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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 still 

ensuring quality and usability. As statcd by Fitzgerald (1996), a big factor that could have a 

positive impact on the development process is the use of a systcms development methodology. 

Because of the importance of systems development methodologies, this study identifies and 

discusses different types of systcms development methodologies from the available literature and 

also three systems development methodologies designcd 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 different mobile telecommunications 

software development companies in South Africa. 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 ATLAS.ti and analysed by means of cross-case content 

analysis. 

It was found that mobile telecommunications so tbare  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 software 

with other telecommunications systems and the speed a1 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 

stelselontwikkelingsmetodologiee wat gehruik work. indien we1 gebruik, gedurende 

stelselontwikkeling te identifiseer. Dit het ook ten doel om klem te IC 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 kornpeterend mark is, is dit 

belangrik dat sagtewarestelsels ontwikkel word in die minimum teen minimale koste. temyl 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 h i  op die stelsel ontwikkelingsproses. Weens die belangrikheid 

van stelselontwikkelingsmetodologiee, word daar verskillende tipes 

stelselontwikkelingsmetodologiee in die studie gei'dentifiseer en vanuit die litcratuur bespreek. 

Daar word ook 'n bespreking gegee van drie stelselontwikkelingsmetodologiee wat spesefiek 

ontwikkel is vir gebruik in die mobile telekommunikasieindustrie. 

Om te bepaal hoe mobiele telekommunikasiestelsels in die praktyk ontwikkel word. word daar 

gebruik gemaak van kwalitatiewe navorsingsmetodes. Gevallestudies is gedoen by drie 

verskillende mobiele telekommunikasiestelsel ontuikkelingsmaatskappye in Suid-Afrika. 

Inligting is by die maatskappye versarnel deur sem~ni-gestruktureerde onderhoude te voer met 

ontwikkelaar~ of projekbestuurders by die betrokke maatskappye. Die inligting is daarna 

gekodeer met hehulp van die rekenaarprogram ATLAS.ti en analise is gedoen deur middel van 

die "cross case" inhoudsanaliese metode. 

Daar is gevind dat mobiele telekommunikasiestelsel ontwikkelingsrnaatskappye in Suid-Afrika 

meestal gebruik maak van selfontwikkelde stelselontwikkelingsmetodologiee, wat veral fokus op 

aanpasbaarheid en ontwikkelingspoed. Die word genoodsaak deur die interaksie tussen 

sagteware war ontwikkel word met ander telekommunikasiestelsels, asook die spoed waarteen 

mobiele telekommunikasiestelsels ontwikkel moet word. Die belangrike elemente van die 



selfontwikkelde stelselonhvikkelingsmetodologiee word geYdentifiseer, sowel as 'n lys 

noodsaaklikhede wat 'n strlselontwikkelingsrnetodologie moet bevat wanneer dit gebruik word 

in rnobiele telekomrnunikasiestelsel ontwikkeling. 
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CHAPTER 1 

1 .  INTRODUCTION 

1.1 Introduction 

The technology in the mobile telecommunication industry is constantly changing. Sanders el a/. 

(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 teleconlmunication 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 rt ai, 1998) . There is increasingly less time available to develop these systems (Patel, 2002). 

It 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 teleconmunication 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 

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 development 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. I .  I). 

Information Access 
Service Providers Serviccs Services 

Management 
Services 

Telecommunication 

Telecommunication I I 
Infrastructure 

User Applications 

Fig.l.1 Service model of telecommunication systems (Patel, 2002). 

Users I I t I I 

Figure 1.1 represents a structured model for telecommunication software (Patel, 2002). The 

definition of the model is given as in Pate1 (2002). At the bottom is the Teleconlmunication 

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 

Telecommwiication Users layer consisting of the user applications. There are several services 

contained within the model. Injbrmatiun Services (offered by the service provider layer) 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 soltware. 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 

oriand 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. 



C H A P T E R  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 telecon~munications 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 .1  W h y  use a S y s t e m s  D e v e l o p m e n t  m e t h o d o l o g y ?  

As the popularity of computer systems increased during the last few decades, so did the need for 

better software development. The old 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: 

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 niethodology 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 (Puwis & 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 . 2 D e f i n i t i o n  o f  a System Deve lopment  M e t h o d o l o g y  

There has been much of discussion about a universally accepted definition of a systems 

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

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 et 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 n~ethodology 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). 

0 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 el a l ,  

1998). 

0 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, 1E. 

Technique@) 

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

technique is the entity relationship diagram. 

2 . 2 . 3 S o m e  Examples  o f  Formal  Systems D e v e l o p m e n t  
Methodolog ies  

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 is 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 STRADlS 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 JMRAD, 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 o f the  definition given in 2.2.2. 



2 . 2 . 3 . 1  P r o c e s s - o r i e n t e d  s y s t e m  d e v e l o p m e n t  m e t h o d o l o g i e s  

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 follo~cing discussion of the technique comes from Gane and Sarson 

(1979). 

Approach 

STRADlS 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: 

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. 

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. 

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. 



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? 

decision 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, STRADlS 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. 



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 flo~v diagrams. 

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. In addition to covering the 

systems development aspect, YSM also covers the organisational activities. 

2 .2 .3 .2  B l e n d e d  S y s t e m s  D e v e l o p m e n t  M e t h o d o l o g i e s  

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. 

SS ADM 

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. 



Process Model 

SSADM adopts the Waterfall model 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: 

1. 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 

2. 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. 

3. 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. 

4. 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". 



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 normalization. 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. 



Method 

The IE systems development methodology includes four main levels or layers: (Avison & 

Fitzgerald, 2002) 

Information strategy planning 

The aim here is to construct an information architecture and strategy for the entire 

organisation to identify relevant business areas. 

Business area analysis 

The business area's system requirements are then mapped out. 

System planning and design 

Establish what the user wants and how it can be attained using technology. 

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 & Fitzgerald, 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  O b j e c t - o r i e n t e d  S y s t e m s  D e v e l o p m e n t  M e t h o d o l o g i e s  

Here the systems development methodologies that will be discussed are Object-Oriented Analysis as 

well as RUP. 

Object-Oriented Analysis (OOA) 

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). 



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: 

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. 

ldentifying Structures 

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

ldentifying Subjects 

This activity divides the model into more manageable groups. This helps to reduce the 

complexity of the model produced so far. 

Defining Attributes 

This activity defines the data elements of the objects, while giving more attention to attributes 

that define the state of the object. 

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. 



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 OOA 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 

R U P  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. Construction 

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 worktlow being a sequence of activities that produce a result of 

observable value. 

These nine worktlows are: 

1. The business modeling workflow 

2. The requirements workflow 

3. The analysis and design workflow 

4. The implementation workflow 



5. The test workflow 

6. The development workflow 

7. The configuration and change management workflow 

8. The project management workflow 

9. 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  R a p i d  d e v e l o p m e n t  S y s t e m s  D e v e l o p m e n t  M e t h o d o l o g i e s  

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. 



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: 

Requirements planning 

Much effort is put into the definition of requirements phase. Here the high-level management 

requirements of the system are idenlified using the 'Ijoint requirements planning" and "joint 

application design" (JAD) techniques. 

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. 

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. 

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. 



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 

evolutionarylprototyping approach. It 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 ~nethodology is speed of development. 

Process Model 

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

Method 

There are five main phases in the development life cycle: 

Feasibility study 

The feasibility study is a short, sharp exercise. Howard (1997) states that DSDM is not 

recommended for real time applications. 

Business study 

This phase is to gain understanding ofthe business processes involved. 

Functional model iteration 

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

development of prototypes and software. 

System design and build iteration 

This is where the system is built, ready for delivery to the users. 



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 JMRAD 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. 

Extreme Programming (XP) 

This discussion of Extreme Programming is based on the work ofJeffries (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 handle 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. 



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 lo), working closely 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  P e o p l e - o r i e n t e d  S y s t e m s  D e v e l o p m e n t  M e t h o d o l o g i e s  

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. 



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 I : 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 I1 : 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 I I 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. 



2.2 .3 .6  O r g a n i s a t i o n a l - o r i e n t e d  S y s t e m  D e v e l o p m e n t  M e t h o d o l o g i e s  

0 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 

2. Problem situation expressed 

3. Root definition expressed 

4. Conceptual model 

5. Real world1 conceptual model comparison 

6. Feasible and desirable change 

7. 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. 



2.3 Some examples of systems development methodologies developed 

for telecommunications software 
In the above section some formal systems decelopment 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 telecorn 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 thc 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 development of telecommunication software. The systems development 

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

2.3.1 MODA-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 (Model Driven Architecture) to the development of 

telecommunication projects. This definition. holbever, is not meant to be a rigid definition, rather, it 

is 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. 



Method 

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

activities". It  should also be possible 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 el 01.. 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 et 01.. 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 detined as being the project preparation activities. Although 

they are setup before project execution they are often revisited and revised throughout the 

project development process. 

2. Preliminary preparation 

Here the modeling and transformatioil 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. 

3. 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. 



4. Infrastructure setup 

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

metadata 

5. Project execution 

After the preparation phases, the final product and anifacts 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 e> t r l . ,  2004) and the activities 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 ofthe 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 later 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 profiles. 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 he made much more transparent by using model 

transformation to create the meta-models and profiles used for deployment information. 



Maintenance phase 

The MDA advantages of traceability and model references could be a great help during 

system maintenance. The maintenancc 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 well as the flexibility is improved. The 

object-oriented nature of the systems development methodology enables the reuse of existing 

development processes in organisations and prqjects. 

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, rt 

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

Process Model 

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

Method 

The systems development methodology consists of 5 phases, each with several stages and with one 

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



The systems development methodology is ordered into phases as  follows: 

I .  Explore 

In 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 al-s documented in a suitable, agreed to format. A plan 

is also developed for handling system expansion and growth. Project establishment includes 

personnel 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. 

2. 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. 

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. 111 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 ..\\orking days" to develop the system. 



Working day 

In this stage the functionality that \\.as planned in the previous stage 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. 

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 requil-es further development. the process returns to the planning 

stage for another iteration. 

Stabilize 

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

stabilize the system and wrap-up the documentation. 

System Test and Fix 

By doing system and acceptance tests. defects in the software are identified and the defect 

information is docunlented 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 development 

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 tbllowing nine principal elements: 



Phasing and  pacing 

The projects are performed in iterations of uliich 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 Plannins and Release Days 

User-Centered Focus 

Emphasis is placed on identifying and filltilling 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 

Accept the validation scenario. In this case the validation scenario can be included 

into requirements use-cases 

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). 

3.  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. 

4. 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 \\ell as data 

flows. In this step, an effort is still made to detect any faults in the user requirements 

5 .  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 



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. 

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" 

Techniques 

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.l). 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. 

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 



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 actually used. The framework for comparing system development methodologies, developed by 

Avison and Fitzgerald (2002) will be used. 

2 .4 .1  Framework 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: 

I .  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). 



The philosophy is the set of principles on which the systems development methodology is 

based. This can further be divided into four factors. 

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 metliodology? 

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? 

2. Model 

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). 

3.  Techniques and tools 

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

during the development process. 



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: 

0 Strategy 

Feasibility 

0 Analysis 

0 Logical design 

Physical design 

Programming 

Testing 

0 Implementation 

0 Evaluation 

0 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. 

Outputs 

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. 



2 . 4 . 2 A  C o r n ~ a r i s o n  o f  T e l e c o m m u n i c a t i o n  S y s t e m s  D e v e l o p m e n t  

'hilosophy 

Paradigm 

- 
Objectives 

MODA-TEL 

It is a MDA based 

systems development 

methodology. Although 

the steps involved in the 

actual development of 

the system are not 

covered, it is known that 

one of the characteristics 

of a MDA based 

approach is that it is 

Object-Oriented and 

thus also falls under the 

science paradigm. 

The main output of the 

systems development 

methodology is to create 

not only the required 

system, but a knowledge 

base that can be reused 

in the development of 

other projects 

vlobile-D belongs to 

he science paradigm, 

;eeing as it breaks up 

he system into parts 

hat are then iteratively 

leveloped. 

rhis systems 

levelopment 

nethodology's focus is 

iolely on the 

levelopment of a 

:omputerized system. 

Mansurov 

It is based on an 

3bject-Oriented 

systems development 

methodology. 

4ccording to Avison 

md Fitzgerald (2002), 

00.4 falls under the 

science paradigm. 

This systems 

jevelopment 

nethodology focuses 

~ure ly  on the 

levelopment of a 

:omputerized system. 



Domain 

Target 

-- I The step described in 

his systems 

levelopment 

nethodology aim to 

etup a knowledge base 

vhich can be reused for 

lther projects. Hence 

he systems 

levelopment 

nethodology does not 

;olve a specific 

~roblem. but tries to 

:reate a base from 

which many different 

~roblems can be solved. 

rhough the systems 

ievelopment 

nethodology has been 

ieveloped for 

iistributed systems in 

he telecom domain, it 

:laims to be general 

:nough to be applied to 

>ther domains as well. 

All the phases defined 

n this systems 

levelopment 

nethodology are aimed 

owards solving a 

ipecific problem 

The Mobile-D systems 

levelopment 

nethodology is an agile 

3pproach geared 

jpecifically towards the 

ievelopment of mobile 

ipplications. 

In the user 7 
requirements phase of 

this systems 

development 

methodology, the use- 

case technique is used 

to determine what the 

system is supposed to 

do. Use-cases 

determine what the 

interactions between 

different actors and 

between actors and the 

system are when a 

specific goal needs to 

be achieved. The aim 

of this systems 

development 

methodology is thus to 

solve a specific 

problem. 

This systems 

development 

methodology has been 

specifically designed to 

"improve software 

engineering in the 

telecommunication 

industry". 



Model The systems 

jevelopment 

nethodology allows the 

Aeveloper to choose the 

model that should be 

~ s e d  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  a1 (2004) termed it 

Model Driven 

Engineering. 

The model used during 

ievelopment is 

iependent on the 

architecture chosen 

iuring the "Initialize" 

phase. Generally the 

modeling is limited to 

sketches and short 

documents as needed 

during development. If 

models and 

documentation are 

needed, they are 

xeated afterwards. 

an extremely important 

factor in this systems 

development 

methodology. The 

Specification and 

Description Language 

(SDL) is used 

throughout the systems 

development 

methodology. It is used 

in modeling the user 

requirements together 

with UML Sequence 

Diagrams andlor 

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. 



rechniques an 

tools 

Scope 

- -  

Once again the sqstems 

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 arc 

used in the systems 

development 

methodology to define 

models and Mzta 

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. 

The actual scope of thc 

systems development 

methodology is 

dependent on the 

development process 

chosen by the developer. 

Most of the phases 

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 tool 

be used. 

During developrncnt 

used in the systems 

development 

methodology is to 

acquire user 

requiremenls by means 

of use-cases. Tools are 

also used in the 
I 

A dominant technique 

Design 

Programming 

Testing 

Implementation 

Evaluation I 
42 

Analysis 
I 

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. 

In the systems 

dcvelopment 

methodology, six 

phases are identified. 

Analysis 

Logical design 

Physical design 



defined in the systems 

development 

methodolugy 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 
I 

Analysis and design 

Implementation 

Test and integration 

Deployment 

Maintenance 

I . Programming I 
1 (Code generation) 

Automatic code 

synthesis 

Testing 

Maintenance 

The maintenance 

phase is not only 

for newly 

developed systems, 

but the systems 

development 

methodology 

descrihes an entire 

process for 

documenting and 

maintaining legacy 

systems. 



rhe main output of the 

iystems development 

nethodology is to create 

lot only the required 

;ystem, but a knowledge 

lase that can be reused 

o develop other project: 

%is systems 

ievelopment 

nethodology has 

icadernic roots, but a 

:ase study is given of 

MODA-TEL being usec 

it France-Telecom 

completed and 

implemented after each 

iteration. Analysts can 

determine whether they 

are proceeding 

correctly by performing 

post-iteration 

workshops 

-- 
The systems 

development 

methodology was 

developed in practice 

with the help of three 

mobile software 

companies 

stage of the systems 

development 

methodology are very 

specific. From user 

requirements, to 

validation, to design 

and code generation, all 

have a certain o ~ ~ t p u t  

that needs to be 

produced 

Academic background. 

It is not known if the 

systems development 

methodology is used by 

any company 

A part of the product is 

Table 2.1: Comparison of mobile telecommunication system development methodologies 

2.4 .3  Conc lus ion  

The outputs of each 

After comparing the three telecorn 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. 

1 



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 methodologies, it is noted that the 

phases defined 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 developnlent 

process. MODA-TEL aims at creating the end product as well as a knowledge base that can be 

reused to develop other projects. Mobile-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 developnlent 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. 

While 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 Mobile-D is 

based. The same is true of the techniques used during development. Typical object-oriented 



techniques are used in MODA-TEL and Mansurov, while Mobile-D uses typical XP style 

techniques like test driven developn~ent, 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 methodologies 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 hill show if 

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

2.5 .1  S o f t w a r e  D e v e l o p m e n t  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 model (Coallier, Graydon & Ficcici, 1995). 

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. 



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 

Use CASE tools to automatically generate code, prototypes and specifications 

Use formal methods when critical software components are being developed . Use formal document notation to document requirements, the design of the product, code 

generation, test cases and maintenance plan 

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

review sessions 

Facilitate the reuse of source code andlor 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 .2Te lecommunicat ions  Env i ronment  

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

of these elements will be discussed below, with the key elements displayed 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 components 

in different locations running separately and in parallel. 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 scalability. This is due to the 

fact that telecommunication networks are very dynamic and tend to growlchange 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). 



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 telecomniunication 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 

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

The issue of security is also very important, especially 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: 

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

the building of such systems 

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. 



. Help to reduce the cost of the project 

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

company 

Be able to handle and evcn rcduce the complexity of the product being developed 

Reduce the time needed to development the system. 

2 . 5 . 3 S y s t e m s  Deve lopment  Methodology D i s c u s s i o n  

In this section how the three telecomrnunications systems development methodologies adhere to the 

element discussed in the above two 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 ncvcr adhered to or not mentioned 

(No). or is sometimes adhered to or briefly mentioned (Maybe). 

Software 

Development Needs 

Well-documented 

malysis and design 

)base 

MODA-TEL 

Yes. The systems 

development 

methodology 

specifically states tha 

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 

Mansurov 

Yes. Analysis and 

dcsign is a focus area 

of this systems 

development 

methodology. The use 

of formal 

specification 

languages to 

document thc uscr 

requirements, analysis 

and design data are 

mandatory 



'rototyping 

\utomatically 

Cenerate code, 

Irototypes and 

;pecifications 

No. Although 

prototyping can be 

incorporated in the 

chosen systems 

development process, 

no mention is made of 

it in the systems 

development 

methodology itself 

Yes. During the 

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 

model transformation 

and code generators 

Kpro to typ ing  is not 

~ s e d  in this systems 

levelopment 

nethodology 

Vo. All specifications 

ire developed 

nanually, while code 

.s developed by 

neans of pair 

~rogramming 

/ Maybe. Automatic 

generation of 

prototypes from 

formalized models are 

mentioned. but not 

required 

- 
Yes. All 

specifications are 

formalized. 

SDL models are 

automatically 

generated from MSC 

models. After this the 

SAM model is 

generated from SDI, 

which in turn is used 

to generate the 

product code 

automatically 



'ormal document 

lotation 

itrenuous testing and 

eview sessions 

- - 
ieuse 

Yes. During phase 2 

~f the systems 

jevelopment 

methodology, a 

modeling language is 

iefined for 

representing data, 

business processes, 

user requirements etc 

Yes. Once again, this 

depends on which 

systems development 

process is chosen 

during the project 

management phase. 
I 

The systems 

development 

methodology, 

however, docs suggest 

that testing should be 

done and well 

modeled, utilising 

industry standards 

Yes. Although 

MODA-TEL does not 

specitically talk about 

reusing code. one of 

the systems 

document notation is 

defincd for this 

systems development 

methodology 

No. No formal 

- - 
Yes. The whole 

development process 

is test driven. Before 

releasing code it is 

tested, and there is 

also a system test and 

Yes. Formalised 

fix phase that 

iteratively tests the 

system and tixes any 

problems 

No. 'There 1s no 

mention made of 

reuse in the systems 

development 

methodology 

locurnents and 

jpecification 

languages are a main 

focus area for this 

systems development 

methodology 

Maybe. l'hroughout 

the project the 

specifications are 

validated and are used 

to generate test cases 

automatically. Even 

tho~igh 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 

No. Some parts of 

specification 

documents can be 

reused, but other than 

that no mention is 



Distribution 

Scalable product 

development 

methodology's main 

focus points is on 

defining and reusing 

components of the 

debelopment process 

Yes. Specifically 

designed for 

developing distributcd 

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. Technology 

independent modeling 

quickly and easily 

irnplcments any new 

system elements or 

technologies 

Yes. This systems 

ievelopment 

methodology has been 

designed for mobile 

jystems, with its 

inherent distribution 

Yes. During the 

rxplore phase plan is 

npecifically developed 

For handling system 

rxpansion and growth 

/ made of reuse in the 

systems devclopment 

methodology 

Maybe. The systems 

development 

methodology does use 

niodels and languages 

that habe been 

standardised for the 

telecommunications 

industry, but it does 

not specifically takc 

distribution into 

account 

Yes. The systems 

development 

methodology also 

discusses how 

existing systems can 

be modeled for 

redevelopment and 

enhancements 



3exible and 

4daptable product 

Reduce cost of projec 

Communication 

medium 

Reduce complexity o 

product 

Yes. Meta-data 

repositories are 

created which assist in 

dynamically 

discovcring new 

services and making 

them available to the 

clients 

Maybe. The use of 

MUA model is 

credited with reducing 

overall development 

cost 

Yes. UML is used to 

communicate the 

system throughout the 

company 

Yes. The project 

follows an established 

model based approach 

and first breaks up the 

development into 

modular pieces. All 

this contributes to 

Yes. During the 

explore phase the plan 

is specifically 

debeloped for 

handling system 
I 

Yes. Adaptable code 7 generation procedures 

help to keep the 

product as well as the 

development process 

expansion and growth I flexible and adaptable 

I 

Yes. Techniques used 

such as refactoring 

can reduce 

development cost 

No. No formal 

documentation or 

modeling language is 

used 

Yes. The system is 

first broken up into 

modular pieces. Using 

the refactoring 

technique during 

development also 

decreases the 

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 

Yes. Everything is 

formally documented 

and modeled and 

these models are used 

to communicate the 

requirements 

throughout the 

company 

Yes. Everything is 

formally documented 

and modeled. This 

reduces the overall 

complexity of the 

development. 

Also, the system is 



ceduce development 

.ime 

:Iiminating 

:omplexity 

Maybe. The use of 

LlDA model is 

xedited with reducing 

.he systems 

ievelopment time 

Yes. The focus of the 

jystems development 

nethodology is 011 

speed of development. 

Another contributing 

factor is that it uses 

very few documents 

jivided into modular 

sieces 

6 s .  The use of 

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 

automatically 

generated 

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

2 . 5 . 4 S u m m a r y  

The three teleco~nmunications 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 et al. 

(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. 



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 computeri~ed system was 

done. Three systems development melhodologies that wcre developed specifically for the 

telecommunications domain were discussed. These three systems development methodologies n8ere 

then compared using the framework suggested by Avison and Fitzgerald (2002) in order to identify 

any differences or simlnilarities 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 telecomn~unication environment to identify somc of 

the needs and challenges faced when developing mobile telecomtnunication 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. 



CHAPTER 3 

3. RESEARCH D E S I G N  

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 thc 

research paradigm, followed by a discussioll of the different research approaches. After 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 underlying 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 

epistemologiea 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 researchcd by understanding the 

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

people within it. 



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 (Cilgun, 1992). Besides the difference of words and 

numbers, there are a few other differences between the two research approaches. Sis differences 

between qualitative and quantitative research methods, as found in Sharp and Frechtling (1997) will 

be discussed. 

. Value of data 

The information gathcred through quantitative research is more representative and broadly 

generalisable. A drawback is 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 

believed 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 quantitativc 

results (Seaman, 1999). 



. Philosophical distinction 

Researchers differ ahout 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 control the context" (Sharp & Frechtling. 1997). 

Credibility of findings 

This refers to the feeling of the research audience towards the typc 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 

qual~tative research methods l ~ k e  observations. interview$ and focus groups. whilc quantitative 

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

Time constraints 

Because of the overlapping processes of data collection and analysis, qualilative methods are morc 

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 complex~t~es  of human behaviour (Seaman. 1999). 



3.4 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 nlethod was used. Therefore, case studies will he discussed in 

more detail. 

3.4.1 E thnography  

When using "Ethnography" as a study melhod, 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 

allows 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). 

3.4.3 Case S t u d i e s  

One of the methods used in qualitative research is the case study method. By using thc 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 thc 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). 



3.4.4Qual i tat ive 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  C a s e  s t u d y  s teps  

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 methodologics used, if any, by 

companies in South Africa in the development of teleco~nmunication 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 lo de+elop 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 mould increase the scope of the case studies to 

cover as much of the telecommunications domain as possible. 



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 sub.ject 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. 



0 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.ti, 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  A r g u m e n t s  a g a i n s t  c a s e  s t u d i e s  

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. 20041. 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 issue 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). 



3 . 4 . 4 . 3  A r g u m e n t s  f o r  c a s e  s t u d i e s  

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 el 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  P r i n c i p l e s  f o r  i n t e r p r e t i v e  f i e l d  r e s e a r c h  

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): 

I )  The fundamental principle of the hermeneutic circle 

This is 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. 



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 & Klein, 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. 

3.5 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. 



3 .5 .1  Part ic ipant  Observat ion 

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 .2  Focus 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 .3  lnterviews 

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 .4Da ta  col lect ion method used in  th is  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 W h y  I n t e r v i e w s  

The reason why the use of interviews mas 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. 



Some further advantages of face to face interviewing, according to Thomas and Brubaker (2000) 

are: 

0 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 

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

emotional reaction. 

3 . 5 . 4 . 2  T h e  I n t e r v i e w  

lnterviews 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. Unfortunately 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. 



Some of the advantages and disadvantages of using the converging approach, according to 

Mahoney (1997) are: 

Advantages 

o 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 

o 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 

o 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 S e t t i n g  u p  

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 telecomniunications 

environment, taking into account the development of different software types as well as different 



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. 

After 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 



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 telecomn~unication 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 1 

Systems development 
methodology use 

Specifics of the 
telecommunication 

environment 

f 

Fig.3.1 Research design. 

+ 
Systems development 

methodology effectiveness 



3 . 5 . 4 . 4  I n t e r v i e w  Q u e s t i o n s  

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 disc~~ssed 

above in section 3.5.4.3. These questions focused on gathering information about systems 

development methodology use, systems development methodology effectiveness and also specifics 

of the telecommunication environment. 

General Questions 

Table 3.1: General questions asked during interviews 

?uestions: 

rell me a bit about your company? (Size, 

~hilosophy, age, etc.) 

What is your position in the company and 

what are your main tasks? 

-low many years experience do you 

lave? 

Motivation: 

Get more information specific to the company. 

Some companies focus only on development. 

while others might focus on solutions and 

maintenance 

This might cause different viewpoints of system 

development. For instance, a developer, an analyst 

and a project manager could all have different 

knowledge about different aspects of system 

development 

The level of the interviewee's experience gives 

some background information on the interviewee 



Mini RQ 1: System Development Methodology use 

Questions: 

What type of systems do you develop? 

(Size, function, etc.) 

Tell me about the different phases and 

processes you follow during systems 

development 

Are these formal processes or were they 

developed in house? 

Motivation: 

Different types of systems could lead to different 

methods of 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 specitic phases or 

processes 

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: 

Are you required to develop a system 

using these phases, processes and 

techniques, or do you use them of your 

own accord? 

How do you feel about the effectiveness 

of these processes? 

How would you alter the development 

process to increase effectiveness? 

Could you elaborate on any specific part 

during systems development that is 

Motivation: 

When the developer is required to use a specific 

methodology. helshe has to use it, regardless of 

any faults helshe might find in it, which leads to 

the next question 

This answer could lead to great insight into how 

certain problems in telecommunication system 

development should be solved 

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 



difficult or problematic? 1 and also leads to the next question 

I 

effectiveness 

Mini RQ 3: Specifics of the telecommunication environment 

How are these problems solved? 

projects? 

How successful are your development 

Questions: 

Do you have experience in the 

development of software other than 

telecommunication software? 

In your opinion, how does 

telecommunication software development 

differ from other types of software? 
-- 
What do you feel are the effects of these 

differences on the development process'? 

This could identify certain processes that are being 1 
used, or could be used, as well as how effective 

they are at solving the proposed challenges 

This is a good measure of the effectiveness of the 

development process. The interviewer had to keep 

in mind that there is a chance of this question not 

Motivation: 

lf the interviewee's knowledge is limited to 
I 

How successful are your 

projects? development process. The intewiewer had to keep 

in mind that there is a chance of this question not 

being answered truthfully 
-- 
Table 3.3: Questions asked during interviews on system development methodology 

telecommunication systems, it could have an I 
effect on the answer to the next question 

This question identifies the specific needs of the 

telecommunication architecture 

This question tries to establish whether a systems I 
development methodology 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 



3 . 5 . 4 . 5  C o n d u c t i n g  t h e  i n t e r v i e w  

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 

summary 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. 

"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 

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 further 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. 



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. 

3.7.1 Constant  Compar ison  

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 



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. 

3.7.2 Cross  C a s e  Ana lys is  

If it 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 off by comparing only two cases, as if they 

were the only two available (Seaman, 1999). Comparing these will then lead 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 . 3 D a t a  ana lys is  m e t h o d  used  in  th is  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.ti, 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 availability. 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. 



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 for 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 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 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 lefi 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 matris contain data gathered from the cases that apply to the specific subject. 



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. 



CHAPTER 4 

4. RESULTS O F  C A S E  STUDIES A N D  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 question 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: 

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

in the developnlent of telecommunication systems 

Highlight certain key aspects of mobile telecommunication software development 



8 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 systcms, 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 systcms development methodology was 

gained. 

4.3 Results 

For this case study, in depth interviews were conducted at three different companies that were 

chosen as representativc of the different mobile telecommunications systems available in South 

Africa. The issue of size difference led to 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. B e h e  the interviews were held, the author researched and went 

through any documents and ncwb articles that could be found about the companies. This helped to 

give an increased insight into the culture and htstory of the companies at which the interviews were 

done. 

In this section 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 

anonymous, and as such the companies' real names would 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 development methodology of each 

company used during the development process will be presented by breaking the methodology down 

into the components discussed i n  the definition of a systems development methodology in Chapter 

2. This seeks to answer the original research question of: "How are mobile telecom~nunication 

systems developed in practice?" 



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 pal-[ 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 inherent 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. 

4.3.1 C a s e  1: Company 1 

4.3.1.1 C o m p a n y  d e s c r i p t i o n  

Company 1 is a big mobile telecommunications service provider and software development centre. 

Thcir 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 telecommun~cations systcms, from cus~omer 

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 1 was done at their headquarters in Midrand whcre their IT department is 

situated. The company allowed the researcher to conduct only one inte~view, stating that thelr 

department was extremely busy a$ 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 thc interview by drawing on the interviewee's experience in 

both fields. The interview was hcld 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 



interview would be. Following this the interviewee immediately explained the process the company 

followed when developing a ncw systcm. This was followed 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 telephonically to follow up on any information that wab felt to be unclear or insuffic~ent. 

After the analysis of the case studies, the propos~tions 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 1.  Before that he was a developer at 

another telecommunications company. 

4 .3 .1 .2  S y s t e m s  d e v e l o p m e n t  m e t h o d o l o g y  

4.3.1.2.1 Systems development methodology used 

When developing new systems the company did not use a formally devclopcd systems development 

methodology, as those discussed in the first part of Chapter 2. One of the main reasons for this was 

because the interciewee 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 alm 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 (he 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. Spccd 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 follows a linear style, with some modular development that could be done in 

iterations. 



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 thc development procesq. Not 

only are the requirements neccssory 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 managcr. 

This requirements document is often incomplete and should first be extended before the 

system can bc 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 document which is rcvicwed by the project manager and developers before 

development 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 one sentence one has to make a project," 

29) and although developing a system without con~plete user requirements IS possible and 

some timc 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 I know for a fact that the end product wc d e b e r  is 

what everybody agreed to" (87). 



3. 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 department (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 Tor the system to run on should also be addressed during 

the design phase (61). 

4. Development 

After the system has been designed and broken down into modular parts the developmertt of 

the system can begin. The interviewee stated that control 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 framc (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 



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 programming in 

Microsoft dot Net (51). Some of the other languages like Delphi and HTML are also used, 

though not as much (5 1). 

5. Testing 

After the system has been developed and the different modular parts have bccn combined, the 

system can now be lested. Some clcments 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 acceptancc testing 

(UAT) "You release to the users for user acceptance testing" (75). Depending on the outcome 

of the UAT, the product can then he released. 

6 .  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. 

7. 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 somethmg 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 o f  the resources away from development. in that the developer that worked on 



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 focus 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 Uscd 

o Specification Document 

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 comn~unicating the project information throughout the business. "When 

we get the specification document, we distribute it to all the departments" (69). If thc 

specification document is thought to be incomplek (ur unclear) it is extended to a 

functional specitication. 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 

to have with othcr systems?" (71) 

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

flow diagram (12). 

o Flow Diagram 

The user specification can be used to create a flow diagram. "What I do with the 

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

interacts with other systems in a much more logical and readable way. 



Tools Used 

Whether company 1 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  K e y  a s p e c t s  o f  m o b i l e  t e l e c o m m u n i c a t i o n  s o f t w a r e  d e v e l o p m e n t  

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 wherc flexibility is needed during the 

development process is to handle any unforeseen events. "Today cvcrything works fine. tomorrow 

nothing works anymore" (83). These unforeseen events werc mostly caused by issues with 

previously built systems, which then first had to be resolved before normal development could 

continue. 

4.3.1.3.2 Developmenf Time 

One strong aspect oT 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 devclop 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 available 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). 



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 otien 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 I were in constant communication with other systems and nctworks. 

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 \vhether the 

system correctly interfaces with the other networks before launch. "If 1 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 system and brings 

with it numerous challenges. 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 K A S A  (22), and that in the telecoms industry. security is very important (53). 



14.3.1.3.5 Security 

Security is a very important issue in all of IT (41) and especiallq 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). Setting up this backup strategy and making sure the hackup is 

complete and virus free is challenging. 

4 .3 .2Case  2: Company 2 

4.3.2.1 C o m p a n y  Descr ipt ion  

Company 2 is a mrdium sized company with about 30 employees i n  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 systems. The telecommunications systems they develop 

though focuses more on mobile entertainment services (like ringtones, logos, picture messages, etc.), 

incorporating SMS, MMS and web based "WAY 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 he 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 fulfilled 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 alm 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 I ,  the interviewee was contacted telephonically and via email, and asked 

to elaborate on any issues that the researcher found to bc unclear. The results and propositions were 

emailed to the interviewee for confirmation and feedback purposes. 



The interviewee had, until the time of the interview. live 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  S y s t e m s  d e v e l o p m e n t  m e t h o d o l o g y  

4.3.2.2.1 Systems development methodology used 

Company 2 used an in-house developed systems development methodology ("Its 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 more 

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). l h e y  also recalled that in their experience. bigger companies that have many 

strict procedures io follow, "takcs 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. 



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 thc 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 neglected somewhat. "The whole procedure of getting the requirements 

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

2. Dcsign 

The i n t c~ i ewee  elaborated very little on the subject of planning and design. In fact it seems 

that design phase is often disregarded hecause 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). 

3. 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 ( I  8). In the 

interview it was specifically stated that most big companies they work with nsed strict 

procedures during systems development. "So they have a much more strict procedure for how 

everything works, and it takes forever" (I 8). 

Development platform and Reuse 

One of the elements that played a major part during the development process was the fact that 

they reused many pre-developed code and system parts (26.27). "We try to reuse as far as we 

go" (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 



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. "Rathcr 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 Not 

iiamework with C# being the main development language (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 from an operational aspect" (291, so after the system is releascd. it is monitored 

and tested constantly by maintenance personnel to 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 aRer 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 



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  K e y  a s p e c t s  o f  m o b i l e  t e l e c o m m u n i c a t i o n  s o f t w a r e  d e v e l o p m e n t  

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" (1 9). 

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). 



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  C o m p a n y  D e s c r i p t i o n  

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 



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  S y s t e m s  d e v e l o p m e n t  m e t h o d o l o g y  u s e d  

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 



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 interviewers 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 

1. 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 

(I 7) and sent back to the user for approval (13). In an ideal world one would wait until the 

document is returned before development starts (1 81, 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" ( 1  8). 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 conies in during the user 

requirements gathering phase, and remains an issue throughout the project, is managing 



customer expectations (41) and ensuring that the idea the customer has in his head, is what 

he is actually going to get. 

2. 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" (1 1). Furthermore, these 

applications can be distributed across several physical machines. "They don't have to be 

running on the same machine" (I  I). All of these issues have to be taken into account when 

designing the system. 

3. 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). 



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). 

4. 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 (3 1). 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 of? (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).  

5. 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 sell 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 systems 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).  



Techniques . 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 specification 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 wc 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" ( 4 9 ,  while tools are also used for management purposes, likc 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 



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  K e y  a s p e c t s  o f  m o b i l e  t e l e c o m m u n i c a t i o n  s o f t w a r e  d e v e l o p m e n t  

4.3.3.3. I Flexibility and Adaptabiliiy 

Company 3 declared that they were very flexible in their approach, and that this approach is very 

advantageous. T h e  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..?.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 

and 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 



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). 

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 tit 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 uscd ("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 bc 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 feu.  "It is a vcrq big. multi 

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 barrier of entry (69). 



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 (1 5, 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%. 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 



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. 

4.5.1 S y s t e m s  d e v e l o p m e n t  m e t h o d o l o g y  u s e d  

4.5.1.1 S y s t e m s  d e v e l o p m e n t  m e t h o d o l o g y  u s e  

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 still much debate 

about this issue in academic circles, many believe it to be true. Avison and Fitzgerald (2002, p31) 



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. 

P r o p o s i t i o n  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  P r o c e s s  M o d e l  

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. 



4.5.1.3 A p p r o a c h  

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

code generation phase 

4.5.1.4 M e t h o d  

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

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). 



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 timc 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 companics. This was, as stated above, because of time constraints and 

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

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 elemcnts 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 

difficult part. 



Modular Development 

All the systems that were developed were developed in modular parts. These wcre identified durmg 

design, then developed and tested. After this the modular pieces would 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 allowcd the conipanies 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 "Thc Engine". 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 docs 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 1 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 1 and 2 the MicrosoR 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. HTMI. 

Company 2: VB 

Company 3:  Java, C, Delphi, XML, Object Pascal 



In Company 3, Pascal was only used to develop non core applications. Thcsc non cure 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 thc 

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 el 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 deueloped. Both companics whose syslems communicated with telecommunications users, 

made use of mainly Microsoft development languages, 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 built as fast as possible and any 

errors were fixed afterwards 



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 dcvclopment time became an issue. 

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 peoplr: who monitor the system after the system has been rolled 

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 errors 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 I states lhat 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 stated 

that system maintenance is "mission critical". This is confim~ed in April and Coallier (1995) who 

stated that defects in telecommunications systcms are unacceptable. 

4 .5 .1 .5  T e c h n i q u e s  

Specification Document 

A trend emerged that the one document that is always used in the development process is 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 ofcommunicating this information throughout the business. 



One type of specification document uhich is uscd 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. 

If the specification document is thought to be incomplete it is cxtended to a functional 

specification. This functional specification goes into more dctail 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 1 also used a flow diagram and functional specification. 

Tools Used 

Company 3 used some tools in their development for testing and statistics. It also 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 arc 

used, which means that the same code can be used for different development by simply 

changing a few lines of code. 

Whether Company 1 used tools dependcd on the project. I'he tools that they used were 

mostly project management tools, and these tools were only used for big projects. 

Both Companies 1 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". 



Proposition 8 

All of the companies utilized tools in the development process. The tools used ranges from 

development tools. most of which have been dcvcloped in-house, to testing tools and project 

management tools. 

The more user centered applications of Companies 1 and 2 were mainly built using Microsoft based 

tools while the network focused applications, especially at Company 3 were not Microsoft based. 

4 . 5 . 2 K e y  aspects  o f  mobi le  te lecommunicat ion  sof tware  
deve lopment  

4.5.2.1 Flexibi l i ty  and Adaptabil ity 

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 documcntation 

allows any changes to be addressed very quickly. 

Part of Company 2's strategy for keeping a system flexible is to reuse ready developed code. 

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 

The need [or 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 flexible 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 too much documentation and looking to reuse ready 

developed code as much as possiblc. 



4 .5 .2 .2  D e v e l o p m e n t  T i m e  

The time available to develop a telecommunications system is generally very short. Many times 

development times were said to be a few weeks. Because of thebe short development times there is 

not always time to draw up accurate specifications, or to do proper testing. Companies I and 2 

believe that using formal systems development methodologies increased the time it takes to develop 

a system. In an industry 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 car1 be used by many unforeseen circumstances such as 

developers having to stop what they are busy with and do maintenancc 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 getting 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 generally fall into this class of projects, as opposed to 

"contract-driven projects". Where "conformance to requirements and compliance to regulations is 



more critical." (Telclogic, 2006, p3). Projects that fall into this second class usually have very long 

devclopment times, because they have to adhere to strict policies. 

Proposition 10 

Time constraints on projcct 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  C o m m u n i c a t i o n  w i t h  o t h e r  s y s t e m s  

In any telecommunication system, one is constantly linked with other networks. This means that the 

system has to be synchronized between 2 or more systems all the time. An attribute of both 

Company 2 and 3's systems was that they kept them open and adaptable to be ablc 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 ihe 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 system developed in the telecommunications industry will be in constant communication with 

other systems. This fact served as a big source of difficulty and fr~~stration at Companies 2 and 3. 

These companies tried to keep their systems as flexible and adaptable aa possible, so that they tit in 

easily with other systems. 

4.5.2.4 E n v i r o n m e n t  

The Telecommunications Industry 

The telecommunications industry is a challenging industry to work in. Company I stated that: 

"It is a very challenging environmcnt" (Cl). Company 2 stated that it is "one of the most 

difficult industries to work in." (C2). "It is a very big, mult~ faceted environment" (C3). 

Some characteristics of the telecommunications industry which here  identified in the 

interviews, were: 



0 That the industry is controlled by many governing bodies, like ICASA 

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 

Telecommunications is a "cut throat" market, where everything has to 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 throaY market where system5 have to be developed 

very fast and the systems that are developed influence millions of people, telecommunica~ions is 

constantly growing. Even though telecommunications in South Africa is still immature when 

compared to other countries, it has become an indispensable part of  every day life. 

Challenges 

Teiecommunications 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 difticulties they experienced when communicating with outside 

networks. Company 3 stated 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 I 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 



Technology is constantly evolving ("Every 48 hours' (CI)) 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. Thc protocols that are used are either in-house, or propriety 

sotiware. 

l'wo 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 I concurred with Company 3 on the subject of user 

requiremcnts. This might he because neither of them have a strict user requirements gathering phase 

and they end up with sub standard user requiremcnts. 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 emcrged 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 l i s t  of necessi t ies a systems development  
methodology should  contain when used to develop mobile 
te lecommunicat ions 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 discusscd 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 



4.5 .3 .1  A d h e r e n c e  t o  l i s t  of s o f t w a r e  d e v e l o p m e n t  n e e d s  

Well-documented analysis and design phase 

There was very little emphasis placed on a specilic 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, aftcr which the systems were also divided 

into modular parts. 

A well-documented analysis and design phase is more important in a bigger company thal 

produces bigger, management type systems, as is the case with Company I .  Company I 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 intewiewees 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 specitically stated that they used as  little 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 thc general idea was that testing is a required activity for every system. 

The type of testing done was to ensure the system works, that i t  communicates correctly with 

other systems, and that it does w h a ~  the user espccts. 

Reuse 

Reuse of both code and componcnts were important factors during the development process 

of all the companies. Companies 2 and 3 used and maintained a library of pre-built 



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 icvel systems. They stated that some of the systems could consist of 

thousands of small programmes, on dil'ferent 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 to get things done. 

Added to this is the fact that the systems development methodology has to take into account 

any unforeseen circumstances that might arise during developmcnt. Once again the use of a 

development platform was given credit for keeping the product flexible and adaptable. 

Company 3 attributed their flexibility during thc development process to the small number of 

employees and their sparse use of documentation. 



Reduce cost of project 

Some of the biggest issues effecting project cost were mentioned by Company 1 as being the 

setup of  proper becurity 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 all 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 1 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 system development methodology as possible. 

Reduce development time 

Short development time was considered by all the intewiewees to be a major issue during the 

development of mobile telecommunication software, if not the biggest issue. The companies 

ail 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 starling development and 

using very little documentation. Company I reduced development time hy keeping the 

development process simple and uncomplicated. Being too strict and using formal systems 

development methodologics *ere factors that increased the development time according to 

Companies 1, 2 and 3.  



4.5.3.2 A d d i t i o n a l  s o f t w a r e  d e v e l o p m e n t  n e e d s  i d e n t i f i e d  f r o m  t h e  
i n t e r v i e w s  

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 a way of reducing the complexity of the system, 

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 intetviewees 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 usera. In ordcr 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 each system and monitors system 

functionality from one centralized location using statistics tools. Companies 1 and 2 

continually test each system after release to ensure the system functions and to fix any 

problem as  soon as possible. 



4.5.3.3 Summary  

AAer reviewing the list of  development needs and identifying whether they were deemed important 

as well as how they were addressed within each 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 important issues were identified as being flexibility and adaptability, 

reuse of pre-developed code and components, and decreasing the development timc. Two issues that 

wcrc not so important were prototyping and the automatic generation of code and specitications. 

Three additional issues were identified from the interviews and added to the list, l o  answer the 

original research question of "ldentify a list of necessities a systems dewlopment methodology 

should contain when used to develop mobile telecommunications softwarel" a list of development 

needs is given below: 

Well-documented anal.vsis and design phase 

Strenuous testing and reviem sessions 

Reuse 

Distribution 

Scalable product 

Flexible and Adaptable product 

Reduce cost of project 

Communication mcdium 

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 thc companies, very little emphasis was placed on this phase. 

This list was ihen 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. 



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 results and final conclusions of the study will be given. 



CHAPTER 5 

SUMMARY A N D  FINAL CONCLUSIONS 
5.1 Introduction 

The purpose of  this study was to determine how mobile telecommunication systems are being 

developed 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 methodologies were defined and several methodologies that are currently 

available for use were discussed 

Secondly three methodologies that are used in practice wcrc 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 



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 nicthodology 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 aiier 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. 

0 Approach(es) 

This is the philosophy on which the methodology is built. Different approaches could he 

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) 

4 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 



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 to 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 stated: 

0 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 systems 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. 

5.4.1 Systems deve lopment  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 software 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 developlnent methodologies discussed in Chapter 2. Other similarities include the modular 

development style and the phases that were followed during the development pmcess. Modeling of 

the system, however, did not play such an important role in the in-house developed systems 

development methodologies 



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 too 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 pro-ject. 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 time 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 ~vould be beneficial to the development 

process, but this view was not always adhcred 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 

pieces, 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 



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; Harsu, 2001; Weiss et 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. 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 

Microsoff development languages, while the company who developed lower level systems 

located in the "Telecommunications Infrastructure" layer, did not. 

Proposition 5 

Testing is a required activity for every system that is developed. The type oftesting done was 

to ensure that the systcm 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. 

Proposition 6 

The maintenance of system after release is a major factor 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 priority 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 

dcvelopmeut 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 



while tools used during the development of infrastructure focused applications wcre not 

Microsoft based. 

5 .4 .2Key  aspects  o f  mobi le  te lecommunicat ion  sof tware 
deve lopment  

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 ~ r i t h  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 developcd 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 timc 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 he in constant communication 

with other systems. It is also a fact that any systcms being developed will have to adapt and 

conform to the main networks into which they are introduced. Companies should try to kcep 

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 hecause, although it is a "cut throat" market where systems 

have to be developed very fast and the systems that are developed influence millions of 



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 . 3 A  l is t  o f  necess i t ies  a systems deve lopment  methodology 
should conta in  when used to  deve lop  mobi le  
te lecommunicat ions sof tware 

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 

system: 

Analysis and design phase 

The analysis and design phase should be present to ensure the system integrates with all 

cxisting networks and systems. Breaking up the system into modular pans 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 a 

library of developed code and development components, while also identifying when these 

components could be reused 



Distribution 

One inherent feature of the mobile telecommunications cnvironn~ent is distribution. 

Techniques and procedures should bc available to identify and address the issue of system 

distribution 

Scalable product 

The rapid growth of the industry is a major challenge and the issue of scalability should be 

addressed by the systems development methodology used during the development process 

Flexible and Adaptable product 

The systems development methodolugy used should be flexible and adaptable hecause 

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 sewices 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 methodology 

Communication medium 

It is neccssarq for a company to have some way of communicating the system details and 

requirements to all the developers. This is usually done by means ofdocumentation 

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 systcms development methodology should help to increase the speed of 

developing the system 



Constant communication with other systems 

The systems developed in the mobile telecommunications industry have the characteristic 

that they are in constant communicalion with other systems and netuorks. This should all 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 curnplexity, helps keep systems 

flexible and scalable, 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. 

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 intcrviewees. The researcher minimized the 

negative effect of this limitation by performing in-depth interviews as well as studying any 

docu~rientation relevant to the companies or their systems development process. 

Together with the above, a big limitation was the focus of the study concerning typcs of systems 

being developed (See the discussion nf the service model in Chapter I ) .  This study aimed to study a 

generalised systems development methodology used to develop all the different types of systcms 

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 environment (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 



list. This is a purely exploratory study and future work should be more in-deplh 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. 
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A mrthudolugy 5,ver the 
doelopmen1 process structure 
and makes it manageable 
I t  is mpurtant to h i re  ~tn~cture 
and manageab~llty during 
de\elopment 

It takes a while for the 
developers to accept a new 
methodology 

User PMBOK management 
methodology 

The methodology shauld be as 
simple as poss~ble Thlr helps ro 
smplfy the development 
process and decrease the 
development tme 

When urmg a mrthodology, the 
development is always 
~ueeerrfUl 

The user speclficatm can he 
used to create a flaw dlagram 

Some times the cnttial user 
requiremenu you receive from 
the user are incomplete Often 
consisting of only one sentence 

I he user requtremenrs get d ram 
up m the speclficatm document 

u 

"It taken forever" 

Big compsmer have %er) rtrlcf 
proccdurcr that the) follow and 
ths causes them to take a very 
long time to gel 1h1np.r done 

Use an in-house developed 
methodolog) 

Uses s \cry mtormal 
methodology 

Methalologm must be used to 
ensure a ~uccrrsful system 

A relaxed atmasphere in 
conducwe to product~wfy 

Whether a methodology is used i s  

dependant on h e  type and rze of 
the project as well an the client 

A formal methodology should be 
used for btg projects 
Therr we systems where you 
work wlth money or sens~twe 
data 

Formal systems devrlapment 
methodologies only work in 
theoy, not in pract~ce 

Wy to use a systems development 
methodolagy as far as posscble, 
but w ' r c  not lo str8ct on the 
procedures 
The user requrements get drawn 
up in the spcc>ficattan document 
and apply it to our newark 

Get 11 approved by the users 

Galhermg the user reqummenu 
cr a very mformal process 

methodolagies are amed more a 
bigger compancea 

There i s  not enough time to use n 
formal systems development 
methodolagles 

When using a methodoloey, the 
development Is always ruccersful 

A company should develop its 
own methodology dependmg on 
b e  company character 

The system development 
methodology adapts to the cunent 
prOJcc1 

Used an m-hous methodology 

ry to use systems devrlapment 
methodologies as far as possible 

rhey have the user write down 
#hat he wants. That is  then 
ranslated mto a techmcal 
iocument and sent to the user for 

The trchnml document is applied 
n our engmes 

Narkon the aclwal derelapment 
itans before user requirements 



Spendmg more t m e  gr'hermg 87 
u,cr requrement ensures a benrr 
product 

Get thought patterns o l  users 10 

The specificatmts gathered 
durmg urer requtremtnt anol)srr 
1s used to determme whether the 
prqleclls successful 

Howdoes the current s)rtem 
work 

Thr  specification i s  used to ~ z a i w a y s  tlrne far the deagn 
determme horn the "ern system 
will efYect 311 the currcnl s)rleins 
in the department 

I 

The buzmern rules o f  the 67 
company and departments are 
taken into account durmg 
derelopment 

analyrln have finshed 

Gening user requlremrnts is a 
d ~ t f l ~ u l t  process 

The user rpeclticarxm can ha 12 
used 10 create a tlow d q r a m ,  
showmg the key par8 o f  the 
rysrem and how the system 
interacts rh other systems 

Dwidmg the project into ~ m l l l  73 
pnnr makes the derelopment 91 
much more manageable 

See if \here IE an erlmng 
appllcatlon in place that can be 
reused by makmg s l~ght  changes 
10 the rods 1 1 
System, mtegratm needs :o be 71 The afandardr that are available 
faken into account dm make derelo~meor a lor earm 
developmg a system I 
Ideal \rould be ifthere was a 35 
group of developers that could 
work purely an dcvclopnwnt 
Once that project i s  released. 
mother set ofdcvrlupers wil l  
work rnlelv on mamtenancc 

Brcau,r d t h c  speed of 
dc\e iopmentpu need to bulld 
the system and f ix  m y  problems 
aflemardr 

Strict development procedures 
fake a lonc tlmc 

Control i s  very lmparunt 

Before development starts. 11 

>nust be esrmatrd wnat the 
dcvclupment rime wII be 

When dcplovmg a system a LlAT 
!nus1 first be pcrlbrmad on ths 
temng environment i f t h r  $"stem 
gets U A T  sqnoff, a job order is 
crcatcd, and ihe system is 
de?loved at a t m e  \+hen 
downt8mr w d l  beac~eptilblc 
(Like 12 o'clock of 2 o'clock In 
the mormng) The system is rhcn 
manltored far some t m r  

The platform used lo  develop 
svstems ir modular and l a  d w d r d  
mto functmal  blocks 

P h y s ~ s l  d ~ m b u t i c n  ufrhe 
syrtem components should be 
taken lmlu account when 
denignmgthe system 

Some elemem ofdcvclaprncnl 
stay the same h r  all pralecls I t s  
ILE~ the mplementat,on o f  :he 
d~fferent elements thatdiffer 
Code gencrarmn is alwa),s b e  
same 

Codmg is nn cvsy part ofsofirare 
devclopn~ent 

Whcn r system falls, a "post 
mortem" must k done to 
determule rract ly whcrc the 
problem war And i t  should be 
detem~ned how thls prohlem can 
be el~minated in the future 

9 

I I 

34 

40 

98 

90 

An mponant tact is that there ir 
always a tradeoffbetwen the 
amount o f t m c  rpcnt un 

development and the amount of 
l m e  $gent at lerurdc on I 

u 

You have to develop qulckly 10 

! - 



Nodular 
)evelopmen! 

hvidmg the project mta small 
,am m&es the development 
nuch more manageable 

Nhether bou urc modular 
lsvelopment depends on the rlre 
lfthc prqcct 

,ee ifthere i s  an exlsnng 
~ppl~catmn in place that can be 
eusrd hv makmg sllght changes 
o the code 

iee ifthere is an  exlrting 
~ p p l t c r t m  in place that can be 
eused by making sllght changes 
o rhe code 

i company should be resdy for a 
rrqect From a bclltng - and a 
y s t e m  p a m  ufvlew 

rv to mUIC P ~ C V ~ O U S I ~  developed 
:ode as much as porslble, Thu  
dso lhelps ticth f l r ~ i b h t y  

icady made tools are reused 

b d y  made tools are reused 
rhev tool; are dcvelapcd to 
vandle communtcatmn wcth the 
fatabasesand SMS interfaces 
#hen such functlonalny ir 

e q u m d  in a system the tools are 
e k e d  and reused 

Break Ole devrluprncntup mto 
groups derelop and test them 
separately and combtne them 
a f l e ~ r d r  

Break the developmenr up mta 
groupsand test each mdtrldual 
part separately Then combine the 
parts and do  an ovoroll tes t~ng 

The platform ~lsed to devrlap 
systems is  modular an3 in dlvldsd 
mto funct~ona: blocks 
Ynu dnnl devclop thesystem 
from scratch. You haw a 
platform setup w t h  ready made 
appl~cnrions, whlch youjust 
modtfy to sunthe  rquiremenls 

I he  compan) could hrvc a l h r r y  
orreusable appltcat$ons. 
Then choore the appl~cat~onr  
needed for the project and adlust 
the hzse applications to cater for 
each client's needs 
"The platform smys the same. the 
mterface stays the same, it i s  the 

. , 
of  reusable applicat~ons 
Then choose the appl$cat~ons 
needed for the piqect and adpst  
the base appl~catlons to cater for 
each cl~cnt 's needs. 
"The platform stays the same. the 
lnferhcr zta,s the same, 1, I S  ,he 
~mplementat~on that changes" 

This platform has lube  vrr) 
stable because you can! test and 
qualtfy your appl~callonr every 
tune 

The platfnrm used to de\elop 
system5 is moduldr and l a  dlvlded 
~ n t o  functmrai blocks 

The bllllng appllcat~on, u h ~ h  
could form pan of a system, i s  

part of the plart.orm This mmns 
the blllmg applicattan and 
~mt?rface always stays the same, 
and 13 r eu~ed  in all tile systems 
where billing is requmd 

! 
You don't develop the system 8 
from scratch You have a 1 



leve lopment  

tnguages 

'esting 

i u p p o r t  a n d  

l l a in tenance  

Document  lk 

Data f l ow  

i i a g r a m  

VB, Delphi. Net, HTML 

I t  should be tcsted h a t  the 
product can correctly 
communicate with the networks. 

If the system is golngto 
mfluence a lot of people. stress 
tesimg must hc pelfdrrrtrd bcforc 
rollout 

User acceownce tertng IS thr. 
last level o f ter tmg before the 
system is  released 

not only to make sure the system 
IS w r k m g ,  but also tor q u a l q  
control 

Developers on the qstem haxr 
to do their awn mamtenancc 

A b>& problem they have i~ the 
tact that de\elopers are ottrn 
taken otTa project that i s  bemg 
debeloped lo do mamtenance on 
onother project 

Mamtenance i s  don? to keep thi: 
system up and runnmg and thus 
ksey ths d lcnt  happy 

Crl t~ca l  errors are solved 
trnmedmtely by the developers 
Less I,IIp"II.III EII"15 are 

addressed du r~ng  mamtenance 
davs. whlch occur every Frb4q 
The user reqwrments always 
gets documented 

Dawflow diagram 

Spec~ficatlon Document 

rhoamg >he key partsofthe 
system and how the system 
Interacts with other systems 

;B. Net 
:# M a m  language 

lhere are no d>Rerences behveen 
sleeomr and other areas 
egardwg the languages "red for 
iewlopment 

The producl should atnays go 
hroueh a  hare of tcstlny betore - .  
t i s  released 

remng is  done by rnamtenance 
ifler release. to ensure system 
'unctvmnltr) 

Tests the opeiatmnal aspect of the 
iystem n o r  than deselapment 
1spects 

Because of the speed af 
Jcvelopmcnt you need ru build 
he system and f in any problems 
sflmvardn 

support ard mamtenance guys 
r l ro  help with tesung 

Don't tallow strct procedures 
durme rne,ntenanrr 

' 
9 Spec~ficatlon Document 

sva, C. Delphi, XML, P a r d  
<XL 

'ascal is mustly uscd to dcrclop 
,on core applicatlons. User 
nterfaces and the hhe Erpechvlly 
sraphical applicar~ans 

Ihcre is a specified testlng 
:nwronment in \xhlch testlng 
akes place before product 
-elease T h n  envlronmenl i s  safe 
:ontrollable 

Simulators are used for tertms 
This memr  that you are able to 
ilmulate the netnork on w h c h  
h e  product wdl  run This has the 
ldvanwga that you don't have to 
ivact for the customer to test i t  for 
I O U  

Break the derrioprnrnl up into 

:ioups and 1-1 each jndwidual 
Dan separately Then combme 
h e m  and do an overall tertmg 

Closed user group testmg should 
be done onthe l ive system before 
hr product IS made a d a b l c  to 
all. 

Mast a f  thc teztmg lakes place a1 

the bt l l lng ;nterface 
I h e  telecom industry 1s w r y  
ma8nIrnanCe irltenslve 

A ruppon an mamtenance 
contract i s  sold wtth [he project 

They have a central control from 
whicll the) can manltor the 
systems 

Toois like sltr management and 
version contiolllng makes 
Maintenance eauer 

Tools like KRD tool and M K T  
cheap are used for mamtenance 
and stattstlc 

Less documentauan requlrementr 
allows for faster development 
tmes and a more adaptable 
system development 

If n protocol IS developed for you 
n-house systems: ct ii always 
documented 



pecificatian 
locument 

roots 

4daptability 
P Flexibility 

Thir document is created 
following user requlrementr 
a n a l y ~ s  and thcn scnt back to the 
user for apprwnl 

A specrlication document not 
only shows what rhc user nmts.  
but might also show why the 
user wants i t  

The big networks usually w l t e  
rery  goad spec~ficat!ons 

Elsmenir i n  thc spec6catmn 
mcluder business mles. data 
flows and user requirements 

The rpeclflcallon document 
fbrms the bas~s t iom which the 
system s developed. 

The user specl i tcalm can be 
used to create a t lon diagram 

Serves as a meens of  
communlcatmg this mfbrmation 
throughout the business 

If the user ~prc i f icatmn 1s 

mnufficient, I[  is  c o n w t e d  cnto a 
functional specification 
The functional rpeciticalmn goes 
mto detail about what the syriem 
is supposed to do, an well as its 
relationship to other systems 
This is  not aluays done 
The tools that are ured depends 
on the project 

If ihc pcuject IS largc enough, 
project management tools are 
used 

A change in standards. or a 
requlrcd comp l~mcr r  inrroduced 
by the networks or ICASA has 
the ablllty to influence all the 
systems and burmess rules in a 
company. 
Steps have to be taken that the 
company can beready for there 
changes The company its self 
has to be flexible enoueh to be 
able to adapt to Ulcre cansuaintr 

Therlmr avaiiirblc I", 
de\elooment can be used bu 
many unforeseen circumstances. 
The methodology should tw lo 

1 Thl r  document is created I ?  Thts document I S  created I3 
I tallowmg user requlremcno I biiowing user requlrrments 

inalyc~s and then sent back to the 
rscr for apprmal 

The speclficat>on document takes 
nra account hom'the mternal 
mwork  o f  lhe business works 
md how the system u i l l  t i t  llno 
hat nerwork 

f i e  systems and tools used are 
standard for rnon telecoms m d  
telrcom systems alfke 

mad servers 

Softuare products and tools used 
are b a s d l y  the same. no matter 
what ~ndusuy you are in 

Ready made interface tools we 
reused I" [he deiclupment 
prncerr 

/ a n a l y s ~  and then sent back to the 1 
lser for approval 

I he  spec~ f i ca tm is ured to setup 
he  U A T  crlteiia alter the prqect 
r finlshcd 

w t h  other systems 

The spec~tcatmn document t a k a  
n t o  account how the mtrmal 
net\*ork o f  the busmess w r k s  
m d  hon the s)rtem wl l l  tit lnro 
that nerwork 

Most tools used are developed in 
house, or is open source 

S~rnulnlorr as a lertmg tool s a w s  
a lot o f  development tlrne 

Commcrcral tools are uey rarely 
used and is always nun curc 

TOOIE hke RRD tool and IMRT 
cheap are ured for mamrenancr 
and SIB~IS~IC 

The system bung  devrlaped imurt 
be tlexlble to so that thecompany 
can tit in with standards and 
prolocals ser by uthci rwtwurhr 

Helps keep de\rlopment t m r  
down 

Less documenwtton requirements 
allows for faster developmenr 
t m e s  snd a more adaptable 
system development 



)evelopmen1 
ime 

Comntunication 

with other 

iystems 

take unforeseen events into 
account 

Usmg a formal systems 
development methodology can 
~ncrease development t m e  

Before development staris. 11 

must be emmated what the 
development llme w l l l  be 

To keep customers happy. 
devrlupmcnr l m e  should be Lrpt 
to a n m m u m  

The tme  aradalrle for 
derelopment can be used by 
many unforeseen circumr!mcer. 
The methodology should Wy lo 
take mforesecn e x n t s  mto 
account 

The t ~ l e c o m m m ~ c a t ~ o n  mduswy 
demands shon development 
times 
One o f  the reasons for thls is 
because telecornrn~~n~catmns is a 
fast growing tndusq  

Technology changer and the 
systems need to be developed 
quickly 

The rnethodalogy rhould hc as 1 
simple as pors~ble This helps to 
simplify the developmenr 
process and decrease the 
development tcme 

Development speed is  crllccal 
The reason far short 
development times rsaAsn the 
nehvorks tendency m keep the 
project a iecre: unld the last 
moment 

We are constantly Imbed u l t h  
the bcg networks 
T h s  means that )our q r t e m  has 
to he synchrontzed behveen 2 or 
more systems 

Whether the system correctly 
cornmumcarer u i t h  other 
networks should always be tested 
be fore release 

A l l  the syrtems in a 
lelerommiinmtlonr company 
arc integrated and ~ntlucnce one 
another 
A changc in one system causer 
changes in al l  the systems 

The amount o f  systems bang  
developed is growmg And so to 
theamount o f  intrractmn 
bethccn thcm 

A change in rw<&rdr, or s 
x d  comfiuncss introduced 

ring a formal methodology can 
crease development t ~ m e  

here is  not always t i nx  to go 
,rough the *'hole process 
Innnmg. pre-product testing 

'au hake to develop qu~ckly 

<% campaniel have Xerv strcct 
iocedures that they tollow and 
te causes lhem to wle  a L e g  
mg time to get t h q s  done 
cmrtlmes taklng a m m h  to do 
meth ing that could h a w  uken  
ne or two da\s 

.relaxed atnlosphere is 
onducwe to praductwity and 
ecicasc dcialopmeat time 

:ezp your system open and 
daptable to be able to f i t  into 
ther rielwaris 

lo" are dependanl on other 
e ~ w o r k ~  

k i n g  l len~ble i s  a wa) of 
kcrearing the develapment time 
any changes regutred in the 
;ysteln can be done quickly, 
aithout the need to f i l l  in many 
urms 

4. jmponant fact s that there i s  
~ lways  a tradeaffbet\wm the 
moun t  o f t lme spent on 
levelupment r n d  thr amount at 
m e  spent atterwards on 
iebuggng 
Vathan van d m  Berg stated d m  
90% ofany developer's tme  is 
,pent an debuggmg thc soimare 

Better co rnn iu~~~sa t#o#~  w t h  
:ustomers causes happier 
:ummcrs but increases 
levelopment time 

Some o f  the causes o f  mcreared 
ievelapment tlme are 
- havlng to communlLdlr wh 
other compames and nerwarls 
m d  then wamngfor them to reply 
Aher the company recetred the 
user requrements and has ielup 
the rpecftcatm- The 
development team contlnucs u ah 
the dcvcioomenr u lu le  awcime 

I t  is not uncommon for 
telecommunlcatlon projecln to 
have development lmes  ot  few 
w r r k r  
Telecommun~cation customers 
al lou for n w r y  shon 
development w m d w  

Keep your system open and 
adaptable to be able to t l t  mta 
other networks 

OAcn, thc cornponies whose' 
protocols and interfaces you need 
to use are much slower and less 
adaptable than yours 

When integrating wtth outslde 
networks one must keep !rack o l  
d ~ c  specciic protocols used 



y the networks or ICASA hns 
~ a b i l l w  to >nfluence all the 
ystems and burmpss rules in a 
ompany 
teps have to be taken thatthe 
omoanv can be readv fur these 

;yrtem inlegratton needs to be 
aken mtu account when 
levcloplng a system 

'he systems and the way they 
nteract arc very complicated 
t i s  a veryehallenging industy 

Ihc mdusuy is influenred a lot 
,y goverwng b o d m  l k  ICASA 

The phone has evol\ed tram 
,om, to dam to bldeo 

38s to constantly sta) m control 
,f new technolog), standards and 
B W S  

The syrtems are becoming more 
~ n d  more 

lechnology changes every 48 

Eppp 
1 b y  problem they habe is the 
i c l  that de\eloperr are altrn 
ahen off a project that is bcmg 
leveloped to do maintenance on 
mother project 

t i s  a bcg challenge to make sore 
ill !he backup procedures arc in 
]lace 

The tndusuy is  mlluenced J lot 
~y governmg b o d m  lAe  ICASA 
m d  the law 

relecommunlcatlonr 17 a very 
:ha l l enpg  industry 

- 
One of the most d<fficult 
industrm to work in 

The South Afrmn 
telecammun~cationr indusrv ts 

r e p  Immature when compared 
othcr countner 

I T  is  a cut-throat market in wht 
ewry thmg lhas to happen \cry 
qucckiy 

Tclecoms ir u good mdustq to 
In because it wdl  al\%ays be the 
and 11 i s  conrtantl) growtng 

There are no succt. lnternmona 
standards concerning protocols 
that are to be used The protacc 
that arc used are ether in-housr 
or proprtety roftsdre 

The world can not I'unctlon 
\xlthout telecommunlcattonr 
Telecoms is s good mduiuy to 
~n becauir it w i l l  slaavs be the 
and it is constant!) growing 

One somettmcs have lo mterac 
with systems from other 
Companlds that are less adaptat 
than yours 
Thew is not much one can do 
ahour thrs 

Any telecammun~cat~on soltwz 
devrlapmem company in South 
Africa is  dependant an the 
domtnant networks. 
And their rervrc i s  not always 
100% Thin means you have lo 
wait a long tlme for them to 
respond to requrrts 

Te leron~~nuncat~ons i s  aver? 
challenging industy (Cut thrar 

rhe  systems must cunrtantly hi 
n a ~ n u m r d  

Y e p  big Wl th  dhflerrnt facets 
Customer call care centers 
SMS. MhlS, USSD. Voce .  Da 

Ciitwal systems that mtluencc 
many people 

Big barrier ofentry 

New serwcer and t c c h n o l o g ~  
canruntly bemy developed 
Where once i t  wasptst that dat 
had to be moved, i t  now has 1" 
vans coded to be viewable on 
different phones 

One sometunes have to interac 
with systems from olher 
compaoies that are less adaptal 
than yours 
There is not much one can do 
about thcs 

A porslblr salutwm is to apply 
commeicivl reasons for them 1, 
speed up communication 

I t  is a challenge and a necensp 
>manage customer expectauunr 

I t  is  not uncommon tor 
telecommunication Prolectr to 



Success 
'actors 

n . , F  
lystems 

Calculatmg risk 29 
Quallt\ control 65 
Procuremcnr ond even 
Legal aspects are al l  challenges 
that has to be faced in the 
telecoms tndustry 

Developing a system from 
incomplete user reqummenls is 
a i ra l  challrr!gc 

A problem in ona ryscrn effect3 2 
all the other systems 

The telecommun~cat!on lnduitry 
1s proamg raptdly and the 
systems are genmg more md 
more 

You should always be up tu  date 
w t h  the mu technology 

2 

The yvstem? and the way they 
lnterilct i s  wry complmted 
When usme a nethodoloe, the - 
development is always 
S U C C P S S ~ U ~  

Cost of servlce to customer must 
be kept as lot\ as possible 
1000/0ava~lab~lity 

There arc dtfkrent srltcrcn lor 
de t rmmmg u'lether a project i, 
a success 
-Wha t  is [he return on 
investment on t h ~  pmduct? 
- Dcd you delner a qualm 
product? 
- Are the urerr aatlsfied \rnh the 
product? 
- D n n  the  product delwcr on the 
mmal user requmments" 

Use to user requirements to 
detemcne whether the project is 
a success 
Before deploymg s syslim to 
l w e  one must make rur: the 
original system has been 
properly backed up And can 

I t  i s  impanam to have a rollback 
plan incase of system failure 

iau have to adapt to the way the 
nzm networks do thlngs 

lhere are no strlct, international 
.tandards concerning protocols 
hat are to be used The protocols 
hat are used are exher lri-hou,c 
,r propriety ioftuare 

When usmr a methodolag). the 
?evclopmrtnt is  al\\ays successful 

The success o f  the project does 
not rely wholly on the product 
leveloped The marketing a i thc 
prqect also plays an imponant 
role 

You know U m e  n i t  mush that 
when you fal lou tradmanal steps 
md proper p r o w  management 

lave development timer of feu 
veeks 
lelecommunlcvtlon curtomerr 
~ l l o t v  for a ver) shon 
levelapment wmdou 

When using a methodology, the 
ierelopmrnt isalways iucccssfil 



ecurily 

itandards 

irchitecture 

e c u m  IS verv imponant b 
IF 11 is nrcessag, the) uould runs on has lo  he secure hut the 

'he importance o f  security is  not 
lmlted to mohlle 
elccummunlcalion rystcms 
;ecurtt) IS an lmportnnt factor n 
111 IT developmms 

3emenu hke firewalls and 
,muses should aluayr be 
lddrennsd 

iecurlty in also an issue w t h  
,our backup stratem Any 
mckupi made, should be clear ot 
ecurlt). threats and kiruses 
iometimes standards change, 
~ n d  you havr to change with it 

oak at securtty lssues 

 rewa walls an Linux servers l 8  ! to security threats 

There are a lot of standard> 

D r r r l q r ! r r r ~ ~ l  standards arc Ole 
same in telecoms as in an) other 
II ~ n d u r r v  

[here are no strlct, mternatlonal 
dandards concernmg protocols 
hat  are to be u w d  The prorocalr 
.hat are used are enher in-house, 
3r pruprlrw s o h a r e  

4 m g l e  system could be a 
:ombinatcon o f  app l~ca tms  L ~ k e  
network sohare  (routmg) and 
nanagrmenr sotiware (bdl<ng) 

Different sonnarr components 
hat  arc sltuared in dtlfercm 
pasmons in the network 

4 system conrcsts o f  thousands of  
small appllcatmns all 
zommunmt.ng w ~ h  each other 

D ~ l a  cvmcs dsrccth from 
wbrcr~berr through the nctwork 
and gctn sen1 back to the users 
M a  gets changed \*>thin the 
system. 
Somctimei data comes from two 
x more sourcen 



When a system fails. a 'post 
monem" must be done to 
detemme e ~ a c l l y  where the 
problcm was And a should he 
drtennmed hoa this problem can 
be elminated m the thtura 
Doing a porl mofirm check is  
vely lrnportant 

Costs When a prulect tack the 
company gerr bdlcd by the 
newark It also causer unhapp) 
clients whch could lead to 
funher costs 

27 
54 
93 

- 
Fearibilit) A Fear>bhl) study i s  done for 

large prujcLts 
h l  

Other For a b@ prqect, a feas>bli~t) I btudy is  done bcfors hand 
61 


