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ABSTRACT 
 

This work is an investigation of how a software 
architecture can be changed in order to improve the 
support of the creation of a customised user interface. 
The parts of Symbian OS that are of interest for the 
work are described in detail. Then a comparison of the 
user interfaces of four different mobile devices is made, 
in order to get a picture of what the interfaces of such 
devices could look like. Also presented in the work is a 
modified reference architecture that supports 
customisation of all the features that have been 
identified in the comparison. Finally, the authors 
discuss how well the new architecture supports 
customisation of the user interface compared to the 
original Symbian OS architecture. 

 
Keywords: Customisation, Architecture, Mobile 
device. 
 



  ii

ACKNOWLEDGEMENTS 
 
We would like to thank the people who have contributed to this thesis: 

 
• Michael Mattsson, our supervisor, for guiding us though the thesis.  
• Johan Nohave, our external advisor at UIQ Technology, for advising us 

and supplying us with information. 
• Lars Persson, senior programmer, for help with the evaluation of our 

reference architecture. 
• Mathias Malmqvist, senior programmer, for help with the evaluation of 

our reference architecture and for constructive feedback of the technical, 
Symbian OS related parts of the report. 



  iii

CONTENTS 
 

ABSTRACT .......................................................................................................................................... I 

ACKNOWLEDGEMENTS ................................................................................................................ II 

CONTENTS ....................................................................................................................................... III 

DICTIONARY..................................................................................................................................... V 

ACRONYMS..................................................................................................................................... VII 

1 INTRODUCTION ....................................................................................................................... 1 

1.1 BACKGROUND............................................................................................................................ 1 
1.2 THE COMPANY............................................................................................................................ 1 
1.3 THE SYMBIAN OS ...................................................................................................................... 2 
1.4 OBJECTIVES................................................................................................................................ 2 

1.4.1 Changing the user interface in run-time........................................................................... 2 
1.4.2 Changing the architecture to support user interface customisation ................................. 2 

1.5 HYPOTHESIS............................................................................................................................... 3 
1.6 INTENDED READERS ................................................................................................................... 3 
1.7 METHOD..................................................................................................................................... 3 

1.7.1 The method step-by-step ................................................................................................... 3 
1.8 WORK STRUCTURE ..................................................................................................................... 4 
1.9 RELATED WORK ......................................................................................................................... 4 

2 A STUDY OF THE SYMBIAN OS ARCHITECTURE........................................................... 7 

2.1 AN OVERVIEW ............................................................................................................................ 7 
2.2 THE COMPONENTS ..................................................................................................................... 7 

2.2.1 GT components ................................................................................................................. 8 
2.2.2 UIQ components ............................................................................................................... 9 

2.3 MAIN TECHNIQUES USED IN SYMBIAN OS .................................................................................. 9 
2.3.1 Client/Server ................................................................................................................... 10 
2.3.2 Model/View/Controller ................................................................................................... 11 

3 A COMPARISON OF USER INTERFACES ......................................................................... 13 

3.1 HOW WE PERFORMED THE USER INTERFACE ANALYSIS............................................................. 13 
3.2 COMMONALITIES...................................................................................................................... 14 
3.3 VARIABILITIES ......................................................................................................................... 15 

3.3.1 The variabilities explained.............................................................................................. 15 
3.3.2 Additional variabilities ................................................................................................... 17 

4 THE REFERENCE ARCHITECTURE.................................................................................. 19 

4.1 INDUSTRIAL DESIGN ................................................................................................................. 20 
4.2 TEXT INPUT .............................................................................................................................. 22 
4.3 LISTS AND THEIR PRESENTATIONS............................................................................................ 23 
4.4 LIST ITEMS ............................................................................................................................... 24 
4.5 LOGOTYPES.............................................................................................................................. 25 
4.6 SCROLL BARS AND BORDERS .................................................................................................... 26 
4.7 INDICATORS ............................................................................................................................. 28 
4.8 MESSAGES................................................................................................................................ 29 

5 THE ARCHITECTURAL CHANGES.................................................................................... 30 

5.1 THE INTERVIEWS ...................................................................................................................... 30 
5.2 THE EXISTING SOLUTION .......................................................................................................... 30 
5.3 THE COMPROMISE .................................................................................................................... 32 



  iv

6 EVALUATION OF THE ARCHITECTURAL CHANGES.................................................. 35 

6.1 EVALUATION CRITERIA ............................................................................................................ 35 
6.1.1 Size in lines of code......................................................................................................... 35 
6.1.2 Size in man-time.............................................................................................................. 35 
6.1.3 Size in lead-time.............................................................................................................. 36 
6.1.4 Performance ................................................................................................................... 36 
6.1.5 Complexity ...................................................................................................................... 36 
6.1.6 Maintainability ............................................................................................................... 37 
6.1.7 Conclusions from the criteria ......................................................................................... 37 

6.2 THE CHANGE SCENARIOS.......................................................................................................... 38 
6.2.1 Scenario 1: Different alignment of list items .................................................................. 38 
6.2.2 Scenario 2: Animated movement in list........................................................................... 38 
6.2.3 Scenario 3: Full screen list items.................................................................................... 38 

6.3 THE EVALUATION..................................................................................................................... 38 
6.3.1 Evaluation of scenario 1 ................................................................................................. 39 
6.3.2 Evaluation of scenario 2 ................................................................................................. 39 
6.3.3 Evaluation of scenario 3 ................................................................................................. 40 
6.3.4 General differences......................................................................................................... 41 

7 CONCLUSION .......................................................................................................................... 43 

7.1 GUIDELINES ............................................................................................................................. 43 
7.2 CONCLUSIONS FROM THE EVALUATION.................................................................................... 43 

8 FUTURE WORK....................................................................................................................... 45 

8.1 EXTENDING THE COMPARISON ................................................................................................. 45 
8.2 INVESTIGATING THE SOLUTIONS FURTHER ............................................................................... 45 
8.3 IMPLEMENTING THE ARCHITECTURE......................................................................................... 45 
8.4 WHAT HAPPENED TO THE LIST? ................................................................................................ 45 

REFERENCES ................................................................................................................................... 46 

BIBLIOGRAPHY............................................................................................................................... 48 



  v

DICTIONARY 
 

Cohesion 
Cohesion is a measure of how well the functionality in a class or component is tied 
together. A class that has lots of different functionality is said to have low cohesion. 
 
Commonality 
“A commonality is an assumption held across a given set of objects (S)” [1]. (Compare 
this to the definition of variability.) 
 
Correctability 
Correctability is a measure of how easy it is to correct an error in a system. 
 
Coupling 
Coupling is a measure of how dependent the classes or components in a system are of 
each other. Low coupling makes it easier to exchange a component for a new one. 
 
Extendibility 
If it is easy to extend a component or system with additional functionality, it is said to 
be extendible. 
 
Flexibility 
A flexible component is responsive to change and it is adaptable. In software systems, 
flexibility is important in re-use situations. 
 
Improvability 
Improvability is a measure of how easy it is to raise the quality of something, for 
example a software system. 

 
Interoperability 
The ability of software and hardware on multiple machines from multiple vendors to 
communicate [4]. 
 
Lead-time 
Lead-time, or calendar-time, is the time it takes to perform a task, measured from the 
starting-time to end-time. If a developer spends ten hours in one week to implement a 
class, the lead-time is one week. (Compare this to the definition of man-time). 
 
Licensee 
A licensee is someone to whom a license is granted. 
 
Maintainability 
A component that is maintainable is easy to maintain, i.e. it is well suited for 
maintenance such as extending, modifying etc. 
 
Man-Time 
Man-time is a measure of the actual effort that is put down to performing a task. If a 
developer spends ten hours in one week to implement a class, the man-time is ten 
hours. (Compare this to the definition of lead-time). 
 
Port 
Porting software means to translate the software to run on a different system. 
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Primitive Drawing 
Primitive drawing is the drawing of simple objects such as lines, dots, circles, arches, 
squares etc. 
 
Redundancy 
Redundancy is when the same information is stored in more than one place. 
 
Reliability 
The reliability of an item is a measurement of how capable the item is of yielding the 
same or compatible results in different clinical experiments or statistical trials. 
 
Re-usability 
A component that is re-usable is typically designed to fit into a variety of 
environments. In other words a generic component. 
 
Scalability 
Measures how well a solution to some problem will work when the size of the problem 
increases [4].  
 
Smartphone 
Smartphone is a vague definition of a mobile phone with the functionality of a simple 
computer. 
 
Stand by-view 
The view that is shown on the screen of a device that is not being used, i.e. in its stand 
by-mode. 
 
T9 
T9 is an algorithm for textual input. The algorithm compares the input to the words in 
a dictionary and picks words that match the pressed keys. In an optimal case, the user 
only has to press one key for each letter in a word. 
 
Testability 
A testable component is a component for which it is possible to create test cases that 
verify the functionality that is supposed to exist in the component according to its 
specifications. 
 
Usability 
The usability of an item defines how fit the item is for its intended use, i.e. can the 
item be used for what it is supposed to? 

 
Variability 
“A variability is an assumption true of only some elements of S, or an attribute with 
different values for at least two elements of S” [1].  (Compare this to the definition of 
commonality.) 
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ACRONYMS 
 

API 
Application Programming Interface 
 
DFRD 
Device Family Reference Design 
 
FAST 
Family-Oriented Abstraction, Specification, and Translation 
 
GT 
Generic Technology 
 
GUI 
Graphical User Interface 
 
LAF 
Look and Feel 
 
LOC 
Lines of Code 
 
Ltd 
Limited, the British equivalent of the Swedish AB, the American Inc. etc. 
 
MVC 
Model/View/Controller 
 
OS 
Operating System 
 
SCV 
Scope, Commonality, and Variability 
 
SMS 
Short Message Service 
 
UML 
Unified Modeling Language 
 
VGA 
Video Graphics Array 
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1 INTRODUCTION 

1.1 Background 
 
The UIQ platform, formerly known as Quartz, is a reference user interface 
implementation on top of the Symbian OS, developed by Symbian Ltd. UIQ is a 
platform developed by UIQ Technology. The platform is developed to fit a wide 
area of cellular phones and handheld devices from different manufacturers such as 
Nokia and Ericsson. However, to make the platform interesting for a manufacturer, 
the user interface has to look like the manufacturer wants it to. For example, Nokia 
wants the user interface to look like the interface of a Nokia device and nothing 
else. Today the UIQ platform only comes in one design. The architecture of the 
platform is not designed to support visual customisation, and therefore changing 
the looks of the platform basically means developing a complete interface. This is 
the problem domain on which our research is focused. We wanted to make it 
easier for developers to customise the appearance of the user interface of the 
platform. That is one side of the coin. 
 
On the other side of the coin we have the intended users: the consumers. A person 
that buys a mobile device, for example a cellular phone, will consider a multitude 
of properties when deciding what device to root with. The look of the interface is 
one of these properties. And what could then be better than to have an interface 
that is customisable? In today’s mobile devices, the possibilities to personalise the 
interface are very limited. Some devices let the user decide what to show on the 
screen, at least to some extent. However, it is the manufacturer who decides on 
how to show it. If the user himself can choose the background colour of the 
applications in his device, or choose the shape and colour of buttons and menus, 
this should be a pretty heavy argument for purchasing such device. And at the end, 
sale rates are all that really matters. There is no purpose in manufacturing a device 
that no one wants to use, and – even more important – it is not financially viable. 
 
So what we want to achieve is to find a solution that makes it easier for the 
developers to customise the interface of the platform, and that also makes it 
possible for the end users to personalise the interface of their devices. 

1.2 The company 
 
The company where our master thesis was carried out is UIQ Technology, 
formerly known as Symbian AB, located at Soft Center in Ronneby, Sweden. UIQ 
Technology is the Swedish subsidery of the British company Symbian Ltd. 
Symbian is a private independent company owned by Ericsson, Nokia, Matsushita 
(Panasonic), Motorola, Psion, Sony Ericsson and Siemens. The company’s 
headquarter is located in the United Kingdom, and there are offices in Japan, the 
United Kingdom and the USA. Symbian is a software licensing company, supplier 
of its own operating system for data-enabled mobile phones – the Symbian OS. 
The world's first open Symbian OS phone became available in the first half of 
2001: the Nokia 9210 Communicator. The software development takes place at the 
company’s sites in the United Kingdom and Sweden. 
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1.3 The Symbian OS 
 
Symbian OS is an advanced, open 32-bit operating system. It was originally based 
on EPOC, an operating system developed by Psion. It is designed for the 
requirements of advanced 2G, 2.5G and 3G mobile phones. The operating system 
includes a multi-tasking kernel, integrated telephony support, communications 
protocols, data management, advanced graphics support, a low-level graphical user 
interface framework and a variety of application engines. Symbian OS is already 
available on the mobile telephone market in the Ericsson R380, R380e and R380 
World Smartphones, the Nokia 9200 Communicator series and Psion's PDAs, and 
is shipped with the Nokia 7650. It is also scheduled for release with the Ericsson 
P800. Figure 1 shows some of the devices that use Symbian OS. The latest version 
of Symbian OS is currently v7.0, released in the beginning of 2002. 
 
 

 
 

Figure 1: Symbian OS devices, from left to right: Nokia 9210 Communicator, Ericsson R380 World Smartphone 
and Diamond Mako, the North American version of the Psion Revo Plus. 

 

1.4 Objectives 
 
In this section we talk about the two objectives we had in the beginning of our 
research, of which one was dropped during the initial phase of the project. 
 

1.4.1 Changing the user interface in run-time 
 
One of the goals with our research was to find a way for the end user to change the 
appearance of the user interface in runtime. The desired targets of change are 
visual properties such as the colour of background and buttons. During our 
research, we found out that the operating system already had an implemented 
support for colour changes during runtime, although the functionality is in the 
generic technology (GT) code, and not used in the implementation of the UIQ 
device family reference design (DFRD) developed in Ronneby. However, after 
asking around in the company, we found out that the newest version of UIQ has 
taken advantage of the support and lets the user change the colour scheme of the 
user interface. Therefore, there it is no point in conducting further research in this 
area. We also realised that this had not fitted into the scope of our thesis. 
 

1.4.2 Changing the architecture to support user interface customisation 
 
The other goal with our research was to change the architecture of the Symbian OS 
to support user interface customisation for cellular devices from different 
manufacturers. Today the manufacturers have to re-write a big amount of code, 
unless they want their user interface to look the UIQ-way. But obviously the 
manufacturers want their own look on their user interfaces, and if we can change 
the architecture of the Symbian OS, the manufacturers may not have to re-write as 
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big amount of code as today. A major change of the Symbian OS architecture 
would of course improve the customisation possibilities. But such a change was 
not possible to carry out, because it would cost a fortune to apply, and would 
affect all applications developed for Symbian OS. So our changes of the 
architecture should only be minor and should not add code, or at least add as little 
code as possible. If the changes mean adding very little code, the cost for Symbian 
would be as low as possible since they do not need to maintain more code, even 
though the customisation possibilities would increase. 

1.5 Hypothesis 
 
In the beginning of our studies, we made a hypothesis that we then needed to 
confirm in order to achieve the objectives of our project. The assumption we made 
was that it is possible to modify the architecture of Symbian OS so that it gets 
easier for developers to customise the interface. Today customisation basically 
means to write a complete new DFRD. 

1.6 Intended readers 
 
This thesis may interest in first hand staff members at UIQ Technology in 
Ronneby that are thinking about changing the architecture of the framework to 
support a greater family of mobile devices. But it may also interest other software 
engineers, such as other students and teachers, who want to know more about how 
simple design patterns may contribute to improve a product family architecture. 
 
To get the most out of this thesis, we assume the readers to be familiar with object-
orientation and the UML notation [12]. 

1.7 Method 
 
At first our approach was to dive into the architecture and search for poor support 
for customisation. But while Symbian OS with the DFRD UIQ contains over 5 Mb 
of user interface code, it was very hard to identify lack of customisation support 
within our scope of regular cellular phones. During our deep dive we discovered a 
couple of scarcities in the architecture, such as a way too high coupling and low 
cohesion. Of course we could fix these problems, and through such changes 
increase the customisation possibilities a great deal. However, such changes would 
cause many components to become re-structured, and that would not be possible 
for UIQ Technology to accomplish because of backward compatibility with earlier 
releases. Another reason why this approach was not good is that it is hard to come 
up with creative improvements when you have an already good solution to begin 
with. 
 
So we had to change our approach in order to present more restricted 
improvements, and the method we used is described in the next section, step-by-
step. 
 

1.7.1 The method step-by-step 
 
This thesis consists of four main steps. First we compared the user interfaces of 
four cellular phones from different manufacturers. For this we took some ideas 
from the family-oriented abstraction, specification, and translation (FAST) 
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approach [1]. We identified what the phones had in common and what 
differentiated them, i.e. the commonalities and variabilities. 
 
In the second step we developed a reference architecture that supports all 
commonalities and variabilities that we identified. 
 
In the third step we interviewed senior Symbian OS programmers to verify that 
our reference architecture was possible to carry out.  We identified which solution 
that was the most interesting and looked into the corresponding solution in 
Symbian OS. We then described this in detail. We developed a compromise based 
on the interview, our solution and the existing solution.  
 
In the fourth and last step we evaluated the part of the modified architecture that 
we looked deeper into against the original architecture. We started by identifying a 
couple of evaluation criteria that our contact at UIQ Technology as well as 
ourselves thought to be important in this case, and then we did the evaluation with 
help of change scenarios [6]. 

1.8 Work structure 
 
Chapter 1, Introduction: some background information and an overview of the 
report. 
 
Chapter 2, A study of the Symbian OS architecture: presents a brief description of 
the Symbian OS, its main techniques, and its architecture. 
 
Chapter 3, A comparison of user interfaces: describes the commonalities and the 
variabilities respectively that we identified between four cellular phones from 
different manufacturers. 
 
Chapter 4, The reference architecture: describes the architecture we developed, 
which satisfies all commonalities and variabilities – identified in chapter 3 – 
independent of how it is solved in Symbian OS. 
 
Chapter 5, The architectural changes: presents an interview and an improved 
version of the list part of our reference architecture. 
 
Chapter 6, Evaluation of the architectural changes: an evaluation of the original 
architecture against our modified architecture: which one is the best, why is it the 
best, how much effort is needed to use the architectures, etc. 
 
Chapter 7, Conclusions: conclusions that we have drawn from our work. 

1.9 Related work 
 
There are several different definitions of what a software architecture is. One 
example is the definition by Jan Bosch: “The software architecture of a program of 
computing system is the structure or structures of the system, which comprise 
software components, the externally visible properties of those components and 
the relationship among them.” [6] Bosch also writes about software architectures 
that “The architecture of a software system is concerned with the top-level 
decomposition of the system into its main components.” [6] Craig Larman writes 
this about software architectures: [software architecture] “refers to the high-level 
structure of subsystems and components, and their interfaces, connections, and 
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interactions. It consists of a set of frameworks, subsystems, classes, responsibility 
assignments, and object collaborations that satisfy the system functions. [12] 
 
These are basically different words to describe the same thing. We use the term 
“architecture” to describe the decomposition of a software system into 
components, and the relationship between these components. This means that we 
also need a definition of a software component. 
 
Arthur J. Riel defines components as “system-specific classes” [18]. Jan Bosch 
defines a component like this: “a software component is a unit of composition with 
explicitly specified provided, required and configuration interfaces and quality 
attributes.” [6] He also writes that “A software component is a unit of composition 
with contractually specified interfaces and explicit context dependencies only. A 
software component can be deployed independently and is subject to composition 
by third parties.” [6] 
 
We use the term “component” to describe system-specific classes or closely tied 
groups of classes. 
 
In this thesis we have been looking into an already existing software architecture, 
and tried to improve it. The best literature source we have found for this purpose is 
the book: “Design & Use of Software Architectures: Adopting and evolving a 
product-line architecture”, written by Jan Bosch in 2000 [6]. The book covers 
several aspects of the transformation of software architectures. There are five 
different ways to transform an architecture: by imposing an architectural style, 
imposing an architectural pattern, using a design pattern, converting an non-
functional requirement to functionality and by distributing non-functional 
requirements. The two trailing approaches do not directly transform the 
architecture; they only indirectly change it by for example adding functionality in 
order to fulfil quality requirements. However, the three first-mentioned approaches 
have all been interesting to us. By imposing an architectural style, almost the 
whole architecture will be re-organised. Examples of architectural styles are Pipes 
and filters, Layers and Blackboard. 
 
The second way to transform an architecture is by impose an architectural pattern. 
An architectural pattern is in relation to an architectural style not predominant, and 
can therefore be merged with an architectural style. Even if it is not predominant it 
affects a big part of an architecture. Concurrency and Distribution are examples of 
architectural patterns. 
 
The third way to transform an architecture is by applying an object-oriented design 
pattern on the architecture. Applying a design pattern will only cause restricted 
changes to the architecture; i.e. the changes are not architecture-wide as in the two 
first-mentioned ways. It is this last approach that we have utilised while we only 
wanted to improve small, restricted parts of the architecture. A “complete” list of 
object-oriented design patterns can be found in the book “Design Patterns: 
Elements of Reusable Object-Oriented Software” by the “Group of Four” [5]. In 
this book the authors describe 23 design patterns, what problems they solve and 
what consequences they bring. The book has categorised the patterns into three 
groups depending on what purpose they have: creational, structural and 
behavioural. 
 
Then in the book “Applying UML and Patterns: In an Introduction to Object-
Oriented Analysis and Design” by Craig Larman [12], examples are given on how 
to make architectures and low level designs flexible and more maintainable. The 
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article “Architectural Styles, Design Patterns, and Objects” by Robert T. Monroe 
et al. [15] discusses what capabilities and limitations various approaches, such as 
architectural styles and design patterns, have in order to simplify software design. 
An article that discusses how design patterns, or combinations of design patterns, 
can solve problems with variabilities in software is “Using Patterns to Model 
Variability in Product Families” by Barry Keepence and Mike Mannion [7].  
 
Literature about what to assess, how to assess, which criteria that may be more 
important than others, etc. can be found in the books “Software Metrics: A 
Rigorous & Practical Approach” by Norman E. Fenton and Shari L. Pfleeger [11], 
and “Software Engineering: Theory and Practice”, also written by Pfleeger [13]. 
Other literature that covers how to assess software is a book called “Evaluating 
Software Architectures: Methods and Case Studies” by Clements et al. [19] as well 
as the book by Bosch mentioned earlier [6]. This book specialises in software 
architectures. Finally, the two articles “Scenario-Based Analysis of Software 
Architecture” by Rick Kazman et al. [14], and “An Experiment on Creating 
Scenario Profiles for Software Changes” by Per-Olof Bengtsson and Jan Bosch 
[16] discusses how to perform scenario-based evaluations of software 
architectures. 
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2 A STUDY OF THE SYMBIAN OS ARCHITECTURE 
 
This chapter presents an overview of the Symbian OS architecture. A brief 
description of the components relevant in our thesis is given in section 2.2. A 
description of the main techniques used can be found in section 2.3. 

2.1 An overview 
 
The Symbian OS is the underlying generic technology (GT). On top of that we 
have the device family reference design (DFRD). 
 
GT is the base for all DFRDs, and includes all functionality that is common. It is 
mainly developed in London. About five percent of GT is the kernel and the rest 
consists of different components that will be described later in this report. The GT 
part covers about 80 percent of the whole system and on top of that a DFRD is 
needed. It is in the DFRD where device functionality and GUI specific code is 
located, such as the look and feel (LAF). This part is about 20 percent of the whole 
system.  
 
Symbian develops three different DFRDs: UIQ, Crystal and Pearl. UIQ is the 
DFRD developed in Ronneby. It is fitted to a screen size between 240x320, also 
known as Quartz, and 208x320, a format called Thin Quartz. These have a touch 
screen instead of a keyboard. An example of a device using this is Sony Ericsson’s 
P800 smartphone. Crystal is the DFRD developed in Cambridge, UK, which is 
made for half VGA screen size, with both a touch screen and a small keyboard. An 
example of a device using this is Nokia 9210 Communicator. Pearl is a DFRD that 
has not yet been released, but will be in Symbian OS release 7.0. It is made for 
smartphones that have a regular cellular phone’s keypad but also a touch screen. 
Ericsson R380 has a screen of this size, but it is not using Pearl.  
 
The latest DFRD on the market is Nokia’s Series 60, which is made for a screen 
size of 176x208. It is designed for mobile phones with a one-hand operated 
handset. Except for the twelve-key numeric keypad, it also has eleven function 
keys. An example of a phone using this DFRD is the Nokia 7650. 
 
Device manufacturers can either choose to develop their own DFRD, or use one of 
the three Symbian developed DFRDs mentioned above. 
 
While the model/view/controller (MVC) pattern, described in section 2.3.2, is 
applied to the Symbian OS, the applications are split into three parts: the model, 
the controller, and the GUI. This makes it easy to port an application to another 
DFRD, since it is only the GUI part that has to be re-written, and the other two 
parts can be re-used. 

2.2 The Components 
 
In this section, the components that are the most important for our work will get a 
brief description. In figure 2, the application programming interfaces (API) that an 
application uses can be viewed. Note that this description does not cover all the 
existing graphical components. 
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Figure 2: The APIs used by applications in Symbian OS. 
 
The components in figure 2 that are dark grey are components that are important to 
our work. It is in these components that the GUI code that affects the appearance is 
located. A more detailed description follows in sections 2.2.1 and 2.2.2. 
 
The light grey components in figure 2 are components that are used by the 
components mentioned above, i.e. it is the components that actually paint the GUI. 
However, they do not decide what the appearance should be like. The GDI 
(Graphical Device Interface) provides “a generic framework for drawing to any 
graphics device, and supplies concrete implementations for drawing to windows or 
to a printer” [8], i.e. it supports primitive drawing. The Window Server manages 
windows and views. It also “allows video (as in any visual content or graphics) to 
be safely rendered from hardware or a device driver” [8], i.e. it allows direct 
access to the screen. This is also the component that handles events. The Font & 
Bitmap Server provides bitmap fonts and scalable fonts.  
 
The components that are rendered white in figure 2 are components that have 
nothing to do with the visual appearance. The App Arc (Application Architecture) 
contains a launch mechanism for applications, and it also has information about 
what applications that have been installed, such as their names and icons. The File 
server is the component that handles direct file access and the Stream store 
contains functionality for performing certain stream-related operations associated 
with filing. 
 

2.2.1 GT components 
 
GT components are components that are common for all DFRDs and are 
developed in London. The GT components are all the components viewable in 
figure 2 except for Qikon, QEikStd and QUikLaf. The source code can be 
available for licensees, if agreed upon by Symbian. A problem for the licensees 
when they do changes to this base is that they have to merge their code with 
Symbian’s code when Symbian updates it. 
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CONE – Control Environment 
CONE contains low level frameworks for most kinds of GUI components, i.e. it 
contains base classes for both Uikon and QEikStd. It also contains interfaces for 
event handling.  
 
Uikon 
Uikon provides GUI frameworks which include frameworks for buttons, scroll 
bars, lists, menus and button groups. Except for the frameworks it also contains 
some implementations that use these frameworks. GUI components that differ 
between the DFRDs are those in the presentation code located in the DFRDs look-
and-feel. In UIQ’s case, this is the QUikLaF. 
 

2.2.2 UIQ components 
 
The UIQ components that are specific for UIQ are Qikon, QUikLaf and QEikStd. 
These components are developed in Ronneby. 
 
QEikStd  
This component was earlier – before Symbian was created, when Psion owned the 
operating system – one component together with Uikon. That component was 
called Eikon. When the company Symbian was created, Eikon was split up into 
two components: Uikon and EikStd (Eikon Standard). In Uikon all common 
functionality was placed. All functionality that might differ between the DFRDs 
was placed in EikStd. Symbian Ltd, as mentioned earlier, maintains Uikon, but the 
DFRD developers may use and maintain EikStd if they want. In UIQ, EikStd is re-
used and renamed to QEikStd.  
 
In QEikStd some of the frameworks in Uikon have been extended, such as the list 
and dialog frameworks. The list framework in QEikStd has, except for the text list 
and the snaking list box implemented in Uikon, also a column list box, a file 
selector list box and a hierarchical list box. The dialog frameworks are extended 
with dialogs for printing and filing. 
 
QUikLaf 
This is the component that specifies the appearance of visual components whose 
functionality is located in Uikon. Examples of such components are buttons and 
scroll bars. It also specifies the many different appearances of the cursor. 
 
Qikon 
All new functionality that is specific for UIQ is placed in Qikon. An example of 
new functionality is the concept of categories. This includes that the information in 
lists can be divided into categories. Dialogs that are UIQ specific are dialogs 
dealing with password, filing, zooming and all dialogs related to categories. 

2.3 Main techniques used in Symbian OS 
 
In this part the two techniques that the Symbian OS uses the most will be 
described in more detail. The first technique described is the client/server 
architecture, used by the window server, font server, file server etc. The other 
technique is model/view/controller, which is a collection of object-oriented design 
patterns that have been applied to the whole system. Because of this, third party 
developers can easily port their applications between different DFRDs. 
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2.3.1 Client/Server 
 
The client/server architecture emerged in the 1980s, when the mainframe 
architecture and the file sharing architecture were not able to handle as many 
clients as needed. But the client/server model was not accepted until the late 
1980s. [2] 
 
In mainframe architectures all the intelligence is located on a server and the client 
interacts with the server via a terminal, which captures keystrokes and sends them 
to the server. The main drawback of this architecture is the loss of GUI support. 
[2] 
 
In file sharing architectures complete applications are shared on the local area 
network (LAN), including logic and data. When a user wants to work with an 
application, the application and its data are downloaded and the job will then be 
executed in the user’s desktop environment. Since not only the needed data is 
transferred, the network traffic load becomes unnecessary high. If the volume of 
data being transferred is high and the share usage also is high, it is almost 
impossible to use this architecture because of bandwidth limitations. Another 
problem arises if the update contention is high. The main advantage of this 
architecture compared to the mainframe architecture is that it makes it easier to 
develop GUIs. [2] 
  
“The client/server software architecture is intended to improve usability, 
flexibility, interoperability and scalability as compared to centralised, mainframe, 
time sharing computing.” [2]. It takes the advantages from the above two 
architectures and almost eliminates their drawbacks. Basically, only the needed 
data is transferred over the network between the server and the client, and the 
client may have a nice advanced GUI, which does not affect the network load. 
This also decreases the problem with more than one user updating the same data. 
[2, 3] 
 
The simplest approach of client/server architectures is the two-tier software 
architecture [3], where the user has a client (requester of service) operating in its 
desktop environment which interacts with a server (provider of service). The 
server is often a database, which has a database management system (DBMS) 
which the client can query and get answers immediately. This server is often 
located on a more powerful computer than the one where the client is placed. This 
solution is recommended to handle up to 100 clients simultaneously [2, 3]. 
 
Another approach is the three-tier software architecture [17], which in addition to 
the two-tier architecture also has a middle-server. This approach is more flexible 
than the two-tier architecture, much because “the middle tier can handle queuing, 
application execution and database staging” [2]. All three layers may be put on 
different platforms. This approach is more scalable than the two-tier architecture 
because of the middle tier, and can handle thousands of clients simultaneously [2, 
17].  
 
The approach used in Symbian OS is the two-tier architecture, in which the 
communication is message-based. Since it is message-based, the jobs can be 
prioritised and executed asynchronously. It is also not possible for the clients to 
affect the server’s reliability or manipulate with the resources that it controls in an 
illicit way. The clients and servers are executed in different threads, so the 
communication they use is inter-thread communication. Symbian OS has no inter-
process communication, so if a client and a server are located in different 
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processes the messages are sent via the so-called kernel server. This server differs 
from other servers in the way that it has access to all memory (global access).  
 
Another reason why the client server approach is chosen for Symbian OS is 
because the kernel is a micro kernel. So functionality which in most operating 
systems is included in the kernel is in Symbian OS represented by different 
servers. The built-in servers handle resources that many clients want access to, 
such as the window server, file server etc. This makes it possible for the server to 
handle possible conflicts. Another very important aspect is the re-use of code. 
 

2.3.2 Model/View/Controller 
 
Model/View/Controller (MVC) is originally an approach on how to build user 
interfaces in Smalltalk. This approach uses different kinds of patterns, and the 
three most common design patterns used are Observer, Composition and Strategy 
[5]. 
  
“MVC consists of three kinds of objects. The model is the application object, the 
view is its screen presentation, and the controller defines the way the user interface 
reacts to user input.” [5]  
 
The logical (model) and the user interface (view) are de-coupled and communicate 
using a notify protocol. The model notifies the view when data changes, and then 
it is up to the view to update itself. But in order not to cause tight coupling, MVC 
uses the design pattern called Observer, which makes it possible to change an 
object “without requiring the changed object to know details of the others” [5]. 
Thanks to this de-coupled design more than one view can easily be attached to a 
model, and can also easily be exchanged without affecting the model. 
 
In MVC nested views are supported, so a view may contain for example sub-views 
such as button views etc. This is a very good way to re-use components in the user 
interface. There is, however, a problem with this approach, which is that classes 
that use views of which some contain sub-views must treat these differently. The 
design pattern Composite [5] removes this difference and makes it possible to treat 
all views similarly. This means that  a view that contains sub-views will be treated 
as one object. [5] 
 
The communication between the user and the application is handled by a 
controller, which is de-coupled from the view. In MVC “there is a class hierarchy 
of controllers, making it easy to create a new controller as a variation on an 
existing one” [5]. So it is a controller, or a subclass for a more tailored response, 
that takes care of user input, as for example keyboard events etc. This view-
controller relationship makes it possible to change the way an application reacts to 
user input, both statically and dynamically, just by replacing one controller object 
with another. This solution is an example where the design pattern Strategy [5] is 
applied. 
 
The MVC approach is used to its full extent in Symbian OS, e.g. Symbian OS 
applications are view based and have one or more views. The MVC approach de-
couples the model from the view and because of this it is easy to share data 
between views. Another advantage of separating the view from the model is that it 
is relatively easy to port applications between different DFRDs. This because the 
model is not affected by a change of screen size, and therefore the changes are 
concentrated to the presentation, the view. 
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Another example of the MVC approach in Symbian OS is that it supports nested 
views, and this is especially needed in mobile devices because of their restricted 
screen size. An example where nested views are used is when a view contains 
several tabs, and another view – a sub view – is attached to a tab. 
 
The controller is also separated from the other parts, the view and the model, in 
Symbian OS. This makes it easy to exchange an application controller. E.g. 
another behaviour on user input is requested, and then only the controller has to be 
exchanged. In Symbian OS there is a large hierarchy of controllers, with the 
CCoeControl class as its base. In this hierarchy common methods are 
implemented, and when a new controller is needed, it is both easy and fast to 
create one. This is because there is a legible structure and very much code can be 
re-used. 
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3 A COMPARISON OF USER INTERFACES 
 
The first step towards customisation support is to identify similarities and 
differences between the interfaces of existing devices. To achieve this, we have 
compared the interfaces of four different cellular telephones from leading 
manufacturers. The telephones we compared are Ericsson T28 World, Nokia 8210, 
Sony CMD-Z5 and Motorola v3688. Figure 3 shows the devices in the 
comparison. We made the assumption that the properties that are common for this 
subset of mobile devices are common for other devices as well. In this chapter we 
present our findings of similarities and differences. 
 

      
 

Figure 3:  The cellular telephones in the comparison, from left to right: Ericsson T28 World, Nokia 8210, Sony 
CMD-Z5, Motorola v3688. 
 

3.1 How we performed the user interface analysis 
 
In order to satisfy as many needs as possible with one single architecture, we 
needed to identify as many commonalities and variabilities between the interfaces 
as possible. This is called doing a scope, commonality, and variability (SCV) 
analysis. A well accomplished SCV analysis can save much time. Coplien et al. 
state that when developing a family of similar products, the results of an SCV 
analysis are profitable when there are four or more family members [1]. If they are 
fewer than four, the analysis takes more time than it can save. But if we can 
perform a successful SCV analysis and change the architecture to support what we 
have identified, it would become cheaper for the cellular phone manufacturers to 
develop new user interfaces in the future. And hopefully far more than four 
different mobile devices will be produced. 
 
We categorised the different manufacturers’ user interfaces as family members of 
a product family. They are all cellular phones, which are rather similar as products. 
In order to be able to produce new members of this product family - and hopefully 
most upcoming cellular phones - as cheaply as possible, we need to change the 
existing architecture to support all found commonalities and support all or most of 
the variabilities. We also took some ideas from the FAST approach [1], which uses 
SCV analysis for product families. The document produced with the FAST 
approach includes a dictionary of terms, so the reviewers can lay their energy on 
controlling the content rather than interpreting it. This makes it easy not only for 
the people involved to understand, but also for external people. The document 
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contains a description of all found commonalities and variabilities, but opposed to 
a regular one, the FAST approach document also includes a range of values for 
each of the variabilities. It also contains a prediction of what family members are 
likely to change over time.  
 
So we did an SCV analysis of the four devices, but we did not find the FAST 
approach to be fully applicable in this case. Of course we fully agree with the 
FAST approach that the document shall be easy to read and to understand, and that 
there shall be a dictionary of terms included. We put the terms that needed an 
explanation in the dictionary of the thesis. We did not find the prediction of range 
of values for each of the variabilities useful, because the variabilities we found are 
of such kind that they are hard to measure in numerical values. The last purpose of 
the FAST approach is to predict what family members are likely to change over 
time. This is a good thing to do, but the commonalities and the variabilities we 
have found are rather common cellular phone functions, which all probably will 
stay there for a long time. 
 
While we are working with user interfaces, which never look the same, we have 
chosen to include what Bosch calls variants [6] in our commonalities. A variant is 
a common functionality with characterising variations between the instances, e.g. 
all mobile phones have a battery indicator, but they slightly differ in their 
appearance. 
 
In the following sections we have described the commonalities and variabilities 
respectively that we have identified during our SCV analysis. 

3.2 Commonalities 
 
In this section we present the commonalities that we found in our comparison of 
the four devices. 
 
1. Hierarchical menu. 
All the four devices in the comparison have a menu built up in a hierarchical 
structure with a main menu and several sub menus. Examples of menu items in the 
main menu are “messages”, “profiles”, “preferences” and “phone book”. Examples 
of items in sub menus are “type message” and “voice messages” in the messages 
menu of the Nokia 8210 and “edit profile” and “activate profile” in the profiles 
menu in the same device. 
 
2. Different design on different menus. 
The menus on different hierarchical levels have different design. Take for example 
the Nokia 8210. The items in the main menu cover the whole screen and contain 
animated images, while the items in the sub menus are listed using a small font. 

 
3. When sending SMS, the message is typed before the recipient is chosen. 
Although there are differences between the devices regarding in which order 
operations are performed, they have one thing in common: when sending an SMS, 
the user always types the message before selecting the recipient of the message. 
This is especially practical when sending the same message to multiple recipients. 
 
4. Status indicator for battery power. 
Since all wireless devices need a battery to operate, it is necessary for the user to 
know how much power is left in the battery. All the devices in the comparison 
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have a status indicator in the stand by-view that shows how much power remains 
in the battery. 
 
5. Status indicator for reception. 
All the devices in the comparison have an indicator in the stand by-view that 
shows the strength of the current reception. 
 
6. The local time is displayed in the stand by-view. 
All the devices in the comparison have a clock in the stand by-view that displays 
the local time. 

 
7. The operator logotype is displayed in the stand by-view. 
All the devices in the comparison display some type of operator logotype in the 
stand by-view. In some cases this is an image, and in some cases it is a text. 

3.3 Variabilities 
 
In this section we present the variabilities that we found during our comparison of 
the four devices. The table in figure 4 shows which devices have similar 
properties. The details are described in the following chapter. 
 

No. Property Ericsson Nokia Sony Motorola 
1 Some menus contain animated images   X   
2 Movement between menus is animated X  X  
3 Info messages are shown in windows X  X  
4 An action is chosen before the object to perform the action on X    
5 An object is chosen before the action to perform on the object   X X X 
6 The operator logotype can be exchanged for an image   X   
7 The current functionality of a button is displayed on-screen   X X  
8 In the phone book, number is entered before name X  X X 
9 In the phone book, name is entered before number   X   
10 The date and day of week is shown in the stand by-view    X  

11 Status indicator for key-lock is shown in the stand by-view   X   
12 The menu items are numbered X X  X 

 
Figure 4: Properties that differs between the different devices. The meaning of the properties is explained in detail 
in chapter 3.3.1. 
 

3.3.1 The variabilities explained 
 
1. Some menus contain animated images. 
On the Nokia 8210, the menu items in the main menu contain animated images 
that cover approximately half of the display. 
 
2. Movement between menus is animated. 
On some devices, moving in the menus is illustrated as an animated movement. 
The Sony CMD-Z5 has a scrolling main menu and the Ericsson T28 has an 
animated motion when selecting a menu item. 
 
3. Info messages are shown in windows. 
When an info message is shown on the Nokia 8210 and the Motorola v3688, the 
message covers the whole screen. On both the other devices the info messages are 
displayed in popup windows that only cover part of the screen. 
 



  16

4. An action is chosen before the object to perform the action on. 
When performing an action, for example when adding a number to the phone 
book, the Ericsson device lets the user first choose to add a number to the phone 
book and then enter the number to add.  
 
5. An object is chosen before the action to perform on the object. 
All devices in the comparison except the Ericsson T28 let the user first enter a 
number and then choose what to do with it, in this example adding it to the phone 
book. 
 
6. The operator logotype can be exchanged for an image. 
On the Nokia 8210, the user can choose to have an image instead of the operator 
logotype shown in the stand by-view. 
 
7. The current functionality of a button is displayed on-screen. 
On the Nokia 8210, there are two buttons placed right beneath the display. The 
buttons have different functionality depending on which menu is active. The 
current functionality of the buttons is displayed at the bottom of the display. For 
example, in the stand by-view, the left button accesses the menu and the right 
button accesses the phone book. On the Sony CMD-Z5, the action that occurs 
when pushing the scroll wheel on the side is described on the display when it is 
deviant from its standard functionality, i.e. accessing menus. 
 
8. In the phone book, number is entered before name. 
When adding a record to the phone book, a name and phone number is entered. On 
all devices except the Nokia 8210, the number is entered first, followed by the 
name. 
 
9. In the phone book, name is entered before number. 
When adding a record to the phone book, a name and phone number is entered. On 
the Nokia 8210, the functionality differs from the other devices in the way that the 
name is entered before the number. 
 
10. The date and day of week is shown in the stand by-view. 
All the devices in the comparison show the local time in the stand by-view. 
However, the Sony CMD-Z5 also shows the date and the day of week in the same 
view. 

 
11. Status indicator for key-lock is shown in the stand by-view. 
On the Nokia 8210, an icon displaying a key is placed in the upper left corner of 
the screen when the keypad is locked. The Nokia device is also the only device in 
the comparison that has the ability to lock the keypad. All the other devices have a 
hatch that covers the keypad when the device is not used. 
 
12. The menu items are numbered. 
On some of the devices, the items in the menus have numbers, functioning as 
unique identifiers. The Nokia 8210 has hierarchical numbers, making every item 
unique for the entire menu hierarchy. So an item in the main menu can be for 
example number 2, and an item below item 2 in the hierarchy can be for example 
2-1. On the Ericsson T28, the menu items in every menu are simply numbered 
ascending from 1. On the Motorola v3688, some of the menus have numbered 
items and some menus have items without numbers. The Sony CMD-Z5 is the 
only device that does not have numbered menu items at all. 
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3.3.2 Additional variabilities 
 
In addition to the different properties mentioned above, there are a couple of 
properties that differ from the other variabilities we found. These can be split up 
into two groups: features that are mutually exclusive and features that are not 
mutually exclusive. Mutually exclusive features are features of which a system can 
only have one instance, but which may differ from system to system. Mannion and 
Keepence have named this group of features single discriminants [7]. The other 
group is called multiple discriminants [7]. This group includes features that there 
must be at least one of, but in difference to single discriminants, there can be 
several. 
 
1. Different screen size and resolution 
All the devices have different screen size and different resolution. 
This property also differs in that it affects all other parts, because every GUI 
component must fit onto the screen. 
 
2. Different fonts 
The devices use different fonts to display text on the screen. They also use 
different font sizes. The font and font size may also vary between different 
applications and views on the same device. 
 
3. Different industrial design. 
The devices are different from each other in their industrial design. An effect of 
this is that the hardware buttons are different, and work differently. For example, 
the Nokia 8210 has up- and down-arrows and two buttons that are mainly used as 
enter and exit buttons. Another example is the Sony CMD-Z5 that has a scroll-
wheel on the side, which is usually used to scroll through menus. But the wheel 
can also be pressed in three different directions to perform various operations.  
 
4. Different input methods 
The input methods are a little different on the devices in the comparison. Since the 
numeric keypad of a cell phone is also used for text input, there has to be a way of 
smoothly translating the numbers into characters. All the devices in our 
comparison have three or four characters represented on every button on the 
numeric keypad. The difference lies in how the user chooses one specific character 
out of these three or four possible selections. Let’s take the button with the 
characters ‘A’, ‘B’, ‘C’ as example. Four presses on the same button types the 
number associated with the button. If a button is associated with more letters, the 
user has to press the button even more times to reach these. For example, the 
button we just mentioned can also be used to type ‘Å’ and ‘Ä’. 
 
On the Motorola v3688, the user simply presses one time for ‘A’, two times for 
‘B’ and three times for ‘C’. If the user wants to type two or more succeeding 
characters that are represented by the same button, a short pause has to be made 
between the characters, or the device will misinterpret the input. 
 
The Ericsson T28 uses the same system as the Motorola v3688, but the user can 
also take a little shortcut to speed up the typing a little. To type a ‘B’, the user can 
press the button once and then press the up-arrow. To type a ‘C’, the user can press 
the button once and then press the down-arrow. In the case of typing a ‘C’, the user 
only has to make two key-presses instead of three, and in both cases the pause that 
has to be made before typing more characters using the same button is eliminated. 
After the arrow buttons have been pressed, the device already knows what 
character the user wants, and there is no risk of misinterpretation. 
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The Sony CMD-Z5 uses a more sophisticated method of selecting what character 
to type. The system is called T9 and uses a list of words and an algorithm that 
chooses possible words from the list. The goal of the T9 system is that the user 
should only have to press a button once to type a character. If there is more than 
one possible word that can be made up by the pressed buttons, the user has to 
choose one of the possible words. If the desired word is not in the list, a word can 
be manually inserted in the same way as on the Motorola v3688. Also, words can 
be added to the list to make them easier to type the next time. The user can switch 
between T9 text input and input of numerical values by pressing a button. 
However, when typing in names in the phone book, only manual input is available. 
 
The text input of the Nokia 8210 is similar to that of the Sony CMD-Z5 in that it 
utilises the T9 system. However, using T9 or not is optional when typing messages 
– the user can choose every character manually as on the Motorola v3688. When 
typing in names in the phone book, T9 is not available. Another detail that 
differentiates the Nokia 8210 from the Sony CMD-Z5 is that if the user presses a 
button for about a second, the numerical value of the button is typed instead of a 
letter – regardless of the T9 system being used or not. 
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4 THE REFERENCE ARCHITECTURE 
 
In this chapter we present the architecture we developed. The architecture satisfies 
those of the commonalities and variabilities we identified that are not already 
supported by Symbian OS. The ones we have left out are those that deal with 
logical behaviour and not appearance. The solution is as close to optimal as we 
could possibly achieve, and is independent of the existing Symbian OS. The 
reference structure is shown in figure 5. 
 
Standard object-oriented design patterns have been used everywhere it was 
possible and invitable. Both because they are well tested, they are common and 
because they are easy to understand for people that are going to use the 
architecture. This is especially important because if an architecture is easy to 
understand and use, people will use that structure and not develop their own 
solutions within it. Such a behaviour makes the architecture very hard to maintain, 
and therefore expensive. 
 
We have chosen to split up each solution into three paragraphs. The first paragraph 
is Problem, where we describe the problem that we have to solve. The second 
paragraph is Description, in which the solution is described in detail: how it 
works, what patterns have been used, how it solves the problem and how it should 
be used. In the last paragraph: Consequences, the consequences are described, i.e. 
the advantages and disadvantages of respective solution. 
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Figure 5: The complete reference structure. 
 

4.1 Industrial design 
 
Problem 
Since different devices have different industrial design, as described in section 
3.3.2, paragraph 3, the set of buttons of one device might not be the same as that of 
another. This demands for a solution that makes it easy to adapt a system to 
conform to different industrial designs. A visual representation of our solution to 
the problem is shown in figure 6. 
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Figure 6: The enlarged box contains the classes that are included in the solution described in this section: 
AHardwareKeyTranslator and some examples of subclasses. 
 
Description 
The abstract class called AHardwareKeyTranslator is a hardware abstraction layer 
that translates hardware button presses into logical commands that the system can 
interpret. This class contains common functionality for hardware key translators, 
such as constants for buttons that are common for all devices. The buttons that we 
have defined as common buttons, i.e. buttons that have to be available on all 
devices, are the numerical buttons 0-9, #, *, a dial button and a cancel button. The 
manufacturer then has to implement a subclass of the AHardwareKeyTranslator, 
since the lower-level operations are hardware-specific. A subclass of 
AHardwareKeyTranslator should contain mapping between the hardware and the 
common button constants as well as code for additional, device-specific buttons. 
 
AHardwareKeyTranslator is a singleton [5], i.e. there can only exist one instance 
of any of the subclasses derived from this class.  
 
The AHardwareKeyTranslator communicates with the rest of the system through 
an observer implementation [5]. The AHardwareKeyTranslator can only have one 
observer at a time, and that observer is notified every time a button press triggers 
an event. This component works independently of which application is active, but 
in the general case the active application should be the one observing the 
AHardwareKeyTranslator. 
 
When a manufacturer wants to create an interface for a new device, what has to be 
done is to create a subtype of AHardwareKeyTranslator that maps the standard 
events against the hardware and that contains the special events for buttons that are 
not part of the standard set. 
 
Consequences 
An advantage of having a set of standard buttons is that it simplifies the creation of 
portable applications. As long as an application only supports buttons that are part 
of the standard set, no changes have to be made to make the application conform 
to the key-set of any device. 
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On the downside, this design solution is so generic that it will be hard to build 
complete applications without adding extended functionality for special buttons. 
For example, many applications will require some kind of arrow buttons to step 
up/down or left/right in lists. 

4.2 Text input 
 
Problem 
The input works differently depending on what application is run, what state the 
application is currently in and what device the application is being executed on. 
We discussed this in section 3.3.2, paragraph 4. When the user presses a specific 
button, it means one thing to one application and another thing to another 
application. Since we do not know beforehand how the UIQ Technology 
customers want the device to react to keypad input, we have to make it simple to 
change the translation scheme between buttons and actions. A graphical overview 
of our solution is given in figure 7. 

 

 
 
Figure 7: The enlarged box contains the classes that are included in the solution described in this section: AInput 
and some examples of subclasses. 
 
Description 
AInput is an abstract class that contains the basic functionality that is common for 
all input classes. To create a unique input translator, a developer simply 
implements a subclass of AInput that translates the keypad input in a way that is 
appropriate for the specific situation. Here we use the template method pattern [5]. 
 
An input type, i.e. a subclass of AInput, is completely static. There are no 
ambiguities as to what a key press means to the application in a specific situation. 
So an application that makes different use of a button press in different states has 
to use more than one input type. An example of an application that has to use 
multiple input classes is an SMS application. The SMS application used on the 
Nokia 8210 lets the user choose between T9 and manual input. To implement such 
an application using our structure, the developer would need one input type for T9 
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and another input type for manual input. For this solution we have applied the 
strategy pattern [5], which makes it possible to change behaviour and input type 
during tun-time. 
 
If a button has the same functionality everywhere, the developer can create a 
subtype of AInput and then derive subclasses from the new class to easier create a 
variety of different input types. This is worth mentioning, even though it is nothing 
but standard object orientation. 
 
The application that owns an instance of a subtype of AInput is an observer [5] of 
the object and gets events when the user presses a key that is of importance to the 
application. 
 
Consequences 
Since the translation of key presses is not a part of an application, it is a simple 
task to move an application from one device to another. All that has to be done is 
to create one or more new input types for the application, unless there already is 
one that fits the application. 

4.3 Lists and their presentations 
 
Problem 
Manufacturers want their lists to look different from the lists used in competitors’ 
cellular phones. They also want the lists to be different on different phones of their 
own, and even on different applications within the same device. This problem was 
presented in section 3.2, paragraphs 1 and 2, and in section 3.3.1, paragraph 2. A 
solution where as much code as possible can be re-used is therefore to prefer, both 
for maintenance purposes and from a developing point-of-view. Our solution is 
presented in figure 8, and described in detail in the next section. 
 

 
 
Figure 8: The enlarged box contains the classes that are included in the solution described in this section: 
CListLogic, MListPresentation and some examples of derived classes. 
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Description 
Since the list needs to support many different appearances, we split up the code 
into two parts, where one of them contains the logic, and the other part contains 
the presentation. 
 
The CListLogic class represents the logic part, which contains different 
functionality that a list might need. The functionality shall be optional, and the 
options might be for example if the list shall be circular or not, if the number of 
elements shall be restricted or not etc. Such functionality can be chosen by flags, 
in order not to force any code changes and re-compiling the framework. This logic 
part is common for all lists, independently of how they are presented visually. 
 
The presentation class must implement the interface MListPresentation in order to 
be used together with CListLogic. The presentation contains all code needed to 
describe how list items (of the type MListItem, described in section 4.4) shall be 
displayed, e.g. how they are aligned, if they shall be displayed on top of each other 
or side by side. There shall also be code for how movements between items shall 
be done, e.g. if they shall be animated. Our solution makes it possible to have 
many different presentation types on the same device, and it is also possible for a 
third party to develop their own presentation. The only requirement when 
developing a new presentation is that the class must implement the interface 
MListPresentation. 
 
When a list shall be used in an application, the application creates an instance of 
CListLogic, with the flags provided for the functionality that shall be used. Then 
the application adds a presentation as an observer to the CListLogic instance. 
Which presentation the application will add depends on what it wants the list to 
look like. At last, list items can then be added (or removed), and then the 
CListLogic instance will notify the presentation which observes it. 
 
Consequence 
The big advantage of this solution is that the logic part of the list is re-used 
independently of what the list looks like. It is the logic part that is the biggest of 
them, and it is also that part that is the most complex. This is especially good from 
a maintenance point-of-view, while an update of the list logic only has to be done 
at one place. Our solution also makes it possible to have more than one 
presentation on each device. 
 
A liability with this solution is that the CListLogic class might contain a bit of 
overhead while all possible functionality shall be implemented in order to support 
as many different types of lists as possible. Few if any manufacturers will use all 
the implemented functionality. 

4.4 List items 
 
Problem 
Another thing that differs from how a list is presented, except for how list items 
are aligned against each other, is what the items look like. E.g. some 
manufacturers have animated list items, and some do not, as can be seen in section 
3.3.1, paragraphs 1 and 12. Our solution for list items is shown in figure 9. 
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Figure 9: The enlarged box contains the classes that are included in the solution described in this section: 
MListItem and some examples of derived classes. 
 
Description 
In the previous section we described how the logic is separated from the 
presentation. But that is not enough in order to satisfy all different looks a list can 
have. As mentioned before the presentation only manages how list items shall be 
listed, aligned and what movements in the list change shall look like, and not how 
they are presented. Some manufacturers want the list items to be animated, some 
only want text items, and in some cases they want it to be possible to choose 
between a couple of existing items in run-time. 
 
The list items must implement the interface MListItem in order to be used together 
with CListLogic and with an implementation of the interface MListPresentation. 
The list item includes code for what a specific item looks like, e.g. if it shall be an 
animated image or just text. 
 
This solution does not implement an explicit pattern, but rather simple interfacing. 
 
Consequence 
The advantage of this solution is that it is independent of both the list logic and the 
presentation, and can therefor be re-used even the items differ in appearance.  
 
A small disadvantage of this solution is that the list presentation will be a little bit 
trickier to write, because it must be generic in order to be able to use all kinds of 
list items. 

4.5 Logotypes 
 
Problem 
On all cellular phones the logotype is a text label as default, but on some phones 
the logotype can be exchanged for an image. This is described in section 3.2, 
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paragraph 7, and in section 3.3.1, paragraph 6. Our solution to make this easier for 
developers is shown in figure 10 and is described in the next section. 
 

 
 
Figure 10: The enlarged box contains the classes that are included in the solution described in this section: 
MLogotype and some examples of derived classes. 
 
Description 
The device manufacturer implements a class that implements the interface 
MLogotype, which defines what the logotype shall look like. The logotype can for 
example be programmed to contain a text, an image or an animated image. 
 
While all logotypes are of the type MLogotype, this solution makes it possible to 
exchange the logotype for another one in run-time. 
 
Just like the list item solution (see section 4.4), this solution utilises standard 
interfacing but no patterns. 
 
Consequence 
The advantage of this solution is that there is no need to change existing classes. 
All that has to be done is to implement a new class that implements the interface 
MLogotype, if a different logotype is wanted. 

4.6 Scroll bars and borders 
 
Problem 
Some manufacturers use scroll bars on their lists and some do not, and some show 
messages in windows with a border, while some show them in full screen. So a 
solution where it is easy to attach properties, such as scrollbars and borders, onto 
any visual component is needed. It shall also be possible to attach such properties 
dynamically during run-time, because some of these properties might not be 
needed all the time. For example, a list only needs a scrollbar if it contains too 
many elements to display on the screen. Figure 11 shows our solution to the 
problem. This solution does not directly solve any of the found commonalities and 
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variabilites, but it helps other solutions such as the ones described in sections 4.3 
and 4.8. 
 

 
 
Figure 11: The enlarged box contains the classes that are included in the solution described in this section: 
MVisualComponent, ADecorator and some example subclasses. 
 
Description 
Since the properties shall be added dynamically during run-time on any visual 
component (i.e. components that are of the type MVisualComponent), inheritance 
is not enough here. The reason to why it is not enough is that inheritance will not 
let properties, e.g. a scroll bar, be added without re-compiling the software. We 
therefore choose to use the concept of the design pattern Decorator [5]. This 
pattern satisfies all our needs. 
 
The Decorator pattern encloses the visual component in another object, which is 
the decorator, which in turn adds the property at hand. “The decorator conforms to 
the interface of the components it decorates so that its presence is transparent to 
the component’s clients.” [5] While a decorator is transparent, it is possible to add 
as many decorators as needed to a single component. 
 
This solution makes it possible to add a decorator to any visual component that 
implements the interface MVisualComponent, and that has the same interface as a 
subclass of the decorator base class ADecorator. So properties like scroll bars 
(CScrollDecorator) and borders (CBorderDecorator) shall only have to be written 
once. 
 
The provided decorators, the CScrollDecorator and the CBorderDecorator, can be 
used together with subclasses of MListPresentation, unless they are extended. The 
same goes for the subclasses of AMessage. This is because the decorators need to 
have the exact same interface as the components that are using them. 
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Consequence 
An advantage of this solution is that responsibilities can be added without the 
source having to be changed. Because of the very same reason, development can 
be performed incrementally. 
 
A liability of this solution is that the interfaces are rather restricted, because the 
decorator must have the same interface as the components using it. Since the 
decorators shall fit onto different visual components, it is hard to find a generic 
interface that fits all. It may also be hard to get an overview of a component that 
uses many decorators, because it is split up into many different classes. This might 
also affect the performance in a negative way. 

4.7 Indicators 
 
Problem 
Each of the devices has a variety of different indicators in the stand by-view. The 
appearance of the indicators differs between the devices, as described in section 
3.2, paragraphs 4, 5 and 6, and section 3.3.1, paragraphs 7, 10 and 11. There is a 
need for a smooth way of adding new indicators to the stand by-view. In figure 12 
we show how we want to solve this problem. 
 

 
 
Figure 12: The enlarged box contains the classes that are included in the solution described in this section: 
MIndicator and some examples of derived classes. 
 
Description 
The framework provides an interface called MIndicator that developers have to use 
to create indicator classes. An application that is intended to display indicators, for 
example a stand by-view, can have a method to add indicators to it. The interface 
defines the methods that the application needs to display any indicator, i.e. the 
indicator’s size, desired place on the screen and some methods for drawing. That 
way indicators can be added at any time, even when the application is running, 
without having to re-compile the application. And an indicator is not depending on 
the application, it only needs to know about the property that it indicates, for 
example the battery status of the device. 
 
This solution uses ordinary interface inheritance, no explicit patterns. 
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Consequence 
An advantage of this solution is that indicators can be added at run-time, since an 
application does not have to be re-compiled after adding a new indicator.  

4.8 Messages 
 
Problem 
Informatory messages are displayed differently on different devices. For example, 
some devices display the messages on the whole screen, while some use a popup 
window. This variability is described in section 3.3.1, paragraph 3. In figure 13 we 
present our solution to this problem. 
 

 
 
Figure 13: The enlarged box contains the classes that are included in the solution described in this section: 
AMessage and some examples of subclasses. 
 
Description 
AMessage is an abstract class that implements the MVisualComponent interface. 
AMessage contains basic functionality that a message class needs, for example a 
container for the message text. Since the AMessage class is abstract it cannot be 
instantiated, i.e. it is impossible to create objects of the type. To create a message 
with a unique appearance, the developer simply creates a class that inherits the 
functionality from AMessage and implements the abstract functionality and other 
functionality that it might need. This is an application of the template method 
pattern [5]. 
 
To add borders, scrollbars or other decorators to a message, the decorator solution 
described in section 4.6 can be utilised. 
 
Consequence 
This solution makes it easy for a developer to add a new appearance for messages. 



  30

5 THE ARCHITECTURAL CHANGES 
 
In this chapter we describe how our initial architecture changed after we got input 
from software engineers at UIQ Technology. 

5.1 The interviews 
 
Interviewing a couple of software developers at UIQ gave us some input on our 
ideas. During the interviewing sessions we asked the developers what they thought 
about different parts of our reference architecture, and how similar solutions are 
created in Symbian OS. We also wanted to know what part of our architecture they 
found to be the most interesting. Our subjects agreed that the lists were the most 
interesting, so we chose to focus our work on that part. 
 
We prepared for the interviews by writing a list of questions for our subjects to 
read and think about beforehand. They also got all the information that was 
necessary to answer these questions, design documents etc. Then we sat down with 
them one and one and went through the questions on the list and discussed our 
thoughts as well as theirs. 
 
We asked several questions about lists and list items, for example what they would 
like to change about the way the list is implemented today in Symbian OS. The 
biggest problem seems to be that the existing list has evolved over a whole decade, 
and the code has become very clogged. More and more functionality has been 
added over time, and some functionality might not even be needed anymore. The 
list is very complex and contains lots of functionality, which makes it even worse 
to have clogged code. Also, since there is little or no documentation describing the 
purpose of functions and variables, it is very hard to know which functions do 
what etc. According to the subjects of our interviews, the ideas that lay ground for 
the list are not bad at all, but the implementation needs to be redone in order to 
clean up the code. 
 
We also found out that our solution had a flaw that would cause performance 
problems in lists with many items. In our original solution, every list item had 
information about its own size, shape and content. Since a list will only contain 
one type of list item anyway, storing all this information in every item would 
cause a huge redundancy in a list with many items. The only thing that will differ 
between items in the same list is the content, the data. A way to solve this problem 
is to adapt a solution that is already used in the existing list box in Symbian OS. In 
section 5.2 we describe the list implementation in Symbian OS. In section 5.3 we 
then present our evolved solution, which is a compromise between our original 
solution and the one that can be found in Symbian OS. 

5.2 The existing solution 
 
In this section the structure of the existing list in Symbian OS will be described. A 
graphical overview of the structure can be seen in figure 14. The classes and the 
interfaces within the rectangle show the base structure of a list in Symbian OS. 
The classes are used either in their original form or, if they are extended with 
functionality, they are derived into subclasses. 
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The classes and the interface outside the rectangle represent the scrolling 
functionality that a list often uses. 
 

 
 
Figure 14: The figure shows how lists are structured, including scrolling and editing functionality, in Symbian OS. 
 
Description 
The list box class (CEikListBox) is the base class of an on-screen list box control, 
from which one or more items can be selected. This class contains basic 
implementations for a list box. A list box displays a number of items within a 
scroll bar frame (CEikScrollBarFrame). The items in a list box that are visible are 
represented by a list box view (CEikListBoxView). It is also this class that knows 
which item that is the current one. Except for the scroll bar frame and the list box 
view, the list box also has a model (MListBoxModel) in which data is stored, an 
item drawer (CListItemDrawer) that draws the items and a list box editor 
(MEikListBoxEditor). The editor makes it possible to edit an item’s content 
directly in the visible cell.  
 
The list box class reports list box events to a list box observer 
(MEikListBoxObserver). Examples of events are key, click and select events. The 
list box class handles all events that the list box gets. It can for example be events 
thrown from scroll bars (CEikScrollBar), which are located in the scroll bar frame, 
via the scroll bar observer (MEikScrollBarObserver). The scroll bar frame is not a 
control itself but acts as an assembly manager for the body and scrollbars. Both the 
vertical and the horizontal scroll bar are shown only when needed. When the list 
box gets events from the scroll bar observer it calculates which items that shall be 
shown with data provided from the list box view, such as which item is on top, on 
bottom and how high an item is. At last it sets the scroll bar position. Other events 
that a list box gets are regular pointer and key events which also are handled by the 
list box class, where logic for what item that has been clicked is located, if 
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selection shall change or extend, if multiple selection is allowed etc. For such 
operations the list box class uses presentation data provided by the list box view.  
 
A list box model (of type MListBoxModel) supplies the data to be presented in a 
list box. This model is very simple, and the only functionality it has is that the 
array of data can be set, and the number of items in the array can be calculated. 
The data in the array is only data that shall be displayed, but no information on 
how to display it. So it is not possible to add items one by one by method calls, it 
has to be done manually from outside the list box into the array. The model does 
not have support for sorting either. 
 
The list box view encapsulates the on-screen appearance of data in a list box, such 
as what items are selected, which item is the current, and how the items are 
updated according to user input. The logic for user input is located in the list box 
class, which calls appropriate member functions of the list box view. It is in the list 
box view that the visible behaviour is implemented. What items are going to look 
like on the screen is decided by the list item drawer. 
 
A list item drawer contains code for exactly what a list item shall look like, and 
draws the item. The item drawer class is an abstract class and shall be derived 
when creating a new list. In figure 14 there is a dependency arrow to the list box 
model, although there is no connection from this base class. The reason why there 
is an arrow is because all classes that have derived from it have a dependency to 
the list box model, just for clarification. A list box item drawer can use a list box 
data class (CListBoxData) if provided. This class contains information on how the 
list box model data shall be shown. Examples of such data can be what kind of 
font a text list box should use, if the font should be rendered bold and what size the 
font should have. 
 
When a list box with a specialised behaviour is needed, that list shall derive from 
CEikListBox, and it is usual when subclassing this class to also provide 
specialisation of CListItemDrawer and CListBoxView for representing the data of 
such a list box effectively. Symbian OS provides six different lists. Some of the 
lists have different indents, such as the hierarchical list box and the snaking list 
box, where the main difference lies in the list box view. There are lists that almost 
only differ in their data, such as the text list box and the column list box, where the 
biggest difference is in the list box model and the list box item drawer. 

5.3 The compromise 
 
The final version of our solution to the list box problem is a compromise between 
our original idea and the current implementation in Symbian OS. It utilises some 
of the ideas we had from the beginning, as well as some of the ideas that were 
hatched when the list implementation in Symbian OS was designed. The diagram 
in figure 15 shows a graphical view of the list box design. 
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Figure 15: The list box is a compromise between our original list box solution and the implementation in Symbian 
OS. 
 
Description 
Our original list box suffered from performance problems when adding many 
items to it. The reason for this was that we stored the presentation information in 
every list item, and hence the more items it had to handle, the worse the 
performance would get. So we used some inspiration from Symbian OS and added 
the MListModel interface and the MListItemDrawer interface. These two 
interfaces replace the MListItem from our original list box. MListModel is the 
interface for classes that contain the actual data that is going to be presented in the 
list box. No other information is stored in a list model. As container for the 
presentation data, we have the list item drawers. These implement the 
MlistItemDrawer interface, and contain information about how the list items are 
going to be drawn on the screen. This way we get rid of the redundancy from our 
original solution, where every list item contained information about its 
presentation. We assume that all the items in a list are going to be presented in the 
same way, or at least independent of the data. Therefore we only store that 
information in the list item drawer, which acts as a template for the list items. 
 
Our list box still has the logic separated from the presentation, just like it had in 
the original solution. CListLogic is the class where the logic is located. To create a 
presentation layer for a list box, a subclass of the abstract class AListPresentation 
is derived. Note that in the original solution, this was represented by an interface 
called MListPresentation. However, after giving it some more thought, we found it 
more fitting to let an abstract class do the job. The reason for this is that we want 
the list presentation to contain scrolling functionality. The list presentation 
contains a scrollbar frame, which controls the scroll bars. Scrolling events are 
passed on to the list presentation through an observer pattern. The CEikScrollbar 
and CEikScrollBarFrame classes as well as the MEikScrollbarObserver interface 
that can be seen in figure 15 are part of Symbian OS. The reason why we have 
chosen to use the existing scroll bars instead of the decorator that we have 
presented in our architecture (see chapter 4.6) is that we want to change as little as 
possible to apply the solution to Symbian OS. The difference between our list box 
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and the one in Symbian OS is that we choose to place the scroll bars in the 
presentation, which is the proper place for scrollbars, instead of in the logic. 
 
There are also other observers [5] in the list box: the MListObserver and the 
MListPresentationObserver. These were actually a part of the original solution, 
although there was no need to mention them explicitly other than in this 
description, which is of a more detailed nature. The MListPresentationObserver is 
an information link between the logic and the presentation, and tells the logic 
when something has happened in the presentation layer. The MListObserver is the 
external link of the list box. It sends events from the list box to the application that 
owns the list box. 
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6 EVALUATION OF THE ARCHITECTURAL CHANGES 
 
In this chapter we evaluate our architectural changes and compare them to the 
original structure. 
 
We carried out the evaluation by starting to identify a couple of criteria, which we 
found to be feasible. These are described in section 6.1. We then identified a 
couple of change scenarios, which we will use to evaluate the both lists with. The 
scenarios are described in section 6.2. The evaluation is covered in section 6.3. 

6.1 Evaluation criteria 
 
In this section we describe a couple of criteria we found feasible for an evaluation 
like ours. We discussed them and prioritised them according to UIQ Technology’s 
needs. 
 
We selected criteria for the evaluation with the guidance of our advisor and a 
couple of software engineers at UIQ Technology. 
 

6.1.1 Size in lines of code 
 
Size measured in lines of code (LOC) is a widely used term for product size. 
Although according to Fenton and Pfleeger, software size consists of three 
attributes: length, e.g. LOC, functionality, that is number of functions supplied to 
the user, and complexity, e.g. how complex the underlying problem is [11]. There 
are many different definitions of LOC, but we will use the definition of LOC “as a 
non-commented source statement: any statement in the program except for 
comments and blank lines” [11]. 
 
In our case we will take help from a couple of senior programmers at UIQ 
Technology when estimating how many LOC a change will require. They both 
have long experience from development for Symbian OS and they should therefore 
be able to do better estimations than us. 
 

6.1.2 Size in man-time 
 
Man-time is an even more important criterion in relation to LOC. Because LOC is 
a measure of how big a software system is physically, while man-time is a measure 
of how much effort that it has taken to build the system, in other words at what 
cost. To estimate man-time is very hard, and it can be done in many ways. E.g. by 
knowing the developers’ productivity in LOC per hour, and then from the LOC 
estimations derive the number of man hours needed. This productivity measure is a 
median that may vary from one software system to another. Yet another problem 
when estimating man-time is that if many developers are involved, their 
performance may differ a lot: “Count on the best people outperforming the worst 
by about 10:1” [10]. So when estimating man-time, many other things have to be 
taken into consideration, especially how complex the underlying problem is, but 
also how re-usable the produced code shall be, how maintainable the product shall 
be etc. A method for doing this is Albrecht’s function points [11]. This method is 
based on a mathematical formula, which takes a couple of function types such as 
how many external inputs the system has and how many external inquires, that is 
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interactive inputs that require response. Then these “categories” shall be multiplied 
into a weighted number based on how complex they are. The next step is to weigh 
14, as Albrecht call them, technical complexity factors, such as the importance of 
re-usability, performance etc. Out of this we get a number of function points that 
can be used as a measure of the effort that is needed to implement the system. A 
function point takes two man-days to implement. But this method is designed for 
new development and is not well suited for estimating maintenance work. 
Additionally, if we would use this, we would get the same result out of it when 
evaluating the both lists, while they would have the same functionality and the 
technical complexity factors would have the same weights. 
 
We will take help from developers at UIQ Technology also when evaluating this 
criterion. A translation of their estimations into an average performer according to 
that “the best performer being about 2,5 times better than the median performer” 
[11] is appropriate here, since we assume that these particular developers can be 
categorised as some of the highest performers when talking about Symbian OS 
development. 
 

6.1.3 Size in lead-time 
 
Lead-time is the “calendar time elapsed to build a system” [9]. In a project it is 
possible to predict when to deliver by estimating the lead-time of the project. When 
estimating the lead time there are many factors that are influent, such as how big 
the team that develops the system is, how good the group works together [10] and 
how many hours a day that are dedicated to development. 
 
We think that the criterion man-time is enough in our evaluation. There are so 
many factors that cannot be predicted when translating man-time to lead-time that a 
predicted lead-time would not provide anything reasonable anyway. 
 

6.1.4 Performance 
 
Performance is an important criterion since the target platforms for our solution are 
handheld devices with very limited hardware capabilities. But it is generally 
difficult to combine good performance with other quality attributes, especially 
maintainability [6]. This is because often there are much overhead in solutions that 
are designed for maintenance. Such overhead can for example be having a façade 
[5] on top of a component in order to give it a unified interface, so it can be used 
and exchanged easily in the future. 
 
The most accurate method for evaluating performance in reference architectures is 
by implementing a prototype. But there are disadvantages with prototypes too; for 
example it is hard to find architectural mistakes, bottlenecks etc. In our evaluation, 
we do a theoretical comparison of the two architectures. 
 

6.1.5 Complexity 
 
Complexity is another thing that affects how good a solution is. According to 
Fenton and Pfleeger [11], complexity can be categorised into four groups. The first 
group is called problem complexity and measures the complexity of the underlying 
problem. This is not valid for us in our evaluation because both the lists we 
compared had the same underlying problem. The second group, called algorithmic 
complexity, “reflects the complexity of the algorithm implemented to solve the 
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problem; in some sense, this type of complexity measures the efficiency of the 
software” [11]. The third group is called structural complexity and it “measures the 
structure of the software” [11]. Finally, the fourth group called cognitive 
complexity  “measures the effort required to understand the software” [11].  
 
The latter three categories of complexity are all valid in our evaluation, because 
they are of importance and will all vary between the both compared solutions. 
 
There are many things that can be done in order to reduce the complexity. One 
option is to use well-known approaches, which have already been tested and which 
we know work. Fenton and Pfleeger states that it “would be foolish not to employ a 
well-known algorithm” [11] if such exists. In our case such can be object-oriented 
design patterns. Using design patterns often results in a well-structured solution, 
which is easy to understand, locate where to apply a change in, and to maintain. 
 

6.1.6 Maintainability 
 
Maintainability is one of the widest criteria, which is very hard to measure. Bosch 
states that maintainability is a measure of how well a system is prepared for 
incorporating new requirements [6]. But maintainability also measures how good a 
system is prepared for correction and adaptation [6, 13]. Pfleeger states that 
everything that has to do with a product after its delivery belongs to maintenance 
[13]. Pfleeger has also divided maintenance into four groups: Corrective 
maintenance is the activity of fixing discovered faults. Adaptive maintenance is the 
term for changes that have to be made to a part of a system because another part, 
which it depends on, has been changed. Perfective maintenance is to make 
improvements to the system. The last group, preventive maintenance, includes 
changes that prevent failures, such as improved error handling [13]. 
 
So maintainability includes correctability, flexibility, extendibility, improvability 
and testability. Maintainability is a product of man-time, lead-time, complexity and 
re-usability. 
 
Maintenance includes more activities than just applying changes. It also includes 
activities such as analysis of a problem, specifying changes, testing the changed 
parts, documenting the changes, and when talking about effort, some 
administrative delay is always included [13]. 
 
In a system with high maintainability, a change would take short time to 
implement. But more important, it should be easy to implement in order to be able 
to keep up the quality of the system. 
 

6.1.7 Conclusions from the criteria 
 
For us, the most important of all the criteria is maintainability. The focus of this 
whole thesis is on maintainability, which is a key issue in a dynamic and 
extendable system. Every software company that produces a system that is under 
contiguous development and that is extended with more and more functionality 
realises that maintainability is essential for the survival of their product. If no effort 
is put into making the system maintainable, the complexity will rise at an 
exponential ratio.  
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Another thing to remember is that the most important aspect is not to re-use as 
much code as possible. It is more important to develop a dynamic architecture in 
order to simplify future use and extend the system with functionality that was not 
thought of at an early stage of the developing process. 

6.2 The change scenarios 
 
In this section a couple of change scenarios will be described, which we will use in 
our evaluation. A change scenario is a scenario that describes a possible change a 
software solution may be target for in the future [6]. 
 

6.2.1 Scenario 1: Different alignment of list items 
 
The first change scenario is the creation of a "snaking" list. The reason to why it is 
called snaking is that it coils like a serpent. Instead of listing the items on top of 
each other, like the ordinary list, it places the items in a row from left to right, and 
when the screen is full it starts from the left again on a new row below the first 
one. This coiling or snaking continues until the desired amount of items occupies 
the display. This type of list is typically used when the list items are images, since 
text strings tend to be wide and not very high, and they usually differ in length. But 
there are times when a snaking list is used for textual presentation too. An example 
can be seen in the text input of the Nokia 8210, when writing an SMS or typing in 
a name in the phone book. When the user wants to insert a special symbol, such as 
brackets, parenthesis, currency symbols etc., these are displayed as a snaking list 
box with every symbol represented by a list item. 
 

6.2.2 Scenario 2: Animated movement in list 
 
A possible change scenario is to create a list with animated movement of the list 
items. This type of list is used in the main menu of the Sony CMD-Z5 that we 
included in our device comparison (see chapter 3). We want the menu items to 
form a virtual three-dimensional circle, with the current menu item in front. 
Scrolling the list rotates the circle up or down, always with the current item in the 
front of the circle, pointing out of the screen towards the user. 
 

6.2.3 Scenario 3: Full screen list items 
 
In this scenario we create a list where every list item covers a whole screen page. 
This can be seen in the main menu of the Nokia 8210, where every list item is an 
animated image that covers the whole display. When scrolling the list, the 
currently displayed item is exchanged for the next item. The list is circular, and 
can be stepped in two directions. This means that when the last item is reached, the 
next item is the first in the list. This way the user never has to step more than half 
the amount of items in the list to reach the desired item, provided that the place of 
the item is known. 

6.3 The evaluation 
 
In this section we compare our list solution to the solution that is implemented in 
Symbian OS. We discuss how the different change scenarios would be carried out 
in the two architectures to find out which architecture makes the change easier 
according to the change scenarios. 
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6.3.1 Evaluation of scenario 1 
 
This is the evaluation of the “different alignment of list items” scenario (see 
section 6.2.1). 
 
Both when using the Symbian OS list and when using our list, the list presentation 
and list view respectively have to be re-written. The reason for this is that the way 
the items are listed is rather different from the way a regular list shows its items. 
While the presentation class in our list solution contains everything that has to do 
with the displacement of items, only this class has to be extended, but in the 
Symbian OS case also parts of the logic has to be re-written, because there is 
presentation code located in it. 
 
Size in lines of code 
Creating a snaking list from our architecture would probably demand less new 
code than creating it with the list Symbian OS as starting point. In our architecture, 
only one class has to be extended. As long as no new functionality is needed, only 
the presentation layer needs modification, whereas the same change in Symbian 
OS would demand changes both in the logic and in the presentation. 
 
Man-time 
It takes less time to locate where and what to change in our architecture than in 
Symbian OS. The developer only needs to change the presentation, not the logic. 
In Symbian OS both need to be modified. When using our architecture, only one 
context has to be studied in order to make the needed changes, and this in turn 
makes the development time shorter. The assumption that our solution demands 
less new lines of code also speaks for the conclusion that it takes less man-time. 
The more code that has to be written, the more time needs to be spent. 
 
Performance 
The performance in “our” snaking list box would be a little worse than that of the 
Symbian OS list. This is not something that is specific for the snaking list, but for 
all lists that are created using our architecture. More about this can be found in the 
general differences (see section 6.3.4). 
 
Complexity 
It is a little more complex to do this change in the Symbian OS solution than in our 
solution, mainly because there are fewer dependencies to take into consideration in 
our solution. 
 
Maintainability  
When creating a snaking list using our architecture, the changes are limited to one 
class. In Symbian OS two classes would need updates in order to create the same 
behaviour. 
 
As we mentioned earlier, maintainability is dependent on man-time, lead-time, 
complexity and re-usability (see section 6.1.6). Since our solution has an 
advantage in both lines of code and man-time as well as complexity, it is also 
better considering maintainability. 
 

6.3.2 Evaluation of scenario 2 
 
This is the evaluation of the “animated movement in list” scenario (see section 
6.2.3). 
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In both cases only the list presentation and the list view respectively have to be re-
written. If the intention is to create exactly the same type of list as in the Sony 
CMD-Z5, the item drawer too will be affected in both cases. The reason for that is 
that sometimes only a part of the item shall be painted, e.g. when a part of an item 
is located behind another item. 
 
Lines of code 
When creating a replica of the list in the Sony CMD-Z5 based on the Symbian OS 
list solution, not only the presentation layer is affected, but also the parts in the 
logic layer that deal with the presentation. In this type of list, the items are not 
drawn line after line as in an ordinary list. Therefore, the list logic too has to be 
overridden in the Symbian OS case. Hence, our solution does not need as much 
updated code as the Symbian OS list solution. 
  
Man-time 
Just like in the first scenario (see section 6.3.1), the developer only needs to extend 
the presentation if our architecture is used as starting point when creating the list. 
In the Symbian OS list the logic layer is responsible for calculating which items 
are going to be displayed on the screen and where to draw them. Therefore both 
the logic and the presentation have to be extended. This results in that the man-
time needed to implement the changes when using our architecture is shorter. 
 
Performance 
Just like in the first scenario, there is not much more to say than is described in the 
general differences (see section 6.3.4). The performance is better when using the 
Symbian OS architecture. 
 
Complexity 
It is a little more complex to carry out this change in the Symbian OS solution, 
because some functionality in the logic has to be extended – the parts that have to 
do with the presentation – and it might be tricky to find those parts. When 
overloading functions it may be hard to know what member variables may be 
affected, because it may affect other parts in the class. If that is the case, adaptive 
maintenance is required. An extended test process may be needed in order to be 
sure that the process has not caused any regressions. 
 
Maintainability 
From a maintainability aspect, our list is superior to the Symbian OS list for the 
type of change that the scenario describes. The risk of a change in one class 
forcing changes in other classes is higher using the Symbian OS list, and this 
defies the definition of maintainability. 
 

6.3.3 Evaluation of scenario 3 
 
This is the evaluation of the “full screen list item” scenario (see section 6.2.3). 
 
In both cases the item drawer has to be re-written, because the way that the data is 
presented is different from an ordinary list. The logical layer also has to be 
extended while the list is circular; i.e. its behaviour is different from that of an 
ordinary list. 
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Lines of code 
The list item drawers have to be rewritten, and the design for this looks pretty 
much the same in both lists. So there will not be much of a difference in terms of 
code lines.  
 
Man-time 
Using our list will take a little less man-time because our logic class is a bit easier 
to override. The logic in the Symbian OS list is a bit larger than in our list, so it 
should be a faster and smoother process to use ours. 
 
Performance 
Just like in the other two scenarios, the performance of this list will be a little 
better if the Symbian OS architecture is used as ground for the list. Our list is 
designed to reduce the development costs rather than increasing the performance. 
The details on this matter can be found in section 6.3.4. 
 
Complexity 
The logic in the Symbian OS list is larger, cloggier and has lower cohesion than 
the logic in our list. Therefore it is harder to find out what to change in the 
Symbian OS list than in our list. This is pretty much the same situation as in the 
previous scenario (see section 6.3.2). 
  
Maintainability 
As we have already concluded, adaptive maintenance means extended testing. We 
want to avoid regression as much as possible, and the risk of a change in one class 
forcing changes in other classes is higher using the Symbian OS list. Hence, our 
list is the better for maintenance purposes. 
 

6.3.4 General differences 
 
Some of the differences between our reference architecture and the one used in 
Symbian OS give advantages to our solution, and some disadvantages as well. 
These are differences that are not tied to maintenance in general rather than to a 
specific scenario.  
 
Low coupling 
Our solution has fewer dependencies between the classes than in the case in the 
Symbian OS list. This reduces the coupling in the system. Low coupling is 
generally associated with low complexity and high maintainability. 
 
Separated layers 
The presentation, logic and storage are separated from each other in our list 
solution. Since we use this type of three-tier architecture [12], instead of the two-
tier architecture used in Symbian OS, our architecture opens for better possibilities 
to re-use software. Larman states that “A disadvantage of a two-tier design is the 
inability to represent application logic in separate components, which inhibits 
software re-use” [12]. 
 
High cohesion 
An improvement that is closely related to the ones already mentioned is that our 
solution has high cohesion compared to the Symbian OS list. In Symbian OS, the 
list box class, i.e. the logic layer, performs tasks that belong in the presentation 
layer. For example, the list box class handles the scroll bars, and it decides which 
items to display. High cohesion improves maintainability and re-usability, and 
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makes the system easier to understand [12]. These are all important criteria that we 
want to improve in our solution. The reason why the list in Symbian OS has lower 
cohesion might be that it has been evolved during a long period of time and by 
different developers. More and more functionality has been added, not necessarily 
in the right places. 
 
Decreased performance 
The three-tier architecture that we mentioned earlier does not only bring 
advantages. Since there is no direct access between the presentation layer and the 
storage layer, i.e. the presentation and the model in our solution, some data has to 
be pushed and pulled through the logic layer. This results in a slight decrease in 
the performance, especially when scrolling. Scrolling in a list usually means that 
the presentation needs to be provided with new data from the storage – data that 
has to go through the logic layer. 
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7 CONCLUSION 
 
In this chapter we summarise the results of our work. In the first part we present a 
couple of guidelines that are useful when designing software. In the second part we 
summarise the conclusions that we have drawn from the evaluation (see section 
6.3). 

7.1 Guidelines 
 
• When creating a software system designed for customisation, it is important to 

adjust the modification possibilities not just for changes that are already 
planned or thought of, but also for anything possible that might appear. It is 
impossible to prepare a system for every type of new functionality, but it can 
at least be made so dynamic that virtually anything is applicable. 

 
• Too much specialised functionality in the base of a component makes the 

component complex and harder to re-use. Good documentation of course helps 
to make re-use easier, but only to a certain degree. If the component is too 
complex, no one will be able to use it anyway. 

 
• Low coupling adds to the flexibility of a system. If there are few dependencies 

between the components in a system, it is easy to replace a component with 
another one. 

7.2 Conclusions from the evaluation 
 
After evaluating solution to the list problem (see sections 4.3 and 4.4) compared to 
the solution in Symbian OS, we have come to a couple of conclusions. There are 
several aspects from which our solution is the better one: 
 
• Our solution is less complex than the one in Symbian OS. It has lower 

coupling and higher cohesion, which grants us a low complexity and makes 
the structure easier to understand. Also, our structure does not suffer from the 
complexibility problem that the Symbian OS list has because of the 
functionality that has been added over time. In order for the Symbian OS list 
to catch up with the advantage that our list has, it needs to be re-written from 
the ground up. 

 
• There is better support for re-use in our solution than in the one presently in 

Symbian OS. This is because we use a three-tier architecture [12]. 
 
• The maintenance cost and overall cost of using our solution is lower than that 

of the Symbian OS list solution. 
 
Having said this, we should also mention some of the downsides with our solution. 
Although the list solution in Symbian OS contains some flaws, it still is not a bad 
solution. It might not be worth the effort for the developers at UIQ Technology to 
use our list solution if we consider the following facts: 
 
• High performance is an important quality attribute when developing programs 

for mobile phones and handheld devices. They have limited hardware 
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resources, such as relatively low processor speed, not much memory etc. This 
demands high performance software, and this is where our architecture fails.  

 
• If the developers at UIQ Technology were to start using our list solution, there 

would be a lot of problems with backward compatibility. This would of course 
be possible to solve by using an adapter or façade pattern [5] on top of it, but 
that would make the performance even worse. 

 
So to sum it up, if performance is the highest priority, it is better to use the existing 
list box in Symbian OS. However, our solution is superior in most or all other 
aspects, at least at a theoretical level. It is more flexible, more maintainable and has 
a better support for re-use. 
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8 FUTURE WORK 
 
Like all areas of science, the research in this field is far from complete. Our work 
is just a tiny piece in a huge puzzle. In this chapter we discuss what can be done in 
order to extend our research, how to dig deeper into the subject of our thesis. 

8.1 Extending the comparison 
 
Our comparison of user interfaces is of course far from complete. The longer you 
examine the interfaces, the more differences and similarities you discover. In our 
comparison, we included four different mobile devices. The reason why it was 
exactly four, and why it was those specific devices, is that they were what was 
available to us at the time. Four devices out of the hundreds and hundreds that are 
available on the market today.  So it does not take a genius to see that there is 
more work to do, for those interested. And after identifying more commonalities 
and variabilities, these can be used to extend and modify our reference 
architecture. 

8.2 Investigating the solutions further 
 
We have only gone further researching the list solution in our reference 
architecture. An idea for future research is to discuss the other solutions - for 
example text input (see chapter 4.2). Investigate the solutions in more detail and 
discuss how the solutions improve the possibilities to create a customised user 
interface. 

8.3 Implementing the architecture 
 
We have discussed how our solutions have improved the possibilities to create the 
desired appearance of a user interface. But we have not done any implementations 
to show that it works in practise. It is of course of interest to us that some day 
someone will try to do an implementation of our reference architecture, to show 
that it really works. 

8.4 What happened to the list? 
 

Find out what it was that caused such a destructive evolution to the components 
that they got so complex that they almost could not be used, although they had a 
well thought out structure from the beginning. What can be done in order to “save 
a good thought” in practise? How can a component be given extended 
functionality over a long period of time without growing in complexity more than 
it would if all the functionality had been implemented when the component was 
created? 
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