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Abstract

This study aims to identify the ways in which mobile telecommunications software systems are
developed in practice in South Africa. The main objectives are to identify the systems
development methodologies used, if any, during development, to highlight certain key aspects of
mobile telecommunication software development and identify a list of necessities a systems
development methodology should contain when used to develop mobile telecommunications

software.

In the highly competitive market of mobile telecommunications, it is extremely important that
mobile telecommunications systems are developed in minimal time, with minimal cost while stil}
ensuring quality and usability. As stated by Fitzgerald (1996), a big factor that could have a
positive impact on the development process is the use of a systems development methodology.
Because of the importance of systems development methodologies, this study identifics and
discusses different types of systems development methodologies from the available literature and
also three systems development methodologies designed specifically for developing mobile

telecommunication systems.

To determine how mobile telecommunication systems arc developed in practice, a qualitative
research method was used. Case studies were done at three ditferent mobile telecommunications
software development companies in South Afnca. Data were collected by conducting semi
structured interviews with developers or project managers at each of the companies. Coding of
the data was done with the help of ATLASti and analysed by means of cross-case content

analysis.

It was found that mobile telecommunications scftware development companics in South Africa
tended to make use of in-house developed systems development methodologies, tocusing on
flexibility and speed of development. This was driven by the constant interaction of software
with other telecommunications systems and the speed al which mobile telecommunication
software need to be developed. Key aspects of these in-house systems development
methodologies were identified as well as a list of neccesities which should be addressed during

mobile telecommunication system development.



OPSOMMING

Hierdie studie beoog om die wyse waarop mobiele telekommunikasie sagtewarestelsels in die
Suid-Afrikaanse praktyk ontwikkel word te indentifiseer. Die hoof doelwitte is om die
stelselontwikkelingsmetodologieg  wat gebruik  work. indien wel gebruik, gedurende
stelselontwikkeling te identifiseer. Dit het ook ten doel om klem te & op sekere elemente van
mobiele telekommunikasiestelsel ontwikkeling en om ‘n lys van noodsaaklikhede wat ‘n
stelselontwikkelingsmetodologie moet bevat wanneer dit gebruik work vir mobiele

telekommunikasiestelsel ontwikkeling, op te stel.

Omdat die mobiele telekommunikasie-industrie deel van ‘n baie kompeterend mark is, is dit
belangrik dat sagtewarestelsels ontwikkel word in die minimum teen minimale koste. terwyl die
kwaliteit en bruikbaarheid van die produk nie afneem nie, Dic belangrikheid van
stelselontwikkelingsmetodologie word beklemtoon deur Fitzgerald (1996), in dat die gebruik
daarvan ‘n positiewe invloed kan hé op die stelsel ontwikkelingsproses. Weens die belangrikheid
van stelselontwikkelingsmetodologieé, word daar verskillende tipes
stelselontwikkelingsmetodologieé in die studie geidentifiseer en vanuit die {itcratuur bespreek.
Daar word ook ‘n bespreking gegee van drie stelselontwikkelingsmetodologicé wat spesefiek

ontwikkel is vir gebruik in die mobile telekommunikasieindustrie.

Om te bepaal hoe mobiele telekommunikasiesteisels in die praktyk ontwikkel word, word daar
gebruik gemaak van kwalitatiewe navorsingsmetodes. Gevallestudies is gedoen by drie
verskillende mobiele telekommunikasiestelsel ontwikkelingsmaatskappye in  Suid-Afrika.
Inligting is by die maatskappye versamel deur semmi-gestruktureerde onderhoude te voer met
ontwikkelaars of projekbestuurders by die beirokke maaiskappye. Die inligting is daarna
gekodeer met behulp van die rekenaarprogram ATLAS.ti en analise is gedoen deur middel van

die “cross case” inhoudsanaliese metode.

Daar is gevind dat mobiele telckommunikasiestelsel ontwikkelingsmaatskappye in Suid-Afrika
meestal gebruik maak van selfontwikkelde stelselontwikkelingsmetodologieg, wat veral fokus op
aanpasbaarheid en ontwikkelingspoed. Dié word genoodsaak deur die interaksie tussen
sagteware wat ontwikkel word met ander telekommunikasiestelsels, asook die spoed waarteen

mobiele telekommunikasiestelsels ontwikkel moet word. DNie belangrike elemente van die
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selfontwikkelde stelselontwikkelingsmetodologieé word geidentifiscer, sowel as ‘n lys
noodsaaklikhede wat ‘n stelselontwikkelingsmetodologie moet bevat wanneer dit gebruik word

in mobiele telekommunikasiestelsel ontwikkeling.

vi
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CHAPTER 1
1. INTRODUCTION

1.1 Introduction

The technology in the mobile telecommunication industry is constantly changing. Sanders ef al.
(2003) state that “Compared with other industries, the rate of change in mobile technology is
unprecedented”. That is because, the higher the volumes, the lower the technology cost, the faster
the technology and its supported services evolve (Halonen, Romero, & Melero, 2003). This requires
software to be developed at an ever increasing pace. Studies have shown that the proper use of a
systems development methodology (SDM) is beneficial to the system development process (See
Fitzgerald (1996) for a summary). The problem with telecommunication systems is that they have
specific needs that cannot be handled properly by existing software engineering tools (Patel, 2002).

There are several properties that distinguish the telecommunications industry from normal software

systems:

. The distributed nature of telecommunication services software (Patel, 2002)

. The fact that the size of telecommunication networks tend to grow exponentially (Patel,
2002)

. There is a constant introduction of new services and products (Mehra, 2005)

. Telecommunications systems are extremely complex (Patel, 2002)

. The requirements imposed on telecom systems are becoming increasingly ambitious and

complex (Kalayanasundaram ef al., 1998)

. There is increasingly less time available to develop these systems (Patel, 2002).

[t is the software developer’s task to design, build and implement extremely complex software that
utilizes the new services and products. This software has to be developed at an ever increasing rate,

while at the same time maintaining quality and minimizing the development cost.

1.2 Research aims and objectives

This research aims to determine how mobile telecommunication systems are developed in South
Africa by focusing on the use of systems development methodologies. To determine this, the

following three main research objectives are proposed:



. Identify the systems development methodologies used, if any, by companies in South Africa
in the development of telecommunication systems

o To highlight certain key aspects of mobile telecommunication software development

° Identify a list of necessities a systems development methodology should contain when used

to develop mobile telecommunications software.

In this study these objectives will be met by first identifying systems development methodologies
that are currently available for mobile telecommunication software development. Secondly the
above systems development methodologies will be compared according to the framework suggested
by Avison and Fitzgerald (2002) in order to determine whether and how they are used during the
development of telecommunications systems. Thirdly a list of necessities will be identified that
should be present in a systems develepment methodology when developing telecommunications
systems. It will also be determined how the above systems development methodologies adhere to the
list. Fourthly a qualitative case study will be done at different organisations which focus on the
development of telecommunication systems, and through qualitative methods, determine how
telecommunication software development is performed in practice. By doing this the relevance of

the above mentioned list of necessities will be tested.

The extreme importance and rapid growth of the mobile telecommunications industry in South
Africa makes it necessary to look at how mobile telecommunication systems are being developed. In
this highly competitive market it is extremely important that mobile telecommunications systems are
developed in minimal time with minimal cost while still ensuring quality and usability. A big factor
that could have a positive impact on the development process is the use of a systems development
methodology (Fitzgerald, 1996). The results of this study will enable mobile telecommunication
software developers to make better decisions regarding the use of a systems development
methodology. It will also facilitate the choice of an appropriate systems development methodology,
part of a systems development methodology or creation of an in-house systems development

methodology.



1.3 Telecommunications Systems

It should be noted that there are many different types of systems in the telecommunications industry.

The different types of systems are displayed and explained in the figure below (Fig. 1.1).

Telecommunication User Applications
Users
------------------------ b Ainleleeleeh, inteietedeiebeledab bl St leletebuiin, Ankekelebeiediobel. i
Information Access
Service Providers Services Services
Management

______________________________________ Services I
Telecommunication

[nfrastructure

Fig.1.1Service model of telecommunication systems (Patel, 2002).

Figure 1.1 represents a structured model for telecommunication software (Patel, 2002). The
definition of the model is given as in Patel (2002). At the bottom is the Telecommunication
Infrastructure layer. The main function of this layer is the transmission of data through
telecommunication networks. In the middle is the Service Provider layer. A service provider is a
link between user applications and the telecommunications infrastructure. The top layer is a
Telecommunication Users layer consisting of the user applications. There are several services
contained within the model. Information Services (offered by the service provider iayer) offers
network information services, providing users with high level information, information hosting and
delivery services which support users in the delivery of information over the network. Access
Services (offered by the service provider layer) gives users access to data transmission and
management functions. Management Services are concerned with the management of
telecommunication hardware and software. They control network and application management and
user response services.

In this research the focus will not be on a specific level of the service model, but a generalized view

of the telecommunications industry as a whole.



1.4 Qualitative research

This research will gather information on systems development methodologies used in practice by
means of conducting qualitative case studies at telecommunication software development
companies. Firstly a study of qualitative case study methods will be done. This information will be
used in developing a suitable list of questions to be used during the semi-structured interviews as
well as determining how the interviews should be conducted. The factors pertaining to the case
study will be to draw up a suitable set of questions, perform an in-depth interview with a developer
or/and project manager and gather any information from available documentation. The data
collected will then be analyzed and used to create propositions regarding the objectives of the study.
During the analysis of the case studies, the interviewees were contacted whenever there was
information lacking or issues that needed further discussion. The final propositions were then sent to

all the interviewees that took part in the case study to confirm whether the statements were correct.

1.5 Outline of the study

Chapter 1: Introduction

This chapter defines the research aims and objectives of the study.

Chapter 2: Literature study

In this chapter the available literature on systems development methodologies and the mobile
telecommunication industry is reviewed. This chapter contains a definition of a systems
development methodology as well as examples of formal systems development methodologies.
Further three systems development methodologies developed for use in the mobile
telecommunications domain are discussed. A list of software development needs that must be

adhered to when developing a mobile telecommunication system will be given.

Chapter 3: Research design
This study is based on qualitative research and in this chapter the qualitative research method will be

discussed. The qualitative research method used during the study will be discussed.

Chapter 4: Results of case studies and findings
The results of the case studies are presented as well as findings based on the analysis of the data.

The results focus on whether a systems development methodology was used, followed by a



description of the systems development methodology. Thereafter some key elements of
telecommunication software development are identified and discussed. Lastly the list of software
development needs that should be adhered to when developing a mobile telecommunication system

will be reviewed and revised using the case study results.

Chapter 5: Conclusion

This chapter contains a summary of the results. Any shortcomings of the study are also noted.



CHAPTER 2
2. LITERATURE STUDY

2.1 Introduction

In this chapter the available literature on the subject of systems development methodologies and the
mobile telecommunication industry will be reviewed.

Firstly a discussion of some of the arguments for and against using a systems development
methodology during development will be given. Thereafter a definition of a system development
methodology is given and some examples of formal (well used and respected) systems development
methodologies are given. The definition of “formal™ in this context is the systems development

methodologies are well used and respected.

The second part will view a few of the systems development methodologies that were designed to be
used in the telecommunications industry. These systems development methodologies will then be
compared by means of the framework of Avison and Fitzgerald (2002). The aim of this comparrison
will be to see whether there are any differences or similarities between the systems development
methodologies specifically designed for the telecommunications industry. Some insight may be
gained into the characteristics of the systems development methodologies and also whether the

systems development methodologies are used in practice.

The last part of the chapter will contain a short discussion of the telecommunications environment.
The focus will be on the characteristics of the telecommunications industry, as well as any specific

challenges and needs when developing mobile telecommunication systems.

2.2 System Development Methodologies

A part of the research aims and objectives is to determine whether any formal systems development
methodologies are suitable to use in telecommunications software development. Firstly a discussion
of some of the advantages as well as disadvantages of using a systems development methodology
during the development process is given. Following this will be the definition of a systems
development methodology as it will be used in this study. Thereafter some examples of different

formal systems development methodologies will be discussed briefly.



2.2.1Why use a Systems Development methodology?

As the popularity of computer systems increased during the last few decades, so did the need for
better software development. The o/d way in which the system developers were technically trained
but lacked good communication skills was no longer adequate. This led to systems that did not meet
the users’ needs and were completed, more often than not, late and over budget.

Much of the developer’s time was spent on correcting and enhancing the applications that were
operational (Avison & Fitzgerald, 2002). Because of these inherent problems to system

development, the term “software crisis”™ was coined.

It was clear that a change in the approach to systems development was required. During the 1968
NATO Software Engineering Conference held in Germany, the conclusion of the conference
participants was that software engineering should use philosophies and paradigms similar to those

used in other engineering disciplines to solve the software crisis.

Numerous systems development methodologies have since been developed, giving rise to much
debate about the usefulness of systems development methodologies. Some of the proposed

advantages and disadvantages are:

o Advantages
Some of the advantages of systems development methodologies are that they help in controlling the
development process. This added control leads to other improvements such as, faster development

speed and lower development cost (De Vries, 2004).

The use of a systems development methodology also has an effect on the quality of the developed
product, ensuring the product quality by prescribing a framework with measurements and criteria for

their execution (Purvis & Sambamurthy, 1997; Avison & Fitzgerald, 2002).

Because of the common approach to development that a systems development methodology
provides, the way in which projects are designed, developed and implemented can be standardised.
Having a standardised approach to systems development means that management and control of the
project are improved, while productivity is increased. Some systems development methodologies
focus on developing components that can be reused in different projects (Avison & Fitzgerald,
2002).



By using a systems development methodology, any knowledge acquired during the development

process can easily be stored and can serve as a learning tool in later projects (Glasser, 1998).

. Disadvantages
De Vries (2004) notes that systems development methodologies tend to try and generalize the

development process and do not take any variation into account.

Systems development methodologies tend to be overly complex and require much skill to use. This
is because of the great depth into which the systems development methodology goes to describe the
different tasks that should be followed during development (Avison & Fitzgerald, 2002). In turn,

this could lead to much resistance when adopting the systems development methodology.

Productivity could suffer when a systems development methodology is used, because more time
has to be spent on completing task and documentation (Avison & Fitzgerald, 2002). According to
Fitzgerald (1996), systems development methodologies are unsuitable for current day systems
because of the rapid changes in the IT industry and the increased speed at which systems have to be

developed.

Some that have used systems development methodologies found that, using them does not give

better results, and in some cases they have actually hindered project success (Avison & Fitzgerald,
2002).

2.2.2Definition of a System Development Methodology
There has been much of discussion about a universally accepted definition of a systems

development methodology. A few of the definitions are listed below:

J The British Computer Society Information Systems Analysis and Design Working Group
defines a systems development methodology as a recommended collection of philosophies,
phases, procedures, rules, techniques, tools, documentation, management and training for

developers of information systems (Maddison ef al., 1983).

. A collection of procedures, techniques, tools and documentation aids which will help the
system developers in their effort to implement the new information system. A systems
development methodology will consist of phases. from the feasability study, through to

maintenance, which themselves can consist of sub phases, guiding the system developers in



their choice of the techniques that might be appropriate at each stage of the project and also
help them plan, manage, control and evaluate information systems projects. A systems

development methodology also has a philosophy (Avison & Fitzgerald, 2002).

A system development methodology comprises an overall strategy for computer-based
information systems development that includes a flexible framework of the sequence of
development tasks along with the techniques used to accomplish each task (Roberts ef al.,
1998).

A systems development methodology is a systematic procedure for completing either a
system or one of several stages of the systems development life cycle. It consists of goals,
principles, specific methods and tools, which are selected on the basis of an underlying

rationale or systems development philosophy (livari, Hirschheim, & Klein, 2000).

Generally it seems that a systems development methodology is the steps developers take to develop

a system. Not only the steps, but also the order in which those steps are taken as well as the

activities performed in each step. A systems development methodology is more than just this. As

stressed by Avison and Fitzgerald (2002), a systems development methodology is also based on

some philosophical view.

In a sense one can define a systems development methodology as a combination of the following

four elements (Huisman & livari, 2006):

Approach(es)

This is the philosophy on which the systems development methodology is built. Different
approaches could be concerned with cost, quality documentation, development speed,
adaptability or efficiency. Examples of system development approaches are the structured
approach, object-oriented approach, information modeling,

Process model(s)

Every model defines a certain order or sequence of stages through which a system evolves

(Wynekoop & Russo, 1993). Examples are the linear life cycle model and the Boehm’s spiral

model.



Method(s)

A method is a systematic approach to conducting at least one complete phase of system
development, consisting of a set of guidelines, activities, techniques and tools, based on a
particular philosophy of system development and the target system (Wynekoop & Russo,
1993).

Examples are OMT, IE.

. Technique(s)
The procedure used to perform a development activity (Brinkkemper, 1996). An example of a

technique is the entity relationship diagram.

2.2.3Some Examples of Formal Systems Development
Methodologies

In this section, short discussions of some of the formal systems development methodologies that are
in use today will be given. The reason for the discussion is to demonstrate some of the systems
development methodologies that are available for systems development and to show the spread of

different approaches, process models, methods and techniques.

The discussion of the systems development methodologies will be done as follows: As in Avison
and Fitzgerald (2002), the systems development methodologies are divided into categories. The
category to which each systems development methodology 1s assigned was developed by Avison
and Fitzgerald (2002) and is loosely based on the approach followed by the systems development
methodology. First two process-oriented systems development methodologies will be discussed,
namely STRADIS and YSM. Secondly the blended systems development methodologies SSADM
and Information Engineering will be discussed. Thirdly the object-oriented systems development
methodologies OOA and RUP will be discussed. Fourthly a discussion of the rapid systems
development methodologies IMRAD, DSDM and XP will be given. The fifth systems development
methodology that will be discussed is the people-oriented ETHICS systems development
methodology and lastly, the organisational-oriented SSM. The way the systems development

methodologies are discussed will be according to the four elements of the definition given in 2.2.2.

10



2.2.3.1 Process-oriented system development methodologies

The system development methodologies that fall into this category make use of process-oriented
techniques. Examples of these techniques are functional decomposition. data flow diagrams,
decision trees, decision tables and structured English (Avison & Fitzgerald, 2002). The system

development methodologies that will be discussed here are STRADIS and YSM.

. STRADIS
The structured analysis, design and implementation of information systems (STRADIS)
methodology for developing systems is a structured systems development methodology that focuses

on the use of techniques. The following discussion of the technique comes from Gane and Sarson
(1979).

Approach

STRADIS follows a top-down, process-oriented approach.

Process Model
The STRADIS systems development methodology describes a series of phases which are followed

in a linear fashion, while the physical design phase has some activities that should be run parallel.

Method

4 Phases:

1. Initial study
The first step is to gather information from users and documents to determine whether
building the system justifies the monetary cost. An overview data flow diagram of the
proposed system is then constructed.

2. Detailed study
Identify and interview the system users to ascertain their requirements and interests. These
requirements are then used to construct a logical model of the current system.

3. The third step involves the definition and design of alternative solutions. To determine these

alternative solutions the system objectives are reviewed and a logical data flow diagram of

the system is produced.

Three different design alternatives are then setup: Low-budget, mid-budget and high-budget.

11



4, Physical design
After choosing the optimal alternative, this alternative is then refined. During this refinement

process the file structure, modular hierarchy and clerical tasks are derived from the DFD.

Techniques

The system is graphically modeled via the Data Flow Diagram (DFD) which is stored in a data
dictionary. Other techniques used according to Avison and Fitzgerald (2002) are decision trees,
deciston tables, structured English, structure diagrams, action diagrams, entity life cycles and

matrices.

Characteristics

Although the systems development methodology can be used in the development of any type of
information system whether big or small in size, STRADIS is most relevant to a situation in which
there is a backlog of systems waiting to be developed and insufficient resources to devote to all

potential new systems. It also incorporates a wide variety of established techniques.

. Yourdon Systems Method (YSM)
The Yourdon Systems Method as described in Yourdon Inc. (1993).

Approach
YSM follows a process-oriented approach which is not entirely top-down nor bottom-up, but more

middle-out.

Process Model

This systems development methodology, like STRADIS, also follows a linear type process model.
Method

The three main phases are:

1. Feasibility study

Here the analyst looks at the current system and tries to establish what the system does.

During this study, an overview dataflow diagram is drawn up.
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2. Essential modeling
Within the essential modeling phase, two models are constructed, these being the
environmental model and the behavioural model. The environmental model describes how
the system fits into the surrounding environment. The behavioural environment defines how
the system must behave to deal successfully with the environment. Within both models
extensive use is made of data flow diagrams.

3. Implementation modeling
This is the first step in designing the system. The models created so far are examined to

determine boundaries of computation and determine how data might be stored

Techniques

The system is graphically modeled via the Data Flow Diagram (DFD) which is stored in a data
dictionary. Other techniques used according to Avison and Fitzgerald (2002) are decision trees,
decision tables, structured English, structure diagrams, action diagrams, entity life cycles and

matrices.

Characteristics

Originally YSM was similar to STRADIS. However, in recent versions of the systems development
methodology the approach has changed to a 'middle-up’ approach. The systems development
methodology focuses on the analysis of the processes as well as the data. [n addition to covering the

systems development aspect, YSM also covers the organisational activities.

2.2.3.2 Blended Systems Development Methodologies

Blended system development methodologies utilize a blend of process and data oriented techniques.
The system development methodologies that will be discussed are SSADM and IE.

o SSADM

The structured systems analysis and design method (SSADM) is a highly structured systems
development methodology. The description below is based on Weaver, Lambrou and Walkley
(1998).

Approach

This systems development methodology follows a “blended” approach emphasizing processes as

well as data elements of the system.
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Process Model

SSADM adopts the Waterfall mode! of systems development, where each phase has to be completed

and signed off before subsequent phases can begin.

Method

SSADM consists of five modules each with one or more stages. These modules are:

l.

Feasibility study
Stage 1 — Feasibility
Firstly the scope of the project is accessed. A feasibility study is then done to determine the

best system design option from a number of alternatives.
Requirements analysis

Stage 2 — Investigation of current environment
This step expands the detail of the scope assessment done in the previous stage, resolving any

issues that may exist in the current models.

Stage 3 — Business system options
Some business systems options that satisfy the minimum set of user requirements are
outlined. One of these is then chosen by management and forms the basis of the system

specification.

Requirements specification
Stage 4 — Definition of requirements
Here the full requirements specification is determined and documented. Optionally,

prototypes can be developed demonstrating critical dialogs and menu structures.

Logical Systems Specification

The two stages in this phase are carried out parallel.

Stage 5 — Technical system options
The aim of this stage is to determine the system environment in terms of “hardware and
software configuration, development strategy, organisational impact and system

functionality”.
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Stage 6 — Logical design
The logical design of the system states what the system should do. Other tasks performed in
this stage include defining the dialog and menu structures as well as the system processes and

process sequences.

5. Physical Design

Stage 7 — Physical design
Prepare, optimize and assemble the physical design.
The stages following design are not covered by the systems development methodology

because they are seen as being “installation-specific”.

Techniques
The two main techniques used in the systems development methodology are the process techniques

entity modeling and normatization. Logical Data Modeling and Dataflow Modeling are also done.

Characteristics
SSADM is best used when developing large projects that have specific and measurable
requirements. The systems development methodology is data-driven, focusing on data modeling and

database design.

Thanks to the specific, time-bound goals and deliverables inherent to the systems development
methodology, there is a considerable improvement in project structure, planning and management.
However, the systems development methodology is difficult to learn and apply, and its rigid

approach discourages user adoption and creativity (Middleton, 2000).

. Information Engineering (IE)

This description of Information Engineering is based on the work of Martin (1989).

Approach

This systems development methodology follows a “blended” approach emphasizing processes as

well as data.

Process Model

The IE systems development methodology makes use of the classic waterfall type model for

developing a system.
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Method
The IE systems development methodology includes four main levels or layers: (Avison &
Fitzgerald, 2002)
1. Information strategy planning
The aim here is to construct an information architecture and strategy for the entire
organisation to identify relevant business areas.
2. Business area analysis
The business area’s system requirements are then mapped out.
3. System planning and design
Establish what the user wants and how it can be attained using technology.
4. Construction and cutover

Build and implement the system laid out in previous levels 1-3.

Techniques

According to Avison and Fitzgerald (2002), the two main techniques used in the systems
development methodology are the process techniques entity modeling and normalization. Besides
that, the main documents used in the systems development methodology are data-oriented entity
relationship diagrams, decision trees, data flow diagrams and dependency diagrams (Laurido-
Santos, 1986).

Characteristics

Information Engineering is a data centered approach. Data centered means that the development
process has more emphasis on data, although some process-oriented aspects are embedded in the
systems development methodology (Avison & Fitzgeraid, 2002). A drawback of the IE systems
development methodology is that the strategic planning phase is open ended and this increases the

possibility of this phase never being completed.

2.2.3.3 Object-oriented Systems Development Methodologies
Here the systems development methodologies that will be discussed are Object-Oriented Analysis as
well as RUP.

. Object-Oriented Analysis (O0A)
This description of Object-Oriented Analysis is based on the pre-UML (unified modeling language)

version of the systems development methodology, as can be found in Coad and Yourdon (1991).
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Approach

This systems development methodology follows an object-oriented approach.

Process Model

Although the systems development methodology is sometimes described as a linear set of activities,

it is also possible to iterate the process.

Method

The OOA systems development methodology consists of five major activities:

1.

NI

Finding Classes and Objects

This activity increases the analyst’s understanding of the problem domain. Some of the
methods used to gather this information are: first-hand observation, interviews with “domain
experts”, reading and viewing related systems and prototyping.

Identifying Structures

Here the classes and objects are organised into hierarchies, which enable class inheritance.

3. Identifying Subjects
This activity divides the model into more manageable groups. This helps to reduce the
complexity of the model produced so far.

4. Defining Attributes
This activity defines the data elements of the objects, while giving more attention to attributes
that define the state of the object.

5. Defining Services
While the previous step defined the data, this step defines the processing or services. A
service, according to Avison and Fitzgerald (2002), is the operation or processes performed
by the object in response to the receipt of a message.

Techniques

Object orientation and UML are the main techniques used in this systems development

methodology.
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Characteristics
The OOA systems development methodology encapsulates data and procedures into groups called
objects or classes. These classes intercommunicate by sending messages to one another. An

important feature of QOA is the activity of identifying reusable objects, classes and services.

. Rational Unified Process (RUP)
This description of the Rational Unified Process is taken from Kruchten (2000).

Approach

The systems development methodology follows an Object-Oriented approach.

Process Model

RUP is an iterative and incremental approach for developing object-oriented systems.

Method
RUP has a number of ‘cycles’ that make up the development of a project and run throughout its life.

Each of these is made up of four phases:

1. Inception

Here the focus is on understanding the project scope.

2. Elaboration
This phase includes understanding the architecture and the requirements of the project.
3. Construciion

Construction of the software.

4. Transition
The software is released and deployed (West, 2002).
Kruchten (2000} states that during each of the four phases, the RUP goes through a series of

nine workflows; a workflow being a sequence of activities that produce a result of

observable value.

These nine workflows are:

1. The business modeling workflow
2. The requirements workflow

3. The analysis and design worktlow
4

. The implementation workflow
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The test workflow
The development workflow
The configuration and change management workflow

The project management workflow

© e N o W

The environment workflow

The reason for these iterations is to minimize risk and deliver executable software after each
iteration. These deliverables should be demonstrable and testable against the requirements of

the project and the use cases.

Techniques
Object orientation and UML are the main techniques used in the systems development methodology.

Extensive use is made of use case tools and other artifacts.

Characteristics

The systems development methodology focuses on managing the risks and delivering results, as
well as preventing the development team from procrastinating on activities (Knutson, 2003). The
architecture that contains details on the operating system, hardware, the database, networks, etc., is
outlined at the beginning, but evolves and develops in tandem with the needs of the software system
as it develops (Kruchten, 2000). In many cases, RUP has to be configured to suit users’ needs before
it is implemented.

It tends to improve projects with iterative processes that are exceeding their scheduled deadlines.
RUP is not generally considered an agile approach to development as it contains extensive
guidelines for process phases. However, it can be adjusted to be more agile, and the key to this lies

in the adoption phase (Abrahamsson, Salo, Ronkainen, & Warsta, 2002).

2.2.3.4 Rapid development Systems Development Methodologies

The main use of rapid development systems development methodologies is to develop usable
software more quickly and provide timely and regular visibility of the solution to customers, product
owners and other key stakeholders. A characteristic of rapid development systems development
methodologies is that the system being developed is released as a series of iterative parts, each

building on the one before.

The following system development methodologies will be discussed: James Martin’s RAD, DSDM
and XP.
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. James Martin’s RAD (JMRAD)
This discussion of James Martin’s Rapid Application Development is based on the work of Martin

(1991).

Approach

The main approach for this systems development methodology is based on speed of development.

Process Model
JMRAD can be described as having an evolutionary development process in which it releases the

system in 90 day cycles.

Method

JMRAD has four phases:

l. Requirements planning
Much effort is put into the definition of requirements phase. Here the high-level management
requirements of the system are identified using the “joint requirements planning” and “joint

application design” (JAD) techniques.

2. User design
JAD is the main technique used in the design phase. The emphasis is on getting the

requirements as correct as possible and reflecting the business needs.

3. Construction
This phase is undertaken using a toolset. Prototypes are designed for each transaction which
the user must approve. After the user’s approval the construction of the system is performed

by a small group of experts, using a toolset.

4. Cutover
This phase involves testing the system using realistic data. The old and the new system are

run in parallel, until the new system has proven itself.

Techniques
JMRAD relies on the techniques of stakeholder analysis and joint application design. It also

emphasizes the use of project management tools and techniques during development.
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Characteristics

JMRAD is a systems development methodology that has been designed with the increasing
competitiveness of today’s business environment in mind. It speeds up the development process
which is becoming increasingly necessary because of changing business needs. JMRAD adopts an
evolutionary/prototyping approach. 1t focuses on identifying and involving important users and
obtaining commitment from them. The systems development methodology also makes extensive use

of tools and requires a sophisticated repository.

° Dynamic System Development Method (DSDM)

The Dynamic Systems Development Method is based on JMRAD and was developed partly with the
help of British telecom. A detailed definition of DSDM version 4.2 can be found at the DSDM
consortium website (DSDM, 2003).

Approach

The main approach for this systems development methodology is speed of development.

Process Model

The process follows an iterative approach, as well as RAD style timeboxing.

Method
There are five main phases in the development life cycle:
1. Feasibility study
The feasibility study is a short, sharp exercise. Howard (1997) states that DSDM is not

recommended for real time applications,

2. Business study

This phase is to gain understanding of the business processes involved.

3. Functional model iteration

Here the requirements gathered from the business study are refined, followed by the

development of prototypes and software.

4. System design and build iteration

This is where the system is built, ready for delivery to the users.
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5. Implementation
This is the cutover from the existing system to the new one, as well as the completion of the

user’s manual and other documentation.

Techniques
DSDM is much like JIMRAD discussed previously as it also relies on the stakeholder analysis and
joint application development techniques. Furthermore it emphasizes the use of project management

tools and techniques during development.

Characteristics
DSDM provides a framework of controls for building and maintaining systems which meet tight

time constraints. User involvement plays an important role in system design and development.

o Extreme Programming (XP)

This discussion of Extreme Programming is based on the work of Jeftries (2001).

Approach

The main approach for this systems development methodology is speed of development.

Process Model

The development follows an iterative process.

Method

XP was created to handie projects with changing requirements where the functionality of the system
is expected to change often.

XP consists mainly of rules and practices for making systems development faster. When used

together, a systems development methodology emerges consisting of four phases:

1. Planning

“User stories” are extensively used to define the system requirements and scope. This stage

also identifies the team members, contents of each increment and the estimated system cost.

2. Design
Architectural spikes or prototypes are used to create a simple overall.
CRC Cards encourage all team members to understand and contribute to the system design.
XP also relies on a programming technique called re-factoring to help uncover the most

effective system architecture.
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3. Developing the code
This phase is all about pair programming, re-factoring, and creating tests before the code.

This increases the quality of the code produced.

4. Testing

Unit tests and acceptance tests.

Techniques
Some of the techniques that are used when developing a system using the XP systems development
methodology are test driven development, pair programming and continuous integration. During the

design phase, a technique known as refactoring is used.

Characteristics
When following the extreme programming systems development methodology, the system
engineering group consists of a small team of developers (3 to 10), working ciosely with customers,

preferably at one location,

XP improves a software project in four essential ways: communication, simplicity, feedback, and

courage (Extreme Programming, 2006).

XP has the advantage of being a “light weight” systems development methodology, which means
that there are less stringent rules to learn and follow. The main aim is delivering the software and
not on other deliverables such as documentation. The iterative approach of the systems development

methodology, together with code testing, results in a lower cost, better quality system.

A disadvantage of XP is that the development team should be close together to allow for adequate

communication.

2.2.3.5 People-oriented Systems Development Methodologies

o ETHICS
The discussion of the Effective Technical and Human Implementation of Computer-base Systems
(ETHICS) is based on the work of Mumford (1995).

Approach
ETHICS is a people-oriented approach. It gives great importance to the job satisfaction of the

development team, also user involvement and participation during the design of the system.
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Process Model
The systems development methodology follows a linear process, but also suggests that some steps

be done in parallel.

Method

ETHICS has 15 steps:

Step L: Why change?

Step 2: System boundaries

Step 3: Description of existing system

Steps 4, 5 & 6:  Define the key objectives and tasks
Step 7: Diagnosis of efficient needs
Step 8: Diagnosis of job satisfaction needs

(Uses a general questionnaire to measure job satisfaction needs)

Step 9: Future analysis

Step 10: Specifying and weighting efficiency and job satisfaction needs and objectives
Step 11: The organisational design of the new system

Step 12: Technical options

Step 13: The preparation of a detailed work design

Step 14: Implementation

Step 15: Evaluation

The steps that should be done in parallel are steps 11 and 12.

Techniques

Stakeholder analysis is the main technique used in this systems development methodology.

Characteristics
ETHICS has a socio-technical approach that takes into account the interaction of technology and

people. The systems development methodology focuses on the issue of job satisfaction and user

participation,
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2.2.3.6 Organisational-oriented System Development Methodologies

. Soft Systems Methodology
This discussion of the Soft Systems Methodology is based on the work of Checkland and Scholes
(1999).

Approach
The systems development methodology offers an organisational-oriented approach which does not

only look at the system, but also the system of which it is a part.

Process Model
When going through the seven stages of the systems development methodology. some stages could

be done simultaneously, also, iteration and backtracking are essential.

Method

The SSM approach is iterative. The systems development methodology is set in seven stages:

1. Unstructured problem situation

t

Problem situation expressed

Root definition expressed

Conceptual model

Real world/ conceptual model comparison

Feasible and desirable change

e B

Action to improve the situation.

Techniques
This systems development methodology does not specify any specific techniques or tools that

should be used during the development process.

Characteristics

The soft systems methodology gives an answer to the inadequacies of structured systems
development methodologies. It takes into account the social component of systems development.

The main focus is on problem identification and resolution rather than a solution.
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2.3 Some examples of systems development methodologies developed

for telecommunications software

In the above section some formal systems development methodologies that are available for use
when developing a computerized system are discussed. Unfortunately they are not always well
suited for application development in the mobile industry (Holler, 2006; Patel, 2002; Vallecillo,
2001). When doing a study on mobile telecom specific systems development methodologies the
literature was limited. Due to this lack of available information it was decided to also use systems
development methodologies focusing on normal telecommunication system development and in so

doing, represent systems development within the entire telecommunications environment,

Three systems development methodologies are discussed below. Firstly the MODA-TEL systems
development methodology will be discussed as described in Steinhau (2003). After this the Mobile-
D development systems development methodology will be discussed (VTT, 2006) followed by a
systems development methodology discussed in Mansurov (2000) that utilizes formal methods in
the accelerated deveiopment of telecommunication software. The systems development

methodologies will be discussed according to the four elements of the definition given in 2.2.2.

2.3.1MODA-TEL

MODA-TEL (Steinhau, 2003) was developed specifically for the development of
telecommunication management networks in a joint effort by European telecommunication network
operators and service providers. The aim of MODA-TEL is to define some key systems
development methodologies for applying MDA (Mode! Driven Architecture) to the development of
telecommunication projects. This definition, however, is not meant to be a rigid definition, rather, it

1s meant to give guidance to developers in modeling and model transformation (Steinhau, 2003).

Approach
The MODA-TEL systems development methodology follows an object-oriented approach because it

is based on the Model Driven Architecture which has certain object-oriented characteristics.

Process Model
The main phases discussed in the systems development methodology as well as the phases followed

during the development process all follow the object-oriented style iterative process model.

26



Method

The authors of the paper discuss the need to separate between “preparation activities and execution

activities”. It should also be possibic to switch between the two as needed. The main phases of

MODA-TEL, as discussed in Gavras, Belaunde, Pires, and Almeida (2004) are designed to create a

knowledge base which can be reused in later projects.

The following phases are identified: (Gavras ¢r al., 2004)

1.

Project management

Organising and monitoring the project are the main concerns. First an appropriate Software
Development Process (SDP) is identified, which will be used in the project execution phase.
Because MDA is based on object-orientation principals, most existing development processes
can be used. After the identification of the SDP, the assignments of activities to specific roles
are determined. Any procedures for enhancing the quality of the product are also identified.
Project management in this context does not refer to “keeping track of milestones and
resource consumption” (Gavras ef al., 2004, p. 73), but rather focuses on “the management
decisions absolutely necessary to setup the project” (Gavras et al., 2004, p. 73). The project

management phase spans the entire life of the project.

Steps two, three and four are defined as being the project preparation activities. Although
they are setup before project execution they are often revisited and revised throughout the

project development process.

Preliminary preparation
Here the modeling and transformation needs of the project are identified (i.e. Where in the

project will they be required?).

There are four activities in this phase. First: Selecting the platform to be used. Second:
Identifying the modeling language that will be used in representing data, business process
specification, user requirements etc. Third: Defining a way of transforming the model
information of the abstract platform to the concrete platforms. Lastly: To provide traceability

to keep track of these changes.

Detailed preparation
In this phase the needs, roles and annotations identified in the preliminary preparation are

used to setup the specification of the modeling languages as well as the transformations.
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Infrastructure setup

This step identifies the tools that will be used during development and the management of

metadata,

Project execution

After the preparation phases, the final product and artifacts can now be produced by means of

the SDP chosen in the project management phase. The project execution phase is considered

the main phase of the project (Gavras ef al., 2004) and the activitics followed are specific to

the SDP chosen in the project management phase.

Because of the MDA based approach of the systems development methodology, Steinhau

(2003) does discuss some of the key MDA principals that should be followed during the
phases of the selected SDP (Steinhau, 2003).

Requirements phase
During the requirements phase, early information models are created. The terminology
of these models should be well defined and documented because they could iater be used

in the creation of design-oriented models and test specifications.

Analysis and design phase

When analyzing the existing system. Steinhau (2003) recommends using domain specific
modeling which extracts the domain’s meta-models or profties. From these, models are
then created to describe the system formally.

Implementation phase

After most of the required information has been modeled, the implementation is much
more structured. One of the steps here is to create or improve the algorithms used in
model transformation or code generators,

Test and integration phase

Test cases should be well modeled, utilizing industry standards like TTCN3 (Testing and
Test Control Notation).

Deployment phase

The deployment process can be made much more transparent by using model

transformation to create the meta-models and profiles used for depioyment information.
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s  Maintenance phase
The MDA advantages of traceability and model references could be a great help during
systemn maintenance. The maintenance of a system can be made much cheaper and more

effective by architecting the system in a dynamic and structured manner.

Techniques

The modeling language and techniques used during the project execution stage are dependent on the
system development process selected during phase one. In Steinhau (2003) it is recommended that
object-oriented systems development methodology like RUP is used, and that UML is used as

modeling language.

Characteristics

MODA-TEL is an MDA based systems development methodology which was specifically created
for distributed systems. Because MDA is technology independent, the scalability of the product
produced by using this systems development methodology as weil as the flexibility is improved. The
object-oriented nature of the systems development methodology enables the reuse of existing

development processes in organisations and projects.

2.3.2Mobile-D

Approach

The Mobile-D systems development methodology is a type of blended systems development
methodology in that it contains characteristics of Extreme Programming (practices), Crystal systems
development methodologies (scalability) and Rational Unified Process (coverage) (VTT, 2006). The
systems development methodology was specifically created with agility in mind (Abrahamsson, et

al., 1994), but it also focuses on speed and object-oriented development.

Process Model

The development process of this systems development methodology follows an iterative model.

Method
The systems development methodology consists of 3 phases, each with several stages and with one

or more tasks within each stage (VTT, 2006).

29



The systems development methodology is ordered into phases as follows:

1.

Explore

[n this phase the main stages are to establish the stakeholders, defining the scope through
requirements collection and establishing the project. In the scope definition the “initial
requirements are defined and agreed for the project” and the span of the iterations are
determined. These initial requirements are documented in a suitable, agreed to format. A plan
is also developed for handling system expansion and growth. Project establishment includes
personne!l allocation, environment and architecture selection, as well as establishing the
process to be followed. This ensures that everything is in place to start development
immediately.

Initialize

This phase is used to setup the project through setting up the chosen environment and
establishing the communications with the customer. Also done in this phase are architecture
line planning and initial requirements analysis. Optionally the project team can solve some

critical issues without producing any working code.

From here on all the phases work in iterations and have planning, working and release stages.

3.

Productionize
The productionize phase has three stages. these are the planning stage, the “working day”
stage and the “release day” stage. To develop an entire system. the systems development

methodology iterates through these three stages several times.

e Planning
In the planning stage the work content for the iteration is selected by analyzing and
prioritizing the user requirements. Acceptance tests are then developed to verify
customer requirements. These acceptance tests also serve as a tool for communicating the
customer’s needs to the developers. In addition to the acceptance tests, the requirements
are also documented by means of developer notes and user interface illustrations. After

the planning stage comes a series of “working days” to develop the system.
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e  Working day
In this stage the functionality that was planned in the previous siage is implemented.
Here the focus is on “Test driven development”, “Pair programming”, “Continuous
integration” and “Refactoring”.
After each day’s work, a “wrap up” session is held to communicate progress as well as
any problems within the team and to the customers. After the “working day” stage has
gone through enough iterations and has developed a functional part of the system,
development continues to the “releasc day™ stage.

e Release day
After several “working days” in the iteration, the code developed is tested and approved
by the customer and released. One of the major goals of this stage is to integrate
subsystems into a single product. Using a version control tool makes this operation much
easier. If the system requires further development. the process returns to the planning

stage for another iteration.

4. Stabilize
The project now goes through a mini iteration of planning, developing and releasing to

stabilize the system and wrap-up the documentation.

3. System Test and Fix
By doing system and acceptance tests, defects in the software are identified and the defect
information is documented for the fix iteration. Fixes are implemented through iterations as

in the productionize phase.

Techniques

Project management techniques arc used from the explore phase right through the deveiopment
process. During development, agile techniques like test-driven development, pair programming and
continuous integration are used. Other techniques include project retrospective techniques during

post-iteration workshops

Characteristics
Mobile-D, as the name states is an agile systems development methodology. The systems

development methodology is founded upon the following nine principal elements:
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Phasing and pacing

The projects are performed in iterations of which each begins with a Planning Day.

Architecture Line
Architecture line approach is utilized together with architectural patterns and Agile

Modeling.

Mobile Test Driven Development

Test-first approach is utilized together with automated test cases.

Continuous Integration
Effective software configuration management (SCM) practices are applied through multiple

means.

Pair Programming

Coding, testing and refactoring are carried out in pairs.

Metrics
Few essential metrics are collected rigorously and utilized for feedback and process

improvement purposes.

Agile Software Process Improvement

Post-Iteration workshops are used to improve the development process continuously.

Off-Site Customer

Customer participates in Planning and Release Days.

User-Centered Focus

Empbhasis is placed on identitying and fulfilling end-user needs.
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c. Create validation scenarios
d. Run validation scenarios through the requirements model.
e. Validate the execution sequence of each validation scenario to either
e Accept the validation scenario. In this case the validation scenario can be included
into requirements use-cases
e Reject the validation scenario. In this case the initial customer requirements contain
a fault. E.g. the initial requirements can be inconsistent or incomplete. The rejected
validation scenario has to be transformed into a use-case and the initial requirements
need to be updated by including the new use-case and removing any existing
inconsistencies.

f.  Check termination criteria and start with a new iteration, if necessary (from step 2).

Synthesis of SDL requirements models from approved MSC scenarios

For the process of converting the use-cases to SDL requirements models, the use-cases must
first be formalized. Formalizing the use-cases is done by means of the Message Sequence
Charts (MSC) language, which takes into account the control flow between scenarios, as well
as the data flows. One of the many available tools is then used to translate the MSC models
into SDL specifications. (Examples of such tools are: Concordia University synthesizer and
the Moscow synthesizer). While looking at related studies, the systems development
methodology also mentions generating prototypes, although this is not a requirement of the

systems development methodology.

Seamless refinements of SDL requirement models into design models

The first step in this stage is to define the system architecture and to produce “system
scenarios” for each architecture component.

Now the synthesized architecture model (SAM) is created. This model takes into account the
architecture, functionality, interactions between architecture components as well as data
flows. In this step, an effort is still made to detect any faults in the user requirements.
Adaptable code generation from the SDL models

Product code is now generated, either automatically, by means of a CASE tool, or by means
of a “team member”. Because requirements differ between projects, the code generation

should be adaptable and should be adjusted to suit the specific project’s needs. Automatically
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generating code has the added advantage that it eliminates the need for regression testing,
because all accepted validation scenarios are added to the synthesized model.
s Automatic recovery of SDL models from legacy software

This step describes how the above systems development methodology can be used to

integrate CASE-produced components and systems into older “legacy based software”

Technigues

The systems development methodology makes extensive use of formal, ITU standardised.
specification languages for modeling the system, and CASE tools for reengineering existing legacy
systems. Some of the formal specification languages are the Specification and Description Language
(SDL) which is used to model system specifications. User requirements scenarios are captured using
Message Sequence Charts (MSC). Tree and Tabular Combined Notation (TTCN) is used as a test
description language. while the data is described using Abstract Syntax Notation (ASN.1). Because

of these formal languages, the quality of the product is also improved (Mansurov, 2000).

Characteristics

Mansurov (2000) believes that formal methods tend not to focus enough on the early stages of
system development. He compensates for this “barrier to systems development methodology
adoption™ by implementing an “upfront increase” of both time and people. This initial increase of
“approximately 17%” at the requirements phase, to “produce and validate a formal specification
(e.g. in SDL)” and then to generate proper test suits at the requirements and design phases can result
in 30-50% saving at the product development and deployment (Mansurov, 2000).

The three advantages of this systems development methodology is its claim to save between 30%
and 50% of the project time and because of its use of formal methods for the early and later stages
the quality of the product is increased. as well as the adoption level of the systems development

methodology.

2.3.4Summary

Three systems development methodologies that are being used to develop telecommunication
systems today have been discussed. These three systems development methodologies differ quite a
lot from one another (this will be discussed in the next section), but they also differ from their more

traditional counterparts. The MODA-TEL and Mansurov systems development methodologies can
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be considered to be object-oriented, while Mobile-D is at least partly object-oriented. Mansurov
differs from the more traditional object-oriented systems development methodologies (discussed in
section 2.2.3.3) in that it does not make use of UML, even though it makes extensive use of
specification languages. MODA-TEL and Mansurov both seem to have an extended focus compared
to the traditional systems development methodologies. This can be seen in MODA-TEL where the
focus is not only on developing a system, but actually on establishing a set of company wide “tools”
that can be reused in subsequent projects. The Mansurov systems development methodology also
displays this in its description of a method to recover SDL models from old legacy software. This
systems development methodology also makes extensive use of automatic code and model
generation. Mobile-D fits in well with the more traditional systems development methodologies.
covering much of the same elements as the object-oriented systems development methodologies and
also utilizing the techniques and development style of the rapid systems development
methodologies. One of the aspects of Mobile-D is that it limits any modeling to sketches and short

document. This is characteristic of the rapid development approach on which Mobile-D is based.

2.4 Comparison of Systems Development Methodologies

These three systems development methodologies created specifically for the telecommunication
industry will be compared. The aim of this comparison will be to determine the similarities and
differences between the systems development methodologies, as well as to understand whether they
are actuaily used. The framework for comparing system development methodologies, developed by

Avison and Fitzgerald (2002) will be used.

2.4.1Framework for Comparing Systems Development
Methodologies

The creators of this framework (Avison & Fitzgerald, 2002) give seven elements that are used to
compare different systems development methodologies.
These seven elements are:
1. Philosophy
Looking at the philosophical assumption of any systems development methodology is “the
most important aspect of comparing systems development methodologies” (Avison &

Fitzgerald, 2002, p. 555).
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The philosophy is the set of principles on which the systems development methodology is

based. This can further be divided into four factors.

Model

Paradigm

Does the systems development methodology fall into the systems paradigm or the
science paradigm?

The systems paradigm can be identified by the fact that the systems development
methodology does not “break down the system into its constituent parts for the
purpose of understanding the problems” (Avison & Fitzgerald, 2002, p. 563).
Objectives

What are the stated objectives of the systems development methodology?

Domain

Which “domain of situations” does the systems development methodology address?
Does the systems development methodology assume that there is a specific problem
that needs to be addressed or does the systems development methodology focus on
identifying the systems required by the organisation?

Target

Does the systems development methodology target particular types of problems,

environments or type or size organisations?

The model refers to the way the systems development methodology represents important

elements of the information system. The model fulfills several functions. “First, it is a means

of communication; second, it is a way of capturing the essence of a problem or a design, such

that it can be translated to another form without loss of detail; and third, the model is a

representation which provides insight into the problem or area of concern™ (Avison &
Fitzgerald, 2002, p. 564).

Techniques and tools

These are any specific techniques and tools used in the systems development methodology

during the development process.
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4. Scope

This is the phases through which the systems development methodology goes during the
development process. Avison and Fitzgerald (2002) define nine stages or phases. These are:
e  Strategy

e Feasibility

e  Analysis

e Logical design

»  Physical design

¢ Programming

e Testing

¢ Implementation

e LEvaluation

s Maintenance.

These nine phases are based on the standard systems development life cycle. This presents
problem because some systems development methodologies do not follow a life cycle,

instead they may use an iterative model, an evolutionary or even a spiral model.

OQutputs

These are the deliverables created at each stage of the development process.

5. Practice
Practice is a measure of whether the systems development methodology is commercial or
academic. How much is the systems development methodology used and by what type of

user? Whether a professional analyst is required, or can the systems development

methodology be used by the users themselves?

6. Product

The product is what the client gets when a commercial systems development methodology is

purchased.

Now that the framework has been discussed, this framework will be used to compare the three

telecommunications systems development methodologies with one another.
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2.4.2A Comparison of Telecommunication Systems Development

Methodologies

MODA-TEL Mobile-D Mansurov
PPhilOSOphy

Paradigm It is a MDA based Mobile-D belongs to It is based on an
systems development the science paradigm, Object-Oriented
methodology. Although | seeing as it breaks up systems development
the steps involved in the | the system into parts methodology.
actual development of | that are then iteratively | According to Avison
the system are not developed. and Fitzgerald (2002),
covered, it is known that OOA falls under the
one of the characteristics science paradigm.
of a MDA based
approach is that it is
Object-Oriented and
thus also falls under the
science paradigm.

Objectives The main output of the | This systems This systems
systems development development development
methodology is to create | methodology's focus is | methodology focuses
not only the required solely on the purely on the
system, but a knowledge | development of a development of a
base that can be reused | computerized system. computerized system,
in the development of
other projects
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Domain The step described in All the phases defined | In the user
this systems in this systems requirements phase of
development development this systems
methodology aim to methodology are aimed | development
setup a knowledge base | towards solving a methodology, the use-
which can be reused for | specific problem case technique is used
other projects. Hence to determine what the
the systems system is supposed to
development do. Use-cases
methodology does not determine what the
solve a specific interactions between
problem. but tries to different actors and
create a base from between actors and the
which many different system are when a
problems can be solved. specific goal needs to
be achieved. The aim
of this systems
development
methodology is thus to
solve a specific
problem.
Target Though the systems The Mobile-D systems | This systems

development
methodology has been
developed for
distributed systems in
the telecom domain, it
claims to be general
enough to be applied to

other domains as well.

development
methodology is an agile
approach geared
specifically towards the
development of mobile

applications.

development
methodology has been
specifically designed to
“improve software
engineering in the
telecommunication

industry”.
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| Model

The systems
development
methodology allows the
developer to choose the
model that should be
used during the
development process.
This is done in the
preliminary and
detailed preparation
phases. Even though a
specific model is not
given, UML is a
preferred choice. Gavras
et al. (2004) termed it
Maodel Driven

Engineering.

The model used during
development is
dependent on the
architecture chosen
during the “Initialize”
phase. Generally the
modeling is limited to
sketches and short
documents as needed
during development. 1f
models and
documentation are
needed, they are

created afterwards.

The use of modeling is "
an extremely important
factor in this systems
development
methodology. The
Specification and
Description [Language
(SDL) is used
throughout the systems
development
methodology. 1t is used
in modeling the user
requirements together
with UML Sequence
Diagrams and/or
Message Sequence
Charts, through to the
designing and code
generation phases.

The systems
development
methodology is very
much model-driven.
Each phase is modeled
and the models are
formalized before

continuing.
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'Techniques andl

tools

Once again the systems
development
methodology allows the
user to choose the tools
they want to use. The
phase in which this is
done is the infrastructure
setup phase. Tools are
used in the systems
development
methodology to define
maodels and Meta
models, generate code
from model information
and define constraints
and rules to verify
model compliance.
Because of the object-
oriented nature of the
systems development
methodology, UML is
given as a recommended

technique.

During development
agile techniques like
test-driven
development, pair
programming and
continuous integration
are used. Other
techniques include
project retrospective
techniques during post-
iteration workshops.
During the release step
it is recommended that
a version control tooi

be used.

A dominant technique
used in the systems
development
methodology is to
acquire user
requirements by means
of use-cases. Tools are
also used in the
transformation of user
requirements to a
System Description
Language (SDL)
document and also to
generate production
code, although using of
tools here is not

necessary.

The actual scope of the
systems development
methodology is
dependent on the
development process
chosen by the developer.

Most of the phases

e Analysis

*  Design

* Programming

e Testing

e [mplementation

¢ [valuation

In the systems
development
methodology, six
phases are identified.
e Analysis

e Logical design

e Physical design

_J
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defined in the svstems
development
methodology occur prior
to the actual
development of the
project, but are
continuously redefined
during the execution
phase. The execution
phase is where the
actual development
methodology is used. In
the discussion of the
systems development
methodology an object-
oriented methodology is
used and defines the
following phases within:
» Requirements

& Analysis and design
& Implementation

& Test and integration
o Deployment

» Maintenance

Programming
(Code generation)
Automatic code
synthesis

Testing
Maintenance

The maintenance
phase is not only
for newly
developed systems,
but the systems
development
methodology
describes an entire
process for
documenting and
maintaining legacy

systems.
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Outputs The main output of the | A part of the product is | The outputs of each
systems development completed and stage of the systems
methodology is to create | implemented after each | development
not only the required iteration. Analysts can | methodology are very
system, but a knowledge | determine whether they | specific. From user
base that can be reused | are proceeding requirements, {0
to develop other projects | correctly by performing | validation, to design

post-iteration and code generation, all

workshops have a certain output
that needs to be
produced

Practice This systems The systems Academic background.

development
methodology has
academic roots, but a
case study is given of
MODA-TEL being used

at France-Telecom

development
methodology was
developed in practice
with the help of three
mobile software

companies

It is not known if the
systems development
methodology is used by

any company

Table 2.1: Comparison of mobile telecommunication system development methodologies

2.4.3Conclusion

After comparing the three telecom systems development methodologies discussed in section 2.3,
using the comparison framework by Avison and Fitzgerald (2002), the following conclusions can be
made:

. Similarities

All three systems development methodologies first break down the system to be developed into
more manageable pieces. Each modular piece is then developed separately and is later combined to
form the complete product. This style of modular development greatly reduces the overall

complexity of the system.
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All the systems development methodologies were designed specifically for the telecommunication

domain and are used in the development of a computerized system.

There are many similarities between the MODA-TEL and Mansurov systems development
methodologies. One similarity is that the need to model the system is a very important element of
both MODA-TEL and Mansurov. They also use techniques that are typical of object-oriented
systems development methodologies like making use of UML, in both MODA-TEL and Mansurov,

and use-case techniques as in Mansurov.

When looking at the scope of the different systems development methedologies, it is noted that the
phases detined for Mobile-D and Mansurov are much the same, each going from analysis to the

maintenance phase.

All three the systems development methodologies describe specific outputs during the development
process. MODA-TEL aims at creating the end product as well as a knowledge base that can be
reused to develop other projects. Mobiie-D’s main outputs are the product parts that are released
after each iteration. Mansurov also clearly defines the outputs after each stage of development.

Mostly these outputs consist of specification documents.

. Differences

While all the systems development methodologies are used to develop a computerized system, the
MODA-TEL systems development methodology also aims to build a knowledge base that can be
reused in the development of other projects. This means that the MODA-TEL systems development
methodology is not only focused on solving a specific problem, as is the case with the other two, but

to improve business by building a reusable knowledge base.

The systems development methodologies discussed were all developed for the telecommunication
domain, but while Mobile-D and the systems development methodology created by Mansurov did
not mention anything about its use outside the telecoms domain, MODA-TEL states that it is general

enough to be used in other domains as well.

Whiie the need to model the system is an important element of both the MODA-TEL and Mansurov
systems development methodologies, Mobile-D is less concerned, limiting any modeling to sketches
and short document. This is characteristic of the rapid development approach on which Mabile-D is

based. The same is true of the techniques used during development. Typical object-oriented
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techniques are used in MODA-TEL and Mansurov, while Mobile-D uses typical XP style

techniques like test driven development, pair programming and continuous integration.

The scope of Mobile-D and Mansurov is much the same; MODA-TEL differs though because the
scope is dependent on the chosen system development process.

Although the three systems development methodologies have been developed with the same goal in
mind, namely for developing telecommunications systems, there are many differences between
them. The biggest difference is the fact that two of the systems development methodoiogies follow
an object-oriented approach, while the other is a mix between object-orientated and rapid

development systems development methodologies.

2.5 Mobile Telecommunication Environment

In order to determine what the needs and challenges are when developing mobile telecommunication
software, a brief study was done of the mobile telecommunications environment. This discussion
will help in answering the research question to “identify a list of necessities a system development
methodology should contain, when used to develop mobile telecommunications software”. The
results are discussed below; first the environmental elements will be discussed, followed by some of
the specific needs in mobile telecommunication system development. It will then be determined if
the methodologies discussed above adhere to these elements and to what degree. This will show if

the systems development methodologies are able to address these environment specific elements.

2.5.1Software Development Needs

Big telecommunication companies like Bell Canada and Northern Telecom outsources most of their
product development needs to other companies (Abbas, Kazmierczak, & Dart, 1998). To determine
the out-source company’'s product development and support capabilities, they developed the

Trillium development mode! (Coallier, Graydon & Ficcici, 19935).

This model discusses most of the processes, procedures and activities that should be used to improve
the telecommunications product development process or life cycle. It relies heavily on industry
standards like ISO, Bellcore, Malcolm Baldrige, IEEE and IEC. According to Vallecillo (2001), the

use of standards is an important factor in telecommunication system development.
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By following this model developers can ensure that the cost of development and maintenance is
minimized and it also helps to decrease the development time, meet objectives and ensures user
satisfaction. According to Coallier, Graydon and Ficcici (1995). a systems development

methodology used for developing mobile telecommunications systems should :

. Have a definite and well-documented analysis and design phase

] Verify specified items by means of prototyping

o Use CASE tools to automatically generate code, prototypes and specifications

o Use formal methods when critical sofiware components are being developed

. Use formal document notation to document requirements, the design of the product, code

generation, test cases and maintenance plan

o Verify the adequacy and efficiency goals of the product by means of strenuous testing and
review sessions

. Facilitate the reuse of source code and/or components of the development process. The reuse
of source code can be aided by keeping a component repository. Reuse is also facilitated by

means of product line reuse strategies and CASE tool support.

2.5.2Telecommunications Environment
There are quite a few elements that characterize the mobile telecommunications environment. Some

of these elements will be discussed below, with the key elements dispiayed in bold.

Telecommunications systems are distributed by nature (Gervais & Ruffel, 1997) with software
components spread across the network. This distribution is caused by the physical distribution of the
users as well as service providers (Patel, 2002). Telecom systems are made up of many compenents
in different locations running separately and in parailel. According to Patel (2002), these additional
problems of “physical component distribution and dynamic concurrent behaviour” cannot be

handled by existing software engineering tools.

When designing telecom software, special attention should be paid to sealability. This is due to the
fact that telecommunication networks are very dynamic and tend to grow/change at a rapid pace
(Patel, 2002; Golubic & Marrusic, 1999; Mehra, 2005; Lal, Pitt, & Beloucif, 2001; Holler, 2006).
This rapid growth means that there is a constant introduction of new services and products and an
increase in the need for cross system integration. Because of this any developed software should be

as flexible and adaptable as possible (Mehra, 2005).
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A key requirement of any telecom system is fault-tolerance. Unfortunately, dealing with this issue

causes increased complexity (Patel, 2002).

Telecommunications software is known for being very expensive (Patel, 2002). This is caused by
the complexity of the systems, but also because few of the objects created during previous projects
are reused (Mansurov, 2000). This is most noticeable in large companies where different teams
could be working on solving exactly the same problem. A proper communication medium is

clearly needed to assist in knowledge transfer (Patel, 2002).

Due to the real time nature of telecommunication systems, handling fault-tolerance and safety in
telecommunication systems often becomes complicated and this increases the complexity of the
whole system (Patel, 2002). Several factors can be identified to be the cause of this complexity.
Firstly the constraints imposed on the time and available space of the development are big
contributing factors, secondly, the highly complex time-critical elements that are present in telecom
systems, thirdly, the automated failure detection and handling elements (Patel, 2002). The
increasingly ambitious and complex requirements imposed on telecom systems (Kalayanasundaram

et al., 1998) are a fourth reason for its inherent complexity.

The issue of security is also very important, especiatly when considering e-business applications
(Patel, 2002).

Because these elements are important factors in the mobile telecommunications industry, they
should be addressed during the development of mobile telecommunications systems. From the
above discussion the following elements can be added to the list of software development needs that

should be addressed by the systems development methodology used.

A systems development methodology used for developing mobile telecommunications systems
should:

1 Take into account the distributed nature of mobile telecommunications systems and facilitate
the building of such systems

o Focus on producing scalable products to handle the growth and change inherent in the
industry efficiently

. Have products which are flexible and adaptable enough to handle the introduction of new

services and networks.
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. Help to reduce the cost of the project

. Define a proper communication medium that can be used to transfer knowledge within the
company

o Be able to handle and even reduce the complexity of the product being developed

. Reduce the time needed to development the system.

2.5.3Systems Development Methodology Discussion

In this section how the three telecommunications systems development methodologies adhere to the
element discussed in the above twa sections will be viewed. This is done in table 2.2, displaying the
criteria down the left column with the three systems development methodologies’ adherence to the
criteria discussed in the following three columns. The cells of the table contain the verdict, as well
as the discussion of the intersecting criteria and systems development methodology. The discussion

in the cells sees whether the criteria is always adhered to (Yes), is never adhered to or not mentioned

(No). or 1s sometimes adhered to or briefly mentioned (Maybe).

MODA-TEL

Mobile-D

Mansurov

Software

Development Needs

Well-documented
analysis and design

phase

Yes. The systems
development
methodology
specifically states that
during the
requirement and
analysis phases of the
system development
process, all models
should be well
defined and

documented

| Yes. There are
definite analyses and
design phases for the
entire project as well
as for each
“productionize”
iteration. These are
documented using
requirements
documentation and
user interface

illustrations

Yes. Analysis and
design is a focus area
of this systems
development
methodology. The use
of formal
specification
languages to
document the user
requirements, analysis
and design data are

mandatory

49




Prototyping

No. Although
prototyping can be
incorporated in the
chosen systems

development process,

S—

No. Prototyping is not
used in this systems
development

methodology

Maybe. Automatic
generation of
prototypes from
formalized models are

mentioned, but not

no mention is made of required
it in the systems
development
methodology itself
Automatically Yes. During the No. All specifications | Yes. All

generate code,
prototypes and

specifications

preliminary
preparation phase, the
developer is required
to define a method for
transforming abstract
models into concrete
models. It is not
required that models
be generated
automatically.

During the project
execution phase
though, the systems
development
methodology does
mention the use of
mode! transformation

and code generators

are developed
manually, while code
is developed by
means of pair

programming

specifications are
formalized.

SDL models are
automatically
generated from MSC
models. After this the
SAM model is
generated from SDL
which in turn is used
to generate the
product code

automatically




Formal document

notation

Yes. During phase 2
of the systems
development
methodology, a
modeling language is
defined for
representing data,
business processes,

user requirements etc

No. No formal
document notation is
defined for this
systems development

methodology

Yes, Formalised
documents and
specification
languages are a main
focus area for this
systems development

methodology

Strenuous testing and

review sessions

Yes. Once again, this
depends on which
systems development
process is chosen
during the project
management phase.
The systems
development
methodology,
however, does suggest
that testing should be
done and well
modeled, utilising

industry standards

Yes. The whole
development process
is test driven, Before
releasing code it s
tested, and there is
also a system test and
fix phase that
iteratively tests the
system and fixes any

problems

Maybe. Throughout
the project the
specifications are
validated and are used
tg generate test cases
automatically. Even
though test cases are
developed, no
mention is made of
specific testing or
review sessions.

The need for testing is
somewhat eliminated
when the product
code is generated

automatically

Reuse

Yes. Although
MODA-TEL does not
specitically talk about
reusing code, one of

the systems

No. There s no
mention made of
reuse in the systems
development

methodology

No. Some parts of
specification
documents can be
reused, but other than

that no mention is
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development
methodology’s main
focus points is on
defining and reusing
components of the

development process

made of reuse in the
systems development

methodology

Distribution

Scalable product

Yes. Specifically
designed for
developing distributed
systems. This can be
deduced by the fact
that MDA is based on
platform technologies
such as CORBA
which was
specifically created
for distributed

systems

Yes. This systems
development
methodology has been
designed for mobile
systems, with its

inherent distribution

Maybe. The system?_4
development
methodology does use
models and languages
that have been
standardised for the
telecommunications
industry, but it does
not specifically take
distribution into

accourt

Yes. Technology
independent modeling
quickly and easily
implements any new
system elements or

technologies

Yes. During the
explore phase plan is
specifically developed
for handling system

expansion and growth

Yes. The systems
development
methodology also
discusses how
existing systems can
be modeled for
redevelopment and

enhancements
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Fiexible and | Yes. Meta-data | Yes. During the Yes. Adaptable code

Adaptable product repositories are explore phase the plan | generation procedures
created which assist in | is specifically help to keep the
dynamically developed for product as well as the
discovering new handling system - development process
services and making | expansion and growth , flexible and adaptable
them available to the

| clients

Reduce cast of project

Communication

medium

1

Yes. UML isused to w

Maybe. The use of
MDA model is
credited with reducing
overall development

cost

Yes. Techniques used
such as refactoring
can reduce

development cost

Yes. The use of
formal CASE tools as
well as the upfront
increase in project
time and people
reduces the total cost

of the project

communicate the
system throughout the

company

No. No formal
documentation or
modeling language is

used

Yes. Everything?
formally documented
and modeled and
these models are used
to communicate the
requirements
throughout the

company

Reduce complexity of

product

Yes. The project
follows an established
mode! based approach

and first breaks up the

~development into

- modular pieces. All

this contributes to

Yes. The system is
first broken up into
modular pieces. Using
the refactoring
technique during

development also

decreases the

Yes, Everything is
formally documented
and modeled. This
reduces the overall
complexity of the
development.

Also, the system is




Re

time

credited with reducing
the systems

development time

methodology is on
speed of development.
Another contributing
factor is that it uses

very few documents

eliminating [ complexity divided into modular
complexity pieces

educe development | Maybe. The use of Yes. The focus of the | Yes. The use of
MDA model 1s systems development | formal CASE tools as

well as the upfront
increase in project
time and people can
speed up the time-to-
market by 20%-30%.
But on the other hand
it could be said that
having to generate all
the models is time
consuming. This is
negated by the fact
that the models are

automaticaliy

l generated

Table 2.2: Mobile telecommunication system development methodologies adherence to list of
software development necessities

2.5.45Summary

The three telecommunications systems development methodologies were compared to a list of

software development needs and environmental criteria. This list could hold true for all

computerized systems development, telecommunication or otherwise, but as stated in Jantsch ez ol

(1998), “the difference between the systems in different domains is usually not the absence or

presence of characteristics but the degree of importance of different characteristics”. From this it can

be seen that for the most part, the systems development methodologies adhere to the criteria

identified for developing telecommunication systems.
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2.6 Conclusion

In this chapter a systems development methodology was defined and a literature study on the
systems development methodologies that are available when developing a computerized system was
done. Three systems development methodologies that were developed specifically for the
telecommunications domain were discussed. These three systems development methodologies were
then compared using the framework suggested by Avison and Fitzgerald (2002) in order to identify
any differences or simmilarities between them. The comparison also gave more insight into whether
and how the systems development methodologies are used in systems development. The last part of
the chapter looked at different elements of the telecommunication environment to identify some of
the needs and challenges faced when developing mobile telecommunication software. The three
telecommunication systems development methodologies were then checked to see how they adhered
to the elements of the above list. In the next chapter the research method used in this study will be

given as well as a discussion on other available research methods.
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CHAPTER 3
3. RESEARCH DESIGN

3.1 Introduction

When doing research on the subject of systems development methodologies, there are a few
different research approaches that can be followed. The type of approach used depends on different
elements of the study, such as the research question and also the research method that is used. The

approach that was followed in this study was the qualitative research approach.

In this chapter, the different aspects of research design will be discussed, beginning with the
research paradigm, followed by a discussion of the different research approaches. Afier this, some
research methods are given, as well as data collection, data coding and finally data analysis

methods.

3.2 Research Paradigm

When doing research, the type of research done depends on the research paradigm. A research
paradigm, according to Myers (2003}, is built on underiying assumptions about knowledge and how
that knowledge can be obtained. The knowledge relates to the nature of the problem at hand and the
assumptions made are used to set the direction for the research. There are three research
epistemologies that can be followed when doing research (Chua, 1986), the positivist, critical and

interpretive.

Positivist research assumes an objective reality with measurable properties, and that these

properties are totally independent of the researcher. Positivist studies are generally made to test

current theories.

Rather than understanding and explaining a theory, critical research aims to give critique on and
change the society in which the study is done, while taking into account any social, political and

cultural domination.

Interpretive research tries to understand the subject being researched by understanding the

meanings that people assign to them, focusing on the complexity of the research domain and the

people within it.
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In this study interpretive research was conducted. The assumptions made about the study that led to
the use of interpretive research were that the author did not set out to prove a theory or change the
target domain, but rather to understand the telecommunication environment with all its inherent
complexities, and in so doing, find out whether systems development methodologies are used during

system development, and if so, how and why are they used.

3.3 Research Approach

There are two main research approaches, quantitative research and qualitative research. The
difference between these two is that quantitative data is represented by numbers, while qualitative
data is represented by pictures and words (Gilgun, 1992). Besides the difference of words and
numbers, there are a few other differences between the two research approaches. Six differences
between qualitative and quantitative research methods, as found in Sharp and Frechtling (1997) will

be discussed.

U Value of data

The information gathered through quantitative research is more representative and broadly
generalisable. A drawback 1s that when focusing on a specific issue within the study, the reasons
given by the survey are often few, and not very useful (Sharp & Frechtling, 1997).

For example: A study shows that, because of a science enrichment programme, pupils will be more
inclined to do their masters degree in science. But the study cannot give specific reasons why the
results differ according to gender.

Qualitative research overcomes this challenge by limiting the survey to specific focus groups. This

has the drawback that the findings do not necessarily apply outside the focus group.

. Scientific rigor

Scientific rigor can be explained by how accurate the data is believed to be.

When data is collected using quantitative methods, standardised statistical techniques are used. It is
betieved that this leads to more objective and accurate information which is usually highly detailed
and structured (Neville, 2005),

It has also become clear that all data collection is in some way affected by the beliefs and
perceptions of the person collecting the data (Sharp & Frechtling, 1997).

The issue still remains that qualitative results are often considered less conclusive that quantitative

results (Seamnan, 1999).
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. Philosophical distinction

Researchers differ about the nature of knowledge and what is the best way in which this knowledge
can be acquired (Sharp & Frechtling, 1997).

Qualitative researchers try to understand the context in which certain events occur as opposed to

quantitative researchers who “seek to contro] the context” (Sharp & Frechtling, 1997).

. Credibility of findings

This refers to the feeling of the research audience iowards the type of results produced by the
research.

The numbers and statistical results of quantitative research are often favoured by decision makers.
On the other hand, others might prefer the “richer data obtained through qualitative research™ (Sharp
& Frechtling, 1997). Another issue with qualitative data is that can be challenged easily (Neville,
2005).

. Staff skills
Quantitative research is harder to design initially (Neville, 2005) and good skills are required in
qualitative research methods like observations. interviews and focus groups, while quantitative

methods are easy to master (Sharp & Frechtling, 1997).

. Time constraints
Because of the overlapping processes of data collection and analysis, qualitative methods are more

time consuming than quantitative methods (Sharp & Frechtling, 1997).

Using qualitative methods is recommended for exploratory research where there is a lack of
literature (Creswell, 1997: Neuman, 2003), as is the case in the current study. For this reason the
qualitative research approach was used during this study. Another reason is because human
behaviour, together with technical issues and human-computer interaction, plays an important role
in software development (Seaman, 1999) it is import that the research method used in this study
takes this into account. Qualitative research methods do this because they are known for their use

when studying the complexities of human behaviour (Seaman, 1999).
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34 Research Method

When doing qualitative research, there are many different research methods that can be followed.
Three research methods will be discussed below: ethnography, grounded theory and case studies. in
this study the case study research method was used. Therefore, case studies will be discussed in

more detail.

3.4.1Ethnography

When using “Ethnography™ as a study method, the aim is to make a study of an entire culture. In
fact, the researcher needs to incorporate himself into the environment being studied. Doing this
aliows the researcher to study all aspects of the culture and this is important because “properties
cannot necessarily be accurately understood independently of each other” (Trochim, 2006).

With this technique, the main method of collecting data is participant observation (Hussey &
Hussey, 1997).

3.4.2Grounded Theory
Grounded theory is an “inductive theory discovery that allows the researcher to develop a theoretical
account of the general features of the topic while simultaneously grounding the account in empirical

observations of data” (Martin & Turner, 1986, p. 141).

There are two key factors when using grounded theory, these are that the research should not start
with a theory which must be proved or disproved. The second is that grounded theory is discovered
by comparing the properties of different categories and finding “uniformities and diversities”
(Fernandez, 2004, p. 84). The way in which data is acquired is mainly by means of semi structured

interviews or observations (Seaman, 1999).

3.4.3Case Studies

One of the methods used in qualitative research is the case study method. By using the case study
method a researcher can gain an understanding of a complex issue or object. There are a variety of
data gathering methods that can be used to collect data, a few examples being interviews,
documentation review, observation and the collection of physical artifacts (Soy, 1996). Case studies
can be used to explore new areas of research where little theory is available. They are also used to
describe a process, or the effects of an event, or even explain a complex phenomenon (Kohn, 1997).

It is an extremely powerful method in its ability to answer questions of how and why (Yin, 2003).
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3.4.4Qualitative research method used in this study

it was decided to make use of the case study research method. According to a study done by Soy

(1996), there are six steps to follow when using the case study method. These six steps as well as

how they were implemented during the study will briefly be discussed.

3.4.4.1 Case study steps

Determine and define the research question

Firstly, the researcher should establish a research focus. This is done by forming how and
why type questions of the research area and determining the purpose of the study. Defining
these questions also helps to determine the type of analysis that shall be used later in the

study.

The focus of this study is on systems development in the mobile telecommunication industry.
The main objectives are to identify the systems development methodologies used, if any, by
companies in South Africa in the development of telecommunication systems. To highlight
certain key aspects of mobile telecommunication software development and identify a list of
necessities a systems development methodology should contain when used to develop mobile

telecommunications software,

In order to gain a deeper understanding about this subject, the choice was made to use the

case study method.

Select the cases and determine data gathering and analysis techniques

When designing the case study research, the researcher must determine the approaches which
will be used in selecting the case study, the instruments necessary as well as the appropriate
data gathering methods. Good choices on these subjects will positively increase the validity
of the study (Soy, 1996).

When choosing the cases for the study, the author wanted to gather information from sources
that had experience in the development of mobile telecommunication software systems.
Another important factor was to choose cases that had different characteristics such as size
and the types of systems developed. This would increase the scope of the case studies to

cover as much of the telecommunications domain as possible.
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Three companies were chosen as subjects for the case study. A short description of the three

companies follows. They will be discussed in more detail in Chapter 4:

Company 1 is a big mobile telecommunications service provider and software development
centre with many departments and employees who develop a wide range of different types of

telecommunications systems.

Company 2 is a medium sized company with about 30 personnel. The systems they develop
are focused more on mobile entertainment services (like ringtones, logos, picture messages,
etc.), incorporating SMS, MMS and web based “WAP” services (including m-commerce

systems).

Company 3 is a very small company with only 10 employees. Their main focus is on

developing GSM base systems as well as hardware telemetry.

Prepare to collect the data

This step entails that the researchers should make themselves comfortable with the chosen
data gathering methods. Often a pilot test will be conducted to uncover any issues.

To prepare for the data collection the researcher did a study on the different methods that will
be used, these being on the subject of interviews and different data analysis methods. In this
study interviews were chosen as the method in which data was collected. A pilot test was not

done because of the author’s previous experience in conducting interviews.

Collect data in the field

The subjects of the case study were chosen, being three companies from different areas of the
telecommunication industry, and interviews were conducted at each company. The interviews
were conducted with project managers and developers, and generally took between one and
two hours. Interviews were recorded using a laptop and microphone and were immediately
transcribed. This data was then stored in such a way that lines of inquiry and patterns could
be uncovered. Field notes, taken to record the researcher's feelings and hunches also
contributed to the interview data and served as a base for more questions. It also served to

document the work progress.
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. Evaluate and analyze the data
The data should now be analyzed with reference to the original research questions. The data
is sorted in many different ways to expose or create new insights (Soy, 1996).
Techniques for analyzing data include creating matrices of categories, creating flow charts
and tabulating frequency of events. Another technique is the cross case search for patterns.
After the coding of the interview data and interviewer notes using ATLAS.i, the cross case
analysis method was used to analyze the data.

This technique will be discussed in section 3.7.2 “Cross Case Analysis”.

° Prepare the report
These complex issues should now be converted into something which is understandable.
Special attention should be given to display sufficient evidence for the findings while also
pointing out conflicting propositions. The boundaries of the case should be defined and it
should also be shown that all avenues have been explored.
There are several ways to compose the report, the researcher can handle each case separately,
recount the cases chronologically or represent the case studies as stories.
To report the findings of the case study the author decided to focus on the main cases and

handle each of them separately.

3.4.4.2 Arguments against case studies

Some of the arguments made by critics of the case study method are that reliable findings cannot be
established by studying a small number of cases (Soy, 1996). The reason for this is that the
researcher cannot be sure that the case studied can be generalized and that it has only limited
representativeness (Bryman, 2004). This issue of generalisability and representativeness is also
mentioned in Ruegg (2006} and Hancock (1998) as being a problem inherent in case study research.
Another 1ssue is the feeling of some critics that findings are often biased. The inability to stay
removed from the subject under observation is considered to be a very limiting factor in case study
research and it decreases the validity of the results (Yin, 2003). Lastly is the belief that case studies

should only be used as an exploratory tool (Soy, 1996).
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3.4.4.3 Arguments for case studies

The case study method is thought by Voss, Tsikriktsis and Frohlich (2002) to be one of the most
powerful research methods available, particularly when exploring a new research area or developing
a new theory. This is confirmed by Darke ef al. (1998) and Eisenhardt (1989), who suggest that the
case study method be used when researching newer less well-developed research areas. Walsham
(1993) also states that the case study method is the most appropriate method to use when conducting
interpretive research. Another argument for using case studies is given by Burns (2000), who states

that case studies generate rich data that give intricate detail of the subject being researched,

After considering the above mentioned arguments, the case study method was chosen to be used in
this study. The reason for this choice is the overwhelming support for case studies when doing
exploratory research. To ensure that the case study was performed correctly, the author adhered to

the principles for interpretive field research, as discussed in Klein and Myers (1999).

3.4.4.4 Principles for interpretive field research

In Klein and Myers (1999) the authors discuss seven principles to adhere to when doing interpretive
case study research on Information Systems. Adhering to these principles helps the researcher to
better understand the case which in turn leads to a better understanding of the field study (Klein &
Myers, 1999). It also serves as a means to evaluate interpretive research. The use of the principles is
not mandatory though and it is up to the researcher to decide which principles are adhered to, and to
what degree. To ensure the validity of the interpretive case study, the author strived to adhere to

these principles. The seven principles are (Klein & Myers, 1999):

1) The fundamental principle of the hermeneutic circle
This 1s the one fundamental principals of interpretive research. It is the idea that to

understand the research subject, one should constantly be looking back and forth between the

whole and its parts.

2) Contextualization
To better understand the information being gathered, it is necessary to understand the social
and historical context in which the study takes place. Identifying the context identifies how

the situation that is being studied emerged.
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3

4)

5)

6)

7}

3.5

Interaction between the researchers and the subject
The data that is gathered during the case study is a product of the social interaction between
the researcher and the participant. It should be noted that the information given by

participants is based on how that information is interpreted by the participant.

Abstraction and generalization

The validity of the cases depends on the logic within the descriptions of the cases and the
final conclusions. One also needs to relate the information gathered by means of the case
study to “theoretical, general concepts that describe the nature of human understanding and

social action” (Myers & Kiein, 1999).

Dialogical Reasoning
Because the findings gained from a case study are often bias, any preconceptions that the
researcher might have should be identified and, if not supported by the findings of the study,

abandoned.

Multiple interpretations
The researcher should be aware that a single subject could be interpreted differently by
different respondents. It will also be prudent to document the reason for this difference in

interpretation.
Suspicion
The researcher should look at the information gathered in a critical manner and not take the

meaning of the responses to be the only truth. Any data should first be looked into more

deeply.

Data Collection Method

There are several different ways of obtaining qualitative information, some examples are individual

focus groups, observation and interviews. In this section these three methods will be discussed

followed by a description of the method used in this study.

64



3.5.1Participant Observation
During participant observation, the researcher has to be on site to gather the required information.
The information gathered during participant observation is valuable when describing settings,

activities, people and the observations from the participants’ perspective (Hoepfl, 1997).

Participant observation has an advantage over interviews in that it leads to a deeper understanding of
the context in which events occur. Both verbal and non verbal cues are observed and recorded.
Unfortunately only a small part of the software development process can actually be observed

(Seaman, 1999).

Researcher participation is a big issue during observations, because the presence of an observer will

likely introduce distortion (Hoepfl, 1997).

3.5.2Focus Groups

Focus groups are interviews with small groups of people, typically about 6 to 10 (Hancock, 1998).
This method uses the knowledge and interaction of the group to gain insight into a subject that
would otherwise not have been gained without group interaction (Mahoney, 1997). Focus groups
can only be used when the subject matter is not so sensitive that the respondants will withold

information or alter reponses because of the group situation (Mahoney, 1997).

3.5.3Interviews
Interviews are a more personal approach than focus groups, conducted with individual persons.
Doing interviews is a good way of gaining data when the subject matter is very complex and there is

a greater volume of issues that need to be covered.

3.5.4Data collection method used in this study

During this study interviews were used as the method for data collection. For this reason the author
did an extensive study on interviews and interview methods. This study is discussed below.

3.5.4.1 Why Interviews

The reason why the use of interviews was chosen as the method for data collection is because
according to Walsham (1995), interviews are the best method for colecting data when doing
interpretive case studies. Rubin and Rubin (1995) state that if the aim of the research is to find out
what others feel and think about their world, which is the case in this study, interviews are the most

effective data collection method.
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Some further advantages of face to face interviewing, according to Thomas and Brubaker (2000)

are:

The fact that the interviewer takes time to conduct a personal interview, instead of just
sending around a questionnaire, tells the respondent that the interviewer values the
respondent’s opinion

This in turn can lead to better data being given

The interviewer is there to clarify anything the respondent might find confusing

Interviews give the opportunity for the respondent to stress certain topics, or digress from the
central topic of conversation

Interviews can provide more understanding of the respondent’s motives, reasoning and

emotional reaction.

3J.5.4.2 The Interview

Interviews are special forms of conversation that provide a way of gathering data by talking to

people about a certain topic.

There are different types of interviews, each with its own advantages.

Loose approach (Thomas & Brubaker, 2000): In this type of interview questions are posed in
a very general form and the interviewee is then given unrestricted freedom to answer the
question. This approach is mostly used to find out how different people interpret certain
questions. This type of interview is also known as an unstructured interview (Seaman, 1999).
Tight approach (Thomas & Brubaker, 2000): This approach gives the interviewee the
opportunity to choose a response from a list of possible answers. This style is very much like
a questionnaire. Sometimes the interviewer might ask the respondent to give a reason for
their response. Unfortunatety this style constrains the interviewee too much, and is not very
useful for qualitative interviewing. One advantage is that the results of the study can be
compiled more easily. The tight approach is also known as a structured interview (Seaman,
1999),

Converging approach (Thomas & Brubaker, 2000): Also known as a semi structured
interview (Seaman, 1999}, combines the loose and tight approaches. The interviewer starts
by asking general, open ended questions. Depending on the answers the respondent gives,

the interviewer could then ask one or two limited choice questions.
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. Some of the advantages and disadvantages of using the converging approach, according to

Mahoney (1997} are:
Advantages
0 The data gathered is usually very detailed and could lead to new insights
o The interviewer gets the opportunity to explore certain topics in more depth if required which

increases the likelihood of useful responses
o The interviewer is allowed an amount flexibility to adapt the interview to particular

circumstances.

Disadvantages

0 Data gathered might be distorted because of recall error, selective perceptions or the
interviewee’s desire to please the interviewer

o Flexibility can result in inconsistencies across interviews

e The amount of information gathered during interviews could be very large, which could lead

to difficulties in transcribing the data.

It was decided to use the converging, semi structured approach because of the advantages such as
that the converging approach lends itself to an exploratory study, in particular the fact that open

ended questions allow for expected and unexpected information.

The interviews were conducted as follows.

3.5.4.3 Setting up

According to Mathers, Fox, and Hunn {1998), the first thing to do is to locate a respondent. Of
course one should choose a respondent who has knowledge about the topic being researched. The
timing of the interview, as well as the location, should be chosen to best suit the interviewee. After
choosing a respondent, a request must be sent to obtain the respondent’s consent to partake in the
study. “The interviewer must reassure the respondent of confidentiality or anonymity, and inform
them that identities will not be revealed in the aggregated findings” (Mathers, Fox, & Hunn, 1998, p.
10).

In this study it was decided to conduct the interviews at different telecommunication companies.
These companies where chosen as being representative of the current mobile telecommunications

environment, taking into account the development of different software types as well as different
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company sizes. Contact was made with the IT manager of each company and asked whether they
would be willing to make a developer or project manager available to partake in the study. Only
three of the companies contacted agreed to the interviews.

Two of the three companies interviewed specifically stated that they have signed non-disclosure

agreements and would not be able to divulge any sensitive information.

Afier the companies at which the case studies would be done were contacted, the interview was
designed. There were certain decisions that had to be made concerning what questions to ask, how
they should be phrased and in what sequence to ask the questions (Mathers, Fox, & Hunn, 1998).
The author also had to be very clear about depth and breadth of topics that would be included in the
interview. Mathers, Fox and Hunn (1998) list 12 guidelines to remember when setting up an

interview. These guidelines were utilized in setting up the interview questions for this case study.

. Questions must be answerable
. Leading questions should be avoided
. It is important that the interviewer keep in mind with what perspective the interviewee

responds to questions, such as whether the respondent has first hand experience, or picked it

up from a third party

. The time an interview takes should be kept to a minimum

. Avoid using words and phrases that the interviewee will not understand

. Realize that some words might have different meanings depending on the geographical area
or culture

. Know that some words are very subjective and the interviewer should always ascertain what

the interviewee means with words like “good” or “satisfactory”

. Some interviewees might not be able to provide answers about the full range of issues
covered

. Interviewees might have a range of different perspectives

. The first question should be something the interviewee knows and can answer with ease.

Personal information about the interviewee is good to start with

. Supplementary questions should be designed to prompt and probe the interviewee to extend

the responses to the main questions
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. Summarizing or recapping near the end of the interview signals the end of the interview. The

interviewee should be invited to correct anything the interviewer might have misunderstood.

When setting up the interview questions the author looked at the main research question stated at the
beginning of the study, namely how is software developed in the mobile telecommunications
industry. This main research question was then divided into mini research questions, as illustrated in
Figure 3.1, which focused on systems development methodology use and effectiveness as well as
specifics of the telecommunication environment. Systems development methodology use focuses on
what methods and procedures the company uses when developing a new system, and also whether a
formal systems development methodology is used. When looking at systems development
methodology effectiveness, the focus is on whether the systems development methodology is
effectively used. The last mini research questions looks at the telecommunications environment and
tries to determine any specific elements in the environment that influence the development process.
All the questions were designed to be as open ended and probing as possible and to take into

account all the guidelines discussed above.

Systems development in the
telecommunication environment

f
Systems development
> methodology use
Systems development
»|  methodology effectiveness
. J
Specifics of the
telecommunication
'L environment
J

Fig.3.1 Research design.
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3.5.4.4 Interview Questions

In this section the questions that were asked during the interviews, as well as the motivation for
asking the specific questions will be given. These were the “base questions” that were asked during
the interviews and when required, further questions were asked to obtain more information on
certain issues. The first three questions asked were general questions, which were specifically
chosen to be questions the interviewee could easily answer and to set the platform for a
conversational style interview, yet also provide some background information on the company and
interviewee. The remaining questions were then chosen based on the research design discussed
above in section 3.5.4.3. These questions focused on gathering information about systems
development methodology use, systems development methodology eftectiveness and also specifics

of the telecommunication environment.

General Questions

Questions: Motivation:

Tell me a bit about your company? (Size, | Get more information specific to the company.
philosophy, age, etc.) Some companies focus only on development,
while others might focus on solutions and

maintenance

What is your position in the company and | This might cause different viewpoints of system
what are your main tasks? development. For instance, a developer, an analyst
and a project manager could all have different

knowledge about different aspects of system

development
How many years experience do you The level of the interviewee's experience gives
have? some background information on the interviewee

Table 3.1: General questions asked during interviews
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Mini RQ 1: System Development Methodology use

Questions:

Motivation:

What type of systems do you develop?

(Size, function, etc.)

Different types of systems could lead to different

methods of development

Tell me about the different phases and
processes you follow during systems

development

This question is to gain more understanding of the
method they follow to develop a system.
Depending on the interviewee’s answer to this
question, follow-up questions were asked to gain
further information on techniques, tools and
documentation used during specific phases or

processes

Are these formal processes or were they

developed in house?

The use of formal processes could be a sign that a

formal system development methodology is being

used

Table 3.2: Questions asked during interviews on system development methodology use

Mini RQ 2: System Development Methodology effectiveness

Questions:

Motivation:

Are you required to develop a system
using these phases, processes and
techniques, or do you use them of your

own accord?

When the developer is required to use a specific
methodology, he/she has to use it, regardless of
any faults he/she might find in it, which leads to

the next question

How do you feel about the effectiveness

of these processes?

This answer could lead to great insight into how
certain problems in telecommunication system

development should be solved

How would you alter the development

process to increase effectiveness?

Could you elaborate on any specific part

during systems development that is

Once again, this answer could lead to great insight
into how certain problems in telecommunication
system development should be solved

This identifies the problems inherent in the

telecommunication system development process
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difficult or problematic? and also leads to the next question

How are these problems solved? This couid identify certain processes that are being
used, or could be used, as well as how effective

they are at solving the proposed challenges

How successful are your development This is a good measure of the effectiveness of the
projects? development process. The interviewer had to keep
in mind that there is a chance of this question not

being answered truthfully

How successful are your development This is a good measure of the effectiveness of the
projects? development process. The interviewer had to keep

in mind that there is a chance of this question not

l being answered truthfully

Table 3.3: Questions asked during interviews on system development methodology
effectiveness

Mini RQ 3: Specifics of the telecommunication environment

Questions: Motivation:

Do you have experience in the If the interviewee's knowledge is limited to
development of software other than telecommunication systems, it could have an
telecommunication software? effect on the answer to the next question

In your opinion, how does This question identifies the specific needs of the

telecommunication software development | telecommunication architecture

differ from other types of software?

What do you feel are the effects of these This question tries to establish whether a systems
differences on the development process? | development methedology used for developing a
telecommunications system will differ from other
types of development based on industry

differences

Table 3.4: Questions asked during interviews on specifics of the telecommunications
environment
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3.5.4.5 Conducting the interview

After the questions for the interview were drawn up the companies were contacted for appointments
to conduct the interviews. The interviewer aimed to schedule the interviews at times that would be
most convenient for the interviewees. After the appointments were made with the company, a short
surmmary of the main topics of the interview as well as an estimate of how long the interviews will
take were sent. In conducting the interviews the interviewer aimed to follow the guidelines as stated

by Mathers, Fox, and Hunn (1998). These guidelines are discussed below.

When starting, the interviewer should take time to establish a rapport with the respondent. This can
be done by explaining the purpose of the study and what will be done with the data gathered in the
interview. Questions should be asked in such a way that it feels more like a conversation than an
interview. Some other issues that were taken into account were (Mathers, Fox, & Hunn, 1998, p.

13):

. “Be familiar with aims and objectives of research

. Know your topic guide well; you may not get a chance to refer to it

. Record your interview if possible because you won’t be able to write it all down

. Reassure the respondent on the issue of confidentiality

. Be a good listener and don’t interrupt too much

. Try to start with factual background questions and move gently towards more specific

personal questions

L Do not express your own personal opinions or appear biased - think in advance about your
own prejudices, especially in the areas of sex, race, and age

. Use probes when answers need turther clarification and respond to non-verbal cues

. Transcribe the tape as soon as possible after the interview. Never under-estimate the amount
of time required for transcribing the tape and carrying out the analysis. A general rule of
thumb is that for every hour of interview you have carried out, you will need to allow ten

hours for the transcribing and analysis process”.

Because of the exploratory nature of the case study, it was decided to record the interviews on a
laptop computer; this meant that the interviewer could focus entirely on the responses given by the
interviewees and follow up interesting points with appropriate exploratory questions. Transcription

of the interviews was done immediately after the interview was completed.
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3.6 Data Coding

The data gathered during the data collection method was then coded. Many computerized tools have

been developed for this purpose. Two of the most well known tools are NUDIST and ATLAS ti.

Even the use of such tools has advantages and disadvantages.

Glaser (1998) believes that the use of such tools:

. Introduces time consuming learning curves
. Inhibits development skills
. Hinders the researcher’s creativity.

Others, like Fernandez (2004) do not believe that using these types of tools has any negative effect

on the coding process.

The author of this study made use of such a tool. in this case ATLAS.ti. It was the most helpful and
easy to use. Fernandez (2004) also makes a strong case for ATLAS.ti, who found the software

intuitive, easy to use, efficient and full of useful functions.

3.7 Data Analysis

The data gathered during the interviews must now be coded and analyzed.

According to Rubin and Rubin (1995), the purpose of the data analysis is to organize the interviews
to present a narrative that explains what happened or provide a description of the norms and values
that underlie natural behaviour.

Analyzing qualitative data is considered to be very difficult (Kohn, 1997). A big part of this
difficulty can be attributed to the sheer amount of information that has to be dealt with. Therefore,
techniques are required to organise and review these large amounts of information. Two methods
that are used for data analysis viz. the constant comparison method and cross case analysis will be

discussed.

3.7.1Constant Comparison
The constant comparison method can be used regardless of whether the data collected comes from

one setting or from many settings.
The first step is to construct propositions from the data aquired in the first interview. Now, the next

round of interviews or observations are done, and in so doing, the feasibility of the original
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propositions are checked. If neccesary, the propositions are updated. Because later interviews or
observations might produce codes that were not obvious during the first round of coding, the
researcher often needs to return to the previous cases to update the codes, and see if any new
information becomes available. This is done until no more new codes are generated. or until
theoretical saturation (Struass & Corbin, 1990) has been reached.

The constant comparison method is mostly used in grounded theory and was thus not used in this

study.

3.7.2Cross Case Analysis

Ifit is possible to divide the data into cases, then the researcher can use cross case analysis.

One of the main ideas in using cross case analysis is looking at data in many different ways
(Eisenhardt, 1989). This helps to keep investigators from reaching premature conclusions (Soy,
1996). When using cross case analysis, the researcher divides the data of all the cases into type
groups. These groups from the different cases are then compared to look for any similarities or
differences. The findings are strengthened by any patterns that emerge from the data, while conflicts
require the investigator to identify the cause or source of conflict. Analytic conclusions should be
produced from the evidence that answer the original research questions (Soy, 1996). In the analysis
of multiple cases, the researcher would usually start oft by comparing only two cases, as if they
were the only two available (Seaman, 1999). Comparing these will then iead to the formulation of
propositions, with the data of the first two cases supporting the propositions. A third case is then
analyzed to determine if it supports the propositions previously made. If this is indeed the case, this
third case would then be added to the list of evidence, while a contradiction would cause the

investigator to update the proposition accordingly.

3.7.3Data analysis method used in this study

The cross case analysis method was used as the data analysis method in this study. To assist in the
task of analyzing the data, use was made of ATLAS.1i, a computer programme designed for coding
and analyzing qualitative data. Other software programmes like NUDIST could also be used. The
reason for using ATLAS.ti was mainly because of its availabifity. For a full comparison between

NUDIST and ATLAS ti see Barry (1998).

In the following paragraphs how the data coding process and cross case analysis were done will be

discussed.
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The data coding was done using ATLAS ti. After all the interviews were completed the transcribed,
interviews were stored inside a project created on ATLAS.ti. The project file is also called a
Hermeneutic Unit (HU), and it serves as a container {or the data, findings and ideas assosiated with
a specific study. Once the transcription documents are placed inside the HU, they are known as

Primary Documents (PD).

The primary documents were then read and codes were assigned to parts of the text that were of
interest to the study. Any additional ideas concerning a specific piece of text or code were
immediately stored as a memo on the programme, which could be linked to either a piece of text or
a specific code. As the author worked through the PD's, more codes were added. This led to an
iterative process, in which the author had to work through the PD’s numerous times, each time

updating the text with any new or updated codes.

After the coding of the texts was completed, the different parts of the documents that were assigned
to a specific code could be compared. The comparrison was simplified by the built in functionality
of the ATLAS.ti programme which allows the codes to be grouped into families which can then be
represented as a graphical network of all the associated codes, families and memos. As the codes
were created and arranged into families, findings began te emerge, which were then further

explored. The final step was to compare the coded data by means of the cross-case analysis method.

To perform the cross-case analysis the codes are presented as a matix divided into the three cases as
columns and the codes as rows. By means of this matrix view of the data, the cases can be easely
compared to one another concerning a specific code. To deduct propositions from the data the
method of comparing the first two cases was followed. Any differences or similarities were written
up as propositions as if these two cases were the only ones in the study. After this the third case was
then compared to the proposition created previously. Depending on the result of the comparison, the

proposition was then modified. The cross-case matrix used in this analysis is given in appendix A.

The columns of the matrix are divided by the three distinct cases, being the different companies at
which the interviews were done. Down the left column are the different subjects that emerged as
dominant factors in the interviews and are used to compare between the different cases.

The cells of the matrix contain data gathered from the cases that apply to the specific subject.
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3.8 Conclusion

In this chapter different paradigms, approaches and methods available when conducting a research
study were discussed. The specific methods that were used during this study were also highlighted
and reasons given for their use. In this study, interpretive qualitative research was done utilizing the
case-study method. Data was gathered by means of interviews which were then analyzed by using
cross-case analysis.

in the next chapter a report of the case study will be presented. This report will display the findings

of the data gathered during the interviews and analyzed by means of the cross-case analysis method.
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CHAPTER 4
4. RESULTS OF CASE STUDIES AND FINDINGS

4.1 Introduction

To obtain a deeper understanding of the ways in which mobile telecommunications software
systems are developed in practice, case studies were done at three different mobile
telecommunication software development companies in South Africa. Data were gathered by means
of interviews with project managers and developers. The questions asked in the interviews were
determined beforehand and were designed to be open ended guestion on which the interviewees
could easely elaborate. Because of the exploratory nature of the case study, it was descided to record
the interviews on a laptop computer. This meant that the interviewer could focus entirely on the
responses given by the interviewees and follow up interesting points with appropriate exploratory
questions. The interviews were imediately transcribed after they were completed. After all the
interviews were performed and transcribed, the data coding was done with the help of the software
programme ATLAS.ti. The cross-case analysis method was then used to compare the data from the

different cases with one another and derive valid propositions.

This chapter will be arranged as follows. First the research aim and objectives of the study will be
reviewed after which a description of each of the cases as well as how and with whom the
interviews were performed at each company will be given. This will be followed by individual

discussion of the results obtained from each of the companies.

After the separate discussion of each company’s results, the author will explain how the cross-case
analysis was performed. The result of the cross-case analysis will then be given after which the list

of development needs discussed at the end of Chapter 2 will be reviewed and updated.

4.2 Research aims and objectives

While conducting the case study the author kept in mind the original research questions of the study.

These were to:

J Identify the systems development methodologies used (if any) by companies in South Africa
in the development of telecommunication systems

o Highlight certain key aspects of mobile telecommunication software development
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J Identify a list of necessities a systems development methodology should contain when used

to develop mobile telecommunications software.

The author tried to determine, by means of open-ended questions. not only the steps followed by the
companies during the development of mobile telecommunication systems, but also why these steps
were followed. In doing so deeper insight into the possible processes, techniques and tools that
might be required in an ideal mobile telecommunications systems development methodology was

gained.

4.3 Results

For this case study, in depth interviews were conducted at three different companies that were
chosen as representative of the different mobile telecommunications systems available in South
Africa. The issue of size difference led 1o one big company, one medium company and one small
company being interviewed. All of the companies also developed distinctly different types of mobile
telecommunication systems. Before the interviews were held, the author researched and went
through any documents and news articles that could be found about the companies. This helped to
give an increased insight into the culture and history of the companies at which the interviews were

done.

In this sectton the findings from each case will be discussed separately from the other cases,
focusing on two of the original research questions being: systems development methodology use and

aspects of mobile telecommunication software development.

The discussion of each case will begin by giving a description of the company as well as how and
with whom the interviews were conducted. The companies were assured that they would remain

anonymaous, and as suc g com anies real names would not oe uscd.
ymous, and h the companies’ real 1d not be uscd

After the case description, the next part will be “systems development methodology used”. Here the
company’s use of and thoughts about using systems development methodologies during the
development process will be discussed. After this the systems deveiopment methodology of each
company used during the development process will be presented by breaking the methodology down
into the components discussed in the definition of a systems development methodology in Chapter
2. This seeks to answer the original research question of: “How are mobile telecommunication

systems developed in practice?”
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The second part of the discussion will be about the “Key aspects of mobile telecommunications
software development”. Under this heading several key factors identified during the interviews and
subsequent analysis will be discussed. These will be ordered as follows: Firstly information will be
given concerning the “Flexibility and Adaptability” of the developed systems, the systems
development methodology followed as well as the company itself. Secondly the issue of
development time, which played an important part in telecommunications system development, will
be discussed. This will be followed by, how the company and systems developed have to
communicate with other systems. Finally any issues and ideas inhesent in the telecommunications
industry will be identified. During the discussion the notation “(code)” will be used to reference a

specific quote or idea back to the original code in the transcription.

4.3.1Case 1: Company 1

4.3.1.1 Company description

Company 1 1s a big mobile telecommunications service provider and software development centre.
Their system development team, compared to the size of the company, is relatively small consisting

of 8 members.

They develop a wide range of different types of telecommunications systems, from customer
management and billing systems to customer value added services with GPRS and more recently
3G. Many of the systems they develop are sourced internally, though they also build systems that

are requested by the major mobile networks in South Africa (being Vodacom, MTN and CellC).

The history of Company 1 goes as far back as the late 1980’s when they entered the paging market.
They grew quickly and within a few years enter the GSM digital cellular market and started a South
African software development centre. After this they soon rose to be South Africa’s largest

independent dual service provider.

The interview at Company | was done at their headquarters in Midrand where their IT department is
situated. The company ailowed the researcher to conduct only one interview, stating that thetr
department was extremely busy as that time. At Company 1 it was decided to conduct the in depth
interview with a project manager, who also had cxperience as a mobile telecommunications system
developer. This increased the depth of the interview by drawing on the interviewee’s experience in
both fields. The interview was held in the interviewee's office and took about two hours. The

interviewee was first given a bricf description about the study as well as what the general aim of the
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interview would be. Following this the interviewee immediately explained the process the company
followed when developing a new system. This was {ollowed up by questions to answer any issues
the interviewer felt needed to be explained in more detail, as well as the interview questions that
were not answered during the discussion. During the analysis of the study. the interviewee was
contacted telephonicaliy to follow up on any information that was felt (0 be unclear or insufficient.
After the analysis of the case studies, the propositions and findings were sent to the interviewer via

email to determine whether the interviewee felt that the results were correct.

The interviewee had six years experience in the mobile telecommunications industry, three and a
half of which had been as a project manager at Company |. Before that he was a developer at

another telecommunications company.

4.3.1.2 Systems development methodology
4.3.1.2.1 Systemns development merhodology used

When developing new systems the company did not use a formally developed systems development
methodology, as those discussed in the first part of Chapter 2. One of the main reasons for this was
because the interviewee believed that using a formal approach increases the time taken to develop a
system (87). They followed an in-house developed systems development methodology. This process
ensures that everything is taken into account, the system functions correctly and the development
process is better controlled (32). Another aim of the in-house systems development methodology is
to keep the development process as simple as possible. This simplicity has the added advantage of
decreasing the development time (108). Although a formal systems development methodology was
not used during the actual development of the project, the PMBOK methodology was used to

facilitate the management of the project (97).

Approach
The company followed a mixed approach when defining the systems development methodology
used. Spced of development was given as a key goal, while modular development, component reuse

and architecture centric design is based on object-oriented principals.

Process Model
The development foliows a linear style, with some modular development that could be done in

iterations.
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Method
1. Feasibility Study
If it is a big project a feasibility study is done to determine the ROI This study takes into

account, development time and also hardware purchases (61).

2. User Requirements
Gathering the user requirements is a very important part of the development process. Not
only are the requirements necessary to develop the system, but the user requirements are also
used at the end of the development process to determine whether the project is successful.
“Because at the end you could say, here are the user requirements. And you measure the end
product against it” (56).
A project starts off with a user sending a requirements specification to the project manager.
This requirements document is often incomplete and should first be extended before the
system can be built. “It does not help that they give me one sentence, and with that one
sentence 1 have to develop a project” (10). Extending the user requirements establishes
exactly what the user wants the system to do; it also aims to capture the user’s thoughts and
thought patterns on paper. Often the users have a current manual or outdated system in place,
which should also be documented. All this information is then put into a user requirements
specification documemt which is reviewed by the project manager and developers before
deveiopment continues (69). If this document is thought to be insufficient, the user
requirement specification is converted to a “Functional Specification” (70).
It does happen that sometimes development continues before the user requirements gathering
and analysis phase has been completed (“from that on¢ sentence one has to make a project,”
29) and although developing a system without complete user requirements is possible and
some time is saved by not having to wait for user feedback, developing a system with
incomplete requirements is very challenging (29).
In the interview Company 1 stated that gathering the user requirements was sometimes
difficult and time consuming, but that it is worthwhile to spend some extra time on this task.
“It sometimes takes a while, but then | know for a fact that the end product we deliver is

what everybody agreed to” (87).
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Design

After the user requirements have been documented in a user requirements specification
document or functional specification document, the specification is then circulated to all the
departments that will be involved in development (66). They look at how the new system will
influence the current systems within their depariment (86) and the business rules in their
department that the new system must adhere to (67). After all this information has been
gathered they have a complete specification (68).

The system is then modeled using a flow diagram which shows the key parts of the system.
It also shows how the system will interact with other systems, especially with the main
cellular networks (being Vodacom, MTN and CellC) (12).

Depending on the size of the project the system is then divided into modular pieces (91).
This modular development makes the management of the development process much easier
(73, 91). During this phase it is also determined whether there are any pre developed
applications which can be reused (30). An accurate estimate is then calculated for how long
the development will take (90) which is important from a project management viewpoint.
Buying and the setup of hardware [or the system to run on should also be addressed during

the design phase (61).

Development

After the system has been designed and broken down into modular parts the development of
the system can begin. The interviewee stated that controf and management of the
development process was important (73) and that he tried to have short progress meetings at
least every two days (74). These progress meetings show whether the development is still on
the right track as well as in the given time frame (74). A few of the key elements during the
development process will also be discussed, these being the reuse of existing code and the

development languages used.

Reuse

The reuse of ready developed code was an important factor during the development of any
system. The developers would always first check whether an application had been developed

previously with the required functionality. A small change could then be made to this

83




application or code part to give the required result. “Isn't there already something in place that

we can just change, that still gives the same result?” (30).

Development Languages

Company 1 mostly works with Microsoft products, doing most of their programmning in
Microsoft dot Net (51). Some of the other languages like Delphi and HTML are also used,
though not as much (51).

Testing

After the system has been developed and the different modular parts have been combined, the
system can now be lested. Some clements of testing are to ensure that the system “can
communicate with the networks” (75) and also to assure the quality of the system (57). If the
system will influence many people stress testing is done to ensure that the system can handle
big volumes (76). After the system’s communication abilities, quality and load handling
capabilities have been tested it can then be released to the end user for user acceptance testing
(UAT) “You release to the users for user acceptance testing” (75). Depending on the outcome

of the UAT, the product can then be released.

Backup and deploy
Before launching the product, a secure backup system is created, together with a backup

strategy in case the product fails (42, 46). Once all this is in place, the system can be

released.

Support and Maintenance

After the release of the system, maintenance is done to keep the system up and running and
thus keep the client happy “Because if something goes wrong, the client becomes unhappy”
(93). Any errors that are discovered by the users or maintenance personnel are logged
immediately. They are then analyzed to see whether they are critical errors. Critical errors
are addressed immediately “If it is critical the programmer should look at the problem
immediately” (79), while less important errors are addressed during maintenance days,
which is every Friday.

One of the problems the company faces during support and maintenance is that maintenance

takes some of the resources away from development, in that the developer that worked on
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the original project has to drop every thing to do maintenance on the system (see Challenges)

(82). The interviewee suggested that the department should be restructured to contain

personnel who focus specifically on maintenance, thus freeing up developers to tocus only

on new developments (82).

Techniques

If the size of the system is very large or the system is particularly complex, the system will be

divided into modular pieces and developed in a modular fashion (73, 91). The identification

and reuse of pre-developed components was also an element of every system that was
developed (30).

Documents Usecd

o]

o]

Specification Bocument

One document that was used during the development process at Company 1 was a
general specification document. This document is created following user requirements
analysis and then sent back to the user for approval (10). The specification document
forms the basis from which the system is developed. It contains business rules, data
flows and user requirements, everything the user needs (68). This document also serves
as a means of communicating the project information throughout the business. “When
we get the specification document, we distribute it to all the departments™ (69). If the
specification document is thought to be incompiete (or unclear) it is extended to a
functional specification. This functional specification goes into more detail about what
the system should do and its relationship to other systems. “Then you go into more
detail” (71) “Although this product has to do the following, what relationship is it going
10 have with other systems?” (71)

After the specification or functional specification document is done, it is used to create a

flow diagram (12).
Flow Diagram
The user specification can be used 1o create a flow diagram. “What | do with the

specification is | draw a flow diagram™ (12). This document shows how the system

interacts with other systems in a much more logical and readable way.
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® Tools Used
Whether company { used tools depended on the project “It depends on the project” (28). The
tools that they used were mostly project management tools, and these tools were only used

for big projects. “If the project is very big we’ll use Project Manager” (28).

4.3.1.3 Key aspects of mobile telecommunication software development

4.3.1.3.1 Flexibility and Adaptability

Because the company’s systems are in constant communication with the main networks
(Vodacom, MTN and CellC), any changes introduced by these networks have to be incorporated in
the company’s current systems (23). The company systems are also governed by national
telecommunication standards. Thus a change in standards, or a required compliance introduced by
the networks (Vodacom, MTN and CellC) or ICASA (Independent Communications Authority of
South Africa) has the ability to influence all the systems and business rules in a company (23). For
this reason the company and systems need to be flexible enough so that they can be updated
quickly when the need arises (23). Another area where flexibility is needed during the
development process is to handle any unforeseen events. “Today everything works fine, tomorrow
nothing works anymore™ (83). These unforescen events werc mostly caused by issues with
previously built systems, which then first had to be resolved before normal development could

continue.

4.3.13.2 Development Time

One strong aspect of telecommunications system development in Company 1 is that the time
available for development is very short, “It has to happen very fast” (14). Many times there are
only a few weeks available in which to develop an entire system, “Two to three weeks™ (7). This is
one of the reasons why no formal systems development methodology was used during
development, because according to Company 1. using formal systems development methodologies

increased the time it takes to develop a system, “Sometimes it takes a long time™ (87).

Reason:
One of the reasons why the time avaiable for telecommunication development is so short is because
of pressure from the main networks to deliver cutting edge products. “The networks want that

cutting-edge on the market, so they remain silent with a project right up to the last moment™ (7).
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Another reason is the rapid growth in technology (96), as well as the expansion of the

telecommunications industry in South Africa (14, 18, 25).

Obstacles:

The time available for development can be decreased by many unforeseen circumstances.
“Something goes wrong with a previous project” (83). What often happens then is that developers
have to stop what they are busy with and do maintenance on another project. “Then that guy must do

maintenance” (83).

4.3.1.3.3 Communication with other systems

All the systems at Company 1 were in constant communication with other systems and networks.
This means that each system has to be synchronized with 2 or more systems all the time. “We are
always linked to Vodacom, MTN and CellC” (13). During the development process this also has to
be taken into account. While designing a system, it should be designed in such a way as to ensure
that the system can correctly connect to the required systems (12). System integration also plays a
role after development. When testing the newly developed system it has to be tested whether the
system correctly interfaces with the other networks before launch. “If [ am pleased with the testing,

that it can communicate with the other networks...” (75).

This constant interaction increases the complexity (71) when developing a new systemn and brings
with it numerous chalienges. Company 1 has many systems that are currently in production, most of
which are influenced in some way by one or more other systems. This means that when a new
system is introduced it should be established how the existing systems will be affected, and these
systems would then have to be updated accordingly (2, 23). It also means that an industry change,
like number portability has an cffect on every single system running within the company. “...one

thing, like number portability influences all our systems.” (23).

4.3.1.3.4 Environment

Company 1 described the telecommunications industry as a very challenging industry to work in. “It
is a very challenging environment” {65). Some characteristics of the telecommunications industry,
which were identified during the interviews, were that the industry is controlled by many governing

bodies, like ICASA (22), and that in the telecoms industry, security is very important (53).
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4.3.1.3.5 Security

Security is a very important issue in all of 1T (41) and especially in the telecommunications industry
where access control is very important (53). Security is even more important when dealing with big
clients that utilize big systems (41). If for some reason security has not been properly applied, it

could cost the company much money (54).

4.3.1.3.6 Backup Strategy
Before launching the product, a secure backup system is created, together with a backup strategy in
case the product fails (42, 46). Seiting up this backup strategy and making sure the backup is

complete and virus tree is challenging.

4.3.2Case 2. Company 2

4.3.2.1 Company Description

Company 2 is a medium sized company with about 30 employees in each of its three departments.
There are four members in the development team. The systems developed by Company 2 are not
limited to mobile telecommunication sysiems. The telecommunications systems they develop
though focuses more on mobile entertainment services (like ringtones, logos, picture messages, etc.),
incorporating SMS, MMS and web based “WAP” services {including m-commerce systems). The
company has been developing mobile telecommunication systems for seven years and can bc
credited with launching South Africa’s first WAP portal and could be credited with being one of the

largest mobile entertainment service providers in South Africa.

The interview at Company 2 was conducted at their headquarters in Fourways. Contact was made
with the IT department’s lead developer and project manager who also volunteered to be the
interviewee. As was the case with the first company, the company was extremely busy and could
allow only one interview and asked that it be no longer that one hour. An in depth interview was
held in a secluded conference room with one person who fulfilied two roles, being lead developer
and project manager. The interviewee was first given a brief description of what the study was about
as well as what the general aim of the interview was. The researcher then continued with the rest of|
the interview questions and tried to get the interviewee to elaborate on certain issues. During
analysis, as with Company [, the interviewee was contacted telephonically and via email, and asked
to elaborate on any issues that the researcher found to be unclear. The results and propositions were

emailed to the interviewee for confirmation and feedback purposes.
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The interviewee had, until the time of the interview, five years experience in the mobile
telecommunications domain and has worked at Company 2 as a software developer since

graduating, and later as project manager.

4.3.2.2 Systems development methodology
4.3.2.2.1 Systems development methodology used

Company 2 used an in-house developed systems development methodology (“lts something we
developed ourselves™ (14)), which they tried to follow as much as possible (16). This systems
development methodology was designed to give structure to the development process while
cultivating a relaxed atmosphere, which leads to better productivity. “I feel people are mote
productive if the environment is more relaxed and informal” (20). To what degree the company
followed this systems development methodology depended on the size and type of the project. At
Company 2, the systems development methodology was especially useful when developing bigger
projects that work with sensitive data, because it makes sure that everything is taken into account
and the system functions correctly. “You try to apply it as thoroughly as possible so that it can be
done properly” (20). The interviewees’ view about formal systems development methodologies was
that they worked in theory, but not in practice (“What it says in theory and how it works in practice
is not always the same” {16}), and that only big companies really used formal systems development
methodologies (19). They also recalled that in their experience, bigger companies that have many

strict procedures to follow, “takes forever” (18) to get things done.

Approach

The main approach for this systems development methodology is speed, while some object-oriented

techniques were used in order to increase the speed of development.

Process Model

A linear process model was followed with some possible iterative coding during modular

development.

89




Method

I

[

User Requirements

Gathering the user requirements is a simple process and no strict procedures are followed
during this phase. “It is very informal” (14).

What generally happens is that the company gets the user requirements document, then using
their knowledge of the domain sets up a technical document or specification which
specifically applies to their network infrastructure (14). This document is then sent back to
the user for approval. “Get it approved by everybody™ (12). Oncc this specification is
returned the document is then used as a base for development. Severe time constraints often
cause this step to be neglecied somewhat. “The whole procedure of geuting the requirements

and setting up the spec and that sort of thing... There is not always time” (18).

Design

The interviewee elaborated very little on the subject of planning and design. In fact it seems
that design phase is often disregarded because of the time constraints placed on development,
“There is not always time to go through the whole thing of planning or product testing” (40).
The design phase might indeed be totally unnecessary because Company 2 has a development
platform setup to develop systems faster and more efficiently (See Development),
Development

During development, speed is an essential clement. Because of this Company 2 tries to stay
away from strict development procedures because they tend to take up much time (18). In the
interview it was specifically stated that most big companies they work with used strict
procedures during systems development. “So they have a much more strict procedure for how

everything works, and it takes torever” (18).

Development platform and Reuse

One of the elements that played a major part during the development process was the faclt that
they reused many pre-developed code and system parts (26, 27). “We try to reuse as far as we
07 (26).

Company 2 has a set of ready-made development components and pre-developed code that
they reuse. “A whole set of tools that we devcloped ourselves” (27). These are standard

components that are required in every system that the company develops. Some examples of
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these are database interfaces or SMS interfaces (27). This means that if the system they have
to develop needs to send an SMS all the functionality they need is already available in a pre
developed interface. Maybe only one line of code needs to be changed. “Rather than

rewriting the functionality you need you just need to change one line of code” (27).

Development Languages
Mostly the systems developed by Company 2 are coded using the Microsoft dot Net
framework with C# being the main development [anguage (8). The databases used were also

Microsoft products (8), Visual Basic was also sometimes used (7).

4. Testing
Although testing is an essential part of developing a new system (28), the time constraint
placed on development does not always allow the product to be extensively tested. “Because
of the speed of development you need to build the system and fix any problems afterwards™
(40). Testing is only done right before the product is released (12, 18, 30) to ensure the
quality of the product (28). According to Company 2, they “don’t test from a development
aspect, but [rom an operational aspect” (29), so after the system is releasced, it is monitored
and tested constantly by maintenance personnel o ensure that the system functions as it

should. “We test for uptime, this is our main reason for testing” (29).

5. Support and Maintenance
Company 2 also has people who monitor the system 24 hours a day after the system has been
rolled out and in addition to errors logged by users, also do their own tests on the system (28).
This means that if a problem is found, they can respond to the error within minutes (28).

Updating the system is done quickly, without going through any strict procedures (30).

Techniques
° Documents Used
o Specification Document
This document is created following user requirements analysis (“Typically we’ll get the
requirements... We will then sctup the specification” {14) and then send back to the user
for approval. “Get it approved by everybody” (14}. The specification document takes

into account how the internal network of the business works and how the system will fit
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into that network. “We will then setup the specification of what is necessary, and more

specifically, what is relevant to our systems” (14).

° Tools Used
Company 2 mostly made use of Microsoft products during development. “We use 99%

Microsoft product” (8).

4.3.2.3 Key aspects of mobile telecommunication software development
4.3.2.3.1 Flexibility and Adaptability

According to Company 2, the development process must be kept flexible and adaptable. “You try to
keep the systems on your side as open as possible” (24). This is because you are always working
with other development teams, and the systems being developed are constantly communicating with
other systems (24, 26). Part of Company 2's strategy for keeping a system flexible, is to reuse ready
developed code. “We try to reuse as far as we go. This fits in with keeping the system as flexible as

possible” (26).

4.3.2.3.2 Development Time

Because of the severe competition in the telecommunications industry, “cut throat™ (10) systems
need to be developed in very little time (10). Because of this, there is not always time to draw up
accurate specifications, or to do proper testing (10). Company 2 believes that only big companies
need to use strict procedures. “Big companies have lots of strict procedures” (18). Using formal
systems development methodologies increases the time it takes to develop a system. *...takes a

month. What could have taken a few days” (19).

Decreasing development time:

Being flexible and not having strict procedures could help bring down the time it takes to develop a
system. Company 2 shared this view by saying that “big companies have lots of strict procedures,
and the thing is... it takes forever” (18). In order to decrease the time it takes to develop a new
system, Company 2 tried not to use strict procedures, thus creating a more informal, productive
development environment (20). Another way for the company to reduce development times was to

reuse existing code and system interfaces (26, 27).
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4.3.2.3.3 Communication with other systems

Every system the company builds has to be in communication with at least one of the big cellular
communications networks (Vodacom, MTN or CellC). “We are dependent on these guys” (24). The
problem with being dependent on other networks is that sometimes these companies are much
slower and less adaptable. “Because they are big companies their service is not always 100%. You
wait a long time for them to get things done on their side” (22). To minimize the negative impact
communicating with other systems would have on development, Company 2 kept their systems open
and adaptable to be able to fit in with other networks. “You try to keep the system on your side as

open as possible” (24).

4.3.2.3.4 Environment
Even though compared to other countries, telecommunications in South Africa is very immature
(3), it is a fact that telecommunications, as a technology, has become an absolute necessity in South
Africa and the world. “The world cannot function without telecommunications” (31). Company 2
stated that the telecommunications industry is “one of the most difficult industries to work in” (31).
Telecommunications is a “cut throat” market, where everything has to happen very quickly (10).
Also, companies have to conform to the rules and regulations, as determined by the major networks
{(Vodacom, MTN and CellC) and governing bodies (eg. ICASA) (24), and they can sometimes be
difficult to work with (22). These rules and regulations determine how telecommunication systems
should function as well as any services these systems should take into account, they do not
determine how these systems are developed. This is a problem, because according to the
interviewee there are very few, if any, strict international standards concerning the protocols which
should be used in systems “There are no strict standards in use regarding protocols” (23). Most
protocols are just built in-house (23). One good thing about the telecommunications industry in

South Africa is that it is a good industry to be in because it is constantly growing (35).

4.3.3 Case 3: Company 3
4.3.3.1 Company Description
Company 3 is a very small company with only 10 employees. The company was established in 2001
and focused on creating GSM-based products like messaging, USSD applications and VAS systems.
Not only do they develop mobile telecommunication software, but they are also involved in

designing and building hardware telemetry systems. The types of mobile telecommunications
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systems they develop are at a much lower level than the other two companies, extending from data
terminals down to routing and billing systems in the GSM network itself. Billions of packets of data
are routed at a very high speed from the customer to one or more content providers and back, during
which time the data is transformed, filtered and aggregated. The company has also won numerous
awards at the Technology Top 100 competition including; most promising startup company;
Technology 100 Company twice; the award for Information, Communication and Technology:

Hardware; and most recently they were a Technology Top 100 Innovation Finalist.

The interview at Company 3 was conducted at their headquarters in Centurion. Contact was made
with the company’s lead developer and the company was immediately very eager to help with the
study. In depth interviews were conducted with two employees at Company 3; one was the lead
systems engineer and developer, while the other was a project manager as well as the managing
director of the company. It was decided that both interviewees should be interviewed at the same
time. Having two interviewees in one interview had the advantage that one interviewee could easily
pick up on something that the other might have missed. One could also elaborate on a point that the
other had made. The interview was held in the company’s conference room and took about two
hours. The interviewees were first given a brief description of the study was about as well as what
the general aim of the interview would be. The researcher then continued with the rest of the

interview questions and tried to get the interviewees to elaborate on certain issues.

Contact was maintained with the interviewees during the analysis of the interview, and they were
asked to clarify and elaborate on any issues the researcher found vague or incomplete. The two
interviewees were also emailed the final results and propositions so that they could comment on

these and see whether they agreed.

4.3.3.2 Systems development methodology used
4.3.3.2.1 Systems development methodology

Company 3 developed their own systems development methodology (26) which they tried to use
whenever the available development time allowed it (14). This systems development methodology
was specifically developed to be compatible with their business culture and character. “You must
develop your own methodology that fits in with the character of your business” (27). Because of the
young, dynamic and informal culture of the company, the in-house systems development

methodology they developed was not static, but was able to be changed and adapted for every client
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they worked with. It changes to adapt to each client. Each client has a different way of working™
(33). The company did not always follow this systems development methodology when developing
new systems, but the interviewees conceded that when it was used it had a positive influence on
project development. “The times that we do it like that, it is always successful” (14). More formal
systems development methodologies, like those discussed at the beginning of Chapter 1, did not fit
in with the informal nature of the company and were thought to be better suited for big companies
(27).

Approach

The company aimed to keep the development process as flexible and adaptable as possible. The
systems development methodology used was not static, but could be changed and adapted for every
client they worked with. Certain techniques were used that were common in object-oriented
development, these being the identification of and reuse of components, the architecture centric

design of the system, as well as the modular development style.

Process Model

A linear process model was followed with iterative coding and testing during modular development.

Method

l. User Requirements
Before any system can be built, one must first know what the customer wants. Getting proper
user requirements can be, as Company 3 put it, “Painful” (12). The way in which Company 3
usually gets the user requirements is that they have the user write down what he wants. That
is then translated into a technical document which is applied to their development platform
(17) and sent back to the user for approval (13). In an ideal world one would wait until the
document is returned before development starts (18), but this takes too long (“2 to 3 weeks”
(18)). What really happens is that by the time the user accepts and sends back the
specification, the system is basically finished (18) and any adjustment to the system is made
afterwards. “Once the signed off document is returned... We will already be done with
development” (18). The developers at Company 3 are aware that there is “always a trade off”
(28) between the time saved during the development of a system and the time that will be
spent debugging the system afterwards. A challenge that comes in during the user

requirements gathering phase, and remains an issue throughout the project, is managing
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customer expectations (41) and ensuring that the idea the customer has in his head, is what

he is actually going to get.

Design

Using the specification document, as well as the knowledge of the company’s development
platform, the system is divided into modular pieces (9). Some applications could consist of
thousands of small applications all communicating with each other. “It’s a thousand small
programmes that sit there and communicate with each other” (11). Furthermore, these
applications can be distributed across several physical machines. “They don’t have to be
running on the same machine” (11). All of these issues have to be taken into account when

designing the system.

Development

The actual coding of the system is not the most difficult part of the project (40). This is
because while most other parts of developing a system might change from project to project,
the generation of code always stays the same (34). The system is developed in parts, each
modular part is developed and tested, and after the development all the parts are then

combined to form the entire system (31).

Development platform and Reuse

In the interview with Company 3 it emerged that they make use of a development platform
when developing their systems. This platform consists of a library of reusable applications
that they call “The Engine” (9, 11, 17, 25). When the client wants a new system developed,
the ready made applications are chosen from the library, modified for the client's specific
needs and used to build the new system. “You have a basic platform you use, then you make
small changes on it” (8). The platform has to be very stable (8). This means the applications
in this library should have already been properly tested and made certain that they work
correctly. Not only does reusing these applications reduce the development time, but it also
simplifies the development process because it promotes modular development. “The way the
engine is built is modular; it is divided into functional groups” (9). “Typically you just go and
change some of the interfaces, and a bit of the functionality, but you never rewrite all of it”

9.
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Development Languages

The main languages used when developing a system at Company 3 are Java, C, XML and
XXL (48). For developing “non core” (50) applications that were not crucial to the
functionality of the system, languages like Delphi or Object Pascal might be used; this
includes applications like user interfaces and some graphical tools. “We use Delphi, with

object Pascal for client side applications” (C3).

Testing

Each modular part of the system is first developed and tested separately. After the
development all the parts are then combined and tested as a complete system (31). To test the
system it is loaded into a testing environment. This environment is safe and controllable.
Here the system is tested and fixed before it is released. “Nothing goes to the live
environment before it has been signed off on the testing environment” (25). Simulator tools
are especially useful for testing the system. Company 3 would write a simulator that
functions exactly the same as the network or system the new product would have to
communicate with (32). This means that instead of having to wait for feedback from the other
system to say whether the product works correctly, the product can be tested on the simulator.
“We test the system completely, and ATP’s are signed off” (25). After these tests are
successful, the system can be released into the live environment, where it once again goes

through a bout of user testing (25).

Support and Maintenance

According to Company 3, the maintenance of telecommunication systems is critical. “It is
mission critical. Each one of us in the company has been on twenty four hour standby for the
last ten years” (5). Every project that is developed is sold with a support and maintenance
contract. “In this industry you never seil just software. You sell software and then you also
have support and maintenance and a service level agreement” (66). Company 3 has a central
point were all the sysiems currently in production are constantly monitored (66). Site
management and version controlling tools are used during development, and this makes
maintaining the system much easier. “Version control. The Site management stuff... This
makes support easier” (57). Other tools, like MRT cheap, are also used during maintenance to

monitor system statistics and events (52).
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Technigques

Documents Used

o Specification Document
The developers at Company 3 attributed their extreme flexibility partly to the fact that
they used very little documentation (30). The company did however make use of two
documents, the general specification document and a protocol specilication document.
The general specification document is created following user requirements analysis and
then sent back to the user for approval. “Send it back to him that he signs off on it” (13).
It takes into account how the internal network of the business works and how the system
will fit into that network. “We translate the user requirements into a technical document
and conform it to our engine and to our platform” (17). This document is also used as a
basis for setting up the user acceptance testing, which is done after the project is finished
(20).
The other specification document which is used by Company 3 is the protocol
specification, which describes the way the system should interact with other systems.
“That document shows what the protocol specification looks like. For the interface to

whatever” (39).

o Protocol specification document
The protocols used by the system to communicate with the client systems are
documented (36).

Tools Used

Company 3 used tools during the development of a new system. Most of the tools used were
developed in-house, while the few “outside” tools that were used were mostly Open Source.
“Most of the tools we use are open source, or developed in-house” (52). These tools that were
purchased outside the company were only used in “non-core” areas of development that are
not necessary to the functionality of the system being built. Some of the tools Company 3
uses are simulator tools that are used for testing purposes. “Simulators, as a tool, work very
well” (43), while tools are also used for management purposes, like code management and
version controlling (57). Statistic tools and logging tools are also often used. “We use RRD
tool en MRT cheap for our statistics” (52). Once the workings of the application go deeper

down into the network, one moves out of the MS tool base completely. “When you walk out
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of the door, you are in the Microsoft Windows world, when you walk in the doors, you are no

longer in the Microsoft Windows world” (6).

4.3.3.3 Key aspects of mobile telecommunication software development
4.3.3.3.1 Flexibility and Adaptability

Company 3 declared that they were very flexible in their approach, and that this approach is very
advantageous. “'The advantage we have is flexibility, extreme, extreme flexibility” (30). The cause
of this extreme flexibility is the fact that they are a small company with only ten employees. This,
combined with the fact that they use little documentation allows any changes to be addressed very
quickly. “Things can just happen™ (30). Company 3 also focused on reuse, in this case having a
whole library of pre-developed code that they could select to use in the system and modify where
needed.

According to the interviewees, flexibility is a very important factor in mobile telecommunications
system development. Systems development needs to be very flexible because companies are always
working with other development teams, and the systems being developed are constantly

communicating with other systems (30, 42).

4.3.3.3.2 Development Time

The time available to develop a telecommunications system is generally very short. “You’ve got five
weeks, then they want to be up and running” (16). Sometimes the development time was no more
than a few weeks (15, 16). Because of these short development times there is not always time to
draw up accurate specifications, or to do proper testing. “In practice the documentation process is

going to take, if you're lucky, two to three weeks” (18§).

. Reason
One of the reasons why the time available for telecommunication development is so short is
because of pressure from the main networks to deliver cutting edge products. “They search
apd search, and suddenly they go. Ok, we want your product and we want to go live at the

end of next month.” (15).

. Decreasing development time:
Being flexible and not having strict procedures could help bring down the time it takes to

develop a system. “...extreme flexibility... we can, very quickly, make it work exactly how
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they want it” (30). The developers were aware that developing faster does come at a cost.
This is because there is always a trade off between the speed at which you develop the system

and the time it is going to take to debug the system. “Always a tradeoff.” (28).

o Obstacles
The time spent on communicating with customers and other project teams caused much time
to be wasted. This contributes to increased development time. “The more you talk to the

people the happier they are. But this takes more time” (46).

4.3.3.3.3 Communication with other systems

Because the systems developed by Company 3 had to fit in with other networks, the systems had to
be kept open and flexible. “Flexibility, extreme, extreme flexibility” (30). This connection with
other networks also makes it necessary to keep track of the protocols used (“Those protocol specs
must be kept up to date” (39)) and to make sure to test whether the system correctly intcrfaces with

the other networks before launch.

The way in which the systems are developed must also be flexible and adaptable, because
sometimes the system has to be developed in conjunction with development teams from other
companies. The problem with this is that sometimes these companies are much slower and less
adaptable than them. “We have to integrate with components developed by companies that are not
as flexible as us™ (42). This is a difficult problem to overcome. “There is really nothing you can do”
(44),

4.3.3.3.4 Environment

. The Telecommunications Industry
The telecommunications industry is very big and consists of many different facets, voice,
data, customer call centers, SMS, MMS, USSD to name but a few. “It is a very big, mutti
faceted environment” (68). Telecoms have become such a big part of our daily lives that
every system influences thousands, if not millions of people (5). And most of these systems
are mission critical and have to be maintained constantly (5). The industry poses a particular

challenge to new development companies, because of its high bartier of entry (69).
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. Challenges
Company 3 mentioned the difficulties they experienced when communicating with outside
networks (see Communications with other Systems). They said that a possible solution to this
problem was to apply commercial reasons for them to speed up communication. “So they
know they are not getting paid. Or if the project takes too long, they have to pay a penalty”
(47). Another challenge that was mentioned by Company 3 was that of managing customer
expectations (41). To ensure that the system the customer is going to get, is that which he is
expecting. Two more challenges were gathering user requirements, which was said to be

“Painful” (12) and the short time that is available for system development (15, 16}.

4.3.3.3.5 Security

The types of software they develop do not have any real security issues (58).

However, the servers the applications run on should be secure (61).

4.4 Cross case analysis

For this study the researcher chose to analyse the data gathered through interviews by using the
cross-case analysis method. To start with, the data coding was done using ATLAS.ti. The
transcribed interview documents were placed inside a project created on ATLAS.ti. The project file
is also called a Hermeneutic Unit (HU), and it serves as a container for the data, findings and ideas
associated with a specific study. Once the transcription documents are placed inside the HU, they

are known as Primary Documents (PD).

The primary documents were then read and codes were assigned to parts of the text that the
researcher deemed to be of interest to the study. Any additional ideas concerning a specific piece of
text or code were immediately stored as a memo on the programme, which could be linked to either
a piece of text or a specific code. As the researcher worked through the PD’s more codes were
added. This led to an iterative process, in which the researcher had to work through the PD’s

numerous times, each time updating the text with any new or updated codes.

After the coding of the texts was completed the different parts of the documents that were assigned
to a specific code could be compared. The comparrison was simplified by the built in functionality

of the ATLAS ti programme which allows the codes to be grouped into families which can then be
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represented as a graphical network of all the associated codes, families and memos. As the codes
were created and arranged into families, findings began to emerge, which were then further

explored. The final step was to compare the coded data by means of the cross-case analysis method.

To perform the cross-case analysis the codes are presented as a martix. The columns of the matrix
are divided by the three distinct cases, being the different companies at which the interviews were
conducted. Down the left column are the different subjects that emerged as dominant factors in the
interviews and used to compare between the different cases. The cells of the matrix contain data

gathered from the cases that apply to the specific subject.

By means of this matrix view of the data, the cases can be easily compared to one another
concerning a specific code. To deduct propositions from the data the researcher followed the method
of comparing the first two cases. Any differences or similarities were written up as propositions as if
these two cases were the only ones in the study. After this the third case was then compared to the
proposition created previously. Depending on the result of the comparison the proposition was then

either modified or extended. The cross-case matrix used in this analysis is given in appendix A.

4.5 Cross Case Analysis Findings

In this section the findings of the cross-case analysis will be reported. This description is ordered the
same as the findings of the individual companies. First is the discussion about the systems
development methodology used, after which a discussion on the elements present within the systems
development methodologies follows. Secondly the discussion about the key aspects of mobile
telecommunications software development is given. Lastly, the list of software development needs
and elements of the telecommunication environment that were discussed in the last part of Chapter 2

is reviewed and updated.

4.5.1Systems development methodology used
4.5.1.1 Systems development methodelogy use
The companies interviewed used their own, in-house developed systems development

methodologies.

There was a general feeling amongst all the interviewees that using a formal systems development
methodology has a positive influence on project development. Although there is stili much debate

about this issue in academic circles, many believe it to be true. Avison and Fitzgerald (2002, p31)
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state that “The use of a methodology improves the practice of information system development”.
Some of the positive points made were that formal systems development methodologies ensure that
the system takes everything into account and functions correctly. It also gives control to the
development process. However it can detract from the relaxed development atmosphere, which is
conducive to productivity. Not only this, but as stated above, it is a strong belief that using a formal

systems development methodology slows down the development process.

A big factor determining the use of a systems development methodology is the size and type of the
project. Bigger projects that work with sensitive data or money require a formal systems
development methodology to be used to make certain everything is taken into account and the
system functions correctly. This increases the time taken to develop the system. The systems
development methodology used must be compatible with the business. The systems development
methodology must be adaptable for every client. A systems development methodology that is
adapted to fit different situations is also called a “contingency methodology™ (Avison & Fitzgerald,
2002, p546).

Some criticism regarding the use of formal systems development methodologies during
development was that systems development methodologies only work in theory, not in practice.
Some also believe that only big companies are able to benefit from formal systems development

methodologies.

Proposition 1

The feeling from all three the companies was that using a proper systems development methodology
was beneficial to the development process, because of the added control and decreased development
time it provides. In-house developed systems development methodologies that could adapt to the
project needs were mainly used, while more formal rigid systems development methodologies were

thought to be unsuitable and too theoretical.

4.5.1.2 Process Model

All three the companies utilized some techniques which are often used in object-oriented
development and these were the identification of and reuse of components, the architecture centric
design of the system as well as the modular development style. The main approaches at two of the
companies were on development speed, while the other company focused more on a flexible and

adaptable approach.
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4.5.1.3 Approach

All of the companies followed a linear style of development with some possible iteration during the

code generation phase

4.5.1.4 Method

Here some of the phases that were followed by all the companies will be discussed.

o User Requirements
Before any system can be built one must first know what the customer wants. Getting proper
user requirements can be, as Company 3 stated, “Painful.” One might need to get more out of
the customer because some times all the user gives is a document with one sentence, stating
what he wants the product to do. A common solution to this is to get the user requirements
document, then to use knowledge of the domain setup, a technical document or specification,
which is sent to the user for approval. Once this specification is returned this document is

used as a base for development.

Converting the user requirements is a necessary task. “Specifications and contractual
documents should be generated from the requirements” (Tavassoli, 2006, p5). This enhances
the understanding of the requirements, while avoiding duplicated requirements and

identifying requirements that were omitted.

Alternatively one can start development before the technical specification is approved, and
then adjust the system afterwards if need be, as was the case at Company 3 and Company 2.
Although developing a system without complete user requirements is possible and time is
saved by not having to wait for user feedback, incomplete requirements present some
challenges to the developers. Taking this into account it should thus be calculated how much
time will be spent developing, and how much time will be spent afterwards on debugging the

system.

Not only are the requirements necessary to develop the system, but the user requirements are

also used at the end of the development process to determine whether the project is a success.

It might be difficult, but it is worthwhile to spend extra time on gathering all the user

requirements. “Efforts in this direction can improve and accelerate return on investment”

{Tavassoli, 2006, p9).
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Proposition 2

From the interviews it can be deduced that the gathering of user requirements is a necessary, but
challenging step in the development process. The companies interviewed were aware that spending
more time on requirement analysis would be beneficial to the development process, but this view
was not always adhered to. This was mostly because of time constraints of the project, especially
when waiting for the necessary user feedback. The companies that did not always do proper user
requirements were the smaller companices. This was, as stated above, because of time constraints and

the fact that the companies always tended to develop the same type of systems.

o Design
There was not much focus placed on system design, especially in the two smaller companies
who did not generally have to develop large systems. The main elements that played a role
during the design of a system were to identify and break up the system into modular parts, see
how the system will fit within the existing networks and choose appropriate pre-developed
code for reuse. Only one company modeled the system by using a flow diagram, this again
being the biggest company of the three. The fact that the two smaller companies mostly
developed the same type of systems and had a very stable development platform already

setup, played a role in these companies not having to do much design.

Proposition 3

Although formal design techniques were rarely used, some elements of system design did present
themselves. It was necessary during design to determine how the new system would fit in with
existing systems and networks. This as well as dividing the system into modular pieces allowed

developers to decide on reusing pre-developed code.

] Development
Like any other development, systems in telecommunications go through certain phases. One
gets the requirements, designs the system, builds it, tests it and deploys it. All of these phases
have their own challenges. The process of developing the system code is not the most

difficulit part.
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Modular Development

All the systems that were developed were developed in modular parts. These were identified during
design, then developed and tested. After this the modular pieces wouid be combined and tested
again to see whether the system worked as a whole. Some of the systems, as in the case of Company
3, could consist of thousands of small, physically distributed applications. This modular nature of
the systems allowed the companies to build up a proper development platform with pre-developed

parts that could easily be reused in other systems.

Development platform and Reuse

In the interview with company 3 and 2 it emerged that they use a development platform. This
platform consists of a library of reusable applications that company 3 calls “The Enging”. When the
client wants a new system developed, the ready madc applications are chosen from the library,
modified for the client's specific needs and used to build the new system. The platform has to be
very stable. This means the applications in this library should be properly tested and qualified
already.

Not only does reusing these applications reduce the development time, but it also simplifies the
development process because it promotes modular development. Company 1 also reuses
applications, but does not mention a set or library that is kept for this purpose. The reason for this is
most probably because the systems developed by company | are more diverse, management type

systems rather than the general structured systems as developed by Companies 2 and 3.

Development Languages

A wide variety of programming languages are used in the telecommunications industry. At
Companies | and 2 the Microsoft based dot.Net framework with VB was used, while Company 3
did not use any Microsoft products. The reason for this is that Company 3 develops lower level
systems that communicate more with the network and only rarely require graphical user interfaces to

interact with users.

The languages used by each company were:
Company 1: VB, Delphi. HTML

Company 2: VB

Company 3: Java, C, Delphi, XML, Object Pascal
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In Company 3, Pascal was only used to develop non core applications. These non core applications

are not essential to the functionality of the system.

Proposition 4

Modular development plays an important part when developing mobile telecommunications
systems. Firstly it reduces the complexity of the systems being developed. Secondly it allows the
company to build up a library of components to be reused when developing other systems; this is
also called a development platform. Having a development platform is beneficial to the development
process. It seems that only the two smaller companies made use of a development platform and this
is most probably because of the type of software systems that thesc companies develop. Developing
systems on this type of development platform are known as Software Product Lines. Several articles
have been published (Matinlassi, 2004; Harsu, 2001; Weiss ef al., 1999; Bosh, 2000; Van
Ommering & Bosch, 2002) about product-line methods and frameworks, but these will not be
discussed in this study. The use of a particular development language depends on the type of system
being developed. Both companics whose systems communicated with telecommunications users,
made use of mainly Microsoft development [anguages, while the company who developed lower

level, infrastructure systems, did not.

° Testing
The developed software must go through a stage of testing before it is released. Once the
development is ready, it is loaded into a testing environment. This environment is safe and

controllable. Here the system is tested and fixed before it is released.

One of the main reasons for testing is to ensure that the system communicates correctly to the host
networks. Simulator tools are especially useful for this type of testing. This means that instead of
having to wait for feedback from the other systems to say whether the product interacts correctly,
the product can be tested on the simulator. Other tests include stress testing, to see if the system can
handle big volumes. Also user acceptance testing is done to give the end users an opportunity to see
exactly what the system does and whether it conforms to their requirements. After the system is
released, it is monitored and tested constantly to ensure uptime. Short development times played a
part in the testing of the systems as well. Sometimes systems were butlt as fast as possible and any

errors were fixed afterwards.
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Proposition 5

All of the companies interviewed did product testing. For some, testing was a bigger issue than for
others, but the general idea was that testing is a required activity for every system. The type of
testing done was to ensure the system works, that it communicates correctly with other systems, and
that it does what the user expects. In companies with a solid development platform, testing was

sometimes neglected when development time became an issue.

L Support and Maintenance

Maintenance is done to keep the system up and running and thus keep the client happy. After
deploying a system, Company 1 monitors the system and keeps a log of all errors received from the
system users. Company 2 also has people who monitor the sysiem after the system has been roiled
out and in addition to errors logged by users, also do their own tests on the system. The developers
solve critical errors immediately. While less important ervors are addressed as soon as convenient.
According to Company 3, the maintenance of telecommunication systems is critical and often

projects are sold with a support and maintenance contract.

Maintaining a system does have some challenges. Company 1 states that it has the problem that
maintenance takes some of the resources away from development (see Challenges). Site

management and version controlling tools makes maintaining the system much easier.

Proposition 6
Maintaining the system after release was another factor at all of the companies. Company 3 slated
that system maintenance is “mission critical”. This is confirmed in April and Coallier (1995) who

stated that defects in telecommunications systems are unacceptable.

4.5.1.5 Techniques

. Specification Document
A trend emerged that the one document that is always used in the development process 1s a
general specification document. This document is created following user requirements
analysis and then sent back to the user for approval. The specification document takes into
account how the intcrnal network of the business works and how the system will fit into that
network. It also forms the basis from which the system is developed and thus serves as a

means of communicating this information throughout the business.

108




One type of specification document which is used by Company 3, is the protocol

specification, which describes the way the system should interact with other systems.

Elements in the specification include business rules, data flows and user requirements. It
might also show why the users want these things. The user specification can later be used to

create a flow diagram, as was the case at Company 1.

It the specification document is thought to be incomplete it is extended to a functional
specification. This functional specification goes into more detail about what the system

should do and its relationship to other systems,

Proposition 7
The one document used by all the companies was a specification document, which was required to
see exactly what the system is supposed to do and how it communicates with other systems.

Company [ also used a flow diagram and functional specification.

o Tools Used
Company 3 used some tools in their development for testing and statistics. [t afso referred to
pre-built interfaces as tools, Most of the tools used were self developed. There are some
“outside” tools used, mostly open source. These purchased tools are almost always “non-

core”.

Simulator tools are used for testing purposes, while tools are also used for development
purposes, such as code management and version controlling. Standard interface tools are
used, which means that the same code can be used for different development by simply

changing a few lines of code.

Whether Company ! used tools depended on the project. The tools that they used were

mostly project management tools, and these tools were only used for big projects.

Both Companies | and 2 made use of Microsoft products during development. Company 3,
on the other hand, stated that once the workings of the application go deeper down into the
network, one moves out of the MS tool base completely. This difference of opinion might be
because of the fact that Company 3 develops lower level applications. “Ours is the software

sitting inside the switch”.
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Proposition 8
All of the companies utilized tools in the development process. The tools used ranges from

development tools, most of which have been developed in-house, to testing tools and project

management tools,

The more user centered applications of Companies | and 2 were mainly built using Microsoft based

tools while the network focused applications, especially at Company 3 were not Microsoft based.

4.5.2Key aspects of mobile telecommunication software
development

4.5.2.1 Flexibility and Adaptability

According to Company 2, the development process must be kept flexible and adaptable. While
Company 3 declared that they are very flexible in their approach, and that this approach is very
advantageous. The cause of this extreme flexibility in Company 3 is the fact that they are a small
company with only ten employees. This, combined with the fact that they use little documentation

allows any changes to be addressed very quickly.

Part of Company 2's strategy for keeping a system flexible is to reuse ready deveioped code.
Company 3 also focused on reuse, in this case having a whole library of pre-deveioped code that

they could select to use in the system and modify where needed.

The need for system development to be flexible is because the companies are always working with
other development teams, and the systems being developed are constantly communicating with other

systems.

Proposition 9

The main reason for keeping the development process [lexible and adaptable was because of the
interaction with development teams from other companies. Flexibility can be achieved by keeping
the development team small, not producing teo much documentation and looking to reuse ready

developed code as much as possible.
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4.5.2.2 Development Time

The time available (o develop a telecommunications system is generally very short. Many times
development times were said to be a few weeks. Because of these short development times there is
not always time to draw up accurate specifications, or to do proper testing. Companies 1 and 2
believe that using formal systems development methodologies increased the time it takes to develop
a system. In an indusiry where success is dependent on how fast one can roll out a product, the last
thing one wants to do is get yourself stuck on formal procedures. Adherence to strict procedures and

phases are time consuming and, depending on the project, not always necessary.

Reason:
One of the reasons why the time available for telecommunication development is so short is because
of pressure from the main networks to deliver cutting edge products. Another reason, according to

Company 1 is the rapid growth in technology.

Decreasing development time:

Being flexible and not having strict procedures could help bring down the time it takes to develop a
system. Company 2 shared this view by saying that “big companies have lots of strict procedures,
and the thing is... it takes forever” (C2). It should always be taken into account that there is a trade

off between the speed at which one develops the system and the time takes to debug the system.

Advantages of decreased development time:

To keep customers happy, development time should be kept to a minimum,.

Obstacles:

The time available for devclopment can be used by many unforeseen circumstances such as
developers having to stop what they are busy with and do maintenance on previously developed
projects. The time spent on communicating with customers and other project teams caused much

time to be wasted. This contributes to increased development time.

In the Telelogic white paper (Telelogic, 2006) they talk about projects called, “market-driven
projects.” “Where gelting a product to market on time is more important than delivering complete
functionality”. It can be deduced from the above that time is a big factor in the development process
and that telecommunication systems gererally fall into this class of projects, as opposed to

“contract-driven projects”. Where “conformance to requirements and compliance to regulations is
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more critical.” (Telclogic, 2006, p3). Projects that fall into this second class usually have very long

devclopment times, because they have to adhere (o strict policies.

Proposition 10
Time constraints on project development serve as a big challenge for the development companies.
The lack of development time also seemed to be a big reason why the companies do not want to use

formal systems development methodologies.

4.5.2.3 Communication with other systems

In any telecommunication system, one is constantly linked with other networks. This means that the
system has to be synchronized belween 2 or more systems alt the time. An attribute of both
Company 2 and 3's systems was that they kept them open and adaptable to be abic to fit in with
other networks. The problem with being dependent on other networks, as was the case at all three
companies, is that sometimes these companies are much slower and less adaptable. This is a difficult
problem to overcome. Becausc of the connection with other networks, it is important that one keeps
track of the protocols used and to make sure one tests whether the system correctly interfaces with
the other networks before launch. A new system’s influence on the other systems should always be

taken into account during design and development.

Proposition 11

Any systern developed in the telecommunications industry will be in constant communication with
other systems. This facl served as a big source of difficulty and frustration at Companies 2 and 3.
These companies tried to keep their systems as flexible and adaptable as possible, so that they fit in

easily with other systems.

4.5.2.4 Environment

. The Telecommunications Industry
The telecommunications industry is a challenging industry to work in. Company | stated that:
“It is a very challenging environment” (Ci1). Company 2 stated that it is “one of the most

difficult industries to work in.” (C2). “It is a very big, muiti faceted environment™ (C3).

Some characteristics of the telecommunications industry which were identified in the

interviews, were:
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o That the industry is controlled by many governing bodies, like ICASA

o In the telecoms industry, security is very important

- South African telecommunications is immature when compared to the rest of the world

. It is a good industry to be in because it is constantly growing

. The systems in telecommunications influence many more people than normal systems do

J Telecommunications is a “cut throat” market, where everything has (0 happen very quickly.

Proposition 12

The telecommunications industry is a challenging industry, but also a good industry to work in. The
reason for this is because, although it is a “cut throat” market where systems have to be developed
very fast and the systems that are devetoped influence millions of people, teiecommunications is
constantly growing. Even though telecommunications in South Africa is still immature when

campared to other countries, it has become an indispensable part of every day life.

. Challenges

Telecommunications is a challenging industry, with companies having to conform to the rules
and regulations, as determined by the major networks and governing bodies. Companies 2
and 3 both mentioned the difficulties they experienced when communicating with outside
networks. Company 3 siated that a possible solution to this problem was to apply commercial
reasons for them to speed up communication. Not only do these systems interact with outside
systems, but they also interact with systems within the company itself. “The number of
features and their interactions are a major source of complexity in telecommunications
software” (Mayrand, 1996, p60).

Some challenges identified by Company | were:

. The fact that developers were often taken off the development team to do maintenance on

other systems
. Creating and maintaining a backup strategy was a challenging job

° Calculating risk, quality control, procurement and even legal aspects are all challenges that

have to be faced in the telecoms industry
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® Technology is constantly evolving (“Every 48 hours” (C1)) and you have to keep up to date

with these changes
. Buying and the setup of hardware for the system to run on.

Company 2 stated that a big challenge was the fact that there are no strict, international standards
concerning protocols that are to be used. The protocols that are used are either in-house, or propriety

software.

Two more challenges mentioned by Company 3 were managing customer expectations (“The
second biggest issue is customer expectations” {C3)} and gathering user requirements, which was
said to be “Painful” (C3). Company | concurred with Company 3 on the subject of user
requirements. This might be because neither of them have a strict user requirements gathering phase

and they end up with sub standard user requirements. It is difficult to develop a system from that.

The time that is available to develop a system is constrained. Many times development times were

said to be a few weeks.

Proposition 13

Two of the big challenges that emerged from the data were the communication between different
development teams and the short development times. The gathering of user requirements was also
considered to be a challenge. Other challenges were, system complexity, the assignment of

resources managing customer expectations and the lack of proper standards and many more.

4.5.31dentify a Jist of necessities a systems development
methodology should contain when used to develop mobile
telecommunications software

Here the researcher will discuss whether the companies adhered to the list of software development
needs, which was presented in Chapter 2, during their development process. Any thoughts the
interviewees had about the items discussed will also be mentioned. Any additional elements that
were identified from the interviews and should be addressed by the systems development

methodology will be discussed at the end of the section.
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4.5.3.1 Adherence to list of software development needs

Well-documented analysis and design phase

There was very little emphasis placed on a specific analysis and design phase during product
development. All of the companies did, however, analyse the specification document, which
was generated after the user requirements phase to see how the new systems would fit into
the current systems and networks of the company, after which the systems were also divided

into modular parts.

A well-documented analysis and design phase is more important in a bigger company that
produces bigger, management type systems, as is the case with Compuany 1. Company 1 also

partly documented this phase by means of flow diagrams.

Prototyping

No mention was made by any of the interviewces regarding prototyping.

Automatically generate code, prototypes and specifications
No mention was made by any of the interviewees regarding the automatic generation of code,

prototypes or specifications.

Formal document notation

Only the general specification document was used by all three of the companies, while only
the biggest of the three companies used flow diagrams. No formal document notation was
used, however. and Company 3 specifically stated that they used as littie documentation as

possible in order to keep their development process flexible.

Strenuous testing and review sessions

All of the companies interviewed did product testing. For some, testing was a bigger issue
than for others, but the general idea was that testing is a required activity for every system.
The type of testing done was to ensure the system works, that it communicates correctly with

other systems, and that it does what the user expccts.

Reuse
Reuse of both code and components were important factors during the development process

of all the companies. Companies 2 and 3 used and maintained a library of pre-built
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applications and interfaces that they reused during the development of other systems. Reusing

pre existing codc also helped Company 2 to keep their systems flexible and scalable.
Distribution

The issue of distribution was mentioned only by Company 3, which was the only company
that developed low level systems. They stated that some of the systems could consist of
thousands of small programmes, on different machines, that have to work together. The
company handled this distribution by reusing ready made and tested pieces of code to handle
the interfaces. These pre-developed interfaces make up a part of the development platform

used at Company 3.

Scalable product

Companics 1 and 3 named the growth of the telecommunications industry as an important
challenge. The interviewees said that the industry is constantly evolving and that new
products and services need to be added to the systems already running. Company 2 also
mentioned the industry growth and thought it to be a good reason to be working in
telecommunications. The issue of product scalability was not discussed in any of the
interviews, but once again it can be seen that by using a development platform, as at
Companies 2 and 3, any additional functionality can just be “slotted” into place on the

existing system.

Flexible and Adaptable product

Flexibility and adaptability were discussed for the product being developed as well as the
development process. The product has to be flexible and adaptable because the system is in
constant contact with other networks and systems, which could change with short notice. This
means the system has to be able to handle any changes in the systems it is in communication
with. The systems development process has to be adaptable because one has to work with
development teams from other companies that sometimes take longer 1o get things done.
Added 10 this is the fact that the systems development methodology has to take into account
any unforeseen circumstanees that might arise during development. Once again the use of a
development platform was given credit for keeping the product flexible and adaptable.
Company 3 attributed their flexibility during the development process to the small number of

employees and their sparse use of documentation.
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Reduce cost of project

Some of the biggest issues effecting project cost were mentioned by Company 1 as being the
setup of proper security measures and keeping the system in working order. Having proper
security measures added to the systems and proper maintenance once the system is developed
should help in reducing the overall cost. There are, however, many elements that could
contribute to decreasing the development cost, not the least of which is shorting the

development time and reusing pre-developed code.

Communication medium
The general specification document was used as the main communication medium in ali of

the companies.

Reduce complexity of product

in order to reduce the complexity of the system being developed, all the companies broke up
the system into more manageable pieces. These pieces were then modularly developed and
tested, after which all the pieces were combined. Company | added that using a complex
systems development methodology only increased the complexity of the entire development

process and they thus tried to use as simple a systems development methodology as possible.

Reduce development time

Short development time was considered by all the interviewees to be a major issue during the
development of mobile telecommunication software, if not the biggest issue. The companies
all described possible ways of reducing the overall development time. Being flexible is a way
to reduce development time according to Company 3. The development time was made even
shorter by not waiting for user requirements to be approved before starting development and
using very little documentation. Company ! reduced development time by keeping the
development process simple and uncemplicated. Being too strict and using formal systems
development methodologics were factors that increased the development time according to

Companies 1, 2 and 3.
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4.5.3.2 Additional software development needs identified from the
interviews

[ Constant communication with other systems
Telecommunication systems are in constant contact and are constantly influenced by other
networks and systems. Likewise the systems themselves also impose an influence other
systems. This should be taken into account when designing and developing any new system.
The constant communication with other systems is also a good reason for keeping the system
being developed as flexible and adaptable as possible. All of the companies took the
influence the new system would have on any current systems into account during design and
development. When working with other systems it is important to keep track of any protocols

being used. For this purpose Company 3 used a protocol specification document.

. Modular development
Although modular development was used as 2 way of reducing the complexity of the sysicm,
the researcher believed it to be important enough to be highlighted as an issue on its own.
This is because all of the companies interviewed first broke the system down into modular

pieces before starting development.

° Maintenance and support
The interviewees at Company 3 noted that one of the elements that sct mobile
telecommunication systems apart from systems in other industries is the number of people
influenced if the system fails. Mobile telecommunication systems could influence thousands
if not millions of users. In order to ensure the system operates correctly, maintenance should
be done on all developed systems. All of the companies interviewed did extensive
maintenance and believed it to be a very important aspect of mobile telecommunication
system development. Company 3 always sells support with cach system and monitors system
functionality from one centralized location using statistics tools. Companies | and 2
continually test each system after release to ensure the system functions and to fix any

problem as soon as possible,
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4.4.3.3 Summary
After reviewing the list of development needs and identifying whether they were deemed important

as well as how they were addressed within ¢ach company, the following can be deduced. Although
some of the issues on the list were deemed important, others were not mentioned at all during the
interviews. The three most impurtant issues were identified as being flexibility and adaptability.
reuse of pre-developed code and components, and decreasing the development time. Two issues that
were not so important were prototyping and the automatic generation of code and specifications.
Three additional issues were identified from the interviews and added to the list. To answer the
original research question of “Identify a list of necessities a systems development methodology
should contain when used to develop mobile telecommunications software.” a list of development

needs is given below:

. Well-documented analysis and design phase
. Strenuous testing and review sessions

. Reuse

. Distribution

. Scalable product

. Flexible and Adaptable product

. Reduce cost of project

. Communication medium

. Reduce complexity of product

. Reduce development time

* Constant communication with other systems
. Modular development

. Maintenance and support.

The first item on the list is printed in italics because, although analysis and design was an issue at all

of the companies, very little emphasis was placed on this phase.

This list was then sent to all the interviewees and they were asked to say whether they agreed with
the issues that were identified. They all agreed that the issues were relevant and that they tried to

address all of these issues while developing a new system.
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4.6 Conclusion

In this chapter the findings of the case study as well as the proposition deduced by means of the
cross-case analysis method were given. This was done in order to determine how mobile
telecommunications systems are developed in practice. The researcher specifically studied the use of
systems development methodologies during the development process. key elements of
telecommunication software development and also reviewed and updated the list of software
development needs discussed at the end of Chapter 2.

In the following chapter the resuits and final conclusions of the study will be given.
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CHAPTER 5
SUMMARY AND FINAL CONCLUSIONS

5.1 Introduction

The purpose of this study was to determine how mobile telecommunication systems are being
devefoped in South Africa, The main focus was on the use of possible system development
methodologies during the development process. This was done by first conducting a literature study
of the current methodologies available. as well as some of the methodologies that are currently
being used within the telecommunications domain. After this, case studies were done at three
different mobile telecommunications development companies to determine how mobile
telecommunications systems are being developed in practice. In this chapter results obtained from

this study will be reviewed briefly.

5.2 Research contributions

The mobile telecommunications industry is one of the fastest growing industries in South Africa.
While this may be the case, it was found that there is very little available literature on the subject of
mobile telecommunications development methodologies. This study aims to identify whether an
existing formal methodology could be used to develop computer systems in the mobile

telecommunications environment successfully.
This study looked at the following issues:

. Firstly a literature study on system development methodologies was done. System
development methodoiogies were defined and several methodologies that are currently
available for use were discussed

. Secondly three methodologies that are used in practice were described. These methodologies
are: The MODA-TEL and Mobile-D methodologies, as well as a methodology that utilizes
formal methods to accelerate development of telecommunication software, as described in
Mansurov (2000)

. Thirdly these methodologies were compared to determine the similarities and differences

between the methodologies, as well as to better understand how and why they are used
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Fourthly some of the key characteristics of the mobile telecommunication environment were
viewed and a list of necessary elements which should be addressed in a mobile
telecommunications systems development methodology was compiled

Fifthly a description of the research approach, methods and techniques was given while doing
the field research for this study. Here it came to light that the qualitative case study method
was used, utilizing interviews to retrieve data from various telecommunication companies.
The data gathered from the interviews were then coded and grouped in the computer software
programme ATLAS.it and analyzed using the cross-case analysis method

Finally the analyzed interview data as well as the findings afler analysis were presented. The

cross-case matrix used during the cross-case analysis process is shown in Appendix A.

There are many definitions for a systems development methodology and in this study a systems

development methodology is defined as a combination of:

Approach(es)

This is the philosophy on which the methodology is built. Different approaches couid be
concerned with cost, quality documentation, development speed, adaptability or efficiency.
Examples of system development approaches are the structured approach, object-oriented

approach, information modeling

Process model(s)
Every model defines a certain order or sequence of stages through which a system evolves
(Wynekoop & Russo, 1993). Examples are the linear lifecycle model and the Boehm's spiral

model

Method(s)
A method is a systematic approach to conducting at least one complete phase of system
development, consisting of a set of guidelines, activities, techniques and tools, bascd on a

particular philosophy of systems development and the target system (Wynekoop & Russo,
1993). Examples are OMT, IE
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. Technique(s)
The procedure used to perform a development activity (Brinkkemper, 1996). An example of a

technique is the entity relationship diagram.

5.3 Research aims and objectives

The aims of the study were 1o determine how mobile telecommunication systems are developed in
South Africa by focusing on the use of systems development methodologies. In order to determine

this the following three main research objectives were siated:

. To identify the systems development methodologies used, if any, by companies in South
Africa in the development of mobile telecommunication systems

. To highlight certain key aspects of mobile telecommunication software development and

. To identify a list of necessities a systems development methodology should contain when

used to develop mobile telecommunications software

5.4 Results of the study

The rcsults below will be discussed in the order of the list of objectives stated above. Firstly the
propositions regarding the sysiems development methodologies used by companies in South Africa
will be given. Secondly, the propositions regarding key aspects of mobile telecommunication
software development will be discussed. Thirdly, results of the list of mobile telecommunications

software development methodology necessities will be discussed.

5.4.1Systems development methodology used

It was found that mobile telecommunications software development companies in South Africa
tended to make use of in-house developed systems development methodologies, focusing on
flexibility and speed of development. This was driven by the constant interaction of sofiware with
other telecommunications systems and the speed at which mobile telecommunication software need
to be developed. This focus on flexibility and speed was similar to the mobile telecommunications
systems development methodologies discussed in Chapter 2. Other similarities include the modular
development style and the phases that were followed during the development process. Modeling of
the system, however, did not play such an important role in the in-house developed systems

development methodologies
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Proposition 1

In this study it was found that telecommunication systems development companies tend to
use their own, in-house systems development methodology, because the formal systems
development methodologies were believed to be oo theoretical and only beneficial to big
companies. These in-house systems development methodologies were specifically designed
to fit in with the character of the company and more than that, were able to change depending
on the project. By using some form of a systems development methodology, more control
could be gained over the entire project life cycle. Another advantage is the fact that it could
decrease the ttme it takes to develop a system. Sticking to a formal, ridgid, systems
development methodology though, was thought to have a negative impact on development

time.

Proposition 2

The gathering of user requirements is a necessary but challenging step in the development
process. Spending more time on requirement analysis would be beneficial to the development
process, but this view was not always adhered to. This was mostly because of time
constraints of the project, especially when waiting for the necessary user feedback. The
companies that did not always do propper user requirements were the smaller companies.
This was, as stated above, because of time constraints and the fact that the companies always

tended to develop the same type of systems.

Proposition 3

Although formal design techniques were rarely used, some elements of system design did
present themselves. It was necessary during design to determine how the new system would
fit in with existing systems and networks. This as well as dividing the system into modular

picces, allowed developers to decide on reusing pre-developed code.

Proposition 4

Modular development plays an important part when developing mobile telecommunications
systems. Firstly it helps to reduce the complexity of the systems being developed. Secondly it
allows the company to build up a library of components to be reused when developing other
systems; this is also called a development platform. Having a development platform is

beneficial to the development process. The research shows that only the two smaller
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companies made use of a development platform, this is most probably because of the type of
software systems that these companies develop. Developing systems on this type of
development platform is known as “Software Product-Lines.” Several articles have been
published (Matinlassi, 2004; Harsv, 2001; Weiss e o/, 1999; Bosh, 2000; Van Ommering &
Bosch, 2002) about product-line methods and frameworks, but these will not be discussed in
this study. The use of a particular development language depends on the type of system being
developed. Companies whose systems were located in the “Telecommunications Users” or
“Service Provider” layers of the service model discussed in chapter 1 made use of mainly
Microsoft development languages, while the company who developed lower level systems

located in the “Telecommunications Infrastructure” layer, did not.

Proposition 5

Testing 1s a required activity for every system that is developed. The type of testing done was
10 ensure that the system wotks, that it communicates correctly with other systems, and that it
does what the user expects. [n companies with a solid development platform, testing was

sometimes neglected when development time became an issue.

Proposition 6

The maintenance of system after release is a major {actor in the telecommunications industry
and can be considered “mission critical”, while any errors or defects are unacceptable. Part of
this lies in the fact that the number of people effected if a telecommunication systems fails

could be thousands or even millions.

Proposition 7

Documentation during the devclopment process was not a high prionty in mobile
telecommunication systems development. Documents were used more at bigger companies
who tended to develop larger systems. Some of the documents used included flow diagrams,

specification documents, functional specs and protocol specs.

Proposition 8
Tools were used during devclopment, although not extensively. The tools used ranged from
development tools, most of which had been developed in-house, to testing tools and project

management tools. More user centered applications were built using Microsoft based tools
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while tools used during the development of infrastructure focused applications were not

Microsoft based.

5.4.2Key aspects of mobile telecommunication software

development

Proposition 9

Flexibility and adaptability play a very important part in mobile telecommunication systems
development. This is not only from a product perspective, where the system being developed
should be able to communicate with other systems and adapt to any changes, but also from a
development point of view. This is because of the interaction with development teams from
other companies, which is a neccesity while developing a system. Flexibility is achieved by
keeping the development team small, not producing too much documentation and looking to

reuse ready developed code as much as possible.

Proposition 10

One of the single biggest issues during the development of mobile telecommunication
systems was the short amount of time available for development. This was attributed to the
competitative nature of the telecommunications industry. It affects all companies, big and
small, regardless of the type of systems being developed. The time available for development
has a direct effect on how much effort is put into the gathering of user requirements, design
and testing. It is also a big reason why formal systems development methodologies are not

used.

Proposition 11

Any system developed in the telecommunications industry will be in constant communication
with other systems. It is also a fact that any systems being developed will have to adapt and
conform to the main networks into which they are introduced. Companies should try to keep
their systems as flexible and adaptable as possible, so that they fit in easily with other

systems.

Proposition 12
The telecommunications industry is a challenging industry, but also a very good industry to
work in. The reason for this is because, although it is a “cut throat” market where systems

have to be developed very fast and the systems that are developed influence millions of
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people, telecommunications are constantly growing. Even though telecommunications in
South Africa are still immature when compared to other countries, it has become an

indispensable part of every day life.

. Proposition 13
Two of the big challenges companies face when developing a mobile telecommunicaions
system are the issues of communication between different development teams and the short
development times. The gathering of user requirements can also be considered as quite a
challenge. Other challenges include system complexity, the assignment of resources,
managing customer expectations, the lack of proper standards and many more. Except for the
chalenges faced during development, maintaining live systems is made more difficult by the
fact that the industry is constantly growing and new technology and services are being

introduced almost on a daily basis.

5.4.3A list of necessities a systems development methodology
should contain when used to develop mobile
telecommunications software

The thirteen items in the list below were identified as being the top necessities a systems
development methodology should contain when used to develop a mobile telecommunications

systemn:

J Analysis and design phase
The analysis and design phasc should be present to ensure the system integrates with ail
cxisting networks and systems. Breaking up the system into modular parts is also an

important aspect of the design phase

] Strenuous testing and review sessions
The systems development methodology should allow for every system to be tested before

going live, and tested even more rigorously after the system has been released

. Reuse
The reuse of pre-developed code plays an important part in decreasing the time it takes to
develop a system. The systems development methodology used should facilitate building up 2
library of developed code and development components, while also identifying when these

components could be reused
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Distribution
One inherent feature of the mobile telecommunications environment is distribution.

Techniques and procedures should be available to identify and address the issue of system

distribution

Scalable product

The rapid growth of the industry is 2 major challenge and the issue of scalability should be

addressed by the systems development mcthodology used during the development process

Flexible and Adaptable product

The systems development methodology used should be flexible and adaptable because
development needs may change from one project to the next. In addition the systems
development methodology should aim to develop systems which are flexible and adaptable.
This is because of a multitude of factors from the systems dependence on other systems to the

introduction of new services and technology

Reduce cost of project
Reducing the cost of systems development is a big business concern in any industry and the

reduction of project cost should be a major focus of any systems development methodalogy

Communication medism
It is necessary for a company to have some way of communicating the system details and

requirements to all the developers. This is usually done by means of documentation

Reduce complexity of product
Telecommunications systems are inherently complex, with many factors adding to the level
of complexity. A good systems development methodology should help to reduce the

complexity of the system being developed

Reduce development time
Because of the constraint on available development time in the mobile telecommunications
industry, any systems development methodology should help to increase the speed of

developing the system
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] Constant communication with other systems
The systems developed in the mobile telecommunications industry have the characteristic
that they are in constant communication with other systems and networks. This should ail be

taken into account when designing and developing the system

. Modular development
Any systems development methodology used during mobile telecommunications systems
development should simplify and facilitate modular development. Modular development is
considered such an important element because it reduces complexity, helps keep systems

flexible and scalabie, while also promoting reuse

. Maintenance and support
Maintaining systems that have been developed is extremely important in the

telecommunications industry and should be a part of the systems development methodology

used.

5.5 Limitations of the study and future work

One of the main limitations of this study was the number of cases studied. Three cases are not
enough to build a proper theory on the use of systems development methodologies in the mobile
telecommunication industry. Future work should address this limitation by using morc cases.
Another limitation was the fact that there were too few inmerviewees. The researcher minimized the
negative effect of this limitation by performing in-depth interviews as well as studying any

documentation relevant to the companies or their systems development process.

Together with the above, a big limitation was the focus of the study concerning types of systems
being developed (See the discussion of the service model in Chapter 1). This study aimed to study a
generalised systems development methodology used to develop all the different types of systems
developed in the telecommunications industry. It became clear from the research that different types
of systems would require different systems development methodologies. This could be addressed in
future research by focusing on only one type of system, or the systems developed for a specific layer

of the telecommunications environmernt {as shown in Chapter 1).

Future work should aim at extending the list of software development needs and environmental

elements, by adding morc clements as well as determining the importance of each element in the
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list. This is a purely exploratory study and future work should be more in-depth and of a quantitative

nature.
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Appendix A

Cross case analysis matrix
This matrix contains the information used during the cross case analysis of the interview data. The
information displayed in the cells of the matrix aim to explain the idea behind the corresponding

code in the transcribed interview. Next to each entry is the corresponding code number, which is

used as reference during the discussion of the interviews in Chapter 4.

Methodology Choose an existing application There is not always time to foliow Big companies are able to benefit
from the platform and modity it a formal methodology from formal methodologies.
to work in the current system “1t takes forever” It seems that formal
methodologies are aimed more a
A methodology gives the 32 | Bigcompanies have very strict I8 | bigger companies
development process structure procedures that they tollow and
and makes it manageable. this causes them to take a very There is not enough time to use a 14
It is impaortant to have structure long time to ge! things done forma) systems development
and manageability during methodologies
development Use an in-house developed 14
methodology When using a methodology, the 14
It takes a while for the 55 development is always successful
developers to accept a new Uses a very informal 14
methodology methodology A company should develop its 26
cown methodology depending on 27
Uses PMBOK management 97 | Methodologies must be used to 20 | the company character
methodology ensure a successful system.
The system development 33
The methodology should be as 108 | A relaxed atmasphere is 20 | methodology adapts o the current
simple as possible. This helps 1o conducive to productivity. project
simplify the development
process and decrease the Whether a methodology 1s used 1s | 20 Used an in-house methodology 26
development time dependant on the type and size of | 21
the project as well as the client 30 | try touse systems development 14
When using a methodology, the 87 methodologies as far as possible
development is ajways A formal methodology should be 16
successful used for big projects.
These are systems where yon
work with money or sensitive
data
Formal systems development 16
methedologies only work in
theory, net in practice
try 10 use a systems development i6
methodelogy as far as possible,
but we're not 1o strict on the
procedures
User The user specification can be 12 The user requirements get drawn 14 They have the user write down 13
Requirements used to create a flow diagram up in the spec:ficaii(m decument what he wants. That is then
and apply it to our network translated into a technical
Some times the initial user 29 document and sent to the user for
requirements you receive from 10 Get 1t approved by the users 12 approval
the user are incomplete. Often
consisting of only one sentence Gathering the user requirements 14 The technical document s applied | 17
is a very informal process to our engines
I'he user requirements get drawn | 29
up in the specification document Wark on the actual development 13
starts before user requirements L
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The speciiications gathered 56 analysis have finsshed
during user requirement analysis
15 used to determine whether the Getting user requirements 1s a 12
project is successful difficult process
Spending more time gathering 87
user requirement ensures a better
product
i Get thought patterns of users. 10
i How does the current system 10
work
Design The specification is used to 86 | Notaiways time for the design 40 | The platform used to develop 9
determing how the new system phase systems is madular and i divided
will effect all the current systems into functional blocks
in the department
Physical disteibution of the 11
The business rules of the 67 system components shouid be
company and departments are taken into aceount when
taken mto account during designing the system
development
The user specification can be 12
used to create a flow diagram,
showing the key parts of the
system and how the sysiem
interacis with other systems.
Dividmg the project into small 73
parts makes the development 91
much more manageable
See if there 15 an existing i
application m place that can be
reused by making slight changes
1o 1he code
Develapment System integration needs o be Ti The standards that are available 6 Some elements of development 34
taken into account when make development a lot easier stay the same for all projects. It’s
developing a system just the implementanon of the
Because of the speed of 40 different elements that ditfer
Ideal would be if there was a 35 | development you need to buitd Code generation is always the
group of developers that could the system and fix any problems same
work purety an development afterwards
Once that project 1s released, Coding 1s an casy part of software | 40
another set of develupers will Strict development procedures 18 | development
work sclely on maintenance take a long time
When deploying a systema UAT | 63
Contrel is very important 98 | Youhave 1o develop quickiy 10 1 st firsi be performed on the 65
testing environment. [f the system
Before development starts, it 90 gets UAT signoff, a job order 1s
must be estimated what the created, and the system 15
development time will be deployed at a time when
downtime wall be acceptable
{Like 12 o’clock of 2 0°clock 1n
the morning). The system s then
monitored for some time
When a system fails, a "post 67
mortem” must be done to
determine exactly where the
prablem was. And it should be
determined how this problem can
be eliminated in the future.
An important fact is that there 1s 28
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always a tradeoft between the
amount of time spent on
development and the amount of
time spent afterwards on




debugging.

Break the developrient up into
groups. develop and test them
separately and combine them
afterwards.

%
3

Maodular
Development

Diming the project intg smaji
parts makes the development
much more manageable

Whether you use modufar
development depends on the size
aof the project

Reuse

See if there 1s an exisung
application in place that can be
reused by making slight changes
to the code

Development
Platform

73
91

a1

Break the development up inte
groups and test each individual
part separately. Then combine the
parts and do an overall testing.

The platform used to develop
systems 15 modular and is divided
into functiona; biocks

klY)

Try to reuse previausly developed
code as much as possible, This
also helps with flexibility

Ready made toels are reused

27

2% |

You don't develop the system
from scratch. You have a
platform setup with ready made
applications, which you just
modify to suit the requirements

I'he company could have u library
of reusable applications.

Then choose the applications
needed for the project and adjust
the base applications 1o cater for
each client's needs.

"The platform stays the same. the
interface stays the same, it is the
unplementation that changes "

2
1

10
17

See if there is an existing
application in place that can be
reused by making slight changes
to the code

A company should be ready for a
project. From a billing -and a
systems point of view

30

Ready made tools are reused
These tools are developed to
handle communication with the
databases and SMS interfaces
‘When such functionality is
required int a system the tools are
refined and reused,

27

The company could have a library
of rensable applications

Then choose the applications
needed for the project and adjust
the base applications to cater for
each client's needs.

"The platform stays the same, the
mmterface stays the same_ it 1s the
implementation that changes.”

This platform has w be very
stable because you cant test and
qualify your applications every
time

The platfony used to develop
systems is modular and 15 divided
mto functioral blocks

The billing application, which
could form part of a system, is
part of the platform. This means
the billing application and
interface always stays the same,
and is reused in all the sysiems
where billing is requtred.

You don' develop the system
from scratch. You have a |
platfosin setup with ready made
applicatiens, which you just

modify to swit the requirements

10
17

I
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Development TVB, Delphi, Net, HTML 51 | VB, Net 7} Java,C, Delphi, XML, Pascal, 48
C# Main language 8 XXL 49
languages
There are ne differences between | 7 Pascal is mastly used to develop 50
telecoms and other areas non core applications. User 51
regarding the languages used for imerfaces and the like. Especially
development graphical applications
Testing [t should be tested that the 75 | The product should ahways go 12| There is a specified testing 25
product can carrectly through a phase of testing betore 18 environment in which testing 62
communicale with the networks. it is released 30 takes place before product
rejease. This environment 15 safe
If the system is going to 76 Testing is done by maintenance 28 controllable
influence a lot of people, stress after release, to ensuse system
testing must be perfurnined before tunctianality Simulators are used for testing. 32
roflout This means that you are able to 45
Testing is essential to ensure 28 simulate the network on which 55
User acceptance testing 15 the 75 | product quality the product will run. This has the
last level of testing before the advantage that you don't have to
system is released Tests the operational aspect of the | 29 wait for the customer o test 1t for
system mote than development You
not only to make sure the system | 57 aspects.
is working, but also for quality Break the development up into 24
control Test for upume 29 i groups and test each individual 31
part separately. Then combine
Because of the speed of 40 them and do an overall testing.
development you need to build
the system and fix any problems Closed user group testing should 64
aflerwards be done on the live system before
the product is made available to
all.
Most of the testing takes place at 24
. the billing :nterface
Support and Developers on the system have 52 Support ard maintenance guys 28 ‘The telecom industry s very 5
Maintenance to do their own matsitenance also help with testing maintenance intensive
A big problem they have is the 82 Testing is done by maintenance 28 A support an maintenance 66
fact that developers are otten after release, (o ensure system contract 15 soid with the project
taken off a project that is being functionality
developed 1o do maintenance on They have a central control from 66
another praject. 24 hour support far all their 28 which they can monitor the
systems. systems
Maintenance is done to keep the 93
systemn up and running and thus Don’t follaw striet procedures 30 | Tools like site management and 57
keep the client happy during maintenance version controlling makes
Maintenance easier
Critical errors are solved 79
immediately by the developers Tools like RRD tool and MRT 52
Less important erors are cheap are used for maintenance
addressed during maintenance and statistic
days, which occur every Friday
Document Use | The user requirements always 9 Specification Document Less documentation requirements | 30
gets documented allows for faster development
times and a more adaptable
Dataflow diagram 12 system development
Specification Document If a protocol is develaped for your | 35
in-house systems, it is always
documented
Specification Document
Dataflow The user specification can be 12
diagram used to create a flow diagram,

showing the key parts of the
system and how the system
interacts with other systems.,
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Specification This document is crealed 10 | This document is created 12 This dgcumem 15 crgatcd 13
following user requrements tollowing user requirements 4 following user requirements 17
Document analysis and then sent back to the analysis and then sent back te the analys:s and then sent back to the
user for approval user for approval vser for approval
A specitication document not 29 | The specification document iakes | 14 | The specification is used tosetup | 20
oniy shows what the user wanls. inta account how the internal the UAT criteria after the project
but might also show why the network of the business works is finished
user wants it. and how the system will fit into
that network. One docement i3 the protocol 36
The big networks usually write 11 specification which describes the 38
very good specifications way the system should interact 39
with other systems.
Elements in the specification 68
mcludes business rules. data
flows and user requirements The specification document takes i7
into account how the intemal
The specification document 69 network of the business works
forms the basis trom which the and how the system will it inta
system is developed. that network.
The user specitication can be 12
used to create a flow diagram
Serves as a means of 69
communicating this information
throughout the business
If the user specification 1s 70
insufficient, it is converted intoa | 71
functional specification 8%
The functienal specification goes
into detail about what the system
is supposed to do, as well as its
relationship to other systems
This is not always done )
Tools The tools that are used depends 28 The systems and 1o0ls used are 7 l'ools like site management and 57
on the project standard for non telecoms and version controlling makes
telecom systems alike Maintenance easier
If the project is large enough, 28
project management tools are 99% Microsof) products, some 8 Most 100ls used are developed n 52
used Linux servers for firewalls and house, or 15 open source
mail servers
Sumulators as a lesting tool saves 12
Sottware products and tools used 6 a let of development tirme 45
are basically the same, no matter
what industry you are in Comiercial tools are very rarely 53
used and is always nen core 54
Ready made interface tools are 27
reused in the development Tools ke RRD tool and MRT 32
PrOcEess. cheap are used for maintenance
and statistic
Tools are develeped in-house 27
Adaptability A change in standards, or a 23 Try to keep the system as flexible | 26 Very flexible company 0
& Flexibility required compliances introduced us pussible to communicate with 24
by the networks or [CASA has other systems The system being developed must | 30
the ability to influence ali the be flexible 10 so that the company | 42
systems and business rules in a Try to reuse previously developed | 26 | can fit in with siandards and
company. code as much as possible, This protocols set by other networks
Steps have to be taken that the also helps with tlexibility
company can be ready for these Helps keep development time 30
changes. The company its self down
has 1o be flexible enough to be
able to adapt to these constraints Less documentation requirements | 30
allows for faster development
The time available fo 83 times and a more adaptable

development can be used by
many unforeseen circumstances.
The methodology should trv 1o

system development
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take unforeseen events into
account

Development Using a formal systems 87 Using & formal methodology can 10 Being t‘lgxib!e Is a way ot 3
time development methodology can increase development time 18 decreasing the development time
im increase development time [$ | Any changes required in the
: system can be done quickly,
Before development starts, it 93 | There 15 not always time to go 10 | without the need to fill in many
must be estimated what the through the whole process. forms
development ime will be Planning, pre-product testing
An important fact s that there 1s 28
To keep customers happy. 27 | You have todevelop quickly 10 | always a radeoft between the
development time shouid be kept amount of time spent on
to a minimum Big companies have very strict 18 develapinent und the amount af’
procedures that they follow and 19 time spent afterwards on
The time available tor g3 this causes thei to take a very debugging.
development can be used by long time to get things done Nathan van den Berg stated that
many unforeseen circumstances. Semetimes taking a month to do 90% of any developer's time is
The methodology should try to something that could have taken spent on debugging the software
take unforeseen events into one ar two davs
accaunt Better communication with 46
A relaxed atmosphere 1s 20 | customers causes happier
The telecommunication industry | 14 | conducive to productivity and customers but increases
demands short development 18 decreasc devalopment time. development time
times 25
One of the reasens for this 1s Some of the causes of increased 18
because telecommunications is a development time are: 19
fast growing industry - having to communicate with
other companies and nerworks
Technology changes and the 96 and then wasting for them to reply
systems need to be developed Afler the company received the
quickly user requirements and has setup
the specitication. The
The methodology should be as 108 development team continues with
simple as possible. This helps o the development while awarting
simplify the development customer signotf. This saves a lot
process and decrease the of time that would have been
development time spent walting
Development speed is critical. 7 It 15 not uncommon for 5
The reason for short telecommunication projects to 16
development times 1s often the have development imes of few
networks tendency to keep the weeks
project a secret until the last Telecommunication customers
morent allow for a very short
development window.
Communication | We are constantly linked with i3 Keep your system open and 24 | Keep your system open and 30
with other the big networks. adaptable to be able to fit into adaptable to be able to fit into 42
systems This means that your systern has other networks other networks i
to be synchromzed between 2 or
more systems. You are dependant on other 22 Often, the companies whose' [ 42
networks 24 | protocols and interfaces you need
Whether the system correctly 75 te use are much slower and less
commumicates with other adaptable than yours.
networks should always be tested
be fore release When integrating with outside 39
networks one must keep track of
All the systems in a 2 the specitic protocels used
telecommunications company 23
are integrated and influence one
another
A change in one system causes
changes in all the systems
The amount of systems being 2
developed is growing. And so to
the amount of interacticn
between them
A change in standards, or a 23

reguired compliances introduced
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by the networks or [CASA has
the ability to mfluence all the
systems and business rules in a
company.

Steps have to be taken that the
company can be ready tor these
changes. The company its seif
has to be flexible enough to be
able 1o adapt to these constraints

System integration needs to be 71
taken into account when
developing a system
The systems and the way they 110
intgract are very complicated
Industry 1t is a very challenging industry 65 One of the most difficult 31 The svstems must constantly be 5
industries ta work in maintained
In this industry, security is very 53
important The South Affican 3 Very big. With different facets. 68
telecommunications industry is Custemer call tare centers
The industry 15 influenced a lot 22 very immature when compared to SMS, MMS, USSD. Voice, Data
by governing bodies Iike ICASA other countries
Critical systems that influence 5
IT is a cut-throat market in which | 10 many people
every thing has to happen very
quickly Big barrier of entry 69
70
Telecoms is a goad indusory tobe | 35
in because it will always be there
and it is constantly growing
There are no strict. international 23
standards concerning protocols
that are to be used. The protacols
that are used are either in-house,
or propriety software
The world can not function
without telecommunications 31 ]
Industry The phene has evolved from 17 Telecoms is # good industry o be | 31 New services and technology 1s 71
Growth voiee, to data to video 9 | in be_cause it will always ‘be there constantly bgmg deyeloped.
and it is constantly growing Where once it was just that data
Has 1o constantly stay in control 24 had 1o be moved, it now has 1o be
of new technology, standards and trans coded to be viewable on
faws different phones
The systems are becoming more 2
and more
Technology changes every 48 109
hours
Challenges A big problem 1hey have is the 82 One sometimes have to mteract 24 One sometimes have to interagt 42
fact that developers are often with systems from other with systems from other 43
taken off a project that is being companies that are less adaptable companies that are less adaptable | 44
developed to do maintenance or than yours than yours
another project. There is not much one can do There i3 not much ene can do
about this about this
It is a big challenge to make sure | 49
all the backup procedures are in Any telecommunication software | 22 | A possible solution is to apply 41
place developmem company in South 24 commercial reasons for them to
Africa is dependant on the speed up communication,
The industry is intluenced a lot 22 dominant networks.
by goverming bodies like ICASA | 24 And their service is not always It is a challenge and a necessity to | 41
and the law 100%. This means you have to manage customer expectations
wait a long time for them to
respond to requests (Gelling user requirements 15 a 12
difficult process
Telecommunications is a very 63 Telecommunications is a very il
challenging industry challenging industry (Cut throat) 10 It is not uncommon for 15
J telecammunication projects to 16
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Calculating risk 29 | You have to adapt to the way the 4 have development times of few
Quality control 65 main networks do things 24 weeks
Procurerment and even Telecommunication customers
Legal aspects are all challenges There are ne strict, international 23 | allow for a very shont
that has to be faced in the standards conceming protocols development window.
telecoms industry that are 10 be used. The protocols
that are used are either in-house.
Developing a system from 29 or propriety sofiware
incomplete user requirements is
a redl challenge
The telecommunication industry | 2
is growing rapidly, and the
systems are getting more and
more
A problem in one sysiem eftects 2
all the other systems
You should always be up to date 15
with the new technology 24
Developing a new system is not 33
just about software Hardwarc 6l
setup is also a challenging issue |
The systems and the way they 110
interact is very complicated
Success When using a methodology, the 87 When using 2 methodology. the 13 When using 2 methodology, the | 14
factors development is always development is always successtul | 20 | deveiopment 15 always successiul
successtul 25
Cost of service to customer must | 38 The success ot the project does 25
be kept as low as possible not rely wholly on the product
100% avallability developed The marketing of the
project also plays an important
There are different critenia for 56 | role
determining whether a project is | 58
a suCcess 59 | Youknow there isn't mush that 25
- What 15 the return on 61 when you foliow traditional steps
investment on the product? and proper project management
- Did you deliver a gqualiny
product?
- Are the users satisfied with the
product?
- Does the product deliver on the
initial user requirements?
Use to user requirements to 56
determine whether the project iz
o a success
Backup Before deploying a system to 42
live, one must make surz the 43
Systems original system has been 46
properly backed up. And can 49
easily be recovered.
The backup system should be
clear of any security threats, like
viruses
It is imporiant to have a rollback 50




Security Secunty is very important 5 Some mentjon of security. That 15j The machine that the application 61
IF it 15 necessary, they would runs on has to be secure. but the
Especially in the 53 | look at security issues software itselt is not susceptible
telecommunications industry. to security threats
access control is very important Firewalls on Linux servers g ‘
Farling 1o inplement proper 54
security could ¢ost the company
a lot of moneyv
The importange of security is not | 41
limited to mobile
telecommunication systems
Security i1s an important factor n
all IT developments
Security is a very big issue in 43
bigger projects with big clients
Elements like tirewalls and 41
viruses should always be
addressed.
Security is also an 18sue with 42
your backup strategy. Any
backups made, should be clear of
secusty threats and viruses
Standards Sometimes standards change, 23 There are a lot of standards 1
and you have to change with it
The available standards make 6
sottware development easier
Drevelapiment standards arc the 7
same in telecoms as in any other
1 industry
There ar¢ no strict, international 23
standards concerning protocols
that are to be used. The protecols
that are used are either in-house,
or propriety software
Architecture A single system could be a 2
combination of applications. Like
network software (routing) and
management software (biffing)
Different software componems 2
that are situated in different 3
positions in the network
A system consists of thousandsof | 11
small applications all
communicatng with each other
These applications can be 1i
distributed across several physical
machines
Data comes directhy trom 37
subscribers through the network 39
and gets sent back to the users
Data gets changed within the
system.
Sometimes dala comes from two
O Miore Sources J ]
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Costs When a project fails the 27
company getws billed by the 54
network. It alse causes unhappy 93
clients which could lead to
further costs

Feasibifity A Feasibility study is done for 61
large projects.

Other For a big project, a feastbility 41
study is done before hand
When a system fails, a "post 62
mortem" must be done to 63
determine exactly where the 64

problem was, And it should be
deterrined how this problem can
be eliminated in the tuture,
Doing a pest mortem check is
very important.
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