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ABSTRACT

This position paper presents ongoing work in which we ex-
plore the claim that aspect-oriented decomposition, at the
architectural and design level, promotes the software en-
gineering property of separation of concerns. To this end,
we empirically compare an aspect-oriented design methodol-
ogy with a state-of-the-art component-based design. These
methodologies were used to build two designs based on the
same set of requirements, in complete separation of each
other. During this experiment, we observed a gap in the
aspect-oriented methodology, in that it does not explicity
address the need to document, communicate, reuse and sys-
tematically handle high-level compositions. Composition
designation diagrams represent our first attempt at mod-
eling this composition overview.

1. INTRODUCTION

This paper presents currently ongoing work in which we
try to assess the value of aspect orientation in architecture
and design by empirically comparing an aspect-oriented de-
sign methodology with a state-of-the-art component-based
design methodology. We apply both methodologies to the
same set of requirements, resulting in two functionally equiv-
alent designs. In this paper we focus on how these designs
differ in terms of separation of concerns (SoC). For aspect-
oriented design methodology we use the Theme/UML ap-
proach. The component-based design is documented with
UML 2.0 [14].

The quantitative evaluation is conducted with metrics that
are well-established for the component-based methodology.
However, there still exists a need to reformulate some of
these metrics to make them applicable to the aspect-oriented
design as well. For this reason, and also since we target a
comparison both at module level and at system level, we
provide a mapping between top-level concepts such as mod-
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ule or interface to the specific constructs of the Theme/UML
approach.

The need to document, communicate, reuse and systemat-
ically handle high-level compositions in aspect-oriented de-
sign demands a kind of overview on the aspect-oriented ar-
chitecture that is not available in the aspect-oriented method-
ology we apply. Our first attempt at modeling this composi-
tion overview! is the composition designation diagram. This
is presented in Section 4.

The rest of the paper is organized as follows. The Theme/UML
approach is shortly discussed in Section 2. Section 3 presents
a quick overview of the experiment. Composition desig-
nation diagrams are introduced in Section 4. Section 5
presents preliminary results w.r.t. SoC, and identifies a
trade-off between SoC and comprehensibility. Finally, Sec-
tion 6 presents related work and Section 7 concludes the

paper.

2. THEME/UML

Theme/UML [4] is an aspect-oriented approach that sup-
ports the separation and composition of crosscutting con-
cerns in design. Theme/UML extends the Unified Modeling
Language (UML) by adding new constructs like the theme
classifier (adaptation of the UML package construct) and
the merge relationship between themes. A theme encapsu-
lates different types of models, e.g. class and sequence dia-
grams are typically used within a theme to design both the
structure and behaviour of a concern. A theme has no ref-
erence to any concept defined externally to the theme itself.
This property is called declarative completeness and ensures
that each concern can be designed in complete isolation from
other concerns.

In Theme/UML we refer to themes that model non-cross-
cutting concerns as base themes and, contrasting, themes
that model crosscutting concerns as aspect themes. This
crosscutting behaviour is described using template parame-
ters, i.e. parameters of the aspect theme. Template param-
eterization is a UML technique [14] that can be applied to
classifiers (such as classes and collaborations), packages, and
operations. Almost any kind of element can be a template

!The notation presented here is not formalized enough to
be called a viewpoint (or viewtype) [13, 1, 12]. This is why
we avoid using the term.



Generic concept 0O (CB Design) AO (Theme/UML)
module component theme

aspect theme template

provided interface parameters

provided interface

selected join points in

required interface base/aspect theme

required interface

module composition interface matching theme composition

Table 1: Mapping between generic concepts and
approach-specific concepts.

parameter. The arguments that are bound to these parame-
ters are the join points for this crosscutting behaviour. Bind-
ing these arguments to the parameters is called instantiation
of the aspect theme. This instantiation combined with the
merge relationship defines what is called theme composition.

3. METHODOLOGY

The experiment we are conducting is set up as follows. First,
we select two teams of designers, which we will call the AO
team and the OO team from now on. In each team, we select
a lead designer (or main architect). Then a subset of require-
ments is selected from a voluminous requirements document
produced in a project called DigiNews [10], in which a next-
generation system for the creation and distribution of news
and related content is described. This subset is used as a
common starting point between the teams. In a following
phase, both teams —strictly separated from each other—
follow their respective design approach. This produces an
aspect-oriented design in Theme/UML and a component-
based design. These designs describe different systems that
offer exactly the same functionality —hence they provide a
fair base for comparison.

In a next step, we select typical metrics for component-
based design and architecture [3, 2], and apply them on
the Theme/UML design. To this end, we map the generic
concepts [16] of modules, provided and required interfaces
to the concepts used in the Theme/UML approach. This
mapping is presented in Table 1. The notions of theme
and component both map to the generic concept of mod-
ule. The provided interface in Theme/UML maps to the
template parameters of an aspect theme. A base theme
has no provided interface. The selected join points in a
base theme (or aspect theme) represent the required inter-
face in Theme/UML. With a selected join point, we mean
those join points that are bound to the template parame-
ters of an actual composition. Finally, theme composition
in Theme/UML and interface matching in component-based
design map to the generic concept of module composition.
Note that by postulating a mapping between selected join
points in a base theme in Theme/UML and a required in-
terface, we implicitly assume modularity —an notion that
has recently been questioned [15].

By expressing the different metrics in terms of this more
generic terminology, they are now applicable to both de-
signs. We focus on the following key question: “Which de-
sign achieves the best separation of concerns?” The indicat-
ing metric we employ for this quality attribute is concern
diffusion over modules (CDM) [8]. The diffusion of a con-
cern is defined as the percentage of “modules” (i.e. either
components or themes) that contribute to the realization of

Concern diffusion 00 (CB Design) AO (Theme/UML)
w.r.t. own concerns 0.59 0.13
w.r.t. other team's concerns 0.63 0.36

Table 2: The results for the concern diffusion over
modules metric.

that concern. Lower values are desirable for this metric, as
they indicate a higher SoC.

4. COMPOSITION DESIGNATION

This section illustrates the use of aspects at the architec-
tural level. It presents a subset of the Theme/UML design
required for realizing the functionality of one specific use
case called “pull an article”. This is one of the core use cases
needed for requesting news content from the digital publish-
ing system. More specifically, in this use case the main actor
—the media consumer— uses a digital newsreader to fetch
the latest news articles from the digital publishing system.

The Theme/UML approach does not explicitly offer means
for documenting architectural decisions. However, it is clear
that since the AO team started from requirements and ended
up with a detailed design, they implicitly made some key ar-
chitectural decisions, but lacking a good way to document
them. To fill this gap, the AO team created the so-called
composition designation diagrams, modeling the top-level
abstraction entities (themes) and their interrelations (theme
compositions). Figure 1 shows the composition designation
diagram for the “pull an article” use case. It shows the top-
level entities, which are either base themes or aspect themes.
An example of a base theme is publishing (see left-hand side
of Figure 1). Aspect themes in the figure are messaging, pro-
filing, distribution, and security, which all extend the base
behaviour in a crosscutting manner.

The example also illustrates the concept mapping intro-
duced in Section 3. Themes correspond to modules and
are represented by UML packages. A dependency arrow
leaving a theme denotes a provided interface. In a similar
fashion, a dependency arrow arriving at a theme denotes a
required interface. Each name associated with an arrow in-
dicates a composition. A composition is a distinct entity,
separate from the themes it composes. During architecture
it indicates the high-level specification of the crosscutting
dependency between the involved themes. Later on, during
detailed design, this specification is further refined by iden-
tifying concrete join points and other required contextual
information.

S. SEPARATION OF CONCERNS

First mentioned by Dijkstra [5], SoC is now widely accepted
as one of the major desirable qualities of the design of a
software system. It is also one of the major arguments heard
in favor of aspect orientation. However, we can not find
much empirical proof in literature for the statement that an
aspect-oriented decomposition provides a better SoC than
a classical component-oriented decomposition. This is what
we investigate.

During requirement analysis, both teams came up with a
set of concerns they deemed relevant. For fair comparison,
the concern diffusion over modules (CDM) metric is applied
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Figure 1: Composition designation diagram for the “pull an article” use case.

to both sets of concerns. The results of this calculation are
shown in Table 2. The first row shows the results for the
CDM metric with respect to each team’s own concern set.
The second row shows the results with respect to the other
team’s concerns.

This table shows that in both cases, the Theme/UML de-
sign has lower concern diffusion. This result suggests that
the Theme/UML decomposition is superior to the classical
component-oriented decomposition w.r.t. SoC. This can be

attributed to the inherent concern-oriented nature of the
Theme/UML approach.

However, it is our impression that there exists a trade-off
between SoC and comprehensibility of design. By shifting
more complexity to the composition, it becomes harder to
understand the consequences of that composition. However,
it can be argued that improved tool support for aspect-
oriented design can partially alleviate this disadvantage. Ev-
idently, these claims need further investigation, both quanti-
tatively and qualitatively. This is part of our ongoing work.

6. RELATED WORK

In [11] Kulesza, et al. introduce a graphical notation to rep-
resent a so-called aspect-oriented agent architecture. This
agent architecture is used for modeling a family of software
agents in the domain of Multi-Agent Systems. The model al-
lows one central component (containing all non-crosscutting
features) and several “aspectual components” representing
crosscutting features. Aspectual components in this context
expose crosscutting interfaces that may add new state or
behaviour to other components or intercept existing compo-
nent behaviour. Central components expose their services
through normal interfaces. The main similarity between
this graphical representation and the one we present in this

paper is that they both model concerns at the architectural
level. However, what is described in this related work is
not system level architecture but rather the high-level rep-
resentation of a software agent —still this may be regarded
as a subsystem of some kind. This approach also takes on
an asymmetrical organization [9] for composition, while the
model we propose is more symmetrically organized. Another
difference is that this approach focuses more on defining in-
terfaces for possible interaction, while we focus on describing
specific compositions between modules.

In [6], France et al. describe aspect-oriented architecture
models that consist of a base architectural model (primary
model) and a set of aspect models. The approach allows
to model concern solution models (aspect models) in isola-
tion and integrate them into the primary model. This tech-
nique shares quite some similarities with the Theme/UML
approach, however Theme does not require a single primary
model. It allows multiple base themes and aspect themes
alongside each other. Also, this approach does does not pro-
vide an explicit model specifying and documenting all neces-
sary primary-aspect model compositions required to realize
the complete system architecture.

7. DISCUSSION AND CONCLUSION

In this comparative study, we attempt to gain insight in
the value of an aspect-oriented decomposition at the archi-
tectural level. More specifically, we focus on the software
quality of separation of concerns (SoC). To achieve this, we
are have designed a system for digital publishing following
two fundamentally different design methodologies. These
are an aspect-oriented methodology called Theme/UML and
a component-based decomposition. To allow direct compar-
ison, we defined a way to match the top-level concepts of



module and interface in both approaches onto each other.
Then we compared the two artefacts in a quantitative way.

A direct advantage we have observed in the concern-oriented
nature of approaches such as Theme/UML is that it cap-
tures in a more direct manner the stakeholder concerns for a
software system. This is definitively beneficial for the stake-
holder as it improves traceability for his concerns through-
out the life-cycle of that software system. This stakeholder-
driven approach contrasts to the more technology-driven
approach that a component-oriented design typically rep-
resents.

As this paper presents ongoing work, we will continue the
described quantitative experiment, focusing on the qualities
of complexity and maintainability. In this paper, the results
presented in Section 5 are a first step in that direction: as
shown in [7], SoC is one of many qualities influencing main-
tainability.

We are further going to investigate the nature of the trade-
off between comprehensibility and SoC, and perhaps identify
other trade-offs. More specifically, we will try to find to what
extent the quality of comprehensibility is affected by plac-
ing more design complexity into composition, and whether
this can be solved by improving tool support for aspectual
decomposition.

We will also investigate to what degree we can account the
observed differences between the two designs to the inherent
nature of the applied approaches themselves, rather than to
the difference between the design teams and their experi-
ence.

Finally, we will further investigate how to support an aspect-
oriented decomposition in architecture and define different
views on such an architecture.
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