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Abstract

Adoption of aspect-oriented techniques in existing sys-
tems is hindered by the fact that developers have diffi-
culties adapting to a “multi-view”, concern-based rea-
soning over the software systems, and by a lack of ref-
erence solutions that show how to address crosscutting
functionality in real-life systems. In this paper, we ar-
gue for the need of a common showcase for the adop-
tion of aspect-oriented techniques in existing systems and
propose an open-source model application to serve this
role. We present the AJHotDraw project whose goal is to
take an existing well-designed open-source system (JHot-
Draw) and migrate it to a functionally equivalent aspect-
oriented version. In addition to creating a showcase, the
project aims to assess feasibility of aspect solutions in a
real application, to document the crosscutting concerns
in the original system and address the testing challenges
that rise from ensuring behavior conservation between the
original and the refactored version of the system.

1. Introduction

The adoption of aspect-oriented techniques to modularize
crosscutting concerns is equally beneficial for the devel-
opment of new applications as well as for existing ones.
The latter goal can be achieved by code refactoring: using
code transformations to improve the structure of the code
without altering the external behavior of the application.

However, refactoring the scattered and tangled imple-
mentations of crosscutting functionality into aspects has
received limited attention compared to the development
of new aspect languages (such as Asptdthesar)
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and frameworks that support aspect-oriented development
(AspectWerkZ JBoss AOP, Spring AOP etc.). Yet, the
migration of existing applications can provide a number of
important benefits for the adoption of aspect-orientedtech
nigues. The availability of comparative implementations
allows for assessment of concern modularization improve-
ments. Moreover, refactoring requires one to identify-doc
ument and organize the crosscutting concerns in a given
system. This enables aspect-based modular reasoning
about the system’s concerns which can help the develop-
ers to get accommodated with this new approach. Finally,
recurring crosscuttings, instances of the same generic con
cern, can be addressed by general solutions and thereby
contribute to the development of refactoring catalogs, id-
ioms and good practices for aspect-oriented programming.

We argue that there currently is no (open-source)
project that explicitly makes a goal from addressing these
issues and serving as a model for adoption of aspect-
oriented technigues in existing systems. In this paper, we
propose to address this need for a common showcase by
taking an existing well-designed open-source system and
migrating it to a functionally equivalent aspect-oriented
version. The contributions of this project include:

¢ |dentification and documentation of the crosscutting
concerns in the original system. The results of this
step will help developers to be aware of the existence
and understand the underlying implementation of the
crosscutting concerns in the given system. Further,
the categorization of these concerns can be used to
create or extend aspect libraries, as those provided
by, for example, the JBoss framework.

e Building a common benchmark for testing aspect



mining techniques and tools. A serious shortcoming
in developing techniques and tools for aspect identi-
fication is the lack of a system for which the aspects
are documented. The reported results of such experi-
ments lack a basis of comparison and require investi-
gation of the system for validation.

Associating aspect solutions to the identified cross-
cutting concerns, and extract general solutions, id-
ioms, patterns and good practices to further build
confidence in adopting aspect-oriented techniques.

Assessing the reliability of proposed aspect solutions
to known crosscutting concerns in the context of a
real application.

Building a model application based on an aspect-
oriented solution.

Providing support for refactoring from an object-

oriented implementation to an aspect-based solution:
extract refactorings and good practices. Use the case-
study to provide useful feedback to aspect languages
developers for a better language support for refactor-

ing.
Addressing the challenges risen by testing aspect-
oriented systems and by ensuring behavior conserva-

tion between the original and the refactored version
of the project.

2. AJHotDraw

analysis initiated the refactoring of some of the identified
concerns, such gsersistenceandundo[12]. Presently,
we are migrating our refactored solutions to version 6.0 of
JHotDraw. A release plan for that effort is presented in
Table 1.

Since refactoring implies preserving the observable be-
havior of the application and the original JHotDraw sys-
tem cam without tests, a testing sub-project (TestJHot-
Draw) is being developed to ensure behavioral equiva-
lence between the original and the refactored solutions.
In addition, the fan-in analysis results are currently bein
extended through collaboration with two other research
groups, as detailed in section 3.

2.1. AJHotDraw Organization

AJHotDraw is organized into two parts: (1) the main
projectis the AspectJ implementation of the system, where
the identified crosscutting concerns are refactored to as-
pects; (2) the test subproject comprises all the test cases
aimed at ensuring equivalence between the the original
Java solution and the refactored AspectJ one. The aspects
are put in separate packages, one per concern. Changes to
the original files are restricted just to removing concerns
that have been migrated to aspects.

The tests suite can be compiled with and executed on
the archived binary files (jar) of any of the two solutions.
Building and executing the test suite is automated using
ANT.8

2.2. Invitation to Join

The System we propose to migrate to an aspect_oriented All deVeIOperS interested in Contributing to AJHotDraw

solution is JHotDraw, an open-source drawing applica-

tion, that was developed as model application to show
good use of design patterns in Java. It was first imple-
mented in Smalltalk (HotDraw) and then in Java (JHot-
Draw), both implementations aiming to provide a frame-
work for technical and structured two-dimensional graph-
ics editors. The fact that JHotDraw is considered a well-

are invited to join its development. This may include re-
searchers from the areas of aspect-oriented software test-
ing, refactoring, aspect mining and so on, or anyone inter-
ested in aspect-oriented development.

The present release plan is based on effort estimates
for the three initiators. If others are willing to contrileyt
additional cross cutting concerns can be taken into account

designed application makes it an ideal candidate as show- as well.

case for aspect-oriented migration.

AJHotDraw is our proposed showcase for the aspect-
oriented refactoring of JHotDraw. We started it to experi-
ment with the feasibility of adopting aspect-oriented solu
tions in existing software and to demonstrate the strasegie
proposed by our research. It is written using AspectJ, an

aspect language that extends Java with crosscutting func-

tionality.

The first steps in refactoring JHotDraw have been taken
in [13], where fan-in analysis was employed for identi-
fication of crosscutting concerns. The results from that

3. Related ongoing efforts

3.1. Miningfor aspectsin JHotDraw

In a joint effort with two other research groups that in-
dependently developed aspect mining techniques, we are
in the process of making a qualitative comparison of the
three techniques (identifier analysis [17], dynamic analy-
sis [16], and our own fan-in analysis [13]). In this study,
we use JHotDraw as a common case for our techniques.



Release

| Date

Description |

TestJHotDraw 0.1 January 8, 2005 | Test suite for persistence concern of selected figures

AJHotDraw 0.1 January 15, 2005 | Full JHotDraw 6.0 sources included; systematic bujld,
test and release process implemented in ant.

TestJHotDraw and AJHotDraw 0.2 February 1, 2005 | Aspect-Oriented implementation of persistence for |se-
lected figures

TestJHotDraw and AJHotDraw 0.3 February 15, 20053 Test suite for selected commands

TestJHotDraw and AJHotDraw 0.4 March 1, 2005 Aspect-oriented implementation for contract enforce-
ment for selected commands

TestJHotDraw and AJHotDraw 0.5 March 15, 2005 | Test suite for undoing selected commands

TestJHotDraw and AJHotDraw 0.6 April 1, 2005 Aspect-oriented implementation for undo for selected
commands

TestJHotDraw and AJHotDraw 1.0May 1, 2005 Consolidation release; organize publicity and involve ad-
ditional people

Table 1. Release plan for AJHotDraw.

The results of this work will contribute to a more detailed
list of documented concerns in the analyzed case-study.

3.2. JHotDraw as case-study

Other researchers have also used JHotDraw code to illus-
trate refactoring approaches ([7]). Although their prignar
goal was not to report or document the crosscutting con-

cerns in the system discussed, such experiences can con-

tribute to the set of reported concerns.

3.3.  AspectJ in open-sour ce projects

At the time of writing, there are very few open-source
projects developed in AspectJ. To our knowledge there is
only one project that was stated with an intended goal of
showing good practices in AOP: aTratks a bug track-

ing application developed in AspectJ, intended to provide
support for technical, middleware and business concerns.
However, the state of the project is unclear; it started in
November 2003 and no code has been released yet.

3.4. Refactoringto aspects

In the area of refactoring to aspects, significant attention
was given to aspect solutions for a number of typical cross-
cutting concerns [10, 8, 11, 1]. However, these solutions
are notintegrated into a large application, but only in $mal
cases serving as examples.

Another research direction investigates how aspect

refactorings can be organized in catalogs, based on code

transformations from Java to AspectJ specific modular-
ization units [15, 14]. The approach describes steps in a

feature extraction process, emphasizing the mechanics as-

sociated to code transformations, and follows the format

used by Fowler [5] to describe object-oriented refactor-
ings. lwamoto and Zhao [9] also propose a number of
refactorings, but without providing details about any of
the specific cases. Their attention tends to focus on poten-
tial conflicts between the aspect refactorings and the tra-
ditional, object-oriented ones. This issue is also adekss
by Hanenbergt al [6].

Coadyet al investigate the benefits of aspect-oriented
solutions for evolving operating system code and for bet-
ter managing its variability [3, 2, 4]. Although their work
aims at assessing the benefits of aspect-oriented software
development, it has not led to a publicly available aspect-
oriented and non-aspect-oriented version of the same OS,
which would enable comparative experimental software
evolution research by others.

4. Concluding remarks

In this paper, we argued for the need of a common show-
case for the adoption of aspect-oriented techniques in ex-
isting systems and propose an open-source model appli-
cation to serve this role. We presented the AJHotDraw
project whose goal is to address these issues by tak-
ing an existing well-designed open-source system (JHot-
Draw) and migrating it to a functionally equivalent aspect-
oriented version.
There are a number of benefits to this approach:

1. comparing the legacy implementation with the new
version helps developers understand the challenges of
migration to aspects and shows them how this prob-
lem can be tackled;



2.

the migration requires identification of crosscutting

concerns in JHotDraw which provides us with a

benchmark for various aspect mining techniques and
tools;

. dealing with recurring instances of the same concerns

contributes to the development of refactoring cata-
logs, idioms and good practices for aspect-oriented
programming.

Consequently, we believe that the project will contribote t
a gradual and safe adoption of aspect-oriented techniques[13]
in existing applications, and allow for a better assessment
of aspect orientation.

Future work concerning this project includes the identi-
fication of additional aspects in JHotDraw and further mi-
gration of JHotDraw to AJHotDraw.
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