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THESIS ABSTRACT
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Software Product Line Engineering (SPLE) is an approach with an aim to move the
software industry away from developing each system from scratch. The fundamental idea
in SPLE is building systems from the common features rather than building new systems,
because systems in a certain software domain have more commonalities than uniqueness.
SPLE helps to identify common features among similar family of products into core
assets and then reuse these core assets to develop subsequent applications. SPL
-development needs a collaborative process whereby organizations can balance the
conflicting interests between high reusability demand and lower cost. This process needs
to focus on how to achieve the required reusability level; and handle the uncertainties
during the product line core asset development. Despite the large number of research
and studies that touched SPL, there is a gap in the study of uncertainty associated with
features selection in the core asset development. The main objective of this thesis is to
address this issue by handling that uncertainty using the Real option Theory (ROT)
concepts, which offers a systematic approach to identify and assess the issues that have
an effect on the real options value, and help managers to make a decision under
uncertainty. In this thesis we develop Software Product Line Engineering Management
Framework (K-SPLEMF) for core asset development. Our framework identifies a method
to classify an SPL features into features sets based on their dependencies relations;
introduces a new matrix to calculate features and Features Sets Reuse Opportunities;
prioritizes features and features sets in the SPL core asset development process by using
ROT concepts. Furthermore, we analyze and discuss the results of the framework

application on the SPL core asset development through case studies.
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CHAPTER 1

Introduction

Over the last decade, the extensive uses of software have placed new demands on the
software industry to enhance development productivity and reduce associated costs [1].
These expectations have led software engineers to apply the idea of reuse [2]. Software
Product Line Engineering (SPLE) is an approach with an aim to move the software
industry away from developing each system from scratch. Building systems from the
common features rather than building new systems is the key idea in SPLE that is
because in a certain software domain, systems have more commonalities features than
private ones which give companies the ability to release product variants by adding new
features [3]. SPLE helps to identify common features among similar family of products
into core assets, and subsequent applications are developed by reusing these core assets

[4, 3].

SPLE has potential to improve productivity and reduce time to market [6, 7]. As shown in
Figure 1.1; fundamental to SPLE success is the need for a core asset which has high
degree of reusability [8]. The organization can assemble the core asset base all at once
before building any products (a proactive strategy) or incrementally as it introduces
products (a reactive strategy) [9]. The reactive approach is like the agile approaches to
conventional software where one or more product variations are analyzed and

implemented on each development spiral [10].



A key challenge in SPLE is to find a right balance between reusability and cost involved
in core asset development. The core asset development process needs to maximize the
coverage of a product line domain within a budget and a given time frame. We believe
that for Software Product Lines (SPL) to be a part of mainstream software engineering
culture, organizations need strategies with low adoption barriers. There is a need that
required a small upfront effort, incremental transition from current practices, and a rapid

return on investment [10].

Time to -
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Figure 1.1.a: Cost for developing n kinds of systems as single Figure 1.1.b: Time to market with and without product line
system compared to product line engineering engineering

Figure 1.1: SPLE cost and time to market analysis [7]

In this thesis, we present a management framework for SPLE that provides quantitative
information to evaluate reuse opportunity of software features. The framework helps in

handling the uncertainties associated with software feature selection.



1.1 Motivation

SPL development needs a collaborative process whereby organizations can balance the
conflicting interests between high reusability demand and lower cost. This process needs
to focus on how to achieve the required reusability level; and handle the uncertainties

during the product line core asset development.

In this thesis, we develop a management framework for SPL core asset development
which helps a system analyst to (a) understand feature relationships and their
dependencies; (b) quantifies Reuse Opportunity of features; and (c) handles the
uncertainties within features selection by estimating the potential benefits of including
features at different core asset development spirals. Furthermore, we consider the
management of SPL core asset development from the perspective of Real Option Theory
(ROT), which addresses uncertainty over time and handles selection of features during

the development process.



1.2 Research Objectives

The main objective of the thesis is to address the key challenges associated with the SPL
core asset development process by handling the uncertainty on SPL features selection.
This main objective can be broken down into number of smaller objectives steps as

follow:

* Analyze SPL features dependencies relations to classifying these features into a

number of Features Sets.

» Develop a process to identify Reuse Opportunities for the Features Sets based on

SPL Marketing Product Plan (MPP) and Features Sets dependencies relations.

» Identify Development Priority for SPL Features Sets in core asset development

based on their Reuse Opportunities.

» Manage Software Product Line core asset development uncertainty based on the

Real Options Theory concept.

» Analyze the impact of the framework on the SPL development based on case

studies.



1.3 Research Contribution

As part of this thesis, we develop Software Product Line Engineering Management

Framework (K-SPLEMF) for SPL core asset development. The main contributions of our

work are:

= Identify a method to classify an SPL features into Features Sets based on their

dependencies relations.

» Jntroduce a new matrix to calculate SPL features and Features Sets Reuse

Opportunities.

» Prioritize features and features sets in the SPL core asset development process

using ROT concepts.

» Analyze and discuss the results of the framework application on the SPL core

asset development through the case studies.



1.4 Thesis Organization

The remainder of the thesis is organized into the following chapters:

- Chapter 2: Literature Survey

This chapter will go over the body of work that is relevant to our thesis by first covering

the basic ideas and general concepts followed by a discussion of the related work.

- Chapter 3: SPLE Management Framework

Chapter 3 presents the management framework (K-SPLEMF) for SPL core asset

development, and illustrates the framework phases in details.

- Chapter 4: Case Studies

In this chapter SPL case studies that were used in the thesis are presented.

- Chapter 5: Result Analysis and Discussion

This chapter presents results and discussions for the application of our framework phases

on the case studies shown in Chapter 4.

- Chapter 6: Conclusions and Future Work

The thesis is concluded by summarizing the thesis work as well as discusses the strengths
and potential limitations of this work. Furthermore, it provides number of suggestions for

further work directions on the topic.



CHAPTER 2

Literature Survey

The research done for writing this thesis can be broken down to two major components,
Software Product Line (SPL) and Real Option Theory (ROT). There is a wealth of
information on both of these topics individually. But it is their common area which is of

particular interest to this thesis, and that area remains relatively unexplored.

The goal of this chapter is to provide some background information on the concepts
being discussed in this thesis, as well as offer a comprehensive discussion of the related

works.



2.1 Background: Definitions and Overview

In this section, an introduction about SPL and ROT is presented. The key concepts used

in this thesis are illustrated briefly to make the reader more familiar with these concepts.

2.1.1 Software Product Lines (SPL)

The Software Engineering Institute (SEI) defines SPL as “a set of software-intensive
systems that share a common, managed set of features satisfying the specific needs of a
particular market segment or mission and that are developed from a common set of core

assets in a prescribed way” [11].

SPL is a family of software applications in a common purpose domain, allocating with a
set of common features. Product line variability determines the variety from one

application to another [6].

In the early 1990s, software families and product lines concepts came into view. The
Feature-Oriented Domain Analysis (FODA) method description is one of the first
contributions in that field [12]. Also, many companies began to deal with this matter
more methodically at the same time [13]. This concept (SPL) helps companies to develop
their products from a core asset instead of starting from the scratch. On the other hand,
such as software engineering the development of these assets should utilize the
commonality and dial with variability management. Therefore FODA approach was
become a way to commonality and variability analysis that is used by many researchers

in industry and academic [4].



Product line engineering has become an important and widely used approach for
efficiently developing portfolios of software products [9]. It is one of the recent and
effective reuse approaches [5]. Software product line engineering has gained a broad
interest in academic as well as in industry over the past decade [14]. Using SPL seeks to
maximize reusable variation and eliminate wasteful generic development of components
used only once [15]. A number of authors have described the potential benefits that may
accrue from using SPL techniques in the requirements, architecture, design, coding and

testing phases [6, 7, 16].

Variability management is the basic rule in SPL that is classified product line components
into three types: common, optional and alternative components or features and manage
them in the development process. Common features are shared for all products in the
family however, alternative is for specific products and optional features could be or not

be parts from the products [15].

The reuse of the same assets containing clear variability is the main difference between
software product line engineering and other reuse techniques. An example of this is the
requirement representations perhaps include a clear description of specific needs which is

not applicable to a certain subgroup of products [13].

SPLE is a technique for developing and maintaining products family, taking advantage of
their common features and signed variable ones [17]. The commonality and variability
exist between the products in a family is the basic structure in the product line [18].
Using SPLE in developing product families decreases time and cost, also increases

product quality and helps to get customer satisfaction [7, 14].
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