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ABSTRACT
The information society, having a growing information domain/amount, requires a 
reliable information infrastructure with ability to distribute the right information from 
the right information producer to the right information consumer, at the right time 
and with the right quality on demand (information-on-demand).

Another growing demand, parallel with the information distribution infrastructure, is 
information visualization. Information visualization is one of the important tools that 
help consumers to interpret and understand the distributed data, and facilitate the 
decision-making process. Maps have always been a popular method for visualizing 
spatial objects, objects that contain spatial references such as address co-ordinates 
and building ID. 

The rapidly growing need for geographical information systems (also called GI sys-
tems/applications) and components has an impact on the processes of develop-
ment and maintenance of geographical information systems and components. 

The main purpose of this research is to study design patterns and suggest meth-
ods, models, rules of thumb and so on to improve the process of development and 
maintaining geographical information systems and reduce the total life cycle cost. 

The main objective is divided into following sub objectives: 

 To describe different patterns, solutions, models, suggestions and recommenda-
tions that can improve the process of developing GI-applications in order to re-
duce the cost of producing, developing and maintaining applications with a high 
level of quality and serviceability.

 To examine if and how the idea of design pattern is applicable to the architec-
ture of software with spatial components (commonly called GI systems). 

 To identify the factors that impact the costs of GI software development and 
maintenance processes and if possible recommend a model for reducing the 
cost and improving the quality of the solutions. 

 To find and suggest solutions, models, rules of thumb, suggestions and recom-
mendations that can improve the process of developing GI-applications. 

During the study, it has been noticed that recurrent GI-problems are solved but 
those solutions are hardly communicated among developers. 

On the basis of software developed in many of the research projects and also stu-
dents’ works we have observed that the architecture of GI software is in most cases 
similar to any other software. This similarity makes it possible to apply general 
software development patterns to GI applications. 

Further more it is noticed that recurring problems are not dependent on who the 
developer is or to what category she or he belongs, but on the problem situation 
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and the context of the application. This means that the developer faces almost the 
same kinds of problems in a given situation. 

It has also been noticed that the size of projects and demands from customers, 
management, development organisations and culture/experiences, maintenance 
organisations and so on have an effect on how much the developer group need to 
use patterns and semi-manufactured components during the software development 
process. 

The study has shown that generic IT patterns can be used for designing GI-
applications, but there is still a need for technology- and product-specific patterns 
for GI-components. 
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SUMMARY IN SWEDISH (SAMMANFATTNING)
Informationssamhället med en växande informationsmängd/-domän kräver en till-
förlitlig informationsinfrastruktur med förmåga att distribuera rätt information från 
rätt informationsproducent till rätt informationskonsument, i rätt tid och med rätt kva-
litet på begäran av konsumenten (information-på-begäran). 

Ett annat växande krav, parallellt med infrastrukturen av informationsdistribution, är 
visualisering av information. Informationsvisualisering är ett viktigt verktyg som 
hjälper informationskonsumenten att tolka och förstå distribuerade data samt un-
derlättar beslutsstödsprocessen. 

Kartor har alltid varit ett populärt sätt att visualisera spatiala objekt, objekt som in-
nehåller rumsliga referenser som t ex en adress eller en fastighetsbeteckning. 

Det snabbt växande behovet av geografiska informationssystem och geografiska 
komponenter har en påverkan på applikationsutvecklings- och underhållsprocessen 
av geografiska informationssystem och geografiska komponenter. 

Målet med detta arbete är att studera design mönster och föreslå metoder, model-
ler, tumregler osv. som förbättrar utvecklings- och underhållsprocessen vid fram-
tagning av geografiska informationssystem samt att reducera totala livscykelkost-
naden.

Detta mål delas in i följande delmål: 

 Att beskriva olika mönster, lösningar, modeller, förslag och rekommendationer 
som kan förbättra GI-applikationsutvecklingsprocessen i att reducera kostnaden 
för produktion, utveckling och underhåll av applikationer med hög kvalitet och 
användbarhet

 Att undersöka om och hur idéerna med design mönster kan appliceras på arki-
tekturen av mjukvara med en eller flera spatiala komponenter (allmänt kallade 
för GI system)  

 Att identifiera faktorer som kan påverka kostnaden i utvecklings- och under-
hållsprocessen och om möjligt rekommendera en modell som reducerar dessa 
kostnader och förbättrar kvaliteten på en lösning 

 Att hitta och föreslå lösningar, tumregler, förslag och rekommendationer som 
kan förbättra utvecklingsprocessen av GI-applikationer 

Under denna studie har det noterats att återkommande GI-problem har lösts men 
lösningen har inte kommunicerats mellan utvecklare. 

Det har även observerats, baserat på studier av mjukvaror utvecklade inom många 
av forskningsprojekt och även studentarbeten, att arkitekturen i GI-system är, i de 
flesta avseenden, lik andra system. Dessa likheter gör det möjligt att applicera ge-
nerella applikationsutvecklingsmönster och designmönster på GI-applikationer. 
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Det har även noterats att de återkommande problemen inte är beroende av utveck-
lare utan av typ av problemsituation och applikationens sammanhang och omgiv-
ning. Detta innebär att utvecklaren möter nästan samma typ av problem under en 
given situation. 

Det har även noterats att storleken på projekt och krav från kunder, ledning, utveck-
lingsorganisationens kultur och erfarenheter, underhållsorganisation och så vidare, 
har en påverkan på hur mycket utvecklingsgruppen behöver använda möns-
ter/mallar och halvfabricerade komponenter i utvecklingsprocessen. 

Denna studie har visat att generella IT mönster kan användas för att designa GI-
applikationer men det finns ett behov av teknologi- och produktspecifika mönster för 
GI-komponenter. 

KEYWORDS
GIS, Geographical Information System, Maintenance, Design Pattern, Software 
Maintenance, Software Development.  
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ABBREVIATIONS

COM Component Object Model

DCOM Distributed Component Object Model 

DP Design Pattern

GIS Geographic Information Science/System/Service. 
A geographic information system (GIS) is a system for 
managing spatial data and associated attributes, 
(Wikipedia, 2005). 

HTML Hyper Text Markup Language 

HTTP HyperText Transfer Protocol 

ISO International Standardization Organisation 

MSF Microsoft Solutions Framework 

OGC Open GIS Consortium 

OSE Open System Environment 

PENG “Prioritering Efter NyttoGrunder” (In Swedish) 

PROPS A model for project management in a multi project or-
ganisation. PROPS is developed by Ericsson. 

RDBMS Relational Database Management System 

RUP Rational Unified Process 

SGML Standard Generalized Markup Language 

SOA Service Oriented Architecture 
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SOAP Simple Objects Access Model 

W3C World Wide Web Consortium 

WS Web Service 

WSDL Web Service Definition Language 

WYSIWYG What You See Is What You Get 

XML Extensible Mark up Language 

XP eXtreme Programming. 
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DEFINITIONS AND DESCRIPTIONS

COM Component Object Model

COM is the fundamental object model on which ActiveX 
Controls and OLE are built. COM allows an object to ex-
pose its functionality to other components and to host 
applications. It defines both how the object exposes itself 
and how this exposure works across processes and 
across networks. COM also defines the object's life cycle, 
(MS MSDN, 2005).

DCOM Distributed Component Object Model 

A model that describes how distributed software compo-
nents, components that exist in different hardware, com-
municate with each other, developed by Microsoft. 

Design Pattern Each pattern is a three-part rule, which expresses a rela-
tion among a certain context, a problem and a solution. 

As an element in the world, each pattern is a relationship 
among a certain context, a certain system of forces which 
occurs repeatedly in that context, and a certain spatial 
configuration which allows these forces to resolve them-
selves (Alexander, 1979) 

Failure Failure is the condition when the performance of a com-
ponent, device or system becomes unacceptable, 
(Thompson, 1999). 

GIS Geographic Information Science/System/Service. 

A geographic information system (GIS) is a system for 
managing spatial data and associated attributes, 
(Wikipedia, 2005). 

HTML Hyper Text Markup Language 

HTML is the lingua franca for publishing hypertext on the 
World Wide Web. It is a non-proprietary format based 
upon SGML, and can be created and processed by a 
wide range of tools, from simple plain text editors – you 
type it in from scratch – to sophisticated WYSIWYG au-
thoring tools. HTML uses tags such as <h1> and </h1> to 
structure text into headings, paragraphs, lists, hypertext 
links etc. (W3C HTML, 2005). 
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Maintenance Any activity, such as tests, measurements, replacements, 
adjustments and repairs, intended to restore or retain a 
functional unit in a specified state in which the unit can 
perform its required functions. (FS1037, 2005) 

Markup Historically, the word markup has been used to describe 
annotation or other marks within a text intended to in-
struct a compositor or typist how a particular passage 
should be printed or laid out. Examples include wavy un-
derlining to indicate boldface, special symbols for pas-
sages to be omitted or printed in a particular font and so 
forth. As the formatting and printing of texts was auto-
mated, the term was extended to cover all sorts of spe-
cial markup codes inserted into electronic texts to govern 
formatting, printing, or other processing. (Sperberg-
McQueen and Burnard, 1994). 

Markup Language By markup language we mean a set of markup conven-
tions used together for encoding texts. A markup lan-
guage must specify what markup is allowed, what 
markup is required, how markup is to be distinguished 
from text, and what the markup means. SGML provides 
the means for doing the first three; documentation such 
as these Guidelines is required for the last. (Sperberg-
McQueen and Burnard, 1994). 

Mean time to correc-
tive repair time 

Mean time to corrective repair time is the time taken to 
identify the fault, carry out the repair and adjustments 
assuming that all tools, spares and required manpower 
are available, (Thompson, 1999). 

Mean time to repair Mean time to repair is the total time required to return a 
machine (a system) to a satisfactory working condition, 
(Thompson, 1999). 

OSE Open System Environment 

OSE model (ISO/IEC TR 14252:1996 Information tech-
nology — Guide to the POSIX Open System Environ-
ment (OSE)), as defined in ISO 19101, structures the 
types of services of an IT system. Each tier can contain 
both IT-general services and GIS-extended services for 
that tier. 

RDBMS Relational Database Management System 

A system for managing data structured according to rela-
tional theory. 
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Reliability Reliability is the probability that a component, device or 
system will continue to perform a specified duty under 
prescribed environmental conditions for a given time, 
(Thompson, 1999). 

RUP Rational Unified Process 

RUP is a general process for software engineering pro-
jects. RUP has its roots in the object oriented paradigm. 
It is a commercial product that is developed and mar-
keted by IBM, Rational Software, (Lundell, 2003). 

SGML SGML is an international standard for the description of 
marked-up electronic text. More exactly, SGML is a meta 
language, that is, a means of formally describing a lan-
guage, in this case, a markup language. Before going 
any further we should define these terms, (Sperberg-
McQueen and Burnard, 1994). 

SOA Service Oriented Architecture 

A set of components which can be invoked, and whose 
interface descriptions can be published and discovered. 
(Sprott and Wilkes, 2004). 

SOAP SOAP Version 1.2 (SOAP) is a lightweight protocol in-
tended for exchanging structured information in a decen-
tralized, distributed environment. It uses XML technolo-
gies to define an extensible messaging framework pro-
viding a message construct that can be exchanged over 
a variety of underlying protocols. The framework has 
been designed to be independent of any particular pro-
gramming model and other implementation specific se-
mantics, (W3C SOAP, 2003). 

System Architecture System architecture is a specification that describes 
modules, protocols, processes and interconnections of a 
deployed application/software, (Demuth, 2000). 

TerraLib TerraLib is a GIS classes and functions library, available 
from the Internet as open source, allowing a collaborative 
environment and its use for the development of multiple 
GIS tools. Its main aim is to enable the development of a 
new generation of GIS applications, based on the techno-
logical advances on spatial databases, (TerraLib, 2005) 
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Web Service A Web service is a software system designed to support 
interoperable machine-to-machine interaction over a 
network. It has an interface described in a machine-
processable format (specifically WSDL). Other systems 
interact with the Web service in a manner prescribed by 
its description using SOAP messages, typically conveyed 
using HTTP with an XML serialization in conjunction with 
other Web-related standards. (W3C WS, 2004) 

WSDL WSDL is an XML format for describing network services 
as a set of endpoints operating on messages containing 
either document-oriented or procedure-oriented informa-
tion. The operations and messages are described ab-
stractly, and then bound to a concrete network protocol 
and message format to define an endpoint. Related con-
crete endpoints are combined into abstract endpoints 
(services). WSDL is extensible to allow description of 
endpoints and their messages regardless of what mes-
sage formats or network protocols are used to communi-
cate. However, the only bindings described in this docu-
ment describe how to use WSDL in conjunction with 
SOAP 1.1, HTTP GET/POST, and MIME, (W3C WSDL, 
2001).

XML Extensible Markup Language

Extensible Markup Language (XML) is a simple, very 
flexible text format derived from SGML (ISO 8879). Origi-
nally designed to meet the challenges of large-scale elec-
tronic publishing, XML is also playing an increasingly im-
portant role in the exchange of a wide variety of data on 
the Web and elsewhere, (W3C XML, 1998) 

XP eXtreme Programming.  

Xp is a lightweight, efficient, low-risk, flexible, predictable, 
scientific and fun way to develop software (Beck, 2000). 



Introduction Page 15 

1 Introduction 
The information society, having a growing information domain/amount, requires a 
reliable information infrastructure with ability to distribute the right information from 
the right producer to the right consumer, at the right time and with the right quality 
on demand by the consumer (information-on-demand).  

Another growing demand, parallel with the information distribution infrastructure, is 
information visualization. Information visualization is one of the important tools that 
help consumers to interpret and understand the distributed data, and facilitate the 
decision making process. Maps have always been a popular method for visualizing 
spatial objects, objects that contain spatial references such as address co-ordinates 
and building ID. These two demands, information-on-demand and visualization, 
have led to geographical applications and geographical components having be-
come a rapidly growing segment within the software industry. We can today see a 
number of sites on the Internet that visualize the data on a map, such as a result 
list, a driving route, and tourist information.  

Another type of geographical system that is becoming more common is systems 
that use positioning to distribute selected information to the consumer. We can to-
day see more and more hybrid devices such as a PDA with cellular phone and/or 
GPS that can offer services such as find-addresses, near-by-me and best-route to 
the user. The rapidly growing need for geographical systems and components has 
an impact on the processes of development and maintenance of geographical in-
formation systems and components.  

In this thesis, design patterns for development and maintenance of software have 
been studied. The focus of the study has been on geographical IT systems, also 
called GIS, and the characteristics of this type of systems. 

In this study the areas of pattern, maintenance and GIS have been in focus. These 
terms are described as follows: 

 Pattern 

The term pattern is defined as follows (Alexander, 1979): 

Each pattern is a three-part rule that expresses a relation among a certain con-
text, a problem and a solution.  

 Maintenance 

The term of maintenance is defined in general as (BS, 3811: 1984): 

The combination of all technical and associated administrative decisions and ac-
tions, intended to retain an item in, or restore it to, a condition in which it can 
perform its required function, subject to specified criteria. 
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 GIS is described in (Wikipedia, 2005) as: 

A geographic information system (GIS) is a system for managing spatial data 
and associated attributes. In the strictest sense, it is a computer system capable 
of integrating, storing, editing, analyzing, and displaying geographically-
referenced information. In a more generic sense, GIS is a "smart map" tool that 
allows users to create interactive queries (user created searches), analyze the 
spatial information, and edit data. 

Beck (2000) states that one of the universal assumptions of software engineering is 
that the cost of changes rises exponentially over time. This means that it has been 
assumed that changes that are made in the requirement phase are cheaper than 
those in the analysis phase, which are cheaper than those in design phase and so 
on (see Figure 1-1 ). 
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Figure 1-1, Cost of changes during the development phases 

One of the effects of this assumption is that it would be wise to spend more time 
and resources on the requirement, analysis and design phases, in order to mini-
mize the number of changes and the cost of development.

This can lead to a static period, implementation, in the project where changes are 
not welcome. Static periods in a project do not necessarily involve a problem for the 
development team but for the customer. 

According to this assumption the changes made during the maintenance process 
are inherently more costly than those in any other phase, as compared to changes 
during the development process. 
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In general there is a need to find methods for minimizing the cost of development 
and maintenance of IT systems and especially of geographical IT systems, on 
which this thesis focuses. 

Therefore, one of the main objectives of this thesis is to describe different patterns, 
solutions, models, suggestions and recommendations that can help the process of 
developing GI-applications in order to reduce the cost of producing, developing and 
maintaining high quality applications with a high level of serviceability. 

To achieve the objectives of this thesis, several GI-software development projects 
have been studied and developed. The software has been developed for different 
uses and for different purposes. The studies also concern projects that have been 
managed by different organisations and with various aims such as research pro-
jects, student projects and industrial projects. 

1.1 Problem Definition 
The cost of developing and maintaining GI-applications is relatively high and the 
quality has a potential to be improved. It has been noticed, in most of the examined 
projects, which during the software development process there are some problems 
that recur. Solving problems in a software development project is one of the ele-
ments that give rise to a big part of the project costs. A good solution gives us a re-
duced project cost during the development phase and a more easy-to-maintain 
software that is more cost-efficient to implement changes in.

Another problematic area is developing software with a sufficient quality. This 
means a quality that is accepted by users and managers and is also kept within the 
economic frames. The quality of the software impacts also the cost of the system 
maintenance.  

The quality of the software is, among other factors, also dependent on: 

 The development process itself 

 Working model for development and management 

 Use of design patterns and best practises 

 The process of management  

 Underlying GI components that are used 

 Standards 

 Proprietary interfaces, formats, … 

1.2 Objectives/Purposes 
The main purpose of this research is to study design patterns and suggest meth-
ods, models, rules of thumb and so on to improve the process of development and 
maintaining geographical information systems and reduce the total life cycle cost. 
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The main objective is divided into following sub objectives: 

 Describe different patterns, solutions, models, suggestions and recommenda-
tions that can improve the process of developing GI-applications in order to re-
duce the cost of producing, developing and maintaining applications with a high 
level of quality and serviceability

 Examine if and how the idea of design pattern is applicable to the architecture of 
software with spatial components (commonly called GI systems). 

 Identify the factors that impact the costs of GI software development and main-
tenance process and if possible recommend a model for reducing the cost and 
improve the quality of the solutions. 

 Find and suggest solutions, models, rules of thumb, suggestions and recom-
mendations that can improve the process of developing GI-applications. 

If so define some elements within the GI system architecture to which a pattern can 
be applied.

1.3 Research questions 
To fulfil the stated objectives/purposes, there are some research questions that 
must be answered: 

 What design patterns can be used for design and development of GI-
applications and in what way? 

 Do different types of GI-applications require different patterns?

 Do we need specialized patterns for developing GI-applications? 

 If there is a need for GI-specific patterns, in what areas can we find this 
need?

 How can we reduce the cost of developing and maintaining GI-applications and 
produce a good quality software 

1.4 Limitations 
This study is focused on some features that are common for system development 
and system maintenance. This is because it has been found, during the studies for 
this thesis, that the process of developing and maintaining GI-systems is based on 
the same fundaments and system thinking as any other software development 
process. 

Another limitation is that the thesis focuses on characteristics for developing and 
maintaining GI-systems. 
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1.5 Hypothesis 
The hypotheses to achieve the objective are following: 

 Most of the patterns for designing and developing general IT-software can be 
applied to designing GI-applications 

 By using patterns the GI-software quality can be improved

 Patterns are one of the ingredients that have potential to reduce the cost of 
the GI-software-development process 

 General software developing models can be applied to the process of develop-
ing GI-systems 

 A working model for software development reduces the cost of GI-application 
development. 

 A working model together with patterns gives the development process good 
prerequisites for decreasing the cost of the development and maintenance, 
and for increasing the quality of the software. 

Over the years, several practitioners have noticed that there are several variables 
that have an impact on the total cost of the software development process. These 
variables can be classified into two categories. The first category has to do with the 
production process itself and the second category has to do with the management 
of the production and maintenance process. 

The first category deals with solutions that are related to how the cost can be re-
duced by changing the way in which the code is produced and the problems are 
solved, during the development process. For this category several methods, guide-
lines, algorithms and patterns have been developed, for example reusing, object-
oriented-design and programming, component-based-architecture, Web Service, 
automated test process, process identification and design. 

The second category deals with solutions to managing the whole software devel-
opment process. This category includes methods, guidelines and rules of thumb 
that help the management to organize the software development team, to organize 
a customer-supplier group and to handle the decision making process. 

This work is focused on delimited steps that can be taken to reduce costs within the 
developing process such as reusable code, code and component libraries, design-
ing-developing-testing-deploying code and design patterns. 
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1.6 Thesis disposition 
The structure and disposition of this thesis is as follows (see Figure 1-2).

Chapter 1, Introduction is a short introduction to the research area; the problem, the 
problem effects and causes. Further this chapter defines the objective of the thesis, 
the questions on which the research has been focused and the limitations. 

Chapter 2, Research Design; is a short introduction to research options and 
choices. 

Chapter 3, Theoretical Framework and Basic Concepts, is a collection of theories in 
areas of software development, software maintenance, maintenance management, 
design pattern, object-oriented perspective on software design, development and 
maintenance. 

Chapter 4, GIS and Design Pattern, contains the author’s reflections on the rele-
vance of design patterns in the area of development and maintenance of GI-
systems. 

Chapter 5, Methods and Experiments, describes the method that has been used to 
accomplish the experiments. 

Chapter 6, Result and Conclusion, summarizes the results of the work and con-
cludes the thesis. 

Chapter 2

Figure 1-2, Thesis disposition 
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2 Research Design 

2.1 Research Purpose 
Every research and investigation work usually starts with a problem definition 
phase, describing the problem the researcher or investigator aims to solve or illus-
trate. A problem does not need to be problematical itself but it can be an area that 
the researcher needs, wants or is keen to study deeper, (Patel and Davison, 1991). 

A problem occurs within a specific situation. This means that any specific problem 
arises under specific circumstances, which can be called problem situations. To 
define a problem often demands an understanding of the problem situation. To 
solve a problem often needs a change of the problem situation.

The main purpose of research is to produce knowledge. If the research is aimed at 
solving a practical problem, then the research is called applied research. When the 
research is aimed at gaining knowledge for future use, then the research is called 
fundamental research. There are different categories of research. The research can 
be classified based on how the existing knowledge of the problem situation is ap-
prehended. If there is a low level of knowledge and there are gaps of knowledge 
about the area of research, then the research is called exploratory. The main pur-
pose of exploratory research is to gain as much knowledge as possible of a specific 
problem,. 

If the level of knowledge is moderate for a problem situation and the knowledge has 
started to get systematized in the form of models, then the research becomes more 
descriptive, and this category of research is called descriptive research. If the level 
of knowledge is considered high and theories have been developed for the problem 
situation, then the research becomes more of a testing of hypotheses; this category 
of research is called hypothesis testing research. There are two main strategies to 
study and analyze the information that has been collected during the research, 
quantitative and qualitative. Quantitative research uses statistical studies and 
analysis methods. Quantitative research uses verbal analysis methods, (Patel and 
Davison, 1991). 

In this study a problem has been defined and a problem situation has been de-
scribed and identified. Based on the problem definition a research purpose has 
been established and some research questions have been formulated. 

Based on the research purpose and chosen approach, this study can be catego-
rised as applied research that is exploratory and descriptive. 
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2.2 Research Approach 
Alvesson and Shöldberg (1994) name three different categories of research ap-
proach, namely: 

Deductive research approach, which uses general rules and theories to explain 
a specific case 

Inductive research approach, which uses empirical data from many cases to ex-
plain and develop theories and general rules 

Abduction research approach is a combination of deductive and inductive re-
search approaches 

In this study an abductive research approach has been used. The study has used 
empirical data collected from different development projects and combined these 
with literature theory studies to develop a general framework.  

2.3 Data Collection 
To find answers to the research questions there is a need to collect data that can 
be interpreted to obtain information and finally gain knowledge. There are several 
different techniques to collect data. 

Patel and Davison (1991) states some data collection strategies, namely: 

Producing documentation 

Entering diaries 

Interviews

Observations 

After collecting data the following step is to produce information based on the col-
lected data. During this step the data is categorised, classified, arranged and rear-
ranged and placed in a context, (Patel and Davison, 1991). This process can be 
performed with a qualitative or quantitative approach. 

In this study the data has been collected through literature studies in different data-
bases/data sources, scientific journals. Data has also been collected by studying a 
number of development projects and interviews done with developer teams.  
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2.4 Reliability and Validity 
The quality of the research is a product of the research’s validity and reliability. 

By research validity is meant that the research studies the right things, while re-
search reliability means that studies are conducted in the right way, (Patel and 
Davison, 1991). 

In this study the collected data has been examined against other sources of infor-
mation whenever it has been possible due to validity and reliability issues. 
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3 Theoretical Framework and Basic Concepts 

3.1 Maintenance 
Software development process is an area that has been developing rapidly for sev-
eral decades. Several development models, methods, disciplines and approaches 
have been formed, aimed primary at facilitating the development phases. One of 
the common main objectives for all these artefacts is to facilitate the process of 
maintenance.

In the world of software development the process of maintenance is also called fur-
ther development/elaboration. But maintenance is a wider area and includes not 
only the process of further development but also activities such as tests of software, 
measurements of performance, measurements of serviceability, measurements of 
usability, measurements of reliability, tuning, tracing, tracking, debugging, monitor-
ing, continuously checking against desired functionality and support. 

It is therefore highly important to involve maintenance issues in the process of soft-
ware design and development. 

Product support and maintenance needs of systems are more or less decided dur-
ing the design and manufacturing phase (see, e.g. Blanchard, 2001; Blanchard and 
Fabrycky, 1998; Goffin, 2000; Markeset and Kumar, 2001; Smith and Knezevic, 
1996). Often the reasons for product failures can be traced back to design engi-
neers’ and management’s inability to foresee problems. Furthermore, the strategies 
adopted by owners/users concerning systems operation and maintenance, also 
considerably affect maintenance and product support needs. Hence, we can assert 
that product design and service delivery both affect service performance, and there-
fore product support strategies for customers must be defined in terms of these two 
dimensions (see Cohen and Lee, 1990 for further discussion), (Markeset and 
Kumar, 2003).

Markeset and Kumar (2003) also emphasize that defining a strategy for product 
support is related to and should be done during the development phase. They also 
state that product design and service delivery both affect service performance, and 
therefore a product support strategy must be defined at the design stage, in terms 
of these two dimensions, to ensure the delivery of “promised product performance” 
to customers. Furthermore, product support strategy should not only be focused on 
product, or its operating characteristics, but also on assisting customers with ser-
vices that enhance product use and add additional value to their business proc-
esses. 

3.1.1 What Is Maintenance 

In an online encyclopaedia, (Wikipedia, 2005), the word maintenance has several 
definitions:
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The European Federation of National Maintenance Societies (EFNMS, 2005) de-
fines maintenance as,  

All actions, which have as an objective to retain an item in, or restore it 
to, a state in which it can, perform the required function. The actions in-
clude the combination of all technical and corresponding administrative, 
managerial, and supervision actions. 

In telecommunication, according to (FS1037, 2005), the term maintenance has the 
following meaning: 

Any activity, such as tests, measurements, replacements, adjustments 
and repairs, intended to restore or retain a functional unit in a specified 
state in which the unit can perform its required functions. 

Maintenance for material according to (DoD, 2005) has the following meanings: 

1. All action taken to retain material in a serviceable condition or to re-
store it to serviceability. It includes inspection, testing, servicing, classifi-
cation as to serviceability, repair, rebuilding, and reclamation.

2. All supply and repair action taken to keep a force in condition to carry 
out its mission.  

3. The routine recurring work required to keep a facility (plant, building, 
structure, ground facility, utility system, or other real property) in such 
condition that it may be continuously used at its original or designed ca-
pacity and efficiency for its intended purpose. 

The BS (3811: 1984) definition of the term maintenance is the combination of all 
technical and associated administrative decisions and actions, intended to retain an 
item in, or restore it to, a condition in which it can perform its required function, sub-
ject to specified criteria. 

The literature studies show that there are more definitions of the term maintenance. 
And the most accepted definitions are the British Standard’s and the U.S. DoD’s 
definition of the term. 

The conclusion of these not so widely different definitions is that maintenance deals 
with two keyword Retain and Restore from current state to an acceptable state. 

The definition of acceptable state is highly subjective but it points out a state in 
which a system fulfils a set of operations according to a specification. 

In this thesis the definition according to the BS (3811: 1984) is used. 

3.1.2 What Is Maintenance Management 

Maintenance management is therefore a process of managing the activities, such 
as planning, organizing and controlling the work, to maintain a system in operating 
state or restoring it to operating state, (Kørte, Liyanage and Markeset, 2000). 
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3.1.3 Why Maintenance 

Kørte, Liyanage and Markeset (2000) state that the maintenance needs or the 
maintenance demand source are defined as the reduction and control of losses. 

Some categories of losses that are relevant are

production losses, such as system unreliability, system unavailability and system 
quality

financial losses, such as system value 

health and environmental losses 

custom relation losses, such as bad will 

So the main objective of maintenance is to keep reliability, quality, and functionality 
in a system over time, with a minimum number of activities, low cost and good pre-
dictability.

3.1.4 Design for Maintenance 

Before developing the definition of maintenance process there is a need to define 
the terms process, project and function. 

In (Wikipedia, 2005) the terms process, project and function are described as fol-
lows:

A process (lat. processus - movement) is a naturally occurring or designed se-
quence of operations or events, possibly taking up time, space, expertise or 
other resource, which produces some outcome. A process may be identified by 
the changes it creates in the properties of one or more objects under its influ-
ence.

A project is a temporary endeavour undertaken to create a unique product or 
service. Temporary means that the project has an end date. Unique means that 
the project's end result is different than the results of other functions of the or-
ganization.

A function is a set of related activities that is part of a process, often known as a 
sub process within a process. Organizations often divide themselves into func-
tional units, such as purchasing, product development, order fulfilment, etc. 
(www.gao.gov/special.pubs/bprag/bprgloss.htm)

Reliability, maintainability and serviceability of software are factors that impact the 
economy and usability of software during the lifecycle of the software. The design 
phase is the stage at which the eventual characteristics of future systems and 
products are determined; therefore it is important that designers should take main-
tainability and reliability into account during the design work, (Markeset and Kumar, 
2003).

http://www.gao.gov/special.pubs/bprag/bprgloss.htm
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Thompson (1999) emphasizes the necessity of understanding what is involved in 
design activities and the nature of design work in order to identify opportunities to 
influence the design work so that maintainability and reliability may be properly 
considered. The design activities can be divided into three major phases, definition 
of requirements, conceptual design and detail design. The objective of the first 
stage, definition of requirements, is to prepare a specification that clearly describes 
and defines the design. During the conceptual stage the ideas are generated and 
evaluated to best satisfy the requirements.  In the detail design phase the chosen 
concept is developed in some depth and takes shape as general arrangement 
drawings. Design review is one of the most important methods of achieving main-
tainability and reliability. Design review is the quantitative and qualitative examina-
tion of a proposed design to ensure that it is safe and has optimum performance 
with respect to maintainability, reliability and those performance variables needed 
to specify the equipment (system). A review can be undertaken at four principal 
levels of design; design specification review, system review, equipment (functional) 
evaluation and component analysis, (see Thompson, 1999 for details). 

The process of software development normally includes a number of phases, each 
phase containing a number of activities that produce output to other phases. A 
phase acts as a consumer through using output from another phase, and as pro-
ducer when it delivers an output to another phase. 

Several process models have been produced for software development. One of 
these models is MSF, Microsoft Solutions Framework, MSF combines the tradi-
tional milestone based waterfall process model with an incrementally iterating spiral 
process model. MSF is a process model that consists of five phases and is mile-
stone based, (see Figure 3-1).

The MSF model describes these fives phases of the software development process 
as follows, MS MSF (2003): 

Envisioning phase 

The envisioning phase is defined as creating a broad description of the goals 
and constraints of the project. In this phase it is identified the team and what the 
team must accomplished for the customer. The purpose of this phase is to build 
a shared and common vision of the project among all the key stakeholders of 
the project.

Planning phase 

The main purpose of the planning phase is to determine what to develop and 
plan how to create a solution. During this phase the functional specification is 
prepared, a design of the solution is created and work plans including cost are 
estimated, and resource allocation and a delivery plan are created. The planning 
phase involves the analysis of requirements. These requirements can be cate-
gorized as business requirements, user requirements, operational requirements 
and system requirements. After gathering and analyzing the requirements,  so 
called user profiles are created  that specify the various users of the solution and 
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their roles and responsibility. To specify and group the activities performed by a 
type of user, usage scenarios are created. After creating usage scenarios, use 
cases for the usage scenarios are created. A use case specifies the sequence 
of steps that a user will perform in a usage scenario. 

The design phase is divided into three stages: conceptual design in which the 
problem is viewed in the perspective of user and business requirements and a 
problem-solution pair is defined in terms of usage scenario, logical design in 
which the solution is viewed from the perspective of the project team and the so-
lution is defined as a set of services, and physical design in which the views 
from the perspective of developers and the technologies, component interfaces 
and services are defined.  

Developing phase

During the development phase, the project team creates the solution. This proc-
ess includes creating the code that implements the solution and documenting 
the code and developing the infrastructure for the solution. The development 
phase includes the following key tasks: starting the development cycle, creating 
a prototype application, developing the solution components, building the solu-
tion and closing the developing phase. 

Stabilizing phase 

During the stabilizing phase, the team performs integration, load and beta test-
ing of the solution. The stabilizing phase performs the following key tasks: test-
ing the solution which consists of component testing, database testing, infra-
structure testing, security testing, integration testing, user acceptance and us-
ability testing, stress, capacity and performance testing, regression testing and 
recording the number of bugs; and conducting the pilot which deploys the solu-
tion in a staging area for testing with actual users and real usage scenarios.

Deploying phase 

During the deploying phase, the team deploys the solution technology and site 
components, stabilizes the deployment, transfers the project to operations and 
support and obtains the final customer approval of the project outcome. During 
the deploying phase the following key tasks are performed: completion of de-
ployment and operations procedures, deployment and stabilization and project 
review.
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Figure 3-1, MSF process model phases and milestones 

The software development by itself may have a number of consumers, not only the 
customer of the software but also other processes that can consume the output 
from the process. Therefore the output should be adopted to fulfil the needs of 
these users. 

In other words, the delivered software must not only fulfil the functional require-
ments that the customer has defined but should also be designed to fulfil the needs 
of processes such as maintenance and support processes. 

“Product support, in respect to maintenance needs, can be classified as tangible 
and intangible, as well as planned (proactive) and unplanned (reactive). It is tangi-
ble if an exchange of physical parts (e.g. spare parts, tools, printed documentation, 
training manuals, etc.) is involved. If the rendered service involves only intangible 
support (e.g. expert advice, training, online support, etc.), pricing is more compli-
cated. Planned support is often related to preventive maintenance, training, installa-
tion, commissioning, etc., while unplanned support is often connected to unplanned 
corrective maintenance activities where the product fails unpredictably. Unplanned 
support can also be the assistance needed to resolve problems related to planned 
maintenance and service, but where the documentation is inadequate, the recom-
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mended spare parts or tools are unavailable, etc. It is common for unplanned sup-
port and maintenance that it is often very inconvenient, costly and time consuming 
for all parties involved”, (Markeset and Kumar, 2003). 

In a producer-consumer perspective, any product produced by a producer should 
be adopted to fulfil the needs of its consumers. A product should also be designed 
to offer functionality for the needs of today and not for needs of the future, needs 
that are unspecified or hypothetic. On the other hand, a product should also offer 
such flexibility that it can be adopted to the future needs. One of the most common 
methods for designing and producing a product that best fits the needs of its con-
sumers is to involve the consumers’ representatives in the design work. 

If we are thinking of support and maintenance as customers of developments prod-
ucts, then it should be obvious that the maintenance and support process should be 
involved in the design phase of the development process. 

3.2 Design Pattern 

3.2.1 Introduction to Patterns 

The main objective of patterns is to help software developers to solve recurrent 
problems encountered in the process of software development and maintenance. 

Patterns are one of the recurring topics in software design. Patterns been evolved 
within the object-oriented discipline. Patterns can be described as a problem-
solving discipline. Patterns give software developers a shared language to commu-
nicate insight into and experience of problems and related solutions. 

The primary focus of patterns is not on technology but on design and architecture. 
Every pattern deals with a specific problem, a recurring problem, in the design and 
implementation phase of a software system. 

One of the most popular and referenced publications on software patterns is the 
book Design Patterns: Elements of Reusable Object-Oriented Software by Erich 
Gamma, Richard Helm, Ralph Johnson, and John Vlissides (frequently referred to 
as the Gang of Four or just GoF). 

Patterns are not unique only to the software development domain. They have been 
used in other domains such as organisation, processes, urban planning, building, 
teaching and architecture. 

Alexander, Ishikawa, Silverstein, Jacobson, Fiskdahl-King and Angel (1977) state 
that each pattern describes a problem which occurs over and over again in our en-
vironment, and then describes the core of the solution to that problem in such a 
way that this solution can be used a million times over, without ever doing it the 
same way twice. 

In this description Alexander talks about buildings and towns. But the description is 
true also for object-oriented design patterns, (Gamma, Helm, Jahnson and Vlis-
sides, 1994). 
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3.2.2 What is a Pattern 

Alexander (1979) defines the term pattern as follows: 

Each pattern expresses a three-part rule, namely a certain context, a problem and 
a solution. A pattern describes also the relation between these parts. 

“As an element in the world, each pattern is a relationship among a certain context, 
a certain system of forces, which occurs repeatedly in that context, and a certain 
spatial configuration, which allows these forces to resolve themselves. 

As an element of language, a pattern is an instruction, which shows how this spatial 
configuration can be used, over and over again, to resolve the given system of 
forces, wherever the context makes it relevant.”, (Alexander, 1979) 

The pattern is, in short, at the same time a thing, which happens in the world, and 
the rule which tells us how to create that thing, and when we must create it. It is 
both a process and a thing; both a description of a thing which is alive, and a de-
scription of the process which will generate that thing. 

Bushman, Meunier, Rohnert, Sommerlad and Stal (1996) give an example of a 
software pattern: 

There are many patterns in software architecture, such as Model-View-Controller, 
which is applicable to software with a human-computer interface. This pattern can 
be used to design software, which offers flexibility, portability and  a graphical user 
interface, which can easily be configured. The pattern solves the problem by divid-
ing the application into three areas: 

The model component that encapsulates the business rule and data 

The View components that display data to the user 

The controller components that receive data and events from the user’s terminal 
and deliver it to the view or model services. 

Bushman, Meunier, Rohnert, Sommerlad and Stal (1996), state the following defini-
tion of pattern: “A pattern for software architecture describes a particular recurring 
design problem that arises in specific design contexts, and presents a well-proven 
generic scheme for its solution. The schema of the solution is specified by describ-
ing its integrated components, their responsibilities and relationships, and how 
these components collaborate. 

A solution that is described in a pattern is not the only solution to a certain problem. 
The pattern for the context describes a solution that is proven and works demon-
strably well”. 
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Thinking in problem-solution pairs is a usual model for solving new problems. This 
helps the developer to solve a particular problem by recalling a similar problem and 
its solution. Then a new solution is created by reusing and adopting the solution to 
the similar problem.  

Bushman, Meunier, Rohnert, Sommerlad and Stal (1996) describe patterns as the 
common factors that have been distilled out of a specific problem-solution pairs. 

3.2.3 Pattern Categories 

Bushman, Meunier, Rohnert, Sommerlad and Stal (1996) group software develop-
ment patterns into three categories: 

Architectural Patterns

An architectural pattern expresses a fundamental structural organization or 
schema for software systems. It provides a set of predefined sub systems and 
specifies their responsibilities. Architectural patterns include also rules and 
guidelines that help to organize the relationships among the patterns. 

Architectural patterns are templates for solid software. They specify the system-
wide structural properties 

Design Patterns

A design pattern expresses a scheme for sub systems or components of a soft-
ware system. Design patterns describe also the relationships among the pat-
terns. They describe commonly recurring structures of a set of communicating 
components that solve a general design problem within a particular context. 

Design patterns are medium scale patterns and are independent of any particu-
lar programming language. 

Idioms  

An idiom is a low-level pattern specific to a programming language. An idiom 
describes how to implement particular aspects of components or the relation-
ships among them using the features of the given language. 

3.2.4 Elements of a Pattern 

Every pattern that is defined must be formulated in the form of a rule, which estab-
lishes a relationship among a context, a system of forces, which arises in that con-
text, and a configuration, which allows these forces to resolve themselves in that 
context. The use of examples is also recommended, (Alexander, 1979).

There are several different templates and formats that have been used for describ-
ing a pattern. 
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The pattern description format used in Alexander's work is called the Alexandrian 
form. The format used in (Gamma, Helm, Jahnson and Vlissides, 1994), is referred 
to as GoF format.

It is generally agreed that a pattern should contain a certain set of elements, re-
gardless of which pattern format that has been used.

Each pattern is described in several parts which is called a pattern schema. 

According to (Gamma, Helm, Jahnson and Vlissides, 1994) a pattern has four es-
sential elements: 

The pattern name

The pattern name is a handle that can be used to describe a design problem, its 
solutions, and consequences, in a few words. Naming a pattern increases the 
design vocabulary. The pattern name is used to design at a higher level of ab-
straction. The pattern name makes it easier to communicate design and its 
scope to others. For example ‘Architectural Design Patterns for XML Docu-
ments’.

The problem

The problem describes when to apply the pattern. It also explains the context of 
the problem. Specific design problems might be described within this element. It 
can also include a list of conditions that must be met before a pattern can be 
applied.

The solution

The solution describes the elements that make up the design, their relationships, 
responsibilities, and collaboration. A pattern is more like a template that can be 
applied to solve similar types of problem in different problem situations. So a 
concrete implementation or design of a solution is not described in the solution 
element.

In a pattern an abstract design problem is described as well as a general solu-
tion to the problem.  

The consequences

The consequences describe what results are achieved by applying a pattern. 
Consequences help the developer to evaluate the design alternatives and are 
therefore critical. 

Bushman, Meunier, Rohnert, Sommerlad and Stal (1996), describe a schema di-
vided into three parts: 
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Context

The context describes the situation in which a problem arises, a problem situa-
tion. A pattern context is fairly general, for example ‘Architectural Design Pat-
terns for XML Documents’. 

Problem

The problem part describes the problem that occurs repeatedly in the given 
problem situation, the problem context. The problem is described initially with a 
general specification. Then it continues with the design issues that need a solu-
tion. The issues have to be solid and unambiguous.  

In the pattern community the term force is used to denote any aspects of the 
problem that should be considered when a solution is created, such as ‘require-
ments the solution must fulfil, ‘constraints you must consider’, ‘desirable proper-
ties the solution should have’. 

Solution

The solution part of the pattern describes how a recurring problem can be 
solved. The solution part in software architecture normally includes two parts. 

The first part addresses the static aspects of the solution, for example ‘Don't de-
sign a format and drop validation’. 

The second part of the solution addresses the dynamic aspects of the solution 
such as run-time behaviour such a double-click. 

Bushman, Meunier, Rohnert, Sommerlad and Stal use a name element to give a 
pattern a descriptive tag that can be used to communicate to others. 

The schema of a pattern can be summarized as follows (see Figure 3-2), (Bush-
man, Meunier, Rohnert, Sommerlad and Stal, 1996): 

Figure 3-2, Pattern schema
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According to (Appleton, 2000), the following set of elements should be recognized 
in a pattern description:  

Name

The name must be a meaningful name. A single word or short phrase can be 
used to refer to the pattern, and the use case, knowledge and structure of the 
pattern. Good pattern names form a vocabulary for discussing conceptual ab-
stractions. Sometimes a pattern may have more than one commonly used or 
recognizable name in the literature. In this case it is a common practice to 
document these nicknames or synonyms under the heading of aliases or also 
known as. Some pattern forms also provide a classification of the pattern in ad-
dition to its name. 

Problem

The problem is a description of the pattern’s intent. This element is used to de-
scribe the goals and objectives the pattern tries to reach within the given context 
and forces.

Context

The context is description of the situation in which the problem and its solution 
seem to recur. The context also describes when and under what conditions the 
pattern can be applied. The context is like an initial state of a problem situation 
before a solution is applied to it.  

Forces

Forces are a description of requirements, constraints, goals to achieve and de-
sirable conditions for a pattern. The conflicts and interaction among forces 
should also be described. A pattern with a good description should encapsulate 
all the forces, which have an impact on it.

Solution

A solution consists of static relationships and dynamic rules describing how to 
realize the desired outcome. This is often equivalent to giving instructions, which 
describe how to construct the necessary work products. Descriptive methods 
such as pictures and diagrams can be used to describe and identify the pattern's 
structure, the participants’ collaboration and to describe and show the solution to 
the problem and how it can be solved. The solution describes both static struc-
ture and dynamic behaviour. The static structure describes the form and organi-
zation of the pattern. The dynamic part describes the behaviour of the pattern.  

Examples

The examples are used to describe situations in which the pattern has been ap-
plied. Examples illustrate a context in its initial state, a problem situation, how 
the pattern is applied to solve the problem and what results, resulting context, it 
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has achieved. The objective of examples is to help the user of the pattern to un-
derstand its usability and applicability.

Resulting Context 

Resulting context is a description of the state or configuration of the system after 
the pattern has been applied. The resulting context should also include the con-
sequences of applying the pattern. Both good and bad consequences should be 
described. This helps the developer to choose among alternatives. Another ob-
jective of describing consequences is to describe whether a new context may 
arise through using the pattern. Resulting context also describes the post condi-
tions and side-effects of the pattern.

Rationale

Rationale is an explanation of steps or rules in the pattern. Rationale describes 
how, why and in what particular way the pattern solves the forces. It also de-
scribes the pattern’s principles and philosophy. It explains how the pattern 
works, why it works, and why it is good.  

Related Patterns 

The element of related patterns is used to describe the relationships between 
this pattern and others within the same pattern language or system. Patterns are 
related to each other when they share common forces. Related patterns also 
have an initial state or resulting context that is compatible with the resulting or 
initial context of another pattern.  

Known Uses

Known uses are a description of the known occurrences of the pattern and con-
text in which the pattern has been applied. Known uses help to validate a pat-
tern’s usability and reliability by verifying it in a real world situation. The known 
uses show that the pattern and its solution are proven to a recurring problem.  

An abstract is often used to provide a short description and an overview of a pat-
tern. An abstract is not required but is recommended. The abstract gives a picture 
which is clear and informative. It also gives summarized information of the pattern’s 
context, problem and solution. This helps the user of the pattern to quickly decide 
the pattern’s relevance to the problems that need to be solved.

3.2.5 Patterns and Frameworks 

Software framework is one of related areas to design patterns and object-
orientation. A software framework is described a reusable mini-architecture that 
provides the generic structure and behaviour of a family of software abstractions, 
along with a context of metaphors. The context specifies the use of the framework 
in a given application domain.  
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“The framework accomplishes this by hard coding of the context into a kind of "vir-
tual machine, while making the abstractions open-ended by designing them with 
specific plug-points (also called hot spots). These plug-points (typically imple-
mented using call-backs, polymorphism, or delegation) enable the framework to be 
adapted and extended to fit varying needs, and to be successfully composed with 
other frameworks. A framework is usually not a complete application: it often lacks 
the necessary application-specific functionality. Instead, an application may be con-
structed from one or more frameworks by inserting this missing functionality into the 
plug-and-play "outlets" provided by the frameworks. Thus, a framework supplies the 
infrastructure and mechanisms that execute a policy for interaction among abstract 
components with open implementations”, (Appelton, 2000).

A definition of an object-oriented software framework is given in Gamma, Helm, 
Jahnson and Vlissides (1994):

“A framework is a set of cooperating classes that make up a reusable design for a 
specific class of software. A framework provides architectural guidance by partition-
ing the design into abstract classes and defining their responsibilities and collabora-
tion. A developer customizes a framework to a particular application by sub class-
ing and composing instances of framework classes.  

The framework dictates the architecture of your application. It will define the overall 
structure, its partitioning into classes and objects, the key responsibilities thereof, 
how the classes and objects collaborate, and the thread of control. A framework 
predefines these design parameters so that you, the application de-
signer/implementer, can concentrate on the specifics of your application. The 
framework captures the design decisions that are common to its application do-
main. Frameworks thus emphasize design reuse over code reuse, though a frame-
work will usually include sub classes you can put to work immediately”.

Appleton (2000) describes the difference between a framework and a library as: 

“The difference between a framework and an ordinary programming library is that a 
framework employs an inverted flow of control between itself and its clients. When 
using a framework, one usually just implements a few call-back functions or defines 
a few classes, and then invokes a single method or procedure. At this point, the 
framework does the rest of the work for you, invoking any necessary client call-
backs or methods at the appropriate time and place. For this reason, frameworks 
are often said to abide by the Hollywood Principle ("Don't call us, we'll call you.") or 
the Greyhound Principle ("Leave the driving to us.").  

Design patterns may be employed both in the design and the documentation of a 
framework. A single framework typically encompasses several design patterns. In 
fact, a framework can be viewed as the implementation of a system of design pat-
terns. Despite the fact that they are related in this manner, it is important to recog-
nize that frameworks and design patterns are two distinctly separate beasts: a 
framework is executable software, whereas design patterns represent knowledge 
and experience about software. In this respect, frameworks are of a physical na-
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ture, while patterns are of a logical nature: frameworks are the physical realization
of one or more software pattern solutions; patterns are the instructions for how to 
implement those solutions.”  

Gamma, Helm, Jahnson and Vlissides’s (1994) book describes the major differ-
ences between design patterns and frameworks as follows:  

Design patterns are more abstract than frameworks. Frameworks can be ex-
pressed in code, but only examples of patterns can be expressed in code. The 
strength of frameworks is that they can be written down in programming lan-
guages and not only studied but executed and reused directly. In contrast, de-
sign patterns have to be implemented each time they are used. Design patterns 
also explain the intent, trade-offs, and consequences of a design.

Design patterns are smaller architectural elements than frameworks. A typical 
framework contains several design patterns but a pattern can never contain a 
framework.  

Design patterns are less specialized than frameworks. Frameworks almost al-
ways have a particular application domain. Design patterns, in contrast to 
frameworks, can be used in any kind of application. While more specialized de-
sign patterns are certainly possible, even these would not dictate application ar-
chitecture.

3.2.6 Pattern Languages 

Gamma, Helm, Jahnson and Vlissides (1993) define pattern as a common vocabu-
lary and understanding of design principles. Patterns identify and specify abstrac-
tions that are above the level of single classes and instances, or of components. 

According to Gamma, Helm, Jahnson and Vlissides (1993), patterns help you to 
build complex and heterogeneous software architecture.

Patterns that are connected or complement each other can be listed in a catalogue-
like list. The categorizing patterns give us a system of patterns, a Pattern System. 

Alexander (1979), uses the term language instead of system for this structure. 

According to Alexander (1979), the elements of a pattern language are patterns. 
There is a structure to patterns, which describes how each pattern is itself a pattern 
of other smaller patterns. And there are also rules, embedded in the patterns, which 
describe the way that they can be created, and the way that they must be arranged 
with respect to other patterns. 

However, in this case, the pattern is both elements and rules, so rules and ele-
ments are indistinguishable. The patterns are elements. And each pattern is also a 
rule, which describes the possible arrangements of the elements themselves again 
or other patterns. 

Coplien (1996) defines a pattern language as follows:



Theoretical Framework and Basic Concepts Page 40 

“A pattern language is a structured collection of patterns that build on each other to 
transform needs and constraints into an architecture. It is not a programming lan-
guage in any ordinary sense of the term, but is a prose document whose purpose is 
to guide and inform the designer. Patterns rarely stand alone. Each pattern works 
on a context, and transforms the system in that context to produce a new system in 
a new context. New problems arise in the new system and context, and the next 
layer of patterns can be applied”. 

Coplien (1996) states that good pattern languages guide the designer toward useful 
architectures and away from architectures whose literary analogies are ill-written. 
Good architectures are durable, functional, and aesthetically pleasing, and a good 
combination of patterns can balance the forces on a system to strive towards these 
three goals. A good pattern language gives designers freedom to express and 
visualize the solution to the particular needs of the context where the patterns are 
applied.

Appleton (2000) states that a pattern language, unlike a pattern catalogue, includes 
rules and guidelines which explain how and when to apply its patterns to solve a 
problem. These rules and guidelines suggest the order for applying each pattern in 
the language.

A pattern language may be regarded as a lexicon of patterns plus a grammar that 
defines how to weave them together into valid sentences.  

Good pattern languages are generative, which means that they are capable of gen-
erating all the possible sentences from a rich and expressive pattern vocabulary.  

A pattern language forms a gestalt in which each of its patterns collaborates to 
solve a more fundamental problem that is not explicitly addressed by any individual 
pattern. This helps a pattern language to achieve an organic order. 

3.2.7 Pattern Catalogues and Systems 

Bushman, Meunier, Rohnert, Sommerlad and Stal (1996) have classified different 
kinds of pattern collections that possess varying degrees of structure and interac-
tion into pattern catalogues, systems, and languages:

Pattern Catalogues

A pattern catalogue is a collection of related patterns that are related only 
loosely or informally. It typically divides the patterns into at least a small number 
of broad subcategories and may include some amount of cross referencing 
among patterns.

Pattern Systems

A pattern system is a set of related patterns, which work together to support the 
construction and evolution of whole architectures. Pattern systems are normally 
organized into related groups and subgroups at multiple levels. It also describes 
the relationships and interrelationships among the patterns and their groupings. 
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Patten systems show how patterns may be combined and composed to solve 
complex problem situations. The patterns in a pattern system should all be de-
scribed in a consistent and uniform style and need to cover a sufficiently broad 
base of problems and solutions to enable significant portions of complete archi-
tectures to be built.

A pattern catalogue provides structure and organization to a pattern collection. The 
pattern catalogue shows only an overview of the patterns relationships and struc-
ture. A pattern system shows a detailed structure and the interaction among the 
patterns. Pattern systems and pattern languages are sets of patterns that are 
aimed at describing and solving particular problems in a particular domain. Pattern 
languages show all possible combinations of patterns. The difference among pat-
tern language, pattern catalogue and pattern system is how complete the descrip-
tion is. The pattern language is the most complete of the pattern’s combinations 
and architecture.  

“While a pattern system may be a collection of patterns about a very broad topic, a 
pattern language has to be about more than just a "broad topic". A pattern lan-
guage ultimately corresponds to a single-minded collective that forms a kind of 
"mega pattern" or "super pattern" in that the entire language possesses an underly-
ing, shared problem and its context, forces, solution, resulting context, and rationale 
(which each pattern in the language addresses at some level or another). This co-
herence of purpose is what gives the pattern language a sense of closure. A pat-
tern system does not necessarily have all of these pattern elements. It may focus 
on an equally broad or narrow topic, but it may not necessarily have a clear mission 
or agenda and may result in many relationships among patterns being harder to 
find, or it leaves several important gaps unfilled in the problem space.

But perhaps the most important difference between pattern languages and pattern 
systems is that pattern languages are not created all at once. They evolve from pat-
tern systems through the process of growth.  A pattern system may, in turn, evolve 
from a pattern catalogue in a similar manner. So just as pattern languages help to 
incrementally grow whole architectures, pattern systems may serve to incrementally 
grow into whole pattern languages”, (Appelton, 2000). 

3.2.8 Pattern and Non-functional Software Properties 

Bushman, Meunier, Rohnert, Sommerlad and Stal (1996), discuss some non-
functional aspects of software architecture and the relation among these properties 
and patterns. These properties have a great impact on software development and 
maintenance. 

The properties discussed are: 

Changeability

Most of the large-scale commercial systems have a long life-span. Existing re-
quirements are modified and new ones are added. These changes must be im-
plemented in the system.
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To reduce the cost of maintenance the architecture of the system must be pre-
pared for modifications.

The authors consider four aspects of changeability: 

Maintainability; this deals with problem fixing and repairing. A good ar-
chitecture minimizes the side effects. 

Extensibility; this focuses on the extension of software system with new 
features.

Restructuring; this deals with reorganisation of software components. 

Portability; this deals with adapting software to a variety of hardware 
platforms, user interfaces, operating systems, programming languages 
or compilers. 

Interoperability

A software architecture must be designed to offer well-defined access to exter-
nal functionality. 

Efficiency

Efficiency deals with the use of resources available for the execution of soft-
ware.

Reliability

there are two aspects of reliability: 

Fault tolerance; this aims to ensure correct behaviour in the event of 
errors.

Robustness; this deals with protecting an application against incorrect 
usage.

Testability

A software system needs support from its architecture to ease the evaluation of 
its correctness. 

Reusability

This has two major aspects: 

 Reusing existing components from other projects, vendor and so on 

 Creating reusable components that can be used in other software sys-
tems.

Bushman, Meunier, Rohnert, Sommerlad and Stal (1996) think that patterns fit in 
well with existing approaches to software architecture: 
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 Patterns explicitly build on enabling techniques for constructing well-defined 
software systems. 

 Patterns stress the importance of non-functional properties. 

 Patterns complement existing problem-independent software development 
processes and methods with guidelines for solving recurring design and imple-
mentation problems. 

3.2.9 Writing a Good Pattern 

After writing a pattern, there is a need to verify whether the pattern is of good qual-
ity. Lea (2005) has defined a checklist for how to write a good pattern. According to 
the checklist a pattern:  

 describes a single kind of problem.  

 describes the context/problem situation in which the problem occurs.  

 describes the solution to a problem.  

 describes design steps or rules for constructing the solution.

 describes the forces leading to the solution.  

 describes evidence that the solution optimally resolves forces.

 describes details that are allowed to vary, and those that are not.

 describes at least one actual instance of use.  

 describes evidence of generality across different instances.  

 describes or refers to variants and sub patterns.  

 describes or refers to other patterns that it relies upon.

 describes or refers to other patterns that rely upon this pattern.  

 relates to other patterns with similar contexts, problems, or solutions. 

3.3 Extreme Programming, XP 

3.3.1 Introduction to XP 

XP is a discipline of/model for business and software development that focuses 
both parties on common, reachable goals. XP is aimed at helping software devel-
opment teams to produce high quality software in time with sustainable cost. XP 
asks the question, “How little we can do and still build great software”, (Beck, 
2000).
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“XP makes two promises; to developers XP promises that they will be able to work 
on things that really matter, and to customers and managers XP promises they will 
get the most possible value out of every programming day”, (Beck, 2000).

XP is designed for projects with a team of two to ten programmers. Most of the 
models of the software development deal with four control variables, which are 
time, cost, quality and scope. XP, like other models, focuses on these variables. 
According to XP the time, quality and cost are those variables that the external ac-
tors (customer, managers) can pick values of. The development team can pick val-
ues of the fourth variable, the scope. There is an interaction and relationship among 
these variables that must be considered by managers. It is known from experience 
that more money can help the project a little but too much money too soon in the 
project creates more problems than it solves. On the other hand, more time to de-
velop and deliver can improve the quality and it increases the scope. This means 
that giving too much can cause problems to the project and giving too little time to a 
project may increase the risk that the quality will suffer, which has a negative affect 
on the scope and the cost. Quality is a variable that is difficult to control. Quality af-
fects both time and cost. Short- term gains can be achieved for example by reduc-
ing the quality requirements. These types of short-term gains may lead to higher 
maintenance costs in the long term. Software can be developed more cheaply, in 
time and with good quality by limiting the scope, (Beck, 2000). 

3.3.2 Cost of changes  

Beck (2000) claims that one of the universal assumptions of software engineering is 
that the cost of changes rises exponentially over time.  

According to this assumption the changes that are made in the requirement phase 
are cheaper than those in the analysis phase which are cheaper than those in the 
design phase and so on. 
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Figure 3-3, Cost of changes during the development phases 
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One of the effects of this assumption is that it would be wise to spend more time 
and resources on the requirements, analysis and design phases to minimize the 
number of changes in the hope of minimizing the cost of development. This can 
lead to a static period, such as the implementation phase, in the project when 
changes are not welcome. Static periods in a project do not necessarily mean a 
problem for the development team but for the customer, (Beck, 2000). 

What it is needed is to find a model, method or way of working to develop and 
maintain high quality software with low cost and still make it possible to handle 
changes during all of the software development phases and later on during the 
maintenance process. 

In an ideal situation, implementing changes should not result in any extra cost in 
the software lifecycle. There is also a need to find methods, models or rules of 
thumb to introduce and implement changes in software with a slow rise of cost, no 
matter when a change occurs.  

And if there is a way to get the curve flattened, there is a problem because of the 
curve according to (Figure 3-3).

According to XP, with a combination of technology and programming practices it 
would be possible to make changes late in the process of the development without 
risking the project cost. This gives the project the opportunity to make big decisions 
as late as possible. To make decisions just in time helps the project to defer the 
cost of making decisions and gives the project a better opportunity to make the right 
decisions, (Beck, 2000). 

3.3.3 Four keys to success 

XP emphasizes four keys of value to serve both human and commercial needs. 
These keys are communication, simplicity, feedback and courage, (Beck, 2000):  

Communication

“Communication in a project is one of the most important keys to success. Prob-
lems can easily come up, however, programmers forget to inform about critical 
changes, somebody is not talking to somebody else about something important, 
programmers don’t ask customers the right questions, managers misunderstand 
customers’ needs, and customers misunderstand programmers. 

XP aims to keep the right communications flowing by employing some practices 
like unit-testing, pair programming and task estimation. XP employs a coach 
whose job it is to notice when people are not communicating and reintroduce 
them”, (Beck, 2000). 

Simplicity

“The second key, as has been experienced in many projects, is to try to find the 
simplest but still working solutions. The keyword, based on own experiences, is 
“KISS - Keep It Simple Someone.
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We know that simplicity is not the easiest thing to achieve in a software devel-
opment process. Developing complex solutions gives us, at least most of us, an 
inner satisfaction. To develop simple and good enough solutions requires a tra-
dition in a development team. Managers should encourage developers to design 
simple solutions. 

XP says that it is better to do a simple thing today and pay a little more tomorrow 
to change, it if it needs it, than to do a more complicated thing today that may 
never be used anyway”, (Beck, 2000). 

Feedback

“Feedback about the current state of the system is priceless. Feedback works at 
different time scales. The programmers get a minute-by-minute concrete feed-
back by writing unit tests for the login in the system. The external test 
team/customers and the internal test team write functional test scenarios for the 
system. This feedback works on a larger scale of time, weeks and months. 

One of the most important things about feedback is to give both customers and 
development team a picture of the system’s current state. This helps managers 
to tune project activities and make necessary adjustments in the project plan. 

Feedback works together with communication. The more feedback in the pro-
ject, the easier it is to communicate”, (Beck, 2000).  

Courage

“Courage is about to try to go further even if the team members are not 100% 
sure of where they are going to. If the project members have courage then it 
simplifies the system by renewing parts, trying out solutions, implementing new 
technologies and making structural changes”, (Beck, 2000). 

3.3.4 The Basics in Software Development 

XP helps to structure the basic activities in a software development process. 

The main activity in a software development process is generating/writing code. 
Generating/writing code is one of the biggest parts of a development process and 
therefore it is highly important that the purpose of the code, what the code is sup-
posed to do, is described, documented and understood. The description and docu-
mentation are also used during the test to ensure that the code works as it sup-
posed to do. The documentation is also used to design and structure the logic of 
the software. 

To conclude these basics one can say software development is about: 

 Coding 

 Testing 

 Listening 



Theoretical Framework and Basic Concepts Page 47 

 Designing 

These four activities are the main activities for structuring the development process. 
XP provides some practices to do it, (Beck, 2000). 

3.3.5 XP Solution Model 

XP relies on synergies among some simple practices. 

3.3.5.1 The Practices of XP 

Beck (2000), describes the following as the practices of XP:  

The planning game

Quickly determine the scope of next release. This is based on both business 
and technical needs and priorities, (Beck, 2000). 

Business people need to decide about scope, priority, composition of releases 
and dates of releases while the technical people need to decide estimates, con-
sequences, process and detail scheduling. 

Small releases

Put a simple system into production quickly, and then release new versions on a 
very short cycle. 

Metaphor

Each XP software project is guided by a single metaphor that is a story of how 
the whole system works. This can be told by a contract or explained like “The 
system is a diary” or “The system is an archive”. 

Simple design

The system should be designed as simple as possible at any given moment and 
part. The simple design is the one that: 

 Runs all the tests 

 Has no duplicated logic 

 States every important intention to the programmers 

 Has the fewest possible classes and methods 

This means designing and implementing for the needs of today and is opposite 
to what we usually hear: “implement for today, design for tomorrow” 

Testing

Programmers write unit tests, which must run flawlessly for the development to 
continue. Customers write functional tests to demonstrate the features. 
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There is no need to write a test for every single method, only for production 
methods that could possibly break. 

Reengineering

Programmers restructure the system without changing its behaviour. This can 
happen when the developer wants to simplify, remove duplicates, add flexibility 
and improve performance.  

Pair programming

All production code is written with two programmers at one machine. 

Collective ownership

Anyone can change any code anywhere in the system at any time. 

Continuous integration

Integrate and build the system many times a day. This is done every time a task 
is completed. 

40-hour week

Work no more than 40 hours a week. This as a rule. Never work overtime two 
weeks in a row. 

On-site customer

Include a real, live user in the team; the user must be available full-time to an-
swer the questions. 

Coding standards

Programmers write code according to coding practice. The standard should con-
sist of the once and only once rule: no duplicate. 

3.3.6 XP’s strategies 

Beck (2000) describes the following strategy for management: 

Management 

One of the management dilemmas is how to delegate responsibility without los-
ing the general view of the project. To have a manager who is responsible for all 
strategic decisions can facilitate the decision-making process but the problem is 
that no one can make good decisions on all kinds of issues.  

XP provides some principles, which help the management process of a project, 
namely, (Beck, 2000): 
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 Accepted responsibilities – suggests that the manager’s job is to define 
what needs to be done and not to assign work. 

 Quality work – suggests that the relation between manager and program-
mer needs to be based on trust. The manager needs to help programmers 
to do an even better job. 

 Incremental change – suggests that the manager provides guidance dur-
ing the whole project instead of giving a big policy manual at the beginning 
of the project. 

 Travel light – suggests that the manager does not impose administrative 
overheads such as lengthy status reports and long meetings. 

 Honest measurement – suggests that whatever metrics the manager 
gathers should be at realistic levels of accuracy. 

Beck (2000), describes other strategies for the management of the development 
process: 

Splitting business and technical responsibility strategies.

XP’s solution to this problem is to split the responsibilities and power between 
business and development. This means that business people make decisions on 
the project’s business related issues and programmers make decision on tech-
nical issues. 

Planning strategy 

The planning process is a process of guessing. Some of the purposes of plan-
ning are to create an understanding of what needs to be done in the team, pro-
vide a time schedule/project activity plan and provide an estimation of cost. 

XP suggests the following steps during the planning process: 

 Do only the planning you need for the next release 

 Accepted responsibilities. The manager asks the team to take responsibil-
ity for activities. Responsibility can only be accepted not given.

 The person responsible for implementing makes the estimation 

 Ignore dependencies among parts. To avoid strong dependency among 
parts and components and increase the flexibility in the architecture of the 
software, the parts of development should be planned so that they can be 
switched around. 

 Planning for priorities does not need to be as detailed as planning for im-
plementation 
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Development strategy 

XP’s development strategy starts with continuous integration which means that 
code that is not integrated just exists for a couple of hours, at most.  

Collective ownership means that anyone can change any part of the code in the 
system at any time. XP’s means that collective ownership encourages the whole 
team to develop a better system. 

Finally the pair programming ties the whole process together. Pair programming 
encourages communication, which is one of the most important values in XP. 

Design strategy 

XP emphasizes simplicity of design. The best design is the simplest design that 
runs all test cases. 

Design is about communication. We communicate what the system will do and 
how the functionality will be implemented.

Testing strategy 

It is known that testing is important but nobody wants to talk about testing. 

According to XP, tests should come from two sources, namely programmers and 
customers. Programmers write tests for each part of logic/code, each method, 
each property and each event and so on. It is highly recommended that a test 
should be written before the code is written 

Customers are recommended to write test scenarios. Test scenarios are con-
nected to use-cases and used to verify the functionality of the software. 

3.3.7 Conclusion 

XP development and design are about design and writing code according to the 
just-in-time rule. You do not write code that is not needed today. You do not design 
for tomorrow because you know that the cost of changes does not need to rise ex-
ponentially.

Communication is one of the keywords, communication between the customer and 
the manager and the manager and the team. 

XP provides guidelines and rules of thumb regarding management strategy, plan-
ning strategy, design strategy, development strategy and test strategy. The aims of 
these strategies are to help the development process to reduce the development 
costs, produce better code, increase the software quality, optimize the scope of the 
project, and increase the serviceability maintainability of software.
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3.4 RUP 

3.4.1 Introduction to RUP 

Lundell (2003), gives the following introduction to RUP: 

RUP is a general process for software engineering projects. RUP has its roots in 
the object oriented paradigm. It is a commercial product that is developed and mar-
keted by IBM and Rational Software.  

RUP is built on many of the best practises in the software engineering of today. 
This means that RUP relies on methods, principles and processes that have been 
tried in earlier software development projects with a successful outcome. 

The results of these experiences have been encapsulated into six principles for 
software development success, (Rational, 2004):

Develop Iteratively, one of the core Rational best practices is the notion of De-
veloping Iteratively. With the iterative approach, a project has a lifecycle consist-
ing of several iterations. Each iteration is time-constrained, and ends with a spe-
cific progress milestone. Unlike a waterfall or linear method, the iterative ap-
proach helps you address and reduce risk early and continuously. This by dem-
onstrating and releasing executable code frequently.  

Manage Requirements, requirements management is a systematic approach to 
finding, documenting, organizing, and tracking a system's changing require-
ments. Keys to effective requirements management include maintaining a clear 
statement of the requirements and ensuring traceability to other requirements 
and other project artefacts. Managing requirements helps to ensure that the final 
system will fulfil user needs and provide resilience in the face of inevitable 
change.

Use Component Architectures - Components are modules, groups of code or 
subsystems, which fulfil a clear function. Component based architectures give 
the opportunity to reduce the complexity and size of a solution effectively. This 
type of architecture also helps the project to reduce development and mainte-
nance costs and risks in the processes of software development and mainte-
nance.

Model Visually, visual modelling is used to capture and visualize designs of 
software. In visual modelling graphical and textual design notations such as the 
industry-standard Unified Modelling Language (UML) are used. By using visual 
modelling the details can be hidden and the code can be written through graphi-
cal building blocks. These blocks are easy to understand by stakeholders. 

Continuously Verify Quality, Rationality places emphasis on quality throughout 
the project lifecycle, with testing conducted in each iteration. Focusing on soft-
ware quality helps to avoid poor performance and reliability. Many traditional ap-
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proaches leave the testing of integrated software until late in the project's lifecy-
cle.

Manage Change, one of the important keys in a software development process 
is managing and coordinating the work of multiple developers organized into dif-
ferent teams. This may be more complex when the team is located at different 
sites, working on multiple iterations, releases, products, and platforms. Repeat-
able procedures for managing changes to software and other development arte-
facts can help the management to maximize efficient use of the resource alloca-
tion, minimize chaos and ensure that changes can be made during the whole 
development process. 

3.4.2 Phases 

RUP divides the process of software development into four phases; Inception,
Elaboration, Construction and Transition.

One of the purposes of these phases is to give the process some tollgates between 
each phase, also called major milestones in RUP.  These milestones give the man-
agement an opportunity to ensure that the outcome of each phase is in accordance 
with the expected result. Another benefit of these tollgates is that the project man-
agement is forced into a decision process in order to determine whether or not the 
development process can go on (see Figure 3-4), (Lundell, 2003).  

Figure 3-4, Phases in process of software development according to RUP 

3.4.3 Disciplines 

RUP also groups activities into disciplines. These disciplines, which contain rele-
vant activities, go through the phases. The disciplines are ordered and related to 
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each other. This means that the outcome from one discipline is the input to the next 
discipline.

The disciplines are grouped into two main directions. Those that are directed to the 
technical development activities, called process disciplines (see Figure 3-5), and 
those that are directed to the activities that support the process activities, called 
supporting disciplines, (Rational, 2004). 

Figure 3-5, RUP process disciplines 

3.4.3.1 Process Disciplines 

Business modelling 

The purpose of this discipline is to describe the whole business and to 
model/remodel the business to fit the future/coming needs better. The focus is not 
only on the system but on the whole business/organisation in which the system will 
work. That means that one of the purposes of these activities is to identify if and 
within which elements in the business processes we need an IT system. Business 
modelling can be considered optional. 

The techniques used to describe the business model are similar to those in the Re-
quirements Discipline and the Analysis and Design Discipline. 

The outcome of this process is a business use-case model and business object 
model, (Lundell, 2003). 
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Requirements 

The purpose of this discipline is to identify, capture, evaluate and conclude what the 
business and different types of stakeholders expect from the future system. These 
expectations are expressed in requirements. 

Figure 3-6, A typical use-case for a systems project

Some of these requirements include, (Rational, 2004): 

Usability – How easy are the system functions to use? 

Maintainability – What is the system maintenance cycle, and how quickly must a 
defect be resolved? 

Extendibility – What is the system lifecycle, and how changeable should it be? 

Scalability – How many users, how big a database, and how many locations? 

Reliability – How often is the system not going to work, and what will the impact 
be?

Performance – What response times should be expected in different situations? 

Supportability – How easy should it be to maintain the system, and in what envi-
ronment? 

Cost of manufacture and deployment – What is the acceptable cost of produc-
tion and then replication? 
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Operational cost – How much will it cost to keep the system working? 

The method that RUP uses to identify and describe requirements is documentation 
of business use-cases. Use-cases describe one or more scenarios/situations in 
which the system will act. Use-cases help to capture the functional requirements. 
Other requirements than functional ones are described in complementary docu-
mentation.

Identifying, capturing and analysing requirements take of course a big amount of 
time in the first two phases. But it is important to emphasize that normally the re-
quirements will change during the process and the requirement documentation is 
revised several times. 

The outcome is a use-case model, with actors representing external units commu-
nicating with the system, and use cases representing transaction sequences, 
measurable results of value to the actors (Lundell, 2003). 

Analysis and Design 

The purpose of this process is to investigate the intended implementation environ-
ment and the effect it will have on the construction of the system.

It is sometimes useful to consider the results of analysis as a separate model, then 
called the analysis model. The analysis model becomes more detailed during this 
process and passes to a design model. 

The outcome of this process is an object and design model, including use-case re-
alizations that show how the objects communicate to perform the flow of the use 
cases. 

This might include interface definitions for classes and subsystems, specifying their 
responsibilities in terms of provided operations.  

This object model is also adapted to the implementation environment in terms of 
implementation language, distribution etc. (Lundell, 2003).

Implementation 

The purpose of this process is to implement the system in the prescribed imple-
mentation environment. This results in source code, executables and files. 

The implementation is often based on the architecture that has been designed in 
the analysis and design process. 

Test 

The purpose of this process is to ensure that the system is the one intended, and 
that there are no errors in the implementation. This results in a certified system that 
is ready for delivery. 
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Deployment 

The purpose of this process is to deliver the system to the users and put it in the 
production environment. A project cannot be considered as ended before deploy-
ment (Lundell, 2003). 

3.4.3.2 Supporting Disciplines 

The supporting disciplines in RUP are described as follows: 

Configuration and change management 

The purpose of this discipline is to serve the need of handling versions of artefacts 
that are produced in an iterative process. 

Project management 

RUP discipline for project management does not focus on planning, follow-up and 
steering. For these issues RUP refers to general models such as PROPS.

Instead RUP focuses on planning of an iterative project, focusing on risks and 
measurement of the project outcome. 

Environment 

The purpose of this discipline is to offer the project a technical environment, which 
is easy and comfortable to use. 

3.4.4 Conclusion 

The Rational Unified Process, or RUP, provides a framework for systems develop-
ment. The key principles of RUP for systems development are: 

 Concurrent Design, the ability to develop a system by many different people in 
parallel is important for success. Large groups can be organized by providing a 
set of artefacts and process. RUP focuses on the architecture. This provides a 
structured environment with clear responsibility for the development and man-
agement team.

 Iterative Development, RUP advocates an iterative approach. Each iteration 
minimizes risk by delivering functionality. RUP recommends a best practice 
starting with risk management. Risk management starts with Inception, where 
risks regarding scope and functionality requirements are identified and analysed. 
Then additional risks regarding architecture, manufacturing, and deployment are 
identified and managed, during the project’s lifecycle,. This iterative approach of 
continually identifying, analysing and managing risks gives a team the opportu-
nity to work effectively and to decrease the risk profile. 

 Change Management, RUP provides a framework that supports change man-
agement. This is done by combining an architecture-centric approach with an it-
erative lifecycle. It is experienced and well known that changes will occur in the 
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development project’s lifecycle. There is a need to manage these changes and 
also to provide guidelines for the team to document, implement and test the 
changes. Every change affects the system, and the effect of implementing a 
change is related to the size and complexity of the system. RUP emphasizes the 
importance of managing the impact of change, and to continually evaluate which 
components are affected. 

 Architecture, RUP recommends a modular architecture that is based on compo-
nents. It also recommends use of the notation UML for defining the system’s ar-
chitecture, which encourages methodical system design, development, and vali-
dation.

3.5 Pattern for multi-tier architecture model for GI applications 
It has been noticed that the OSE model, as defined in ISO 19101, is fully applicable 
as a pattern for application developed by students and even other developer cate-
gories.

3.5.1 OSE model 

Before describing the OSE model it is necessary to describe the relationship of 
three terms. These three terms are used extensively in the international standard): 

Service: A service is a collection of operations, accessible through an interface. 
A service allows a user to evoke behaviour and functionality that helps users to 
create value. 

Operation: An operation is a specification that describes an interaction that can 
be requested from an object to effect behaviour or function. 

Interface: An interface is an implementation of operations. An interface also in-
cludes a public access view of operations and the syntax of the interaction for a 
given distributed computing technology. 

To support flexible deployment, IT architectures are structured as multi-tiered dis-
tributed architectures. As a reference model, a logical 4-tier architecture is pre-
sented with discussion of variations in different physical architectures.  

The logical architecture is the arrangement of services and associated interfaces 
that are present in the system (see Figure 3-7). The physical architecture is the ar-
rangement of components and associated interfaces that implement the services. 
The components are hosted on hardware computing resources or nodes. 

The OSE model (ISO/IEC TR 14252:1996 Information technology — Guide to the 
POSIX Open System Environment (OSE)), as defined in ISO 19101, structures the 
types of services of an IT system. Each tier can contain both IT-general services 
and GIS-extended services for that tier, (OGC, 2001). 

 The Human Interaction service tier is responsible for physical interaction with the 
user, through display and input media, and an appropriate dialogue. 
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 The communication services are responsible for connecting the various tiers to-
gether (although not labelled in Figure 3-6, the communication services are pre-
sent as connections among the other service tiers). 

 The user processing service tier is a part of the processing services responsible 
for the functionality required by the user. 

 The shared processing service tier is part of the processing services responsible 
for common services (both domain specific and general) that can be used by 
multiple users. 

 The model & information management service tier is responsible for physical 
data storage and data management. 

 The workflow & task services are a set of services that can be viewed as a spe-
cialized processing service. 

 The system management services tier is related to the multi-tiered architecture, 
and might be introduced in multiple tiers. 

Human Interaction
Services

User Processing
Services

Shared Processing
Services

Model & Information
Management Services

Workflow & Task
Services

System Management
Services

Figure 3-7, Logical multi-tiered architecture 

The logical architecture can be mapped onto multiple physical architectures (see 
Figure 3-8). All tiers could be mapped into one monolithic application, or through 
different client-server architectures. 
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3.5.2 Service Oriented Architecture 

W3C WS (2004) describes the architecture of a service-oriented design as follows: 

A Service Oriented Architecture (SOA) is a form of distributed systems architecture 
that is typically characterized by the following properties: 

Interaction
Services

Client

Workstation

User
Services Application

Server
Business
Services

Data
ServerData Services

Data
Server

2-tier 3-tier

Figure 3-8, From 4 tier to 2 or 3 tiers architecture 

A Client-Server relationship will exist between each of the tiers in the architecture, 
and multiple physical architectures can support the same logical architecture (see 
Figure 3-9). 

Interaction
Services

User
Services

Business
Services

Data Services

Web Client

Web
Server

Data
Server

Workstation

Data
Server

Thick Client Thin Client

Application
Server

Figure 3-9, Mapping to thick or thin client 
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 Logical view: The service is an abstracted, logical view of actual programs, da-
tabases, business processes, etc., defined in terms of what it does, typically car-
rying out a business-level operation.  

ormally defined in terms of the messages 

 SOA: using the SOA dis-

plication that can be wrapped in message 

 Description orientati essable meta 
data. The descript : only those details 

3.6

tify estment in the business. PENG consists of three 

p
(Dahl

Sti

e

 Message orientation: The service is f
exchanged between provider agents and requester agents, and not the proper-
ties of the agents themselves. The internal structure of an agent, including fea-
tures such as its implementation language, process structure and even data-
base structure, are deliberately abstracted away in the
cipline one does not and should not need to know how an agent implementing a 
service is constructed. A key benefit of this concerns so-called legacy systems. 
By avoiding any knowledge of the internal structure of an agent, one can incor-
porate any software component or ap
handling code that allows it to communicate to the formal service definition.  

that are exposed to the public and important for the use of the service should be 
included in the description. The semantics of a service should be documented, 
either directly or indirectly, by its description. 

Granularity: Services tend to use a small number of operations with relatively 
large and complex messages. 

Network orientation: Services tend to be oriented toward use over a network, 
though this is not an absolute requirement. 

on: A service is described by machine-proc
ion supports the public nature of the SOA

 Platform neutral: Messages are sent in a platform-neutral, standardized format 
delivered through the interfaces. XML is the most obvious format that meets this 
constraint.

 PENG 
PENG is a model for analysing IT projects. PENG focuses on benefit ability rather 
than profitability of the IT-investment. The PENG model is a structured way to iden-

 and evaluate the benefit of inv
phases preparation phase, analysis phase and quality assurance phase. Each 
hase is then divided into steps, totally ten steps, which can be pursued in parallel, 

gren, Lundgren and Stigberg, 2003). 

The ten steps, which the PENG model is based on, are, (Dahlgren, Lundgren and 
gberg, 2003): 

 Preparation phas

 Determine the purpose 

The purpose of this step is to define the object (process, system, business 
etc) for analysis and to determine objectives for the chosen object. An ex-
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new CRM-system’. 

s to involve the right people, people with a high 
dge about the object, in the analyse process.

bject (process/system) 

 is to describe the current state of the object and a 

 An

ffects of the benefits 

e these effects of benefits. This is one 
here are effects that can be dif-

ts

 and estimates the cost of achieving 

 Quality

ellow benefit and red benefit. Green benefits have 
 reduction of personnel. Yellow benefits 

have an indirect impact on the result, e.g. better customer service. Red 

ample of an object can be ‘the selling process’ and an objective can be 
‘we want to increase the income by 20% through a 

 Create understanding 

The purpose of this step i
level of knowle

 Determine and limit the o

The purpose of this step is to clearly define the object and set up neces-
sary limitations. For example what do we mean by selling process? Which 
sub processes are included in the selling process? 

Describe the object (process/system) 

The purpose of this step
desired state of these objects. Prototyping has from experience proved to 
be a good way to do this. 

alysis phase 

Identify the effects of the benefits 

The purpose of this step is to let the analysis team identify the effects of 
the benefits.

 Structure the effects of the benefits 

During this step, the analysis team structures the output from the previous 
step and identifies the relation between the effects of benefits. 

 Value the e

The purpose of this step is to valu
the most difficult steps in PENG because t
ficult to value.

Calculate the cost of the benefi

During this step the team calculates
the benefits. 

 assurance phase 

 Validate and estimate the risks and obstacles 

The purpose of this step is to examine the effects of benefits and whether 
the effects are realistic. To do this the effects are categorized into three
classes: green benefit, y
a direct impact on the result, e.g.
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t, and confirm who is responsible for a task and who 

The purpose of this step i
the
ste
the

a ss
an be valued from a benefit perspective, but this presupposes that the investment 

benefits are benefits that give effects that are difficult to value, e.g. better 
image.

Calculate the net benefi
will get the effect of benefit

s to calculate and visualise the net benefit, which is 
 gross benefit minus the cost of the benefit. Another activity during this 
p is to identify and confirm responsibilities and who will get the effect of 
 benefit, (see Figure 3-10 ). 

D hlgren, Lundgren and Stigberg (2003) state that any investment in a busine
c
is tangible. 

G r e e n  
B e n e f i t s

Y e l l o w
B e n e f i t s

R e d  
B e n e f i t s

N
etbenefits

(80)

G
r

N e t b e n e f i t e f f e c t s =  8 0  ( 1 0 0 - 2 0 )

C o s t f o r  
B e n e f i t s ( 2 0 )

oss        benefits
(100)

B e n e f i t f a c t o r =  5  ( 1 0 0 / 2 0 )

Figure 3-10, Result visualization from a PENG analyse 
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GI Systems and Design Pattern 
A design pattern is used to describe a recurrent problem in a process of software 
development. The pattern then describes a solution to that problem. 

A design pattern brings convenience to software reuse. In GIS software develop-
ment, design patterns can be applied in order to make the development process 
more effective and to improve the quality of software. 

Design patterns also establish a bridge between GIS research and software devel-
opment.

4.1 How to find a pattern 
Finding a particular design pattern appears not to be very easy. The easiest way to 
find a pattern is via the Internet (homepages, communities, on-line literatures and 
so on). But there are some ‘Pattern Catalogues’ that function as a table of contents 
for several patterns. These catalogues are often related to a vendor or particular 
community. There is not any universal catalogue, such as UDDI for Web Services, 
that contains a list of patterns. The following list shows some of these catalogues 

 Guidelines, Patterns, and code for end-to-end Java applications (http://java.sun.-
com/blueprints/patterns/) 

 Pattern and Practices (http://www.microsoft.com/resources/practices/complete-
list.asp)

4.2 GI applications and patterns 
Searches for GI-related design patterns result in only a few design patterns particu-
larly described for GI applications. The following list contains patterns that deal with 
GI software development. Some of these patterns are generic but still can be used 
in a GI application:  

A software design pattern, Filter and refine: This pattern can be used in spatial 
database design to improve the efficiency of spatial retrieval. The pattern is de-
scribed formally in detail, including its intent, motivation, applicability, structure 
and consequences, etc. Then a test is implemented to explain the conse-
quences of the pattern, (Yu, Shikun, Lun and Yanlin, 2000). 

Pattern for GIS Application Design: The purpose of this work is to explain to the 
decorator how the design pattern can be used to extend the conceptual model of 
a geographic model, (Balaguer, Gordillo and DasNeves, 1997). 

Developing GIS Applications with Object: A Design Patterns Approach: This 
work describs object-oriented approach for designing geographical information 
systems. The pattern combines design pattern and best practices within soft-
ware engineering as a concept to solve recurrent GIS problems, (Gordillo, 
Balaguer, Mostaccio and Das Neves, 1999). 

4

http://java.sun.-com/blueprints/patterns
http://java.sun.-com/blueprints/patterns
http://www.microsoft.com/resources/practices/complete-list.asp
http://www.microsoft.com/resources/practices/complete-list.asp
http://www.microsoft.com/resources/practices/complete-list.asp
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Applying the Pr Identify Analysis 
Patte sign: This work proposes a proc-

va, Iochpe and 

n a Real Programming Envi-

with respect to maintenance, (Voka´, Tichy, Sjøberg, Arisholm and Aldrin, 
2004).

ent: The Terralib Experience: The purpose of 

a-

rns for XML Documents: This pattern contains XML 

llows for large number of extensions by multiple, uncoordinated parties 
at the cost of lack of type-checking; and is simple to implement, with supporting 

mons for Java; .NET's XML marshalling 

.

l services and a list 

ocess of Knowledge Discovery in Databases to 
rns for Reuse in Geographic Database De

ess, knowledge discovery in databases, that can help to identify analysis pattern 
candidates. The purpose of the process is to reduce the specialist dependency 
and to able to process greater number of database schemas, (Sil
Engel, 2002). 

A Controlled Experiment Comparing the Maintainability of Programs Designed 
with and without Design Patterns—A Replication i
ronment: This work investigates when and how it is beneficial to use design pat-
terns,

Design Pattern in GIS Developm
this work is to describe, illustrate and discuss how design patterns have been 
used in the design and development of TerraLib, (Cãmara, Vinhas, De Souza, 
Paiva, Monteiro, De Carvalho and Raoult, 2004).  

Data Ditty-Box Data Assortment: The purpose of the pattern is to solve the prob-
lem with ill-defined requirement regarding database structure (attribute, met
data and so on). It helps to design a flexible database structure. The pattern can 
be used for design of GIS meta databases, (Berzal, 2004). 

Architectural Design Patte
untyped by DTD or schema, but follows accessory for underlying program ob-
jects. It a

libraries abounding (e.g. Apache Com
for C#), (Downey, 2003). 

XML Schema Design Patterns: Avoiding Complexity: This pattern contains 
guidelines that help XML Schema developer to avoid defining complex schema, 
(Obasanjo, 2005)

The OpenGIS™ Abstract Specification, Topic 12: OpenGIS™ Service Architec-
ture a working draft document: The scope of the document is identification and 
definition of the architecture patterns for service interfaces used for geographic 
information and definition of the relationships to the Open Systems Environment 
model. This specification presents a taxonomy of geospatia
of examples of geospatial services placed in the services’ taxonomy, (OGC, 
2001).
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were defined on the characteristics of the applications and the development teams. 

cat
ha
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tion on has to deal with not only spatial data but also other 

tion
tion
as hone, were more suitable for 
the study, but this was not a requirement. 

Th
ha

Th  and studied were: 

Th
/attribute data, and the ot applications used a simple type of index file. Thirty-

as
do rface, eight applications offered a web-based user interface 

we
All
ap
vic
sio
da

he applications above had different characteristics and functionalities. All of the 
pplications had one thing in common: they all had a GI component built into the 

erface. The components were used for presentation and/or manipulation of 
patial data. 

Methods and Experiments  
 identify characteristics of GI application structures and to identify if there is any 
urring problem area, the architecture of several GI-applications has been stud-
. The studied applications were chosen stochastically, but some requirements 

The first criterion for the applications that were selected was that the chosen appli-
ion has to consist of at least one GI-component. This means that the application 
s to offer its users the functionality that makes it possible to produce or consume 
tial data through a graphical user interface. The second criterion for the applica-
 was that the applicati

meta and feature data. The third criterion for the application was that the applica-
s should be designed on the basis of more than one tier architecture. Applica-
s that offered functionality and user interface for more than one platform, such 
windows in combination with web and/or smart p

e criterion for the developer team was that every developer in the team should 
ve to have more than 3 years of application development experience. 

e number and category of the applications that were chosen

 Developed by students with more than three years of experiences. Thirty appli-
cations which are developed in a course or during thesis work. 

Developed by GIS or IT professionals or researchers. Fifteen applications.  

irty-four of the applications used a relational database manager for storing meta-
her

nine of the applications stored spatial data in a proprietary type of data format such 
ESRI shape and Microsoft PTM. Twenty-two of the applications offered a win-

ws-based user inte
and fifteen of the applications offered a multiple user interface, consisting of win-
dows, web and in three cases also a mobile interface. All of the applications with a 

b-based user interface implemented a type of disconnected transaction handling. 
 of the applications implemented two or more tiers architectures. Eighteen of the 
plications implemented a service based business layer based on the Web Ser-
es technology. Only six of the applications needed to implement a type of ver-
n handling of metadata. None of the applications handled versioning of spatial 
ta.

T
a
user int
s
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Different types of notations or documentations were used to describe, define and 
cify at were used to de-

tabase engine for executing some part of 

data were in all 
ases

tem test against the requirement specifications

he team had chosen to implement in order to solve a specific problem. 
The analysis was also used to identify if same type of problems exists and recurs 
within the same type of context. 

spe the structure of the applications. One of the notations th
scribe the structure of the application was UML. 

In this study the type of each implemented component within an application has 
been categorised, as follows:

User interfaces

The user interfaces for these applications were varied. Some of them offered 
windows based GUI, some web based GUI, some small device (mobile, PDA, 
Smart Phone, etc) GUI and a number of them offered a hybrid GUI (a GUI based 
on more than one interface). 

Architecture

The architecture of these applications also varied. Almost all applications had 
more than one tier. Some applications used component- based technology such 
as COM and DCOM, some used the da
code (by using triggers and stored-procedures) and those with a hybrid GUI 
mostly designed the architecture based on the web service technology. 

Data providing

Almost all applications used a RDMBS (relational database management sys-
tem) as the data store for metadata and attribute data. Some applications used 
a RDBMS in combination with an XML database. The spatial
cases stored in a spatial data store (not in a pure  relational DB). In some c
the developers chose to store part of the spatial data in an RDBMS. 

In order to collect data and information for analysis to answer the research ques-
tions, the following data collection categories were used:

 Interviews with the development team and project management. The team and 
management were interviewed after the system test, that is, after the team had 
flagged code-complete. 

 Design reviews of design documentation (observations). This was, in most 
cases, done after a release candidate of the software had been generated. 

 Code reviews (observations). This was done after the team stated code com-
plete.

 Sys

The activities above were used to understand, define, identify and categorise the 
problems that each team had faced during the process of designing and developing 
the software. Further, the analysis of the collected data was used to map out the 
solution that t
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e patterns. 

dling; (spatial data store and attribute data) 

 transaction handling 

d heterogeneous data sources 

5.1 Some areas within GI which may be suitable for patterns 
Based on the studies it has been noticed several areas in a GI application structure 
with recurring problems. Some of these areas may be suitabl

Some of the identified recurring problems are: 

 Transaction han

Version handling; how to handle and synchronize relation among versions of 
spatial data and attribute data 

Format handling/visualising of map of different devices;  

 Disconnected

Transaction handling over heterogeneous data sources/one transaction several 
sources (shape, xml, rdbms, …) 

Data transmission over the Internet (binary data over http) 

Code partitioning 

 Concurrency an

Metadata modelling 
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 Results and Conclusions  

.1 Results 
ective of the thesis is formulated as a number of different research goals In 

this section, each one of these research goals are addressed.  

Describe different patterns, solutions, models, suggestions and recommenda-
tions that can help the process of developing GI-applications in order to reduce 
the cost of producing/developing and maintaining high quality and serviceability 
applications. 

In this thesis several generic models, methods and disciplines for designing and 
development of software have been described. These models, methods and 
disciplines are not aimed at a specific type of software. 

The tests that have been carried out consist of interviews of software develop-
ers, after the completion of their development tasks. In these interviews, the re-
spondents have been faced with patterns and other recommendation. Of in total 
45 interviews, 36 claims that their solutions would have been improved if these 
patterns and other recommendation has been known to them. 

Examine if and how the idea of design pattern is applicable to the architecture of 
software with spatial components (commonly called GI systems).

Geographical Information Systems (GIS) are used to collect, analyze, and pre-
sent information describing the physical and logical properties of the geographic 
world.

In this work it has been noticed that the number of published specific patterns for 
GI applications is small.  

When comparing the applications being studied in this experiment, it shows that 
there are several recurring problems in a GI software development process. 
Having in mind that the applications being studied may not be representative for 
all different types of GI application development, some general statements may 
anyway be formulated. 

Some of the problems are characteristic of several different types of GI applica-
tion, such as GI mobile applications, GI web services, GI search and presenta-
tion applications, GI web applications, GI data manipulations applications and so 
on. Some of the identified recurring problems are: 

 Transaction handling; (spatial data store and attribute data) 

 Version handling; how to handle and synchronize relations among ver-
sions of spatial data and attribute data. 

 Format handling/visualising of maps of different devices.

6

6
The obj
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 Disconnected 

geneous data sources/one transaction 
ces (shape, xml, rdbms, …). 

 Data transformation to off-line objects. 

 reduce the cost and im-

es for a project. 
These costs are related to two main areas, cost generated by management ac-

 supporting processes such as the management process to keep track 

assumed that these models help the man-

producing high-quality software in time 

It is b nd formalized 
wa
One o n, is design pattern. Design pat-
terns addr igner to reduce 
the

transaction handling 

 Transaction handling over hetero
several sour

 Data transmission over the Internet (binary data over http). 

 Code partitioning. 

 Concurrency and heterogeneous data sources. 

 Metadata modelling. 

Identify the factors that impact the costs of GI software development and main-
tenance process and if possible recommend a model to
prove the quality of the solutions. 

Through the experiences described in this study and the author’s earlier experi-
ences as a software developer, project manager and product manager, it is 
shown that all activities, requirements, analyses, design, implementation, test-
ing, production, and maintenance, generate costs and incom

tivities and cost generated by realization of tasks related to the different phases 
of development and maintenance. 

It is shown that there are a number of various models including guidelines, 
strategies, handrails, formalized documentation, a must-and-should-do-list that 
help the
of cost, time, quality and scope of the realization activities. Extreme Program-
ming, PROPS and RUP are some of these models that have been used in some 
of the projects being studied. It is 
agement to ensure the quality of the outcome and to follow up the cost of reali-
zation. By using these models, basic documentation that supports the decision-
making-process is generated. 

Regarding the activities of software development and maintenance, it is ob-
served that there are various ways of 
with sustainable cost. One of the keywords in this area is reusing.

Reusing is related to all of the phases of development and maintenance and in-
cludes reuse of experience, reuse of software components (program code) and 
reuse of services, among other things. 

 o served that there are a number of more-or-less disciplines a
ys of delivering objects (experience, program code, and so on) for reusing. 

f these, which the study has focused o
ess the reusing of design experiences and help the des

 design time, which affects the total project cost. 
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In  objects and using templates during 
the devel
sof
duced  total cost of development and 
mainte tudies are re-
qui

Find and suggest solutions, models, rules of thumb, suggestions and recom-
me  GI-applications.

The models and recommendations that are studied in this work are generic for 
software development and maintenance. This means that these models are not 
aim

Regarding more specific solutions, such as design patterns that specifically ad-

 specialized services that interacts through a 
formal interface. OSE gives also opportunity to organize the development team. 

6.1

Ac
tion

Q I-applications

re a number of generic patterns that can 

this study it is experienced that reusing
opment and maintenance processes helps to produce high-quality 

tware in time. But it could not be measured how much the quality of the pro-
 software increased and how much the
nance was reduced. To answer these questions further s

red.

ndations that can improve the process of developing

ed at a given type of system. 

The studies show that these models can be used for GI-systems and –
applications and give the desired benefits. 

dress GI-features, the number of published patterns is small. But it is observed 
in the studies that there are a number of generic solutions and design patterns 
that can be used in the development and maintenance of GI-systems. 

It is noticed that by applying a model such as the OSE model, design patterns 
may reduce the cost and lead to better quality. OSE gives opportunity to design 
a better structured application with

The developer team can be divided into smaller groups, one for each type of 
service. This leads to more efficient use of the competence in the project. 

The studies also show that designing GI-applications without using any design 
pattern is possible and in some cases even more cost-effective during the de-
velopment process. But the total cost of development and maintenance of the 
software in the studied cases is higher.  

.1 Answers to research questions 

cording to the study and the experiences made in this study, the research ques-
s posed in the introduction can be answered as follows: 

How can design patterns be used for design and development of G
and in what ways? 

In the study it is found that patterns can be used for design, development and 
maintenance of GI-applications. There a
also be applied to GI-applications and there are a few patterns that specifically 
address GI-contexts. How a pattern can be used is, among other factors, de-
pendent on the phase of the development or maintenance process, the devel-
opment tools that is used in the project, the project team and the type of pattern. 
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Q

A

and same pattern can be used in several applications if the contextually 

Q

o patterns, in which areas can we find this need?

A
e of GI-applications.  

nary data 

Q

A
ctivities and cost generated by realiza-

tion of task related to the different phases of development and maintenance. 

ious models including guidelines, strate-

 to keep track on cost,
time, quality and scope of the realization activities. Extreme Programming, Props 

6.2
Th
cau
on

From the resear
ose solutions are hardly communicated among developers. 

Do different types of GI-applications require different patterns?

Different GI-applications require different sets of patterns depending on the 
characteristics of the application, the functional requirements and the domain of 
usage.

But one 
isolated problem situations in these applications are the same. 

Do we need specialized patterns for developing GI-applications? 

If there is a need for GI-specific 

In this work it is observed that there are a number of recurring problem situations 
in the design, development and maintenanc

Some of the identified recurring problems are transaction handling (spatial data 
store and attribute data), version handling, format handling/visualising of map on 
different devices, disconnected transaction handling, transaction handling over 
heterogeneous data sources, data transmission over the Internet (bi
over http), code partitioning, concurrency and heterogeneous data sources, 
metadata modelling, data transformation to off-line objects. 

How can we reduce the cost of developing and maintaining GI-applications and 
producing good quality software? 

The costs of developing and maintaining GI-applications are related to two main 
areas, cost generated by management a

The study has shown a number of var
gies, handrails, formalized documentation, a must-and-should-do-list that helps 
the supporting processes such as management process

and RUP are some of these models that have been used in some of the pro-
jects. 

 Conclusions 
e problem of reusing design in GIS applications has also become a need, be-
se more and more developers are building GI components and systems based 

 legacy systems instead of using a particular GIS product. 

ch study it is noticed that recurrent GI-problems are solved but 
th
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ts and also stu-
dents’ works we have observed that the architecture of GI software is in most cases 

sof

Further more it is noticed that recurring problems are not dependent on who the 
de
an faces almost the 
ame kinds of problems in a given situation. 

se oject
ganisation and 

c
much a developer group needs to use patterns and semi-manufactured compo-

The s
ap
for

6.3
In
for

transaction handling; (spatial data store and attribute data) 

format handling/visualising of map of different devices; disconnected transaction 

ata modelling 

f-line objects. 

roblems below 

On the basis of software developed in many of the research projec

similar to any other software. This similarity makes it possible to apply general 
tware development patterns to GI applications. 

veloper is or to what category she or he belongs, but on the problem situation 
d the context of the application. This means that the developer

s

Ba d on the results from this study it can be concluded that the size of a pr
and the demands from the customer, management, development or
ulture/experiences, maintenance organisation and so on have an effect on how 

nents during the software development process. 

tudy has shown that generic IT patterns can be used for designing GI-
plications, but there is still a need for technology- and product-specific patterns 
 GI-components. 

 Future Research 
this thesis several recurring problem characteristics have been mentioned also 
 GI-applications such as; 

version handling; how to handle and synchronize relation among versions of 
spatial data and attribute data;  

handling

transaction handling over heterogeneous data sources/one transaction several 
sources (shape, xml, rdbms, …) 

data transmission over the Internet (binary data over http) 

code partitioning 

concurrency and heterogeneous data sources 

metad

data transformation to of

There are several aspects and areas that future research can be focused on. Some 
of these are: 

 identifying solutions and patterns for one/some of the recurring problems below 

 describing a design pattern for one/some of the recurring p
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ses. The objective of this is to iden-

 measuring the impact of reusing objects on cost and quality of the software de-
velopment and maintenance processes 

 finding indicators and key measurement indexes for development and mainte-
nance of software 

 how to measure and indicate benefit effects of design patterns 

One way of developing a pattern for a specific problem situation is to study the 
problem situation in detail in several different ca
tify the core of the problem and isolate the generic part from the case specific part 
of the problem. Then several different solutions need to be designed and tested. 
The best solution is then chosen as the pattern. The chosen problem-solution pair 
including the consequences ought to be described and formalized in the form de-
scribed in chapter 3.2.
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