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Abstract

Aspect-orientegorogrammingpromisessupportfor incrementalprogramdevelopment
by providing new meansfor modularizationof crosscuttingcode. In this paper we briefly
introducea generalmodelfor aspect-orientegrogramming Event-BasedA\OP (first intro-
ducedin [DMS01a]),whichis basedon monitoringof executionevents. This modelextends
previousapproacheby enablingthesystematid¢reatmenbf relationshipdetweerexecution
points,supportingoperatorgor aspectompositionandallowing the applicationof aspects
to otheraspectsMoreover, we presentatool whichimplementshe modelfor Java.
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1 Intr oduction

Aspect-OrientedProgramming AOP)is aresearcldomain[AOPO1]which aimsat supportfor
incrementalprogramdevelopmentby providing nev meansor modularization.In fact, certain
concerngfrequentlydenotedas“non-functional’l) areintractableby meansof traditionalmod-
ularizationmechanismsprogrammershushave to modify codein numerougplacesin orderto
integratetheseconcerns.

AspectJJKHH 701, ASP], developedby Gregor Kiczales’ groupat Xerox, wasthefirst tool
providing linguistic supportfor the modularizatiorof crosscuttingcode.Aspecthasintroduced
the notion of a “pointcut” enablingthe declaratve specificationof a large numberof execution
points(by meansof genericsignaturesyjvhereanaspecinodifiesthe baseprogram,andanotion
of “advice” definingthe modificationsthemseles. However, AspectJconstituteonly onepoint
within the spaceof aspectdefinition languages.Oneimportantmotivation for our work is the
developmentof a testbedfor AOP. We arethusnot interestedn efficiency issueqalthoughthe
prototypesupportsselectve instrumentationseeSection3.1) but concentrat®n the expressve-
nessof themechanisnprovidedfor AO languagedefinition.

We proposean approachto AOP which is basedon the obsenation of executionevents,
Event-BasedAOP (first introducedin [DMS01a]). This approachallows usto systematically
treatrelationshipsbetweenpointcuts,operatofbasedcompositionof aspectsthe definition of
aspectsvhich areappliedto otheraspectanddynamicinstantiationof aspects.

This reportis structuredasfollows: Section2 reviews the main characteristicef our model
for AOP. Section3 showvs how our modelcanbeimplementedor Java asa tool®. Application
examplesarepresentedn Section4. Finally, we discusselatedwork andconclude.

2 Event-basedAspect-Oriented Programming

Ourwork on Event-based\spect-OrientedProgramming EAOP)is guidedby a maingoal: the
studyof descriptve meandor the definition of expressve aspectsMore concretelyour model
hasthefollowing characteristics.

Aspectsare expressedoy meansof eventsemittedduring executionof the so-calledbase
program.Aspectweaving is realizedusinganexecutionmonitor, which enablesventsequences
to be detected. In orderto keepour model simple and intuitive (and also enablelinks to be
establishedetweenhe implementatiorandthe formal work presentedn [DMS01a,DFS03),
we considera sequentiamodelfor synchronougvents:first, assoonasaneventis emitted,its
handledby all aspectssecondgexecutionsof the baseprogramandaspectproceedn turns:the
baseprogramandthe monitoraretwo coroutines.

An aspecis definedby meansof two, well-separatedanguagesa crosscuanguagethat
allows the definition of executionpoints wherean aspectmay modify the baseprogram,and

1Thesenon-functionakoncernsarenot limited to technicalservicesi la CORBA, e.g.distribution, persistence,
..., butincludeservicessuchasquotamanagementr prefetchingstrateies.
2A public distribution of this tool is scheduledor DecembeR002.
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Figurel: Architectureof the EAOPtool

the actionlanguaggcalled“advice” in AspectJ)which enableghe executionof the basepro-
gramto be modified. For instance a securityaspecttandefinea crosscutdetectingsequences
consistingof a “request”followed by a “service allocation” which triggersan action (e.g.,an
authentication).

In orderto facilitateaspectefinitions,our modelprovidesoperatorgor explicit aspectom-
position. Theseoperatorsenablethe eliminationof conflictscausedy aspectsnteractingatthe
samecrosscuts.For example,the securityaspectmentionedbeforeand a quotamanagement
aspecinteracton serviceallocations;n this case the securityaspecshouldhave priority.

Moreover, our modelallows the applicationof aspectdo otheraspectsFor instancea log-
ging aspectappliedto the securityaspectouldgenerate log for systemadministrators.

Finally, our modelallows thedynamicinstantiatioranddynamiccompositionof aspectsFor
example,whenanew critical serviceis discovered,a new instanceof the securityaspecimaybe
created.

3 The EAOP tool: architecture and implementation

We haveimplementedatool for EAOR whichrealizeshemodelfor Jasa. Thistool is composed
of five parts(seeFigurel): a preprocessom uniqueexecutionmonitor andthreelibraries (for
thedefinitionof events,aspectsandcompositionof aspects).

3.1 The preprocessor

Thepreprocessanstrumentshe Java sourcecodeof the baseprogram(aswell asaspectsf one
wantsto defineaspect®f aspectsin orderto generateventsandcall theentrymethodtirace of
theexecutionmonitor (cf. theinstrumentatiorexampleshown in Figure2). Theinstrumentation
is basedon the classictechniqueof methodwrapping.First, a methodfoo to bewrappeds re-
namedto foo _original . Thetransformatiorthenintroducesa methodfoo whosebodycreates
a methodcall event, calls the monitor, then calls the methodfoo _original , createsa method
returnevent,callsthe monitor, and,finally, returnsto thecallee.

Constructorsare wrappedsimilarly. However, it is not possibleto generatean event at
the beginning of a constructorbecausats first instructionmustbe a (possiblyimplicit) call to
super [GJSBO0O0].Forthisreasorconstructoraretransformednto defaultconstructorgcreating
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I original code
class Bar {
int i

int foo(int 1) { retun i+, }

}

/I instrumented code

class Bar {

int i

int foo(int 1) {
Event e = new MethodCall(this, “foo",l);
Monitor.monitor.t rac e(e );
if (! eskip) eres = foo_original(e.ar g" 1" )
Monitor.monitor.t rac e(n ew MethodReturn(e));
return  e.res;

}

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

Figure2: (Simplified) examplefor theinstrumentatiorof a baseprogram

theobjectstructure)andinitialization methodgwhich canbeinstrumentedvith eventgeneration
statements).

The instrumentations implementedby meansof tool for the transformationof Java pro-
grams:RecodeREC]. Recodersimplifiesthe formulationof transformation@ndensureghat
transformationgeneratevalid Javacode(i.e.,whoseresultscanbecompiled).In orderto control
the instrumentationpur tool includesa frameawork for the selectve applicationof transforma-
tions to methods classesandaspects.This enablesus to obtaina reasonablefficient imple-
mentationf thenumberof executionpointsto beinstrumenteds nottoo large. This mechanism
aside,we areinterestedn a testbedenablingthe definition of very expressve aspectanguages
andresene efficiencgy consideration$or futurework.

3.2 The executionmonitor

The monitor obsenes eventsemittedduring executionof the baseprogram. It propagateshe
event correspondingo the currentexecutionpoint to all aspects.Our architecturels sequen-
tial: first, whenthe baseprogramgeneratesn eventsand calls the monitor, the baseprogram
suspend#ts execution. Onceevery aspectadthe possibility to reactto the currentevents,the
monitor yields control to the baseprogramwhich resumests execution. Second the monitor
propagateshe currenteventto an aspectandwaits for the aspecffinishingits treatmentefore
propagatinghis eventto anotheraspectHence we eliminateary possibility of concurreng be-



tweenmonitorsandaspectaswell asamongaspects(Otherwise the semanticof event-based
systemdbecomewvery comple.)

3.3 Events

Eventsare objectswhich represenexecutionpoints of Jara programs. The currentversionof
our tool supportsfour kinds of events: methodcall and return eventsas well as constructor
call andreturn events. Thesefour kinds are sufficient for our currentexperimentationsput
new kinds areto be addedasneededfor instance eventsrepresentindield accessesr entry
into anelse -branch).Our currentinfrastructurels preparedo accommodatsuchevents: the
instrumentatiorphase for instance,is ableto make explicit the control flow of programsand
our event library can be extendedeasily Eventsdescribethe natureof executionpoints but
alsotheir dynamiccontexts. For example,a methodcall eventscontainsthe recever, method
name argumentvalues,depthof the executionstackandtheidentity of the codecurrentlybeing
executed(which distinguisheghe baseprogramfrom aspects)lIt alsocontainsa booleanskip
whichis usedto indicatethatawrappemustnotcall theoriginal method(seethe Figure2). This
enablesan aspecto “replace” a methodby anotherone;in this casea field of the eventobject
(to be setby theaspectdefinesthereturnvalue.

3.4 Aspects

An aspectanbeseerasaneventtransformerin fact,anaspects aJavaprogramwhichtakesan
eventasparametemperformssomecomputationwhich maymodify the event),andwaitsfor the
next event. For instance a securityaspecimay encryptthe algumentscontainedn the method
call eventsit receves. Thewrappersof thebasegorogramareresponsibléo extractthe potentially
modifiedvaluesof eventargumentseforecalling anoriginal method.Thereturnvalueof a call
may befiltered by anaspecsimilarly.

An aspectis definedby subclassinghe abstractclassAspect and defining the method
definiion . This methoddoesnot imposeconstraintson the structureof the codeanduses
themethodnextEvent in orderto obtainthefollowing event. This lastmethodis blockingand
waitsfor the monitor“waking up” the aspectwith the currentevent. This is implementedising
Java’s threadsanda library of coroutinesensuringthat, at eachmoment,only the baseprogram
or themonitoror anaspectis actie.

3.5 Aspectcomposition

If eventswould be propagatedequentiallyto all aspectsthe monitorwould be equivalentto an
iteratorover an arrayof aspects. Aspectcompositionprovidesfor greaterexpressveness.lt is
possibleto restrictthe propagatiorof eventsto certainaspectandthis decisionis dynamic:the
monitormanages binarytreein which aspectareleavesandinteriornodesareaspectomposi-
tion operatorgwhich propagatevents). The monitor attemptgo propagateventssequentially
to every aspecby performinga depth-firsttraversalof theaspectree.
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Figure3: Aspecttreeandeventpropagation

Our tool currentlyproposedour binary operatordor aspectscompositiong(i.e., four kinds
of binaryinterior nodes):

e Seq propagateshe currentevents(comingfrom the parent)to its left child andthento its
right one.

e Any propagategheeventto its two childrenin anarbitraryorder

e Fst propagatetheeventtoits left child, andthen,if andonly if theleft child did notdetect
a crosscutthe eventis forwardedto its right child. Every aspectandevery composition
operatomaintainsaboolearfield isCrosscutting in orderto propagatehisinformation.
Thebooleans managedxplicitly by the programmein all aspects.

e Cond propagateshe eventto its left child, andthen,if andonly if theleft child did detect
acrosscutthe eventis forwardedto its right child.

Consideyfor instancethe aspectreeshavn in Figure3, whichis composedf two aspects.
During executionof the baseprogram,an eventevtl is generatedstepl), Then,the monitor
propagateshis eventto aspectl (step2) andfinally to aspec® (step5). Whenaspec® blocks
onacallto nextEvent , controlswitchesbackto the baseprogram.(For the momentwe ignore
steps3 and4, which arediscussedn thefollowing section.)

New combinatorscanbe developedasneededoy subclassinghe classrepresentinginary
nodesBinaryAspectS . Aspecttreescan be restructureddynamically (in particular when an
aspectreatesa new instanceof anaspectindinsertsit into the currenttreeof aspects)The ex-
istenceof differentnodess alsousefulin orderto implementrulesfor thedynamicrestructuring
of theaspectree(e.g.,Any is acommutatve operatoy Seq is associatre).



3.5.1 Aspectsof aspects

The EAOPtool allows the applicationof aspectgo otheraspectsOn the implementatiorievel,
the main problemin this caseconsistsin managingrecursve 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
transmittedo the monitor. Reconsidethe exampleshown in Figure3: aspectl hasbeeninstru-
mented. Therefore,during its execution,an eventevt2 is generatecndpassedo the monitor
(step3), which propagatest to the aspectgeadyto consumeit, hereonly aspect2 (step4).
Whenaspec?® blocksonnextEvent controlgoesbackto aspectl, which resumests execution
asdescribedn the previoussection.

During the executionof anaspectit is notreadyto receve anevent(i.e., it is notblockedon
nextEvent but waiting for thereturnof the methodtrace of the monitor). This stateis imple-
mentedusinga booleanisRunning , which, for eachaspectjs managedy our infrastructure.
This way, the monitor doesnot propagateventsto aspectavhoseflag isRunning is true. This
guaranteethatweaving doesnot loop indefinitely (e.g.,anaspectveavesitself, or two aspects
weave eachother). This doesnot meanthatanaspectannotbe appliedto itself but thisrequires
the creationof differentinstances:for example,an instanceof a statisticsaspectmay profile
anothelinstanceof this statisticsaspectwhich, in turn, profilesthe baseprogram.

Finally, althoughthemonitorsequentializeapplicationof aspectandguaranteethatexactly
onethread(baseprogram,monitor or aspect)s active at eachpoint of time, the baseprogram
maybecomposeaf multiple threadsFor this casethemethodtrace of themonitoris declared
to besynchronized . Finally, notethatthe monitoris re-entranin orderto copewith aspect®of
aspects.

In orderto concludethis description,note that our tool doesnot really currently provide
a dedicatedanguageor the definition of crosscut§DMS01a] (crosscutsandactionsare both
definedasJava code). However, the methodnextEvent andthe aspecttompositionoperators
canbe seemasbasicbuilding blocksfor suchalanguage.

4 Example: managingdiscountsin e-commerceapplications

We now shav how an e-commercepplicationmay be extendedusingthreeaspects.Sincewe

areinterestedn aspectasagenerabktructuringmechanismye do notconsidermnexamplewith

non-functionalaspectsa la CORBA but introductionof businesdogic which would otherwise
crosscuthe baseapplication. The aspectsaredefinedon the basisof crosscutsletectingcertain
sequencesf purchasesipeditionsandillustrate how interactionbetweenaspectsanbe han-
dledusingour tool. Note thatthis toy applicationis intendedto illustratethe useof our model
andtool, but doesnot pretendo berealistic. The codepresentedh this sectionis extractedfrom

anexecutableapplicationdevelopedwith the EAOPtool.



public void main() {

customerl.getCatal  og();

customerl.searchBy  Pri ce(10);
customer2.getCatal  og( );
customerl.addToSho ppi ngCart() ;
customer2.searchBy ~ Nane( "Le s mis erables");
customerl.buy();

shop.processOrders  ();

Figure4: Usagescenaridor e-commerceapplication

4.1 Baseapplication: an e-commereshop

Thebaseapplicationis mainly composeaf five classesShop, Customer , Product , Shopping-
Cart andOrder . Themethodmain (seeFigure4) shons a usagescenario:a clientinspectghe
productcatalog,puts productsin its shoppingcart and validatesthe purchase.The shopthen
processefs orders(e.g.,on adaily basis).

4.2 A lottery aspect

ConsidermnaspecBingo managinglotteryintendedo improve customefidelity (each1000th
customerpaysonly half of its purchase).This aspectrequiresinstrumentatiorof the method
buy of the baseapplication. This canbe doneby specializingthe methodcheckMethodOr-
Constructor , which controlsthe selectve instrumentatiorof Java code.

The classBingo shawn in Figure 5 extendsan abstractaspectBuy which factorsout two
functionalitiesfor billing: the methodcomputeDiscount —andthe methodnextBuy thatreturns
the next event correspondingo a purchase.This codepatterncanobviously be generalizedn
form of alibrary of predicatesn orderto provide a moreexpressve languagdor the definition
of crosscuts.The definition of Bingo incrementsa counterfor eachpurchaseand modifies
theamountof thecurrentpurchasef necessaryby reducingthe priceof theshoppingcartof the
customercallingbuy ; thereferenceo therecevercanbeaccessethroughtheeventrepresenting
themethodcall).

A unigueinstanceof this aspectis createdby insertingthe following line of codeat the
beginning of the baseapplication:

Monitor.monitor.aspects = new Bingo();

4.3 A discountaspect

A discountaspectcanbe definedby summingup the differentpurchase®f a customer Each
time this amountreaches certaintotal (100 €, say), the amountof the following purchases
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abstract class Buy extends Aspect {
Event nextBuy() {
boolean ok = false;
Event e = null;
while  (lok) {
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  (lok) {

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));
PP}

Figure5: A lottery aspect
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class Discount extends Aspect {
float  accPurchases = 0;

Customer newCustomer() {
/I get the customer from a constructor return  event of Customer()

}

Order nextShip(Customer c) {
Il get the order from a method call event to ship()

}
public  void  definition() {

Customer ¢ = 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));

Frid

Figure6: A discountaspect

reducedoy 10%.

The aspectDiscount shown in Figure 6 implementsthis behaior. The classDiscount
definesa methodnewCustomer in orderto detectwhena new customeris createdwithin the
application. The methodnextShip is usedto reactwhenan orderis processedy the shop.
Thesemethodswhich aresimilarto nextBuy in Figure5, arebasedn the methodnextEvent
A uniqueinstanceof this aspecis creatednitially:

Monitor.monitor.aspects = new Discount();

At thestartof thedefinition of theaspectacall tothemethodnsert dynamicallycreates
anew instanceof the aspectandinsertsit into the aspectreeat the currentposition. This new
instancehenis readyto managehe next new customerAs to the currentinstanceof theaspect,
it startsaccumulatinghe purchasesf the currentcustomerc.

It is alsopossibleto composehis aspectvith theaspecBingo in orderto ensurehataclient
winning at thelottery doesnot benefitat the sametime of adiscount:

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

4.4 Profiling discountsusing a profiling aspect

If the shopmanageiis interestedn evaluatingthe numberof discountsgrantedby Bingo and
Discount , athird aspectanbeusedio obsenethetwo aspectandrecognizecallsto themethod
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class Profiling extends Aspect {
Event nextComputeDiscount () {
/I 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++;

1}
Figure7: A profiling aspect

computeDiscount asshavnin Figure7.
This new aspecis instantiatecandcomposedvith the othertwo usingthe following compo-
sition statement:

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

In orderto concludethis discussionnotethatwe have alsoappliedourtool to the“Enterprise
JavaBeans'componenmodel[EJB]. We have successfullyextendedEJB’s predefinedsecurity
aspectto inject precondition-lile functionality. However, the restrictionsconsistingin sequen-
tialization of executionhave to be addressedn orderto be ableto treatfully distributed EJB
applications.

5 Relatedwork

This reportis basedn our previouswork, in which we have exposedimitations of AspectJ-lile
approacheto AOP[DMSO01H], proposedformalandexpressie modelfor crosscut$DMS01a]
andformally studiedaspectnteractionsy restrictingtheexpressvenes®f thecrosscutanguage
(essentiallyto finite stateautomata]DFS02].

Otherresearcherbave presentedvork consideringrestrictionson the action languageof
aspectqessentiallylimiting themto the possibility to abortthe baseprogramexecution)and
optimizing the weaver in the context of aspectdor the definition of securitypoliciesexpressed
over executiontraceg CF0(.

AspectJJASP, KHH*01] is the best-knavn tool for AOP andoffers a specializedanguage
for crosscutdefinitions. AspectJusesa preprocessoratherthanan executionmonitor, which
is probablymoreefficient but alsolessflexible. AspectJs notion of aspecicompositionis very
limited (essentiallyallowing to orderseveral aspectsandaspectof aspectsarenot supported.
Finally, in orderto formulateexpressve crosscutselatingsetsof atomicones,the programmer
hasto manuallycodedependencieBetweertheinvolvedexecutionpoints(e.g.,usinga counter
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to express‘the secondtime methodfoo is called after a call to bar ”, whereasour approach
allows to directly expressthe sequencaextBar();nextFoo();nextFoo() 3

HyperJ] TOHS99]is aweaverfor Javacode.lt proposeslanguagellowing thespecification
of differentkinds of fusion of classesand methods.However, it focuseson the codestructure
anddoesnot supportrelationsbetweerexecutionpoints.

Computationateflectionis a generakechniqueusedto make explicit andto modify the exe-
cutionmechanismsf a programmindanguageThistechniqueenableconcerngo be separated
from the baseapplicationby encapsulatinghemin one or several metalevels. It is thus not
appropriatevhenrelationsbetweenexecutionpoints have to be expressedvhich do not fit the
structureof the baselanguage(seep.ex. [Led98]). Moreover, programmingat the metalevel is
generallydoneusingthe basdanguagetself. Hence reflectve approachedo not supportAOP
developmentusingmultiple aspectanguages.

JAC [PSDFO01] is a systemfor AOP basedon a reflectve infrastructure. As our tool, it
supportghe dynamicapplicationof aspectsHowever, JAC doesnot provide supportneitherfor
dedicatedaspectanguagesor for thedynamiccreationof aspects.

The compositionfilter model[BAO1] inheritsfrom previous reflective approachesndpro-
posesmethodwrappersin orderto filter methodcalls and returns. This approachincludesa
simplebut very limited compositiontechniquewhich is basedn wrappemesting.Composition
filters do not enablerelationshipdetweerdifferentexecutionpointsto be formulatednaturally
anddo not provide supportfor attachmenbof filters to arbitrarygroupsof objects.

Finally, a large body of work exists on the notion of “trace analysis. For instance,some
approachesisePrologto definedynamicanalysesver tracesfor deluggingpurposegDuc99].
Otherpapersapply temporallogic to safetypropertiesn embeddedystemgHRO1]. All these
approachesanbeinterpretecasAOPapproacheteaturingveryrich crosscutanguagegProlog,
temporallogic) but limited actionlanguagege.g., warn a userof a bug). In this framework,
compositionanddynamiccreationof aspectarenot considered.

6 Conclusionand futur ework

In this reportwe have presenteé modelandatool for Event-based\OP. Themodelis basedn

executiontracesof programsratherthantheir code. It providesexpressve crosscutslefinedas
sequencesf executionpoints. This allows to controlinteractionsamongaspectdy composing
aspectsandto handleaspectof aspects.Furthermore programmersave much flexibility to

create,remove andreoganizeaspectsuring programexecution. We have provided evidence
thatthe presentednodelfor AOPthroughexecutionmonitoringis expressve aswell asintuitive.

Finally, it canbe instantiatedrelatively simply for differentlanguagegandallows to integrate
aspectsvrittenin differentlanguagese.g.by calling anaspectvrittenin C by amonitorwritten

in Javausingappropriatelydefinedevents).We have implementeda tool for Jaraimplementing
themodelandpresentednitial applications.

3Notethatthe only exceptionconcerningexpressve crosscutsn AspectJs its cflow -constructwhichallowsto
relateexecutionpointsto the call-eventandreturn-ezentof a specificmethodcall.
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Our proposalis ohbviously incompleteand offers several directionsfor future work. First,
new kindsof events,operatorgor aspectompositiorandmanipulationof theaspectreeshould
be definedin orderto be ableto take into accountrealisticproblems.Thesedifferentconstruc-
tions shouldbe supportedoy specializedanguagege.g.,a compositionlanguage)n orderto
simplify their use. Secondpur modelandimplementatiorare essentiallysequential However,
numerousapplicationsrely on a concurrentor distributed executionmodel. Hence,the model
shouldbeextendedo asuitableconcurrent/distriotedmodelfor AOPbasednmonitoring(e.g.,
onemonitor perdistributedsite). Third, the interactionsbetweerthe baseprogramandaspects
may be comple. It is thusdesirableto develop staticanalysistechniquesn orderto aid pro-
gramdevelopment. We have defineda first proposalfor interactionanalysisbasedon regular
crosscut§DFSO02]. It is thenpossibleto staticallydeterminegf two aspectsnay conflict, thatis,
crosscutat the sameexecutionpoint. Suchanalysisshouldbe integratedin our tool. Moreover,
our currentinterpretatve implementatiorcouldbe optimizedusingprogramspecializatiortech-
niques.Finally, experimentationshouldbe conductedn orderto evaluatepreciselythe benefits
andlimitationsof our approach.

Acknowledgements. Thanksto ourcolleague®ierreCointe,Jean-Claud®oyerandEric Tan-
ter for theircomments.
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