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ABSTRACT Interestingly, in AspectJ 5 advice-execution join points gener-
The goal of this paper is to draw attention to and raise avessof ated forboth explicit and implicit advice method invocations. Con-
a feature interaction problems in the integration of aspeatha- sider the AspectJ aspest]Advi ceLogger , which logs advice ex-
nisms. We illustrate the problem by examining feature axtdons ecutions:

between AspectJ 1.2 and AspectWerkz as found in AspectJ 5. - X
public aspect AJAdvi ceLogger {

before(): adviceexecution()

1. INTRODUCTION && !cfl ow(wi t hi n(AJAdvi ceLogger)) {
Both AspectJ- and AspectWerkz-style aspects are suppioris System out . println("AJAdvi ceLogger:"
pectJ 5. To a large degree, AspectJ 5 can be viewed as thecprodu + thisJoinPoint);

of integrating features of AspectJ 1.2 with features of Atpéerkz [4].
Such integration is generally susceptible to fisgture interaction
problem, where features interact in unexpected ways. In this paper,

we illustrate that this problem indeed exists in AspectJ 5. and consider the AspectWerkz asp@staspect , which logs calls

to f oo using abef or eAdvi ce method annotated as advice:
2. DEFINITION OF ADVICE Eyv—
spec

An example of a feature interaction problem in AspectJ Slesteel public class AWspect {
to the way AspectJ and AspectWerkz define advice. Aspect] dif @Before("call(x +.100(..)) && target(o)’)

}

ferentiates syntactically between a method and an advicereas public voi d beforeAdvi ce(Chj ect 0) {
AspectWerkz does not. In AspectWerkz an advice is an aretbtat System out . println("AMAspect: "
method with a dual purpose. The method may be executed im- + " before foo nethod call on "
plicitly when playing the role of advice. It may also be ineak } +0);

explicitly as a regular Java method [1].

This deceivingly small difference between Aspect]J and Agferkz
is of larger significance in their composition. Specificalhe method—

; . . AJAdvi ceLogger logs not only implicitbef or eAdvi ce execu-
advice duality poses a question:

tions, but also executions that follow an explicit methotlscaéor
example, running the program:

Should executions of Aspect\Werkz advice methods in bubl i c ol ass Main {
AspectJ 5 generate advice-execution join points?

public void foo() {
Systemout. println("Min: foo execution");

This is not an issue in AspectJ 1.2, which possesses no satitydu }
Itis also not an issue in AspectWerkz, which lacks adviceetien
join points. Rather, the questi@merges in the composition. public static void main(String[] args) {
— - ) ) ) new Main().foo();
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would result in the trace:

1 AJAdvi celLogger: executi on(ADVI CE: void aj 5.
AWAspect . bef or eAdvi ce( Obj ect))

2 AWAspect: before foo nethod call on base. Mai N@
13582d

3 Main: foo execution

4 AJAdvi ceLogger: executi on(ADVI CE: void aj5.
AWAspect . bef or eAdvi ce( Obj ect))

AOSD 2006 SPLAT 5 AWAspect: before foo nethod call on null
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In AspectJ 5 the call

new Main().foo();

invokesbef or eAdvi ce as advice; whereas the call

new AWAspect (). bef oreAdvi ce(null);

invokes bef or eAdvi ce as a method. The trace illustrates that
AJAdvi ceLogger logs both executions obef or eAdvi ce as ad-
vice executions.

We attribute this behavior of AspectJ 5 to a failure to dethit
feature interaction problem. In our mind, AspectJ 5 geesnart-
expected advice-execution join points without any actual advice ex-
ecution. A more intuitive feature integration resolutioouid es-
tablish advice-execution join pointsly for implicit advice method
invocations.

3. ORDERING OF ADVICE

Another example of a feature interaction problem found in As
pectJ 5 is related to the ordering of advice. Consider theétSjerkz
aspect,Logger, which advises calls tdoo with a bef ore, an

af t er, and amr ound advice:

@Aspect
public class Logger {

@After("call(x *.foo(..))")
public void | ogAfterMethod(Joi nPoint jp) {
Systemout.printin("after:”
+ jp.getSignature());

@Around("call(x x.foo(..))")
public Object | ogMethod(Proceedi ngJoi nPoint jp)

Systemout. println("around:"
+ jp.getSignature());
return null;

}

@Before("call(x *.foo(..))")

public voi d | ogBef oreMet hod(Joi nPoint jp) {
Systemout. println("before:"
+ jp.getSignature());

Thear ound advice does not proceed; it retumgl | instead. As-
pectWerkz orders advice only according to their type. Whes t
aspect is woven by a stand-alone AspectWerkz weaver, aéthr
advice are executed at everyo method call:

bef ore: public void base. Main. foo()
around: publ i c void base. Mai n. foo()
after:public void base. Main. foo()

One would expectogger to behave the same way in a composi-
tion of AspectJ and AspectWerkz. However, when we run theesam
aspect in AspectJ 5, only the ound advice is executed:

around: voi d base. Mai n. f oo()

Aspect] 5 exhibits this unexpected behavior because itoAle
pectWerkz advice according to the AspectJ semantics. Ire&3p
the lexical order of advice supersedes advice type in détarg
the ordering of advice. Aar ound advice takes precedence over
af t er advice that are defined before it and ovel or e advice
that are defined after it.

4. DISCUSSION

This position paper draws attention to the problerfeafure inter-
action [5, 3] in aspect-oriented programming (AOP) [7] languages
like Aspectd 5 that comprisgveral aspect extensions. Failure to
handle the interactions properly may lead to unexpecteduand
desired behavior of the composition. There is thereforeesl ite
detect and resolve interactions between features of thepasead
extensions.

The feature interaction problem occurs because semaatias in-
dividual aspect extensioRzt; to the base languag@ase is given
in the context of a single-extension AOP language

L1 = Base X Exty

In the integrated AOP languag®, however, a program contains
aspects written in the various aspect extensions:

L, = Base X Ext; X ... X Exty

Programs inC,, have aspects written if'zt; that advise not only
Base and Ext;, code but also code written in foreign extensions.
L., programs may exhibit unexpected behavior because the seman
tics for Ext, is defined only oveL; programs, not over the foreign
aspects. For thg€,, language to be well-defined it must resolve all
cases of undefined semantics that emerge infthe, ..., Ext,
composition.

Figure 1 depicts a feature interaction problem in AspectIige
feature interaction problem is shown in the compositionhef as-
pect extensions as scattered semantical holes across ri@o€o
sition. The holes appear in features of the individual esitams
and in emergent features of the composition. Specificalls A
pectd 5 comprises AspectJ’s features, AspectWerkz’ featiand
new emergent features (e.g., an emergent advice orderagrée
that orders pieces of advice written in either AspectJ oreggVerkz).

A solution to the problem of feature interaction in the cahtef
aspect extensions means the detection and resolution efinaed
semantics when multiple aspect mechanisms are simultalysou
tegrated with the same base mechanism. In a composition-of As
pectd and AspectWerkz, an advice ordering interactionsslved

by specifying the semantics for the emergent advice orderm
advice definition interaction is resolved by extending tinection-
ality of the AspectJ’s join point construction feature totke exe-
cutions of AspectWerkz advice methods properly.

Understanding the feature interaction problem is crudakpeci-
fying the correct behavior for the integration. The featinterac-
tion between an aspect extension and the base languageatigalyl
well understood and well defined. In contrast, the problerfeaf
ture interaction between one aspect extension and anadlsandt
been studied.

5. FUTURE WORK

AspectJ 5 is a representative of a general trend in AOSD tdogtam
aspect mechanisms. Future work is to identify the set olLifeat



Aspectd 5

. feature f
interaction L

\ | emergent
advice

// AN 'ordering

spectJ Afxﬁ§fwkyfz
advice, advice
ordering || | L ordering
joinpoint | | [ =Y ] Sd}(ic_e
construction| | | 7 | efinition

Figure 1:Feature Interactions in AspectJ5

in a typical aspect mechanism and discover the featureaictien
patterns in a typical composition. This will provide a roaéprfor
resolving feature interactions similar to the ones we fithgd in
Aspectd 5.

6. RELATED WORK

The Reflex framework [6] addresses the problem of unexpdwted
havior in multi-extension programs. The framework alloveg do
compose AspectJ-like extensions, and detect and resqieetas-
teractions. It handles the interaction problem at the |efehs-
pects. Interactions identified by the Reflex framework odmew
tween same-extension aspects. In comparison, we are oeacer
with interaction between features of heterogeneous aspeen-
sions and highlighting the problem of feature interaction.

Pluggable AOP [8] presents a composition framework thapsttp
tthird-part composition of arbitrary dynamic aspect meisias
into an AOP interpreter. The Pluggable AOP framework employ
a composition of aspect mechanisms, which collaborate dindi
delegating, and exposing their expression evaluation éoother
mechanisms. Pluggable AOP presents a set of collaboratisigrl
principles that guide the resolution of feature interatibetween
the composed mechanisms.

Aspectd 5 [2] composes AspectJ and AspectWerkz extensians.
pectd 5 ignores individual semantical features of Aspedt?Vand
applies the Aspectd mechanism to implement both extensions
Aspect] 5 the composed extensions are simply two diffenant s
tactical interfaces to the same aspect mechanism.

As we show, AspectJ 5 does not handle all feature interactien
tween the two extensions. A different approach that presetive
individual features of the extensions would allow to idgnfieature
interactions in the composition.

Lopez-Herrejon and Batory [9] study the problem of undefiasd
pect composition semantics in AspectJ 1.2. Although thélpro

of undefined semantics in a single-extension AOP language is
thogonal to our study, the presented results can be usectifysp
aspect extension compositions more flexibly.

7. CONCLUSION

Different aspect extensions provide distinct concern isgjmm ca-
pabilities. The integration of aspect extensions bringskénefit
of using their capabilities together. This benefit, howeeemes
with the price of identifying and resolving interactionstween
features of the composed extensions. Failure to handlentbe i
actions properly may lead to unexpected and undesired loelaiv
the composition.

This paper exposes two feature interaction problems in &3ps
which integrates Aspect] and AspectWerkz. We demonsthate t
for two features that AspectJ and AspectWerkz define diffitye
and whose interaction results in unexpected behavior. Xame
ples illustrate that feature interaction is an importarnt aon-trivial
issue that might result in unexpected behavior.

A resolution of the feature interaction problem affects ¢henpo-
sition behavior. Each interaction can be resolved in séveags.
Although some of the alternatives may seem more reasorizdnte t
others, they illustrate the complexity of the feature iattion prob-
lem. The choice of the composition semantics is the job of the
composer. The problem of identifying and evaluating therdds
behavior is future work.
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