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ABSTRACT

Software complexity has always been an issue in software development,
especially for larger system with innovative functionalities. One solution to reduce
the problem of software complexity is by applying software reuse method.
Nowadays, Software Product Line is an emerging paradigm for handling software
development for software reuse. Software Product Line usually associated with using
feature-oriented development methods. Although there are many methods that
existed for developing Software Product Line, there are no concrete descriptions on
systematic processes that the methods used. Therefore, in this research, an
integration of three feature-oriented Software Product Line methods is proposed for
developing software architecture. The methods are Feature-Oriented Domain
Analysis (FODA), Feature-Architecture Mapping (FArM), and Feature Dependency
Analysis (FDA). The case study selected for this research is Precision Farming
application based on Wireless Sensor Network. The proposed integrated method
provides systematic processes with detailed guidelines for designing software
architecture. The software architecture for the case study is developed using the
proposed integrated method. The proposed integrated method is evaluated with the
initial FArM and has higher benefits because the integrated method includes domain
analysis and enhanced mechanism for handling feature dependencies. When
compared to Feature-Oriented Reuse Method (FORM), there are fewer differences,
but the integrated method provides stronger mapping from features to architectures

because it uses FArM method.
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ABSTRAK

Kerumitan perisian sentiasa menjadi isu dalam pembangunan perisian,
terutamanya bagi sistem dengan fungsian inovatif yang lebih besar. Satu
penyelesaian untuk mengurangkan masalah kerumitan perisian adalah dengan
menggunakan perisian kaedah penggunaan semula. Pada masa kini, Perisian Talian
Produk adalah suatu paradigma baru untuk mengendalikan pembangunan perisian
untuk perisian guna semula. Perisian Talian Produk biasanya dikaitkan dengan
menggunakan kaedah pembangunan berorientasikan ciri. Walaupun terdapat banyak
kaedah yang wujud untuk membangunkan Talian Produk Perisian, tidak terdapat
sebarang penerangan konkrit pada proses sistematik bagi kaedah yang digunakan.
Oleh itu, dalam kajian ini, integrasi tiga berorientasikan ciri perisian kaedah Talian
Produk dicadangkan untuk membangunkan senibina perisian. Kaedah-kaendahnya
1alah Feature-Oriented Domain Analysis (FODA), Feature-Architecture Mapping
(FArM), dan Feature Dependency Analysis (FDA). Kajian kes yang dipilih untuk
kajian ini adalah kaedah pertanian terperinci berdasarkan rangkaian pengesan tanpa
wayar. Cadangan kaedah yang bersepadu menyediakan proses sistematik dengan
garis panduan terperinci untuk reka bentuk senibina perisian. Senibina perisian untuk
kajian kes ini dibangunkan dengan menggunakan kaedah bersepadu yang
dicadangkan. Kaedah bersepadu yang dicadangkan telah dinilai dengan kaedah
FArM dan mempunyai kelebihan yang tinggi kerana kaedah bersepadu mengandungi
analisis domain dan mekanisma dipertingkatkan untuk mengendalikan
kebergantungan ciri. Apabila dibandingkan kaedah Feature-Oriented Reuse Method
(FORM), terdapat sedikit perbezaan, tetapi kaedah bersepadu menyediakan pemetaan

yang lebih kukuh dari ciri-ciri ke senibina kerana ia menggunakan kaedah FArM.
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CHAPTER 1

OVERVIEW

1.1 Introduction

Towards the 21* century, information technologies have rapidly advancing
and have since been applied to many fields, including agriculture. In the past, the
agricultural-related activities were performed in a traditional way involving human
labors to operate equipments and machines. Farmers need to constantly visit the crop
field to monitor the crop conditions and the data were measured manually crop by
crop. Decisions on harvesting as well as the suitable amount of fertilisers and
pesticides can only be made after gathering enough information from the crop field.
The traditional way was time consuming especially if it involves monitoring large-
sized crop fields. Fortunately with the advancement of information technologies, the
agricultural activities were modernised by enabling automation to replace manual
operations. Hardware devices like sensors are deployed on the crop field to gather
and measure data, and software system is used to process the data for decision-
making. As a result, the needs for human labors have been decreased and able to
reduce the time it takes for data collection. This new method is known as Precision

Farming (PF), or sometimes called as Precision Agriculture.

Ever since PF has been introduced, there are many definitions and concepts
of PF that have been described by researchers and practitioners. The most cited and
used definition is by Robert et al. (1994), who have proposed three “R”, which are
the Right time, the Right amount and the Right place. Another two “R” was added to
the list by the International Plant Nutrition Institute and Khosla (2008). The former
added the Right source, and the latter added the Right manner. Other definition of PF



are by Pierce and Nowak (1999), who defined PF as the application of technologies
and ideas to manage agricultural spatial and temporal variability in order to improve

crop production and environmental quality.

PF combines two different field of expertise. First is the information
technology field that includes the implementation of Wireless Sensor Networks
(WSN), Global Positioning System (GPS), Graphical Information System (GIS), and
Decision Support System (DSS). Among the devices used in PF are remote sensors,
yield monitors, yield mappings, variable rate technologies, and such (Sudduth, 1999).
Second is based on the accumulated farmers’ experiences and vast knowledge on
fertilisers, pesticides, and variations in nutrient availability, crop and soil properties,

root growth, and other important factors.

PF is a site-specific management, which means variations are monitored and
studied at specific field which are divided into smaller areas. In order to allow for
monitoring and controlling of different areas in a crop field, the setup of WSN is
necessary. WSN integrates latest technologies like radio frequency (RF) transceivers,
sensors, microcontrollers, and power sources (Wang et al., 2006). The
implementation of WSN technology in PF helps to increase efficiency in real-time
processing for environmental controlling and monitoring of factors like temperature,
water, and soil chemistry, which is crucial in PF to maintain the ideal field
environment of a crop. WSN is seen as a reliable technology with high potentials at
present as well as in the future. As a matter of fact, there are several published papers
concerning PF application using WSN. For example, Li et al. (2008) discussed on-
field installation of WSN based greenhouse that employed management strategy in
order to achieve such cost-effective and ecological friendly greenhouse management;
Pierce and Elliott (2008) described the deployment of regional and on-farm sensor
network in for two PF applications in Washington State; Camilli et al. (2007)
conducted a simulation which is aimed to prove the utility of WSN in PF; and Lopez
et al. (2010) and Riquelme et al. (2009) constructed a WSN prototype for
measurement of data on soil and environmental features for vegetable farms

irrigation.



Software system is also an important element in PF to allow the processing of
collected data and to assist in decision-making. PF software system consists of
modules for data acquisition, data collection, recording of data, sophisticated data
processing, decision-making, complex data computations, and repository
management. PF software system is constructed based on the software architecture
that is designed according to the given PF software development requirements.
Software architecture is a systematic structure that contains software components and
description of their external properties and definition of relationships among them
(Bass et al., 1998). The architecture determines two important aspects of the system,;
what it is and what it does. In other words, the software architectures represent the
main body of a system that includes rich information like logical flows, protocols,

interfaces, and processes.

The issue of complexity is quite common in computing field since a decade
ago, especially in software development. Among the causes that contribute to
software development complexity are customer’s demands for innovative system
functionalities, many kinds of different platforms created by vendors, and the ever
changing requirements by the customers. Therefore, the code size and error rates will

increase and it will become difficult to maintain.

Reusability can be an appropriate strategy to solve the complexity issue
mentioned previously. The term reusability refers to the properties of software that
specifies its possibility of reuse (Frakes and Kang, 2005). Software reuse is described
as the process of developing new software by using existing software or software
knowledge (Pohl et al., 2005). Software Product Line Engineering (SPLE) is one of
emerging paradigm that promotes reusability of software assets like components,
architectures, designs, data, and modules (Pohl et al., 2005). SPLE in software
development aims to produce software at lower costs and in shorter time without
neglecting the software quality. The two important approaches in SPLE are

extracting commonalities and managing variability in the software system (Gomaa,



2005). Among benefits that can be obtained from software reuse are gains in
productivity, gains in quality, and gains in development schedule (Mili ez al., 2002).
The software products that can be reused are executable code, source code,
requirements specifications, designs, test data, documentation, and architectures

(Mili et al., 2002).

In SPLE, the software reuse approach is applied to the system family. The
term “system family” refers to a set of software system with similar features that
satisfy specific given requirements and are developed from a set of reusable core
components in a predefined way (Pohl et al., 2005). The reusable core components,
also known as core assets, contain software components and requirements, analysis,
design and test artifacts, are stored in a shared repository. These core assets are made
available for reuse by multiple members of the system family, with variability
mechanisms. The main concept for reuse in SPLE is to exploit the commonality of

core assets and manage their variability.

The SPLE approach is as shown in Figure 1.1. The architecture of the product
is shared by every members of the system family. Commonality of the functions that
the system family must employ is recognised by similar components that applied to
the software architecture. Meanwhile, the variability of functions that the system
family may or may not employ is recognised by the integration of different

components attached to the variation points of the software architecture.
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Figure 1.1: Architectural approach reuse in SPL (Fajar et al., 2010)

In SPLE, the most important concept is features that serve as representation
of reusable components and requirements of a product line. According to Kang et al.
(1990), features are known attributes of a system that are identified by the end users.
The most used method for analysing a domain using features is the Feature-Oriented
Domain Analysis (FODA), in which those features are constructed into a feature tree
or feature model (Kang et al., 1990). The feature model is composed of a hierarchy
of features, with each branch holds either mandatory, optional, or mutually exclusive
conditions. The FODA method will be used to document requirements artefacts for
the research. The output will be a feature model of a PF application based on
Software Product Line (SPL). In order to map the requirements into architectural
components, a new feature-architecture mapping method by Sochos and Matthias
(2004) will be used, namely Feature-Architecture Mapping (FArM) method. In order
to handle the feature variability of the software components, the FArM method will

be integrated with processes in Feature Dependency Analysis (FDA) method.

1.2 Problem Background

In this section, there are two types of problems that will be discussed, which

are the domain research problem and technical problem. The domain research



problem is related to the issue of complexity in software development. The technical
problem is involving the issues on the SPLE methods that are used for software

development.

In the past, building software from scratch may be the only solution in
software development. The basic development phases will start from collecting the
requirements from customers and stakeholders, analysing them, and then designing
the architecture or solution before implementing them into lines of codes. Nowadays,
building software from scratch may not be the most convenient way because the
software development has becoming more complex. Complexity can increase due to
evolution of software functionalities, in which is caused by customer’s demands to
add more innovative functionalities to the software (Pohl er al., 2005). As the
complexity increases, the size of code will also increase. An example is the Windows
Operating System, in which in 1991 Windows NT PDK 2 had 1.8 million SLOC
(Cusumano and Selby, 1998) and Windows XP had 48 million SLOC (Pohl et al.,
2005).

As mentioned in previous section, SPLE approach promotes reusability and
can be used to develop software for reuse. This can be a promising approach to
handle complexity issue in software development. Although there are many SPLE
methods available, not all of the methods contain guidelines and full documentation
on the processes involved. Each of them may have their own strengths in some
aspects of software development, but in other aspects they can display weaknesses
too. There is a comparison done by Matinlassi (2004) that summarised the SPL
architecture design methods, which are COPA, FAST, FORM, KobrA, and QADA.
The methods were compared using context, user, contents, and validation aspects
from Normative Information Model-Based Systems Analysis and Design (NIMSAD)
framework. The author concluded that there is no competition among methods, but
each of them has a special goal to achieve. The author also highlighted the lack of
methods documentation and thereby there are no concrete descriptions of processes

involved. The comparison table is shown in Table 1.1.
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Feature-oriented approach is one of methods to implement SPLE, which
manipulates features of software system and then are plotted into a feature model
(Kang et al., 1990). The most cited and used feature-oriented method is FODA
(Kang et al., 1990). The main motive of using FODA is to implement domain
analysis. There are detailed guidelines documented by the authors in order to
implement domain analysis in a systematic manner (Lee et al., 2002). The guidelines
are retrieved based on the authors’ experiences with feature modeling on previous
projects like electronic bulletin board systems, private branch exchange, and elevator
control software. The authors concluded that feature modeling using FODA was
insightful, effective, and efficient for discovering commonality and variability of
domain applications. Therefore, the FODA method is useful for Analysis phase in
software development. In order to continue with Design and Implementation phases,
FODA method is extended to FORM (Kang et al., 1998). However, one obvious
weakness of FORM is that it does not provide concrete description on processes to
map features to architectures. FORM does not focus on providing a clear transition
between feature model and architecture, instead only concretising the FODA

processes of analysis and design from a marketing perspective.

In 1999, the initial FORM method was used in building the core part of
Elevator Control System (ECS) for LG Industrial Systems CO. Ltd. (LGIS) (Choi et
al., 1999). The development of ECS using initial FORM method was a success. After
the ECS was developed, more changes have occurred in the hardware and software
environments, as well as evolution of the control technologies. Unfortunately, major
efforts were required for handling the system maintenance. Therefore, to reduce the
efforts for system maintenance, another research is conducted on the FORM method
(Lee et al., 2000). It is an extended to the previous FORM researches, (Kang et al.,
1998) and (Kang et al., 1999). In (Lee et al., 2000), a new ECS architecture was
developed. Prior to developing the new architecture, feature analysis was done to the
whole family products of ECS to identify modules to be hidden, and ways to handle
contextual variations like technology and environment variations. The authors have
highlighted that feature analysis is a crucial approach in one of the steps for
developing software architecture. By implementing the new architecture, any

changes occur on the ECS can be done with minimal efforts.
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Feature-Architecture Mapping (FArM) method was introduced by Sochos
and Matthias (2004) that claimed to have stronger mapping of feature model to
architecture compare to FORM. The mapping is done in two phases, which are
Transform Feature Model and Building Reference Architecture phases. Transform
Feature Model phase contains four transformations that are done iteratively. Building
Reference Architecture phase is implemented in parallel with each transformation in
order to derived architectural components. Thereby, FArM method provides more
systematic processes and is able to map features to architectures stronger that FORM.
FArM involves only in the Design and Implementation phases of software
development. The authors suggested the use of FODA method for Analysis phase. It
is the best choice to use FODA because it has detailed documentation of processes
needed for domain analysis. Although both methods are feature-oriented, some set of
guidelines is needed in order to transform the feature model so that it can be used as
input for designing architecture using FArM. This is because the feature model built
using FODA is in four layers, but the feature model required in FArM is in single
hierarchical structure. FArM does not provide processes for transforming four-layer

feature model to single layer.

A recent related research is from Fajar er al. (2010) that used feature
modeling in SPL development for Wireless Sensor/Actuator Network (WSAN) based
agriculture systems. Previous researches have been done on WSAN which comprise
of application domain like controlling and monitoring of farm, precision irrigation,
and managing traceability. The authors have highlighted this as a problem because
the applications are developed separately, when instead it is more convenient to
implement integration and share the software components. Therefore, the authors
proposed developing a WSAN feature model by analysing the commonalities and
variability that exist among the application domain (Figure 1.2(a) and (b)). The
feature model that the authors have developed can be useful for designing software
architecture, and is even possible to be adapted for this research. However, the
authors did not provide a complete feature model and only display some parts of the

feature model.
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Another problem that related to SPL methods is the mechanism used for
handling feature variability in software architecture design. FArM introduced
switching mechanism (Sochos, 2007) that uses Strategy pattern for handling feature
variability. However, the author stated that the mechanism only can handle smaller
system with less number of features. FORM, however had introduced Feature
Dependency Analysis (FDA) (Lee and Kang, 2004) that uses Factory and Proxy
pattern for handling feature variability. FDA can be applied for handling feature

variability in larger system with larger number of features.
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1.3 Problem Statement

There are two main problems in this research that need to be solved, which
are software complexity and suitable SPL methods to be used. The problem with
software complexity is how to handle the issues like changes of requirements during
software development, finding the suitable mechanism for handling feature
variability, and the artifacts that can be reused. The second problem is in selecting
the suitable methods for SPL development. The context of suitable methods refers to
the methods that provide step-by-step processes and have sufficient documentation
on the methods. There may be some methods that cover all aspects of software
development like FORM, but it does not provide step-by-step processes and concrete
description on mapping features to architecture. Some methods only cover the
analysis aspect of software development like FODA, and some covers design and
implementation aspect like FArM. Some methods like FDA only cover the feature
variability issues in designing software architecture. The decision to integrate these
methods may be a wise decision, but this may require a certain platform or transition

phases in order to integrate them.

Therefore, in order to achieve the objectives and to handle the problems that
have been discussed in Section 1.2, the study will be carried out to answer the

following questions:

1. How to determine which requirements are suitable for developing PF
software PL?

2. How to transform the feature model built using FODA so that it can be
suitable input for FArM to process?

3. How the integrated FArM and FDA methods can be used for handling
feature variability?

4. How to evaluate and validate the proposed integrated FODA, FArM and
FDA methods?
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1.4 Research Aim

The research is aimed to provide systematic processes and guidelines for
developing software architecture. Several existing PF overall system and software
architectures that are based on WSN are studied, and then a detailed study is
conducted on their elements, features, functionalities, limitations, and abilities. The
investigation on software architecture will lead to the process of extracting
requirements that will later transformed into features. The features will be
represented using feature model using FODA method that will be mapped onto
architectural elements using FArM method. FDA method will be used for mapping

the feature variability.

1.5 Research Objectives

There are four main objectives that need to be achieved upon the completion

of the study.

1. To perform domain analysis by collecting and studying the requirements
of PF application and transformed them into features to create a feature
model.

2. To integrate FODA and FArM methods by transforming feature model in
a way that it can be input for FArM transformations.

3. To enhance the feature variability mechanism in the initial FArM method
by integrating it with FDA method.

4. To evaluate and validate the processes in the integrated methods of

FODA, FArM, and FDA.
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1.6  Research Scope

In order to keep the research within achievable boundary, the conduct of the

research is restricted to the following scopes:

1. Analysis and investigation of the study in order to extract requirements
are limited to six case studies of existing PF overall system and software
architecture.

2. The research only involves the Analysis and Design phases of software
development.

3. The use of FODA method is restricted for domain analysis.

4. The FArM method will be used for mapping the feature model onto
architectural components.

5. The processes in FDA method that are going to be integrated with FArM

method are limited for handling the feature variability.

1.7  Significance of the Study

The study involved research on PF or site-specific management that
comprised of multi-disciplinary knowledge on areas like agricultural, information
technology development, and engineering innovation. The main purpose of the
research is to provide systematic processes and clear guidelines for developing PF
software architecture for software reuse. Since PF is a multi-disciplinary approach,
the result of the research is contributed to several fields such as agricultural,
information technology, and engineering in which specifically aim to promote better
practice of software development in PF. It is hoped that the proposed methods can be
applied for developing software architecture for software reuse in an application
domain. In addition to that, the PF software architecture that is developed in this
research can be used as a software reuse artifact for developing applications on PF

domain.
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1.8  Organisation of Report

Throughout achieving the aims and objectives of the research, the work of
research is documented in seven chapters. Chapter One describes the overview of the
study by dividing it into sections which consists of introduction of the study, problem
background, problem statement, aim of research, research objectives, scope of the
study, and significance of the study. In Chapter Two, detailed reviews of past
research papers on PF and related topics are included. It involves discussion of
theory in PF including its architectures and reviews about software reusability
concept. Other than that, Chapter Two includes the literature reviews on existing
methods for feature-oriented approach for developing feature models and feature-
architecture mapping. This followed by Chapter Three, which contains the research
process flowchart and conceptual framework. The research process flowchart shows
the flow of the processes that are required in order to complete the research. The
conceptual framework shows the steps required to handle the problems that have
been stated in Problem Statement and to achieve the research objectives. Chapter
Four is the preliminary result of the study, which includes the development of a
feature model based on the collected requirements. Chapter Five contains the results
of mapping the feature model onto the architectural elements and thus developing the
software architecture for reuse. Chapter Six includes the process work definition,
which are Requirements Analysis, Analysis, and Design phase. Evaluations of the
proposed integrated FODA, FArM, and FDA methods are also included in Chapter 6.
Finally, Chapter Seven concludes the results and findings, summarization of the

work, and suggestions for future work.
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