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Abstract. More and more works are done on design patterns and aspect-oriented programming. These works
mainly propose to use aspect-oriented programming mechanisms to provide new implementations of object-
oriented design patterns. This paper illustrates our own approach by presenting an aspect-oriented
implementation of the GoF Strategy pattern, and claims implementation is not sufficient: aspect-orientation
also needs to be considered at the design level in the description of design patterns. We also discuss different
issues relative to the “aspectization” of object-oriented design patterns.

1 Introduction

More and more works are done on object-oriented design patterns [2], [3], [4]* and aspect-oriented programming
[12]. The motivation of some of these works, such as [13], [18], is to establish how design patterns (Visitor in
particular) can help in achieving aspect-oriented programming. We will not much consider such approaches in
this paper but rather concentrate on the works related to provide aspect-oriented implementations of object-
oriented design patterns such as [8], [9], [14], [15], [16] (see 4.1 for a bit more details on these works). These
latter works all start from a quite simple basic report that we develop below.

The GoF design patterns were proposed to solve common problems in object-oriented design, and they were
therefore described in terms of structures and solutions that are of course directly related to object-oriented
programming techniques and mechanisms. While not refuting the usefulness of these patterns, they can be
reconsidered by the advent of the more recently proposed aspect-oriented languages for at least the two
following reasons.

— Design patterns are generally defined as collaborations between several objects (classes): they are thus a
case of code scattering. Code scattering is one of the two main problems that can be solved by advanced
separation of concerns [10] and aspect-oriented programming has been introduced in that purpose [12].

— Most of the currently proposed aspect-oriented programming languages build up on object-oriented
programming languages. Aspect-oriented mechanisms should thus allow for new program designs that are
out of reach of strict object-orientation and could possibly improve the structures and implementations that
wereinitially proposed in design patterns.

The rest of this paper is organized as follows. Section 2 summarizes our approach and illustrates it with the
example of the Srategy pattern. Section 3 provides some details on related approaches and contains a discussion
on some open issues relative to the trandation of object-oriented design patterns into aspect-oriented ones. The
contribution of this paper mainly resides in this discussion that could be continued during the workshop.

2 Aspect-Oriented Implementation of Design Patterns

We briefly summarize our work on providing aspect-oriented solutions for the object-oriented design patterns
[5], [6], [7]. We started from the identification of four problems raised by the use of the GoF patterns in their
initially proposed implementations: confusion, indirection, encapsulation breaching and inheritance related
problems. We further noticed that these four problems were special cases of the two problems of “code
scattering” and “code tangling” that are addressed by advanced separation of concerns [10] and aspect-
orientation [12]. We thus proposed Aspectd [11], [20] implementations for the 23 GoF patterns and showed how
these implementations solve or avoid these problems. We tried to not systematically mimic the original object-
oriented structure, but we rather were mainly inspired by the patterns intents. One of our main motivationsin this
work was to improve the traceability of design patterns by being able to localize them in the code, and

! For seek of simplicity we will only focusin the rest of this paper on the Gang-of-Four (GoF) design patterns [4], as they are
well-known. This however does not put out of consideration other sets of object-oriented design patterns.



consequently improve the code readability, reusability, maintenance, and evolution. We consider below the GoF
Strategy pattern to illustrate our approach in this section.

2.1 Aspectd Implementation of Strategy

The intent of Strategy is to define a family of interchangeable encapsulated algorithms [4]. In other words, it
alows giving different interchangeable definitions of a method for the instances of the same class. Fig. 1 shows
the object-oriented structure of this pattern. Each sub-class of the Strategy abstract class holds a different
definition of a method named algorithminterface() that is supposed to be applied on instances of Context.

Context strategy Strategy ‘

+ contextinterface () + algorithminterface () ‘

Strategy.algorithminterface () ‘ %
ConcreteStrategyA ConcreteStrategyB ConcreteStrategyC
+ algorithminterface () + algorithminterface () + algorithminterface ()

Fig. 1. UML class diagram of the Strategy structure (adapted from [4]).

Srategy’s intent is to provide a polymorphic behavior to the instances of a given class. We propose to gather
the various definitions of this behavior in one aspect for each instance of Strategy. The selection of the adequate
method can then be ensured by using an advice catching calls to contextinterface(). Fig. 2 shows the aspect-
oriented structure that we propose for Srategy, and fig. 3 gives the outline of the corresponding AspectJ code.
The strategy field is used for the internal representation of the actual strategy chosen for an object. Thisfield is
statically introduced by the Strategy aspect, the same way the default strategy is set.

Strategy Aspect

« aspect »
Strategy

- Context.strategy

+ Context.new (int)

Application
Context
+ contextinterface ()

Fig. 2. Aspect-oriented structure of Srategy?

privileged aspect Strategy pertarget ( target (Context) && call (void Context.contextinterface ())) {
private int Context.strategy = 0;
public Context.new(int strategy) {
this.strategy=strategy ; }
public void defaultStrategy() { /* definition of the default strategy*/ }
void around (Context c) : target (c) && execution (void Context.contextinterface () {
switch (c.strategy) {
case 1: // code to be executed for the strategy 1
break;
case 2: // code to be executed for the strategy 2
break;
default: defaultStrategy();

Fig. 3. Outline of the AspectJ code for the Strategy aspect

2 We use here the UML extension proposed by [19] in which an implementation relationship (a dashed arrow
with atriangular arrowhead) connecting a class to an aspect means that this class isimpacted by this aspect.



2.2 TowardsAspect-Oriented Descriptions of GoF Patterns

In order to fully preserve the benefits of design patterns, it is necessary to not only consider aspect-oriented

implementation, but also care of the evolution of their description. The GoF patterns are all described in the
same format: each pattern description is organized in 14 sections [4]. As we tried to respect the intent and
applicability of the original patterns, we see no reason to modify the corresponding sections. What is the case for
the two sections “Name” and “Classification”. It is also obvious that the Aspectd implementations that we
propose will be described in the “ Structure” and “ Sample Code” sections. We briefly explain below how other
sections can be modified to provide new descriptions of the GoF patterns.

Participants: we generally propose structures in which only one aspect is used to indicate the pattern as a
whole, which usually resultsin a smaller number of participants.

Collaborations: in some patterns, the use of Aspect] introductions [11] does not involve any
collaboration. In most of the other patterns, communications are reduced and the collaboration protocol is
localized into the aspect denoting the pattern.

Implementation: there are often several possible alternatives for structuring patterns in AspectJ: for
example we discuss some alternatives of the Visitor aspect-oriented structure in [7]. As more aspect-
oriented implementations of patterns will be proposed in different languages (and not only AspectJ), this
section will be more significant.

Consequences. this section does not only describe the way a pattern meets his objectives, but it is also
strongly related to the “Implementation” section since it discusses the impact of various alternative
structures on the application.

Table 1 shows how the GoF description of Strategy can be modified. We only outline the sections that are
actually modified (compared to the original description in [4]).

Table 1. Outline of an aspect-oriented description of Srategy

Structure seefig. 2 p.3

Participants Context class: different strategies will be applicable on its
instances.
Strateqy aspect:

- isbased onajoin point: call of contextinterface();

gathers the various definitions of the algorithm;

- introduces a strategy field used for the interna

representation of the strategy associated to an instance of

Context;

isresponsible for the default strategy setting;

controls with an around advice the execution of

contextinterface(); this control is also based on the

strategy field.

Collaboration - Strategy and Context interact to perform the chosen algorithm,

with no communication. Calls to contextinterface() are

transparently caught by Strategy which controls the adequate
executions.

- Clients interact with Context exclusively. They may choose a

strategy when creating new Context’sinstances.

Implementation | Consider the following implementation issues.

- If there exist some algorithm parts that are common to
severa strategies, intermediate methods may be defined in
Strategy. ...

- Strategies may be dynamically changed by just adding an
introduction of a setStrategy() method into Context.

Conseguences The proposed structure requires using a conditional statement for
selecting the adequate algorithm. This makes Strategy somehow
difficult to maintain, especially if it supports numerous algorithms.




2.3 Benefits

The main advantage of our proposed aspect-oriented implementations of the GoF patterns is to easily localize
any instance of pattern in the code. This improves readability, traceability, adaptability and evolution of both the
code relative to the pattern and the one relative to the classes on which it is applied. This aso significantly
reduces the number of participantsinvolved in a pattern.

Aspect-oriented structures also include for eight of the GoF patterns one abstract aspect that can be inherited
by aspects denoting several instances of the same kind of pattern: some pattern-specific code can thus be shared
between several pattern instances.

Finally several code-level dependencies (generally introduced by indirection or inheritance) are removed. The
number of communications is consequently also reduced.

3 Discussion

This section is a discussion on more or less open issues relative to the transformation of object-oriented design
patterns into aspect-oriented ones. As we want this discussion to apply not only to our work but also encompass
related approaches, we briefly cite them in preamble. The rest of this discussion is organized as a list of
questions that we try to answer.

3.1 Related Works

Here are briefly summarized some approaches aiming to propose aspect-oriented implementations for object-
oriented design patterns.

— [14] proposes Aspect] and HyperJ implementations for 3 of the 23 GoF patterns (Observer, Composite and
Adapter). Creating an aspect instead of any class that would have been introduced in an object-oriented
implementation is suggested. Additional matching aspects are then defined to establish relationships
between those aspects and application classes. Although this transformation scheme is rather simple to
understand and apply, an important drawback is that it introduces numerous aspects.

— Nordberg presents an interesting discussion on dependencies in [15] and [16] and shows how they can be
reduced, or even better directed, by adopting an AspectJ design for 12 patterns.

— [8] iscertainly the approach that is the most related to our work. It also considers the 23 GoF patterns and
proposes AspectJ implementations of them. Those implementations are also related to a classification of
the patterns in which the following criteria are retained: locality, reusability, composition transparency,
(un)pluggability, and the kinds of roles involved. Our proposed implementations however dlightly differ
from those of [8], partly because we care of ending with an aspect denoting each instance of a pattern in the
code in order to improve traceability.

— [9] isto our knowledge the first work proposing AspectS implementations of some of the GoF patterns.
Thiswork suggests it will soon be possible to provide new aspect-oriented descriptions of the GoF patterns
including sample implementations in different languages and not only AspectJ.

The brief comparison of all these approaches is continued in the questions listed below.

3.2 Why Isit Useful? Could it Prove More Useful ?

A remark that can be made when comparing these different approaches is that the benefits of using aspect-
oriented designs and implementations are not presented in the same way by their authors. One can simply put
forward the ability of applying object-oriented expertise to aspect-oriented software development, or discuss
further on the reduction of dependencies, the improvement of reusability, modularity and maintainability. We
mainly retain the ability to explicitly denote and thus localize patterns in the code to be very important, as design
patterns mining is not easy [1], [17].2 This not only alows for patterns traceability but also open new research
directions for metrics on patterns (from the simplest one that could be the count of each pattern instances, to
more elaborated ones assessing the joint use of several patterns on some classes).

3 Note that havi ng the instance of patterns explicitly identified in the code does not make obsolete those works: they even
could be adapted to provide automatic tools for translating existing object-oriented code into aspect-oriented one.



3.3 What Kind of Decomposition?

Designing aspect-oriented solutions amounts to choose how to decompose the code into classes and aspects.
There are severa possibilities for patterns implementation and the best design is certainly related to the main
motivation of the approach. As we want to improve traceability of patterns, we care of having exactly one aspect
to denote a pattern instance in the code, while keeping some abstract aspectsin order to improve reusability. One
may also choose to group all instances of the same pattern into one aspect for better modularity, or to design
aspects to denote only functional concerns of the application and thus involving severa pattern instances of
different kinds. One may even think of organizing aspects into a layered architecture. There is however a couple
of important remarks that can be made since aspects are used to implement design patterns.

— This is a case of using aspects for the separation of functional concerns and it differs somehow from
numerous works on aspect-orientation (including the initial proposal [12]) that were mainly directed to deal
with non-functional concerns.

— Aspattern instances are also small parts of the whole design of an application, it also has for consequence
to likely end up with numerous thin aspects (crosscutting much fewer classes than an aspect denoting a
non-functional concern that may impacts the whole set of classes).

Having thinner aspects amounts more thinking to compose them into an application, and suggests we should put
more efforts on studying aspect-level relationships that can be considered in the design. Aspect inheritance of
aspectsis already supported by some aspect-oriented languages, but isit really comparable to class inheritance at
the design level: can we speak of aspect generalization? And would it make sense to think of aspect associations,
aggregations and compositions? We think one may not give trivial answers to these last questions as aspects are
not supposed to denote entities of the application domain, just like objects do.

3.4 Do some Patterns Disappear ?

One may think some of the object-oriented design patterns (Visitor for example) just disappear when aspect-
oriented programming mechanisms are used, because their implementation becomes trivial. We do not agree
with such a statement, not only because we want to improve patterns traceability and such keep a trace of any
pattern instance, but also because we think that expertise capitalization is probably the most important benefit of
patterns. As we can consider the object-oriented design patterns to be today familiar to most of the software
architects, we think they come easily to their minds when they care about the design of an application. The single
name of a design pattern is also generally sufficient to resume some part of the design that could be quite large.
For these reasons, we think the name and description of the patterns should always subsist.

3.5 Language Specific or not L anguage Specific

Most of the works cited in this paper use AspectJ as primary aspect-oriented language. It is however important to
end with new aspect-oriented descriptions of design patterns that are not language specific. We began our work
by using only AspectJ, and are now trying to consider other aspect-oriented languages. The trandation from
AspectJ to AspectS is rather obvious as the basics of these two languages are close to each other. The translation
from AspectJ to HyperJ is more difficult in the other hand. This might be a point against the process of trying to
tranglate object-oriented design patterns into aspect-oriented ones, or this might suggest that more work must be
done on the definition of the common minimal basics and requirements of aspect-oriented languages.

3.6 AreWe Goingto Find “Real” Aspect-Oriented Design Patter ns?

Directly related to the previous question, one can aso note that al the works cited in this paper have been only
considering object-oriented design patterns so far. It is not very amazing that aspect-oriented programming
mechanisms that have been introduced with the hope to provide better programming techniques than the
previously existing object-oriented ones can improve object-oriented design patterns. Can we however claim that
we are considering aspect-oriented design patterns then? Object-oriented design patterns have been proposed to
identify and collect solutions to recurring problems in object-oriented design: “real” aspect-oriented design
patterns should then deal with the limitations of aspect-orientation rather than those of object-orientation.
Finding new patterns directly related to aspect-orientation still an important research direction.
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Conclusion

We have considered in this paper several recent works aiming to propose new aspect-oriented implementations
for design patterns that were originally described in the context of strict object-orientation. We briefly presented
our own approach and we have claimed that not only implementations but also descriptions should be adapted in
an aspect-oriented fashion. We have finally listed some interesting open questions that are relevant to all of the
related approaches. Those questions could serve as a basis of an actual discussion between the attendees of the

workshop.
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