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Abstract

Aspect-orientedProgrammingproposesa techniqueto implementcross-cutting
concernsin a modularway, but most work hasbeenconcentratedon the class
level. AspectualCollaborationsproposesanAOPtechniqueon a higherlevel, i.e.,
on classcollaborationlevel. This paperpresentsoneimplementationof Aspectual
CollaborationsthatautomaticallytranslatestheAspectualCollaborations’descrip-
tionsto AspectJcodeby which thecross-cuttingcollaborationconcernis addedto
theactualclassesin amodularway.

1 Introduction

Aspect-orientedProgramming(AOP)hasbeenproposedasatechniquefor improv-
ing separationof concernsin software[4] . Separationof concernsandmodularity
areattheheartof theprogrammingprocess.Concernsareabstractconceptualunits
in which we decomposea givenproblem[6]. Without tool supportfor separating
concerns,ad-hocimplementationsof concernsmay scatterover multiple classes
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andthecodemay tanglea lot, which makestheprogramsdifficult to understand,
maintainandevolve.

To implementany non-trivial concern,programmersusually have to design
andimplementmany classeswhich collaboratewith eachother. And it is highly
desirablethatwecanreusesomegeneralconcernimplementationsin differentsce-
narios.AOPproposedtheideaof implementingcross-cuttingconcernsat theclass
level. We believe the sameidea shouldalsomake senseat a higher level, e.g.,
thecollaborationof classes.AspectualCollaborations(henceforthAC) satisfythis
need.AC is a descriptionof classcollaborationwhich canbereusedin many sce-
nariosin which theactualclasses/methodswill play the rolesof classes/methods
in thecollaboration.AC alsoprovidesthebindingmechanismto expressthe role
playing. Althoughthetarget languageof AC is Java, theideaalsoappliesto other
Object-Orientedprogramminglanguages.

Thispaperis to presentoneof theimplementationsof AC undergoingatNorth-
easternUniversity. We have implementedAC by translatingthecollaborationde-
scription and the binding into AspectJcode. To accomplishthe translation,we
useDemeterJandDJ , which areadaptive programmingtools in Java [1] [5]. The
outlineof this paperis asfollows. In Sec. 2 we presentthekey ideasof AC and
its syntax,Sec.3 demonstratestheusefulnessof AC by applyingit to anexample
program,Sec. 4 discussesthe implemenationstrategies,Sec.5lists somerelated
work, andSec.6 talksaboutconclusionandfuturework.

2 Key Ideas and Syntax of Aspectual Collaborations

Themostimportantconceptsof AC arecollaborationandadapter. An AC consists
of zero or more collaborationsandzero or more adapters.

2.1 Collaboration

The collaborationpart is just very similiar to UML Collaboration[3], but we are
usingextendedJava languagesyntaxto representthecollaborationof classes.The
objective of defininga collaborationin AC is to reuseit in users’scenarios.A
collaborationconsistsof zero or more classesworking togetherto achieve some
functionalities,thoseclassesarecalledparticipantclassesin AC, whoserolesare
expectedto betakenby actualclassesduringdeployment.Themethodsof classes
in thecollaborationsmayor maynotbefully implemented,they couldbeprovided
outsidefrom the actualclassesor they could somehow provide extentionsto the
funtionalitiesof methodsin actualclasses.Collaborationprovides the following
waysto describehow classesor methodsto bemappedto actualclasses:
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� By default, the fields andmethodsdefinedby a collaborationclasswill be
introducedto theactualclassesthatwill take its rolewhendeployed.During
deployment,appropriatenamemappingsbetweencollaborationnamespace
andactualclassesnamespacewill bedone.

� A collaborationclassmaydeclareexpected methodswhich don’t have im-
plemenatationandwhoseimplementationsareexpectedto be provided by
theactualclassesthatwill take its role.

� A collaborationclassmaydefineenhancemethodswhoseimplementations
addmorebehavior to methodsof theactualclassesthatwill take its role.

� A collaborationclassmaybeaddedto thebaseprogramasawholenew class
with appropriatenamemappingshaving beendone.

Beforewe presentthesyntaxof collaboration,let’s take a look at anexample
of a collaborationdescriptionto getsomeintuition. In network softwaredomain,
propagatingmessagesfrom a sendernodeto all of the receiver (could alsobe a
sender)nodesthat canbe recursively reachedfrom the senderis a very common
requirement.Suchkind of requirementalsoemergesin other domains,suchas
passinganadministrativeorderto all of thestaffs throughanorgnizationhierarchi-
cal structure,traversinga treestructureobjectto executevisitor methodson each
node,etc.. Soit doesmake senseto describethis propagationpatternasanAC to
make it reusable.Figure1 is anexampleconformingto thesyntaxof AC.

As youcanseefromthecollaborationexample,threeparticipantclasses,namely
Data, SenderandReceiverareinvolved. Data introducessequencingconcerninto
theclassesplayingits role, SenderandReceivercollaborateswith eachotherto re-
cursively propagatetheDataobjectto all of thereachableReceiverobjects.Sender
introducesa new methodsendData(Datad) into the classesplaying its role and
relieson the playing classesto provide allReceivers() implementation;Receiver
enhancesthe behavior of methodsof its playing classesby definingan enhance
methodreceiveDatain which somecodewill be executedafter the executionof
enhancedmethod.expected,enhanceandenhanced()areall newly introducedAC
keywordsto Java syntax.Figure2 shows a partof syntaxof collaborationpartof
AC.

Thenon-terminalJavaInterfacewill derive thestandardJava interfacesyntax
whichhasmorerulesandis not listedhere.TheExtendedJavaClasswill derive the
standardJava classsyntax(not listedeither)excepttheextensionswe imposedon
it. Theextensionswemadeto standardJavaclassincludetwo modifiersonmethod
declarations,which areexpectedandenhance, andonefixedform of method,i.e.
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Figure1: PropagateCollaboration
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Figure2: Collaboration syntax

enhanced(). As you canseefrom thepropagateexample,expectedmodifierspec-
ifies that themethoddoesn’t have an implementationin thecollaborationandex-
pectsthe playing classesto provide their implementationsto be usedwith other
collaborationconstituents;enhancemodifierspecifiesthat thebehavior logic pro-
vided by the collaborationwill be usedto enhancethe methodimplementations
in playingclasses,theenhanced()keyword is usedto referto theinvocationof the
originalmethodsandit canappearatany placein themethodbodywhereamethod
invocationcantake place.

2.2 Adapter

Adapteris thebindingmechanismin AC to mapthenamesin baseprogramto the
namesin a collaboration.By mappinganactualclass,sayA, to a participantclass
,sayAq , A will automaticallyhave thenewly introducedfieldsandmethodsof Aq ,
somemethodsof A will be enhancedby methodsof Aq which have the enhance
modifier, andA mustprovide animplementationfor a methodof Aq which hasthe
expectedmodifier. Thereis alsosucha situationthat someparticipantclassesin
thecollaborationarenecessaryto completea collaborative taskbut usersmaynot
be ableto find their counterpartsin the baseprogram,thenAdapterprovidesthe
export mechanismto export thoseparticipantclassesto thebaseprogram.Figure
3 is thesyntaxof Adapter. To save space,all non-terminalsymbolswhich arenot
definedin thesyntaxaredefinedasIdentifierby default.

ClassPlayis usedto let theactualclassesin baseprogramto play therolesof
participantclassesin thecollaboration;ClassExportis usedto export thepartici-
pantclassesfrom thecollaborationwhich have no imagesin baseprogram.Field-
Exportenablesusers’choiceof field namesduringdeployment.Correspondingto
the differentwaysof declaringa methodin collaboration,Adapteralsoprovides
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threewaysto do methodmapping.MethodExportexportsthe regularmethodsin
classesof thecollaborationto theirplayingclasses;MethodProvide letstheplaying
classesto provide their implementationsfor the methodsdeclaredasexpectedin
collaboration;MethodEnhancespecifieswhichmethodsin theplayingclasseswill
beenhancedby theenhancemethodsin classesof thecollaboration.An example
of Adpaterwill beshown in Sec.3.

An Adapteris therepresentationof ascenarioin whichtheplayingclasseswill
collaboratewith eachotherin theway definedby thecollaboration.To make the
mappingsreasonable,in oneAdapter, the mappingfrom classesin collaboration
to actualclassesshouldbea function,namelya classin collaborationcanhave at
mostoneimagein actualclasses.Otherwise,the mappingsshouldbe separated
into differentadapters.

2.3 Adapted Collaboration

In principle, collaborationsandadapterscanbe written andcompiledseparately
so that the collaborationscanbe reusedmany times. In this implementation,we
simplify theproblemby assumingcollaborationwill alwaysbeattachedwith some
adapters,which is called AdaptedCollaboration, and separatecompilationwill
be provided in future work. In an adaptedcollaboration,therecould be several
collaborationsin the collaborationpart and several adaptersin the adapterpart.
Figure4 is thesyntaxof AdaptedCollaboration.

3 An Example

Beforewediscussour implementationstrategies,let’s takea look atanexampleto
demonstratetheusefulnessof AC andtheway to useAC.

Figure5 is theclassdiagramof acompany managementsystem.Thecompany
is organizedasatreestructure.EveryEmployeeexceptthetopmanagermusthave
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DevelopManagerAdminManagerExecutive

Manager
Staff

Employee

Manager getManager()

void receiveOrder(Order)

Iterator  allSubordinates()

manager

0...1

subordinates

0...n

Order

Figure5: ClassDiagramof CompanyManagementSystem

oneandcanonly have oneManager, a Managermay have zero or more subordi-
nateEmployee;Theemployeewho is notamanageris calledaStaff, andthereare
threekindsof differentmanagers,whichareExecutive,AdminManagerandDevel-
opManager. Employeemayreceive ordersfrom its director indirectmanagerand
executetheordersby methodreceiveOrder(Order o). But currentlytheclassesdo
notsupporttheorderpropagationfrom aManagerto all of hissubordinates(direct
or indirect)throughthemanagementtree,whichdoesmatchthepropagatepattern
well wementionedearlier. Figure6 shows thecodeto adaptthecollaborationwith
theclassesin thecompany managementsystemusingtheAdaptedCollaboration.

In the code,Data of Propagatecollaborationwill be playedby Order, since
we aregoing to propagateadministrative ordersin this example;Senderwill be
playedby Manager (only Managerhasthe right to sendout an Orderto theEm-
ployee),Manager providesits allSubordinatesmethodto replaceallReceivers and
thenewly introducedmethodsendDatais exportedto Manager assendOrder, so
Manager getsthis new functionality; thereceiver in this situationcouldbea Staff
object,or it couldbeanotherManager object,soit hasto betheir superclass,i.e.,
Employeeto play Receiverhere,the receiveDataof Receiverthenwill enhance
receiveOrder sothattheorderscanbepropagatedrecursively alongthetreestruc-
ture.

Werely onAspectJto introducenew fieldsandmethodsto existingclassesand
to imposenew behavior logic to methods.In Sec. 4, we will show thegenerated
AspectJcodefrom thisexample.
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Figure 6: AdaptCollaboration Propagate with CompanyManagementSystem’s
Classes

4 Implementation Strategy

As mentionedearlier, our implementationis a sourcecodelevel translationstrat-
egy, i.e.,wetry to translatetheAC representationto AspectJcode,sothequestions
are:

� How shouldwe do the parsingand namemappingon the AC so that the
translatedAspectJcodewill referto thecorrectclassnames,methodnames
andfield namesin baseprogram;

� Sincethetranslationis automatic,how shouldwe mapdifferentpatternsof
AC representationto theirappropriateAspectJcodepatterns.

Weaddressthetwo questionsseparately.

4.1 Parsing and Name Mapping

We areusingDemeterJandDJ to handlewith parsingandnamemappingissues.
DemeterJis very powerful in generatingparserfrom grammarrepresentationsso
thatwe canusetheparserto constructa syntaxtreeagainsttheAC input stream.
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DJ is aJava classlibrary thatsimplifiesnavigationthroughobjectstructures[5]. It
supportstraversalonobjectstructuresdirectedby traversalstrategiesanduserscan
definethecomputationthey wantto executeduringtraversalin theirvisitor classes
which arevery like Visitor pattern[2]. We make useof theseDJ’s capabilitiesto
do namemappingprocessingto generateAspectJcodewhile traversingthesyntax
treesconstructedby theparser.

WeimplementaTranslateVisitor classin whichbeforeandaftermethods,whose
siganituresconformto thepredefinedDJ nodevisitor [7] andedgevisitor [8] in-
terfaces,aredefinedon all kinds of syntaxtreenodesandedgesbetweennodes
thatdirectly derive keywords,delimiters,literalvaluesor identifiers. Thesemeth-
odswill beexecutedautomaticallyduringtraversalon thesyntaxtreeif thetypeof
thenodeor typesof theendnodesof theedgebeingtraversedmatchthemethods’
siganitures.Dependingon thenodesor theedges,theextendedJava syntaxintro-
ducedby AC will be translatedto theappropriateAspectJsyntaxandstoredinto
persistentstorage.Thenamemappingsonly occuron Identifiernodesor Identifier
relatededges,accordingto themappinginformationcollectedfrom theAdapters.

The traversalorderon theAC syntaxtreeis asfollows: theouterloop is iter-
atingover theadapters,after the translatorgetsall themappinginformationfrom
oneadapter, it thenenterstheinnerloopwhich iteratesontheclassesin thecollab-
orationadaptedby theadapterandtraversesoneachclasswith theTranslateVisitor
objectplus themappinginformation. After theouterloop exits, the translationis
finished.

4.2 Mapping AC to AspectJ patterns
1 Whataretheaspectsin AC?Theaspectsaretheimplementationsof functionality
extensionsto actualclassesby playingcorrespondingrolesin thecollaborations.It
is possiblethatanactualclassmayplaymultiplerolesin oneadapteror in multiple
adapters.To organizetheaspectsmoreclearly, our implementationconstructsan
aspectfor eachactualclassplaying onerole in an adapter, e.g., if a classplays
two rolesin oneadapteror onerole in two adapters,two aspectswill begenerated.
Correspondingto thewaysa class/methodcanbemappedto its counterpartin an
adapter, wecurrentlyusetwo AspectJsyntaxstructuresto implementthemapping.

� For thenewly introducedfieldsandmethodswithout enhanceandexpected
modifiers,we just make useof introductionsyntaxof AspectJto introduce
theminto theplayingclasswith appropriatenamemappings.

1This implementationis basedon AspectJv0.7whosesyntaxis differentfrom thatof thecurrent
1.0version,but theideasapply.
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� For eachmethodhaving theenhancemodifier, we will defineanaroundad-
viceonthereceptionsor calls (if theplayingmethodis static) joint pointsof
theplayingmethod;all thekeyword enhanced()in thebodyof themethod
will be replacedto thisJointPoint.runNext(). Thereis a restrictionon this
kind of mapping,namely, the static methodsin the collaborationcan be
playedby bothstaticandnon-staticmethodsin actualclasses,while thenon-
staticmethodscanonly beplayedby non-staticmethodsin actualclasses2.

� Foreachmethodhaving theexpectedmodifier, wejustmapits all occurences
of invocationto theprovidedmethodname.

Sinceno aspecthasinternalstateinformation,all thegeneratedaspects’of clause
areof eachJVM().

During mapping,to avoid thenecessityof building a symboltable,we assume
that all the identifiersthathave to be mappedhave the uniquenamein thescope
of the collaboration. Figure 7 shows the generatedAspectJcodefrom the AC
descriptionof Figure6.

Besidesthe functionality extension,AC may also imposenew type informa-
tion on the playing classes,e.g, the collaborationmay statethat Senderextends
Receiver, thentheplayingclassesof Sendershouldalsoextendtheplayingclasses
of Receiver. Our implementationworks fine in this issueas long as it doesn’t
introducemultiple inheritancerelationshipbetweenplaying classes,which is not
supportedby Java andAspectJ.

5 Related Work

Anotherimplementationof AC is undergoing aswell[6]. This implementationis
not a sourcecodelevel translationapproach,insteadit focuson combiningcom-
piled Java .classfiles whichmakestheapproachrely only onJava.

As theprecursorof AC, AdaptivePlug&Play(AP&P) components[9] arede-
signedto facilitatethe constructionof complex softwareby makingthe collabo-
rationexplicit andsupporttheevolution of bothstructureandbehavior. Thenew
staff AC addsto AP&P componentsis AC’s mechanismto enhancethebehavior
of playingclasses.

CompositionPatternsis anotherapproachto capturereusablepatternsof cross-
cuttingbehaviour at thedesignlevel[11]. It specifiesthedesignof a cross-cutting

2To simplify theimplementation,we assumethat in thebodyof enhancemethodin a collabora-
tion, it alwaysusesthis.v to refer to thenon-staticfieldsor methodsandusesClassName.v to refer
to thestaticfieldsor methods.
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Figure7: Generatedcodefor theCompanyManagementSystemExample
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requirementindependentlyfrom any designit maypotentiallycross-cut,andhow
thatdesignmaybere-usedwhereever it mayberequired.Insteadof usingtextual
form of representationof a design,it usesanextendedUML diagramrepresenta-
tion. In [10], the mappingfrom CompositionPatternsto AspectJandHyper/Jis
presented.It is not clearif themappingis automaticalor manual.

ElizabethKendall [12] alsoexploresthe implementationof RoleModel with
Aspect-orientedProgramming.

6 Conclusion and Future work

This paperhaspresentedoneof theimplementationsof AspectualCollaborations
undergoing at NortheasternUniversity. We presentedkey conceptsof Aspectual
Collaborationsandits syntaxanddemostratedits usefulnessby anexample. Our
approachimplementeda sourcecodelevel translatorfrom textual form represen-
tation of AspectualCollaborationsto AspectJcodeto reusethe collaborationin
the actualscenarios,which supportsimplementingcross-cuttingconcernsat the
collaborationlevel.

Therearestill following issuesto beaddressedasfuturework:

� To save theparsingwork andto make the collaborationmorereusable,we
needto supporttheseparatecompilationof Collaboration andAdpater. The
predefinedcollaborationshouldbewritten andcompiledindependentlyand
storedas an intermediateform, so that the adaptercan import it to avoid
multiple timesof parsing.

� Besidesthesyntaxcheckingonthecollaborationandadapter, wewouldalso
like to addsomemoresophisticatedsemanticcheckingto make theadaption
safer. For example,by examiningthe codeof collaborationPropagate,we
canconcludethat thereis an assumptionthat the playing classof Sender
shouldbe a sub-classof the playing classof Receiver. This assumption
shouldbeexplicitly statedin onepartof thecollaborationasapre-condition
sothatwe canchecktherelationshipbetweenclassesbeforeadaption.

� Morewaysof describingcollaborationsandadaptersshouldbedevelopedto
make themmoreflexible andmorepowerful.

Needlessto say, wewill keeptrackof thedevelopmentof AspectJto makeour
implementationbebasedon themostupdatedAspectJversion.
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