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Abstract

Separating a concern in an existing system with cur-

rently available modularization mechanisms requires an

understanding of how the concern interacts with the rest

of the system. Speci�cally, a developer must be able to

trace and understand dependencies between the concern

and other code. Tracing such dependencies is often a

tedious and time-consuming task. To help a developer

with this task, we are developing a conceptual modules

tool that allows the developer to logically describe the

code related to a concern and to analyze the interac-

tion of that concern with the system prior to the actual

separation of the concern. This tool uses data-
ow in-

formation extracted from compiled Java classes.

1. Introduction

Various approaches have been used to support the iden-
ti�cation of concerns in software systems, including
minimal subsets [3, 4], pattern matching [5], and user-
level features [6].

Once identi�ed, it is helpful to modularize a concern
of interest to help maintainers identify and change the
concern amongst other reasons. Newer modularization
mechanisms, such as Hyper/JTM and AspectJ,TM are in-
tended to help in the modularization process. However,
applying these mechanisms requires an understanding
of how the concern of interest interacts with other con-
cerns. For example, in exploratory work we conducted
in separating a graphic user interface (GUI) concern [6],
we found that in one class, the GUI concern was present
along with three other concerns. To properly separate
the GUI concern from the other ones, the developer
needed to examine the dependencies between it and the
other concerns. Tracing dependencies proved to be not
only a tedious task, but also a task that distracted from

the more important goal of deciding on an appropriate
modularization for the GUI concern.

We believe that the task of modularizing a concern
can be simpli�ed if a developer can express the con-
cern logically and then reason about it in the context
of the existing structure. Speci�cally, we are investigat-
ing whether the conceptual module [2] approach can be
adapted to provide the desired support. The conceptual
module approach allows a logical structure to be over-
laid on top of the existing structure of a system. Using
information about the data-
ow of the code identi�ed
in a logical module, the impact of making a potential
modularization change can be elucidated because de-
pendencies for a given concern can be eÆciently identi-
�ed and addressed.

2. Overview of Conceptual Modules

Previous work in conceptual modules was targeted to-
wards the reengineering of C code bases. This previ-
ous work de�ned a conceptual module (CM) as a set
of developer-speci�ed lines of (C) code that were to be
treated as a logical unit. Each CM represented a logical
procedure. A developer could then use either data-
ow
or cross-reference information [8] to determine the in-
terfaces of CMs. It also allowed developers to determine
the interactions between one CM and another, or one
CM and the rest of the source code. Queries provided
by the tool determined whether or not two conceptual
modules shared common code or were mutually exclu-
sive.

3. Applying Conceptual Modules to Con-

cern Modularization

Once a concern has been lexically (or otherwise) identi-
�ed in the source code, a developer can create a CM
from the corresponding lines of source code. While



modularizing the concern, the developer can query the
CM to determine all the dependencies with the remain-
ing code that need to be addressed. By tracking these
dependencies, the developer's task is eased. Moreover,
the developer can elucidate how the concern interacts
with other concerns captured as CMs. This approach
is especially appropriate for concerns that have more
complex interactions with other concerns.

3.1. Work in Progress
We are currently adapting the conceptual modules ap-
proach to work with object-oriented structures { more
speci�cally, the structures supported by Java [1]. Our
initial target is a tool that aids in the reengineering of
Java code. This tool will allow a developer to create a
CM from a set of lines of code related to a concern, and
will support queries related to the use and de�nition of
�elds, methods and classes.

The main bene�ts of the tool are related to how it
supports a developer in reasoning about a source code
base. Developers can reason about how a concern inter-
acts with the rest of the code without actually perform-
ing any changes to the code. For any potential change,
developers can reason about the existing structure and
the desired structure at the same time.

The tool can also help identify concerns. Once a
CM is created, the tool can determine the dependen-
cies between the CM and the rest of the code. This
may include dependencies such as variables that are
required as input to methods within the CM, methods
that expect return values from methods within the CM,
or �elds that are de�ned in the CM but referenced out-
side the CM. A developer can consider whether these
dependencies suggest that there is more to the concern
than has been captured by the CM. For example, a CM
may contain many uses of a �eld. This might indicate
that the �eld belongs to the concern in question.

Eventually, we will enhance the tool for use with
newer modularization mechanisms such as Hyper-
spaces [7, 9]. The tool will suggest modi�cations to a
CM to make it easier to apply some of the modulariza-
tion mechanisms found in Hyper/J. It will also export
CM's to various Hyper/J modularization units such as
concern mappings.

Although the tool will initially support only Hy-
per/J, it should be possible to adapt it to work with
other advanced separation of concern mechanisms. This
will make it possible for a developer to encapsulate a
single concern in a CM and attempt to modularize it us-
ing any of the supported mechanisms. A developer can
then note the modi�cations required to support each of
the mechanisms. This makes the tool ideal for use in
comparing mechanisms.

There is potential for the tool to be adapted as a

framework for concern metrics. For example, devel-
opers could use the tool to determine the de�nitions
or uses shared by two concerns. This would indicate
the degree of entanglement between two concerns and
suggest to a developer the amount of work required to
separate the concerns.
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