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Abstract

Aspect-orientedprogrammingpromisessupportfor incrementalprogramdevelopment
by providing new meansfor modularizationof crosscuttingcode. In this paper, we briefly
introducea generalmodelfor aspect-orientedprogramming,Event-BasedAOP(first intro-
ducedin [DMS01a]),which is basedonmonitoringof executionevents.Thismodelextends
previousapproachesby enablingthesystematictreatmentof relationshipsbetweenexecution
points,supportingoperatorsfor aspectcomposition,andallowing theapplicationof aspects
to otheraspects.Moreover, we presenta tool which implementsthemodelfor Java.
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1 Intr oduction

Aspect-OrientedProgramming(AOP) is a researchdomain[AOP01]which aimsat supportfor
incrementalprogramdevelopmentby providing new meansfor modularization.In fact,certain
concerns(frequentlydenotedas“non-functional”1) areintractableby meansof traditionalmod-
ularizationmechanisms:programmersthushave to modify codein numerousplacesin orderto
integratetheseconcerns.

AspectJ[KHH
�

01, ASP], developedby Gregor Kiczales’groupat Xerox, wasthefirst tool
providing linguisticsupportfor themodularizationof crosscuttingcode.AspectJhasintroduced
thenotionof a “pointcut” enablingthedeclarative specificationof a largenumberof execution
points(by meansof genericsignatures)whereanaspectmodifiesthebaseprogram,andanotion
of “advice” definingthemodificationsthemselves.However, AspectJconstitutesonly onepoint
within the spaceof aspectdefinition languages.Oneimportantmotivation for our work is the
developmentof a testbedfor AOP. We arethusnot interestedin efficiency issues(althoughthe
prototypesupportsselective instrumentation,seeSection3.1)but concentrateon theexpressive-
nessof themechanismprovidedfor AO languagedefinition.

We proposean approachto AOP which is basedon the observation of executionevents,
Event-BasedAOP (first introducedin [DMS01a]). This approachallows us to systematically
treat relationshipsbetweenpointcuts,operator-basedcompositionof aspects,the definition of
aspectswhichareappliedto otheraspectsanddynamicinstantiationof aspects.

This reportis structuredasfollows: Section2 reviews themaincharacteristicsof our model
for AOP. Section3 shows how our modelcanbe implementedfor Java asa tool2. Application
examplesarepresentedin Section4. Finally, wediscussrelatedwork andconclude.

2 Event-basedAspect-OrientedProgramming

Our work on Event-basedAspect-OrientedProgramming(EAOP)is guidedby a maingoal: the
studyof descriptive meansfor thedefinitionof expressive aspects.More concretely, our model
hasthefollowing characteristics.

Aspectsare expressedby meansof eventsemittedduring executionof the so-calledbase
program.Aspectweaving is realizedusinganexecutionmonitor, whichenableseventsequences
to be detected. In order to keepour model simple and intuitive (and also enablelinks to be
establishedbetweenthe implementationandthe formal work presentedin [DMS01a,DFS02]),
we considera sequentialmodelfor synchronousevents:first, assoonasanevent is emitted,its
handledby all aspects;second,executionsof thebaseprogramandaspectsproceedin turns:the
baseprogramandthemonitoraretwo coroutines.

An aspectis definedby meansof two, well-separated,languages:a crosscutlanguage,that
allows the definition of executionpointswherean aspectmay modify the baseprogram,and

1Thesenon-functionalconcernsarenot limited to technicalservices̀a la CORBA, e.g.distribution,persistence,
..., but includeservices,suchasquotamanagementor prefetchingstrategies.

2A publicdistributionof this tool is scheduledfor December2002.
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Figure1: Architectureof theEAOPtool

the actionlanguage(called“advice” in AspectJ),which enablesthe executionof the basepro-
gramto be modified. For instance,a securityaspectcandefinea crosscutdetectingsequences
consistingof a “request” followed by a “serviceallocation” which triggersan action(e.g.,an
authentication).

In orderto facilitateaspectdefinitions,ourmodelprovidesoperatorsfor explicit aspectcom-
position.Theseoperatorsenabletheeliminationof conflictscausedby aspectsinteractingat the
samecrosscuts.For example,the securityaspectmentionedbeforeanda quotamanagement
aspectinteractonserviceallocations;in this case,thesecurityaspectshouldhavepriority.

Moreover, our modelallows theapplicationof aspectsto otheraspects.For instance,a log-
gingaspectappliedto thesecurityaspectcouldgeneratea log for systemadministrators.

Finally, ourmodelallowsthedynamicinstantiationanddynamiccompositionof aspects.For
example,whenanew critical serviceis discovered,anew instanceof thesecurityaspectmaybe
created.

3 The EAOP tool: architectureand implementation

Wehaveimplementedatool for EAOP, whichrealizesthemodelfor Java. This tool is composed
of five parts(seeFigure1): a preprocessor, a uniqueexecutionmonitorandthreelibraries(for
thedefinitionof events,aspects,andcompositionof aspects).

3.1 The preprocessor

ThepreprocessorinstrumentstheJavasourcecodeof thebaseprogram(aswell asaspectsif one
wantsto defineaspectsof aspects)in orderto generateeventsandcall theentrymethodtrace of
theexecutionmonitor(cf. theinstrumentationexampleshown in Figure2). Theinstrumentation
is basedon theclassictechniqueof methodwrapping.First, a methodfoo to bewrappedis re-
namedto foo original . Thetransformationthenintroducesa methodfoo whosebodycreates
a methodcall event,calls the monitor, thencalls the methodfoo original , createsa method
returnevent,callsthemonitor, and,finally, returnsto thecallee.

Constructorsare wrappedsimilarly. However, it is not possibleto generatean event at
the beginning of a constructorbecauseits first instructionmustbe a (possiblyimplicit) call to
super [GJSB00].For thisreasonconstructorsaretransformedinto defaultconstructors(creating
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// original code
class Bar {

int i;

int foo(int l) { return i+l; }
}

// instrumented code
class Bar {

int i;

int foo(int l) {
Event e = new MethodCall(this, "foo",l);
Monitor.monitor.t rac e(e );
if (! e.skip) e.res = foo_original(e.ar g(" l") );
Monitor.monitor.t rac e(n ew MethodReturn(e));
return e.res;

}
int foo_original(int l) { return i+l; }

}

Figure2: (Simplified)examplefor theinstrumentationof abaseprogram

theobjectstructure)andinitializationmethods(whichcanbeinstrumentedwith eventgeneration
statements).

The instrumentationis implementedby meansof tool for the transformationof Java pro-
grams:Recoder[REC]. Recodersimplifiestheformulationof transformationsandensuresthat
transformationsgeneratevalid Javacode(i.e.,whoseresultscanbecompiled).In orderto control
the instrumentation,our tool includesa framework for the selective applicationof transforma-
tions to methods,classes,andaspects.This enablesus to obtaina reasonableefficient imple-
mentationif thenumberof executionpointsto beinstrumentedis not too large.Thismechanism
aside,we areinterestedin a testbedenablingthedefinitionof very expressive aspectlanguages
andreserveefficiency considerationsfor futurework.

3.2 The executionmonitor

The monitor observeseventsemittedduring executionof the baseprogram. It propagatesthe
event correspondingto the currentexecutionpoint to all aspects.Our architectureis sequen-
tial: first, whenthe baseprogramgeneratesan eventsandcalls the monitor, the baseprogram
suspendsits execution.Onceevery aspecthadthepossibility to reactto thecurrentevents,the
monitor yields control to the baseprogramwhich resumesits execution. Second,the monitor
propagatesthecurrentevent to anaspectandwaits for theaspectfinishing its treatmentbefore
propagatingthiseventto anotheraspect.Hence,weeliminateany possibilityof concurrency be-
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tweenmonitorsandaspectsaswell asamongaspects.(Otherwise,thesemanticsof event-based
systemsbecomesverycomplex.)

3.3 Events

Eventsareobjectswhich representexecutionpointsof Java programs.The currentversionof
our tool supportsfour kinds of events: methodcall and return eventsas well as constructor
call and return events. Thesefour kinds are sufficient for our currentexperimentations,but
new kinds areto be addedasneeded(for instance,eventsrepresentingfield accessesor entry
into an else -branch).Our currentinfrastructureis preparedto accommodatesuchevents: the
instrumentationphase,for instance,is able to make explicit the control flow of programsand
our event library can be extendedeasily. Eventsdescribethe natureof executionpoints but
alsotheir dynamiccontexts. For example,a methodcall eventscontainsthe receiver, method
name,argumentvalues,depthof theexecutionstackandtheidentityof thecodecurrentlybeing
executed(which distinguishesthebaseprogramfrom aspects).It alsocontainsa booleanskip
whichis usedto indicatethatawrappermustnotcall theoriginalmethod(seetheFigure2). This
enablesanaspectto “replace”a methodby anotherone; in this casea field of theeventobject
(to besetby theaspect)definesthereturnvalue.

3.4 Aspects

An aspectcanbeseenasaneventtransformer. In fact,anaspectis aJavaprogramwhichtakesan
eventasparameter, performssomecomputation(whichmaymodify theevent),andwaitsfor the
next event. For instance,a securityaspectmayencrypttheargumentscontainedin themethod
call eventsit receives.Thewrappersof thebaseprogramareresponsibleto extractthepotentially
modifiedvaluesof eventargumentsbeforecalling anoriginalmethod.Thereturnvalueof acall
maybefilteredby anaspectsimilarly.

An aspectis definedby subclassingthe abstractclassAspect and defining the method
definition . This methoddoesnot imposeconstraintson the structureof the codeanduses
themethodnextEvent in orderto obtainthefollowing event. This lastmethodis blockingand
waitsfor themonitor“wakingup” theaspectwith thecurrentevent. This is implementedusing
Java’s threadsanda library of coroutinesensuringthat,at eachmoment,only thebaseprogram
or themonitoror anaspectis active.

3.5 Aspectcomposition

If eventswould bepropagatedsequentiallyto all aspects,themonitorwould beequivalentto an
iteratorover an arrayof aspects.Aspectcompositionprovidesfor greaterexpressiveness.It is
possibleto restrictthepropagationof eventsto certainaspectsandthis decisionis dynamic:the
monitormanagesabinarytreein whichaspectsareleavesandinteriornodesareaspectcomposi-
tion operators(which propagateevents).Themonitorattemptsto propagateeventssequentially
to everyaspectby performingadepth-firsttraversalof theaspecttree.
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Figure3: Aspecttreeandeventpropagation

Our tool currentlyproposesfour binaryoperatorsfor aspectscompositions(i.e., four kinds
of binaryinterior nodes):

� Seq propagatesthecurrentevents(comingfrom theparent)to its left child andthento its
right one.

� Any propagatestheeventto its two childrenin anarbitraryorder.

� Fst propagatestheeventto its left child,andthen,if andonly if theleft child did notdetect
a crosscut,the event is forwardedto its right child. Every aspectandevery composition
operatormaintainsabooleanfield isCrosscutting in orderto propagatethisinformation.
Thebooleanis managedexplicitly by theprogrammerin all aspects.

� Cond propagatestheeventto its left child, andthen,if andonly if theleft child did detect
acrosscut,theeventis forwardedto its right child.

Consider, for instance,theaspecttreeshown in Figure3, which is composedof two aspects.
During executionof the baseprogram,an event evt1 is generated(step1), Then,the monitor
propagatesthis eventto aspect1 (step2) andfinally to aspect2 (step5). Whenaspect2 blocks
on acall to nextEvent , controlswitchesbackto thebaseprogram.(For themoment,we ignore
steps3 and4, which arediscussedin thefollowing section.)

New combinatorscanbe developedasneededby subclassingthe classrepresentingbinary
nodesBinaryAspectS . Aspect treescan be restructureddynamically(in particular, when an
aspectcreatesa new instanceof anaspectandinsertsit into thecurrenttreeof aspects).Theex-
istenceof differentnodesis alsousefulin orderto implementrulesfor thedynamicrestructuring
of theaspecttree(e.g.,Any is acommutativeoperator, Seq is associative).
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3.5.1 Aspectsof aspects

TheEAOPtool allows theapplicationof aspectsto otheraspects.On theimplementationlevel,
the main problemin this caseconsistsin managingrecursive calls to the executionmonitor.
Whenan aspectis woken up by the monitor with the currentevent, it executesits codeup to
the next (blocking) call to nextEvent . The executionof this codemay emit eventswhich are
transmittedto themonitor. Reconsidertheexampleshown in Figure3: aspect1 hasbeeninstru-
mented.Therefore,during its execution,aneventevt2 is generatedandpassedto themonitor
(step3), which propagatesit to the aspectsreadyto consumeit, hereonly aspect2 (step4).
Whenaspect2 blockson nextEvent controlgoesbackto aspect1, which resumesits execution
asdescribedin theprevioussection.

During theexecutionof anaspect,it is not readyto receiveanevent(i.e., it is notblockedon
nextEvent but waiting for thereturnof themethodtrace of themonitor). This stateis imple-
mentedusinga booleanisRunning , which, for eachaspect,is managedby our infrastructure.
This way, themonitordoesnot propagateeventsto aspectswhoseflag isRunning is true. This
guaranteesthatweaving doesnot loop indefinitely (e.g.,anaspectweavesitself, or two aspects
weaveeachother).Thisdoesnotmeanthatanaspectcannotbeappliedto itself but this requires
the creationof different instances:for example,an instanceof a statisticsaspectmay profile
anotherinstanceof this statisticsaspect,which, in turn,profilesthebaseprogram.

Finally, althoughthemonitorsequentializesapplicationof aspectsandguaranteesthatexactly
onethread(baseprogram,monitoror aspect)is active at eachpoint of time, the baseprogram
maybecomposedof multiple threads.For thiscase,themethodtrace of themonitoris declared
to besynchronized . Finally, notethatthemonitoris re-entrantin orderto copewith aspectsof
aspects.

In order to concludethis description,note that our tool doesnot really currently provide
a dedicatedlanguagefor the definition of crosscuts[DMS01a] (crosscutsandactionsareboth
definedasJava code). However, the methodnextEvent andthe aspectcompositionoperators
canbeseenasbasicbuilding blocksfor sucha language.

4 Example: managingdiscountsin e-commerceapplications

We now show how ane-commerceapplicationmaybeextendedusingthreeaspects.Sincewe
areinterestedin aspectsasageneralstructuringmechanism,wedonotconsideranexamplewith
non-functionalaspects̀a la CORBA but introductionof businesslogic which would otherwise
crosscutthebaseapplication.Theaspectsaredefinedon thebasisof crosscutsdetectingcertain
sequencesof purchases/expeditionsandillustratehow interactionbetweenaspectscanbe han-
dledusingour tool. Note that this toy applicationis intendedto illustratetheuseof our model
andtool, but doesnotpretendto berealistic.Thecodepresentedin thissectionis extractedfrom
anexecutableapplicationdevelopedwith theEAOPtool.
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public void main()
�

...
customer1.getCatal og( );
customer1.searchBy Pri ce (10 );
customer2.getCatal og( );
customer1.addToSho ppi ngCar t() ;
customer2.searchBy Name( "Le s mis érables");
customer1.buy();
...
shop.processOrders ();�

Figure4: Usagescenariofor e-commerceapplication

4.1 Baseapplication: an e-commerceshop

Thebaseapplicationis mainlycomposedof fiveclasses:Shop, Customer , Product , Shopping-
Cart andOrder . Themethodmain (seeFigure4) shows a usagescenario:a client inspectsthe
productcatalog,putsproductsin its shoppingcart andvalidatesthe purchase.The shopthen
processesits orders(e.g.,on adaily basis).

4.2 A lottery aspect

ConsideranaspectBingo managingalottery intendedto improvecustomerfidelity (each1000th
customerpaysonly half of its purchase).This aspectrequiresinstrumentationof the method
buy of the baseapplication. This can be doneby specializingthe methodcheckMethodOr-
Constructor , whichcontrolstheselective instrumentationof Javacode.

The classBingo shown in Figure5 extendsan abstractaspectBuy which factorsout two
functionalitiesfor billing: themethodcomputeDiscount andthemethodnextBuy that returns
thenext eventcorrespondingto a purchase.This codepatterncanobviously be generalizedin
form of a library of predicatesin orderto provide a moreexpressive languagefor thedefinition
of crosscuts.The definition of Bingo incrementsa counterfor eachpurchaseandmodifies
theamountof thecurrentpurchaseif necessary(by reducingthepriceof theshoppingcartof the
customercallingbuy ; thereferenceto thereceivercanbeaccessedthroughtheeventrepresenting
themethodcall).

A uniqueinstanceof this aspectis createdby insertingthe following line of codeat the
beginningof thebaseapplication:

Monitor.monitor.aspects = new Bingo();

4.3 A discount aspect

A discountaspectcanbe definedby summingup the differentpurchasesof a customer. Each
time this amountreachesa certaintotal (100 � , say),the amountof the following purchaseis
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abstract class Buy extends Aspect
�

Event nextBuy()
�

boolean ok = false;
Event e = null;
while (!ok)

�

e = nextEvent();
ok = (e instanceof MethodCall)

&& ((MethodCall)e).met hod .g etN ame(). equal s(" buy ") ;�

return e;�

float computeDiscount(flo at rate, Object o)
�

...
�

�

class Bingo extends Buy
�

int orderNo = 0;

Event nextBuy()
�

boolean ok = false;
Event e = null;
while (!ok)

�

e = nextEvent();
ok = (e instanceof MethodCall)

&& ((MethodCall)e).met hod .g etN ame(). equal s(" buy ") ;�

return e;�

public void definition()
�

while (true)
�

Event e = nextBuy();
orderNo++;
if (orderNo % 1000 == 0)

�

float discount = computeDiscount(0.5 , e.receiver);
e.receiver.addToSho ppi ngCart (n ew Product("bingo", -discount));�����	�

Figure5: A lotteryaspect
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class Discount extends Aspect
�

float accPurchases = 0;

Customer newCustomer()
�

// get the customer from a constructor return event of Customer()�

Order nextShip(Customer c)
�

// get the order from a method call event to ship()�

public void definition()
�

Customer c = newCustomer();
insert(new Discount());
while (true)

�

Order o = nextShip(c);
accPurchases += o.total();
if (accPurchases > 100)

�

Event e2 = nextBuy(c);
float discount = computeDiscount(0.1 , c);
c.addToShoppingCart (ne w Product("discount ", -discount));�����	�

Figure6: A discountaspect

reducedby 10%.
The aspectDiscount shown in Figure 6 implementsthis behavior. The classDiscount

definesa methodnewCustomer in order to detectwhena new customeris createdwithin the
application. The methodnextShip is usedto reactwhenan order is processedby the shop.
Thesemethods,which aresimilar to nextBuy in Figure5, arebasedon themethodnextEvent .
A uniqueinstanceof this aspectis createdinitially:

Monitor.monitor.aspects = new Discount();

At thestartof thedefinition of theaspect,acall to themethodinsert dynamicallycreates
a new instanceof theaspectandinsertsit into theaspecttreeat thecurrentposition. This new
instancethenis readyto managethenext new customer. As to thecurrentinstanceof theaspect,
it startsaccumulatingthepurchasesof thecurrentcustomerc .

It is alsopossibleto composethisaspectwith theaspectBingo in orderto ensurethataclient
winningat thelotterydoesnotbenefitat thesametimeof adiscount:

Monitor.monitor.aspects = new Fst(new Bingo(),new Discount());

4.4 Profiling discountsusinga profiling aspect

If the shopmanageris interestedin evaluatingthe numberof discountsgrantedby Bingo and
Discount , athird aspectcanbeusedto observethetwoaspectsandrecognizecallsto themethod
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class Profiling extends Aspect
�

Event nextComputeDiscount ()
�

// get event of next call of computeDiscount() defined in class Discount�

public void definition()
�

int n=0;
while (true)

�

Event e = nextComputeDiscount( );
this.isCrosscutting = true;
n++;�����

Figure7: A profiling aspect

computeDiscount asshown in Figure7.
Thisnew aspectis instantiatedandcomposedwith theothertwo usingthefollowing compo-

sitionstatement:

Monitor.monitor.a spe cts =
new Seq(new Fst(new Bingo(),new Discount()),new Profiling());

In orderto concludethisdiscussion,notethatwehavealsoappliedour tool to the“Enterprise
JavaBeans”componentmodel[EJB]. We have successfullyextendedEJB’s predefinedsecurity
aspectto inject precondition-like functionality. However, the restrictionsconsistingin sequen-
tialization of executionhave to be addressedin order to be able to treat fully distributedEJB
applications.

5 Relatedwork

This reportis basedonourpreviouswork, in whichwehaveexposedlimitationsof AspectJ-like
approachesto AOP[DMS01b], proposedaformalandexpressivemodelfor crosscuts[DMS01a]
andformally studiedaspectinteractionsby restrictingtheexpressivenessof thecrosscutlanguage
(essentiallyto finite stateautomata)[DFS02].

Other researchershave presentedwork consideringrestrictionson the action languageof
aspects(essentiallylimiting themto the possibility to abort the baseprogramexecution)and
optimizing theweaver in thecontext of aspectsfor thedefinitionof securitypoliciesexpressed
overexecutiontraces[CF00].

AspectJ[ASP, KHH
�

01] is thebest-known tool for AOPandoffersa specializedlanguage
for crosscutsdefinitions. AspectJusesa preprocessorratherthanan executionmonitor, which
is probablymoreefficient but alsolessflexible. AspectJ’s notionof aspectcompositionis very
limited (essentiallyallowing to orderseveralaspects)andaspectsof aspectsarenot supported.
Finally, in orderto formulateexpressivecrosscutsrelatingsetsof atomicones,theprogrammer
hasto manuallycodedependenciesbetweentheinvolvedexecutionpoints(e.g.,usinga counter
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to express“the secondtime methodfoo is calledafter a call to bar ”, whereasour approach
allows to directlyexpressthesequencenextBar();nextFoo();nextFoo() .3

HyperJ[TOHS99]is aweaverfor Javacode.It proposesalanguageallowing thespecification
of differentkinds of fusion of classesandmethods.However, it focuseson the codestructure
anddoesnot supportrelationsbetweenexecutionpoints.

Computationalreflectionis ageneraltechniqueusedto makeexplicit andto modify theexe-
cutionmechanismsof aprogramminglanguage.This techniqueenableconcernsto beseparated
from the baseapplicationby encapsulatingthem in one or several metalevels. It is thus not
appropriatewhenrelationsbetweenexecutionpointshave to be expressedwhich do not fit the
structureof thebaselanguage(seep.ex. [Led98]). Moreover, programmingat themetalevel is
generallydoneusingthebaselanguageitself. Hence,reflective approachesdo not supportAOP
developmentusingmultipleaspectlanguages.

JAC [PSDF01] is a systemfor AOP basedon a reflective infrastructure. As our tool, it
supportsthedynamicapplicationof aspects.However, JAC doesnotprovidesupportneitherfor
dedicatedaspectlanguagesnor for thedynamiccreationof aspects.

The compositionfilter model[BA01] inheritsfrom previous reflective approachesandpro-
posesmethodwrappersin order to filter methodcalls and returns. This approachincludesa
simplebut very limited compositiontechniquewhich is basedon wrappernesting.Composition
filters do not enablerelationshipsbetweendifferentexecutionpointsto beformulatednaturally,
anddonot providesupportfor attachmentof filters to arbitrarygroupsof objects.

Finally, a large body of work exists on the notion of “trace analysis.” For instance,some
approachesusePrologto definedynamicanalysesover tracesfor debuggingpurposes[Duc99].
Otherpapersapply temporallogic to safetypropertiesin embeddedsystems[HR01]. All these
approachescanbeinterpretedasAOPapproachesfeaturingveryrich crosscutlanguages(Prolog,
temporallogic) but limited action languages(e.g.,warn a userof a bug). In this framework,
compositionanddynamiccreationof aspectsarenotconsidered.

6 Conclusionand futur ework

In this reportwehavepresentedamodelanda tool for Event-basedAOP. Themodelis basedon
executiontracesof programsratherthantheir code. It providesexpressive crosscutsdefinedas
sequencesof executionpoints.This allows to control interactionsamongaspectsby composing
aspectsand to handleaspectsof aspects.Furthermore,programmershave muchflexibility to
create,remove andreorganizeaspectsduring programexecution. We have provided evidence
thatthepresentedmodelfor AOPthroughexecutionmonitoringis expressiveaswell asintuitive.
Finally, it canbe instantiatedrelatively simply for different languages(andallows to integrate
aspectswritten in differentlanguages,e.g.by callinganaspectwritten in C by amonitorwritten
in Javausingappropriatelydefinedevents).We have implementeda tool for Java implementing
themodelandpresentedinitial applications.

3Notethattheonly exceptionconcerningexpressivecrosscutsin AspectJis its cflow -construct,whichallowsto
relateexecutionpointsto thecall-eventandreturn-eventof a specificmethodcall.
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Our proposalis obviously incompleteandoffers several directionsfor future work. First,
new kindsof events,operatorsfor aspectcompositionandmanipulationof theaspecttreeshould
bedefinedin orderto beableto take into accountrealisticproblems.Thesedifferentconstruc-
tions shouldbe supportedby specializedlanguages(e.g.,a compositionlanguage)in orderto
simplify their use.Second,our modelandimplementationareessentiallysequential.However,
numerousapplicationsrely on a concurrentor distributedexecutionmodel. Hence,the model
shouldbeextendedto asuitableconcurrent/distributedmodelfor AOPbasedonmonitoring(e.g.,
onemonitorperdistributedsite). Third, the interactionsbetweenthebaseprogramandaspects
may be complex. It is thusdesirableto develop staticanalysistechniquesin orderto aid pro-
gramdevelopment. We have defineda first proposalfor interactionanalysisbasedon regular
crosscuts[DFS02]. It is thenpossibleto staticallydetermineif two aspectsmayconflict, thatis,
crosscutat thesameexecutionpoint. Suchanalysisshouldbeintegratedin our tool. Moreover,
ourcurrentinterpretative implementationcouldbeoptimizedusingprogramspecializationtech-
niques.Finally, experimentationsshouldbeconductedin orderto evaluatepreciselythebenefits
andlimitationsof our approach.

Acknowledgements. Thanksto ourcolleaguesPierreCointe,Jean-ClaudeRoyerandEric Tan-
ter for their comments.
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