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ABSTRACT
Requirements that have a crosscuttingimpact on software (such
asdistribution or persistence)presentmany problemsfor software
developmentthatmanifestthemselvesthroughout thelifecycle. In-
herentpropertiesof crosscuttingrequirements, suchasscattering
(wheretheir supportis scatteredacrossmultiple classes)and tan-
gling (wheretheirsupport is tangledwith elementssupportingother
requirements), reducethereusability, extensibility, andtraceability
of theaffectedsoftwareartefacts.Scatteringandtanglingexist both
in designsandcodeandmustthereforebeaddressedin both.

To remove scatteringandtanglingproperties,a meansto separate
the designsand codeof crosscuttingbehaviour into independent
modelsor programsis required. This paperdiscussesapproaches
thatachieve exactly that in eitherdesignsor code, andpresentsan
investigationinto a meansto maintainthis separationof crosscut-
ting behaviour seamlesslyacrossthelifecycle. To achieve this,we
work with composition patternsat the designlevel, AspectJand
Hyper/J at the codelevel, andinvestigatea mappingbetweenthe
two levels. Compositionpatternsarea meansto separatethe de-
signof crosscuttingrequirementsin anencapsulated,independent,
reusable,andextensibleway. AspectJandHyper/Jaretechnologies
thatprovide similar levelsof separationfor Java code.We discuss
eachapproach, andmapthe constructsfrom composition patterns
to thoseof AspectJand Hyper/J. We first illustratecomposition
patternswith thedesignof theObserver pattern,andthenmapthat
designto the appropriatecode. As this is achieved with varying
levels of success,the exercisealsoservesasa casestudyin using
thoseimplementationtechniques.

Keywords
Compositionpatterns,subject-orienteddesign,aspect-orientedpro-
gramming, AspectJ,hyperspace, subject-orientedprogramming,
Hyper/J, separationof concerns,crosscuttingrequirementsand
functionality, reuse,development lifecycle.

1. INTRODUCTION
Requirements thathave a crosscuttingimpacton software(suchas
distribution, persistence,etc.) presentwell-documented difficul-
ties for softwaredevelopment[6, 13, 20, 24, 29]. Thesupportfor
crosscuttingbehaviour, by its nature,needsto be scattered across

potentiallythe full designandcodeof the system.In addition,its
support may also be tangled with the designand codeof multi-
pleotherrequirements. Scatteringandtanglingimpactcomprehen-
sibility, traceability, evolvability, andreusabilityof softwarearte-
facts.Theseproblemsarepresentthroughout thedevelopmentlife-
cycle,andmustthereforebeaddressedacrossthelifecycle.

Softwaredesignis an importantactivity within the software life-
cycle, with benefitsthat includeearly assessmentof the technical
feasibility, correctness,and completenessof requirements; man-
agementof complexity andenhanced comprehension; greaterop-
portunitiesfor reuse;andimproved evolvability [8, 9]. However,
thebenefitsof softwaredesignareoftennot realised;asdescribed
in [6], a structuralmismatch,betweenthe way requirementstend
to be specified(in termsof featuresandcapabilities)andobject-
oriented specifications,motivates a need to more closely align
object-orientedsoftwaredesignswith thestructureof requirements.
This canbe achieved by providing a modelthat supportsthe sep-
aration (and subsequent composition) of designmodelsfor dif-
ferent requirements. Decompositionin this mannerremoves re-
quirementscatteringandtanglingpropertiesfrom softwaredesign,
therebyalsoremoving theirnegativeimpact.Designsandcodemap
well to eachotherwhen they areboth within the object-oriented
paradigm. The model describedin [6] supporteda further map-
ping of object-orienteddesignsfrom requirements’specifications,
therebyenhancing traceabilitythroughoutthelifecycle.

In orderto achieve a level of traceabilityfor crosscuttingrequire-
ments,anapproachis requiredthatprovidesameansto separatethe
designsandcodeof crosscuttingbehaviour into separate,indepen-
dentmodelsor programs.The standardobject-orientedparadigm
is not capable of achieving therequiredlevel of encapsulationand
separationfor crosscuttingrequirements.Recently, however, there
hasbeenconsiderable focuson this problemin both designsand
code.In [7], wepresentedcompositionpatterns(CPs),ameansfor
separatingthe designsof crosscuttingrequirements into reusable,
extensibledesignmodels. With CPs,the constraintsand interac-
tions of crosscuttingbehavioural elementsmay be designedinde-
pendently of the elementswith which they may interactor con-
strain. Using CPs, traceability from crosscuttingrequirements’
specificationsis achieved. In addition, approacheswith support-
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ing technologies(suchaslanguagesor tools)have emergedto ad-
dressthe separationof crosscuttingbehaviour for object-oriented
code.Aspect-orientedprogramming[20] provideslanguagemech-
anismsthat explicitly capturecrosscuttingcodestructure,with an
environment for Java provided in the AspectJlanguage[19] and
its attendanttools. Multi-dimensionalseparationof concerns[29]
supports the separationof multiple, arbitrary kinds (dimensions)
of concern, andhasa supporting environment for Java calledHy-
per/J[28]. Boththeseapproachespresentaparadigmfor separation
andencapsulationof crosscuttingconcerns in code.

However, to date, therehasbeenlittle focus on any relationship
betweencrosscuttingdesignsand crosscuttingcode. CPscanbe
usedwithout a corresponding implementationtechnology, ascom-
position semanticsare part of the model. CPscan thereforebe
composedwith basedesigns,though the resultingoutput design
model will have the scatteringand tangling propertiesdiscussed
previously. AspectJandHyper/Jcanalsobe usedindependently
of a supporting designparadigm.So,what’s missing?We believe
that to truly realisethe benefits of separationof crosscuttingcon-
cernsacrossthe lifecycle, theremustbe a seamlessandtraceable
mappingfrom the designto supportingcode. This hasbenefits
for both designersand coders. From a designer’s perspective, it
remainsimportant to be able to composethe designsfor valida-
tion purposes. However, if the composeddesignis implemented
directly, then the implementationwill displayscatteringand tan-
gling properties,with their relatednegative impact. The designer
will find it difficult to communicateany changesto the crosscut-
ting behaviour to thecoders.Evolutionof existing crosscuttingde-
signs,andadditionsof new crosscuttingbehaviour, will bedifficult
to trace,synchronise,andimplement.Froma coder’s perspective,
the previously cited benefitsof softwaredesign(early assessment
of technicalfeasibility, etc.) areunavailablewhenthereis no ap-
proachthatmapsto andsupportsthetechnology used.Traceability
to the requirementsbecomesdifficult, with corresponding evolu-
tion andreusechallenges.

Theprimarycontribution of this paperis a descriptionof themap-
pingof thedesignsof crosscuttingconcernsto emergingimplemen-
tationtechnologies.This is achieved,with varyingdegreesof suc-
cessandevolvability, througha mappingof theconstructsdefined
for compositionpatternsto AspectJandHyper/Jcode.In working
throughthismapping,wearecloserto achieving full traceabilityof
crosscuttingrequirementsthroughout thedevelopmentlifecycle. A
secondary contribution is asa casestudyinto applyingthosetech-
nologies.In mapping thedesignto thecode,wediscussthevarying
degreesof successwe experiencedin implementingcrosscutting
behaviour, andconsiderevolution issueswith theapproaches.

Section2 illustratesthe designof the Observer pattern[10] using
composition patterns.Section3 mapsthis designto AspectJ[19,
34], while Section4 mapsthedesignto Hyper/J[28]. Relatedwork
is describedin Section5. Section6 presentsconclusions andfur-
therdiscussion.

2. COMPOSITION PATTERNS
It is the natureof crosscuttingbehaviour that it hasan impacton
multiple, different elementswithin software. In order to design
suchbehaviour in standardUML [23], it is necessaryto explicitly
specify, using interactionmodels,crosscuttingbehaviour against
eachof theparticularelementsit maysupplement.Thoughsimple
templatesare available in UML, no compositionsemanticsexist
that aresufficient to merge crosscuttingbehaviour with otherbe-

haviour it impacts.Theselimitationsresultin designmodelswith
a number of difficulties. First,any new elementneedingto besup-
plementedwith crosscuttingbehaviour musthaveanew interaction
modeldefinedindicating this. Secondly, changing or eliminating
crosscuttingbehaviour requireschanges to all theinteractionmod-
elsspecifyingit. Finally, reuseof thecrosscuttingbehaviour is not
straightforward,asits specificationis tangledwith thespecification
of thebehaviour it supplements.

Compositionpatternsmitigate theseproblemsby supportingthe
separate designof reusable,cross-cuttingrequirements. A cross-
cutting designwithin a composition patternis independent of any
basedesignit may potentiallycrosscut. How that designmay be
reusedwhereit may be requiredis alsospecified—i.e.,its pattern
of composition.

As describedin [7], encapsulation of the designof crosscutting
behaviour in a reusableway is achieved using a combinationof
an extensionto UML templatesandcomposition semanticsdefin-
ing how both structuraland behavioural designelementsmay be
merged.An inherentrequirement of a designapproach to specify-
ing crosscuttingelementsis aneedto support reasoning aboutthose
elementson which they may have an impact. This is wheretem-
platesareused.A templateparameterin aCPdenotesaplaceholder
elementto be replacedby a “real” elementin a composeddesign.
In this way, thedesignerof thecrosscutting behaviour mayremain
oblivious to therealelementsthat thecrosscuttingbehaviour may
impact.

Semanticsfor the compositionof a “base” designwith a compo-
sition patternarebasedon merge semanticsfirst introducedin [6],
anddetailedin [5]. This compositionmodelsupportsseparatede-
sign modelsas independent views of possibly overlappingcore
concepts. Compositionof theseseparatedesignmodelsis specified
with a composition relationship, detailingwhich elementsoverlap,
andhow to integratethem. Merge is onestrategy for integration
that includesall the elementsfrom the input designmodelsin the
composeddesign,reconcilingconflictswhereappropriate.

Whena templateparameterin a composition patternis an opera-
tion, merge semanticsusesdelegation to ensurethe executionof
boththecrosscuttingbehaviour andtherealoperation’s behaviour.
A compositionrelationshipbetweena CP andbasedesign(s) de-
finesthe elementsthat replacethe templateparametersin the CP,
therebyspecifyinghow theCPandbasedesignareto becomposed
(i.e.,merged).

Compositionpatternsaredesignedto beintuitive to existing UML
designers,in thatstandardUML constructsandnotationsarereused
wherepossible.Notationally, a UML-style templatebox is placed
on thetop-rightcornerof aCPpackage,whichprovidesanordered
list of all the templatesdefinedwithin the CP. A composition re-
lationshipis a new kind of relationship,but is definedin a man-
ner similar to eachof the existing relationshipswithin the UML.
A morecompletedescriptionof theextensions to the UML meta-
modelrequiredto supportcomposition semanticsandcomposition
patterns(previously introducedin [4], anddetailedin [5]) is beyond
thescopeof thispaper.

We now illustratethedesignof a reusableCPto supportObserver,
abasedesignsupportingasmallLibrary, andaspecificationof how
to composethetwo.
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2.1 Obser ver Composition Pattern
The Observer pattern describesthe collaborative behaviour be-
tweena subjectand multiple observers. Observer objectsregis-
ter an interestin Subjectobjects,so that theobservers arenotified
of any changein statein thosesubjectsin which they are inter-
ested.From a compositionpatternperspective, this requiresboth
structuralandbehavioural templatedesignelements.We definean
Observer CPwith two patternclasses(classesthataretemplatesto
be replacedby “real” classesduring composition with a basede-
sign). Subject is definedasa patternclassrepresentingthe class
of objectswhosechangesin stateareof interestto otherobjects,
andObserver is definedasa patternclassrepresentingtheclassof
objectsinterestedin a Subject’s changein state(seeFig. 1).

Vector

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

1 observers

+ addObserver(Observer)
+ removeObserver(Observer)

Observer

+ start(Subject)
# _start(Subject)
+ stop(Subject)
# _stop(Subject)

+ aStateChange( )
# _aStateChange( )
− notify( )

+ update( )

<Observer, update( ), _start(.., Subject, ..), _stop(.., Subject, ..)>

Subject

Figure1: Observer CPStructure

This CP also contains three interaction specificationsfor be-
haviour that crosscutstemplateoperations. Fig. 2 illustratesthe
behaviour required for notifying observers of changesin state.
aStateChange( ) is a templateoperationwhosebehaviour is sup-
plementedwith notification of all observers. This operationhas
beenprependedwith anunderscoreto denotethatdelegationisused
during merge,andtheoperationmustbe replacedby someopera-
tion in any classthat replacesSubject. notify( ) calls anothertem-
plateoperation,update( ), which mustbereplacedby someopera-
tion in any classthatreplacesObserver. Notethat aStateChange( )
andupdate( ) appear in thetemplatebox in Fig. 1.

anObserver : Observer

update( )

aSubject : Subject

aStateChange( )

_aStateChange( )

notify( )
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Figure2: Notifying Observers of StateChanges

The Observer CP also supports specificationof crosscuttingbe-
haviour relatingto bothinitiating andterminatinganobserver’s in-
terestin a subject’schangesin state.Two templateoperationshave
beendefined, start(.., Subject, ..) and stop(.., Subject, ..), where
eachis replacedby operationsdenotingthe startandend,respec-
tively, of anobserver’s interestin a subject(seeFigs.3 & 4). Each
of thereplacingoperationsmusthave a subjectdefinedasaninput
parameter.

anObserver : Observer aSubject : Subject

start(.., aSubject, ..)

_start(.., aSubject, ..)

addObserver(anObserver)

Figure3: Initiating anObserver’s Interest

anObserver : Observer aSubject : Subject

removeObserver(anObserver)

_stop(.., aSubject, ..)

stop(.., aSubject, ..)

Figure4: TerminatinganObserver’s Interest

2.2 Base Library Design
Thebasedesignonwhichtheaspectexamplesareappliedis asmall
library design(Fig. 5). This library hasbooksof which all copies
arelocatedin the sameroom andshelf. A book manager handles
the maintenance of the associationbetweenbooksandtheir loca-
tions. Thebookmanager alsomaintainsanup-to-dateview of the
lendingstatusof bookcopies.

+ name
+ author
+ ISBN

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

Book

BookCopy

+ borrow( )
+ return( )

+ add(Book)
+ remove(Book)
+ search(Book)
+ addView(BookCopy)
+ removeView(BookCopy)
+ updateStatus(BookCopy)

BookManager

+ roomNumber
+ shelfNumber

+ addBook( )
+ removeBook( )

Location

«subject»
Library

copies *

Figure5: BaseLibrary Design
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2.3 Pattern Binding to Base Design
Thecomposition& of theLibrary basedesignwith theObserver com-
positionpatternis specifiedby a composition relationshipbetween
thetwo. Usingabind[ ] attachmentto therelationship,theclass(es)
actingassubject,andthe class(es)actingasobserver may be de-
fined. In thisexample, thereis only oneof each(seeFig. 6), Book-
Copy andBookManager, respectively.

«subject»
Observer

«subject»
Library

<Subject, _aStateChange(..)>

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

<Observer, update( ), _start(.., Subject, ..), _stop(.., Subject, ..)>

Figure6: ComposingObserver with Library

In this example,note also how the meta-propertiesof a design’s
elementsmay be queriedto assessan element’s eligibility to join
a setof replacingelements.In this example,the aStateChange( )
templateoperationis replacedwith all operationswithin BookCopy
that have beendefinedasbeingnon-query—i.e.,thoseoperations
thataffect a change in statethatmaybeof interestto anobserver.
The keyword meta within the setparameterspecificationdenotes
that a UML meta-propertyis queried,and only thoseoperations
with isQuery=false will replace aStateChange( ) for the purposes
of Observer.

3. ASPECTJ
AspectJ[19] is a prototype language to realisetheaspect-oriented
programming (AOP)paradigm.AOPis a programmingtechnique
that makes it possible to expressprogramsinvolving encapsu-
lated,crosscuttingconcerns throughcomposition techniques, and
throughreuseof the crosscuttingcode[20]. AspectJcomprisesa
setof extensionsto theJava language [11]. We begin with a brief
discussionof AspectJ’s concepts andconstructs,thenutilise these
in differentwaysto attemptto mapcompositionpatternsto a com-
positionalimplementationmodel.

3.1 Background
The major crosscutting constructin AspectJis called an aspect.
Eachaspectencapsulatesfunctionality thatcrosscutsotherclasses
in asystem.An aspectis essentiallyaspecialform of class:it is in-
stantiated,cancontainstateandmethods,andmaybespecialisedin
subaspects.An aspectis thencombinedwith theclassesit crosscuts
according to specificationsgiven within theaspect.An aspectcan
introducemethods,attributes,andinterfaceimplementationdecla-
rationsinto types;asof version0.8b1,introducedmembersmaybe
madevisibleonly within theaspect(privateintroduction), allowing
oneto avoid nameclasheswith pre-existing members.

Asidefrom introductions,thechiefhandle providedfor composing
an aspectwith otherclassesis calleda joinpoint: a joinpoint is a
point in theexecutionof thesystem,suchasacall to amethod, the
receptionof a methodcall, anaccessto anattribute,anobjectcre-
ation,etc.Setsof joinpointsmaybereferredto aspointcuts, allud-
ing to thefactthatsuchsetsmaycrosscutthesystem.Pointcutscan
be named,allowing themto be reused.AspectJprovidesvarious

pointcutdesignators thatmaybecombinedthroughlogical opera-
torsto build up completedescriptionsof pointcutsof interest;des-
ignatorsincludeinstanceof(...), indicatingjoinpointsinvolving
instancesof the classesin “...,” andreceptions(...), indicating
joinpointswherethemethodin “...” receivesa call. See[34] for a
completelisting of possibledesignators.

An aspectcanspecifyadvicethatis to executein conjunctionwith a
pointcut.Advice is ablockof instructionsthatis executedbefore,
after, or around a pointcut. around adviceexecutesin place
of the indicatedpointcut, allowing a methodto be replaced,for
example;the replacedpointcutcanthenbe continued with or not
within theadviceblock througha specialcall to proceed().

Aspectsmaybedeclaredabstract,makingthemuninstantiable;by
default, a concreteaspectis a Singleton(only oneinstanceexists
for the programexecution[10]) althoughotherpossibilitiesexist
andareexaminedfurther in Section3.2.2.1.Namedpointcutscan
be declaredabstractwithin an abstractaspect,allowing them to
be given concrete definitionswithin concretesubaspects,muchas
abstractmethodsareused.

3.2 Mapping Obser ver to AspectJ
The questionof how to mapcompositionpatternsto AspectJde-
pendson how faithfully one wishesto representthe design-level
entities.Therearetwo chief scenarios:

1. representboth a CP and its bind[ ] specificationasa single
aspect,or

2. maintaintheseparationof areusableCPfrom its bind[ ] spec-
ification.

Scenario1 wastheapproachdemonstratedbriefly in [7]. Here,we
examinea mappingto AspectJvia eachoptionin turn.

3.2.1 ConcreteAspects Only
As in [7], we mapthe designsubjectObserver to a singleaspect.
For eachclassbeingboundto the CP, namelyBookManager and
BookCopy, we declareintroductionsfor thenon-templatemethods
andattributesof their associatedtemplateclasses,respectively Ob-
server andSubject.

aspect Observer {
// --- Introductions ---
private Vector BookCopy.observers;

private void
BookCopy.addObserver(BookManager bm) {
}

private void
BookCopy.removeObserver(BookManager bm) {
}

private void BookCopy.notify() {
// Post: all observers in
// BookCopy.observers are sent
// updateStatus() event

}

// --- Pointcuts ---
pointcut start(BookCopy bc,

BookManager bm):
instanceof(bm) &&
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receptions(void addView(bc));

pointcut stop(BookCopy bc,
BookManager bm):

instanceof(bm) &&
receptions(void removeView(bc));

pointcut aStateChange(BookCopy bc):
instanceof(bc) &&
(receptions(void return()) ||
receptions(void borrow()));

// --- Advice ---
after(BookCopy subject,

BookManager observer):
start(subject, observer) {
subject.addObserver(observer);

}

before(BookCopy subject,
BookManager observer):

stop(subject, observer) {
subject.removeObserver(observer);

}

after(BookCopy subject):
aStateChange(subject) {
subject.notify();

}
}

A pointcut is defined for each of the template methods
aStateChange( ), start( ), and stop( ). Notethateachof thesetem-
platemethodsis subjectto merge semantics(wheresupplementary
functionality is beingmergedwith them)asindicatedby theunder-
scoreprepending each.Templatemethodsnot supplementedwith
additionalbehaviour simply haveall occurrencesreplacedwith the
actualmethodboundto them(i.e., update( ) is replacedby updat-
eStatus( ) in this example),ratherthanhaving a pointcutdefined
for them.

Eachpointcut is definedto representthe joinpoints that are de-
picted by the initial messagereceived in the interactiondiagram
associatedwith eachtemplatemethodsupplementedwith crosscut-
ting behaviour. Eachcansimply bemappedto aninstanceof()
designator, indicating the receiving object,anda receptions()
designator, indicatingthemethodbeingcalled.Theformal param-
etersof thepointcutcanbedeterminedby looking at the template
box specification;for eachtemplateoperation,the instanceof its
patternclassandany formal parametersit explicitly declaresmust
beexposedasformalsin thepointcut.For example,thepointcutfor
stop( ) mustdeclarea formal parameterto representthe instance
of Observer on which stop( ) is beingcalledplusanother for the
argumentof typeSubject thatgetspassedto it. TheisQuery=false
constraintin thebind[ ] specificationneedsto betranslatedinto the
actualmethodsfor which thisconstraintholds(whichcanbedeter-
minedfrom thedesignof theclassbeingbound), sinceJava hasno
support for theUML notionof an isQuery property.

Finally, a pieceof adviceis declaredfor eachinteractiondiagram
associatedwith asupplementedtemplatemethod.For example,af-
ter theconcretemethodboundto start( ) is receivedby aninstance
of Observer (BookManager), this instanceregistersitself asanOb-
server of theSubject (BookCopy) passedasa parameter.

As thisexampleillustrates,by usinga combinationof theinforma-
tion in a CPwith its basedesigncompositionandbindingspecifi-

cation,mappingto a concreteaspectmay be achieved in an algo-
rithmic fashionsuitablefor automation.

But this mapping is not without its problems. For every bind[ ]
specificationonaCPin adesign,aseparateaspectmustbecreated.
Eachof theseaspectscontainsaportionof theObserverpattern—in
otherwords,theObserver patternremainscrosscuttingfunctional-
ity. As a result,shouldthe detailsof theObserver patternneedto
change, every aspectrepresentinga particularbind[ ] specification
would needto be modified. Furthermore,the mapping, while al-
gorithmic, is not simple. Both of theseproblemssuggestthat tool
support wouldberequiredto performthemappings. Unlesstheen-
tire implementationwereautomaticallygeneratedfrom thedesign-
level, sucha tool could only produce a skeletonfor eachaspect
thatwouldneedto befilled-in afterthefact.Thus,regenerating the
mappings,shouldachangeto theCPever berequired,would force
many aspectsskeletonsto befilled-in manuallyagain.

3.2.2 MappingReusableCPsto Abstract Aspects
The difficulties with evolving mappedCPswould be minimised
if we could producean implementation-level constructthat rep-
resenteda CP alone,without its bind[ ] specification. Then, any
changesto this CPwould affect only this oneconstruct. This con-
structshouldthenbemorereusable,sinceit would not bespecific
to a singlebind[ ] specification.

Abstractaspectsprovide sucha meansof separatingthe codefor
crosscuttingbehaviour in a reusableway. We thereforeassesshow
a more direct mapping, from CPs to abstractaspects,might be
achieved. We look at threepossibleapproaches,varying depend-
ing on thenumber of aspectsinvolvedandwhethertheir instances
containstate.

3.2.2.1 A Single, Abstract Aspect with State
As afirst approachto realisingsuchanimplementationmappingto
composition patternswithouttheirbind[ ] specifications,weattempt
to representeachCPagainby asingleaspect.Eachaspectinstance
will containstatepertinentto the instanceof the Observer pattern
thatit handles.

Eachpatternclasswithin theCPdefinesaninterfacewithin theas-
pect. Theseinterfacesdeclaremethodsfor eachtemplatemethod
for which no supplementary behaviour hasbeendefinedin its as-
sociatedpatternclass,e.g.,update( ) in Observer. This interface
servesto provideahandleonknown operationswithin thescopeof
theabstractclass.If no non-supplementedtemplatemethodsexist
for a patternclass(as is the casefor Subject), we do not needto
definean interfacefor it. All non-templatemethodsandattributes
areaddedasinstancemembersof theaspectitself.

abstract aspect Observer {
// --- Type declarations ---
interface ObserverI {

public void update();
}

// --- Aspect instance state ---
Vector observers;

// --- Aspect instance methods ---
void notify() {

// Post: all observers in observers
// are sent update() event

}
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void' addObserver(ObserverI observer) {
}

void removeObserver(ObserverI observer){
}

// --- Pointcuts ---
abstract pointcut aStateChange();

abstract pointcut
start(ObserverI observer);

abstract pointcut
stop(ObserverI observer);

// --- Advice ---
after(ObserverI observer):

start(observer) {
addObserver(observer);

}

after(ObserverI observer):
stop(observer) {
removeObserver(observer);

}

after(): aStateChange() {
notify();

}
}

As before,a pointcut is declaredfor eachbehaviourally supple-
mentedtemplatemethod,althougheachis madeabstractin this
scenario.Eachpointcutis givena concretedefinitionwhentheCP
is boundto actualclasses.Finally, advicethat is analogousto that
describedin thefirst scenariois declaredhere.

To bind a CP to concreteclasses,we declarea concreteaspect
that extendsthe abstractObserver aspect.Binding this aspectto
BookCopy andBookManager yieldstheconcreteaspectbelow.

Any concreteclassthat is boundto a patternclass,for which an
interfacewasdeclaredin the abstractaspectrepresentingthe CP,
must receive an introductionthat it implementsthat interface. In
addition,an implementationmustbe provided for eachoperation
declaredin thatinterface.Theimplementationof eachsuchmethod
delegatesto the existing methodthat hasbeenboundto the asso-
ciatednon-supplementedtemplatemethod. For example,the Ob-
server CP definesa non-supplementedupdate( ) templatemethod
for theObserver templateclass;sincetheupdateStatus( ) methodof
BookManager getsbound to update( ), BookManager mustdefine
update() to delegateto updateStatus().

The concreteaspectmust also give eachabstractpointcut that it
inheritsaconcretedefinition.This is doneidenticallyto thecasein
Section3.2.1.

aspect ObserverBookCopyBookManager
extends Observer of <context> {
// --- Introductions ---
BookManager +implements ObserverI;

public void BookManager.update() {
updateStatus();

}

// --- Pointcuts ---
pointcut start(BookCopy bc,

BookManager bm):
instanceof(bm) &&
receptions(void addView(bc));

pointcut stop(BookCopy bc,
BookManager bm):

instanceof(bm) &&
receptions(void removeView(bc));

pointcut aStateChange(BookCopy bc):
instanceof(bc) &&
(receptions(void borrow()) ||
receptions(void return()));

}

But there is one piece missing from the puzzle: what should
<context> be? AspectJusesthis declarationfor two purposes:
to decidewhereaspectinstancesshouldbecreatedandin whatpart
of the system’s execution(calledthe executioncontext) aspectin-
stancestateshouldbe accessible—thetwo arenot separablehere.
This is a problem. Thereareonly threevarietiesof <context>
availablein AspectJ:

1. eachJVM(), which producesa singletoninstancefor theen-
tire execution1;

2. eachobject(...), wherean instanceis createdfor eachin-
stanceof “...” ; and

3. eachcflowroot(...), whereaninstanceis temporarilycre-
atedfor a portion of the executionwhile “...” is on the call
stack.

Theintentwith thedesignis to createoneaspectinstancefor each
observedBookCopy; this canberoughlyachievedby creatingone
aspectinstancefor every instanceof BookCopy. But this would
meanthat theaspectinstancestatewould only beavailablewithin
the executioncontext of methods definedin BookCopy, i.e., only
while a methodin BookCopy wason top of the executionstack.
But, by definition,theexecutionof addView() or removeView()
will violate this constraint(being methodsin BookManager and
not BookCopy), andso, the start() andstop() pointcutswill
never occur.

To take this approach of having an abstractaspectrepresenta CP
withoutabind[ ] specification,wewouldneedto beableto separate
themechanismsof specifyingtheexecutioncontext from thespec-
ification of what aspectinstanceto retrieve in that context. This
would requiremodificationsto AspectJ.

3.2.2.2 TwoAbstract Aspects
Oursecondapproachrequirestwo separate,interactingaspects,one
per templateclassdefinedin the CP. The chief differencehere
is that the Observer aspectinstancesmust explicitly locatethe
Subject aspectinstanceassociatedwith theobjectto beobserved.
EachObserver aspectinstancemustalsorecordthe concretein-
stancewith which it is associated.
(
As of version0.8b1,eachJVM() is the default context for con-

creteaspects,andsotheof-clausemaybeelided.
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abstract aspect Observer {
// --- Aspect instance state ---
protected Object observer;

// --- Aspect instance methods ---
abstract void update();

abstract Subject
getSubjectAspect(Object subject);

// --- Pointcuts ---
abstract pointcut
start(Object subject,

Object observer);

abstract pointcut stop(Object subject);

// --- Advice ---
after(Object subject, Object observer):

start(subject, observer) {
Subject s = getSubjectAspect(subject);
s.addObserver(this);
this.observer = observer;

}

before(Object subject): stop(subject) {
Subject s = getSubjectAspect(subject);
s.removeObserver(this);

}
}

abstract aspect Subject {
// --- Aspect instance state ---
Vector observers;

// --- Aspect instance methods ---
void notify() {

// Post: all observers in observers
// are sent update() event

}

void addObserver(Observer observer) {
}

void removeObserver(Observer observer) {
}

// --- Pointcuts ---
abstract pointcut aStateChange();

// --- Advice ---
after(): aStateChange() {

notify();
}

}

And now, theconcreteaspectsbecome:

aspect ObserverBookManager
extends Observer
of eachobject(instanceof(BookManager)) {
// --- Aspect instance methods ---
void update() {

((BookManager)observer).
updateStatus();

}

Subject getSubjectAspect(Object subject) {
return SubjectBookCopy.
aspectOf(subject);

}

// --- Pointcuts ---
pointcut start(BookCopy bc):

receptions(void addView(bc));

pointcut stop(BookCopy bc):
receptions(void removeView(bc));

}

aspect SubjectBookCopy
extends Subject
of eachobject(instanceof(BookCopy)) {

// --- Pointcuts ---
pointcut aStateChange():

(receptions(void borrow()) ||
receptions(void return()));

}

There are still problemshere, though. First, the Observer pat-
tern is conceptually a single aspect,so splitting it into multiple
constructsis unnatural—acrosscuttingconcernpersistsin a scat-
teredform. EachObserver instanceassumesthat it is associated
with a singleobject,but cannot enforcethis constraint.The con-
creteobserver needsto know aboutparticularconcretesubjects,
sinceaspectOf() is only definedfor concreteaspects—AspectJ
assumesthat thereis at mostoneinstanceof a concreteaspectas-
sociatedwith an object. We alsoendup with an extra object for
eachsubjectandeachobserver even if they arenot actuallydoing
any observingor beingobserved.

Thismappingto anabstractaspectplusextending, concreteaspects
is more complicated,and henceerror-prone,than in the first ap-
proach. Our concerns over the reusabilityof the implementation-
level CPshave not beencompletelyalleviated. It is up to the ap-
plicationprogrammerto correctlydefinethe concretepointcutsin
sucha way asto fulfill the behavioural constraintsimplied by the
Observer pattern;it is not clearthatthis will alwaysbeasstraight-
forwardaprocessasfilling in templateparametersin CPsis.

3.2.2.3 A Single, Abstract Aspect withoutState
Our third andfinal approach forgoesany attemptto maintainstate
within aspectinstancesthemselves.This is only possiblesincethe
Observer patternexplicitly accounts for eachSubjectpossessing
multiple Observers. The stateinvolved in the patterncan there-
fore bedividedon anindividual-object basis,ratherthananaspect
instancehaving to maintaincrosscuttingstate.If this werenot the
case,wecouldstill encountertheproblemsof of-clausesdiscussed
in Section3.2.2.1.

In our abstractaspect,we declareone interface for eachpattern
classthat exists in the CP being mapped. Theseinterfacesde-
clareany non-supplementedtemplatemethodswithin theCP.Any
non-templatemethods or attributeson thesepatternclassesarein-
troducedonto the corresponding interface. An introductionon an
interfacehasthe effect of addingthat methodor attribute into all
concreteclassesthatimplementtheinterface.Finally, ourpointcuts
andadviceremainthe sameasin Section3.2.2.1with oneimpor-
tantdifference:they mustreferto theSubjectI instancethatis in-
volvedin theinstanceof theObserverpattern.In thefirst approach,
this wasnot necessarysincethis instancedid not containthestate
andmethodsthatmaintainedtheObserver patternbehaviour.
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abstract aspect Observer {
// --- Type declarations ---
interface SubjectI {
}

interface ObserverI {
public void update();

}

// --- Introductions ---
private Vector SubjectI.observers;

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

}

private void
SubjectI.addObserver(ObserverI observer) {
}

private void
SubjectI.removeObserver(ObserverI observer) {
}

// --- Pointcuts ---
abstract pointcut

aStateChange(SubjectI subject);

abstract pointcut
start(SubjectI subject, ObserverI observer);

abstract pointcut
stop(SubjectI subject, ObserverI observer);

// --- Advice ---
after(SubjectI subject, ObserverI observer):

start(subject, observer) {
subject.addObserver(observer);

}

after(SubjectI subject, ObserverI observer):
stop(subject, observer) {
subject.removeObserver(observer);

}

after(SubjectI subject):
aStateChange(subject) {
subject.notify();

}
}

The bind[ ] specificationon the Library basedesignis then rep-
resentedby a single concreteaspect. Eachconcreteclassbeing
bound to a patternclassrequiresan introduction that it imple-
mentstheinterfacecorresponding to thatpatternclass;for example,
sinceBookCopy is bound to Subject, BookCopy must implement
SubjectI. Any non-supplementedtemplatemethodsthatwerede-
claredby theseinterfacesmusthave concreteimplementationsin-
troducedfor them;sinceBookManager::updateStatus( ) is boundto
Observer::update( ), BookManager.update()mustbeintroduced
andit mustdelegateto updateStatus(). The inherited,abstract
pointcutsmusthave concretedefinitionsprovided,asin theearlier
approaches.

aspect ObserverBookCopyBookManager
extends Observer {
// --- Introductions ---
BookCopy +implements SubjectI;

BookManager +implements ObserverI;

public void BookManager.update() {
updateStatus();

}

// --- Pointcuts ---
pointcut start(BookCopy bc, BookManager bm):

instanceof(bm) &&
receptions(void addView(bc));

pointcut stop(BookCopy bc, BookManager bm):
instanceof(bm) &&
receptions(void removeView(bc));

pointcut aStateChange(BookCopy bc):
instanceof(bc) &&
(receptions(void borrow()) ||
receptions(void return()));

}

This approachappears thebestcandidategiventhecurrentseman-
tics of AspectJ,but thereremainpotentialproblems.

The introductionof an interfacethatdeclaresmethodscanleadto
nameclashes.In theexampleabove, if BookManager hadalready
declaredanupdate() method,but this methoddid not fulfill the
purposes of update( ) within theCP, invasive modificationswould
have beenrequiredto resolve the conflict. AspectJdoesnot cur-
rentlyprovideareconciliationmechanismbetweendifferingviews,
suchasthoseof composition filters [1], subject-orientedprogram-
ming [13], or implicit context [32].

The form of the concreteaspectstill putsa largeonus on theuser
of theCPin theabsenceof tool support, notonly to identify which
designelementsshouldbe boundto templateparameters,but to
correctlydesignatepointcutsandintroductions.Theresultcouldbe
moreflexible thanpluggabletemplates,but alsomoreerrorprone.

In any situationwheretheaspectinstancemustmaintainstate,but
its executioncontext differs from the context in which it mustbe
instantiated,the troubleswith of-clausesdiscussedabove would
crop up. Thequestionis, will suchsituationsever actuallyoccur?
Regardless,AspectJstill doesnot supportCPsas cleanly as we
would like.

4. HYPER/J
Hyper/J [28] is a prototype language to realise the multi-
dimensional separationof concerns (MDSOC) paradigm [29].
MDSOCis amodellingandimplementationparadigmthatsupports
the separationof overlappingconcernsalongmultiple dimensions
of compositionanddecomposition[29]. Hyper/Jis aprogramming
environment that facilitatesthe adaptation,composition, integra-
tion, improved modularisation,andnon-invasive remodularisation
of Java softwarecomponents[28]. This sectiongivesa brief in-
troductionto theconceptsandinputsto Hyper/J,anddemonstrates
theseinputsfor theObserver CP.

4.1 Background
Unlike AspectJ,Hyper/Jdoesnot have constructswhoseinstances
appearat runtime.Hyper/Jworkswith Java.class files,support-
ing sophisticatedreasoningabouttheirmodularisation(andremod-
ularisation),andcomposition. In otherwords, you may describe
the internalsof Java .class files, and describehow you would
like this codeto be integrateddifferently. Hyper/Jproducesnew
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Java .class files, wherestructureandbehaviour of (partsof) in-
put.class files areintegratedasdefinedby theprogrammer.

TherearethreemaininputsthedeveloperprovideswhenusingHy-
per/J[28].

1. A hyperspacefile describestheJava.class file beingcom-
posed. Here, selectionof classesto be composed (and by
implication,classesnot beto composed) is specified.

2. A concernmappingfile describesthe piecesof Java within
thosefiles thatmapto differentconcernsof interest.

3. A hypermodulefile describeshow integrationbetweencon-
cernsof interestshouldbe done. Here, different kinds of
compositionstrategiesmaybespecified(e.g.,mergeor over-
ride), with the possibility of defining a match relationship
for methodinvocationsso that invocationof one resultsin
the invocationof all matchedmethods. Most interestingly
for crosscuttingconcerns,the notion of a bracket relation-
ship supportsthe specificationof which methodsshouldbe
executedbeforeand/orafter a methodto be crosscutwith
additionalbehaviour.

CPs, with their inherent merge semantics,evolved from ideas
within subject-orientedprogramming[13, 24], asdid MDSOCand
Hyper/J. As such,at a high-level, thereshouldbe a moredirect
mapfrom CPsto theinputsof Hyper/Jthanwasdemonstratedwith
AspectJ.

In our attemptto mapCPsto Hyper/J,we have chosento consider
Hyper/Jin termsof thefull specificationof its potentialasdefined
in [28], andnot its more limited implementationin the currently
availableversionof theHyper/Jtool.

4.2 Mapping Obser ver to Hyper/J
Theinternalsof theObserver CP, andtheLibrary basedesignmay
bedescribedusinghyperspaceandconcernmappingfiles,while the
bind[ ] specificationof thecompositionrelationshipmaybemapped
to the hypermodule file. However, at a moredetailedlevel, map-
ping becomesmoredifficult, aswe shallsee.

First, we look at the Java sourcecode implementingthe classes
defined in the Observer composition pattern. Subject and
Observer classesaredefinedin anObserver package.

class Subject {
Vector observers;

void addObserver(Observer observer) {
}

void removeObserver(Observer observer){
}

void aStateChange() {
notify();

}

void notify() {
// All observers in observers are
// sent update() event

}
}

class Observer {
void update() {
}

void start(Subject subject) {
subject.addObserver(this);

}

void stop(Subject subject) {
subject.removeObserver(this);

}
}

Codesupporting the Library designmodel is not illustratedhere,
thoughweassumeit to bedefinedwithin aLibrary package. Each
of thesepackagesareconsideredto bein thespacewithin whichwe
areworking,andaredefinedin ahyperspacefile:

hyperspace ObservedLibrary
composable class Observer.*;
composable class Library.*;

Concernmappingsmaybedefinedas:

package Observer : Feature Observer
package Library : Feature Library

However, this mappingof thereusableObserver CPto codeis not
asstraightforward asit may appear. Hyper/Jimposesa restriction
that operationsto be mergedmusthave the samesignature.CPs
support a mechanism for specifyingconsiderableflexibility in the
signaturesof operationsthatareallowed to replacetemplateoper-
ations.For our Observer example,thetemplateoperationsstart(..,
Subject, ..) and stop(.., Subject, ..) specifythatoneof theparam-
etersmustbean objectof typeSubject,but that theremaybe any
otherparameters.This flexibility doesnot map to Hyper/J. The
Observer classillustratedherehasdefineda singleSubject pa-
rameterfor boththestart() andstop() methods. Thismapping
could only occur after examining the signaturesof the replacing
operations,as definedin the bind[ ] attachmentto the composi-
tion relationship.Thesignaturesof the templateoperationsin the
Observer classwerethendefinedappropriately. Clearlytherefore,
theObserver packageis not reusableascurrentlydefined.Prior
to beingmergedwith any otherpackage,thesignaturesof all meth-
odswith which start() andstop() are to be mergedmustbe
examined,with overloadedmethods definedfor any methodswith
differing signatures.2

We now look at the hypermodule file, which specifieshow the
packages should be integrated.3 The concernmappingidentified
two features, Library and Observer, to be composed. A
nonCorrespondingMerge relationship is defined betweenthe
two features,indicatingthat any elementswith the samenamein
thedifferentfeaturesdo not correspond, andarenot to bemerged.
This is chosenbecausethecorrespondencesbetweentheObserver
patternandelementswithin any potentialhyperslicewith which it
)
It is not clearthat Hyper/J’s bracket declarationwould correctly

handleoverloadedmethods;if not, methodrenamingwould bere-
quiredto differentiatebetweenthem.*
ThenonCorrespondingMerge andoverride relationshipsare

not currentlyenabledin theHyper/Jtool, andso,this codehasnot
beencompiled.
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is to bemergedareexplicitly defined,andany namematchingoth-
erwise+ is coincidental.

The replacementof the Observer andSubject patternclasseswith
BookManager andBookCopy, respectively, canbemappeddirectly
to equate relationships.An override relationshipmay be used
to mapthe replacement of update() with theupdateStatus()
method.Eachof themethodsthatarereplacements for operations
supplementedby crosscuttingbehaviour have a bracket relation-
ship definedto specify the invocationof the appropriatemethods
beforeor after their own execution. This interactive behaviour is
gleanedfrom the interactionswithin theCPitself, not thecompo-
sition relationship. One point of note: the bind[ ] attachmentto
the composition relationshipsupportsreasoningabout the meta-
propertiesof operations—inthis example,any operations whose
isQuery propertyis false replacethe aStateChange( ) templateop-
eration(seeFig. 6). Sincethereis no equivalent specificationin
Hyper/J,themappingprocessmustexamineeachof theoperations
in BookCopy, and add a bracket relationshipfor any operation
thatpassesthe isQuery test—borrow( ) andreturn( ) in this case.

hypermodule ObserverLibrary
hyperslices:

Feature.Library,
Feature.Observer;

relationships:
nonCorrespondingMerge;

equate class
Feature.Library.BookManager
Feature.Observer.Observer;

equate class
Feature.Library.BookCopy,
Feature.Observer.Subject;

override action
Feature.Observer.Observer.update
with Feature.Library.BookManager.

updateStatus;

bracket "addView" with
(after Feature.Observer.Observer.start,

"BookManager");

bracket "removeView" with
(before Feature.Observer.Observer.stop,

"BookManager");

bracket "borrow" with
(after

Feature.Observer.Subject.
aStateChange, "BookCopy");

bracket "return" with
(after

Feature.Observer.Subject.
aStateChange, "BookCopy");

end hypermodule

As we cansee,the hypermodule file specifyinghow to integrate
theLibrary andObserver featureshasthepotentialto provide a
cleanmappingfrom CPswith simpleinteractionsspecified.How-
ever, thoughnot illustratedwith theObserver example,limitations
with the bracket relationship,ascurrentlydefined,may present
difficultiesfor morecomplicatedinteractionsin thedesign.

5. RELATED WORK
While we have examined the mapping from a particular
compositional-designmechanism (composition patterns)to two
particular compositional-implementation mechanisms (AspectJ
andHyper/J)in this paper, otherpossibilitiesabound in many di-
mensions.

Collaboration-based designor role modelling is a compositional
design approach that concentrates on decomposing designson
the basisof the roles that objects play in particular collabora-
tions [3, 14, 17, 25]. For role modelling within OORamin par-
ticular [25], thegoalsaresimilar to thosemotivatingseparationof
non-crosscuttingconcernsin subject-orienteddesign[5]. Kendall
lookedatrolemodellingandhow onemightmapit to AspectJ[18],
concluding thatAspectJdid notadequatelysupportarequiredlevel
of composition for roles (e.g. merge or override). Catalysis[9]
alsosupportsthe decomposition of softwaredesignsalong”verti-
cal” and”horizontal” lines, providing the ability to separateboth
functionaland technicalconcerns. Subject-orienteddesign[6, 5]
with its compositionpatterns[7] is a moregenericapproach, in-
cludingsupportfor bothfunctional separation(like roles)andsep-
arationof patternsof crosscuttingbehaviour. Thus,this paperis an
investigationinto how onecanmapthisgenericdesignapproachto
a compositional implementation.

Othershavelookedto mixins [30] andmixin layers[26] asameans
of realisingcompositionalimplementationsof collaboration-based
designs. Mixin layers are useful for product-line architectures,
wherefeaturesareunderstoodfrom conception to be optionalbe-
tweendifferentconfigurationsof a product. We have beguna pre-
liminary look at mixin layers,but they appearto be problematic
for our purposes: they requireadherence to strict classhierarchy
constraintsthat arenot easilyevolvableor reusable,andthey suf-
fer from Decoratorpattern[10] drawbacks4 whenappliedto evolve
existing components.

Otherapproachesto providing designsupportfor crosscutting con-
cernsappearmore firmly rootedin the aspect-orientedprogram-
ming paradigmexclusively. For example,approachesexist to ex-
tend the UML with stereotypesspecificto particularcrosscutting
functionality, suchassynchronisation[15] andthe Commandde-
signpattern[16]. Suchapproaches,while clearlyallowing aneasy
mappingfrom designto implementation,placetheonuson design
andimplementationof extensive setsof aspectlanguages that re-
quire knowledge of the specificbehaviour to provide; AspectJit-
self abandonedthis approachfor the sake of a moregenerallan-
guageatanearlystage.SuzukiandYamamoto[27] haveattempted
a more generalisedway of supporting aspect-orientedprogram-
ming within theUML, but by tying itself to a particularrealisation
of a compositional-implementationlanguage, thedesignlanguage
mustevolve asrapidly asthe particularimplementationlanguage,
andexpressesdesignconceptsonly aswell asthe implementation
does—suchlimitationscanbeastrengthor a weaknessin different
contexts. Subject-orienteddesignhastaken the moreindependent
routein extendingtheUML [4] to provide just thoseconstructsre-
quiredto support thedecomposition(andsubsequentcomposition
specification)of designmodelsbasedon requirements specifica-
tions. Theserequirements may be functionalor crosscutting,and

,
Thesedrawbacksincludetheneedto alterall componentsto use

thedecoratorobjectsratherthanthedecoratedobjects,andtheso-
called “object schizophrenia” problem,whereit is uncertainif a
decoratedobjectshouldor doescall its decoratedor undecorated
self.
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new designconstructsarefocusedon how to composetheseparate
models,- notonproviding constructsto mapto any particularimple-
mentationparadigm. Thisapproach makesthemodelmoreconcern
centric,not implementation-paradigmcentric.

While wehavefocussedononly AspectJandHyper/Jin thispaper,
othercompositional implementationmechanismsexist. Composi-
tion filters [1] area meansof interceptingandreroutingmessages
asthey arrive at objects;they canbeusedto separatecrosscutting
concerns suchassynchronisation,andhave beendescribedasan
aspect-orientedtechnique[2]. Adaptivesoftware[21] hasalsobeen
describedasa (specialcase)aspect-orientedtechnique.It provides
ameansto separatethealgorithmsondatafrom thestructureof that
data,allowing thestructureof thedatato changewithout requiring
relatedchangesto thealgorithms.Implicit context [32] is arecently
introduced structuringmechanismandphilosophy concentratingon
removing knowledgeof the large-scalefrom smaller-scalecompo-
nents;while thereis somerelationshipbetweensuchknowledge
andthecrosscuttingfunctionalitythatconcernsusin thispaper, the
two aredistinctproblems[33].

Theimportanceof separationof concernsto theevolutionaryphase
of developmenthasbeenexaminedlightly in thecontext of anearly
versionof AspectJ[31]. In that work, evidencewas found that
having aspectswith a weak separationof concernswas actually
more detrimentalto the evolutionary tasksstudiedthan having a
traditional,object-orientedmodularity.

Therehasbeensomerecognitionof theneedfor separatingcross-
cutting concernsthroughout the lifecycle. For example, Griss
hasproposeda development processfor e-commerce,component-
basedproduct-linesthat draws togetherhigh-level analysis-and
design-composition techniques with supportingimplementation-
composition techniques[12]. But this processdoesnot advise
on how to map the differing constructswithin the combination
of approaches that may be used. The difficulties reportedin re-
engineering implementationsto take advantageof compositional
implementationtechniques5 [22], for which they were not origi-
nally designed, highlights the importanceof separatingcrosscut-
ting concernsacrossthelifecycle. Beingforcedto manuallyuntan-
gle andunscatterthe concerns that were identifiedwasa difficult
anderror-proneprocess;if thesystemsdiscussedin thatwork had
beendesignedwith theircrosscuttingconcernsseparatedin thefirst
place,portingtheimplementationsbetweenthedifferentcomposi-
tional techniquesstudiedwould have beenmoretractable.

6. CONCLUSIONS
Wehave identifiedaneedfor ameansto separatecrosscuttingcon-
cernsseamlesslyacrossthelifecycle,aneedto whichexistingwork
pointsaswell. Suchanapproachwould helprealisethebenefitsof
softwaredesignby supportingearlytechnicalassessment of cross-
cutting behaviour and the evolution andnon-invasive addition of
suchbehaviour to thesoftwareartefactsacrossthelifecycle—e.g.,
designsand code. To investigatecurrentpossibilitiesto support
this need,this paperworked with composition patternsat the de-
signlevel, andwith AspectJandHyper/Jat thecodelevel.

With the Observer patternexample,composition patternsdemon-
strateda level of encapsulation, independenceandreusabilityfor
.
AspectJ,Hyper/J,anda lightweightseparationof concernsmech-

anismthatdid notutilise tool supportwerethecompositionaltech-
niquesstudied.Thesewereappliedto anFTPsystem(jFTPd), and
a regularexpressionmatcher(gnu.regexp) written in Java.

the designsof crosscuttingconcerns. Sincea compositionpattern
encapsulatesdetailswithin it, thesedetailscanbealteredwhile the
concreteclassesboundto the CP remainuntouched. Thus,a CP
servesasa reusableandevolvabledesignconstruct,and is there-
fore a goodcandidatefor designphaseseparationof crosscutting
concerns. Fromthisdesignbase,thepaper theninvestigatedamap
from CPconstructsto compositionalimplementationmodels.

TheObserver compositionpatternprovidesagoodoverview of the
constructsand conceptsthat have beenaddedto standardUML
to supportcomposition patterns. Existing, standardUML is, of
course,alsoavailableto compositionpatterndesigners within the
composition patternpackage. For example,aswith all interaction
diagrams,constraintsmay be definedon the executionof opera-
tions. Suchconstraintsmay have an impact on the executionof
crosscuttingbehaviour thatwould needto bemappedto theimple-
mentation.Thesehave the potentialto mapto thearound advice
constructin AspectJ,but thereis no equivalent in Hyper/J. While
a completemappingfrom UML to AspectJandHyper/Jis beyond
the scopeof this paper, we have capturedthe essentialsof theex-
tensionsto thestandardobject-orientedparadigm,andillustrateda
mappingfor those.

AspectJ,ascurrentlydefinedin version0.8b1,doesnotpreservethe
reusabilityand evolvability inherentin CPsaswell aswe would
like, in part due to difficulties with its of-clauseconstruct. As a
result,thecrosscuttingfunctionalitydefinedin a CPremainsscat-
teredandtangledin the aspectsthat aregeneratedfrom the map-
ping. An approach which appearsto alleviate this using aspects
without statemay have otherdifficulties relatingto reconciliation
betweenconflicting methods.The reusabilityandevolvability of
aspectsrepresentingCPsarealsopotentiallydecreasedby theonus
on framework usersto correctlydesignatepointcuts.

Basedon theplansfor Hyper/Jasdefinedin [28], thereis potential
for a relatively cleanmappingfrom simpleCPsto Hyper/Jcode.
However, therestrictionthatonly methodswith thesamesignature
maybemergedcouldpresentdifficulties.Overcomingthedifficul-
ties with overloaded methods reducesthe reusabilityandextensi-
bility of thecode.It is alsoprobable thatthebracket relationship,
with before andafter bracketing only, will not be sufficiently
powerful to capturecomplex interactionsspecifiedin the design.
In addition,we refer to the mappingin this paperashaving only
potential,as it will be necessaryto implementthe mappings to a
versionof Hyper/Jthatcontainstherequiredrelationships.

While tool supportmay alleviate thesedifficulties to someextent,
we believe working towardsreducingany inherentmismatchbe-
tweenthe reusable,extensibledesigncapabiliti esof CPsand the
constructswithin AspectJandHyper/Jis preferable.In doingthis,
wewouldbecloserto achieving aseamlessacross-the-lifecycleen-
capsulationof thesoftwareartefactsassociatedwith a crosscutting
requirement.We would thenbecloserto achieving thebenefitsof
separationof concernsfor both designers and coderseven when
thoseconcernsarecrosscutting.
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