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ABSTRACT

We provide an approach for identification and visualization
of concerns at the code and architectural level, and mainte-
nance of traceability of these concerns throughout software
evolution.

Categories and Subject Descriptors

H.4 [Software engineering]: Concern-based development,
software architecture, traceability, consistency.

1. INTRODUCTION

Separation of concerns is a leading principle in software
engineering, used to address the inherent complexity of soft-
ware. There is no precise definition of what a concern is
but, in general, a concern can denote anything of impor-
tance. During development, the languages that we choose
to express our software into impose their own modulariza-
tion, and all different concerns that are addressed will inher-
ently crosscut this modularization. Concerns will naturally
become scattered throughout implementation and tangled
together with other concerns [20].

A number of approaches have addressed separation and
identification of concerns at the source code level. Aspect-
oriented programming advocates the modularization of con-
cerns as separate aspect modules that are weaved into the
existing implementation at certain join points [12]. Other
approaches just manage separate concern structures on top
of the existing implementation [9, 19, 10]. In this case, a
concern is realized in source code as a set of conceptually
related, but seemingly unrelated code elements.

Being able to identify concerns and explore the system
based on concerns is especially important during evolution
and long term maintenance. Concerns can enhance under-
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standability, since they document the purpose of the arti-
facts that belong to them. Concerns can define the scope of
a change, since they point out related artifacts that might be
affected. And, since concerns can also represent functional
and non-functional features, they can improve traceability
of artifacts throughout the development lifecycle.

Our research is aimed at bringing these benefits in the con-
text of software architecture. Software architecture presents
high-level models of a system, usually consisting of compo-
nents, connectors and their configuration, abstracting the
smaller details. In this way, the architecture provides an
overview of the system together with its most important
properties. As concerns not only crosscut existing represen-
tations in code but can transcend each individual develop-
ment phase, software architecture descriptions need to ac-
commodate concerns, and support for tracing these concerns
between architecture and source code is needed.

In this paper we present our approach for identification
and management of concerns at the architectural level. We
provide tool support for identification of concerns in code,
displaying them at the architectural level, and managing
their evolution over time. We plan to use this tool to gain
more insight into what types of concerns are relevant at the
architectural level and what types of information related to
these concerns would have the most impact during develop-
ment.

2. BACKGROUND AND RELATED WORK

Our work relates to two main research fields: concern-
based development and software architecture.

2.1 Concern-based Development

A number of approaches were developed for identifying
and managing concerns at the source code level. In all these
approaches, the set of elements that comprise a concern can
be specified either as a query, in which case the concern
specification is intensional, or as a fixed set, which denotes
an extensional concern. At any point in time, an intensional
concern can be evaluated in order to produce its extensional

personal or classroom use is granted without fee provided that copies arecounterpart, but while software evolves, the extension of an
not made or distributed for profit or commercial advantage and that copies jntensional concern might change too.

bear this notice and the full citation on the first page. To copy otherwise, to
republish, to post on servers or to redistribute to lists, requires prior specific

permission and/or a fee.
Copyright 200X ACM X-XXXXX-XX-X/XX/XX ... $5.00.

CME [9] consists of a number of Eclipse [8] plug-ins that
support concern description and exploration. A central, hi-
erarchical concern model is provided in Concern Explorer,



and custom loaders can load concerns from source code and
other development artifacts. The concern model can be ex-
plored using a query language, but at the same time each
query represents an intensional concern. Concern Highlight
[15] was built as an extension to CME that can highlight
concern occurrences in source code files.

FEAT [19, 18] describes concerns as Concern Graphs.
Concern graphs model concerns as relations between pro-
gram elements, including classes, fields and methods. FEAT
is built as an Eclipse plug-in and offers support for both
defining the concern queries and evaluating these queries in
order to determine the extension of a concern. Furthermore,
the extension set can be recorded at any time the source code
changes, and a concern graph inconsistency is detected if the
new extension set differs from the previous one.

Intensional Views [10] describe concerns as a set of source
code entities, either classes or methods. The concern de-
scription is intensional, using a custom predicate language
that can evaluate relations over source code elements, imple-
mented for Smalltalk programs. A concern can have multi-
ple alternative definitions, each such definition producing an
extensional set of occurrences. A concern definition is con-
sistent if the extension sets from all its alternate definitions
are the same.

Aspect-oriented software development [12] and aspect min-
ing are only tangentially related, since we are interested in
identification of concerns rather than in modularizing them
or in automatically inferring them from code at this point.

2.2 Software Architecture

The architecture of a software system is a high level model
described using an architecture description language (ADL).
In supporting linking the architecture to implementation,
some ADLs have either associated implementation frame-
works, such as xADL2.0 [7], or in the case of ArchJava [1]
the code and architectural description are tied together in
a single program written using Java language extensions for
architectural element notations. These approaches constrain
the implementation to using the framework or the architec-
tural extension notations, and therefore they cannot be used
to show the architecture of a system that does not adhere to
the constraints. Tracing concerns is a different approach to
linking architecture to implementation without constraining
either one of them.

Concerns that span the entire development lifecycle are
also known as early aspects [3]. The Theme [2] approach
discusses identification and traceability of concerns from re-
quirements to UML design. While this work is interesting
in the way it addresses aspect-orientation in other types of
artifacts than code, it does not provide insights into how
concern management can be done at the architectural level.

There is relatively recent interest in investigating repre-
sentation of concerns in architecture, but without any con-
crete resolutions. DAOP-ADL [17] extends an architectural
description language with first-level aspect constructs, and
provides support for composition between aspects and com-
ponents. Katera and Kats [11] propose an aspect archi-
tecture view where aspects are reusable elements that are
composed together but discusses architecture in context of
UML, and not in a specific ADL. And a another paper [4] ar-
gues that architectural abstractions are essentially concerns
and there is no need for new first-level aspect elements.

3. APPROACH

At the basis of our approach is the support for side-by-side
development of architecture and code. A common develop-
ment setup today includes two monitors, and we want to use
this screen real estate to leverage the use of traceability be-
tween architecture and code: one monitor can accommodate
code development, while the other will show the high-level
architecture. If changes in the code influence the architec-
ture, then they should be reflected at the architectural level.
A quick view on the architectural level should show up prob-
lems with source code concerns.

One of the hypotheses that we plan on investigating is
that concerns can be used to describe the rationale in a soft-
ware architecture. A seminal paper in software architecture
[16] defines the architecture of a system as a tuple consist-
ing of Elements, Form and Rationale. A survey of different
ADLs [13] shows that although they support descriptions of
different structural and behavioral properties of a system,
a common denominator is the description of components,
connectors and their configuration. While these cover the
elements and the form of an architecture, a representation
of the rationale is generally missing from these ADLs.

We also want to transform software architecture so that it
becomes the place for showing high-level concern informa-
tion. Source code can become very complex, especially in
large systems, and concern identification in code will gen-
erate concern structures of comparable complexity. Since
architectures are primarily aimed at giving an overview of
the system, they can be used to show information about
how a concern is implemented in code at a higher level of
abstraction. An overview of the architecture, in relation to
a specific concern, should be enough for somebody to figure
out 1) if the concern is implemented at all 2) which com-
ponents, connectors, interfaces implement the concern 3) to
what degree is the concern implemented 4) if there are any
concern-related errors or inconsistencies.

Although software architecture is a relatively mature field,
developing explicit architectural descriptions is still not a
generally accepted practice in common software develop-
ment. This is partially due to the fact that the link between
ADLs and implementation has been generally overlooked or
considered trivial, and partially because maintaining consis-
tency between architecture and implementation over time
is not an easy task. During evolution, the architectural de-
scription gradually becomes inconsistent with the implemen-
tation, phenomenon known as architectural erosion, which
causes the architecture to lose its value.

One of the reasons behind architectural erosion is that
there are no well-defined mappings between the formalisms
used at the architectural level, such as components and con-
nectors, interfaces and links, and the formalisms used at the
implementation level, such as classes, interfaces, methods. A
hypothesis that we plan to investigate is that this problem
can be alleviated by using concerns as links between archi-
tecture and code, transforming the architecture from being
an one-time blueprint for the implementation to being an
accurate representation of the system at all times.

4. CURRENT STATUS

In order to explore these question in more detail, we have
build tool support for an integrated environment where con-
cerns can be traced from architecture to implementation and
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Figure 1: Side-by-side code and architecture editors with concern highlight views.

back, with their evolution being managed as architecture
and code evolve.

Our tool consists of a number of Eclipse plug-ins. Eclipse
is an easily extensible environment that already provides
extensive support for source code development in Java. In
order to enable our side-by-side editors vision, we have de-
veloped a graphical editor for software architecture. The
editor is used to create boxes-and-arrows architectural di-
agrams based on more complex descriptions that use the
xADL2.0 [6] language.

An integral part of our solution is the link between archi-
tecture and code provided by ArchEvol [14]. ArchEvol links
components and connectors from an architectural descrip-
tion to Eclipse Java projects that contain their source code
implementation. At the same time, if architectural projects
and implementation projects are stored in a Subversion [5]
repository, ArchEvol can help maintain the mapping links
accurate between their different revisions. While this is a
coarse-level link between architecture to code, concerns pro-
vide a finer-grained mapping of architecture to code ele-
ments.

Figure 1 shows our environment, with the source code
editor on the left and the architecture editor on the right.
On top of this setup, we provide support for visualization
of concerns in a number of other views. The main view is
the Concern View, on the far right side, which manages the
hierarchy of concerns and helps select concerns for visual-
ization.

At the source code level, concerns are highlighted in the
current editor or shown on a per-line basis in the overview
bar on the left of the editor. While related research uses
intensional concern definitions, we use extensional concern
definitions, identified by user selection of source code text.
Although it is a simple concern identification method, it is
also the one that gives the most options, allowing the user
to select any relevant parts in the source code text, without

being limited to only types, methods or fields. For example,
this is useful when a concern is related to only a parameter
in a method or to partial blocks of code inside a method.

Annotating concerns in code can become a time consum-
ing, tedious task. In order to ease this effort, we also support
collection of concern-based information while the code is be-
ing developed, based on the observation that development
tasks are related to one or more concerns that are addressed
at a time. Using the automated concern recording feature,
the developer can choose a number of concerns as active, and
all subsequent code changes will be automatically mapped
as belonging to those concerns.

A number of metrics can be used to show useful infor-
mation at the architectural level based on the source code
mappings of concerns. Default metrics included with the
tool show the presence of a concern in the architecture or
aggregate values related to the concern, such as the percent-
age of implementation files that have the concern marked
over the total number of files.

With the help of ArchEvol, information in both the ar-
chitecture and code can be versioned together on top of an
Subversion repository. The values of the concern metrics
are saved along with each version of the system, in order
to show the evolution of concerns over time. The History
View, placed at the bottom of the figure, shows the archi-
tectural elements tree on the left, and for each version from
the repository, shows the concerns and the associated values
over different architectural versions.

Of course, not all problems are fully addressed at this
point in time. One question in particular that we would like
to address in the future is how can this environment be used
in a collaborative and distributed environment.

Up to this point, we have built the necessary infrastruc-
ture that allows further experimentation with concern iden-
tification and management. As future work, we plan to use
this environment to get better insights into how to map and



identify concerns in architecture and code, and we expect
this to materialize in a set of extensions to architectural de-
scription languages needed to accommodate concerns.

5. CONTRIBUTIONS AND EVALUATION

In this paper we have presented our vision for explicit con-
cern identification and management in both architecture and
code. This vision is supported by a tool that allows defini-
tion of concerns in architecture and code, offers support for
visualization of concern location and concern-related prop-
erties, and stores the evolution of these concerns for further
analysis.

We expect that this tool will help us identify how con-
cerns can take a more prominent role in software devel-
opment and especially in software architecture. We want
to use these lessons in creating an architectural description
language and tool support for defining architectural descrip-
tions that can remain consistent with the source code im-
plementation throughout evolution.

In order to evaluate our assumptions, we plan to use our
tool to identify and manage concerns on an existing appli-
cation. A medium size open source application will provide
a good test bed since it contains a large enough source code
base, will have a non-trivial architecture, and will have a
number of design documents, bug reports and feature plans
needed to determine what are the important concerns and
how these concerns manifest themselves in architecture and
code. This evaluation will also give us information about the
limits of scalability of our visualizations and the evolvability
of our concern mappings.
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