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ABSTRACT

For aspect-orientedoftwaredevelopmeni{AOSD)to live up to be-
ing a software engineeringnethod,theremustbe supportfor the
separatiorof crosscuttingconcernsacrosshe developmentifecy-
cle. Part of this supportis traceabilityfrom onelifecycle phaseto
another

This paperinvestigatesthe traceability betweenone particu-
lar AOSD design-leel languageTheme/UML,andone particular
AOSD implementation-leel language AspectJ.This providesfor
ameango assesshesdanguagesndtheirincompatibilities with
a view towardseventually developing a standarddesignlanguage
for abroadrangeof AOSDapproaches.

1. INTRODUCTION

Concernghathave a crosscuttingmpacton software (suchasdis-
tribution, persistencegtc.)presentvell-documentediifficultiesfor
software development5, 11, 17, 26]. Sincethesedifficulties are
presentthroughoutthe developmentlifecycle, they must be ad-
dressedhcrosdts entirety

The separatiorand encapsulatiorof crosscuttingconcernshas
beenpromotedasa meanof addressinghesedifficulties; thestan-
dard object-orientecbaradigmdoesnot sufiice [17]. In orderto
overcomethe difficulties for crosscuttingconcernghroughoutthe
lifecycle, an approachis requiredthat provides a meansto sepa-
rateandencapsulatboththe designsandthe codeof crosscutting
behaiour.

We believe thatit is importantto work towardsa generalpur
poseAOSDdesignlanguagehatmeetscertaingoals,includingthe
following.

e Implementatiodanguaye independenceThe ultimate form
of aspect-orienteghrogramming(AOP) languagesnay not
be exactly that of ary currentone. Thus, ary designlan-
guagethatsimply mimicsthe constructof a particularAOP
languagss liable to fail to achieve implementatiodlanguage
independence.

e Design-l&el composability Design-leel composabilityis
a desirablepropertyfor two reasons.First, designersmay
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checktheresultof compositionprior to implementationfor
validationpurposes Secondsomeprojectswill continueto
requirethe useof a non-aspect-orienteichplementatioran-
guagebecaus®f pragmaticconstraintssuchasthepresence
of legag/ codewritten in languagesvithout aspect-oriented
extensions;theseprojectscould still achieze benefitfrom
separatinghedesignof crosscuttingconcerns.

e Compatibility with existing designapproaces An AOSD
design-leel languageshouldalso build on existing design
languagessuchasUML [21], to provide a bridgefrom old
techniqueso new, sothatsoftwareengineeringealitiessuch
asincrementabhdoptionandlegag/ supportarepossible.

AspectJ16, 27] is an AOP languagewith low-level supportfor
specifyingandcomposingcrosscuttingeodeinto a coresystem At
the designlevel, Theme/UML [3, 4, 5, 6] provides a meansfor
separatinghe designsof crosscuttingequirementsnto reusable,
extensibledesignmodels.

At first glancei|t is not clearthatthe approachesf AspectJand
Theme/UMLarecompatiblethus,thegoalof traceabilitybetween
themis problematic AspectJs approacho providing very general,
low-level constructdhaspermitted andcontinuego permit,abroad
scopeof researchinto aspect-orientedonceptsaanddesignguide-
lines. But it is not necessarilythe form that AOP languageswill
take in the long-term;domain-specifi@and higherlevel languages
arepossibleandalreadyexist. Lik ewise, Theme/UMLhasconcen-
tratedon particularfacetsof the problemof crosscuttingdesign,
andmay not sufiice asa general-purpos@OSD designlanguage
in thelong-term.

As afirst steptowardssucha designlanguagewe examinethe
traceabilitybetweenTheme/UMLandAspectJ(version1.0). This
providestwo contrikutions: (1) thedescriptionof areusabletrace-
able,andevolvablemappingbetweerthe constructsn thetwo lan-
guagegermitsTheme/UMLdesigndo beimplementedn AspectJ
in awell-engineereanannerand(2) theincompatibilitiesbetween
theselanguagesindtheir approacheso AOSD provide lessonsas
to the form and natureof a more generalAOP approachand of
a supportingdesignlanguagethat addressesur long-termgoals
describedabore.

Section2 briefly describesTheme/UML,and illustratesthe use
of its compositionpatternconstructhrougha simpleexample;fur-
ther details of Theme/UML canbe found elsavhere[3, 4, 5, 6].
We describehe mappingprocesgrom compositiorpatterngo As-
pectJin Section3, emphasisinghis particularexample; descrip-
tionsof AspectJandits constructsanbefoundelsevhere[16, 27].

LeTheme/UML” is a new term that encompassesubject-orientediesign,
the compositionpatternconstruct,andadditionalchangeghat ariseout of
this currentwork.



Section4 considersthe supportfor AspectJconstructsgiven by

Theme/UML,and Section5 providesrecommendationfor inves-
tigatingtheevolution of bothlanguagesRelatedwork is described
in Section6, andSection7 presentgonclusions.

2. BACKGROUND: THEME/UML

It is the natureof crosscuttingoehaiour thatit hasanimpacton
multiple, different elementswithin software. In orderto design
suchbehaiour in standardJML [21], it is necessaryo explicitly
specifycrosscuttingpehaiour for eachof the particularelementst
affects; the designsof crosscuttingoehaiour cannotbe separated
andencapsulatedith existing UML constructs Theselimitations
resultin designmodelswith scatteringandtanglingpropertiecom-
parableto thosein code[5, 3].

Theme/UMLmitigatestheseproblemsby supportingthe design
of crosscuttingconcernsasseparatedencapsulatedesignmodels.
Compositionof theseseparatalesignmodelsis specifiedwith a
compositiorrelationship detailingwhich elementsareto be com-
bined,andhow to integratethem. Merge is one stratey for inte-
grationthatincludesall the elementdrom theinputdesignmodels
in thecomposediesign reconcilingconflictswhereappropriate.

The compositionpattern (CP) construct[6] of Theme/UML,
basedon an extensionto UML templatespermitsa crosscutting
designmodelto be independenbf ary basedesignmodel, allow-
ing it to bereused Thecompositiorof concretadesignmodelswith
CPsis basedn the semantic®f the memgeintegrationstrateyy.

Templatgparametersnacompositiorpatternmayrepresenop-
erations.A key featureof CPsis thatthey may definesupplemen-
tary behaviouron suchtemplateoperations Whena templateop-
erationwith supplementarypehaiour is boundto a concreteop-
eration, the supplementarypehaiour is megedwith the original
behaiour of thatconcreteoperation.Any callsto the original op-
erationresultin delegationto someorderedcombinatiorof thesup-
plementanbehaiour andoriginal behaiour, asprescribedwithin
the specificatiorof thatCP.

A morecompletedescriptiorof theextensiongo theUML meta-
modelrequiredto supportcompositionsemanticandcomposition
patternscanbefoundelsavhere[3, 4].

We demonstratethe mapping from Theme/UML to AspectJ
throughthe designof a reusableaspecthasedon the Obserer de-
sign pattern[9], with a specificationof how to composeit with
a basedesignsupportinga digital Library. The compositionpat-
tern to supportthis exampleis more completelyillustrated else-
where[6]. We extract a subsetof the patternto demonstrateur
mappingpoints.

The Obserer patterndescribeghe collaboratve behaiour be-
tweena subjectand multiple obserers. Obserer objectsregister
aninterestin subjectobjects;whenthe stateof a subjectchanges,
the obserersthatareregisteredwith it arenotified. Froma com-
position patternperspectie, this requiresboth structuraland be-
havioural templatedesignelements. We definean Observer CP
with two patternclasseqclasseshataretemplatego be boundto
actualclassegluring compositionwith a basedesign). Subject is
definedasa patternclassrepresentinghe classof objectswhose
changesn stateareof interestto otherobjects,andObserver is de-
fined asa patternclassrepresentinghe classof objectsinterested
in a Subject’s changen state(seeFigurel).

A CP may also containinteractionspecificationgor behaiour
thatcrosscutemplateoperationsFor example,Figure?2 illustrates
the behaiour requiredfor notifying obsenersof changesn state.
_aStateChange( ) is a templateoperationwhosebehaiour is sup-
plementedwith notification of all obserers. This operationhas
beenprependedvith an underscorgo denotethat supplementary

«subject» | .,
Observer | <Subject, _aStateChange(..)>
1 <Observer, update()> .

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Observer

Subject

subjects

+ update( )
+ aStateChange( )
# _aStateChange( ) observers

= notify() P e——

Figure 1: Observer CP Structure

aSubject : Subject anObserver : Observer
aStateChange() 1
-

_aStateChange( ) 3

notify( ) !
update( ) !

i

action aSubject.notify()

post  all observers in aSubject::observers
are sent update() event

Figure2: Notifying Observers of State Changes

behaiour is specified,and hence,calls to ary concreteoperation
boundto _aStateChange( ) resultin delegationto that operations

original behaiour andto the supplementarpehaiour; the inter-

actionspecificatiorindicatesthe orderin which the delegationoc-

curs. Since_aStateChange( ) is anoperationon Subject, it mustbe
boundto a concreteoperationon eachconcreteclassthatis bound
to Subject. Thenotify() (non-templatepperationcallsanothetem-
plateoperationupdate( ), which mustbe boundto someoperation
in ary classthatis boundto Observer.

The compositionof a Library designmodel with the Observer
compositiorpatternis specifiedoy acompositiorrelationshipwith
a bind[ ] attachmentbetweenthe two. The bind[ ] attachment
identifiesthoseelementdn the basedesignthatwill “replace”the
templateparametersn the composeddesign. For example, the
class(esactingassubjectandtheclass(espctingasobserer may

«subject» | _____________________________ )
Observer | | <Subject, _aStateChange(..)> |
| <Observer, update( )>

«subject»
Library

Book -
+ name Location

+ author [ |+roomNumber
+ISBN + shelfNumber
[+ getName() | + addBook( )

+ removeBook( )

+ getName()
+ getAuthor( )
+ getISBN()

!

BookManager
BookCopy
1 |+ add(Book)
+ borrow( ) + remove(Book)
+ return() + search(Book)
\ + addView(BookCopy)
\ + removeView(BookCopy)
Y 7 + updateStatus(BookCopy)

~ -

bind[ <BookCopy, {meta:isQuery=false}>,
<BookManager, updateStatus( )> ]

Figure 3: ComposingObserver with Library



be definedasbindingsto the Subject andObserver patternclasses.
In thisexample thereis only oneof each,BookCopy andBookMan-
ager, respectiely (seeFigure 3). Setsof elementanay be bound
to atemplateparameteby specifyingthemwithin a pair of braces.
For the bindingsto thetemplateoperationsnotehow in this ex-
amplethemeta-propertiesf adesigns elementsnaybequeriedio
assesanelements eligibility to join asetof replacingelementsin
this example,the _aStateChange( ) templateoperationis replaced
with all operationswithin BookCopy thathave beendefinedasbe-
ing non-query—i.e.thoseoperationghat effect a changein state
thatmaybeof interestto anobserer. Thekeyword meta within the
binding specificationdenotegshata UML meta-propertys tested,
andonly thoseoperationsvhereisQuery=false holdsareboundto
_aStateChange( ) for the purpose®f the composedibrary design.

3. MAPPING CPSTO ASPECTJ

The questionof how to map compositionpatternsto AspectJde-
pendson how faithfully one wishesto representhe design-leel
entities. Therearetwo chief approaches(1) represenbotha CP
andits compositionspecificatiorasa singleaspectpr (2) maintain
the separatiorof areusableCP from its compositionspecification.

We briefly demonstratedpproacH. in [6]. Thisapproachesults
in aspectghatlack reusabilityandevolvability. It requiresthatthe
CP be reimplementedor every compositionspecificationthat is
used;eachof thesewould separatelyneedto be modified should
the CPneedto evolve.

Approach2 promisesa bettersolution, and forms the basisfor
our analysisin this paper Difficulties with evolving mappedCPs
would be reducedif we could producean implementation-leel
constructhatrepresented CPalone withoutits compositiorspec-
ification. Then,ary changego this CP would affect only this one
construct. This constructshouldthen be more reusable sinceit
would not be specificto a singlecompositionspecification.

Abstract aspectgotentiallyprovide sucha meansof separating
thecodefor crosscuttindbehaiour in areusablevay. Wetherefore
provide a direct mapping,from uncomposedCPsto abstractas-
pectsjn Section3.1. Thecompositiorwith thebasdibrary specifi-
cationis thenmappedo concreteaspectshatextendtheseabstract
aspectsthisis describedn Section3.2.

3.1 UncomposedCPs Map to Abstract As-
pects

Figure 5 illustratesan algorithm to be applied when mappinga
reusablecompositionpatternto AspectJ.t only coversthe design
modelelementsllustratedby the Observer compositionpatternex-
ample;othermodelelementsarediscussedriefly in Section4.

The abstraciaspecthat resultsfrom the Observer CP is shavn
in Figure4. We describethe reasoningoehindthe major features
of this mappingbelaw.

Pattern classedbecomeinterfaceswithin the abstract aspect.
A patternclass(e.g., Subject) is a “placeholder”for a concrete
class.In AspectJtheonly constructprovidedthatcanactassuch
aplaceholdeareaninterfaceor aclass.

If we usea class,an inheritancerelationshipwill needto de-
fined for the concrete replacingclass. This is becausea pattern
classmaynameoperationsvithout providing ary constraintsipon
their behaiour, andthereforethey needto mapto anabstractype
in AspectJ. However, a concreteclass(e.g.,BookCopy) that will
eventuallyhave to becomea subtypeof this abstractype may al-
readypossess superclass.It would be necessaryo replaceary
previously definedsuperclas®f the concreteclassif we choseto
mapthe patternclassto anabstractlass.

Ontheotherhand,mappinga patternclassto aninterfaceallows

abstract aspect Observer {
/! --- Type declarations ---
interface Subjectl {}

interface Cbserverl {
public void update();

}

/! --- Introductions ---
Vector Subj ectl.observers;

private void Subjectl.notify() {
/1 Post: all observers in Subjectl.observers
/1 are sent update() event

}

/l --- Pointcuts ---
abstract pointcut aStateChange(Subjectl s);

/!l --- Advice ---
after(Subjectl s): aStateChange(s) {
s.notify();

Figure4: Aspectmappedfrom uncomposedobserver CP.

aconcreteclassto have addedto it adeclaratiorthatit implement
thisinterface(e.g.,BookCopy i npl ements Subj ect | ).

Non-template operations become intr oduced methods on
thoseinterfaces. An interfacemapsfrom a patternclass,so that
interfacemustsomehar representhe operationsrequiredof that
patternclass.SinceAspectJpermitsmethodintroductionon anin-
terfaceto propagatdo all classesmplementingthatinterface,this
is a corvenientmeansto adda methodto a concreteclasswhose
nameis not known prior to binding. For example,Subject::notify( )
becomesubj ect I . noti fy() ,whichcausesry concretelasses
implementingSubj ect I to implicitly have thenoti fy() method
introducedon them.

Template operations without supplementary behaviour be-
comemethodson thoseinterfaces. Onceagain,aninterfacemap-
ping from a patternclassmustsomehw representhe operations
requiredof that patternclass. With a templateoperationwithout
supplementarpehaiour, eitherexplicitly placingthe correspond-
ing methodwithin the interfacedeclarationor introducingan ab-
stractmethodonto the interfacewould sufiice. We have takenthe
formerroute,for the sale of clarity.

Template operationswith supplementarybehaviour become
abstract pointcuts plus advice. To have ary supplementarye-
haviour occur on execution of the concretemethodboundto a
templateoperation,adviceis an obvious construct. Advice per
mits behaiour to be specifiedeven on abstractpointcuts. Since
the CPis only supplementinghe behaiour of this templateoper
ation, it needonly have an abstracipointcutto advise.Thus,Sub-
ject::_aStateChange(..) become®sSt at eChange( Subj ect 1) plus
af t er advice.

3.2 Composition SpecificationsMap to Con-
crete Aspects

Now thatwe have a constructrepresentingincomposeaomposi-
tion patternsye needto extendit to represeng particularcompo-
sition specification. The algorithmfor performingthis dealswith
mary smalldetailsthatare conceptuallystraightforvard; thus,we
do not give a detailedalgorithm,but touchon the highlightsof the
process.

The elementsassociatedvith a bind[ ] specificationon a com-
position relationshipare mappedto the appropriateAspectJcon-



Input: A compositionpatternCP.
Output: An abstractspectA correspondingo CP.

e DeclareabstracaspectA.
e For eachpatternclassPClass in CP:
— Declareinterfacel; in A.

m; ; onl;.

for op, ;) onl;.

— Foreachtemplateoperationwith no supplementarpehaiour, (op);,;, onPClass, declarecorrespondingabstractinethod

— For eachtemplateoperatiorwith supplementarpehaiour® (_op); x, on PClass:

* Declarecorrespondingbstracpointcutpc; ,, with formal parametersonsistingof oneto capturetargetobject(of type
I;) onwhich (_op);, is calledplusonecorrespondingo eachof the specifiedformal parametersn (_op); .

* Declareadviceon pc; ;, accordingo thesupplementarpehaiour.
— Foreachnon-templateperatiorop; , onPClass, introducemethodm; ; (whichimplementsary behaioural specifications

— For eachnon-templatessociatiorfrom PClass to somenon-patterrclass,introducefield onI;.

e For eachnon-patterrclassin CP, implementit directly if notalreadyavailable.

Figure5: Algorithm for mapping certain constructsin an uncomposedCP to AspectJ

aspect LibraryCbserver extends Cbserver {
/I --- Declarations ---
decl are parents:
BookCopy i npl enents Subjectl;

decl are parents:
BookManager inplements Cbserverl;

[/l --- Introductions ---
public void BookManager. update() {
updat eSt at us() ;

}

/] --- Pointcuts ---
poi nt cut aSt at eChange( Subj ect!l copy):
target (copy) &% args(..) &&
(execution(* BookCopy.borrow..)) ||
execution(* BookCopy.returnlt(..)));

Figure 6: Aspectmappedfrom binding Observer CP to Library
designmodel.

structs.Theconcreteaspecthatresultsfrom thecompositiorspec-
ification betweenthe Observer CP andthe baseLibrary designis
shavn in Figure 6. We describethe reasoningbehindthe major
featuresof this mappingbelow.

Concrete classesbound to pattern classesrequire parents
declarationsin the concreteaspect.A patternclassis represented
throughan interface declaredon the abstractaspect. The act of
binding a concreteclassin the designmodelto that patternclass
causeghat concreteclassto effectively becomea subtypeof the
patternclasswithin the context of the CP. Therefore,a concrete
classin theimplementatiormustbeeffectively a subtypeof thein-
terfacecorrespondingdo the patternclassin orderto be “bound” in
ananalogousnanner To this end,we useAspectJs ability to add
supertypeso aclass.For example,Subject is representedsthein-

2This assumeshat the operationthat delegatesto this templateoperation
is notitself invoked directly within the CP. In somesuchcasesthe design

model would not be well-formed. In the caseswhereit is well-formed,

we have determinedh cleanmappingto AspectJ but this is not discussed
furtherin this paper

terfaceSubj ect | ; sinceSubject is boundto BookCopy, Book Copy
mustimplementSubj ect I .

Concrete operations bound to template operations without
supplementary behaviour require intr oduction of delegating
methods on concrete classes.Eachinterface(e.g., Coserver 1)
within the abstractaspect,which correspondgo a patternclass,
had declaredwithin it a methodto representeachtemplateoper
ation without supplementanpehaiour (e.g.,update()). Since
some concreteclass has beendeclaredto implementthis inter-
face(i.e., BookManager ), it mustimplementeachof thesemeth-
ods. Thebindingof a concreteoperationto atemplateoperations
straightforvard save for onepoint: their signaturesandiffer. So,
even thoughthe concreteclassalreadypossessea methodcorre-
spondingto that beingboundto the templateoperation(i.e., up-
dat eSt at us() ), our concreteaspecmustintroduceanadditional
method(i.e., updat e() ). This methodmustpossesshe signature
expectedby the aspectand mustdeleggateto the methodalready
possessely the concreteclass.

Concrete operations bound to template operations with
supplementary behaviour require concrete pointcuts. Fi-
nally, the abstractaspectdeclaredabstractpointcuts that must
be made concrete. Each abstract pointcut (e.g., aSt at e-
Change( Subj ect 1)) correspondgo a templateoperation(i.e.,
Subject::_aStateChange(..)) in the designmodel. For the concrete
operationsboundto this templateoperation the concretepointcut
must capturethe executionjoinpoints of the concreteoperations,
while exposingthetargetobjectandargumentsat each.

In the next two sections,we discussthe differencesbetween
Theme/UML and AspectJ, and considerhow they both could
evolveto provide for moregenericaspecspecification.

4. THEME/UML ASAN ASPECTJDESIGN
LANGUAGE

We have describedimplementationlanguageindependenceas a
goal for an AOSD designlanguage.In this section,we consider
Theme/UML as the designlanguageto supportAspect].Since
Theme/UMLwasnot designedo supportAspectJparticularly but
thedecompositiorandcompositiorof UML designmodelsin gen-



eral(includingcrosscuttingnodels) thisis areasonablénitial test
of itsindependencéom implementationanguagesin thefollow-
ing subsectionswe examinecateoriesof constructsandfeatures
of AspectJjn turn; thesecatgoriesandthequotesn eacharetaken
from [27].

Pointcuts. A pointcutis a setof joinpoints, which are “well-
definedinstantsin the executionof a prograni. Abstractpointcuts
canbe modelledvia templateparameterén compositionpatterns;
concretisatiorof theseabstracpointcutscanthenbe modelledvia
binding of thetemplateparameterso concretemodelelements.

Pointcut designators. A pointcutdesignatoris a nameor an
expressionthatidentifiesa pointcut. Name-basegbointcutdesig-
nationcorresponds$o binding namedoperationgo templateoper
ationsin the bind[ ] attachmente.g.,seeFigure 3). Theme/UML
currentlydoesnot have a sophisticate@xpression-basesemantics
definedfor its binding specifications;it doessupportsimple ex-
pressionghroughthe meta constructof the bind[ ] attachmentand
limited wildcardmatching.We ervisagethatthesesxpressionwill
be extendedo permittheuseof the UML’s ObjectConstraint_an-
guage(OCL) [30], which would alsohandleAspectJs conditional
andcompositepointcutdesignators.

In general,the richnessof the Theme/UML capabilitiesrelat-
ing to the captureof pointcutsis constrainedy the CommonBe-
haviour semanticof the UML [21, §2.9]. This meanghatexecu-
tion joinpointsmapwell to the designspecification.However, the
ability to distinguishbetweencall and executionjoinpoints, and
to referencefield-relatedjoinpoints, exception-handleexecution
joinpoints, state-basegbinpoints or control-flov joinpoints may
require extensionto the Theme/UML model. Thereis someev-
idenceto suggestthat the use of constraints,as provided by the
OCL, will provide considerablesupporthere.In addition,interest-
ing development®on extensiondo theUML Action model[18, 22],
which dealswith the specificationof dynamicbehaiour, should
enrichthe kinds of pointcutsthat canbe capturedexplicitly. We
believe it to be preferableto utilise standardUML semanticsor
pointcut specificationthanto extend Theme/UML in this regard.
In addition, we plan to investigatefurther whether supportfor
all the AspectJpointcut typesis actually requiredat the design
level, and whetherthis can be achieved with minimal extensions
to Theme/UML.

Type patterns and contextexposute. In AspectJtypepatterns
are“a way to pick out collectionsof typesandusethemin places
whereyou would otherwiseuseonly onetyp€. The semanticgor
establishingcorrespondencef elementdo be boundto templates
within Theme/UML can be easily extendedto include wildcard
matchingandto utilise OCL to provide sophisticatednatchingex-
pressions.

Advice. In AspectJadviceis “code, similarto a method thatis
executedwhenajoinpointis reachetl.StandardJML hassophisti-
catedsupportfor interactionspecification.This supportis utilised
directly by Theme/UMLasthe approacho the specificatiorof ad-
vice behaiour. The before, after andaround AspectJcon-
structsare easily mappedfrom the interactiondiagrams. Indeed,
theremay be scopefor AspectJto extendits advicesupportbased
onwhatis availablewithin the UML.

Static crosscutting Theme/UMLhasmemgeintegrationseman-
tics definedwhich arelargely analogousgo staticcrosscuttingrom
AspectJ. Merge integrationessentiallyjoins elementspoth static
andbehaioural, from inputdesignmodels.In asenseall theinput
elementsare “introduced” togetherappropriatelyin a new, com-
poseddesignmodel. At a detailedlevel, somedifferencesxist in
theapproacho visibility andto conflictresolution,asdiscussedn
thenext paragraph.

AspectassociationsIn Theme/UML,the CPconstructtaptures
the specificatiorof crosscuttingoehaiour with templateelements.
This mapsto anaspecwithin AspectJ.Aspectsand CPsboth act
asscopesn which to interpretnamesand maintainstate;both are
associateavith a context over which they are applied. However,
Theme/UML composes compositionpatternwith a basedesign
without maintaininga dynamic correspondencein other words,
the compositionpatternis not instantiable,and thus, cannotact
in anidenticalfashionto aspectinstancesn arny dynamicmodel.
This shouldbeof greatestonsequenci modellingaspecassoci-
ationswith dynamicscoperelatedto the control flow; thesecannot
be easily mimicked by a purely static scope. On the other hand,
Theme/UMLis not limited to a small handful of scopespecifica-
tions. Thereis roomfor convergenceof thetwo approachekere.

5. DIRECTIONS FOR INVESTIGATION

Having explored the existing support for traceability between
Theme/UML and AspectJwe now give recommendationfor in-
vestigatingthe evolution of eachlanguage Beyond suchinvestiga-
tions,thestudymustexpandto includemoreapproachegspecially
asresearclttontinuesn suchareas.

5.1 Evolving Theme/UML

As apriority, extensiongo Theme/UMLwill bebasedntheprovi-
sion of wildcardsand OCL constraintsor pointcutdesignation—
or, in Theme/UML terms—toextend the kinds of templatesthat
may be specifiedwithin a CP, andto extendthe expressienessof
binding specificationn thosetemplates.This will considerably
enricha designers ability to specifyjoinpoints,type patternsand
contet exposure.

The significanceof the lack of a first-classaspectconstructat
the designlevel will alsobe considered AspectJs ability to asso-
ciate aspectswith fine-grained dynamicscopessuchasportions
of the control flow, is lacking from Theme/UML. It is possible
that general,dynamicscopescould be specifiedby bindingsthat
areconstrainedo hold only whencertaininteractionspecifications
occur; a precise formal semanticswait improvementsto UML's
CommonBehaviour semantics. At this point, it remainsunclear
whetherthis is a significantproblemor suchdynamicscopesarea
hammetin searchof a nail.

Theme/UML asa general-purposeAOSD language.We have
looked in somedetail at the implementation-languagadepen-
denceof Theme/UML,andfeelthatthereis considerablescopefor
optimism here. Spaceprecludesus from assessindheme/UML
againstour other goals, but we provide shortcomment. The se-
manticsfor composingdesignmodelsspecifiedusinga composi-
tion relationshiparedefinedin [3]. However, thefull UML wasnot
within thescopeof thework (e.g.,statemodelswerenotincluded).
In addition, ary extensionsto the modelwill alsorequireexten-
sionsto the compositionsemantics.Nonethelessspecifyingsuch
semanticds consideredan integral part of arny extensions. From
the point of view of compatibility with other designapproaches,
it is alsothe goal of Theme/UML to utilise the full semanticsof
standardJML whereavailable,andto only malke extensionsvhere
requireddecompositiorand compositioncapabilitiesare not cur
rently available. For example,we feel that the full power of the
UML shouldbe availablefor interactionspecifications.

5.2 Evolving AspectJ

Theme/UMLhasconsiderablsupportfor genericitywith its useof
templatesto parameteriserosscuttingelements.Thereareno re-
strictions(otherthanontype)asto the elementg¢hatmaybebound
to the templatesgxceptasimposedby the designer—e.g., opera-



tionsof ary signaturecouldreplacetemplateoperationsHowever,
within AspectJ,genericityis available only throughthe provision
of abstracelementswithin aspectsthe concretisatiorof theseele-
mentsis not asstraightforvard asbindingtemplateparametersas
explicit patchingup of differing namesand signaturesmusttake
place. Theseabstractelementsannotbe constrainedy their de-
signersaspreciselyastemplatesanbe, either

This lack of specificity asto the typesof elementghat canbe
boundto abstractpointcutsleadsto a major differencebetween
Theme/UML and AspectJ:in a CP, a templateoperationcan be
called directly, but a pointcutcanonly be advised. This requires
eithera greaterdegreeof couplingin aspectsasonemustpossess
explicit namesto be ableto call them, or one mustspecifyinter-
faceswithin the aspectthat concretetypesthenimplement. The
latter choiceleadsto signaturemismatchinghatmustbe manually
patchedup, aswasthe casewith Cbser ver | . updat eSt at us() .
A cleaneilinterfacereconciliationmechanisnwould be useful.

The extensionof Theme/UML to permit the specificationof
compositionwith highly dynamicscopesas mentionedabore, is
intendedto supportsimilar abilities already presentin AspectJ.
However, AspectJcurrently providesonly a small setof suchdy-
namicaspeciassociationsThe full expressieneswf theseexten-
sionsto Theme/UML may not be supportablédy this set. Further
researclis requiredto assesshe significanceof thesepoints.

6. RELATED WORK

While we have examinedthe mappingfrom a particularAOSDde-
signlanguag€Theme/UML)to aparticularAOSDimplementation
languagdAspectJ)n this paperotherpossibilitiesaboundn mary
dimensions.

6.1 DesignApproaches

One of the primary contributions of Theme/UML s its capabili-
tiesrelatingto decompositiorandmodularisatiorof UML models.
The UML [21] itself providesmodularisatiormechanismsuchas
packagesindsubsystemsjponwhich Theme/UMLbuildsits addi-

tional compositioncapabilities. Thesearelargely relatedto modu-
larisationandgenericcompositiorof crosscuttinglesignelements.
Catalysig[8] alsosupportsthe decompositiorof software designs
along“vertical” and“horizontal” lines, providing theability to sep-
arateboth functional and technicalconcerns. Theme/UML pro-

vides a more genericapproach,including supportfor both func-

tional separatior{lik e roles)andseparatiorof patternof crosscut-
ting behaiour.

Collaboration-basedesignor role modellingis acompositional
design approachthat concentrateson decomposingdesignson
the basis of the roles that objectsplay in particular collabora-
tions[2, 12, 14, 23]. For role modelling within OORamin par
ticular [23], the goalsaresimilar to thosemotivating separatiorof
non-crosscuttingoncerndn subject-orientediesign[3]. Kendall
lookedatrole modellingandhow onemightmapit to AspectJ15],
concludingthatAspectJdid notadequatelgupportarequiredevel
of compositionfor roles(e.g.,memgeor override).

Otherapproacheso providing designsupportfor crosscutting
concernsappeamoretied to the Aspectimodel of AOSD exclu-
sively (e.g.,[13]).

Theme/UML hastaken the more independentoute in extend-
ing the UML [4] to provide just thoseconstructgequiredto sup-
portthedecompositiorfandsubsequentompositionspecification)
of designmodelsbasedon requirementspecifications.Thesere-
quirementsnaybefunctionalor crosscuttingandnew designcon-
structsare focusedon how to composethe separatamodels, not
on providing constructsto mapto ary particularimplementation

paradigm. This approachmakesthe modelmore concerncentric,
notimplementation-paradigrentric.

6.2 Implementation Approaches

While we have focussedn only AspectJin this paper othercom-
positionalimplementatioanguagesindmechanismsxist. Multi-
dimensionalseparationof concerng[26] with its associatedHy-
per/Jlanguagg25] arosefrom the subject-orienteghrogramming
paradigm[11] as has Theme/UML. Compositionfilters [1] are
a meansof interceptingand reroutingmessagessthey arrive at
objects;they canbe usedto separatecrosscuttingconcernssuch
assynchronisationandhave beendescribedasan aspect-oriented
technique. Adaptive programming[19] has also beendescribed
asa (specialcase)aspect-orientetechnique.It providesa means
to separatehe algorithmson datafrom the structureof thatdata,
allowing the structureof the datato changewithout requiringre-
latedchangego the algorithms.Implicit context [29] is a structur
ing mechanismanddesignphilosophyconcentratingpn removing
knowledgeof the large-scaléfrom smallerscalecomponentsit is
relatedto AOSD. Othershave lookedto mixins[28] andmixin lay-
ers[24] asa meansof realisingcompositionaimplementation®f
collaboration-basedesigns.Mixin layersare usefulfor product-
line architectureswherefeaturesare understoodrom conception
to be optionalbetweerdifferentconfigurationsof a product.

A designlanguagewould needto supportmostor all of these
otherapproacheso claim to be a candidatefor a standarddesign
languageor AOSD. In an earlierversionof this paper(available
as[7]), we examinedthe mappingfrom CPsto Hyper/J,with a
reasonabldevel of successWe planto continueour study of the
meshbetweenTheme/UML and thesevariedimplementationap-
proaches.

6.3 Lifecycle Impact

There has been some recognition of the need for separat-
ing crosscuttingconcernsthroughoutthe lifecycle. For exam-
ple, Griss has proposeda developmentprocessfor component-
basedproduct-linesthat dravs togetherhigh-level analysis-and
design-compositiortechniqueswith supportingimplementation-
compositiontechniqueg10]. But this processdoesnot advise
how to mapthe differing constructswithin the combinationof ap-
proacheshatmaybeused.

The difficulties reportedin re-engineeringmplementationso
take advantageof compositionaimplementatiortechniquesigh-
lightstheimportanceof separatingrosscuttingoncernsacrosghe
lifecycle[20]. Beingforcedto manuallyuntangleandunscattethe
concernghat were identified was a difficult and errorpronepro-
cess;if the systemdiscussedn thatwork hadbeendesignedvith
their crosscuttingconcernsseparatedh thefirst place,portingthe
implementationdbetweenthe different compositionaltechniques
studiedcouldhave beenmoretractable.

7. CONCLUSIONS

Thereis aneedfor ameango separaterosscuttinggoncernseam-
lesslyacrosghelifecycle. Suchanapproactwould helprealisethe
benefitsof software designby supportingearly technicalassess-
mentof crosscuttingpehaiour andthe evolution andnon-irvasive
addition of such behaiour to the software arteficts acrossthe
lifecycle—e.g.,designsandcode. To investigatecurrentpossibili-
tiesto supportthis need,this paperworked with compositionpat-
terns,a partof Theme/UML,at the designlevel, andwith AspectJ
attheimplementatiorievel.

While a complete,detailedmappingfrom Theme/UMLto As-
pectJis beyond the scopeof this paper we have capturedthe es-



sentialsandillustratedamappingfor those.As aresultof mapping
the Observer compositionpatternto AspectJcode,we have identi-
fied areasn which bothlanguagesouldevolve. For Theme/UML,
extensionsto the binding specificationgo templatesjn line with

Aspectsflexibility in pointcutspecificationswouldbeuseful. Ex-

isting, standardJML is, of course,also availableto composition
patterndesignerswithin the compositionpatternpackage For ex-

ample,aswith all interactiondiagramsgonstraintsnaybe defined
on the executionof operations.Suchconstraintscould potentially
beusedto specifyusefuldynamicaspectssociationsi-or AspectJ,
it would be interestingto seeif extendedgenericity capabilities,
interfacereconciliationmechanismsand more flexible aspectas-
sociationspecificationgasindicatedby this samefuture work on

constraints)werepossible.

Justasthereare mary object-orientedorogramminganguages,
thereis room for mary aspect-orienteghrogramminglanguages.
However, we think thatthereis a placefor a standardAOSD de-
sign languagethat is capableof supportingmary of theseaspect
programmindanguagesWe have identifiedsomegoalsfor sucha
designlanguageimplementatiolanguagdndependencedesign-
level composability;and compatibility with the existing standard
designlanguag€for object-orientedsystemsthe UML. Here,we
have examinedthelanguagendependencef Theme/UMLthrough
its supportfor AspectJjdentifying areasfor improvementin both
languages.The othertwo goalsare met by Theme/UML,asdis-
cussecelsavhere[3, 4, 5, 6]. We proceedto work on extending
Theme/UMLto achieve andvalidatethesegoals.
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