source/S1] and

tr.target.cs = cs2 and

cond2[tr.source/S1,tr.target/S2]
wherethefreevariablesdifferentfrom S1 andS2, appear
ing in condl, lab andcond2 arex1:T1, ..., xh: Th, and
a[b/X] denotesr whereall freeoccurrencesf X have been
replacedoy b.

IV. METAMODELING UML STATE MACHINES
A. UML StateMachinesAbstact Syntax

In the caseof the UML statemachineghe abstracsyn-
tax hasbeenalreadygivenin [25] and we cannotchange
it, becausat is the official one. We just assumehat the
abstracsyntaxpackaggUML AS) containsthe following
fragment. Notice, that however, thereare no problemsin
usingGML to defineit.

ActiveClass
0.1

context

StateMachine

B. UML StateMachinesSemantidDomain

In [19] whengiving aformal semanticso UML statema-
chineswe have consideralmostall constructswe just left
out only few onesnot very relevant (i.e., becauseahey are
equivalentto combinationsof otherconstructspr because

they aresmallvariationsof others,andsowhosesemantics
canbe givenwithout effort by looking at that of the simi-
lar construct) Heredueto spacdimits, we do notconsider
timed, changeand deferredeventsandsignal sendingand
receving; howeverthey canbeintroducedaterwithouttoo
muchtroubles.It justrequiresaddingsomeattributesto the
classstate,somenew kinds of labelsandsometransitions
totheLTD.

Thelts, SMLts, modellingthe UML active objectswith
associatedtatemachineis definedby first usingLTS, and
afterby definingits transitionsby meansf LTD.

As explainedin [25] theactivity of anactive objectspec-
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 getit from the
eventqueue)thenif the statemachinehasatransitionwith
suchevent astrigger and whosecondition holds, thenthe
actionpart of suchtransitionwill be executedtill it ends;
otherwisether-t-c-sis justterminated After thatthe object
is readyto dispatchanotherevent, if ary, startinganother
r-t-c-s. At ary moment eitherwhenengagedn ar-t-c-sor
not, someattributesof the objectmaybe readandupdated
by otherobjects(in UML they arenot encapsulatedand
somecalls of its operationamay be receved, resultingin
eventswhich areputin theeventqueue.

In Figurel, we presentheinstanceof theconstructL. TS
usedfor the UML statemachines.For lack of spacethe
detailsof someclassesndthe constraint@areomitted,they
canbefoundin [12]. Therewe usethefollowing two new
GML constructs.
black arrow (strong specialization)it is a variant of spe-
cialization additionally requiring that ary elementof the
supertype belonggo oneandonly onesubtype.
datatype A datatypeclassis presentedby puttingin theleft
uppercornerof the classicon a capital D enclosedby a
squarebox (@). It requiresthat the classhasalwaysex-
actly a unigueinstancefor ary possiblechoiceof the val-
uesof its attributes. Moreover, if the nameof the class
is Cla, for eachchoiceof valuesof the attributes,say v,
..., v, theuniqueinstancedeterminedy suchvaluemay
be denotedby Cla(vy, ..., v,). If theclassis definedby
strongspecializationjnsteadof a unique constructor we
have mary constructorspnefor eachsubtype.

In thesamepicturetheclasseSMSState (controlstatef
the statemachinesandAction aredefinedin the package
UML AS containingthedefinitionof theabstracsyntaxof
theUML statemachines.

SincetheLTD definingthetransitionsof SMLts cannot
be puton just onepage we first presenits schematidorm
in Figure2, andaftergivetheprecisepresentationsf all its
transitions.

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

S2.A1 =expl;...; S2.An = expn;



SMLts  Its

5T o | =

CallEvent | Destroy | | Ident | |DataVaIue|

op: String
args: Sequence(Value)

EventQueue ﬂ Call

cont: Bag(Event) called: Ident
op: String
args: Sequence(Value)

UML
AS

isEmpty: Bool
dispatchable(Event): Bool

Remove(Event): EventQueue ; D
put(Bag(Call)): EventQueue Action Null

putDestroy: EventQueue

SMState state

id: ldent

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 }

ﬂ SMLabel label

id: Ident {ldentity 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}

A
| | |

MkCall | Basic || BeDestroyed | Create MkDestroy Update Read

c: Call t: UMLType dstrld: Ident upld: IDent rld: Ident
crld: Ident aid: String aid: String

v: Value v: Value

Fig. 1. UML StateMachinesSemantidomain

for aconditionof theform Havesomeattributesreador updatedandreceivesomecalls
S2.A1 = expl and ...and S2.An = expn and [ Si.equeue.isEmpty() and
S2.An+1 = S1.An+1 and...and S2.Am = S1.Am S1.coherent(ID,RS,UPS,CS) ]
. Basic(ID,RS,UPS,CS) /
where Al, ..., An, An+l, ..., Am areall the attributes S2.equeue = S1.equeue.put(CS):
of theclassState, differentfrom cs. Waiting S2.attrs = S1.attrs.update(UPS)

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




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

w Execute action al as last part of an r-t-c-s (

Waiting

Executing

Dispatch an event not
triggering a transition

Terminate
due to
destruction

Have some attributes
read or updated and to
receive some calls

Dispatch an event triggering a
transition

Execute action al as
part of an r-t-c-s

Terminate
due to
destruction

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

Fig. 2. LTD definingthetransitionsof SMLts

e context SMState::
coherent(ID:ldent,RS:Map(String,Value),
UPS:Map(String,Value),CS:Bag(Call)):Bool
returnsTrue iff ID (identity), RS (readvaluesof attributes),
UPS (updatesf attributes)andCS (setof operationcalls)
arecorrectfor theUML active objectof whichself is astate

Dispatd an eventtriggering a transition

[ S1.equeue.dispatchable(E) and
UTR in S1.SM.transition and
UTR.source = Sl.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

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

returnsTrue iff E matchesself whenits free variablesare

instantiatedusingthe ervironmentENV

e context Expression::

evalExp(S:SMState,ENV:Map(String,Value)): Value
evaluatesself overthestateS instantiatingts freevariables
usingthe ervironmentENV

Dispatd an eventnottriggering a transition

[ S1.equeue.dispatchable(E) and
( forall UTR in S1.SM.transition
UTR.source = Sl.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 = Sl.equeue.remove(E).put(CS);

. S2.attrs = Sl.attrs.update(UPS)
Waiting

Call anopemtion of anotherobjectaslastpart of a r-t-c-s

[ Sl.currAct.first() = EXP1.OP(EXP2) and
S1.currAct.next() = Null and
EXP1l.evalExp(S1,[])= ID' and ID'<> ID and

S1.coherent(ID,RDS,UPS,CS) ]
MkCall(ID,RS,UPS,CS,Call( ID’,0P,EXP2.evalExp(S1,[l))) /
S2.currAct = Null;
S2.equeue = Sl.equeue.put(CS);
S2.attrs = S1.attrs.update(UPS)
Executing >|l Waiting
e context Action’:: first(next): Action’
returnsthe atomicactionwhich mustexecutedasfirst step
of self (the action that must be executedafter the first
atomiconehasbeenexecuted)

Call anopemtion of anotherobjectasa part of a r-t-c-s

[ Sl.currAct.first() = EXP1.OP(EXP2) and
S1.currAct.next() <> Null and
EXP1l.evalExp(S1,[])=ID’ and ID'<>ID and
S1.coherent(ID,RS,UPS,CS) ]

MkCall(ID,RS,UPS,CS,Call( ID’,0P,EXP2.evalExp(S1.,[]))) /
S2.currAct = S1.currAct.next();
S2.equeue = S1.equeue.put(CS);

. S2.attrs = S1.attrs.update(UPS)
Executing




C. UML StateMachinesSemantics

Thepackagealefiningthe UML statemachinesemantics
consistof thefollowing classdiagram

sem

ActiveClass " AcLts

0.1

context

StateMachine SMLts
1

andof thefollowing constrains.
context sm: StateMachine
sm.sem = lts implies
for all S in Its.statesOf S.SM = sm

The semanticof a statemachineassociatedvith anac-
tiveclasss anlts of thekind definedin theprevioussection.
We have reportedin eachstateof the Its the original state
machinejust to have at handwhich areits transitionsthat
definethoseof thelts.

Thesemanticof aUML active classis a setof Its’s (be-
longing to AcLts) which are a generalizatiorof thosein
SMLts (thelabelsarethe samebut their stateshave only
the attributesattrs and Id and their transitionsare what-
ever). Their precisedefinitionis in [12].

If anactive classhasanassociatedtatemachinethenits
semanticss fully determinedy suchmachineasstatecby
thefollowing constraint.

context AC: ActiveClass

AC.context <> {} implies
for all SM in AC.context
AC.sem = SM.sem*

V. CONCLUSIONS

The result of the experimentin metamodellingUML
statemachinespresentedn this paperis, in our opinion,
positive. First, we have shovn thatthe “precisemetamod-
elling” of [7] canbe usedalsofor the behaioural aspects
of a softwareengineeringhotationasUML.

This precisemetamodehasall the good propertiesof
our previous formal algebraicdefinition of statemachines,
which was covering almostary aspectof suchconstructs,
andwhich canbe integratedwith the precisedefinition of
the otherUML diagrams.The object-orientedrisual nota-
tion GML, whichwe have used hasprovento beadequate
to presentll theneededstructuresvithouttoo mucheffort,
thanksto its macro-&tensionfacility. But thestatemachine
metamodekan be shavn without a long preliminary pre-
sentatiorof theusednotation;it is visual,muchshorterand
extremely more readablethanthe algebraicone. Further
more,the OO featuresof GML areusefulto updateandto

4UML allows to associatemany statemachineswith a unique active
class but this shouldbe prohibited,sincea statemachinefully determines
the livesof the classobjects;sowe assumehat AC.context containsat
mostoneelement.

extendsuchdefinition, whenerer the UML statemachines
areupdateddr extended.

The GML extension(LTS + LTD), definedherefor the
statemachinesgcanbe reusedmary times;for instanceto
give the precisemetamodebf the whole UML following
[20] (the meaningof a whole UML modelis againa set
of Its’s, clearly differentones),or to give the metamodel
of otherbehaioural avare notationsas JTN [8], a visual
notationfor Java targeteddesigns.

The GML constructdor Its’s canbe specializedo help
describemore specializedts’s for particularusesin meta-
modelling. For example, we can define structuredits to
describegroupsof dynamic entities cooperatingtogether
(e.g.,theUML active/passie objectsn amodel,in turnde-
fine by otherlts’s), andgeneralizedts (i.e., structuredts’s
whereeachtransitionis equippedwith a descriptionof the
movesmadeby thecomposingentitiesduringit) usede.g.,
in [20] to describdUML sequenceiagrams Specialvisual
notationsmay be introducedto describehow the compo-
nententitiesof a structuredts cooperateamongthem,for
example,asthe cooperatiordiagramsof [22].

Herewe have presenteé precisemetamodebf statema-
chinewherethe semanticdomainshave beenconsideredt
a quite conceptualevel; their elementsarevaluesof some
kinds abstractlydenotingthe variouselementsof the no-
tation, following the classicaldenotationaemanticstyle.
Suchvalueshave beenpresentedisingan object-oriented
notation,but the object-orientedlavour is mild: almostall
classeddefining the semanticvaluesare datatypes(then,
their statesarenot updateable).

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

We defineGMLO by extendingGML with classicalob-
jects with updateablestates,mechanismgo define their
methodsactive objectsandmechanismso definetheir be-
haviours,mechanismso definewhich arethe objectscom-
posing a system,and how they cooperateamongthem.
Clearly, suchmechanismshouldbe quitegeneralandsim-
ple, but powerful.

Then, the semanticmappingspackagefor a notation
XXX will associatehe constructsof XXX with particu-
lar instancesof GMLO constructs;e.g.,a UML modelis
associatedvith a GMLO model,a UML active classwith
aGMLO active class,a UML statemachinewith a GMLO
LabelledTransitionDiagram(assuminghatthe behaiour
of active objectsin GMLO is definedby an LTD), andso
on. In this case,the semanticdomainspackagefor XXX
is just the abstractyntaxpackageof GMLO; but, because
GMLO hasa semanticgyiven directly and so its own se-
manticDomainpackagethenindirectly thisis alsothe se-
manticdomainpackagef XXX. In somesensetheseman-
tics givenin this way is a kind of translationof XXX into
anelementarnyOO language.



1 1 1
XXX GMLO GMLO
Abstract Abstract Semantic
Syntax Syntax Domain
1 1 |
Translation Semantic
of XXX into Mapping
GMLO (of GMLO)

A similar style,but in a settingbasedon algebraicspec-
ification andprocesscalculi, hasbeenusedsuccessfullyto
formally definethe Ada programmindanguagd4].

We plan to investigatewhetherthis “translation-based”

style of metamodellingnay presensomeadwantageswith
respectheonefollowedherefor the UML statemachines.
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