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ABSTRACT

Requiremets that have a crosscuttingimpact on software (such
asdistribution or persistencepresenimary problemsfor software
developmentthatmanifestthemselesthroughait thelifecycle. In-
herentpropertiesof crosscuttingrequiremets, suchas scattering
(wheretheir supportis scatteredcacrossmultiple classeshndtan-
gling (wheretheirsuppat is tangledwith elementsuppating other
requiremets), reducethe reusability extensibility, andtraceability
of theaffectedsoftwareartefacts.Scatteringandtanglingexist both
in designsandcodeandmustthereforebe addressdin both.

To remove scatteringandtangling propertiesa meansto separate
the designsand code of crosscuttingbehaiour into indepeneént
modelsor programsis required. This paperdiscussegpproacks
thatachieve exactly thatin eitherdesignsor code andpresentan
investigationinto a meansto maintainthis separatiorof crosscut-
ting behaviour seamlesshacrosshelifecycle. To achieve this, we
work with compgition patternsat the designlevel, AspectJand
Hyper/J at the codelevel, andinvestigatea mappingbetweenthe
two levels. Compositionpatternsare a meansto separatehe de-
signof crosscuttingequirementsn anencapsulatedndepemlent,
reusableandextensibleway. AspectlandHyper/Jaretechnologes
thatprovide similar levels of separatiorfor Java code. We discuss
eachapproachandmapthe constructdrom compagsition patterns
to thoseof AspectJand Hyper/J. We first illustrate compgsition
patternswith the designof the Obserer pattern andthenmapthat
designto the apprqoriate code. As this is achieved with varying
levels of successthe exercisealsosenesasa casestudyin using
thoseimplementatiortechnigtes.

Keywords
Compositiorpatternssubject-orientedesignaspect-orientegro-
gramming, AspectJ,hypersgce, subject-orientedorogramming,
Hyper/J, separationof concerns,crosscuttingrequirementsand
functiondity, reuse development lifecycle.

1. INTRODUCTION

Requiremets thathave a crosscuttingmpacton software(suchas
distribution, persistenceetc.) presentwell-documeted difficul-
tiesfor softwaredevelopment6, 13, 20, 24, 29]. The supportfor
crosscuttingoehaiour, by its nature,needsto be scatteed across

potentiallythe full designandcodeof the system.In addition,its
suppat may also be tangled with the designand code of multi-
ple otherrequiremets. Scatteringandtanglingimpactcomprehen
sibility, traceability evolvability, and reusabilityof software arte-
facts. Theseproblemsarepresenthrougloutthe developnmentlife-
cycle,andmustthereforebe addressedcrosghelifecycle.

Software designis an importantactiity within the software life-
cycle, with benefitsthatinclude early assessmertf the technical
feasibility, correctnessand completeressof requiremets; man-
agemenbf compleity andenhaned comprehesion; greaterop-
portunitiesfor reuse;andimproved evolvability [8, 9]. However,
the benefitsof softwaredesignareoften not realised;asdescribed
in [6], a structuralmismatch betweenthe way requirementgend
to be specified(in termsof featuresand capabilities)and object-
oriented specifications,motivates a needto more closely align
object-orientedoftwaredesignswith thestructureof requirements.
This canbe achieved by providing a modelthat supportsthe sep-
aration (and subseqent compositior) of designmodelsfor dif-
ferentrequiremets. Decompositionin this mannerremoves re-
quirementscatteringandtangling propertiesfrom softwaredesign,
therebyalsoremorving theirnegativeimpact. Designsandcodemap
well to eachotherwhenthey are both within the object-oriented
paradigm. The model describedin [6] supporteda further map-
ping of object-orientedesignsfrom requirementsspecifications,
therebyenhanciig traceabilitythroughoutthelifecycle.

In orderto achieve a level of traceabilityfor crosscuttingequire-
mentsanapproachs requiredthatprovidesameango separat¢he

designsandcodeof crosscuttingoehaiour into separateindepen

dentmodelsor programs. The standardobject-orientecparadigm
is not capatte of achieving the requiredlevel of encaulationand
separatiorfor crosscuttingequirementsRecently howvever, there
hasbeenconsideable focus on this problemin both designsand
code.In [7], we presente¢ompgition patterns(CPs),a meandor

separatinghe designsof crosscuttingrequiremets into reusable,
extensibledesignmodels. With CPs,the constraintsandinterac-
tions of crosscuttingoehaioural elementamay be designednde-
pendetly of the elementswith which they may interactor con-
strain. Using CPs, traceability from crosscuttingrequirements’
specificationss achieved. In addition, approackes with support-



ing techndogies(suchaslanguagsor tools) have emegedto ad-
dressthe separatiorof crosscuttingoehaiour for object-orietied
code.Aspect-orienteghrogramming20] provideslanguagemech-
anismsthat explicitly capturecrosscuttingcodestructure with an
ervironmentfor Java provided in the AspectJlanguage[19] and
its attendantools. Multi-dimensionalseparatiorof conaerns[29]
suppats the separatiorof multiple, arbitrary kinds (dimensions)
of concen, andhasa supporting ervironmert for Java called Hy-
per/J[28]. Boththeseappro@hespresentparadignfor separation
andencapslation of crosscuttingconcerrsin code.

However, to date,therehasbeenlittle focus on ary relationship
betweencrosscuttingdesignsand crosscuttingcode. CPscanbe
usedwithout a correspoding implementatiortechnolay, ascom-
position semanticsare part of the model. CPscan thereforebe
compasedwith basedesigns,thoudh the resulting output design
model will have the scatteringand tangling propertiesdiscussed
previously. AspectJand Hyper/Jcanalso be usedindependently
of a supporting designparadigm.So, what's missing?We believe
thatto truly realisethe bendits of separatiorof crosscuttingcon-
cernsacrossthe lifecycle, theremustbe a seamlesandtraceable
mappingfrom the designto supportingcode. This hasbenefits
for both designersand coders. From a designers perspetive, it
remainsimportantto be able to composethe designsfor valida-
tion purposes However, if the composeddesignis implemented
directly, thenthe implementatiorwill display scatteringand tan-
gling propertieswith their relatednegative impact. The designer
will find it difficult to communicateary changsto the crosscut-
ting behaiour to the coders.Evolution of existing crosscuttingle-
signs,andadditionsof new crosscuttingoehaiour, will bedifficult
to trace,synchrorise,andimplement. From a coders perspectie,
the previously cited benefitsof software design(early assessment
of technicalfeasibility, etc.) are unavailable whenthereis no ap-
proachthatmapsto andsupportshetechndogy used.Traceability
to the requirementdecomedifficult, with correspoding evolu-
tion andreusechallenges

The primary contribution of this paperis a descriptionof the map-
ping of thedesignf crosscuttingoncersto emegingimplemen-
tationtechnologiesThis is achieved, with varying degreesof suc-
cessandevolvability, througha mappingof the constructsdefined
for compositionpatterngo AspectJandHyper/Jcode. In working
throughthis mapping we arecloserto achieving full traceabilityof
crosscuttingequirementshroughot thedeveloprrentlifecycle. A
seconary contritution is asa casestudyinto applyingthosetech-
nologes. In mappirg thedesignto thecode we discusshevarying
degreesof successve experiencedin implementingcrosscutting
behaiour, andconsiderevolution issueswith theapproacks.

Section2 illustratesthe designof the Obserer pattern[10] using
compasition patterns. Section3 mapsthis designto AspectJ[19,
34], while Sectiord mapsthedesignto Hyper/J[28]. Relatedwvork
is describedn Section5. Section6 presentxonclusiors andfur-
therdiscussion

2. COMPOSITION PATTERNS

It is the natureof crosscuttingoehaviour thatit hasanimpacton
multiple, different elementswithin software. In orderto design
suchbehaiour in standardJML [23], it is necessaryo explicitly

specify using interactionmodels, crosscuttingbehaiour against
eachof the particularelementdt may supplementThoughsimple
templatesare available in UML, no compositionsemanticsexist

that are sufficient to meme crosscuttingoehaiour with otherbe-

haviour it impacts. Theselimitationsresultin designmodelswith

anumber of difficulties. First,any new elementneedingto be sup-
plementedvith crosscuttingpehariour musthave anew interaction
model definedindicating this. Secondly charging or eliminating
crosscuttingoehaiour requireschangs to all theinteractionmod-
elsspecifyingit. Finally, reuseof the crosscuttingoehaiour is not
straightforvard, asits specificatioris tangledwith the specification
of thebehaiour it supplemaets.

Compositionpatternsmitigate theseproblemsby supportingthe
sepaate designof reusablecross-cuttingrequiremers. A cross-
cutting designwithin a compasition patternis indepenént of ary
basedesignit may potentially crossct. How thatdesignmay be
reusedwhereit may be requiredis alsospecified—i.e.jts pattern
of composition

As describedin [7], encapslation of the designof crosscutting
behaiour in a reusableway is achiezed using a combinationof

an extensionto UML templatesand compgsition semanticglefin-

ing how both structuraland behaioural designelementsmay be

memed. An inherentrequiremenof a designappro@h to specify-
ing crosscuttinglementss aneedto suppat reasoniig aboutthose
elementson which they may have animpact. This is wheretem-

platesareused.A templateparametem aCPdendesaplaceholar

elementto bereplacedby a “real” elementin a composediesign.
In this way, the designerof the crossctting behaiour mayremain
obliviousto the real elementghat the crosscuttingoehaiour may

impact.

Semanticdor the compositionof a “base” designwith a compo

sition patternarebasedon meige semanticdirst introducedin [6],

anddetailedin [5]. This compositionmodelsupportsseparatele-
sigh modelsas independent views of possibly overlapping core
conceps. Compositionof theseseparatelesignmodelsis specified
with acompaition relationship detailingwhich elementsoverlap,
and how to integratethem. Merge is one strat@y for integration
thatincludesall the elementsrom the input designmodelsin the
compogddesign reconcilingconflictswhereappropiate.

When a templateparameteiin a compasition patternis an opera-
tion, melge semanticuusesdelegationto ensurethe execution of
boththe crosscuttingbehaiour andthe real operations behaiour.
A compositionrelationshipbetweena CP and basedesigr(s) de-
finesthe elementghat replacethe templateparametersn the CR,
therebyspecifyinghow the CPandbasedesignareto becomposed
(i.e.,memged).

Compositionpatternsare designedo be intuitive to existing UML
designersin thatstandardJML constructandnotationsarereused
wherepossible.Notationally a UML-style templatebox is placed
onthetop-rightcornerof a CP packagewhich providesanordered
list of all the templatesdefinedwithin the CP. A compodgtion re-
lationshipis a new kind of relationship,but is definedin a man-
ner similar to eachof the existing relationshipswithin the UML.
A morecompletedescriptionof the extensiors to the UML meta-
modelrequiredto supportcomposgtion semanticandcompgsition
patterngpreviously introducedn [4], anddetailedin [5]) is beyond
the scopeof this pape.

We now illustratethe designof areusableCPto supportObserer,
abasedesignsupportingasmallLibrary, anda specificatiorof how
to composehetwo.



2.1 Observer Composition Pattern

The Obsenrer pattern describesthe collaboratie behaiour be-
tween a subjectand multiple obseners. Obserer objectsregis-
ter aninterestin Subjectobjects,sothatthe obserers arenotified
of ary changein statein thosesubjectsin which they are inter-
ested. From a compositionpatternperspetive, this requiresboth
structuralandbehaioural templatedesignelements We definean
Observer CPwith two patternclassegclasseshataretemplatego
be replacedby “real” classedduring compasition with a basede-
sign). Subject is definedas a patternclassrepresentinghe class
of objectswhosechangesdn stateare of interestto otherobjects,
andObserver is definedasa patternclassrepresentinghe classof
objectsinterestedn a Subject’s changein state(seeFig. 1).

Subject

+ addObserver(Observer)

+ removeObserver(Observer)
+ aStateChange( )

# _aStateChange( )

- notify( )

Observer

+ update()

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

1 observers

Vector

Figurel: Observer CP Structure

This CP also contains three interaction specificationsfor be-
haviour that crosscutgemplateoperations. Fig. 2 illustratesthe
behaiour requiredfor notifying obserers of changesin state.
_aStateChange( ) is a templateoperationwhosebehaiour is sup-
plementedwith notification of all obserers. This operationhas
beenprependd with anundersoreto denotethatdelegationis used
during memge, andthe operationmustbe replacedoy someopera-
tion in ary classthat replacesSubject. notify( ) calls anothertem-
plate operation update( ), which mustbe replacedby someopera-
tionin ary classthatreplaceObserer. Notethat_aStateChange()
andupdate( ) appeain thetemplateboxin Fig. 1.

aSubject : Subject anObserver : Observer
aStateChange() | i
i

_aStateChange() i

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

Figure2: Notifying Observers of StateChanges

The Observer CP also suppats specificationof crosscuttingbe-
haviour relatingto bothinitiating andterminatinganobsener’sin-

terestin a subjects changesin state. Two templateoperationhave

beendefined,_start(.., Subject, ..) and_stop(.., Subject, ..), where
eachis replacedby operationsdenotingthe startand end, respec-
tively, of anobserer’sinterestin a subject(seeFigs.3 & 4). Each
of thereplacingoperationamusthave a subjectdefinedasaninput
parameter

anObserver : Observer
7

aSubject : Subject
start(.., aSubject, ..) i
—_—

_start(.., aSubject, ..)

addObserver(anObserver)

Figure3: Initiating an Observer’s Interest

anObserver : Observer
7

aSubject : Subject
stop(.., aSubject, ..) i
—_—

|
|
removeObserver(anObserver)

I 1]
j _stop(.., aSubject, ..) |

Figure4: TerminatinganObserver’s Interest

2.2 BaselLibrary Design
Thebasedesignonwhichtheaspecexamplesareappliedis asmall
library design(Fig. 5). This library hasbooksof which all copies
arelocatedin the sameroom andshelf. A book manage handes
the maintenane of the associatiorbetweenbooksandtheir loca-
tions. The book manage alsomaintainsan up-to-dateview of the
lendingstatusof book copies.

«subject»
Library

Book -
+ name Location
+ author + roomNumber
+ISBN + shelfNumber

+ addBook( )
+ removeBook()

+ getName( )
+ getAuthor( )

+ getISBN()
copies | BookManager
BookCo
By + add(Book)
+ borrow( ) + remove(Book)
+return() + search(Book)
+ addView(BookCopy)
+ removeView(BookCopy)
+ updateStatus(BookCopy)

Figure5: BaseLibrary Design



2.3 Pattern Binding to Base Design
Thecompositionof the Library basedesignwith the Observer com-
positionpatternis specifiedoy a compasition relationshipbetween
thetwo. Usingabind] ] attachmento therelationshiptheclass(es)
acting assubject,andthe class(espctingasobsener may be de-
fined. In this examge, thereis only oneof each(seeFig. 6), Book-
Copy andBookManager, respectiely.

1 <Observer, update( ), _start(.., Subject, ..), _stop(.., Subject, ..)>:
\\
AR «subject»
Sl . P4 Library

bind[ <BookCopyT{_rr;e;a:isQuery=false)>,
<BookManager, updateStatus( ), addView( ), removeView( )> ]

Figure6: Compasing Observer with Library

In this example, note also how the meta-propertie®f a designs
elementsmay be queriedto assessn elements eligibility to join
a setof replacingelements.In this example,the _aStateChange( )
templateoperationis replacedvith all operationswithin BookCopy
that have beendefinedasbeing non-qiery—i.e.,thoseoperations
thataffect a change in statethatmay be of interestto an obserer.
The keyword meta within the setparameteispecificationdenotes
that a UML meta-propertyis queried,and only thoseoperations
with isQuery=false will replace_aStateChange( ) for the purpcses
of Observer.

3. ASPECTJ

AspectJ[19] is a prototype langua@ to realisethe aspect-orieted
programning (AOP) paradigm.AOP is a programmingtechnique
that makes it possibleto expressprogramsinvolving encasu-
lated, crosscuttingconcerrs throughcompgsition techniquesand
throughreuseof the crosscuttingcode[20]. AspectJcomprisesa
setof extensiongto the Java languag [11]. We begin with a brief
discussiomf AspectJs conceps and constructsthenutilise these
in differentwaysto attemptto mapcompositionpatternso a com-
positionalimplementatiormodel.

3.1 Background

The major crossciting constructin Aspectlis called an aspect
Eachaspectncapslatesfunctionality that crosscutstherclasses
in asystem.An aspects essentiallya speciafform of class:it is in-
stantiatedcancontainstateandmethodsandmaybespecialisedn
subaspcts.An aspects thencombinedwith theclassesdt crosscuts
accordirg to specificationgiven within the aspect.An aspecttan
introducemethodsattributes,andinterfaceimplementatiordecla-
rationsinto types;asof version0.8b1,introducedmembersnaybe
madevisible only within theaspec{privateintroductior), allowing
oneto avoid nameclasheswith pre-eisting members.

Asidefrom introductionsthe chiefhande providedfor composing
an aspectwith otherclassess calleda joinpoint: a joinpointis a
pointin the executionof the system suchasa call to amethod the
receptionof a methodcall, anaccesgo anattribute,anobjectcre-
ation, etc. Setsof joinpointsmaybereferredto aspointcuts allud-
ing to thefactthatsuchsetsmaycrosscuthe system.Pointcutscan
be named,allowing themto be reused. AspectJprovides various

pointcutdesignatos thatmay be combinedthroughlogical opera-
torsto build up completedescriptionf pointcutsof interest;des-
ignatorsincludei nst anceof ( ...) , indicatingjoinpointsinvolving

instancesf the classedn “...) andrecepti ons(...), indicating
joinpointswherethe methodin “..." recevesacall. See[34] for a
completelisting of possibledesignators.

An aspectanspecifyadvicethatis to executein conjurctionwith a
pointcut. Adviceis ablock of instructionghatis executedoef or e,
af ter, or around a pointcut. ar ound advice executesin place
of the indicated pointcut, allowing a methodto be replaced,for
example;the replacedpointcutcanthenbe continued with or not
within the adviceblock througha specialcall to pr oceed() .

Aspectsmay be declaredabstractmakingthemuninstantiablepy
default, a concreteaspectis a Singleton(only one instanceexists
for the programexecution[10]) althoughother possibilitiesexist
andareexaminedfurtherin Section3.2.2.1.Namedpointcutscan
be declaredabstractwithin an abstractaspect,allowing themto
be given concree definitionswithin concretesubapects,muchas
abstracimethodsareused.

3.2 Mapping Obser ver to AspectJ

The questionof how to map compositionpatternsto AspectJde-
pendson how faithfully one wishesto representhe design-leel
entities. Therearetwo chief scenarios:

1. represenboth a CP andits bind[ ] specificationas a single
aspectpr

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

Scenarial wastheapprachdemonstratedriefly in [7]. Here,we
examinea mappingto Aspectvia eachoptionin turn.

3.2.1 ConceteAspetsOnly

As in [7], we mapthe designsubjectObserver to a single aspect.
For eachclassbeing boundto the CR, hamelyBookManager and
BookCopy, we declareintroductionsfor the non-tempate methods
andattributesof their associatedemplateclassestespectiely Ob-

server andSubject.

aspect Cbserver {
/1 --- Introductions ---
private Vector BookCopy.observers;

private void
BookCopy. addObser ver ( BookManager bm {
}

private void
BookCopy. r enoveCbser ver ( BookManager bn) {
}

private voi d BookCopy. notify() {
/Il Post: all observers in
/1 BookCopy. observers are sent
/] updateStatus() event

}

/Il --- Pointcuts ---
poi ntcut start(BookCopy bc,
BookManager bmn):
i nstanceof (bm &&



receptions(void addVi ewbc));

poi nt cut st op(BookCopy bc,
BookManager bn):
i nstanceof (bm &&
receptions(void renmoveVi em bc));

poi nt cut aSt at eChange( BookCopy bc):
i nstanceof (bc) &&
(receptions(void return()) ||
receptions(void borrow)));

I/l --- Advice ---
af t er (BookCopy subj ect,
BookManager observer):
start (subject, observer) {
subj ect . addCbser ver (observer);

}

bef or e( BookCopy subj ect,
BookManager observer):
stop(subj ect, observer) {
subj ect . removeCbser ver (observer);

}

af t er (BookCopy subject):
aSt at eChange(subj ect) {
subj ect. notify();

}
}

A pointcut is defined for each of the template methods
_aStateChange( ), _start( ), and_stop( ). Notethateachof theseem-
platemethodss subjectto meige semantic§wheresupplemetary

functiondity is beingmeigedwith them)asindicatedby theunde-

scoreprepernding each. Templatemethodsnot supgementedwith

additionalbehaiour simply have all occurrercesreplacedwith the
actualmethodboundto them(i.e., update( ) is replacedby updat-

eStatus( ) in this example),ratherthan having a pointcut defined
for them.

Eachpointcu is definedto representhe joinpoints that are de-
picted by the initial messageeceved in the interactiondiagram
associateavith eachtemplatemethodsupplemetedwith crosscut-
ting behaiiour. Eachcansimply be mappedo ani nst anceof ()
designaor, indicatingthe recevving object,andar ecepti ons()
designéor, indicatingthe methodbeingcalled. The formal param-
etersof the pointcutcanbe determinedby looking at the template
box specification;for eachtemplateoperation,the instanceof its
patternclassandary formal parameter& explicitly declaresnust
beexposedasformalsin thepointcut. For example the pointcutfor
_stop( ) mustdeclarea formal parameteto representhe instance
of Gbser ver onwhich _stop( ) is beingcalledplusanothe for the
amgumentof type Subj ect thatgetspassedo it. TheisQuery=false
constraintin the bind[ ] specificatiomeedso betranslatednto the
actualmethoddor which this constraintholds(which canbedeter
minedfrom thedesignof the classbeingbourd), sinceJavahasno
suppat for the UML notionof anisQuery property

Finally, a pieceof adviceis declaredfor eachinteractiondiagram
associateavith a supplemetedtemplatemethod.For example,af-
tertheconcretamethodboundto _start( ) is receved by aninstance
of Observer (BookManager ), thisinstanceregistersitself asanOb-
server of the Subject (Book Copy) passedisa parameter

As this exampleillustrates by usinga combinationof theinforma-
tion in a CP with its basedesigncompositionandbinding specifi-

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

But this mappirg is not without its problems. For every bind[ ]
specificatiorona CPin adesignaseparataspectmustbecreated.
Eachof theseaspectgontainsaportionof theObserer pattern—in
otherwords,the Obsenrer patternremainscrosscuttingunctional-
ity. As aresult,shouldthe detailsof the Obsenrer patternneedto
change, every aspectrepresenting particularbind[ ] specification
would needto be modified. Furthermorethe mapping while al-
gorithmic, is not simple. Both of theseproblemssuggesthattool
suppat would berequiredto performthemapping. Unlesstheen-
tire implementatiorwereautomaticallygeneratedrom the design-
level, sucha tool could only prodice a skeletonfor eachaspect
thatwould needto befilled-in afterthefact. Thus,regenerging the
mapping, shoulda change to the CP ever berequired would force
mary aspectskeletonsto befilled-in manuallyagain.

3.2.2 MappingReusble CPsto Abstract Aspets

The difficulties with evolving mappedCPswould be minimised
if we could producean implementation-leel constructthat rep-
resenteda CP alone, without its bind[ ] specification. Then, ary
changesto this CPwould affect only this oneconstru¢. This con-
structshouldthenbe morereusablesinceit would not be specific
to a singlebind[ ] specification.

Abstractaspectgrovide sucha meansof separatinghe codefor
crosscuttingoehaviour in areusablevay. We thereforeassessiow
a more direct mapping from CPsto abstractaspectsmight be
achiered We look at three possibleapproaclkes, varying depend
ing on the numter of aspectsnvolved andwhethertheir instances
containstate.

3.2.2.1 ASingle Abstract Aspetwith State

As afirst approactto realisingsuchanimplementatiormappingto

compodgtion patternswvithouttheirbind[ ] specificationsye attempt
to represeneachCPagainby asingleaspect Eachaspecinstance
will containstatepertinentto the instanceof the Obsenrer pattern
thatit handles.

Eachpatternclasswithin the CP definesaninterfacewithin the as-
pect. Theseinterfacesdeclaremethodsfor eachtemplatemethod
for which no supplemetary behaiour hasbeendefinedin its as-
sociatedpatternclass,e.g., update( ) in Observer. This interface
senesto provide ahandleon known operationswithin the scopeof
the abstracttlass.If no non-suplementedemplatemethodsexist
for a patternclass(asis the casefor Subject), we do not needto
defineaninterfacefor it. All non-templatenethodsandattributes
areaddedasinstancenemberof the aspecitself.

abstract aspect Cbserver {
/! --- Type declarations ---
interface Cbserverl {
public void update();
}

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

/'l --- Aspect instance nethods ---
void notify() {
/1 Post: all observers in observers
/] are sent update() event

}



voi d addOoserver (Observer| observer) {

}

voi d renmoveQbserver (CObserver| observer){

}

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

abstract pointcut
start (Observer| observer);

abstract pointcut
st op(Observer| observer);

/Il --- Advice ---

after (CObserver| observer):
start (observer) {
addCbser ver (observer);

}

af ter (Observer| observer):
st op(observer) {
renmoveCbser ver (observer);
}

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

As before, a pointcutis declaredfor eachbehaiourally supple-
mentedtemplatemethod, althougheachis madeabstractin this
scenario Eachpointcutis given a concretedefinitionwhenthe CP
is boundto actualclassesFinally, advicethatis analogasto that
describedn thefirst scenarids declarechere.

To bind a CP to concreteclasseswe declarea concreteaspect
that extendsthe abstraciObser ver aspect.Binding this aspecto
BookCopy andBookManager Yieldstheconcreteaspechelow.

Any concreteclassthat is boundto a patternclass,for which an
interfacewas declaredin the abstractaspectrepresentinghe CR,
mustreceve an introductionthat it implementsthat interface. In
addition, an implementationmustbe provided for eachoperation
declaredn thatinterface.Theimplementatiorof eachsuchmethod
delggatesto the existing methodthat hasbeenboundto the asso-
ciatednon-suplementedemplatemethod. For example,the Ob-
server CP definesa non-supplementedupdate( ) templatemethod
for the Observer templateclass sincetheupdateStatus() methodof
BookManager getsbourd to update( ), BookManager mustdefine
updat e() to delegateto updat eSt at us() .

The concreteaspectmust also give eachabstractpointcut that it
inheritsa concretedefinition. Thisis doneidenticallyto the casein
Section3.2.1.

aspect Observer BookCopyBookManager
extends Qbserver of <context> {
/1 --- Introductions ---
BookManager +i npl enents Cbserverl;

publ i c voi d BookManager . update() {
updat eStat us();
}

/!l --- Pointcuts ---
poi ntcut start(BookCopy bc,
BookManager bmn):
i nstanceof (bm) &&
receptions(voi d addVi ew bc));

poi nt cut st op(BookCopy bc,
BookManager bn):
i nstanceof (bm) &&
receptions(void renmoveVi ewmbc));

poi nt cut aSt at eChange( BookCopy bc):
i nstanceof (bc) &&
(receptions(void borrow)) ||
receptions(void return()));

But there is one piece missing from the puzzle: what should
<cont ext > be? AspectJusesthis declarationfor two purpcses:
to decidewhereaspecinstanceshouldbe createdandin whatpart
of the systems$ execution(calledthe executioncontet) aspectn-
stancestateshouldbe accessible—thévo arenot separabléere.
This is a problem. Thereare only threevarietiesof <cont ext >
availablein AspectJ:

1. eachJVM) , which prodwcesa singletoninstanceor theen-
tire executiort;

2. eachobj ect (...), whereaninstanceis createdfor eachin-
stanceof “..." ; and

3. eachcfl ow oot ( ...) , whereaninstances temporarilycre-
atedfor a portion of the executionwhile “..." is on the call
stack.

Theintentwith the designis to createoneaspecinstancefor each
obsered Book Copy; this canbe roughly achieved by creatingone
aspectinstancefor every instanceof BookCopy. But this would
meanthatthe aspectnstancestatewould only be availablewithin
the executioncontet of method definedin BookCopy, i.e., only
while a methodin BookCaqoy was on top of the executionstack.
But, by definition,the executionof addVi ew() orr enoveVi ew()
will violate this constraint(being methodsin BookManager and
not BookCopy), andso, thestart () andstop() pointcutswill
never occur

To take this approat of having an abstractaspectrepresenta CP
withoutabind[ ] specificationwe would needto be ableto separate
themechanism®f specifyingthe executioncontext from the spec-
ification of what aspectinstanceto retrieve in that context. This
would requiremodificationsto AspectJ.

3.2.2.2 Two Abstiact Aspets
Oursecondapproachiequiregwo separateinteractingaspectsone
per templateclassdefinedin the CP. The chief differencehere
is that the Obser ver aspectinstancesmust explicitly locatethe
Subj ect aspectnstanceassociatedvith theobjectto beobsened.
Eachoser ver aspectinstancemustalsorecordthe concretein-
stancewith whichit is associated.

L As of version0.8b1,eachJVM) is the default context for con-
creteaspectsandsotheof -clausemaybeelided.



abstract aspect Observer {
/1 --- Aspect instance state ---
protected Object observer;

/'l --- Aspect instance nethods ---
abstract void update();

abstract Subject
get Subj ect Aspect (bj ect subj ect);

/!l --- Pointcuts ---

abstract pointcut

start (Qoj ect subject,
bj ect observer);

abstract pointcut stop(Object subject);

/!l --- Advice ---

af ter (bj ect subj ect, Object observer):
start (subject, observer) {
Subj ect s = get Subj ect Aspect (subj ect);
s. addObserver (this);
thi s. observer = observer;

}

bef ore(Obj ect subject): stop(subject) {
Subj ect s = get Subj ect Aspect (subj ect);
s.renoveChserver (this);

}
}
abstract aspect Subject {
/1 --- Aspect instance state ---

Vect or observers;

/'l --- Aspect instance nethods ---
void notify() {
/] Post: all observers in observers
/] are sent update() event

voi d addCbserver (Cbserver observer) {

voi d renmoveObserver (Cbserver observer) {

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

I/l --- Advice ---
after(): aStateChange() {
notify();

And now, the concreteaspectbecome

aspect Observer BookManager
extends Cbserver
of eachobj ect (i nst anceof (BookManager)) {
/'l --- Aspect instance nethods ---
voi d update() {
((BookManager ) observer).
updat eSt at us() ;
}

Subj ect get Subj ect Aspect (Obj ect subject) {
return Subj ect BookCopy.
aspect O (subj ect);

/I --- Pointcuts ---
poi ntcut start(BookCopy bc):
receptions(voi d addVi ew bc));

poi nt cut st op(BookCopy bc):
receptions(void renmoveVi embc));

aspect Subj ect BookCopy
ext ends Subj ect
of eachobj ect (i nst anceof (BookCopy)) {

/I --- Pointcuts ---

poi ntcut aSt at eChange():
(receptions(void borrow()) ||
receptions(void return()));

There are still problemshere, though First, the Obserer pat-
tern is conceptually a single aspect,so splitting it into multiple
constructss unnatural—acrosscuttingconcernpersistsin a scat-
teredform. EachObser ver instanceassumeshatit is associated
with a single object, but canna enforcethis constraint. The con-
crete obsener needsto know about particular concretesubjects,
sinceaspect O () is only definedfor concreteaspects—AspectJ
assumeshatthereis at mostoneinstanceof a concreteaspectas-
sociatedwith an object. We alsoend up with an extra objectfor
eachsubjectandeachobsenrer evenif they arenot actuallydoing
ary observingor beingobsened.

Thismappingto anabstractispecplusextending concreteaspects
is more complicated,and henceerrorprone,thanin the first ap-
proach. Our concerrs over the reusabilityof the implementation-
level CPshave not beencompletelyalleviated. It is up to the ap-
plication programmetto correctly definethe concretepointcutsin
sucha way asto fulfill the behaioural constraintamplied by the
Obsener pattern;it is not clearthatthis will alwaysbe asstraight-
forwarda processasfilling in templateparameterin CPsis.

3.2.2.3 ASingle Abstract Aspet without State

Our third andfinal appro&h forgoesary attemptto maintainstate
within aspecinstanceghemseles. This is only possiblesincethe
Obserer patternexplicitly accourts for eachSubjectpossessing
multiple Obsenrers. The stateinvolved in the patterncan there-
fore bedivided on anindividual-okject basis ratherthananaspect
instancehaving to maintaincrosscuttingstate.If this werenot the
casewe couldstill encounterthe problemsof of -clausesliscussed
in Section3.2.2.1.

In our abstractaspect,we declareone interfacefor eachpattern
classthat exists in the CP being mapped Theseinterfacesde-
clareary non-sipplementedemplatemethodswithin the CP. Any

non-templatenethod or attributeson thesepatternclassesarein-

troducedonto the correspoding interface. An introductionon an
interfacehasthe effect of addingthat methodor attribute into all

concreteclasseshatimplementheinterface.Finally, our pointcuts
andadviceremainthe sameasin Section3.2.2.1with oneimpor-

tantdifferencethey mustreferto theSubj ect I instancehatis in-

volvedin theinstanceof the Obserer pattern.In thefirstapproad,

this wasnot necessargincethis instancedid not containthe state
andmethodghatmaintainedhe Obserer patternbehaiour.



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

}

interface Qobserverl {
public void update();
}

/I --- Introductions ---
private Vector Subjectl.observers;

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

}

private void
Subj ect | . addCbser ver (Observer| observer) {

}

private void
Subj ect | . renmoveCbser ver (Cbserver| observer) {

}

/Il --- Pointcuts ---
abstract pointcut
aSt at eChange( Subj ect | subject);

abstract pointcut
start (Subjectl subject, Cbserverl observer);

abstract pointcut
stop(Subj ect| subject, Cbserverl observer);

/Il --- Advice ---

af ter (Subj ect|l subject, Cbserverl observer):
start (subject, observer) {
subj ect . addCbser ver (observer) ;

}

af ter (Subj ect|1 subject, Cbserverl observer):
st op(subj ect, observer) {
subj ect . renpveCbser ver (observer);

}

af ter (Subj ect| subject):
aSt at eChange( subj ect) {
subj ect. notify();
}
}

The bind[ ] specificationon the Library basedesignis then rep-
resentedby a single concreteaspect. Each concreteclassbeing
bourd to a patternclassrequiresan introduction that it imple-

mentstheinterfacecorresponinhg to thatpatternclass;for example,
since BookCopy is bourd to Subject, BookCopy mustimplement
Subj ect | . Any non-supplementetemplatemethodshatwerede-
claredby theseinterfacesmusthave concreteimplementationsn-

troducedfor them;sinceBookManager::updateStatus( ) is boundto

Observer::update( ), BookManager . updat e() mustbeintroduced
andit mustdelegateto updat eSt at us() . Theinherited,abstract
pointcutsmusthave concretedefinitionsprovided, asin the earlier
appro&hes.

aspect Observer BookCopyBookManager
extends Qbserver {
/1 --- Introductions ---
BookCopy +i npl enents Subj ectl;

BookManager +i npl enents Cbserverl;

public voi d BookManager. update() {
updat eStatus();
}

/I --- Pointcuts ---

poi ntcut start(BookCopy bc, BookManager bm):
i nstanceof (bm) &&
receptions(voi d addVi ew bc));

poi nt cut st op(BookCopy bc, BookManager bm:
i nst anceof (bm) &&
receptions(void renmoveVi embc));

poi nt cut aSt at eChange( BookCopy bc):
i nstanceof (bc) &&
(receptions(void borrow()) ||
receptions(void return()));

This approachappeas the bestcandidategiventhe currentseman-
tics of AspectJput thereremainpotentialproblens.

Theintroductionof aninterfacethat declaresmethodscanleadto
nameclashesin the exampleabove, if BookManager hadalready
declaredanupdat e() method,but this methoddid not fulfill the
purposs of update( ) within the CR, invasive modificationswould
have beenrequiredto resolwe the conflict. AspectJdoesnot cur-
rently provide areconciliationmechanisnbetweerdifferingviews,
suchasthoseof compasition filters [1], subject-orientegbhrogram-
ming [13], or implicit context [32].

Theform of the concreteaspectstill putsa large onus on the user
of the CPin theabsene of tool support, notonly to identify which
designelementsshould be boundto templateparametersbut to
correctlydesignatgointcutsandintroductions.Theresultcouldbe
moreflexible thanpluggabletemplatesbut alsomoreerrorprone.

In ary situationwherethe aspecinstancemustmaintainstate but
its executioncontet differs from the context in which it mustbe
instantiated the troubleswith of -clausesdiscussedabore would
crop up. The questionis, will suchsituationsever actuallyoccur?
Regardless,AspectJstill doesnot supportCPsas cleanly as we
would like.

4. HYPER/]

Hyper/J [28] is a prototype languag to realise the multi-
dimension& separationof conerns (MDSOC) paradigm [29].
MDSOCis amodellingandimplementatiomparadignthatsupprts
the separatiorof overlappingconcernsalong multiple dimensiors
of compositioranddecanposition[29]. Hyper/Jis a programming
ervironment that facilitatesthe adaptation,compgsition, integra-
tion, improved modularisationand non-invasve remoduarisation
of Java software compments[28]. This sectiongives a brief in-
troductionto the conceptsandinputsto Hyper/J,anddemorstrates
theseinputsfor the Observer CP.

4.1 Background

Unlike AspectJHyper/Jdoesnot have constructsvhoseinstances
appeaiat runtime. Hyper/Jworkswith Jasa. cl ass files, support-
ing sophisticatedeasoningbouttheirmoduarisation(andremod-
ularisation),and composition. In otherwords, you may describe
the internalsof Java . cl ass files, and describehow you would
like this codeto be integrateddifferently Hyper/Jproducesnew



Java. cl ass files, wherestructureand behaviour of (partsof) in-
put. cl ass files areintegratedasdefinedby the programmer

TherearethreemaininputsthedeveloperprovideswhenusingHy-
per/J[28].

1. A hypespacefile describesheJava. cl ass file beingcom-
posed. Here, selectionof classego be composéd (and by
implication, classesiot beto composellis specified.

2. A concernmappingfile describeghe piecesof Java within
thosefiles thatmapto differentconcernf interest.

3. A hypemodulefile describeshow integrationbetweencon-
cernsof interestshouldbe done. Here, different kinds of
compasition stratgiesmaybespecifiede.g.,memgeor over
ride), with the possibility of defininga matd relationship
for methodinvocationsso that invocationof one resultsin
the invocationof all matchedmethods. Most interestingly
for crosscuttingconcernsthe notion of a bradket relation-
ship supportsthe specificationof which methodsshouldbe
executedbefore and/or after a methodto be crosscutwith
additionalbehaviour.

CPs, with their inherent meilge semantics,evolved from ideas
within subject-orieted programmindg13, 24], asdid MDSOCand
Hyper/J. As such,at a high-level, thereshouldbe a more direct
mapfrom CPsto theinputsof Hyper/Jthanwasdemorstratedwith
AspectJ.

In our attemptto map CPsto Hyper/J,we have choserto consider
Hyper/Jin termsof the full specificatiorof its potentialasdefined
in [28], and not its more limited implementationin the currently
availableversionof the Hyper/Jtool.

4.2 Mapping Observer to Hyper/J

Theinternalsof the Observer CR, andthe Library basedesignmay
bedescribedisinghyperspacandconcen mappirg files, while the
bind[ ] specificatiorof thecompgitionrelationshipmaybemapped
to the hypermodile file. However, at a moredetailedlevel, map-
ping becomesnoredifficult, aswe shallsee.

First, we look at the Java sourcecodeimplementingthe classes
defined in the Observer composition pattern. Subj ect and
oser ver classesredefinedin anCobser ver packag.

cl ass Subject {
Vector observers;

voi d addOoserver (Observer observer) {

}

voi d renmoveQbserver (Cbserver observer){

}

voi d aStat eChange() {
notify();

void notify() {
/1 Al observers in observers are
/1 sent update() event
}
}

cl ass Observer {
voi d update() {
}

voi d start(Subject subject) {
subj ect. addCbser ver (this);

}

voi d stop(Subject subject) {
subj ect. renoveCbserver (this);

}
}

Codesuppating the Library designmodelis not illustrated here,
thoughwe assumét to bedefinedwithin aLi br ary packageEach
of thesepackayesareconsideredo bein thespacewithin whichwe
areworking, andaredefinedin ahypersgcefile:

hyper space ObservedLi brary
conposabl e cl ass observer. *;
conposabl e class Library.*;

Concernmappingsmay bedefinedas:

Feature Cbserver
Feature Library

package Observer :
package Library

However, this mappingof the reusableObserver CPto codeis not
asstraightforvard asit may appear Hyper/Jimposesa restriction
that operationgto be melged must have the samesignature. CPs
suppat amechaism for specifyingconsiderabldlexibility in the
sighaturef operationghatareallowed to replacetemplateoper

ations.For our Observer example thetemplateoperationsstart(..,

Subject, ..) and_stop(.., Subject, ..) specifythatoneof the param-
etersmustbe an objectof type Subject,but thattheremay be ary

other parameters.This flexibility doesnot mapto Hyper/J. The
bser ver classillustratedherehasdefineda single Subj ect pa-

rameterfor boththest art () andst op() method. Thismapping
could only occur after examining the signaturesof the replacing
operations,as definedin the bind[ ] attachmento the composi-
tion relationship. The signatureof the templateoperationsn the
bser ver classwerethendefinedappropriatelyClearlytherefore,
the Qbser ver packages not reusableas currently defined. Prior
to beingmemgedwith ary otherpackag, thesignatureof all meth-
odswith which start () andstop() areto be memgedmustbe
examined,with overloadedmethod definedfor ary methodswith

differing signatures.

We now look at the hypermodile file, which specifieshow the
packags should be integrated. The concernmappingidentified
two features,Li brary and Observer, to be compsed. A
nonCor r espondi ngher ge relationshipis defined betweenthe
two features,ndicatingthatarny elementswith the samenamein
the differentfeaturesdo not correspod, andarenot to be meiged.
Thisis choserbecasethe correspodenceshetweerthe Observer
patternandelementswithin arny potentialhyperslicewith which it

2t is not clearthat Hyper/Js braclet declaratiorwould correctly
handleoverloadedmethodsjf not, methodrenamingwould bere-
quiredto differentiatebetweerthem.

3ThenonCor r espondi ngMer ge andover ri de relationshipsare
not currentlyenabledn the Hyper/Jtool, andso, this codehasnot
beencompiled.



is to bemeigedareexplicitly defined,andany namematchingoth-
erwiseis coincidental.

The replacemenbf the Observer and Subject patternclassesvith
BookManager andBookCopy, respectrely, canbe mappgeddirectly
to equat e relationships.An over ri de relationshipmay be used
to mapthe replacemenof updat e() with theupdat eSt at us()
method.Eachof the methodsthatarereplacemets for operations
supplenentedby crosscuttingpehaviour have abr acket relation-
ship definedto specify the invocationof the apprqriate methods
beforeor after their own execution. This interactve behaiour is
gleanedirom the interactionswithin the CPitself, not the compo-
sition relationship. One point of note: the bind[ ] attachmento
the compasition relationshipsupportsreasoningaboutthe meta-
propertiesof operations—inthis example, ary operatiors whose
isQuery propertyis false replacethe _aStateChange( ) templateop-
eration(seeFig. 6). Sincethereis no equivalert specificationin
Hyper/J the mappingprocessnustexamineeachof the operations
in BookCopy, and add a br acket relationshipfor ary operation
thatpassesheisQuery test—borrow( ) andreturn() in this case.

hyper nodul e CbserverLibrary
hypersli ces:
Feature. Library,
Feat ure. Cbserver;

rel ati onshi ps:
nonCor r espondi ngher ge;

equat e cl ass
Feat ur e. Li br ary. BookManager
Feat ure. Cbserver. Cbserver;

equat e cl ass
Feat ur e. Li brary. BookCopy,
Feat ur e. Cbserver. Subj ect ;

override action
Feat ure. Cbserver. Cbserver. updat e
wi th Feature. Library. BookManager.
updat eSt at us;

bracket "addView' with
(after Feature.Cbserver. Cbserver.start,
"BookManager ") ;
bracket "renoveView' wth

(before Feature. Cbserver. Cbserver. stop,
" BookManager ") ;
bracket "borrow' wth
(after
Feat ure. Gbserver. Subj ect .
aSt at eChange, " BookCopy");
bracket "return" with
(after
Feat ure. Gbserver. Subj ect .
aSt at eChange, " BookCopy");
end hyper nodul e

As we cansee,the hypermodlile file specifyinghow to integrate
theLi brary andoser ver featureshasthe potentialto provide a
cleanmappingfrom CPswith simpleinteractionsspecified.How-

ever, thoughnotillustratedwith the Obsener example,limitations
with the br acket relationship,as currently defined,may present
difficultiesfor morecomplicatednteractionsn the design.
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5. RELATED WORK

While we have examined the mappirg from a particular
compodtional-designmechamsm (compgition patterns)to two
particular compogtional-implementation mechaimsms (AspectJ
andHyper/J)in this paper other possibilitiesabound in mary di-
mensions.

Collaboration-basd designor role modelling is a compgsitional
design appro@h that conceitrates on decommsing designson
the basisof the roles that objectsplay in particular collabora-
tions [3, 14, 17, 25]. For role modelling within OORamin par

ticular [25], the goalsaresimilar to thosemotivating separatiorof

non-croscuttingconcernsn subject-orientedlesign[5]. Kendall
lookedatrole modellingandhow onemight mapit to AspectJ18],

concludng thatAspectdid notadequatelysupportarequiredevel
of compasition for roles (e.g. merge or override). Catalysis[9]

alsosupportsthe decompsition of software designsalong”verti-
cal” and”horizontal” lines, providing the ability to separateéoth
functional and technicalconcens. Subject-orientediesign[6, 5]

with its compositionpatterng[7] is a more genericapproach in-

cluding supportfor bothfunctiond separatior{like roles)andsep-
arationof patternsof crosscuttingpehaiour. Thus,this paperis an
investigationinto how onecanmapthis genericdesignapprachto
acompositiondimplementation.

Othershave lookedto mixins [30] andmixin layers[26] asameans
of realisingcompositionaimplementation®f collaborationbased
designs. Mixin layers are useful for prodict-line architectures,
wherefeaturesare understoodrom conception to be optional be-
tweendifferentconfigurationsof a product. We have beguna pre-
liminary look at mixin layers,but they appearto be problematic
for our purpcses: they requireadheraceto strict classhierarchy
constraintghat are not easily evolvable or reusableandthey suf-
fer from Decoratompattern[10] dravbacké whenappliedto evolve
existing compments.

Otherapproachsto providing designsupportfor crossciting con-
cernsappearmore firmly rootedin the aspect-orienteghrogram-
ming paradigmexclusively. For example,approabesexist to ex-
tendthe UML with stereotypespecificto particularcrosscutting
functionality suchassynchrorisation[15] andthe Commandde-
sign pattern[16]. Suchapprozheswhile clearlyallowing aneasy
mappingfrom designto implementationplacethe onuson design
andimplementationof extensie setsof aspectianguags thatre-
quire knowledge of the specificbehaiour to provide; AspectJit-
self abandmed this approachfor the sale of a more generallan-
guageatanearlystage.SuzukiandYamamotd27] have attempted
a more generalisedvay of suppating aspect-orienteghrogram-
ming within the UML, but by tying itself to a particularrealisation
of a compasitional-implementatiotanguag, the designlanguage
mustevolve asrapidly asthe particularimplementationanguag,
andexpressegslesignconceptonly aswell asthe implementation
does—suchimitationscanbea strengthor aweaknessn different
contets. Subject-orientedlesignhastaken the moreindependent
routein extendingthe UML [4] to provide justthoseconstructge-
quiredto suppat the deconposition (and subsegentcompasition
specification)of designmodelsbasedon requiremets specifica-
tions. Theserequiremets may be functional or crosscuttingand

4Thesedravbacksincludethe needto alter all compmentsto use
the decoratorobjectsratherthanthe decoratedbjects,andthe so-
called “object schizophreia” problem,whereit is uncertainif a
decoratedbjectshouldor doescall its decoratedr undecorated
self.



new designconstruts arefocusedon how to composehe separate
models noton providing constructso mapto ary particularimple-
mentatiorparadigm Thisapproat makesthemodelmoreconcen
centric,notimplementation-pgadigmcentric.

While we have focussedn only AspectJandHyper/Jin this paper
othercompaitional implementatiormechaismsexist. Composi-
tion filters [1] area meansof interceptingandreroutingmessages
asthey arrive at objects;they canbe usedto separaterosscutting
concens suchas synchraisation,and have beendescribedasan
aspect-orientetechniqud?2]. Adaptive software[21] hasalsobeen
describedhasa (specialcase)aspect-orientetechnique lt provides
ameando separat¢healgorithmson datafrom thestructureof that
data,allowing the structureof the datato changewithout requiring
relatedchangeso thealgorithms.Implicit context [32] is arecently
introducel structuringmechanisnandphilosoghy concentratingn
removing knowledgeof the large-scaldrom smallerscalecompo-
nents; while thereis somerelationshipbetweensuchknowledge
andthecrosscuttingunctionalitythatconcernsaisin this paperthe
two aredistinctproblemg[33].

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

Therehasbeensomerecognitionof the needfor separatingross-
cutting concernsthroughout the lifecycle. For example, Griss
hasproposeda development procesdor e-commercecomporent-
basedproduct-linesthat dravs togetherhigh-level analysis-and
design-conposition technique with supportingimplementation-
compasition techniques[12]. But this processdoesnot advise
on how to map the differing constructswithin the combinaion

of approachs that may be used. The difficulties reportedin re-

engineering implementationgo take adwantageof compagsitional
implementationtechniques [22], for which they were not origi-

nally designed highlights the importanceof separatingcrosscut-
ting concernsacrosghelifecycle. Beingforcedto manuallyuntan-
gle and unscattetthe concerrs that were identified was a difficult

anderrorproneprocessif the systemaliscussedn thatwork had
beendesignedvith theircrosscuttingconcernseparatedh thefirst

place,portingtheimplementationdetweerthe differentcomposi-
tional techniquesstudiedwould have beenmoretractable.

6. CONCLUSIONS

We have identifieda needfor ameando separaterosscuttingcon-
cernsseamlesshacrosshelifecycle,aneedto which existingwork

pointsaswell. Suchanapproachwould helprealisethe benefitsof

softwaredesignby supportingearly technicalassessmetrof cross-
cutting behaiour and the evolution and nonrinvasive addition of

suchbehaiour to the softwareartefictsacrosshelifecycle—e.g.,
designsand code. To investigatecurrentpossibilitiesto support
this need,this paperworked with compgsition patternsat the de-
signlevel, andwith AspectJandHyper/Jatthe codelevel.

With the Obsenrer patternexample,composition patternsdemon-
strateda level of encapsulationindependenceand reusabilityfor

5 AspectJ Hyper/J,anda lightweightseparatiorof concernsmech-
anismthatdid not utilise tool supportwerethe compgsitionaltech-
niguesstudied.Thesewereappliedto anFTPsystem(j FTPd), and
aregularexpressiomrmatcher(gnu. r egexp) writtenin Java.
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the designsof crosscuttingconcens. Sincea compositionpattern
encapslatesdetailswithin it, thesedetailscanbe alteredwhile the

concreteclassesoundto the CP remainuntoucled. Thus,a CP

senesasa reusableand evolvable designconstruct,andis there-
fore a good candidatefor designphaseseparatiorof crosscutting
concerrs. Fromthis designbase the pape theninvestigateca map

from CP constructdo compositionaimplementatiormodels.

TheObserver compasition patternprovidesa goodoverview of the
constructsand conceptsthat have beenaddedto standardUML

to supportcompgsition patterns. Existing, standardUML is, of

course,alsoavailableto compositionpatterndesignes within the
compodtion patternpackaye. For example,aswith all interaction
diagrams,constraintsmay be definedon the executionof opera-
tions. Suchconstraintsmay have an impacton the execution of

crosscuttingoehaviour thatwould needto be mappedo theimple-
mentation. Thesehave the potentialto mapto the ar ound advice
constructin AspectJbut thereis no equivalert in Hyper/J. While

a completemappingfrom UML to AspectJandHyper/Jis beyond
the scopeof this paper we have capturedthe essentialof the ex-

tensiongo the standardbject-orietied paradigmandillustrateda
mappingfor those.

AspectJascurrentlydefinedn version0.8b1,doesnotpreserethe
reusabilityand evolvability inherentin CPsaswell aswe would
like, in partdueto difficulties with its of -clauseconstruct. As a
result,the crosscuttingunctionality definedin a CP remainsscat-
teredandtangledin the aspectdhat are gengatedfrom the map-
ping. An approat which appeardo alleviate this using aspects
without statemay have other difficulties relatingto reconciliation
betweenconflicting methods. The reusabilityand evolvability of
aspectsepresentingCPsarealsopotentiallydecreasedly theonus
onframework usersto correctlydesignateointcuts.

Basedon the plansfor Hyper/Jasdefinedin [28], thereis potential
for arelatively cleanmappingfrom simple CPsto Hyper/Jcode.
However, therestrictionthatonly methodswith the samesignature
may be meigedcould presentifficulties. Overcomingthe difficul-

tieswith overloaded method reducesthe reusabilityand extensi-
bility of thecode.lIt is alsoprobalte thatthebr acket relationship,
with bef ore andaft er bracleting only, will not be sufiiciently

powerful to capturecomplex interactionsspecifiedin the design.
In addition, we refer to the mappingin this paperas having only

potential,asit will be necessaryo implementthe mapping to a

versionof Hyper/Jthatcontaingherequiredrelationships.

While tool supportmay alleviate thesedifficulties to someextent,

we believe working towardsreducingary inherentmismatchbe-

tweenthe reusable extensibledesigncapaliliti es of CPsandthe

constructawithin AspectJandHyper/Jis preferable.ln doingthis,

we would becloserto achieving aseamlesacross-the-lifegcle en-

capsulatiorof the softwareartefictsassociatedvith a crosscutting
requirementWe would thenbe closerto achiezing the benefitsof

separatiorof concernsfor both designes and coderseven when
thoseconcernsarecrosscutting.
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