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Abstract. Software product line engineering (SPLE) is a methodology
for achieving systematic asset reuse in a family of software. The author
of this proposal is producing a range of enterprise web portal products
for Higher Education Institutions. The commonalities and variabilities
of this product family suggest a SPLE approach would be beneficial.
However, research indicates that full-blown, proactive SPLE is not al-
ways suited to small businesses. Efforts exist to reduce the overheads
of SPLE. In this vein, this research proposes to develop a method for
applying software product line engineering to enterprise web application
development that makes efficient use of existing frameworks. This re-
search falls into the domain of model-driven processes and methods for
web engineering.

1 Introduction and Motivation

This research involves the creation of a software product line for enterprise web
portals. The portals from this product line are to be deployed to Higher Educa-
tion Institutes (HEIs) in various domains, such as nursing, social care, occupa-
tional therapy and teaching, for the administration of practice-based learning.1

While there are many similarities between practice-based learning in each of
these domains, there are also many subtle (and not-so-subtle) differences. These
differences are not just between domains, but also between HEIs. The variabili-
ties can be in many places. There can be differences in the concepts and business
processes in the domain. For example, while a nursing student may have a “men-
tor”, in social work this may be their “practice educator” – a similar yet different
concept. Similarly, the process of sending a student on placement varies from
HEI to HEI. There can also be differences in the basic functionality of a portal
for each HEI – each has its own set of requirements for basic functionality and
customisations such as branding and available features. In developing software
systems for practice-based learning across domains and HEIs, techniques are
required to account for these commonalities and variabilities. Traditional ap-
proaches to software reuse are not suited to this purpose. This research seeks to
utilise SPLE to enable efficient reuse in the creation of these enterprise portals,
and to investigate the use of SPLE in web applications at large.
1 Practice-based learning is a form of higher education wherein a significant portion

of a student’s education is spent training in real-world environments.
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2 Background

SPLE is a systematic approach to achieving software reuse. It aims to minimise
the overheads incurred when building a family of software products that have
significant shared features, yet various differences. SPLE and its reuse-oriented
methodology has many purported advantages, both financial and technical, and
a number of industrial case studies document the successes it can bring [9,14]. Yet
due to its relative newness and its perceived overheads it is not yet in widespread
use in small- to medium-sized enterprises [8, p. 205]. Efforts exist to bring the
benefits of SPLE to companies less able to absorb its large up-front analysis
times [7,5,11].

SPLE is commonly split into two main processes: domain engineering and
application engineering [13, p. 20]. In domain engineering the scope of the do-
main of the product family is defined, and common and variable parts across
products are identified. Variability management, a key component of SPLE, is
used to manage these commonalities and variabilities. Feature modelling is the
most common method for variability management [3]. In application engineer-
ing concrete products are produced from the assets and models that have been
produced in the domain engineering process. This requires the production of a
configuration specification of the variability model, which defines the features
to be included (and excluded) from the product in question. A transformation
process must then take place, mapping the assets and the configuration specifi-
cation into a concrete product. While frequently the goal is for this mapping to
be automated, human intervention in the process is often required.

Enterprise portals are web-based systems that provide the means for research-
ing, collaborating and manipulating data within the enterprise. They provide
functionality such as targeted information provision, easy content management,
inter-personnel communication and collaboration, business intelligence reporting
and quick access to line-of-business data [4]. The utility of enterprise portals has
infiltrated the corporate consciousness enough for several pre-fabricated, com-
mercial portal frameworks to exist, which can be used by companies to ‘roll
their own’ portal without having to start entirely from scratch. These portal
frameworks are predominantly component-based architectures.

Web systems are seen as an area where the rapid response times of SPLE
for new products can be beneficial. However, the high upfront costs can be
off-putting to small- to medium-sized enterprises. The extractive and reactive
approaches are ways around these costs [7], and similarly the use of pre-existing
tools can be another time-saving measure [8]. Despite this, much prior work in
integrating the SPLE paradigm with web applications and portals has involved
the construction of a new, custom-built portal framework each time [12,8,2,1].
This is a missed opportunity for software reuse. This research will suggest that a
process for variability management and application engineering using an existing
portal framework will further increase the productivity gains of SPLE in the
sphere of the web.
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3 Aims and Objectives

The specific aims of this research are:

– To demonstrate that the software reuse savings of SPLE can be further
increased by making use of existing portal and web frameworks.

– To build upon prior work and develop the concepts around SPLE and web
systems, and to define new concepts where required.

– To develop a methodology that describes how to take an ‘off-the-shelf’ por-
tal/web framework and apply variability management and SPLE techniques
to produce applications in a product line.

4 Research Methodology

This research will begin with a design science creational phase, followed by an
empirical evaluative stage [10]. The first stage will create the software artifacts
and methodologies, and the second stage will empirically investigate the utility
of these artifacts in a real-world context.

The first stage will utilise the Formulative-Process research approach, and the
research method will be Concept Implementation. These are the most predomi-
nant approaches in software engineering research [6]. These methodologies will
be used to create the research artifacts of this research – newly defined con-
cepts for the use of SPLE with web systems; a general methodology for reusing
frameworks for web systems; and an instantiation of this methodology in one
technology.

The product-line will be defined in a reactive fashion based on demand, as
opposed to the heavy up-front analysis of the proactive approach [7]. The core
and variable assets and models will evolve as new portals are created for new
customers. Initial portals will go through the software product life-cycle of re-
quirements engineering, analysis, design, implementation and testing. As the
portal product-line is produced, the toolkit for portal generation will be devel-
oped. This artifact will take the form of a generator that, given a configuration
specification (derived from a variability model such as a feature model), will pro-
duce a generator script. This script will compile and install the required assets
in the portal framework to produce an individual product. This toolkit will be
used to inform the definition of the generalised methodology for reusing portal
frameworks in an SPLE approach.

The initial evaluation of the method will be based on the proof by implementa-
tion research method. The construction of a fully-operational product line from
which applications can be produced and sold will be taken as partial validation
of the method. It is important, however, to more rigorously validate the method
in comparison to alternative methods. This can be performed quantitatively by
analysing the reduction in developer-written lines of code by the method. Fur-
ther software reuse metrics can also be employed. In addition to this, empirical
evaluation via case study will be performed in the second stage of the research.
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Fig. 1. Process for generating a portal from a configuration specification and pre-built
assets. Selected assets are installed by the Generator. Future iterations will allow for
variability within individual assets, for example through compilation-time bindings in
source code, or run-time parameterisation.

5 Research Plan

Work to date has involved the production of conceptual models, business pro-
cess models, and domain glossaries of the social work and nursing domains of
practice-based learning. Research into portal frameworks has been performed,
as has research into product line and variability management techniques. Initial
requirements engineering has been performed with one HEI in the social work
domain. Use cases have been created and a prototype portal has been developed
using C#, ASP.NET, and Microsoft SharePoint. This portal is currently being
tested by the HEI. A prototype version of the toolkit for portal generation has
been produced, as shown in Figure 1.

Going forward into the 2nd year, the reactive SPLE approach will be used as
portals are produced for other HEIs. This will define the practice-based learning
portal product-line as variability is incorporated into the existing models and
assets. As this process occurs, concepts for web systems product-lines will be
defined, with a focus on reuse of the portal framework infrastructure and com-
ponents. The toolset with which to automate the generation of new web applica-
tions from product-family assets will be enhanced. The concepts of this toolset
will be generalised to describe a methodology applicable to portal frameworks
and web systems in general. In the 3rd year of research, empirical, evaluative
analysis of the utility of the methodology and its instantiation will be made via
case study. This will be achieved at the company as more portals are rolled out
to customers.

6 Contributions to Web Engineering

The main contributions of this research will be:

– Definition of concepts related to SPLE and enterprise web systems. This
will include variability management techniques for enterprise ontologies and
business processes, and investigations into aspect-oriented programming for
web-related software product lines.
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– A general methodology with which existing portal/web frameworks can be
used in the software product line engineering paradigm.

– An instantiation of the methodology – i.e. a toolkit that can be used to
generate enterprise web applications incorporating the reuse of one existing
framework technology.

– An empirical, industrial case study of the methodology in practice.
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