20:370ctoberl5, 2001

ImplementingAspectualCollaborationsvith
AspectJ

PengchengVu*

College of ComputerScience
Northeastertniversity
360HuntingtonAvenue, 16 1CN
Boston,MA 02115,USA

wupc@ccs.neu.edu

Octoberl5, 2001

Abstract

Aspect-orientedProgrammingproposesa techniqueto implementcross-cutting
concernsin a modularway, but mostwork hasbeenconcentratedn the class
level. AspectualCollaborationgproposesan AOPtechniqueon a higherlevel, i.e.,
on classcollaborationlevel. This paperpresentoneimplementatiorof Aspectual
Collaborationghatautomaticallytranslateshe AspectualCollaborationsdescrip-
tionsto Aspectdcodeby which the cross-cuttingcollaborationconcerns addedo
theactualclassesn amodularway.

1 Introduction

Aspect-orientedProgrammingAOP)hasbeernproposedsatechniqudor improv-
ing separatiorof concernsn software[4] . Separatiorof concernsandmodularity
areattheheartof theprogrammingorocessConcernsareabstractonceptualnits
in which we decompose given problem[6]. Without tool supportfor separating
concernsad-hocimplementationof concernamay scatterover multiple classes
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andthe codemay tanglea lot, which makesthe programgdifficult to understand,
maintainandevolve.

To implementary non-trivial concern,programmersusually have to design
andimplementmary classesvhich collaboratewith eachother And it is highly
desirabldghatwe canreusesomegenerakoncernmplementationgn differentsce-
narios.AOP proposedheideaof implementingcross-cuttingconcernsat theclass
level. We believe the sameidea shouldalso make senseat a higherlevel, e.g.,
the collaborationof classesAspectualCollaborationghenceforthAC) satisfythis
need.AC is a descriptionof classcollaborationwhich canbereusedn mary sce-
nariosin which the actualclasses/methodsill play the rolesof classes/methods
in the collaboration.AC alsoprovidesthe binding mechanisnio expresstherole
playing. Althoughthetargetlanguageof AC is Java, theideaalsoappliesto other
Object-Orientegorogrammindanguages.

This paperis to presenbneof theimplementation®f AC undegoingatNorth-
easterriJniversity We have implementedAC by translatingthe collaborationde-
scription and the binding into AspectJcode. To accomplishthe translation,we
useDemeterlandDJ, which areadaptve programmingoolsin Java[1] [5]. The
outline of this paperis asfollows. In Sec. 2 we presenthe key ideasof AC and
its syntax,Sec.3 demonstratethe usefulnes®f AC by applyingit to anexample
program,Sec. 4 discusseshe implemenatiorstratgies, Sec.5lists somerelated
work, andSec.6 talksaboutconclusionandfuturework.

2 Key ldeasand Syntax of Aspectual Collaborations

Themostimportantconceptof AC arecollaboration andadapter An AC consists
of zeio or more collaborationsandzeio or more adapters.

2.1 Collaboration

The collaborationpartis just very similiar to UML Collaboration[3], but we are
usingextendedJava languagesyntaxto representhe collaborationof classesThe
objective of defining a collaborationin AC is to reuseit in users’scenarios.A
collaborationconsistsof zelo or more classesvorking togetherto achieze some
functionalities thoseclassesrecalledparticipantclassesn AC, whoserolesare
expectedto betaken by actualclassesluringdeployment. The methodsof classes
in thecollaborationgnayor maynotbefully implementedthey couldbeprovided
outsidefrom the actualclassesor they could somehw provide extentionsto the
funtionalitiesof methodsin actualclasses.Collaborationprovides the following
waysto describenow classe®r methodgo be mappedo actualclasses:



e By default, the fields and methodsdefinedby a collaborationclasswill be
introducedo theactualclasseshatwill take its role whendeplgred. During
deployment, appropriatenamemappingsbetweencollaborationnamespace
andactualclassesxamespacwill bedone.

e A collaborationclassmay declareexped¢ed methodswhich don't have im-
plemenatatiorand whoseimplementationsre expectedto be provided by
theactualclasseshatwill takeitsrole.

e A collaborationclassmay defineenhancemethodswhoseimplementations
addmorebehaior to methodf theactualclasseshatwill takeits role.

e A collaboratiorclassmaybeaddedo thebaseprogramasawholenew class
with appropriatenamemappingshaving beendone.

Beforewe presenthe syntaxof collaboration let’s take alook at anexample
of a collaborationdescriptionto get someintuition. In network software domain,
propagatingnessagefrom a sendemodeto all of the recever (could alsobe a
sender)nodesthat canbe recursvely reachedrom the senderis a very common
requirement. Suchkind of requirementalsoemegesin otherdomains,suchas
passinganadministratie orderto all of the stafs throughanorgnizationhierarchi-
cal structure traversinga treestructureobjectto executevisitor methodson each
node,etc.. Soit doesmake senseo describethis propagatiorpatternasan AC to
make it reusableFigurel is anexampleconformingto the syntaxof AC.

Asyoucanseefrom thecollaboratiorexample threeparticipantclassespamely
Data, SendeiandReceiverareinvolved. Dataintroducessequencingoncerninto
theclasseplayingits role, SenderandReceiverollaboratesvith eachotherto re-
cursiely propagatehe Data objectto all of thereachabldreceiveobjects.Sender
introducesa newv methodsendData(Datad) into the classelaying its role and
relies on the playing classedo provide allReceives() implementation;Receiver
enhanceshe behaior of methodsof its playing classedy definingan enhance
methodreceiveDatan which somecodewill be executedafter the executionof
enhancednethod.expecte¢enhanceandenhanced(areall newly introducedAC
keywordsto Java syntax. Figure2 shavs a part of syntaxof collaborationpartof
AC.

The non-terminaldavalnterfacewill derive the standardlava interfacesyntax
which hasmorerulesandis notlistedhere. The ExtendeddvaClasswill derivethe
standardlava classsyntax(not listed either)exceptthe extensionswve imposedon
it. Theextensionsve madeto standardlava classincludetwo modifierson method
declarationswhich areexpectedandenhanceandonefixed form of method,i.e.



collaboration Propagate {
class Data {
private int sequence;
public void setSequence(int s) { sequence = s;}
public int getSequence() {return sequence;}

}

class Sender {
int sequence = 0;
expected java.util.Iterator allReceivers();
public void sendData(Data d) {
d.setSequence(this.sequence ++);
java.util.Iterator receivers = allReceivers();
while(receivers.hasNext()) {
Receiver receiver = (Receiver) receivers.next();
receiver.receiveData(d);
}
}

class Receiver {
enhance void receiveData(Data d) {
enhanced() ;
// if the receiver is also a sender,propagate further
if (this instanceof Sender)
((Sender)this) .sendData(d);

Figurel: Propagate Collaboration



<Collaboration> ::= '"collaboration" <CollaborationName> "{"
<Interfaces> <Classes> "}"

<CollaborationName> ::= Identifier .

<Interfaces> ::= nil | <Interface> <Interfaces> .

<Interface> ::= <Javalnterface> .

<Classes> ::= nil | <Class> <Classes>

<Class> ::= <ExtendedJavaClass>

Figure2: Collaboration syntax

enhanced() As you canseefrom the propagatexample,expectedmodifier spec-
ifies thatthe methoddoesnt have animplementatiorin the collaborationand ex-
pectsthe playing classedo provide their implementationgo be usedwith other
collaborationconstituentsenhancemodifier specifieghatthe behaior logic pro-
vided by the collaborationwill be usedto enhancehe methodimplementations
in playingclassesthe enhanced(keyword is usedto referto theinvocationof the
originalmethodsandit canappeamtary placein themethodbodywhereamethod
invocationcantake place.

2.2 Adapter

Adapteris thebindingmechanisnin AC to mapthenamesn baseprogramto the
namesn a collaboration.By mappinganactualclass,sayA, to a participantclass
,sayA’, Awill automaticallyhave the newly introducedfields andmethodsof A/,
somemethodsof A will be enhancedy methodsof A’ which have the enhance
modifier, andA mustprovide animplementatiorfor a methodof A’ which hasthe
expectedmodifier Thereis alsosucha situationthat someparticipantclassesn
the collaborationarenecessaryo completea collaboratve taskbut usersmay not
be ableto find their counterpartsn the baseprogram,then Adapterprovidesthe
export mechanismo export thoseparticipantclassego the baseprogram.Figure
3 is the syntaxof Adapter To save spaceall non-terminalsymbolswhich arenot
definedin the syntaxaredefinedasldentifierby default.

ClassPlayis usedto let the actualclassesn baseprogramto play therolesof
participantclassesn the collaboration;ClassExporis usedto export the partici-
pantclassedrom the collaborationwhich have noimagesin baseprogram.Field-
Exportenablesisers’choiceof field namegduring deployment. Correspondingo
the differentwaysof declaringa methodin collaboration,Adapteralso provides



<Adapter> ::= ‘"adapter" <AdapterName> "{" <ParticipantGraphList>
n}n .
<ParticipantGraphList> ::

= nil
| <ParticipantGraph> ";"
<ParticipantGraphList> .
<ParticipantGraph> ::= <ClassPlay> | <ClassExport>
<ClassPlay> ::= <QualifiedClassName> "PlayedBy" <ClassName>
<FieldMethodMapList> .
<ClassExport> ::= "ClassExport" <QualifiedClassName> "As"
<ClassName> .
<FieldMethodMapList> ::= nil | <FieldMethodMap>
<FieldMethodMapList> .
<FieldMethodMap> ::=  <FieldExport>
| <MethodExport>
| <MethodProvide>
| <MethodEnhance> .
<FieldExport> ::= "FieldExport" <FieldName> "As"
<FieldExportName> .
<MethodExport> ::= "MethodExport" <MethodName> "As"
<MethodExportName> .
<MethodProvide> ::= "MethodProvide" <MethodName> "With"
<MethodRealName> .
<MethodEnhance> ::= "MethodEnhance" <MethodRealName> "With"
<MethodName> .
<QualifiedClassName> = <CollaborationName> "." <ClassName> .

Figure3: Adaptersyntax



<AdaptedCollaboration> ::= "Collaborations" "{" <CollaborationList> "}"

"Adapters" "{" <AdapterList> "}"
<CollaborationList> ::= nil | <Collaboration> <CollaborationList>
<AdapterList> ::= nil | <Adapter> <AdapterList>

Figure4: AdaptedCollaboration syntax

threewaysto do methodmapping. MethodExporexportsthe regular methodsn
classe®f thecollaboratiorto their playingclassesMethodPovide letstheplaying
classedo provide their implementationdor the methodsdeclaredas expectedn
collaborationMethodEnhancspecifiesvhich methodsn the playingclassewill

be enhancedy the enhancenethodsn classef the collaboration.An example
of Adpaterwill beshavnin Sec.3.

An Adapteris therepresentationf a scenarian which theplayingclassesvill
collaboratewith eachotherin the way definedby the collaboration.To make the
mappingsreasonablein one Adapter the mappingfrom classesn collaboration
to actualclasseshouldbe a function, namelya classin collaborationcanhave at
mostoneimagein actualclasses.Otherwise,the mappingsshouldbe separated
into differentadapters.

2.3 Adapted Collaboration

In principle, collaborationsand adapterscan be written and compiledseparately
sothat the collaborationscan be reusedmary times. In this implementationwe
simplify theproblemby assumingollaboratiorwill alwaysbeattachedvith some
adapterswhich is called AdaptedCollaboration, and separatecompilationwill
be provided in future work. In an adaptedcollaboration,there could be several
collaborationsin the collaborationpart and several adaptersn the adapterpart.
Figure4 is the syntaxof AdaptedCollaboration.

3 An Example

Beforewe discussourimplementatiorstratgies,let’stake alook atanexampleto
demonstrat¢he usefulnes®f AC andtheway to useAC.

Figure5 is theclassdiagramof a company managemergystem.Thecompary
is organizedasatreestructure Every Employeeexceptthetop managemusthave
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I
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Figure5: ClassDiagram of CompanyManagementSystem

oneandcanonly have one Manager a Managemay have zeio or more subordi-
nateEmployee; Theemplo/eewho is notamanagers calleda Staf, andthereare
threekindsof differentmanagersyhichareExecutve, AdminManageandDevel-
opManagerEmployeemayreceve ordersfrom its director indirectmanagerland
executethe ordersby methodreceiveOder(Order 0). But currentlythe classeslo
notsupportthe orderpropagatiorfrom a Managetto all of his subordinategdirect
or indirect)throughthe managemertree,which doesmatchthe propagateattern
well we mentionecearlier Figure6 shavs thecodeto adaptthe collaborationwith

the classesn thecompany managemergystemusingthe AdaptedCollaboration.

In the code, Data of Propagatecollaborationwill be playedby Order, since
we aregoing to propagateadministratie ordersin this example; Sendemwill be
playedby Manager (only Managerhasthe right to sendout an Orderto the Em-
ployee),Manager providesits allSubodinatesmethodto replaceallReceives and
the newly introducedmethodsendDatais exportedto Manager assendOder, so
Manager getsthis new functionality; the recever in this situationcould be a Staf
object,or it couldbeanothemManager object,soit hasto betheir superclass,i.e.,
Employeeto play Receiverhere,the receiveDataof Receiverthenwill enhance
receiveOder sothatthe orderscanbe propagatedecursvely alongthetreestruc-
ture.

Werely on Aspectdo introducenew fieldsandmethodgo existing classesnd
to imposenew behaior logic to methods.In Sec. 4, we will shav the generated
AspectJcodefrom this example.



Collaborations {
collaboration Propagate {
// same as Figure 1.
}
}
Adapters {
adapter adapterl {
Propagate.Data PlayedBy Order;
Propagate.Sender PlayedBy Manager
MethodProvide allReceivers With allSubordinates
MethodExport sendData As sendOrder;
Propagate.Receiver PlayedBy Employee
MethodEnhance receiveOrder With receiveData;

Figure 6: AdaptCollaboration Propagate with CompanyManagementSystens
Classes

4 |Implementation Strategy

As mentionedearlier our implementatioris a sourcecodelevel translationstrat-
egy, i.e.,wetry to translatehe AC representatioto Aspectlkode,sothequestions
are:

e How shouldwe do the parsingand namemappingon the AC so that the
translatedAspectJcodewill referto the correctclassnamesmethodnames
andfield namesn baseprogram;

e Sincethetranslationis automatichowv shouldwe mapdifferentpatternsof
AC representatioto their appropriatéAspectJcodepatterns.

We addresshetwo questionseparately

4.1 Parsing and Name Mapping

We areusing DemeterJand DJ to handlewith parsingandnamemappingissues.
Demeterds very powerful in generatingparserfrom grammarrepresentationso
thatwe canusethe parserto constructa syntaxtreeagainstthe AC input stream.
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DJis aJavaclasslibrary thatsimplifiesnavigationthroughobjectstructureg5]. It
supportdraversalon objectstructureglirectedoy traversalstratgiesanduserscan
definethecomputatiorthey wantto executeduringtraversalin their visitor classes
which arevery like Visitor pattern[2]. We make useof theseDJ’s capabilitiesto
do namemappingprocessindo generatéAspectJodewhile traversingthe syntax
treesconstructedy the parser

Weimplemen@aTranslateéitor classn whichbefoe andaftermethods,whose
siganituresconformto the predefineddJ nodevisitor [7] andedgevisitor [8] in-
terfaces,are definedon all kinds of syntaxtree nodesand edgesbetweennodes
thatdirectly derive keywords, delimiters, literalvaluesor identifiers. Thesemeth-
odswill beexecutedautomaticallyduringtraversalon the syntaxtreeif thetypeof
thenodeor typesof theendnodesof the edgebeingtraversedmatchthe methods’
siganitures Dependingon the nodesor the edgesthe extendedJava syntaxintro-
ducedby AC will betranslatedo the appropriateAspectJsyntaxandstoredinto
persistenstorage . The namemappingsonly occuron Identifiernodesor Identifier
relatededgesaccordingto the mappinginformationcollectedfrom the Adaptes.

Thetraversalorderon the AC syntaxtreeis asfollows: the outerloop is iter-
ating over the adaptersafter the translatorgetsall the mappinginformationfrom
oneadapterit thenentersheinnerloopwhichiterateson theclassesn thecollab-
orationadaptedy theadapterandtraverseson eachclasswith the Translate\sitor
objectplusthe mappinginformation. After the outerloop exits, the translationis
finished.

4.2 Mapping AC to AspectJ patterns

1 Whataretheaspectsn AC? Theaspectaretheimplementationsf functionality
extensiongo actualclassedby playingcorrespondingolesin thecollaborations|t
is possiblehatanactualclassmayplay multiple rolesin oneadapteor in multiple
adapters.To organizethe aspectsnoreclearly our implementatiorconstructsan
aspectfor eachactualclassplaying onerole in an adaptere.g.,if a classplays
two rolesin oneadaptemor onerole in two adapterstwo aspectwill begenerated.
Correspondingo thewaysa class/method@¢anbe mappedo its counterparin an
adapterwe currentlyusetwo Aspectkyntaxstructurego implementthemapping.

e For thenewly introducedfields andmethodswithout enhanceandexpected
modifiers,we just make useof introductionsyntaxof Aspectlto introduce
theminto the playing classwith appropriatenamemappings.

IThisimplementatioris basedn Aspectv0.7 whosesyntaxis differentfrom thatof thecurrent
1.0version,but theideasapply
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e For eachmethodhaving the enhancemodifier, we will defineanaroundad-
viceonthereception®r calls (if theplayingmethodis static) joint pointsof
the playing method;all the keyword enhanced()n the body of the method
will be replacedto thisbintPoint.runNet(). Thereis a restrictionon this
kind of mapping,namely the static methodsin the collaborationcan be
playedby bothstaticandnon-statianethodsn actualclasseswhile thenon-
staticmethodscanonly be playedby non-statiomethodsin actualclasseg.

e Foreachmethodhaving theexpectednodifier, we justmapits all occurences
of invocationto the provided methodname.

Sinceno aspecthasinternalstateinformation,all the generatecgspectsof clause
areof eahJVM().

During mapping.to avoid the necessityof building a symboltable,we assume
thatall the identifiersthat have to be mappecdhave the uniguenamein the scope
of the collaboration. Figure 7 shavs the generatedAspectJcode from the AC
descriptionof Figure®6.

Besidesthe functionality extension,AC may alsoimposenew type informa-
tion on the playing classesg.g, the collaborationmay statethat Senderextends
Receiverthenthe playingclasse®f Sendesshouldalsoextendthe playingclasses
of Receiver Our implementationworks fine in this issueaslong asit doesnt
introducemultiple inheritancerelationshipbetweenplaying classeswhich is not
supportedy Java andAspectJ.

5 Reéated Work

Anotherimplementatiorof AC is undegoing aswell[6]. This implementationis
not a sourcecodelevel translationapproachjnsteadit focuson combiningcom-
piled Java .classfiles which makesthe approachrely only on Java.

As the precursorf AC, AdaptivePlug&Play(AP&P) component$9] arede-
signedto facilitate the constructionof complex software by makingthe collabo-
ration explicit andsupportthe evolution of both structureandbehaior. The nenv
staf AC addsto AP&P componentss AC’s mechanisnto enhancehe behaior
of playingclasses.

CompositiorPatternsis anothe@pproactio capturereusablgatternof cross-
cutting behaiour atthe designlevel[11]. It specifieghe designof a cross-cutting

2To simplify theimplementationye assumehatin the body of enhancemethodin a collabora-
tion, it alwaysusesthis.vto referto the non-staticfields or methodsand usesClassNams to refer
to thestaticfieldsor methods.
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aspect __GeneratedadapterlPropagateData of eachJVM() {
introduction Order {
private int sequence;
public void setSequence(int s) {
sequence=s;
}
public int getSequence() {
return sequence;

}

aspect __GeneratedadapterlPropagateSender of eachJVM() {
introduction Manager {
int sequence=0;
public void sendOrder(Order d) {
d.setSequence(this.sequence ++);
java.util.Iterator receivers = allSubordinates();
while(receivers.hasNext()) {
Employee receiver = (Employee) receivers.next();
receiver.receiveOrder(d);

}
}
X

aspect __GeneratedadapterlPropagateReceiver of eachJVM() {
introduction Employee {
}
around (Employee __obj,0rder d) returns void : instanceof (__obj)
&& receptions( void receivelOrder(d)) {
thisJoinPoint.runNext (__obj,d);
if(__obj instanceof Manager)
((Manager) __obj) .sendOrder(d) ;

Figure7. Genentedcodefor the CompanyManagementSystenExample
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requirementndependentlyfrom ary designit may potentiallycross-cutandhow
thatdesignmay bere-usedvhereer it may be required.Insteadof usingtextual
form of representationf a design,it usesanextendedUML diagramrepresenta-
tion. In [10], the mappingfrom CompositionPatternsto AspectJand Hyper/Jis
presentedit is notclearif the mappingis automaticabr manual.

ElizabethKendall[12] alsoexploresthe implementatiorof Role Model with
Aspect-orientedProgramming.

6 Conclusion and Future work

This paperhaspresentedneof theimplementation®f AspectualCollaborations
undegoing at NortheasterrUniversity We presentekey conceptsof Aspectual
Collaborationsandits syntaxanddemostratedts usefulnesdy an example. Our
approachmplementeda sourcecodelevel translatorfrom textual form represen-
tation of AspectualCollaborationso AspectJcodeto reusethe collaborationin
the actualscenarioswhich supportsimplementingcross-cuttingconcernsat the
collaborationlevel.

Therearestill following issuego be addressedsfuturework:

e To save the parsingwork andto male the collaborationmorereusablewe
needto supportthe separateompilationof Collaboration andAdpater The
predefinedcollaborationshouldbe written andcompiledindependentlyand
storedas an intermediateform, so that the adaptercanimport it to avoid
multiple timesof parsing.

e Besideghesyntaxcheckingonthecollaboratiorandadapterwe would also
like to addsomemoresophisticate@emantiaccheckingto make theadaption
safer For example,by examiningthe codeof collaborationPropagatewe
can concludethat thereis an assumptiorthat the playing classof Sender
shouldbe a sub-classof the playing classof Receiver This assumption
shouldbeexplicitly statedn onepartof the collaborationasa pre-condition
sothatwe canchecktherelationshipbetweerclassedbeforeadaption.

e Morewaysof describingcollaborationsandadaptershouldbe developedto
make themmoreflexible andmorepowerful.

Needlesso say we will keeptrackof thedevelopmentof AspectXo make our
implementatiorbe basedon the mostupdatedAspectlversion.
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