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Abstract etc. Consequently, refactoring of these applications towards
AOP is beneficial, as it separates the principal decomposi-
Software refactoring consists of the modification of inter- tion from these other functionalities, by modularizing the
nal program structure without altering the external behav- crosscutting concerns.
ior (semantic preservation). It aims at improving internal The process of migrating existing software to AOP
quality factors, such as modularity, in order to make the is highly knowledge-intensive and any refactoring toolkit
code easier to understand and evolve in the future. Amongshould include the user in a change-refine-loop. However,
the various refactorings, a category quite unexplored is there is considerable room for automation in two respects:
refactoring Object Oriented Programming (OOP) to Aspect
Oriented Programming (AOP). AOP is expected to improve e aspect mining — identification of candidate aspects in

the structure of existing code by offering modular units for the given code [2, 17, 20, 22], and

functionalities whose implementation is otherwise scattered

through many modules. e refactoring — semantic-preserving transformations that
An investigation of automated support for a program- migrate the code to AOP [9, 23].

mer in the migration from OOP to AOP code is presented.
In particular, the applicability of semantic-preserving code This paper focused on the second problem. Moreover,
transformations to automate the migration task is consid- it considers the difficult part of refactoring: the determi-
ered. The contribution of this work is a list of refactorings, nation of good and effective pointcuts to intercept the ex-
that are described together with the conditions under which ecution and redirect it to the aspect code. Such a pro-
they can be applied. Several variants of each refactoring cess must be guaranteed to preserve the original behavior,
are also considered. Supporting the refactoring activity by while modularizing the code that pertains to the crosscutting
means of automated tools allows migration difficulties to functionality. Our approach to this problem derives from
be mitigated and thus the benefits of AOP become easier tdhe field of program transformations and amorphous slicing
achieve for legacy OOP applications. [12, 13]. Its outcome entails one or more aspects contain-
ing the crosscutting code, with pointcuts able to redirect the

Keywords: refactoring, program transformations, aspect execution whenever necessary. Manual refinement of such
extraction. an outcome, for example to generalize the pointcut defini-
tions, remains an advisable step. Overall, the costs associ-
ated with the refactoring activity to migrate OOP to AOP is
expected to be greatly reduced through automation.

The paper is organized as follows: the next Section gives

Aspect Oriented Programming provides explicit con- some background on the AOP language AspectJ, used in
structs for the modularization of trgosscutting concerns  the examples of the paper. It can be safely skipped by read-
functionalities that traverse the principal decomposition of ers who are already familiar with this language. Section 3
an application and thus cannot be assigned to a singlepresents the refactorings that are required for the automated
modular unit in traditional programming paradigms. Ex- generation of pointcuts, in the migration of an existing OOP
isting software often contains several instances of suchapplication to AOP. Finally, Sections 4 and 5 describe the
crosscutting concerns such as persistence, logging, cachingglated work, followed by future work and conclusions.

1 Introduction



2 Background on AspectJ

aspect PersistentPerson {
declare parents : Person implements Serializable;
private  void
Person.readObject(ObjectinputStream in)
Among the programming languages and tools that have R O
been developed to support AOP, AspectJ [16], an extension ~ Private  void ,
. . Person.writeObject(ObjectOutputStream out)
of Java with aspects, is one of the most popular and best {..
supported. The two main new programming constructs pro- }
vided by AspectJ for the definition of the behavior of an
aspect ar@ointcutsandintroductions

Pointcuts identifyjoin pointsin a program: points in the ) ) )
control flow where execution can be intercepted by an as-3 Refactorings for pointcut extraction
pect to alter the original behavior of the code. For exam-
ple, if a persistence aspect is defined to serialize all objects In the following, a set of program transformations is de-
of classPersonas soon as they are created, an appropriatescribed that allow the automated extraction of pointcuts.
pointcut can be used to intercept calls to any constructor of The input to such transformations is the source code, with
classPerson In Aspect], this looks like fragments to be migrated to aspects already identified. This

means that aspect miningd, identification and manual

aspect PersistentPerson  { validation of candidate aspects in the original code) is as-
pointcut personCreation(String data): d h | d k | d th h de f
call(Person new(String)) && args(data): sumed to have already taken place and that the code frag-
after (String data): personCreation(data) ments to be aspectized are known [2, 17, 20, 22]. Such code
{ Il save Person data to db } fragments break down into three cases:

1. whole methods,

Pointcuts can also include the dynamic context of another 2. calls to methods, or

pointcut €.g, in AspectJcflow(move()) identifies all
join points that occur between receiving method calls for

the methods in move and returning from those calls, either  Thijs paper focuses on call extraction (Case 2). In other
normally or by throwing an exception.) words, it provides definitions fopointcuts and advices

The statements to be executed after (alternatively, «pe.that replace method calls. Method extraction (Case 1)

fore” or “instead of") a given join point are defined inside is straightforward and requires simply moving the whole
¢. method from a class to an aspect, where it is turned into an

a so-callecadvice In the example, an advice executed af- . ducti h f h
ter the pointcupersonCreatiorsaves information about the introduction. When a sequence of statements (Case 3) has

Personobject being created into a database. The AspectJto be aspectizeq, itis more copvenient to first apply the stan-
keywordargs is used to expose tH@tring  parameter of dard Object-Oriented refactorifiExtract method6] to turn

the constructor, making it available inside the after-advice. € Statement sequence into a separate method and then to
apply method extraction (Case 1) and call extraction (Case
While pointcuts operate dynamically, introductions aim 2).
at altering the static structure of an Object Oriented pro-  In the remainder of this paper, a single method call to be
gram. Introductions can be used to change the inheritanceextracted is considered. When there are multiple calls, and
hierarchy, by modifying the super-class or interfaces of a correspondingly multiple pointcuts, to be associated with
given class. Moreover, they can be used to insert new mem-the same advice, it is sufficient to define a new pointcut

3. arbitrary sequences of statements.

bers (attributes or methods) into a class. as the logicalor of the given pointcuts. For example, if
For example, it is possible to declare that a class imple- there are' calls to methocg() inside method#.f1(),
. . o : L, ANQ , the pointcutsp1(), ..., pN() can
ments a given interface inside an aspect, while the original . .
. . be extracted to intercept each call. Then, the poinp€ut
code does not do it. In such a case, the methods required by be defined N toint ¢
the interface must be introduced as well. ;ﬁgf teheemme 0 Il - I PNO O Intercep

With reference to the persistence aspect, it is possible Based upon the authors’ experience with (manual) refac-
to declare that the interfac®erializableis implemented by  toring towards AOP, the three main cases to deal with are
classPersonand to introduce the related methods, by meansthose considered in the next three subsections. Each is ac-
of the following code fragment: companied by an example written in AspectJ. The basic ap-



plicability conditions for the three refactorings are as fol-

lows:

1. The call to be moved to the aspect is at the beginning

of the body of the calling method.

2. The call to be moved is always before another call.

3. A conditional statement controls the execution of the

call to be moved to the aspect.

Variants of these conditions are also described.
3.1 Refactoring 1: Call at the beginning/end

The first refactoring deals with the following case:

The call to be moved to the aspect is at the begin-
ning of the body of the calling method.

Figure 1 shows the mechanics of this refactoring. The

call to methody is removed from the body df. A new as-

pect, named, is responsible for intercepting the execution

of f and reinserting the call tg at the beginning.

class A {
void f() {
this.g();
sl;...;sn;

}

}

class A {
void f() {

sl;...;sn;

}
}

aspect B {
pointcut p (A a):
execution (void A.f()) && this (a);
before (A a): p(a) { a.g(); }
}

Figure 1. Mechanics of Refactoring 1 (call at
the beginning).

3.1.1 Variants

1. The callthis.g() is the last statement df) . In

this case, it is sufficient to replace the before-advice

with an after-advice.

2. Thecallx.g() ispresentinstead dhis.g() , with

x a class field. In this case, it is sufficient to replace
a.g() withax.g() inthe before-advice.

. Thecalix.g() ispresentinstead diis.g() , with

x a parameter of . In this case, it is sufficient to add
args(x) to the pointcut to expose the argument and
then usex.g() in the advice.

. Althoughg() is not at the beginning (end) &f) ,

it is possible to apply Refactoring 1 by first apply-
ing semantics preserving re-ordering transformations.
For example, Figure 2 shows a reordering rule that al-
lows two statementss{; andsts) to be interchanged.
Above the line in the rule is a pre-condition required
for the interchange. The given pre-condition is rather
restrictive. It requires that the defined and referenced
variables of the two statements not overlap. As dis-
cussed in Section 5, future work will study less restric-
tive pre-conditions.

5. Finally, if statement re—ordering transformations can-

not move the call to the beginning/end of the method
body, but they can move the call to the beginning/end
of a sequence of statements, then it is possible to first
turn the statement sequence into a methgtract
method and then apply Refactoring 1.

3.2 Refactoring 2: Call before/after another call

The second refactoring deals with the following case:

The call to be moved is always before another
call.

Figure 3 shows the mechanics of this refactoring, under
the assumption that in the presence of more than one call to

h() ,g() precedesh() in all of them. The asped in-
tercepts only the calls tb that occur within the execution
of methodf (e.g, using AspectJ'sflow construct). A
before-advice reintroduces the callgat the proper execu-
tion points.

3.2.1 Variants

1. g() follows the callh() , instead of preceding it. In

this case, it is sufficient to replace the before-advice

with an after-advice.

2. Thecallx.g() ispresentinstead dhis.g() , with
x a class field. In this case, it is sufficient to replace
a.g() withax.g() inthe before-advice. (Thisis
Variant 2 of Refactoring 1.)



Rule 1 (Statement reordering)

DEF(st1) NREF(sty) = ), REF(sty) N DEF(sty) = (), DEF(st4) N DEF(sty) = 0

DEF(s) : Defined variables af

REF(s) : Referenced variables of

[st1; sta] = [sta; sti]

Figure 2. Statement re-ordering transformation

class A {
void f() {
sl;...;sk;
this.g();
c.h();
sk;...;sn;

L5

class A {
void f() {
sl;...;sk;
c.h();
sk;...;sn;

}
}

aspect B {
pointcut p(A a):
cflow( execution (void A.f()) &&
this (a)) && call (void C.h());
before (A a): p(a) { a.g(); }

Figure 3. Mechanics of Refactoring 2 (call be-
fore another call).

3. Thecallx.g() ispresentinstead dhis.g() , with
x a parameter of . In this case, it is sufficient to add

args(x) to the pointcut to expose the argument and
usex.g() inthe advice. (This is Variant 3 of Refac-
toring 1.)

4. Althoughg() does not precede (followg.h() , itis
possible to apply Refactoring 2 by applying the seman-
tics preserving re-ordering transformations (See Fig-
ure 2).

5. The sequence of statements that precede (foligjv)
are turned into a separate methé&sifact methoyl so
as to make Refactoring 2 still applicable.

The conditional statemeiit(b)
of the aspect, in that it determines the execution of the call
being aspectizedg() ). Thus, it becomes a dynamically
checked condition incorporated into the aspect’s pointcut
(using the syntaif(a.b)
to be intercepted by pointcipt, the conditiona.b must be
true. In which case, the new body of methbds replaced
by the call tog, as specified in the around-advice.

1. The calix.g()

2. The calix.g()

3. If g()

4, s1;...;sn

3.3 Refactoring 3: Conditional call

The final refactoring deals with the following case:

A conditional statement controls the execution of
the call to be moved to the aspect.

Figure 4 shows the mechanics of the third refactoring.
is considered to be part

in AspectJ). For the execution

3.3.1 Variants

is present instead diiis.g()  , with
x a class field. In this case, it is sufficient to replace
a.g() witha.x.g() inthe before-advice.

is present instead oifiis.g() , with

x a parameter of . In this case, it is sufficient to add
args(x) to the pointcut to expose the argument and
usex.g() inthe advice.

is in the else-part of the conditional statement,
it is sufficient to usef(!a.b) instead off(a.b)

in pointcut.

are not under the control of the condition
b, in that they are at the top-levelin instead of being
inside the else-part of the if-statement. In this case,
it is sufficient to addproceed() at the end of the
around-advice to ensure thst;...;sn are always
executed.

5. Ifbis a parameter df, itis sufficient to adargs(b)

to the pointcut to expose it.



class A {
boolean b;
void f() {
if (b) |
this.g();
} else {
sl;..

}

.isn;
}

}

class A {
boolean b;

void f() {
sl; ..

.;sn;

}
}

aspect B {
pointcut p(A a):
execution (void A.f())
this (a)) && if(a.b);
void around (A a): p(a) { a.g(); }

&&

Figure 4. Mechanics of Refactoring 3 (condi-
tional call).

. The conditional statement is not at the top level in
methodf() If it is possible to move it to a sepa-
rate method EExtract metholl then Refactoring 3 can
be applied.

. The conditional statement follows another call (say,
h() ) and has no else-part. Refactoring 2 applies,

with if(a.b) in the pointcut definition and an after-
advice.

3.4 Known problems

The following problems derive from specific features

2. Inner classes cannot be inserted into given classes by
means of aspect introductions (while methods and at-
tributes can).

With the current version of AspectJ, workarounds must
be adopted to circumvent the problems listed above. A
possible workaround for Problem 1 consists of extracting a
code portion surrounding the callg() , making it a sep-
arate method having among its parameters. Once the lo-
cal variablex has become a method parameter, it can be
exposed by means of the standard AspectJ constructs. A
possible workaround for Problem 2 consists of bringing the
inner class to the top-level, adopting proper naming conven-
tions .g, externalClass  _innerClass ) and adjust-
ing the visibility of attributes and methods, if necessary.

4 Related work

In the migration of existing OOP code to AOP, the prob-
lem that has received most attention is the detection of can-
didate aspects (aspect mining) [2, 3, 7, 10, 15, 17, 18, 19,
20, 22], while the problem of refactoring [1, 23] towards
AOP has, hitherto, been somewhat neglected. Some of
the various aspect mining approaches rely upon the user
definition of likely aspects, usually at the lexical level,
through regular expressions, and support the user in the
code browsing and navigation activities conducted to locate
them [7, 10, 15, 18]. Other approaches try to improve the
identification step by adding more automation. They ex-
ploit either execution traces [2, 20] or identifiers [22], of-
ten in conjunction with formal concept analysis [20, 22].
Clone detection [3, 19] and fan-in analysis [17] represent
other alternatives in this category. For the present work, as-
pect mining is a prerequisite that is assumed to have been
performed, possibly exploiting any of these methods.

The most closely related extraction work is that of Ha-
nenberg et al. [9], Gybels and Kellens [8], and Tourwe et
al. [21]. The work of Hanenberg deals with the re-definition
of popular OOP refactorings taken from Fowler's work [6]
in order to make them aspect-aware, so that each potentially
affected aspect is properly updated when the base code is

currently unsupported by AspectJ. One reason they are rerefactored. Moreover, this work considers refactorings to
ported here is to stimulate discussion of revisions to AspectImigrate from OOP to AOP and refactorings that apply to
that would incorporate new features to address these limita-AOP code. Among them, thExtract advicerefactoring is

tions.

1. If x.g() is present instead dhis.g() , With x a
local variable off() , it is not possible to exposein
the pointcut. A similar problem occurs in Refactoring
3, whenb is a local variable of() . This suggests
the need for a construct such lagsalvars(x) in

the one we aim to automate in this paper.

Gybels and Kellens, and Tourwe’s work uses inductive
logic programming to transform an extensional definition
of pointcuts (that just enumerates all the join points), into
an intensional one, which generalizes the former by intro-
ducing variables where facts differ (anti-unification). The
underlying assumption is that the pointcut definition lan-

Aspect], in order to expose some local variables of theguage is rule-based (this is not the case, for example, of

intercepted method.

AspectJ). This work is complementary to ours in that the



problem of generalizing and abstracting the automatically 4. Experimental evaluation of the proposed approach will
produced pointcuts is not our focus, but is definitely a desir- consist of the automated extraction of aspects from
able next step. real-world OOP applications. The applicability of the
proposed refactorings, with the respective variants, to
real code will give us feedback on their usefulness and
possibly on the need for further refinement. The qual-
ity of the resulting aspects will also be assessed, to de-
termine the actual usability in the field.

5 Conclusions and future work

This paper presents a technique to automate the extrac-
tion of aspects from existing code, considering in particular
the (hard) problem of pointcut definition. Given a source 5.
program with the aspectual fragments identified, our tech-
nique produces a semantically equivalent version of the pro-
gram with the marked statements migrated to aspects and
the original execution properly intercepted by the aspect
code when necessary.

Several open issues represent the agenda of ongoing and
future work. The most important of these are

Generalization of the automatically extracted point-
cuts, aimed at decoupling the aspects from the base
code, is also an interesting topic for future research.
In Aspectd this is achieved through the usage of wild-
cards. Other, more powerful, pointcut definition lan-
guages will also be considered.

6. The implementation and use of our refactoring tech-
nigue on real-world programs is expected to give us
feedback also on the AspectJ language itself. The lack
of constructs to intercept the execution at the desired
join points and the inadequacy of the pointcut defi-
nition language are examples of what could emerge,
once we conduct experiments on existing OOP pro-
grams. This is invaluable feedback for the aspect lan-
guages community.

1. Given a code fragment to be aspectized, it is possible
to produce the aspect code following different paths.
The three refactorings listed in Section 3 are not al-
ways mutually-exclusive, especially if combined with
the standard refactoringxtract method Moreover,
several variants of the three refactorings may be ap-
plicable at the same time. To further complicate the
matter, application of one refactoring might enable (or
disable) other refactorings for other code fragments, This paper proposes a transformation based solution to
a phenomenon common in program transformations, the problem of automated aspect extraction and establishes
since its inception [5]. The refactoring path that is how such an approach can lead to the development of a the-
chosen influences the quality of the resulting aspect ory and algorithms for a largely automated process of aspect
code (for example, application of the refactoriBg- extraction. When combined with existing (and automated)
tract methodmight be artificial and detrimental to the approaches to aspect identification, the combined approach
code quality, in some cases). Consequently, a methodopens up the possibility for a tool-supported process of mi-
(perhaps a search-based one [4, 14]) must be devise@ration from OOP to AOP. This will bring tremendous po-
to select the best path. tential savings in effort, both in the migration process and

) consequent regression testing. The paper also sets out an

2. I_mple_mentauon of the proposed program _transforma- ambitious programme of ongoing and future work in the

tions is currently under way. The semantic preserva- pope of raising interest and awareness of the potential for

tion requirements make them non-trivial to realize. transformation—based automated aspect extraction.
On the other hand, since there is no strict syntax-

preservation constraint, amorphous techniques could
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