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Abstract. Product lines for information systems present variabilities both in
non-functional and functional features. Aspects are being used successfully in
the implementation of non-functional features, as they provide intuitive units
for isolating the requirements associated to this type of features. However,
aspects could also be used to implement some product line features that refer
to functional requirements. Using that approach, the instantiation of specific
products could be done by combining the desired aspects into the final
product. In this paper, we propose an approach, named AIPLE-IS, to
incrementally build a product line for information systems using aspects. The
product line core is developed first, followed by the addition of optional
features through aspects. A case study for a product line in the domain of
information systems for psychology clinics is presented to illustrate the
approach.

1. Introduction

Object-oriented Programming (OOP) is an established programming paradigm, with
well defined development processes, e.g. the Unified Process (Jacobson et al 99). On the
other hand, Aspect-Oriented Programming (AOP) (Kiczales et al, 97; Elrad et al, 01) is
a relatively new programming technique that has arisen to complement OOP, so the
software community is still exploring it and evaluating its costs and benefits.

Research about concepts and languages for aspect orientation (AO) has already
attained a mature stage. However, processes for AO are still topics under study
(Baniassad et al, 06). Recent works by several authors (Pearce and Noble, 06; Griswold
et al, 06; Apel et al, 06) have contributed to solve specific problems of different
development phases. In particular, research focused on dealing with aspects in the early
development stages of requirements engineering and architecture design are gaining
more focus in the last few years (Baniassad et al., 2006).

The need for techniques that help design and develop better quality software in
less time is one of the software engineering concerns. Many software products are
developed for artifacts already specified and implemented using software reuse
techniques. In this context, the software product line (SPL) approach appears as a
proposal for software construction and reuse based on a specific domain (Bosch, 00).
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This technique has already shown its value on OO development, and can both benefit
AO development and benefit from it.

In this paper product line engineering is considered as the development of
software products based on a core architecture, which contains artifacts that are common
to all products, together with specific components that represent variable aspects of
particular products. Product line commonalities and variabilities can be represented as
system features (Kang et al, 90) and they can be related both to functional or non-
functional software requirements. Thus, it is interesting to investigate how aspects can
improve modularization of SPL parts, isolating interests and benefiting SPLs, allowing
the creation of more pluggable and interchangeable features.

In this paper, we propose and approach for incrementally developing an SPL, in
which aspects are used in a systematic way to ease the introduction of functional
features in the SPL, without changing the remaining features. The approach has been
created based on a concrete product line development, which refers to a psychology
clinic control system. In brief, the motivation for developing this work is the need for
processes and techniques for aspect-oriented analysis and design; the growing interest of
the software community in early aspects; and the need for approaches to develop aspect-
oriented product lines.

The remaining of this paper is organized in the following way. Section 2 gives
an overview of the proposed approach, named AIPLE-IS. Section 3 presents the SPL
core development in more details, while Section 4 describes the product creation phase.
A case study to illustrate the approach is presented along sections 3 and 4. Section 5
discusses related work. Finally, Section 6 presents the conclusions and ongoing work.

2. Overview of the proposed approach

Our approach for Aspect-based Incremental Product Line Engineering for Information
Systems (AIPLE-IS) is illustrated in Figure 1. It has two main phases: Core
Development and Product Creation. The Unified Modeling Language —-UML (Rational,
00) is used as a modeling notation, combined with artifacts from the Theme/Doc
approach notation (Clarke et al, 05). In the first phase (Core Development), a domain
analysis is done to identify both fixed and variant points of the domain. The fixed part is
implemented in this phase and is here denoted as the SPL core assets, because they
define the minimum features that a single product of the family will have. These core
assets are implemented using aspects where necessary to ease the future inclusion of
variant features in the subsequent phase, as explained in Section 3.

In the second phase (Product Creation) several iterations occur to develop
specific features needed to produce SPL concrete products. Each increment will result in
a set of features needed to obtain a particular product, but that can also be reused in
other products. Aspect-oriented techniques are used whenever possible to isolate
features into aspects. Products are obtained by composing aspects and base code
according to specific requirements. This activity can be executed as soon as the core
assets are implemented, as there may be products that consist only of basic
functionalities, or it can be executed later by combining basic and optional features.
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Figure 1. AIPLE-IS overview

3. Core Development

This phase aims at identifying and implementing the SPL core assets. It has two
activities, as shown in Figure 1: domain analysis and core features development.

3.1. Domain Analysis

The domain analysis is conducted to capture the domain knowledge, i.e., to identify the
functionality present in different applications of the same domain. This activity is
extensive and, thus, is out of the scope of this paper to describe it in detail, as any
existing domain analysis method could be used, such as those by Prieto-Diaz (1990) or
Kang et al (1990). Gomaa (2004) also presents an approach to domain analysis that
contains most of the good principles used by these authors, but his process is updated
according to more recent notations.

The domain knowledge obtained in this phase should be properly documented to
identify the SPL features, which can be mandatory, optional, or alternative. Mandatory
features are those that should be present in all SPL. members. Optional features can be
present in one or more SPL. members. Alternative features form a small set of features
from which one or more are chosen to be part of an SPL. member (exclusive alternative
is also possible). The features model notation (Kang et al, 90) is used and a number is
added to each feature to ease its future reference in subsequent phases. During domain
analysis, it is important to discover mainly the mandatory features, and also those that
are more likely to be needed later. More uncommon features are searched secondarily.

The domain analysis phase is outlined in Figure 2 (using BPMI notation (Arkin,
2002)), which shows its activities and artifacts produced. As it can be observed in the
figure, the process starts with the study of one or more systems in the domain aiming at
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creating, for each of them, a Features Document, a Requirements Document, a Features
Model, a Conceptual Model and a Feature-Requirements Mapping. Those are named
“individual” versions, i.e., each of them represents a single system. Other domain study
activities can be used to help in the creation of these documents, as well as to eventually
help in the domain analysis or even in AIPLE-IS subsequent phases.

Figure 2. AIPLE-IS - Domain Analysis activities

In order to complete the domain analysis, a final version of each artifact is
produced, named “domain” version, so that these domain versions encompass and
organize all the content of the individual versions. Thus, a Domain Features Model is
produced based on individual features documents and models, a Domain Conceptual
Model is produced based on individual conceptual models, a Domain Requirements
Document is produced based on individual requirements documents, and a Features-
Requirements mapping is created based on individual features-requirements mappings.
The other documents presented in Figure 2, as for example the action view and the
clipped action view, are optionally created to help clarifying to which feature a
requirement belongs to. They are based on the Theme approach notation proposed by
Clarke (2005). The difference is that Clarke uses them to represent individual systems,
while here they are used to represent the entire domain. In this phase we are not worried
about which features are crosscutting or not.

To illustrate the usage of AIPLE-IS, we introduce an example implemented as
part of a master thesis at [CMC-USP, where AIPLE-IS was used to develop part of a
psychology clinic control system product line, here simply referred to as “PSI-PL”. The
possible products instantiated for this SPL are systems for managing several similar but
different psychologist offices, psychologist hospitals, and other similar institutions. The
PSI-PL domain analysis has been conducted based on the reverse engineering of three
systems: the first is a private small psychologist office, and the other two are different
hospitals (one private and one public) dedicated to attend psychology patients. The
reverse engineering produced several individual models that were then used as basis to
produce the domain model. A small part of the PSI-PL domain conceptual model and of
the features model are shown in Figure 3 and Figure 4, respectively. These models
illustrate several domain concepts, which can be mandatory or not (in the features model
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