
 
 

 
RAM-SE’07 – ECOOP’07 Workshop on  
Reflection, AOP, and Meta-Data for Software Evolution  
(Proceedings) 
 
 
 
Berlin, 31st of July 2007 
 
 
 
 
  
 
 
 
 
 
 
 
 
 

    Edited by 
 
Walter Cazzola  - Università degli Studi di Milano, Italy 
Shigeru Chiba  - Tokyo Institute of Technology, Japan 
Yvonne Coady  - University of Victoria, Canada  
Stéphane Ducasse -  University of Savoie, France 
Günter Kniesel  - University of Bonn, Germany 
Manuel Oriol   - ETH Zürich, Switzerland 
Gunter Saake  - Otto-von-Guericke-Universität Magdeburg, Germany 
 

 
 

 
 

Preprint no. xx of University of Magdeburg. 
 

 
–  – 



Foreword

Software evolution and adaptation is a research area, as the name states, in
continuous evolution, that offers stimulating challenges for both academic and
industrial researchers. The evolution of software systems, to face unexpected
situations or just for improving their features, relies on software engineering
techniques and methodologies. Nowadays a similar approach is not applicable
in all situations e.g., for evolving nonstopping systems or systems whose code is
not available.

Reflection and aspect-oriented programming are young disciplines that are
steadily attracting attention within the community of object-oriented researchers
and practitioners. The properties of transparency, separation of concerns, and ex-
tensibility supported by reflection and aspect-oriented programming have largely
been accepted as useful for software development and design. Reflective fea-
tures have been included in successful software development technologies such
as the Java language and the .NET framework. Reflection has proved to be
useful in some of the most challenging areas of software engineering, including
Component-Based Software Development (CBSD), as demonstrated by exten-
sive use of the reflective concept of introspection in the Enterprise JavaBeans
component technology.

Features of reflection such as transparency, separation of concerns, and exten-
sibility seem to be perfect tools to aid the dynamic evolution of running systems.
They provide the basic mechanisms for adapting (i.e., evolving) a system without
directly altering the existing system. Aspect-oriented programming can simplify
code instrumentation providing a few mechanisms, such as the join point model,
that allow for the exposure of some points (join points) in the code or in the
computation that can be modified by weaving new functionality (aspects) at
those points either at compile-time, load-time, or ruin-time. Meta-data repre-
sent the glue between the system to be adapted and how it has to be adapted;
the techniques that rely on meta-data can be used to inspect the system and
to dig out the necessary data for designing the heuristic that the reflective and
aspect-oriented mechanisms use for managing the evolution.

It is our belief that current trends in ongoing research in reflection, aspect-
oriented programming and software evolution clearly indicate that an inter-
disciplinary approach would be of utmost relevance for both. Therefore, we felt
the necessity of investigating the benefits that the use of these techniques on the
evolution of object-oriented software systems could bring. In particular we were
and we continue to be interested in determining how these techniques can be
integrated together with more traditional approaches to evolve a system and in
discovering the benefits we get from their use.
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Software evolution may benefit from a cross-fertilization with reflection and
aspect-oriented programming in several ways. Reflective features such as trans-
parency, separation of concerns, and extensibility are likely to be of increasing
relevance in the modern software evolution scenario, where the trend is towards
systems that exhibit sophisticated functional and non-functional requirements.
For example, systems that are built from independently developed and evolved
COTS (commercial off-the-shelf) components; that support plug-and-play and
end-user directed reconfigurability; that make extensive use of networking and
internetworking; that can be automatically upgraded through the Internet; that
are open; and so on. Several of these issues bring forth the need for a system
to manage itself to some extent, to inspect components’ interfaces dynamically,
to augment its application-specific functionality with additional properties, and
so on. From a pragmatic point of view, several reflective and aspect-oriented
techniques and technologies lend themselves to be employed in addressing these
issues. On a more conceptual level, several key reflective and aspect-oriented
principles could play an interesting role as general software design and evolution
principles. Even more fundamentally, reflection and aspect-oriented program-
ming may provide a cleaner conceptual framework than that underlying the
rather ‘ad-hoc’ solutions embedded in most commercial platforms and technolo-
gies, including CBSD technologies, system management technologies, and so on.
The transparent nature of reflection makes it well suited to address problems
such as evolution of legacy systems, customizable software, product families,
and more. The scope of application of reflective and aspect-oriented concepts
in software evolution conceptually spans activities related to all the phases of
software life-cycle, from analysis and architectural design to development, reuse,
maintenance, and, therefore also evolution.

The overall goal of this workshop – as well as of its previous editions –
was that of supporting circulation of ideas between these disciplines. Several
interactions were expected to take place between reflection, aspect-oriented pro-
gramming and meta-data for the software evolution, some of which we cannot
even foresee. Both the application of reflective or aspect-oriented techniques and
concepts to software evolution are likely to support improvement and deeper un-
derstanding of these areas. This workshop has represented a good meeting-point
for people working in the software evolution area, and an occasion to present
reflective, aspect-oriented, and meta-data based solutions to evolutionary prob-
lems, and new ideas straddling these areas, to provide a discussion forum, and
to allow new collaboration projects to be established. The workshop is a full day
meeting. One part of the workshop will be devoted to presentation of papers,
and another to panels and to the exchange of ideas among participants.

In this forth edition of the workshop, we had an interesting keynote by
Shigeru Chiba that has investigated the real benefits provided by aspects to
evolve the software and which properties are desirable to support software evo-
lution. This keynote was particularly provocative and raised several issues and
lively discussion among the workshop attendees. To the interested reader an
extended abstract can be found in the first part of these proceedings.
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This volume gathers together all the position papers accepted for presentation
at the forth edition of the Workshop on Reflection, AOP and Meta-Data for
Software Evolution (RAM-SE’07), held in Berlin on the 31st of July, during the
ECOOP’07 conference. We received many interesting submissions and due to
time restrictions and to guarantee the event quality we had to select only a few
of them, the papers that, in our opinion, are more or less evidently interrelated
to fuel a more lively discussion during the workshop. Now, a few months after
the workshop, we can state that we achieved our goal. The presentations were
interesting and the subsequent panels stimulated a lively and rich set of ideas
and proposals. We are sure that in the next months we will see many papers by
the workshop attendees and the fruit of such lively discussions.

The success of the workshop is mainly due to the people that have attended
it and to their effort to participate to the discussions. The following is the list
of the attendees in alphabetical order.

Blair, Gordon Masuhara, Hidehiko Südholt, Mario
Cazzola, Walter Mens, Kim Sørensen, Fredrik
Chiba, Shigeru Mosser, Sebastian Saake, Gunter
Greenwood, Phil Oriol, Manuel Smaragdakis, Yannis
Hoffman, Kevin Piccioni, Marco Tanter, Éric
Huang, Shan Shan Pini, Sonia Tao, Yonglei
Irmert, Florian Pukall, Mario Ueyama, Jó
Kienle, Holger Rashid, Awais Yonezawa Akinori

A special thank is for Mario Südholt that has chaired the invited speaker and
fed the lively discussion that followed the talk and the whole bunch of people
that participated to and animated the panel at the end of the day.

We have also to thank the Department of Informatics and Communication
of the University of Milan, the Department of Mathematical and Computing
Sciences of the Tokyo institute of Technology and the Institute für Technische
und Betriebliche Informationssysteme, Otto-von-Guericke-Universität Magde-
burg for their various supports.

November 2007 W. Cazzola, S. Chiba, Y. Coady, S. Ducasse,
G. Kniesel, M. Oriol and G. Saake

RAM-SE’07 Organizers
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How we should use aspects

Shigeru Chiba
Tokyo Institute of Technology

Abstract

Besides classic logging and the observer pattern, several applications
of aspect-oriented programming (AOP) have been proposed so far. This
talk reviewed those applications and discussed what properties of AOP are
significant and promising for software evolution. It also discussed what
are unique features of AOP against related technology such as reflection
and mixin layers.

1 Logging

Logging is a classic application of AOP (Aspect-Oriented Programming). It is
a simple but real application that we can see in several commercial products. I
heard that logging by AOP is used in WebSphere and MySQL. However, this
application example might have been giving some developers an impression that
AOP is a program transformation technique. For example, at the AOAsia 2007
workshop, a few researchers presented techniques for detecting some problems
in a given program, such as memory leaks, by analyzing a trace log, which is
generated by an AspectJ aspect [2]. Since this use of AspectJ is under the hood,
the users of such a detecting tool do not see or write an aspect at all; AspectJ
is totally a program transformation toolkit for inserting a logging code in the
program. It is used only by the tool implementer just because it provides an
easy-to-use programming front-end or a simple language for describing program
transformation.

Although AspectJ accidentally can be used as a program translator, it is
not the tool designed primarily for program transformation. Their capability
is limited and other tools such as Javassist [3] allow more complex transforma-
tion. Furthermore, AOP is never a technique for program transformation. As
we know well, it is a programming paradigm for human developers, who want
to describe a crosscutting concern. We should be careful when we discuss appli-
cations in which AOP is used only for an implementation-level concern and it is
never seen or written by the end users. In the case of the above detection tool
of memory leaks, we should understand that an AOP language simplified the
implementation of logging because the tool has only to generate an extra code
and it does not have to modify an existing code. Without AOP, the tool imple-
mentation would be more complicated but this fact is irrelevant to end-users’
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concerns.

2 Code reuse/share

Another well-known application of AOP is code reusing and sharing. AOP
languages allow us to merge similar code fragments found in several different
classes and methods. These fragments can be replaced with a single advice body
if the join points of the fragments are enumerated in a pointcut definition. We
do not have to repeatedly describe similar code by hand at every join point.

To merge similar code fragments, an advice body must be described as gener-
ically as possible. We should notice that generic description has been enabled
by language mechanisms other than AOP’s ones. In AspectJ, genericness is
achieved by reflection such as thisJoinPoint. Although the proceed operator avail-
able in an around advice is a special form for AOP, it can be regarded as syntac-
tical support for reflection. Although AOP is a good mechanism for specifying
where a generically described code fragment (i.e., an advice body) is instanti-
ated, it is never a mechanism for enabling generic description itself. In fact, some
researchers have proposed to introduce an advice body parametrized by meta
variables [7]. For better genericness, we have to combine such parametrization
and reflection with an AOP mechanism like pointcut-advice. Thus, exploring
code reusing/sharing by AOP too much might mislead us into a study of non-
AOP mechanisms.

3 Composability

Implementing a functional concern as a pluggable module is also an application
of AOP. For example, the observer pattern described in AspectJ [5] is such a
concern. Santos et al. reported that an aspect is useful for implementing a new
functional feature of the JHotDraw drawing editor [9]. Because of its (syntactic-
level) obliviousness property [4], a module written in an AOP language can be
connected and disconnected to other modules without modifying the source
code.

This type of applications should be more explored because it is strongly re-
lated to the essence of AOP. An initial challenge of AOP was to enable software
to be composed of several modules independent of each other. Here, the in-
dependence means that the code of each module is clearly separated from the
others and thus the module can be connected and disconnected to/from others
without source-code changes. Since some modules are inherently crosscutting,
enabling this independence is not straightforward. As Kiczales suggested in his
keynote talk at AOAsia 2006 [6], it is a wrong assumption that a program can
be divided into statically localized units with a well-defined static interface. For
software evolution, or even for maintenance, we often have to change (or refac-
tor) the “interfaces” of modules. We must sometime add new extension points
to the interfaces or make callback methods available. We may have to expose
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some internal data structures that have been hidden behind the interfaces so
that those data structures can be used for debugging, performance tuning, or
implementing a new functional feature. These changes of the interfaces involve
source-code modification.

AOP languages should support this changeability of interfaces in a flexible
but controlled manner. This is still an open problem today. Although one
idea is statically declaring possible changes as open modules [1, 8] enables, it
damages the flexibility; at design time, we must expect all changes needed for
future evolution. On the other hand, keeping the maximum flexibility will break
interfaces, which are inherently static contracts. An interface that we can change
at any time at any degree is never the same concept that we know today as an
interface.

4 Summary

A number of applications of AOP have been proposed so far. In this talk, I
picked three kinds of applications: logging, code reusing/sharing, and compos-
ability. Although they are interesting applications, logging might have been
giving a wrong impression, which is that AOP is program transformation. Code
reusing/sharing might have been confusing developers; genericness is not an in-
herent essence of AOP. I pointed out that exploring composability applications
could help us reveal an essence of AOP. AOP languages should enable a mod-
ule “interface” to be altered without source-code changes for future software
evolution. I mentioned that this ability of AOP is essential at least from the
viewpoint of software evolution.
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