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ABSTRACT 
 

When attempting to get a software product to reach a 

larger part of the market, portability is a key factor. 

Unfortunately, it is often neglected from the software 

development cycle, and rather achieved by ad hoc 

methods in not very cost-effective ways. This thesis 

investigates portability in the context of mobile 

development. Previous research in this particular area 

has been hard to find, despite there obviously being 

special aspects surrounding it which are worth 

investigating further. The project was initiated with a 

literature study to find out the current state-of-the-art 

for portability. After this step the development of a 

mobile application was conducted, before which a 

market analysis had been carried out in order to explore 

which mobile platforms would be the most relevant to 

develop it for. The point of this case study was to 

attempt to achieve as high a degree of portability as 

possible, to later port the application to another 

platform. Based on the data gathered from this, 

conclusions were drawn and a general model with 

guidelines for developing mobile applications with 

portability as a main attribute was constructed. Among 

the more important lessons learned was that portability 

is more important in mobile development, due to the 

market being so diverse, while it also is a lot harder to 

achieve properly. This research will hopefully help 

development teams see the strengths and weaknesses of 

mobile application portability more clearly, allowing 

them to more easily design for it as well as making it a 

more intricate part of their process. 

 

Keywords: Mobile Development, Portability. 
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1 INTRODUCTION 
Portability is generally considered a desirable characteristic to have for a software product, 

especially in the ever-growing mobile market. However, the methods for achieving this are 

often very unofficial and ad hoc based. This chapter will present the motivation for this 

thesis project, followed by aims and objectives, the research questions, the methodology of 

this research, and finally a general outline for the thesis. 

1.1 Background 
When developing a software product, one attribute that by today’s standards is difficult to 

ignore is portability. Making sure a software product can be easily implemented in several 

environments is highly desirable, since it will allow the product to reach larger parts of the 

market in a cost-effective way [Mooney97, Pressman01]. This becomes increasingly 

important when the target market is diverse, and is not eminently dominated by one software 

environment, such as the mobile market. 

 

Being such a desirable attribute to have, portability has received a surprisingly little amount 

of attention research-wise. James D. Mooney has written some articles regarding the subject. 

In [Mooney90], Mooney discusses issues in existing methods and measurements of 

portability, and stresses the fact that when companies develop software with portability in 

mind, it is mostly ad hoc based. In another paper [Mooney97], Mooney gives a general view 

of portability. He also ties portability to the software life cycle and discusses how it is 

measured, as well as how one can e.g. design, implement and test the software with 

portability in mind. 

 

Hakuta and Ohminami [Hakuta97] propose a model for evaluating portability. They list 

evaluation, impediment and cost factors for portability, as well as evaluation criteria for all 

of these factors. In another article by Poulin [Poulin94], he investigates a couple of 

approaches how to measure reusability. While reusability and portability is not the same 

thing, they are closely related, with reusability usually meaning reusing components in new 

products, and portability reusing complete products in new environments. In other words, 

techniques for measuring and applying reusability can in some sense be applied to portability 

as well.  

 

In the latest years, the mobile market has received significantly more attention software-

wise, as a result of the increasing popularity of e.g. smartphones, Pocket PC:s and Palm 

devices, but portability remains a largely non-touched-upon subject in this area. Rogness and 

Case [Rogness03] discuss the various issues with portability for mobile applications, such as 

performance and user interface limitations, the large differences between various platforms, 

and how input is handled. They also write about which specific programming languages 

there are to choose from when aiming to develop a mobile application with portability as the 

main goal. 

 

Portability for mobile applications has received very little research, especially where results 

and data are obtained practically. This thesis will investigate the portability of a mobile 

application that has been developed during the project. After two mobile platforms were 

chosen, the application was developed for one of the mobile platforms and then ported to the 

other one (from Windows Mobile 6 to J2ME). Finally, the thesis will analyse, discuss and 

validate the results obtained on how cost effective the method for porting the application 

was. General guidelines and a model for achieving portability will also be proposed. 
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1.2 Aims and objectives 
The aim of the thesis is to practically investigate software portability in the context of mobile 

platforms, and develop a model for achieving portability. 

 

To fulfill these aims the following objectives have been identified: 

• Identify and evaluate the current state-of-the-art approaches, methods and strategies 

regarding software portability. 

• Identify the most suitable mobile development platforms for the scope of the thesis. 

• Implement an application for one mobile platform, which will then be ported to 

another mobile platform. 

• While implementing and porting this application, a model for mobile application 

development with portability as the main goal will be developed. 

1.3 Research questions 
The following research questions have been stated as a guidance to fulfill the aims and 

objectives of the thesis: 

 

RQ1: What is the current state-of-the-art of software portability?  

RQ2: What methodologies exist when validating the cost effectiveness of software 

portability? 

RQ3: What challenges are associated with the porting of mobile applications? 

RQ4: In what ways can results from using current software portability methodologies be 

evaluated?  

RQ5: What are the most important aspects to consider when attempting to achieve as 

high a degree of portability as possible (both in general and for mobile development)? 

The research methodology for answering these questions will be detailed in chapter 2. 

1.4 Thesis outline 
This section provides the outline of the rest of the thesis. 

 

Chapter 2 (Methodology) describes the design of the study. This includes flowcharts for the 

overview of the methodology, literature study, market analysis and case study. 

 

Chapter 3 (Theoretical Background) contains all the summarized information gathered from 

the literature study. Section 3.1 describes portability in general, i.e. definition and concept of 

it. In section 3.2 portability is studied as a quality attribute from a designer perspective, and 

brings up what changes portability may bring to a software architecture. Section 3.3 

discusses additional issues and techniques that are relevant when portability is introduced to 

mobile development. Finally, section 3.4 concludes the chapter with a discussion of 

techniques and methods available for achieving portability. 

 

Chapter 4 (Data Collection) contains a mobile market analysis of which platforms that are 

available, and which resolutions, memory sizes and audio formats that are the most widely 

used. It also contains a brief validity and result discussion of this market analysis. 

 

Chapter 5 (Case Study) gives a full description of the mobile application that has been 

developed and ported during the course of this thesis. Section 5.1 has a brief description of 

the functionality and features of the application. Section 5.2 details how the architecture was 

designed, while section 5.3 discusses the choices made while designing the architecture. 

Section 5.4 gives some details of the implementation phase of the application. 
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Chapter 6 (Results and Discussion) contains all results, analyses and discussions that have 

been derived during this thesis. Section 6.1 presents all the results gathered during the case 

study, as well as an analysis of these results. In section 6.2 the authors present their own 

suggestions for guidelines and methods for achieving portability. Section 6.3 contains a 

validity discussion, where validity strengths and threats are detailed. The last section (6.4) 

contains summarized answers for the research questions, and a brief discussion of these. 

 

Chapter 7 (Conclusions) draws conclusions based on the results gained from this thesis. 

 

Chapter 8 (Future Work) gives suggestions for future work that the authors consider 

relevant, based on the thesis results and current state of portability-related methodologies in 

the industry. 
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2 METHODOLOGY 
This chapter discusses the design of the different steps taken in the study, starting with an 

overview of all phases, and continuing to list more details for each of the three major steps. 

2.1 Overview 

 
Figure 1 – Overview of the methodology 

 

As is shown in figure 1, the study was divided into three main parts to get sufficient 

information for answering the research questions: 

 

• Literature study 

• Market analysis 

• Case study 

 

These are further explained in section 2.2, 2.3 and 2.4 below. The main aim of the thesis was 

to develop a model for achieving portability in the context of mobile development. The three 

first steps were carried out sequentially, after which the results gathered from these were 

evaluated. If it was decided that any part of the thesis conducted so far needed improvement, 

it was iterated. Otherwise the last phase was initiated, where the model was developed. 
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2.2 Literature study 

 
Figure 2 – Methodology for the literature study 

 

To get sufficient information about the current state-of-the-art regarding portability, a 

literature study was conducted. The study was highly iterative, as can be seen in figure 2. It 

consisted of doing a search for literature, and then reviewing it to decide if it was relevant 

enough to be included in the thesis. This was done by systematically reviewing relevant 

published literature (e.g. journals, conference proceedings and books), mainly gathered from 

search engines such as the BTH Electronic Library Information Navigator (ELIN) and 

Google Scholar. To find the most relevant literature, key search terms were defined (e.g. 

"software portability", "'mobile development' AND portability"). If, for each iteration, the 

literature was found relevant, the most important parts of the literature were summarized and 

included. These steps were repeated until the theoretical background was considered strong 

enough. 
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2.3 Market analysis 

 
Figure 3 – Methodology for the market analysis 

 

In order to make as general and all-encompassing choices as possible for the technical 

aspects of the case study, a market analysis for mobile devices was carried out. The most 

important data gathered was included in the thesis under chapter 4, and consisted of 

resolution, memory size, supported audio format and development platform. This analysis 

was conducted in a fairly simple manner, as can be seen in figure 3. Data was gathered from 

several websites, and analyzed. After this, a decision was made whether the data gathered 

was sufficient to make a fair judgement for the technical aspects, in which case the market 

analysis was considered completed. Otherwise the process was repeated. 
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2.4 Case study 

 
Figure 4 – Methodology for the case study 

 

To gain as much data and insight as possible regarding portability, the whole development of 

the application was conducted in an iterative manner in order to allow the architecture to 

support portability to a satisfactory degree. The application was then implemented on the 

first platform (Windows Mobile 6), and after that it was also evaluated to decide if it could 

be considered portable enough. If it was not, the implementation process either proceeded, or 

the architecture was redesigned if the portability problem was considered to be on the 

architectural level, for instance if the external interfaces were not isolated enough or if the 

resource sharing was not centralized. After this, the application was ported to the second 

platform (J2ME), after which the results from the case study could be gathered and analyzed, 

completing this step of the methodology as a whole. 
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3 THEORETICAL BACKGROUND 
This chapter will introduce some key concepts and challenges of portability, as well as a 

summary of what is considered state-of-the-art. Section 3.1 will bring up portability in 

general, while section 3.2 handles portability as a quality attribute, i.e. how it is considered 

when designing an architecture. In section 3.3 any special circumstances for portability when 

applied to mobile development are brought up, while section 3.4 gives a quick overview of 

documented methods for achieving and evaluating portability that already exist. 

3.1 Portability in general 
For most software systems, portability is considered an attractive quality. This is especially 

true by today's standards, since there are a lot of different platforms available in all types of 

software contexts. However, extra planning and resources are hardly ever specifically 

devoted to achieving portability, and it is instead mostly acquired by ad hoc techniques 

[Mooney97]. According to Mooney [Mooney97], the biggest reason for this is that there are 

very few documented approaches to portability strategies and problems, which causes 

development teams to almost guess how they should design and implement their software to 

get the desired level of portability. This in turn causes project managers to get skeptical 

about focusing on portability, since they usually do not have any concrete proof that it would 

be worth the extra costs. The techniques and methods that do exist for measuring and 

achieving portability are discussed in section 3.4. 

 

There exists no clear definition of portability, and it is often confused or mixed up with other 

similar concepts, such as reusability [Mooney95]. For the purposes of this thesis, Mooney's 

working definition of portability will be used [Mooney90]: 

 

A software unit is portable (exhibits portability) across a class of environments to the degree 

that the cost to transport and adapt it to a new environment in the class is less than the cost 

of redevelopment. 

 

A software unit could be an application, a program for a system, or a part of a program in 

this case. The word “application” will mostly be used in this report, because portability is 

usually the most effective for stand-alone applications, and in the case study, which will be 

discussed in section 5, where a mobile application is ported. Environment means everything 

that the software unit is interacting with, which includes, but is not limited to: the hardware 

setup, the operating system, networks and additional libraries. Another common name for 

this is platform. The term class is also significant, since there is rarely any need to include all 

the target environments that a product could be ported to. 

 

It is important to note the differences between binary portability and source portability. 

Binary portability is what is sometimes referred to as perfect portability, i.e. it is not 

necessary to change the product in any way for it to work in another environment; it is only 

required that its executable form is transported. Source portability, on the other hand, is 

when changes need to be applied to the source code of the program when porting it, and is 

ideally measured in some way (degree of portability). This can also denote how easily it is to 

either use or port the software unit by having consistency between certain parts of it 

(between implementations of it in previous environments), such as user interface, file 

systems etc. This is occasionally referred to as experience portability [Mooney90]. 

 

The activity of porting can generally be split up into two components; transportation and 

adaption. Transportation is the physical movement of the program, a task which might 

involve producing compatible media and creating various representation conversions. 
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Adaption is any type of modification that must be performed on the original program. The 

main focus of this thesis is adaption. 

 

To achieve portability easier, it can be divided into several smaller issues. The main 

portability issue however, is to be able to figure out how large of an effort should be 

expended to produce a design for a program which can easily be converted to other platforms 

in the future [Mooney93]. To answer this satisfactory, a cost vs. benefit analysis is required, 

to as accurately as possible find out what degree of portability can be achieved before the 

costs surpasses the benefits. In [Mooney93], Mooney have identified four questions derived 

from this main issue as the following: 

 

1. For what class (or classes) of environments should future portability be considered? 

2. What degree of portability is desired for various environments in these classes? 

3. What extra development costs, if any, are acceptable in order to achieve these 

portability goals? 

4. What reduction in the quality of implementations, if any, is acceptable to achieve the 

desired portability? 

 

If these questions can be answered accurately, the designer should be able to select a 

methodology which can help produce the desired portability, while still being cost-effective. 

Answering the first question places constraints on the portability, by limiting the number of 

targeted platforms that the program should be portable to. Answering the second question 

provides the benefits that would come from the portability. The last two questions handle 

two different forms of costs [Mooney93]. As will be discussed in section 3.2, even if the 

extra development costs associated with the third question are not taken into account, one is 

still left with the issue of portability affecting the program in other negative ways, such as 

performance, which in turn raises costs further (which the fourth question handles). 

 

Note that these four questions are based on when a new program is being implemented. The 

other distinct type of situation is when a group of programmers already have a finished 

program and want to convert it to a new environment. This is usually an issue of deciding 

between if the program should be ported to the new environment, or if it should be 

redeveloped entirely, with the estimated cost naturally being the most deciding factor. Also, 

if it is cost-effective, the group might decide to increase the inherent portability of the 

program to facilitate the porting process. 

 

As mentioned, portability is often either fully or partly mistaken with other similar or related 

concepts. Mooney has written an article about this issue with portability and reusability 

[Mooney95]. Other concepts that portability might be confused with are interoperability, 

data portability and maintainability etc. [Mooney90]. Also, if changes are required to port a 

program, portability is usually considered a specific form of modifiability, and they are most 

often interchangeable [Clements06]. Realizing this is especially important when studying 

and designing architectures for portability, since it may be left out in most literature, and is 

simply regarded as being a part of modifiability. 

3.2 Portability as a quality attribute 
Since portability is a quality attribute, it can be largely facilitated by designing the software 

architecture with it as a main objective. In [Kazman94a], Kazman et al. discuss how to 

design an architecture by focusing on certain non-functional quality attributes. They argue 

that since non-functional quality attributes do not exist in the abstract, but are rather 

manifestations in the software and/or hardware, they must be described within a specific set 

of anticipated usage scenarios, i.e. it is not sufficient to write that “portability is the most 

important”. Instead, it should be specified with details, such as target environment, estimated 

measurement of desired level of portability etc. 
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Kazman et al. [Kazman94a] proceed to divide quality attributes into six smaller parts, called 

unit operations. These are defined as the following: 

 

• Separation: This is the act of separating components with specific functionality 

within the software, which serves to make sure that changes in a certain component 

affects other components as little as possible. 

• Abstraction: Abstraction means creating virtual machines between layers within the 

software to facilitate various conversions and/or emulate some kind of functionality 

that is non-native. This is often highly related to separation, since adding separation 

usually divides the architecture into layers, which might need virtual machines 

between them. 

• Compression: Practically the opposite of separation, compression tries to add 

components together and remove layers. It mostly serves to increase performance 

and speed up development. 

• Uniform composition: Putting limitations on how much the components in the 

software can be compressed is called uniform composition. This makes it easier to 

integrate new components in the system. 

• Replication: This is the act of duplicating components within a system. Doing this 

serves two purposes, the first being to improve reliability by having multiple 

components do the same thing, which lets the system still function even if one or 

more of the components would fail. The second is to improve performance, by 

dividing the responsibility of performing functionality between several components. 

Unfortunately it is difficult or impossible to attain both of these improvements at the 

same time solely by supporting replication, since they oppose each other. 

• Resource sharing: Allowing multiple components of the system access to the same 

resource is called resource sharing. Typical examples of this could be a database or 

server. This greatly increases the integrability of the system, which in turn promotes 

both modifiability and portability. 

 

By specifying which quality attributes are either affected positively, negatively, both, or if it 

is unaffected by it, a pretty good image of what should be focused upon when designing an 

architecture is created. In the case of portability, Kazman et al. [Kazman94a] state that 

separation, abstraction and resource sharing affect portability favorably, while compression 

and replication affects it negatively, and uniform composition does not have any particular 

effect on it. 

 

In their article [Losavio03], Losavio et al. divide different types of quality attributes into 

specific sub-characteristics, in contrast to [Kazman94a], where the unit operations are 

generalized for each type of quality attribute. Losavio et al. [Losavio03] divides portability 

into the following: 

 

• Adaptability: The capability of the program to be adapted to other specified 

environments. This could include generalizations, parameterizations, layering of 

components etc. 

• Installability: The capability of the program to be installed in a target environment.  

• Co-existence: How well the program can interact with other programs in a common 

environment. 

• Replaceability: A combination of adaptability and installability, it specifies how 

well a program can replace another program in a target environment. 

 

The disadvantage of only specifying quality attributes in this way is that it is impossible to 

directly compare several quality attributes to each other, which means that there is no easy 

way to quickly find out what trade-offs there will be between them. However, it can be used 
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to get another point of view of how well a particular quality attribute will be supported by a 

certain architecture. 

 

As mentioned, there is often a trade-off that needs to be considered when designing an 

architecture with several quality attributes in mind. As can be seen in [Kazman94a], 

portability usually infringes on either performance or reliability. This, combined with the 

associated costs of developing software with portability in mind, is what usually turns 

developers against portability [Mooney90]. Though as Mooney states [Mooney90], it is 

definitely possible in a lot of cases to overcome these trade-offs and extra costs to a certain 

amount, as long as carefully designing and implementing software with portability is done as 

a main goal from the beginning. 

 

There are several documented approaches for examining how well certain quality attributes 

are achieved. One pretty common method is SAAM (Software Architecture Analysis 

Method) proposed by Kazman et al. in [Kazman94b, Kazman96]. This is a general five-step 

method for analyzing an architecture. For comparing quality attributes to each other and 

what trade-offs they bring, however, ATAM (Architecture Trade-off Analysis Method) is 

usually preferred, which was proposed by Kazman et al. in their article [Kazman98] and 

further detailed by Kazman et al. in their technical report [Kazman00]. Although ATAM can 

provide a general analysis of an architecture, its main goal is to find out what the trade-offs 

are, for a given architecture, that has two or more quality attributes, which have been defined 

as non-functional requirements for the system being developed. Another approach 

documented by Boehm and In in [Boehm96] called QARCC (Quality Attribute Risk and 

Conflict Consultant) can be used to find conflicts among quality attributes. 

 

Regarding architectural patterns, there are several to choose from which will promote 

portability. From the breakdown of portability in [Kazman94a], it is shown that a pattern 

which supports abstraction, separation and resource sharing, but lessens compression and 

replication, would be the optimal choice. Examples of possible patterns for this could be the 

very common model-view-controller pattern (MVC) [Burbeck92], or a simple layered or n-

tiered approach [Garlan94, Shaw94]. These examples support abstraction heavily, especially 

the two latter ones, in which any number of layers/tiers can be added that is needed. The 

downside to having lots of layers/tiers is of course that the performance of the resulting 

program will suffer. 

 

As Mooney mentions in [Mooney97], a key-objective for achieving portability is to identify 

all external interfaces (such as file handling, memory management, user interfaces and 

input/output devices) and either standardize them or isolate them. If a component like this is 

not possible to standardize, it is the architecture that will decide how portable it will be by 

how well it is isolated from the rest of the program’s functionality. Components like these 

are the ones most likely to vary from platform to platform, and hence it is natural to isolate 

them to attain a higher degree of portability. First of all, it will be easier to find where to 

apply most of the changes when porting. Secondly, the more basic functionality of the 

system will hopefully require none or few changes, saving the programmers both time and 

effort. 

3.3 Mobile application portability 
Regarding the mobile market, portability becomes even more of a challenge. The article 

[Blyler04] lists portability as the number one problem when developing mobile applications. 

This is because of several reasons, but the two most prominent ones are the diversity of 

mobile devices that exist in the market and the fact that performance is one of the top 

priorities when developing for mobile devices [Rogness03]. But since there are a lot of 

mobile devices that can run custom applications, and software development costs continually 

increases, portability remains a highly desirable attribute for mobile applications. 
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The first major reason, mobile diversity, means that there exist such a high number of mobile 

devices that are different from each other, that the act of porting requires even more work 

than e.g. PC applications. The reason for this is that there is no common standard for things 

such as screen resolution, keypad layout, memory size etc. Although larger companies 

usually try to keep to a certain standard on their own mobile devices, it is rarely all-

encompassing. With more technologically advanced devices that have appeared in the latest 

decade, such as Pocket PC:s, Palm Pilots and Smart Phones, which can differ in such a basic 

way as input, with some having full keyboards, or pens with a virtual keyboard, the issue 

with mobile diversity keeps growing [Rogness03]. 

 

The second major reason, performance, is a problem that has always existed with mobile 

devices. Since a mobile device is usually a low-resource environment, optimized memory 

management and processor power usage are very important requirements. The nature of 

mobile devices is also that users should be able to quickly access what they need, without 

long loading times. Users are also often quickly turning the device on, accessing a service, 

and then turning it off again, which further complicates both general programming of mobile 

applications as well as porting, since a lot of interruptions within the system need to be 

anticipated. As mentioned in section 3.2, with there usually being a trade-off between 

portability and performance, having to choose between them becomes even more difficult, 

since both are usually high priority attributes for mobile applications [Rogness03]. 

 

Rogness and Case [Rogness03] go on to discuss the various programming languages there is 

to choose from when developing mobile applications. They discuss two of the most common 

languages for mobile application development; Java and C (and C++). They also mention 

Visual Basic, but neglect it since it is only supported by the Windows Mobile platform (and 

has since been accompanied by C# with the .NET framework). They argue that Java’s main 

selling point is portability, while doing native coding (C or C++) is much better 

performance-wise [Rogness03]. Unfortunately, as already mentioned, performance vs. 

portability is most likely the biggest issue there is in mobile development. This means that 

when the development team is deciding on programming language they already have to 

make a very significant choice, which will either favor portability or performance heavily. 

 

Butter et al. [Butter07] have developed a user interface framework which helps separating 

the user interface from the application logic, and as a result increases portability. The 

framework is based on J2ME (Java Micro Edition), which today is the most used platform 

for mobile development. This is especially interesting since it allows the user interface to 

adapt itself when its context changes or when the resolution is changed, without increasing 

the code complexity for the developers [Butter07]. 

3.4 Relevant methods and techniques 
There exist a number of documented methodologies to design and/or develop software with 

portability as one of the main objectives. Mooney have developed a couple of techniques for 

this in some of his articles [Mooney93, Mooney97]. In [Mooney97], he proposes a 

framework for introducing portability to the software development process in a general way. 

He mentions that portability is hardly ever thought of as an attribute to consider throughout 

the whole process, but rather simply an implementation issue. Mooney continues by stating 

three important points for achieving portability [Mooney97]: 

 

1. Control the interfaces: Since interfaces are usually very different from platform to 

platform, this is a very important point. The underlying functions in a program can 

very often easily be ported, but it is the communication between this functionality 

and the interfaces that is one of the toughest problems when porting. One specific 
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area of this is of course the user interface, which everyone knows can vary greatly 

between different environments. 

2. Isolate dependencies: Components of the program that will need a lot of conversion 

to work across different platforms need to be as isolated as possible. Ideally, they 

should be restricted to one component or area of the system, but this is difficult 

achieve. Examples of functionality that are usually very different between various 

platforms could be file handling, media management etc. 

3. Think portable: Not as trivial as it sounds, everyone involved with the development 

and design of a program that is supposed to be highly portable need to think about it 

all the time, not just believe that it is a feature that can simply be added on in the 

implementation phase. Portability should be thought off already in the requirements 

elicitation phase, throughout the design, implementation, and testing phases. 

 

Everyone who is involved with software development knows that it is a costly process. 

Today, the costs and time are mostly thought of in the short term (releasing the software 

product cheap and quickly). Unfortunately this does not support portability very well, since 

making a product highly portable adds costs at the start of the project, in return of smaller 

costs much later on in the software lifecycle [Mooney97]. If total lifecycle costs were 

considered instead, portability (along with other attributes, especially maintainability) would 

most likely become a lot more standardized. Mooney states that another main issue with 

portability is that there exists very few metrics that are regarded as standard. Predicting how 

costly developing a software product will be and when it will be finished have become 

increasingly important during the later years of software development [Mooney97]. 

 

When a decision is made that an already existing program shall be converted for another 

environment, the development team always has two choices: porting or redevelopment. If 

portability has not been considered at all during the development of the program, 

redevelopment will almost always be the correct choice. Redeveloping entails starting the 

development process from the beginning via the requirements specification, possibly 

redesigning the architecture for it to work in the new environment, and finally 

reimplementing the program. Porting the program, however, means that most, if not all, of 

the architecture usually be kept (and only change parts of it that need to be specific for the 

new target environment), then reuse a certain amount of the code in the implementation 

phase, and changing none or some of it to accommodate for the new environment. The 

amount of code that needs change depends on how high a degree of portability was achieved 

for the program during its initial development [Mooney97]. 

 

In his earlier paper [Mooney93], Mooney explores the issues with specification and 

measurement of portability. The final, basic metrics for deciding between porting and 

redevelopment are: 

 

DP(su) = 1 – (Cport(su,e2)/Crdev(req,e2)) 

 
where DP denotes the degree of portability and su stands for software unit. The cost, C, is 

calculated for porting, port, and redevelopment, rdev. e2 is the next environment that the 

program is targeted for, and req denotes the requirements specification created for the 

program in its first target environment. As can be seen, DP can not be higher than 1, which 

means perfect portability, i.e. the cost for porting is 0. Mooney [Mooney93] states that for 

the porting option to be more cost effective than the redevelopment one, the degree of 

portability should be > 0. A more readable and simplified version of this formula is: 

 

Degree of portability = 1 – (cost to port / cost to redevelop) 

 

There are of course a number of factors that complicates this formula, i.e. the initial cost of 

increasing portability in a program, and the fact that the costs of documenting, and testing 
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and debugging a program will most likely be greater or equal to the same type of costs for a 

program that has received special attention in regards to portability [Mooney93]. 

 

In their paper [Hakuta97], Hakuta and Ohminami propose a model for estimating software 

porting costs. With this model they especially consider what they call porting impediment 

factors, i.e. anything that serves to complicate porting by requiring additional source code 

modification. These factors include process architecture differences, disparity of the 

operating systems (OS), programming language differences and hardware disparity. They 

also include external porting cost factors, divided into human and environmental factors. 

Human factors are further split up into knowledge and experience with certain areas that 

might facilitate portability, such as knowledge about the OS of the next target platform, 

experience with software porting etc. The environmental factors include development, unit 

test and system test environments, for instance, which tools there are available to the 

developers. 

 

Another interesting angle that Mooney explores in his article [Mooney95] is the common 

issues and differences between portability and reusability. He states that although the 

differences between them are pretty clear, they do have some common properties which one 

can take advantage of by designing software in a certain way. While portability focuses on 

how a program can be made portable and how it can be ported in the most effective way, 

reusability focuses more on specification and organization of artifacts. Also, in the case of 

portability the requirements specification is more or less predetermined before portability is 

integrated with the project, while developing the requirements specification is a major issue 

with reusability. However, Mooney gives some common issues of the two attributes, such as 

measurement and design, and discusses how work in these areas can benefit both the aspect 

of portability and reusability at the same time [Mooney95]. It is important to note that if a 

development team would choose to mix redevelopment and porting by redeveloping their 

software product but also porting some of the modules, the issue moves away from actual 

portability and rather becomes more of a reusability issue. Since this thesis project only 

focuses on portability, and not reusability, mixing redevelopment and porting will not be 

investigated. 
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4 DATA COLLECTION 
This chapter presents all the data gathered and analyzed for the market analysis. It is split up 

into the periods Q1-Q2 2007, Q3-Q4 2007 and Q1-Q2 2008. The data was collected from 

[ForumNokia08, GSMArena08, LGMobileDeveloperNetwork08, Mobiledia08, MotoDev08, 

SamsungMobile08, SonyEricssonDeveloperWorld08, Symbian08]. 

4.1 Data presentation 

4.1.1 Q1-Q2 2007 
User storage memory 

0-24.9 MB

25-49.9 MB

50-74.9 MB

75-99.9 MB

100+ MB

Unknown

Table 1, figure 5 – Number of mobiles with different memory size intervals during Q1-Q2, 2007 
 

As one can see it was quite unusual for a mobile to have a lot of user storage memory during 

this time period; only 11% of the mobiles that were released during Q1-Q2 2007 fit into the 

100+ MB category. Instead, the market mostly consisted of mobiles having a small amount 

of built-in available user storage memory – about 46% of the released mobiles had less than 

50 MB of user storage memory accessible. 
 

Screen resolution 

96x64

128x128

128x160

176x220

208x208

220x176

240x160

240x240

240x260

240x320

320x240

320x320

320x480

800x352

Unknown

Table 2, figure 6 – Number of mobiles with different resolutions during Q1-Q2, 2007 

 

At this time, the newly released mobile phones were mostly dominated by 4 different screen 

resolutions, i.e. 128x160 pixels (13% of the market), 176x220 pixels (20% of the market), 

Memory Number of mobiles 

0 – 24.9 MB 24 

25 – 49.9 MB 14 

50 – 74.9 MB 21 

75 – 99.9 MB 1 

100+ MB 9 

Unknown 13 

Resolution Number of mobiles 

96x64 pixels 2 

128x128 pixels 6 

128x160 pixels 11 

176x220 pixels 16 

208x208 pixels 1 

220x176 pixels 1 

240x160 pixels 1 

240x240 pixels 1 

240x260 pixels 1 

240x320 pixels 28 

320x240 pixels 10 

320x320 pixels 1 

320x480 pixels 1 

800x352 pixels 1 

Unknown 1 
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240x320 pixels (34% of the market) and 320x240 pixels (12% of the market). It should also 

be mentioned that there were as many as 14 different resolutions in total available on the 

mobile phones that were released in Q1-Q2 2007. 

 

Development platform 

BREW

Java ME

Mac OS X

Palm OS 5.9.*

S60 3rd Edition

Series 40 2nd

Edition
Series 40 3rd

Edition
Sony Ericsson Java

Platform 6
Sony Ericsson Java

Platform 7
Symbian OS 9.*

Windows Mobile 5

Windows Mobile 6

Unknown

Table 3, figure 7 – Number of mobiles with different development platforms during Q1-Q2, 2007 
 

The development platforms used during this time period were mostly made up of different 

java development environments, e.g. Java ME, Series 40 (edition 2 and 3) and the Sony 

Ericsson java platforms (version 6 and 7). In addition to this, the statistics of the mobile 

phones that were released during this period also contained several cases where S60 and 

Windows Mobile (both version 5 and 6) were being used as the development platforms. 

 

Supported audio compression formats and media containers 
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Table 4, figure 8 – Number of mobiles with different supported audio compression formats during Q1-

Q2, 2007 

 

From what is shown one can conclude that the MP3 format was the most wide-spread file 

format of the mobile market during this time period (all-in-all available on roughly 85% of 

Development platform Number of mobiles 

BREW 1 

Java ME 8 

Mac OS X 1 

Palm OS 5.9.* 1 

S60 3rd Edition 11 

Series 40 2nd Edition 3 

Series 40 3rd Edition 5 

Sony Ericsson Java 

Platform 6 

1 

Sony Ericsson Java 

Platform 7 

5 

Symbian OS 1 

Windows Mobile 5 4 

Windows Mobile 6 3 

Unknown 38 

Audio compression formats / 

media containers 

Number of 

mobiles 

AAC* (AAC+ / AAC / 

eAAC+) 

36 

None 12 

M4A 8 

MP3 70 

MP4 6 

WAV 1 

WMA 14 
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the mobile phones that were released), followed by the AAC* formats (usable on 44% of the 

mobile phones). It is also worth mentioning that all the phones either support at least the 

MP3 file format, or no file formats at all. 

 

4.1.2 Q3-Q4 2007 
 

User storage memory 

0-24.9 MB

25-49.9 MB

50-74.9 MB

75-99.9 MB

100+ MB

Unknown

Table 5, figure 9 – Number of mobiles with different memory size intervals during Q3-Q4, 2007 
 

Throughout Q3-Q4 2007, the largest share of the newly released phones was still having a 

small amount of available user storage memory. In fact, during this time period there were 

still 46% of the released mobile phones that had less than 50 MB of user storage memory. 

However, the number of phones that had a large amount of user storage memory (i.e. more 

than 100 MB) available increased from 11% in Q1-Q2 2007 to 19% in Q3-Q4 2007. It 

should also be mentioned that the 75-99.9 MB category still was the least represented 

category. 

 

Screen resolution 

 

128x128

128x160

128x220

176x220

240x260

240x320

320x240

320x320

400x240

Table 6, figure 10 – Number of mobiles with different resolutions during Q3-Q4, 2007 
 

Compared to Q1-Q2 2007, the mobile phones that were released during this period still had 

the same most widely used screen resolutions, namely 128x160 pixels (18% of the released 

mobiles), 176x220 pixels (16%), 240x320 pixels (46%) and 320x240 pixels (11%). 

However,  during this time period the total number of different cell phone resolutions 

decreased from 14 different resolutions in Q1-Q2 2007 (ranging from 96x64 pixels to 

800x352 pixels), to 9 available resolutions in Q3-Q4 2007 (ranging from 128x128 pixels to 

400x240 pixels). 

 

 

Memory Number of mobiles 

0 – 24.9 MB 25 

25 – 49.9 MB 16 

50 – 74.9 MB 20 

75 – 99.9 MB 0 

100+ MB 17 

Unknown 11 

Resolution Number of mobiles 

128x128 pixels 3 

128x160 pixels 16 

128x220 pixels 1 

176x220 pixels 14 

240x260 pixels 1 

240x320 pixels 41 

320x240 pixels 10 

320x320 pixels 1 

400x240 pixels 2 
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Development platform 

Blackberry OS

Java ME

Linux OS

Palm OS 5.4.*

S60 3rd Edition

Series 40 3rd

Edition
Series 40 5th

Edition
Sony Ericsson Java

Platform 7
Sony Ericsson Java

Platform 8
Symbian OS

Windows Mobile 6

Unknown

Table 7, figure 11 – Number of mobiles with different development platforms during Q3-Q4, 2007 
 

Just as in the first half of 2007, the mobiles that were released during this time period once 

again mostly consisted of Java development platforms, i.e. the Series 40 editions, the Sony 

Ericsson Java Platforms, and Java ME. In addition to this, the Windows Mobile platform was 

also a popular choice. However, instead of using both Windows Mobile version 5 and 6, 

only version 6 was targeted during this period. 

 

Supported audio compression formats and media containers 

0
10
20
30
40
50
60
70
80
90

AAC* None M4A MP3 MP4 WAV WMA

Table 8, figure 12 – Number of mobiles with different supported audio compression formats during 

Q3-Q4, 2007 
 

Compared to the first half of 2007, the statistics gathered during Q3-Q4 2007 were very 

similar. The MP3 was still being the most popular supported audio format, available on 87% 

of the released phones compared to the 85% of Q1-Q2 2007, once again followed by AAC* 

which was being supported on 45% of the platforms, compared to 44% in Q1-Q2 2007. 

Some of the mobile phones released during this time period also supported a few additional 

formats, namely WMA, M4A, MP4 and WAV, which all had the same ranking (i.e. in terms 

of on how many mobiles the formats were supported) in both Q1-Q2 and Q3-Q4 2007; 

WMA being the third most supported format, M4A the fourth, and MP4 and WAV the least 

supported. 

Development platform Number of 

mobiles 

Blackberry OS 1 

Java ME 16 

Linux OS 4 

Palm OS 5.4.* 1 

S60 3rd Edition 5 

Series 40 3rd Edition 2 

Series 40 5th Edition 8 

Sony Ericsson Java Platform 7 5 

Sony Ericsson Java Platform 8 3 

Symbian OS  2 

Windows Mobile 6 10 

Unknown 32 

Audio compression formats / 

media containers 

Number of 

mobiles 

AAC* (AAC+ / AAC / 

eAAC+) 

40 

None 12 

M4A 15 

MP3 77 

MP4 2 

WAV 2 

WMA 17 
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4.1.3 Q1-Q2 2008 
 

Memory 

0-24.9 MB

25-49.9 MB

50-74.9 MB

75-99.9 MB

100+ MB

Unknown

 
Table 9, figure 13 – Number of mobiles with different memory size intervals during Q1-Q2, 2008 

 

As one can see the gathered results were very evenly distributed throughout the different 

categories during this time period. In Q1-Q2 2008 three different categories shared the most 

common user storage memory intervals, namely 0-24.9 MB, 25-49.9 MB and 100+ MB, as 

opposed to the previous time periods where 0-24.9 MB has been the most widely chosen 

interval. In addition to this, the number of mobile phones with less than 50 MB user storage 

memory decreased from 46% to 44% while the number of mobile phones with more than 

100 MB of user memory storage increased from 19% to 22% of the released phones. 

However, the trend of not releasing any mobile phones fitting into the user storage memory 

category of 75-99.9 MB did continue. 

 

Resolution 

128x128

128x160

176x220

240x260

240x320

240x400

240x432

240x440

320x240

Unknown

Table 10, figure 14 – Number of mobiles with different resolutions during Q1-Q2, 2008 
 

Memory Number of mobiles 

0 – 24.9 MB 13 

25 – 49.9 MB 13 

50 – 74.9 MB 10 

75 – 99.9 MB 0 

100+ MB 13 

Unknown 11 

Resolution Number of mobiles 

128x128 pixels 2 

128x160 pixels 11 

176x220 pixels 11 

240x260 pixels 2 

240x320 pixels 28 

240x400 pixels 1 

240x432 pixels 1 

240x440 pixels 1 

320x240 pixels 3 

Unknown 0 
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During Q1-Q2 2008, the different available screen resolutions on the newly released mobile 

phones mostly consisted of three different categories, namely 128x160 pixels (18% of the 

released mobile phones in both Q1-Q2 2008 and Q3-Q4 2007), 176x220 pixels (18%, 

compared to 16% in Q3-Q4 2007) and 240x320 pixels (47% in Q1-Q2 2008 compared to 

46% in Q3-Q4 2008), as opposed to the previous time periods when 320x240 in addition to 

the three aforementioned screen resolutions also was a popular choice. 

 

Development platform 

 

BREW

Java ME

S60 3rd Edition

Series 40 5th Edition

Sony Ericsson Java

Platform 7
Sony Ericsson Java

Platform 8
Symbian OS

Windows Mobile 6

Unknown

Table 11, figure 15 – Number of mobiles with different development platforms during Q1-Q2, 2008 
 

In Q1-Q2 2008, Windows Mobile 6 was a bit less common than during the last time period 

(8% of the released phones in Q1-Q2 2008 compared to the 11% of Q3-Q4 2007), but still 

one of the most popular development platforms for recently released mobile phones. It 

should also be mentioned that the new mobiles released to the market most commonly used 

mainly the same three Java development platforms as during the previous time periods, i.e. 

Java ME, Series 40 and the Sony Ericsson Java Platforms, which in total made up 38% of the 

analysed mobile phones in both Q3-Q4 2007 and Q1-Q2 2008.  

 

Supported audio compression formats and media containers 

0

10
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AAC* None M4A MP3 MP4 WAV WMA

 

 
Table 12, figure 16 – Number of mobiles with different supported audio compression formats during 

Q1-Q2, 2008 

 

Just as in the last period, the MP3 format was still in control of most of the market in Q1-Q2 

2008 (an increase by 5% compared to the last time period) followed by the AAC* formats 

Development platform Number of 

mobiles 

BREW 1 

Java ME 7 

S60 3rd Edition 3 

Series 40 5th Edition 7 

Sony Ericsson Java Platform 7 2 

Sony Ericsson Java Platform 8 7 

Symbian OS 3 

Windows Mobile 6 5 

Unknown 25 

Audio compression formats / 

media containers 

Number of 

mobiles 

AAC* (AAC+ / AAC / 

eAAC+) 

31 

None 5 

M4A 13 

MP3 55 

MP4 5 

WAV 3 

WMA 14 
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(an increase by 7% compared to Q3-Q4 2007). Other supported formats included WMA, 

M4A, MP4 and WAV, which all had the same size order as during the previous time period. 

4.2 Data validity 
One of the existing validity threats regarding the conducted research is that the only 

references related to the market analysis are made out of web sites. However, all the web 

sites that have been chosen are either well-known sites for mobile statistics and 

specifications (i.e. [GSMArena08, Mobiledia08]), or the developers of the mobile phones 

own web sites. 

 

In addition to this there is also another validity threat to the market analysis regarding the 

number of unknown results, especially concerning the development platforms data. This has 

been reduced as much as possible by using several market analysis references, including the 

phone developers’ own web sites, to try to fill in as many gaps of the statistics as possible. 

Moreover, an as large number of mobile phones as possible (i.e. most of the mobile phones 

that have been released during the concerned time periods) have been included in the 

research. 

4.3 Discussion of the results 
 

Percentage of mobiles User storage memory 

Q1 – Q2 2007 Q3 – Q4 2007 Q1 – Q2 2008 

0 – 24.9 MB 29 % 28 % 22% 

25 – 49.9 MB 17 % 18 % 22% 

50 – 74.9 MB 26 % 22 % 17% 

100+ MB 11 % 19 % 22% 

Table 13 - The most important user storage memory trends from Q1-Q2 2007 to Q1-Q2 2008 

 

User storage memory: By looking at the trends from Q1 2007 to Q2 2008, it is possible to 

draw a few certain conclusions. First of all, even if the mobile phones fitting into the 50-74.9 

MB category have been decreasing, the total share of mobile phones that have been released 

more recently seem to get more and more available memory overall (mostly noticeable in the 

100+ MB category) instead. It is also safe to say that the number of phones having less than 

25 MB of available user storage memory have been decreasing while mobile phones having 

more than 25 MB have been increasing instead. Based on this one can conclude that the 

minimum limit of user storage memory needs to be about at least 25 MB, seeing as it is then 

possible to target the majority of the available mobile phones, but also provide enough user 

storage capacity to be able to save a few media items on the mobile phone for the audio 

player being developed. 

 

 

Percentage of mobiles Screen resolutions 

Q1 – Q2 2007 Q3 – Q4 2007 Q1 – Q2 2008 

128x160 pixels 13 % 18 % 18 % 

176x220 pixels 20 % 16 % 18 % 

240x320 pixels 34 % 46 % 47 % 

320x240 pixels 12 % 11 % 5 % 

Table 14 - The most important screen resolutions trends from Q1-Q2 2007 to Q1-Q2 2008 

 

Screen resolution: The most common screen resolutions throughout the time periods of the 

market analysis have mainly been 128x160 pixels, 176x220 pixels, 240x320 and 320x240 
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pixels, even if the 320x240 pixels resolution did decrease towards the end. However, it is 

safe to say that the most common resolution definitely has been 240x320 pixels, which is the 

resolution that the audio player will target. Additionally, given that the differences between 

the different screen ratios (0.75 compared to 0.8) are not too big between the most available 

screen resolutions, it should be fairly easy to adjust the GUI of the application if needed to 

use another resolution eventually. 

 

 

Percentage of mobiles Development platform 

Q1 – Q2 2007 Q3 – Q4 2007 Q1 – Q2 2008 

S60 3rd Edition 13 % 6 % 5 % 

Java-driven platforms (i.e. Java 

ME, the Sony Ericsson Java 

Platforms, the series 40 

editions) 

27 % 38 % 38 % 

Windows Mobile 9 % 11 % 8 % 

Table 15 - The most important development platform trends from Q1-Q2 2007 to Q1-Q2 2008 

 

Development platform: While there have been some statistical changes going on between 

which have been the most used development platform, it is still certain that the market 

mostly is dominated by the S60, Java-driven platforms (i.e. Java ME, the Sony Ericsson Java 

Platforms, the Series 40 editions) and by Windows Mobile (C++, .NET e.g. C#). From what 

the statistics show it would be the most interesting to perform a case study where an 

application is developed in one of these environments and then ported to another one of 

them. It should also be mentioned that while iPhone is not very well-represented in these 

statistics, it was still considered as one of the development platforms to target seeing as the 

iPhone holds a large market share [Apple09]. 

 

Percentage of mobiles Audio compression 

formats/media containers Q1 – Q2 2007 Q3 – Q4 2007 Q1 – Q2 2008 

AAC* (AAC+ / AAC / 

eAAC+) 

44 % 45 % 52 % 

MP3 85 % 87 % 92 % 

Table 16 - The most important audio compression format/media container trends from Q1-Q2 2007 to 

Q1-Q2 2008 

 

Supported audio compression formats and media containers: This section has mostly been 

dominated by the AAC* formats and the MP3 format. However, since all the mobile phones 

in the presented statistical analysis either support the MP3 format or no formats at all (which 

is not the case with any of the other formats; i.e. no mobile supports just e.g. AAC* and 

nothing else), it seems to be a good idea to focus on developing the audio player just 

supporting the MP3 format on its own. 
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5 CASE STUDY 
This chapter will introduce and describe the application that has been developed during this 

project. From this development, results were taken and further analysed/discussed in chapter 

5. The application is specified by general description, design and implementation. 

5.1 Description 
The application that was developed during this project is an audio player for mobile phones, 

which will simply be referred to as “the audio player” throughout the remainder of this 

thesis. The basic functionality of the audio player includes playing, pausing and stopping of 

songs, and opening and browsing between mp3-files located on the phone. The feature that 

makes it different from most other media players is the possibility of creating and 

maintaining so called dynamic playlists. This means that a playlist can be created by only 

setting one or more (up to three) criteria that need to match for songs to be added to the 

playlist. Whenever the playlist is loaded or re-loaded (when closing and opening the audio 

player for instance) the playlist will check its specified criteria against all mp3-files located 

on the phone. The result of this feature is that whenever a mp3-file is added or removed on 

the phone, the playlist will not need to be updated, it will happen automatically, hence 

making them dynamic. The criteria categories that can be set for a playlist are title, artist, 

album, genre, year and comment, all of which can be included in a standard ID3v1 tag.  

 

It is important to note that for the development of the audio player to correlate with this 

thesis, it was decided from the beginning that portability would be the main priority and that 

it would be ported to at least another platform. This naturally makes the design and 

implementation phases for a software product vastly different than they would have been if 

porting had only been thought of later during the software lifecycle, which can often be the 

case in the industry. Still, even though portability was decided to be the main goal, mobile 

devices are very resource-limited environments, which means that performance can never be 

completely neglected in a case like this.  

5.1.1 Scope 
Unfortunately, due to the time-constraints associated with this thesis project, the scope of the 

case study had to be limited. Therefore, no external factors have been taken into account 

during the development of the audio player. Examples of external factors that might affect 

portability include team-related ones, such as experience gained between 

portings/redevelopments, or cultural differences. It could also be environment-related ones, 

such as company standards that need to be applied, or which different kind of development 

tools that might be available to the development team. 

 

Another important thing to note is that the focus of this case study was portability of design 

and implementation. Naturally, there are other portability-related concepts that have not been 

handled during this thesis project, since that would have required a significantly larger 

amount of time to take into account as well. One of the major areas that was not handled is 

the portability of testing, which can both be the act of translating test cases for a certain 

software product for several environments, as well as the act of investigating testing 

environments for the sake of portability, and porting test procedures, such as unit or system 

tests. Portable documentation is another concept that has been largely omitted during this 

project, which is the act of writing specifications, manuals etc. for a software product that 

will work in other environments, in a way that allows them to be easily translated for those 

environments as well. 
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5.2 Design 
This section contains a description of the process for designing the architecture, taken from 

the design documents of the audio player: 

5.2.1 Overall architecture 
The first step was to design general top-most level of the architecture. The approach chosen 

for design the complete architecture was the Attribute-Driven Design (ADD). 

5.2.1.1 Architectural drivers and pattern 

The main architectural driver for the application was of course portability, with usability and 

performance being second most important. The part of usability that the architecture would 

have a direct effect on was the ability to save and load playlists, while the rest were non-

architectural issues (i.e. making the user interface easy and familiar to use). Regarding 

portability and performance, these two would mostly be a trade-off. Since portability was of 

greater importance, the architecture was designed mostly with portability in mind. 

 

One main way to support portability is to do a layered or tiered approach, with the difference 

being that a layered approach is logical while a tiered one denotes it usually being physical. 

This splits the architecture up into several layers, with a given layer only being able to 

communicate with the layers directly above and below it. With one of the layers being the 

one handling data, this architectural pattern also naturally supports the usability issues to a 

certain degree. However, since the platform the system was being developed for is a mobile 

one, performance is always an issue. Therefore portability and usability can only be 

supported to a certain extent, possibly leaving some parts of the architecture having to be re-

evaluated at a later stage in development. 

 

The architectural pattern was so far determined to be a three-layered one, with the layers 

being presentation, logic and data. The presentation layer would handle the user interface, 

both input and output. The logic layer contained all logical instructions, and was also 

responsible for mediating data between the presentation and data layers. Finally, the data 

layer handled the storage and fetching of any data. 

5.2.1.2 Module scheme 

 
Figure 17 - The initial layer design of the architecture 
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5.2.1.3 Concurrency view 

Since the system was a mobile application and did not handle any network-related tasks, 

multiple users of the system was not an issue. Therefore the concurrency-related issues for 

the whole system were identified as start-up, shutdown and parallel activities. 

 

Start-up: The start-up of the system is initiated as any other third-party program that is not 

supposed to start automatically when the mobile is turned on (for the targeted mobile 

environment). This is usually done from a menu native to the operating system itself. All 

layers of the architecture will be activated once the system starts up, beginning with the logic 

layer, which initiates the user interface, and if any songs were in the playlist of the standard 

view when the system was last shut down, those songs must be loaded from the data layer, 

along with any saved playlist that was left active. 

 

Shutdown: The user can shut down the system from a menu in most situations while the 

system is running. This is handled via the logic layer, which in turn shuts down the user 

interface for the presentation layer, and also stores the state of the currently active playlist 

and songs via the data layer. 

 

Parallel activities: The user interface restricts the user to only accessing one part of the 

system at any one time, which greatly reduces the potential for parallel activities arising. 

However, the playing of a song while other parts of the system is active besides the standard 

view, or even while the system is minimized (which allows the user to access other 

functionality of the mobile phone) is a parallel activity that needed to be taken into 

consideration.  

5.2.1.4 Child module interfaces 

At this stage, the interfacing between the modules was fairly simple. Data flowed in both 

directions between the presentation and logic layer as well as the logic and data layer.  

 

5.2.2 Logic 
The next module that needed further decomposing was the logic. 

5.2.2.1 Architectural drivers 

The architectural drivers for this module remained largely the same as for the whole system, 

which means portability was still the main driver. To facilitate this, the logic was divided 

into parts that had very distinct functionality, since code-based differences within them are 

more prone to increase the cost of porting if they were not separated. 

 

The logic layer now consisted of four modules: GUI logic, media, core logic and the file 

handler. The core logic was naturally the most central of these modules. The file handler 

served as the mediator between the core logic and the data layer. Logic specific to the user 

interface was split up into two different modules, one for the graphical input and output, and 

one for the media, as identified in section 2.1.3., which would handle the playing of songs 

(and is solely output-based). The logic layer was now actually three-layered in itself as well, 

ideally promoting portability further. 

5.2.2.2 Module scheme 
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Figure 18 - The architecture design after the logic layer was modularized 

 

5.2.2.3 Concurrency view 

GUI Logic: As long as the system is not minimized, the user interface will be active at all 

times, but the GUI Logic will only be active when changes from either the user interface 

(input) or from the Core Logic (output) are registered. Information will flow to and from it 

for both the presentation layer and the Core Logic module whenever changes occur (input 

and non-media output). 

 

Media: This component will only be active whenever a song is currently playing via the 

system. It is solely output-based, and only receives requests from the Core Logic, and 

presents it via audio output. Separating this from the GUI Logic was important since the GUI 

might be unavailable while the system is minimized, but if a song is currently playing this 

module will still be active and taking requests. 

 

Core Logic: This component handles the start-up and shutdown of the system, and through 

it, all important data and events will flow. It will always be active as long as the system is 

not shut down. It sends and receives data to and from both the GUI Logic and File Handler, 

but only sends data to the Media module (which song that is currently playing). 

 

File Handler: This module separates the Core Logic from directly interfacing with the data 

layer. This promoted portability further by lessening the amounts of changes needed to file-

handling specific code between environments (which of course was also the case for the GUI 

Logic and Media modules). This module will also not be active all the time as opposed to the 

core logic, only when data is being stored or loaded. 

5.2.2.4 Child module interfaces 

Following are the interfaces that are connected to modules within the logic layer: 

 

Storage – File Handler: This connection will be active whenever an audio file, playlist or 

system setting is stored or loaded, and inactive at all other times. Only one of these types will 
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ever be stored or loaded at the same time, so there are no concurrency issues here. The data 

can of course flow in both directions (save/load). 

 

File Handler – Core Logic: Requests from the Core Logic to the File Handler passes through 

here, which can either be saving or loading an item, or something that has been loaded is 

passing through to the Core Logic. But it might also be confirmation that something has been 

stored correctly. All requests would be queued and performed sequentially, which means that 

concurrency issues are unlikely. 

 

Core Logic – GUI Logic: In this connection data flows in both ways; updates/changes to the 

user interface from the Core Logic, and input that is handled from the user interface via GUI 

Logic. To both improve the portability of the system, as well as avoid any concurrency 

issues between the input and output, this connection was split up. 

 

Core Logic – Media: This connection is one-way, over which requests from the Core Logic 

to play certain audio files are sent. Concurrency is not an issue here, a new request simply 

overrides the old one, and requests are not likely to happen at the same time.  

 

GUI Logic – User Interface: Here strictly updates to the user interface and user interface 

input flows. The same facts apply here as with the Core Logic – GUI Logic interface. 

 

Media – User Interface: Since the playing of audio files is output only, data only flows from 

the media module to the user interface. Only one song can be played at any one time, which 

makes concurrency a non-issue here. 

 

5.2.3 Presentation 
The next module to further decompose was the presentation layer. 

5.2.3.1 Architectural drivers 

Since it might differ in various degrees from platform to platform how the user interface was 

handled between different aspects of it, the portability could be increased by further splitting 

up the presentation layer. For instance, the methods for handling input could vary greatly, 

while those for handling graphical output were not that different, so by segregating them into 

different modules it became easier to identify what needed to be changed in each module. 

The presentation layer was therefore divided into input, graphical output and audio output. 
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5.2.3.2 Module scheme 

 
Figure 19 - The final architecture design 

5.2.3.3 Concurrency view 

Input: This module is active whenever the user produces input by pressing buttons on the 

mobile phone. The input will then be sent to the GUI Logic which interprets it. Concurrency 

issues could happen here, as a user presses several buttons at the same time, but this should 

not pose a problem, as most mobile phones today handle issues like these themselves. 

 

Graphical output: This component is always active as long as the system is not minimized. 

Whenever an update to the GUI is supposed to happen, the data is sent here via the GUI 

Logic module. Concurrency will rarely happen here, as the GUI Logic module is supposed to 

take care of that. 

 

Audio output: The task of this module is simple; producing audio output when a song is 

being played. It simply takes requests from the Media module and executes them. As with 

the Media module, concurrency is not an issue here for the same reasons. 

 

5.2.3.4 Child module interfaces 

Input – GUI Logic: Like the Input module itself, this connection is only active when the user 

presses buttons on the mobile to generate input. Naturally the data only flows in one 

direction; towards the GUI Logic module. 

 

GUI Logic – Graphical output: This interface only needs to be active whenever the GUI 

needs to be updated with changes. As opposed to the Input module, data only flows from the 

GUI Logic module towards this one. The GUI Logic module handles any concurrency issues 

itself, so there won’t be any on this link. 

 

GUI Logic – Audio output: Over this connection data for the audio file currently being 

played flows. If there is currently no audio file playing, this link is not active. Just as 

concurrency is no issue for the Media and Audio output modules, it is not an issue here 

either. 
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5.3 Architecture discussion 
As was mentioned in section 2.2, the choice of architectural pattern is very important for 

making sure the main quality attributes are achieved. Portability is favoured by adding 

abstraction, separation and resource sharing according to Kazman et al. [Kazman94a]. Using 

a layered architecture for this promotes the first two heavily, while making it easy to divide 

components in such a way that resource sharing is supported as well. Although there are 

other patterns that do this, the layered approach is a pretty open-ended solution, and as long 

as a very structured pattern is not needed for the program (i.e. when the program and/or the 

development team is small) and the program in question is feasible to structure in this way, it 

is a solid choice [Garlan94]. 

 

The reason for dividing the architecture into the resulting modules at the end was, as 

Mooney stated is a key-goal for portability [Mooney97], to isolate the interfaces and parts of 

the application that were the most likely to need changes over different platforms. File 

handling, graphical and audio output, as well as input were separated and isolated into their 

own modules. 

5.4 Implementation 
This section briefly brings up some of the implementation-related choices during the 

development of the audio player. It also contains an example of how the porting process was 

conducted. 

5.4.1 Application specifics 
From the market analysis presented in chapter 3, the following choices (table 17) were made 

for how the audio player would be implemented: 

 

Subject Decision 

Platform 1 Windows Mobile 6 

Platform 2 J2ME 

Memory size > 25 MB 

Resolution 240x320 pixels 

Audio support MP3 
Table 17 – Implementation-related choices made for the audio player, based on the market analysis 

 

Platform 1 denotes which platform the audio player would be developed on first, and 

platform 2 is the platform that the audio player would then be ported to. Except for this 

order, all of these choices were made with the data gathered in the market analysis in chapter 

3. As for the order of the platforms, this will be motivated in section 5.4.2. 

 

It is important to note that neither memory size, resolution nor audio support would change 

between the two platforms. This clears up an important issue regarding portability, especially 

the resolution, since this means that no requirements would have to change between the two 

versions. The reason that resolution affects this the most is that the user interface would most 

likely have to be changed during the porting process if the resolutions differed. 

 

Based on the results gathered from the market analysis, both the iPhone and the S60 

development platforms were considered when conducting the case study as target platforms 

as well. However, in the end J2ME and Windows Mobile still were decided as the main 

target platforms. The reasoning behind this was that if iPhone or S60 had been chosen as 

targeted development platforms, more time would have been spent on things that are not 

related to portability and the case study in itself, e.g. learning new programming language 

syntax. 
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5.4.2 Programming languages 
Since J2ME is a variant of Java, there was no option regarding programming language in this 

case. To achieve as high portability as possible, it would have been best to develop in Java 

for Windows Mobile 6 as well. Unfortunately, Java is not supported by the .NET framework 

which Windows Mobile 6 utilizes. This naturally creates some additional portability issues, 

since it is best if the languages are as similar as possible. This usually makes Java the best 

choice since it is the most platform independent high-level language available. 

 

However, since Java was not an option in this case, C# was considered the best one, because 

it is the language most similar to Java that is supported by Windows Mobile 6. Since the 

only goal was to develop the audio player on one platform, and then port it to the other, 

Windows Mobile 6 was chosen as the starting platform. The reason for this was that Java is 

the most generalized language of the two [Gruntz02], which makes the whole process easier 

by first developing the audio player in C#, and then porting it to Java, leaving more room for 

emergency porting changes that were not considered from the beginning. 

 

The reasoning for this was that it would save more time in the porting phase if the porting 

would go from the more specific language to the more general one. One important thing to 

consider is that this order was deemed the best one for this particular case study, where the 

application would only be ported once. Beginning with the most general environment would 

probably be the best option in most cases, since this would most likely give you lower costs 

overall when porting an application several times to various environments. 

 

It is important to note that when porting projects in the industry, portability might not be 

considered from the beginning, or the platforms that the software product will be ported to 

are at least not decided on. When this is the case, or when an application is going to be 

ported to several different platforms, Java is clearly the best choice of language to start with, 

since it is the most portable, and will reduce costs by requiring a smaller amount changes. 



  36 

6 RESULTS AND DISCUSSION 
This chapter contains all results, an analysis of these results, a proposed model for mobile 

portability, as well as a discussion of the validity of the thesis as a whole. Finally, short 

elaborations on the answers to the research questions are included. 

6.1 Case study results 
This section contains all the results gathered from the case study, as well as an analysis and 

discussion of these. The results are divided into cost-related results under section 6.1.1, and 

comparison of code between the base application and the ported application in section 6.1.2. 

6.1.1 Cost results 
The total cost for developing the original version of the audio player (for Windows Mobile 

6) can be seen in table 18. Note that testing and debugging was omitted from these results. 

 

Phase \ Type Regular Portability Total (man-hours) 

Req. specification 30 0 30 

Design 55 25 80 

Implementation 125 65 190 

Total (man-hours) 210 90 300 
Table 18 - total cost in man-hours for the various phases during development 

 

In this table, “regular” refers to the estimated portion of man-hours that would have gone to 

developing the application even without portability, while “portability” denotes the estimated 

number of man-hours that were dedicated to achieving portability, both during the design 

and implementation phases. The estimation between “regular” and “portability” was made in 

a couple of different ways. The design phase estimations are the most questionable ones, as it 

is difficult to make a clear distinction between when basic parts of the architecture and parts 

that are only meant to increase portability are being designed, since they usually merge 

together. However, when it was clear that time was spent to only achieve portability, this 

cost was documented, as well as when fundamental parts of the architecture was being 

designed. As for the implementation phase, most of the time it was considered easier to see 

the distinction between regular and portability-related activities, which made those man-

hours a lot more measurable (naturally, some of the costs here were still estimated). It is 

important to note that this breakdown is a fairly rough estimation, and that only the total 

man-hours are completely objective values. 

 

As can be seen, 300 man-hours in total were used for the complete development of the 

original version, of which 90 man-hours were estimated to have been used for the purpose of 

achieving portability, which is then the initial cost dedicated to portability (30% of the total 

development cost). This is a pretty significant initial cost, which, to make the porting cost-

effective, should be overcome by porting the program enough times, so that the initial cost, 

plus the number of times the program is ported, becomes lower than the cost of just 

developing the program without portability in mind, plus the cost of redeveloping the 

program that same number of times. Unfortunately this was considered out-of-scope for this 

thesis, but is suggested as future work in chapter 8. 

 

The subsequent J2ME version that was ported from this original application was documented 

to a total of 75 man-hours. Thanks to the design having been made generally applicable, no 

amount of time needed to be spent on redesigning the architecture. The same requirements 

specification was of course also used, which means that all of these 75 man-hours were used 

in the implementation phase. This was a tremendous improvement from 300 hours, only 

being 25% of the original application development. However, it is important to note that 

developing the original application without portability in mind was estimated at 210 man-
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hours. Because of this, redevelopment of the whole program would need to supersede 165 

man-hours (300 + 75 - 210) for the porting to have been successful (i.e. more cost-effective 

than redeveloping). This might certainly not have been the case. However, if even further 

porting of the program would have been conducted, the porting option would most likely 

have proved to be the superior one. 

6.1.2 Code comparison 
In this section comparisons between various code segments will be carried out. The first 

code segment will come from the audio player which was developed from the ground up (for 

Windows Mobile 6 in C#), and the second will come from the ported version (for J2ME in 

Java). The modules/classes that were chosen for these comparisons are: file handler, audio 

output, user interface (GUI), core logic and playlist handler. The rationale for this is that to 

make an as broad observation as possible, both parts of the application that were ported 

easily and parts that hade a low degree of portability should be included. 

 

As was mentioned in section 3.4, parts of a software system that are usually difficult to port 

well are input/output modules, user interfaces, file handling and memory management. There 

was hardly any specific functionality for memory management, which was therefore omitted 

from code comparison. This leaves the file handler, media output and user interface classes 

as comparisons of parts that were costly to port. The core logic and playlist handler classes 

are examples of parts that were easy to port. This is where the reward for achieving a high 

degree of portability is shown. Note that input-related porting problems were also omitted 

from this section, because the audio player that was developed assumed that it would only be 

ported to other mobile platforms with similar input devices. 

6.1.2.1 File handler 

The File handler class takes care of all external commands for both writing to and from files. 

Since this is considered a highly specific interface, it should be isolated from the rest of the 

application’s functionality, for the purposes of portability. The handling of files is naturally 

prone to being different from environment to environment. The code segment below shows a 

short file handling example from the Windows Mobile version of the application. 

 
string[] files = Directory.GetFiles(@"\Storage Card"); 

 
char[][] idthreeTest = new char[files.Length][]; 
for (int i = 0; i < files.Length; i++) 
{ 
   using (FileStream fStream = new FileStream(files[i],  
   FileMode.Open, FileAccess.Read))  
   { 
      using (BinaryReader bReader = new BinaryReader(fStream)) 
      { 
         bReader.BaseStream.Position = (fStream.Length - 128); 
         idthreeTest[i] = bReader.ReadChars(128); 
      } 
   } 
} 

 

The next code segment is the corresponding code ported for the J2ME version of the 

application: 
 
fc = (FileConnection)Connector.open("file:///root1/media/"); 
Enumeration filelist = fc.list("*.mp3", true); 
int size = 0; 

             
while(filelist.hasMoreElements())  
{ 
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   size++; 
   filelist.nextElement(); 
} 

            
fc = (FileConnection)Connector.open("file:///root1/media/"); 
filelist = fc.list("*.mp3", true);           

             
files = new String[size]; 
InputStream is; 
InputStreamReader isr; 
char[][] idThreeTest = new char[size][128]; 
for (int i=0; i<files.length; i++) 
{ 
   files[i] = (String)filelist.nextElement(); 
   fc = (FileConnection)Connector.open("file:///root1/media/" +  
   files[i]); 
   is = fc.openInputStream(); 
   isr = new InputStreamReader(is); 

             
   is.skip(fc.fileSize()-128); 
   isr.read(idThreeTest[i], 0, 128); 
} 
 

Comparing these two examples is difficult, since hardly a single line of code remains the 

same. This is certainly a good example of how certain areas in a program can greatly vary 

between environments. Naturally, this makes the portability for this particular class very low. 

However, it is important to note that that is not especially relevant, because interfaces like 

these are supposed to be different and costly to port. The important part is that the class is 

isolated from the rest of the system, which prevents the heavy modifications that has to be 

made to it to not affect the other parts of the application. 

6.1.2.2 Media output 

The Media output class handles all the external commands for the playing of audio files. 

These commands, as can be seen in the code examples below, are extremely specific to their 

respective environments (both platform and language), just as the File handler class was, and 

is therefore very important to separate from the rest of the classes in the application. 

 
public MediaOutput() 
{ 
   player = new WindowsMediaPlayer(); 
}  

 
public void Play() 
{ 
   player.controls.play(); 
} 
 
public void Pause() 
{ 
   player.controls.pause(); 
} 
 

The code segment above from the original version of the application shows a very good, 

environment specific example. To play audio files on the Windows Mobile platform the 

Windows Media player must be used; a functionality that will definitely not be available on 

other mobile platforms. This makes the code very simple. Unfortunately, as can be seen 

below in the J2ME variant of the corresponding code, the code changes dramatically: 
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public MediaOutput() 
{ 
   try  
   {   
      is = getClass().getResourceAsStream(s_path); 
      player = Manager.createPlayer(is, "audio/mpeg"); 

       
      player.realize(); 
      player.prefetch(); 
   } 
   catch (Exception e) 
   { 
      System.out.println("Error: " + e.getClass()); 
   } 
} 

 
public void Play() 
{ 
   try  
   { 
      player.start(); 
   } 
   catch (Exception e) 
   { 
      System.out.println("Error: " + e.getClass()); 
   } 
} 

 
public void Pause() 
{ 
   try  
   { 
      player.stop(); 
   } 
   catch (Exception e) 
   { 
      System.out.println("Error: " + e.getClass()); 
   } 
} 
 

Although the code is still pretty simple for the playing of audio files, since J2ME includes a 

so called “manager” for this purpose, it is nothing compared to code for Windows Mobile. 

Situations like these can definitely lengthen the porting process, which is supposed to go by 

as mechanically as possible. However, since the media output functionality is separated from 

the rest of the application’s functionality, the modifications required are highly isolated, and 

it is easy to know where the changes in the code are supposed to go, which on the other hand 

greatly eases and speeds up the porting process. 

6.1.2.3 User interface 

As mentioned by Mooney [Mooney97], the user interface is another area of a system that is 

not very portable by nature, and should therefore also be isolated. The drawing of graphics 

for the user interface is something that is handled completely different between C# and Java, 

as will be seen below. 

 
this.mediaLabelPrev.Font = new System.Drawing.Font("Segoe 
Condensed", 8F,  System.Drawing.FontStyle.Bold); 
this.mediaLabelPrev.ForeColor = 
System.Drawing.SystemColors.ControlDark; 
this.mediaLabelPrev.Location = new System.Drawing.Point(3, 138); 
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this.mediaLabelPrev.Name = "mediaLabelPrev"; 
this.mediaLabelPrev.Size = new System.Drawing.Size(151, 15); 
this.mediaLabelPrev.Text = "Previous song:"; 
this.mediaLabelPrev.ParentChanged += new 
System.EventHandler(this.label2_ParentChanged); 

 
this.mediaLabelNext.Font = new System.Drawing.Font("Segoe 
Condensed", 8F, System.Drawing.FontStyle.Bold); 
this.mediaLabelNext.ForeColor = 
System.Drawing.SystemColors.ControlDark; 
this.mediaLabelNext.Location = new System.Drawing.Point(4, 153); 
this.mediaLabelNext.Name = "mediaLabelNext"; 
this.mediaLabelNext.Size = new System.Drawing.Size(151, 15); 
this.mediaLabelNext.Text = "Next song:"; 
this.mediaLabelNext.ParentChanged += new 
System.EventHandler(this.label3_ParentChanged); 

 
this.imgLogo.Image = 
((System.Drawing.Image)(resources.GetObject("imgLogo.Image"))); 
this.imgLogo.Location = new System.Drawing.Point(4, 36); 
this.imgLogo.Name = "imgLogo"; 
this.imgLogo.Size = new System.Drawing.Size(60, 60); 

 
this.AutoScaleDimensions = new System.Drawing.SizeF(96F, 96F); 
this.AutoScaleMode = System.Windows.Forms.AutoScaleMode.Dpi; 
this.AutoScroll = true; 
this.BackColor = System.Drawing.SystemColors.WindowFrame; 
this.ClientSize = new System.Drawing.Size(176, 180); 
this.Controls.Add(this.imgLogo); 
this.Controls.Add(this.mediaLabelNext); 
this.Controls.Add(this.mediaLabelPrev); 
this.Controls.Add(this.mediaLabelCurrentInfo); 
this.Controls.Add(this.mediaLabelHeader); 
 

Above, a short part of the code for drawing graphics in the Windows Mobile version of the 

application version can be seen. Following is the corresponding code in the J2ME version: 
 
public void paint(Graphics g) 
{     
   g.setColor(0x000000); 
   g.fillRect(0, 0, getWidth(), getHeight()); 
   Font font = g.getFont(); 

      
   g.setColor(255, 255, 255); 
   g.setFont(font); 

      
   g.drawString(mediaLabelHeader, 0, 0, g.TOP | g.LEFT); 
   g.drawString(mediaLabelCurrentInfo, 65, 44, g.TOP | g.LEFT); 
   g.drawString(mediaLabelPrev, 3, 138, g.TOP | g.LEFT); 
   g.drawString(mediaLabelNext, 4, 153, g.TOP | g.LEFT); 
   g.drawString(mediaLabelShuffleRepeatInfo, 4, 180, g.TOP |    
   g.LEFT); 

      
   if (imgLogo == null) 
   { 
      try  
      { 
         imgLogo = Image.createImage("/logo.png"); 
      } 
      catch (IOException e)  
      { 
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         System.out.println("Couldn't load image"); 
      } 
   } 
   else  
      g.drawImage(imgLogo, 4, 36, g.TOP | g.LEFT); 
 

As is evident, the approach that the two programming languages use is completely different, 

which is yet another example of a class that would slow down the porting process. But, as 

was the case with the file handler and media output classes, as long as the class is separated, 

everything is still according to plan. With the user interface in particular it is important to 

take extra care with this separation, so that class calls that can be considered general and 

hopefully be put in a more general class in the system are not mixed up with the pure 

graphical aspects of it. 

6.1.2.4 Core logic 

The Logic class contains what could be considered the underlying, basic functionality of the 

application. All general commands, methods etc. are gathered here. Since, according to 

documented portability friendly approaches, all specific functionality and interfaces have 

been divided, this is one of the classes/modules that benefit greatly from portability, by 

hardly requiring any modifications at all, only minor ones. 
 
else if (id == 8) 
{ 
   mediaOut.Stop(); 
   mediaState = 0; 
 
   string[][] defaultPlaylist = fStream.getDefaultPlaylist(); 
   plHandler.generatePlaylist(defaultPlaylist);                 

                 
   if (content.CompareTo("None") != 0) 
   { 
      string[] playlistCriteria =  
      fStream.getCustomPlaylist(content);  
      plHandler.updatePlaylist(playlistCriteria); 
   } 

 
   PlaylistItem song = plHandler.playCurrentSong(); 
   if (song.path.CompareTo("") != 0) 
   { 
      mediaOut.Path = song.path; 
      content = "Artist: " + song.artist + "\r\nAlbum: " +  
      song.albumTitle + "\r\nTitle:" + song.songTitle; 
   } 
   else 
   { 
      content = "\r\n No song available \r\n"; 
   } 
} 

 

Above is a short segment of code form the Logic class in the Windows Mobile 6 version of 

the application. Most of the contents for this class consist of calls and methods defined by 

the programmers themselves, i.e. there are very few specific commands that are prone to 

change between platforms/languages. Separating modules like this is one of the main ways 

to achieve portability. Below is the same code ported to the J2ME platform. Changes from 

the code above have been underlined. 
 
else if (id == 8) 
{ 
   mediaOut.Stop(); 
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   mediaState = 0; 
 

   String[][] defaultPlaylist = fStream.getDefaultPlaylist(); 
   plHandler.generatePlaylist(defaultPlaylist);                 

                 
   if (content.compareTo("None") != 0) 
   { 
      String[] playlistCriteria =  
      fStream.getCustomPlaylist(content); 
      plHandler.updatePlaylist(playlistCriteria); 
   } 

 
   PlaylistItem song = plHandler.playCurrentSong(); 
   if (song.getPath().compareTo("") != 0) 
   { 
      mediaOut.setPath(song.getPath()); 
      content = "Artist: " + song.getArtist() + "\r\nAlbum: " +  
      song.getAlbumTitle() + "\r\nTitle:" + song.getSongTitle(); 
   } 
   else 
   { 
      content = "\r\n No song available \r\n"; 
   } 
} 
 

As can be seen, only a few language specific changes were necessary (i.e. strings being 

objects in Java, most native methods in C# starting with a capital letter, and get/set functions 

being handled differently in C#). If only the mobile platform would have differed, and both 

the original and ported applications were to be written in Java, this code would most likely 

be perfectly portable; it would only be platform-specific code that would affect this. 

6.1.2.5 Playlist handler 

The Playlist handler is a class from which Playlist handler objects are created. It is not 

considered an interface in itself, but can rather be considered general functionality. Just as 

with the Logic class, this one also benefits a lot from portability, achieving nearly perfect 

portability, apart from a couple of necessary language specific modifications. 

 
for (int i = 0; i < plCriteria.Length; i++) 
{ 
   currentCriterion = plCriteria[i].Split('\t'); 
 
   if (currentCriterion[0].CompareTo("Title") == 0) 
   { 
      for (int j = 0; j < items.Length; j++) 
      { 
         if (currentCriterion[1].CompareTo("Contains") == 0) 
         { 
            if (items[j] != null &&  
            items[j].songTitle.IndexOf(currentCriterion[2]) == -1) 
            { 
               items[j] = null; 
               nullCounter++; 
            } 
         } 
         else if (currentCriterion[1].CompareTo("Starts with") == 0) 
         { 
            if (items[j] != null &&  
            !items[j].songTitle.StartsWith(currentCriterion[2])) 
            { 
               items[j] = null; 
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               nullCounter++; 
            } 
         } 
         else if (currentCriterion[1].CompareTo("Ends with") == 0) 
         { 
            if (items[j] != null &&  
            !items[j].songTitle.EndsWith(currentCriterion[2])) 
            { 
               items[j] = null; 
               nullCounter++; 
            } 
         } 
      } 
   } 
 

Above is a piece of code from the Playlist handler class for the Windows Mobile 6 version of 

the application. Just as with the Logic class in section 6.1.2.4, specific instructions have been 

avoided, and instead it contains mostly developer-defined methods and variables. The same 

code segment, ported to J2ME, can be seen below, with modifications underlined. 

 
for (int i = 0; i < plCriteria.length; i++) 
{ 
   tabPos = plCriteria[i].indexOf('\t'); 

   currentCriterion[0] = plCriteria[i].substring(0, tabPos); 
   tabPos = plCriteria[i].indexOf('\t', currentCriterion[0].length()  
   + 1); 

   currentCriterion[1] =  
   plCriteria[i].substring(currentCriterion[0].length() + 1,  

   tabPos); 
   currentCriterion[2] =  
   plCriteria[i].substring(currentCriterion[0].length() +  

   currentCriterion[1].length()+2); 

 
   if (currentCriterion[0].compareTo("Title") == 0) 
   { 
      for (int j = 0; j < items.length; j++) 
      { 
         if (currentCriterion[1].compareTo("Contains") == 0) 
         { 
            if (items[j] != null &&  
            items[j].getSongTitle().indexOf(currentCriterion[2]) ==  
            -1) 
            { 
               items[j] = null; 
               nullCounter++; 
            } 
         } 
         else if (currentCriterion[1].compareTo("Starts with") == 0) 
         { 
            if (items[j] != null &&    
           !items[j].getSongTitle().startsWith(currentCriterion[2])) 
            { 
               items[j] = null; 
               nullCounter++; 
            } 
         } 
         else if (currentCriterion[1].compareTo("Ends with") == 0) 
         { 
            if (items[j] != null &&  
            !items[j].getSongTitle().endsWith(currentCriterion[2])) 
            { 



  44 

               items[j] = null; 
               nullCounter++; 
            } 
         } 
      } 
   } 
 

The same minor changes that had to be done in the Logic class apply here as well. One thing 

that immediately stands out is the conversion of the one line almost at the top in C#, which 

becomes 5 lines with a lot more complexity in the Java version. The reason for this is that the 

Split-method is not available in J2ME, which forces the programmer to carry out its 

functionality manually. This is a good example of how portability can be threatened by using 

too many language specific functions. Although this is not a very serious issue in this 

particular case, a similar case but with a bigger scope could prove problematic. One could 

therefore argue that the use of the Split-method should have been omitted in the C#-version, 

as long as the platforms/languages to which the program will be ported are known. If a 

program is going to be ported to several different environments, the original version should 

be as general as possible for all those other environments. 

6.2 Model 
Before the model is presented, a list of assumptions made based on the literature study and 

observations from the case study will be stated. 

6.2.1 Assumptions 
The model is built on three separate assumptions regarding portability. 

 

Assumption 1: A software system is considered portable if the initial cost of increasing 

its portability, plus the cost the number of times it will be ported, is lower than having it 

be redeveloped that same number of times. 

 

This assumption is partly based on Mooney’s formulas for estimating portability cost 

[Mooney93], as well as Hakuta’s and Ohminami’s observations [Hakuta97]. The choice 

between portability and redevelopment is not an easy one, because the relationship of their 

cost effectiveness is different based on the number of times the program is supposed to be 

ported/redeveloped. As was observed both during the case study and while reviewing the 

literature, there is always an initial cost included when attempting to achieve a certain degree 

of portability for a program, the cost based on how high a degree is desired. There are no 

extra costs associated with redevelopment apart from the redevelopment cost of the program 

itself. The result of this is usually that if a program will be made portable, it will be more 

cost effective to port it as many times as possible after that, i.e. redevelopment could very 

well be the better option unless the program is supposed to be ported enough times so that 

the benefits surpass the initial portability cost. 

 

Assumption 2: Portability is increased by separating environment-specific functionality 

from more general functionality. It is also increased by adding abstraction layers, and 

allowing as much resource sharing as possible within the system. 

 

This assumption is supported by literature mentioned in section 3.2, especially in 

[Kazman94a]. According to this literature there is no doubt that when designing an 

architecture with these attributes in mind, portability will be supported. 

 

Assumption 3: The level of portability that can be achieved for a system is limited by the 

performance level of it. 
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This assumption is a bit more vague, but highly relevant, especially regarding mobile 

devices. As was concluded by the literature and case studies, that while adding abstraction 

layers and separating modules for a software architecture definitely increases portability, it 

also reduces performance by having command calls go through several different parts of the 

system, and making memory and processor power management more difficult to optimize. 

6.2.2 The model 
The model will be presented as a collection of suggestions from the authors for achieving 

portability, which are based on observations made during this thesis project. Some of these 

are in part summarized from already existing and acknowledged documentation. The order 

of these guidelines will begin with design-related issues (1 and 2), continuing to more 

implementation-specific ones (3-5), and ending with portability issues regarding mobile 

development (5-8). 

 

1. Architecture design: A lot of how high the degree of portability a software product will be 

able to achieve is decided already by the architecture design. When designing the 

software architecture with portability in mind, fitting architectural styles and patterns 

should naturally be chosen. The aspects that should be supported to achieve portability 

are: separation, abstraction and resource sharing. The main purpose of the first two is for 

dividing specific functionality – a main aim for achieving portability. An example of a 

good architectural pattern for this is the layered approach (or n-tiered approach, a similar 

pattern), which attempts to divide the architecture into several different abstract layers. 

 

2. Architecture analysis methods: After having designed a software architecture with certain 

quality attributes in mind, certain methods can be applied to ensure that these quality 

attributes are properly supported. There are several to choose from, but a method such as 

ATAM (Architecture Tradeoff Analysis Method) which focuses on quality attributes and 

how these affect each other is of particular interest when attempting to achieve a high 

degree of portability. This is especially true for mobile development, where the issue of 

portability suppressing performance and vice-versa is a very sensitive matter. 

 

3. Initial portability cost: One of the big issues with portability that often turns developers 

away from it is the fact that to succeed with porting a program (i.e. making it cost-

effective) the developers need to put in a big initial cost to make the program portable 

enough to start with. Another fact that makes this issue even trickier is that the initial cost 

may be so high that after porting the program, it is still not cost-effective (which means 

that redevelopment would still have been more cost-effective). In other words, the cost-

effectiveness of portability might not show itself until the program has been ported 

several times. This is an important issue to keep in mind when planning for portability. 

The following basic formula demonstrates the portability vs. redevelopment issue: 

 

Cdiff = Cinit + X * Cport – X * Crdev 
 

where Cdiff  = cost difference between porting and redevelopment, Cinit = initial 

portability cost, Cport = cost each time the program is ported, Crdev = cost each time the 

program is redeveloped, and X = the number of environments the program is meant to be 

either ported or redeveloped to. Theoretically, if the cost difference is less than 0, porting 

would be the more cost effective option. Note that this is a very simplified formula, which 

does not take any external factors into account, such as the development team getting 

additional experience between each redevelopment, effectively reducing its cost between 

each redevelopment. 

 

4. Avoid environment-specific functions: Platforms or programming languages may have a 

lot of different features, functions, and methods etc. that are specific to their respective 

environments. These are often very comfortable to use and speeds up development of 
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single programs. However, for the purpose of portability, they can definitely pose a 

problem. When attempting to promote portability for a program, one of the highest 

priority goals is to make it as general as possible, which environment specific features 

often suppresses. Therefore, even if the language a program is being developed in offers 

various shortcuts in this form, they should most likely not be used, and instead be 

implemented in as general a manner as possible from the beginning, since then porting 

process will go more quick and easy later on. 

 

5. Start with the most general environment: If it is decided from the beginning of developing 

a software product that it shall be ported to several different environments, a lot of 

porting problems can be avoided by implementing the product for the most general 

environment available first. For instance, if a certain mobile application is planned to be 

implemented for one regular type of mobile phone, one type of Palm PC and one type of 

Smartphone, the best choice to start on would most likely be the regular mobile phone, 

since its various interfaces (input/output, resolution, user interface, file handling etc.) are 

the most prone to have a lot in common overall with the other platforms. The same goes 

for programming languages; if a certain program will be implemented in several different 

programming languages and one of them is Java, it would probably be the best language 

to start with, since Java is considered the most general, and hence, the most portable, 

high-level programming language there is for mobile development. 

 

6. Portability for mobile devices: As a market, the mobile development scene is much more 

diverse than, for instance, the PC market (speaking in terms of environments). There are a 

lot of different types of mobile devices, with various input/output systems, different 

operating systems, supported programming languages etc. This often serves to make 

portability an extremely desirable attribute to achieve, since there is no guarantee that a 

program will be competitive on the market otherwise. Any mobile application 

development should therefore always at least consider portability. 

 

7. Performance for mobile devices: Another known issue with mobile devices is the ever-

present problem with limited resources. Apart from possibly portability and usability, 

performance remains one of the top priority quality attributes to consider when 

developing mobile applications. The reason that this is mentioned here is the fact that 

portability and performance are almost each others’ opposites, design and 

implementation-wise. Most of the aspects that support portability actually suppress 

performance, and vice-versa. This causes mobile developers to always be forced to think 

in terms of portability vs. performance, because they can not afford to neglect either of 

them. A mobile development team therefore needs to early on (ideally before starting to 

design the architecture) decide on how important portability and performance are to them 

respectively. 

 

8. Separation for multiple mobile platforms: Because of the issue with the mobile market 

being so diverse, separation is one of the most important aspects to consider. The degree 

to which interfaces can vary between different platforms can be extremely high. 

Therefore the act of separating specific interfaces (input/output, file handling, memory 

management and user interface) becomes even more critical in the context of mobile 

development. With the general functionality and different types of specific functionality 

divided into more manageable parts, the act of porting mobile applications definitely 

becomes easier. 

6.3 Validity discussion 
This section contains a validity discussion for all results gathered during the thesis project. It 

is divided into four common research validity areas: credibility, transferability, dependability 

and confirmability. 
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6.3.1 Credibility 
There are a number of potential credibility-related threats to the thesis. A couple of these 

were already discussed in section 4.2, for the market analysis, i.e. the usage of only web sites 

for the data collection and the large number of unknown entries in the data. Apart from 

these, one possible threat is that the documented literature surrounding portability is pretty 

scarce (this is of course also an argument why more projects like this thesis need to be 

conducted), since there was not a huge number of different sources to strengthen some 

claims. Documented cases where official portability approaches are conducted practically 

were even rarer. 

 

The estimates for regular costs and portability-related costs is a threat to the credibility as 

well, as a fair amount of the estimated man-hours could be subjective, especially where it 

was difficult to see a clear distinction between activities related to regular and portability-

related development. This has been taken into consideration when analyzing these results 

and when constructing the model out of them, hopefully minimizing the impact of this threat. 

6.3.2 Transferability 
The main transferability threat is that the technological details for the audio player 

development are pretty specific. It is a specific type of application (audio player), developed 

for two certain platforms (Windows Mobile 6 and J2ME) in two different languages (C# and 

Java). This definitely puts a certain limit on where the results of this thesis can be applied. 

However, a number of measurements were taken to minimize this threat as much as possible. 

First of all, the approach for achieving portability was heavily studied, and applied in as 

general a way as possible, e.g. using a layered architecture design, dividing interfaces and 

specific functionality. This ensures that the approaches taken can be partly applied to other 

projects, as long as portability is of concern. Secondly, the model suggested is only meant to 

seen as rough guidelines that might be applicable to other projects. These are also highly 

generalized to further promote the use of them elsewhere. 

6.3.3 Dependability 
The dependability of neither the literature study nor the market analysis is considered to be 

any real threat to the study, since they would be fairly easy to reproduce. The case study is 

another matter though, with a couple of factors affecting its reproducibility negatively. 

Naturally, reproducing a case study like this is difficult, since both the environment and 

development team can diverge greatly, which would give varying results. The impact of this 

threat is partially decreased in the same way as transferability in section 6.3.2, i.e. some of 

the approaches taken to achieve portability are pretty general, which means they are likely to 

be chosen by other development teams as well. 

 

The environment was not considered a particular issue for the validity of the case study. The 

program that was developed is a pretty generic mobile application, requiring no extra tools or 

other special environmental circumstances. 

6.3.4 Confirmability 
How easily the results of any research can be confirmed/corroborated by others is referred to 

as confirmability. This primarily takes personal bias of the researchers into account. 

Therefore, this section will discuss how the authors’ opinions might differ from other 

researchers. 

 

As the methodology overview section (3.1) details, the research was initiated with a 

literature study, which served to form the basic opinions of the authors regarding portability, 

both in general and in relation to mobile development. This could be a threat to validity, 

since the authors’ knowledge and experience in research evaluation are limited, which means 

that the results gathered from the literature study may not be completely relevant. 
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6.4 Answering of research questions 
 

RQ1: What is the current state-of-the-art of software portability?  

 

Portability has always been considered a desirable attribute to achieve for a software 

product. In spite of this, however, a lot of companies rarely incorporate any official 

techniques for it, and it is rather most often achieved by ad hoc methods. There are two 

possible main reasons for this. The first one is that there exist very little documented and 

tested approaches specifically constructed for achieving portability. The second is most 

likely that project managers are hesitant to bet on portability early on, partly because of the 

nature of software development in the industry today which promotes developing software as 

quickly and cost-effective as possible, while portability increases costs at the beginning of 

the project for reducing costs later on when the product will be ported. When increasing 

portability for a program, a generally accepted concept is to control interfaces and isolate 

dependencies, by separating specific functionality and adding abstraction layers. This is 

further discussed in section 3.1, 3.2 and 3.4. 

 

RQ2: What methodologies exist when validating the cost effectiveness of software 

portability? 

 

Mooney has constructed a set of methods and formulas to evaluate cost effectiveness of 

portability [Mooney93]. To see whether porting the program was successful or not, this basic 

formula can be utilized: 

 

Degree of portability = 1 – (cost to port / cost to redevelop) 

 

If this value is greater than 0, porting is considered to be the more cost-effective option. A 

value of 1 denotes perfect portability, i.e. the cost to port is 0. 

 

Hakuta and Ohminami have developed a method of their own for calculating cost 

effectiveness of portability [Hakuta97]. These formulas are slightly more complex than 

Mooney’s [Moone93], but seem to generate valid results. The method focuses on what they 

call porting impediment factors (things that hinder the portability process) and porting cost 

factors (conditions which increase the cost of porting). 

 

RQ3: What challenges are associated with the porting of mobile applications? 

 

There are two specific main issues that need to be considered extra carefully when porting 

for mobile devices. The first one is the ever-present portability vs. performance problem. 

Naturally, this problem could exist in any software development situation, but it is even 

more emphasized in mobile development, since the devices are very limited resource-wise. 

Portability and performance usually always hinder each other, which forces development 

teams to decide how much performance they are ready to let go for the purpose of a higher 

degree of portability. The second issue lies in mobile diversity. Standards for input/output, 

resolution, resource management etc. are very scarce and/or divided. This often requires 

extra effort when porting mobile applications, since more code changes are needed. More 

about this can be found under section 3.3. 

 

RQ4: In what ways can results from using current software portability methodologies be 

evaluated?  

 

There are two distinct processes tied to portability; achieving a high degree of portability for 

a program, and the act of porting itself. To evaluate if a certain software product has 

achieved a high degree of portability, without porting it, various methods for analyzing the 
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architecture can be applied, such as SAAM (Software Architecture Analysis Method), 

ATAM (Architecture Trade-off Analysis Method) or QARCC (Quality Attribute Risk and 

Conflict Consultant). When porting an application the most common way to evaluate the 

effectiveness is to simply measure the summarized costs of porting it. Atop on this should be 

added the initial one-time cost of making the base program more portable. The answer to 

RQ2 applies here as well. 

 

RQ5: What are the most important aspects to consider when attempting to achieve as high a 

degree of portability as possible (both in general and for mobile development)? 

 

Eight very important areas have been identified and proposed as guidelines. These areas are: 

architecture design, architecture analysis methods, the initial portability cost, avoiding 

environment-specific features and functions, starting with the most general environment, 

considering portability, as well as performance, for mobile applications, and separation of 

specific functionality in mobile applications. All of these areas were described under section 

6.2.2. 
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7 CONCLUSIONS 
The general main conclusion that can be drawn from this thesis is that when developing for 

mobile devices, portability becomes even more of an issue than when developing for 

example the PC market. This is true in the sense that portability becomes more important, 

since the mobile market is extremely diverse and porting applications is a must to stay 

competitive, but also in the sense that it becomes a lot harder to obtain, because of 

performance also being of much greater importance in low-resource environments such as 

mobile phones. 

 

In this thesis, a literature study was carried out, as well as the development and porting of a 

mobile application, to gain results to strengthen the claims from the literature study. All of 

this served as the basis for developing a model, consisting of guidelines that one can use 

when developing a program with portability as a main attribute, especially so for mobile 

devices. These guidelines include information for both the design phase and implementation 

phase, but also information specifically targeted for mobile development. 

 

Portability will always be considered a desirable attribute to achieve for a software system, 

particularly so for mobile applications. Unfortunately, methodologies for achieving it are 

rarely applied in a very official and thorough way, with issues such as the high initial cost, 

and the low number of documented approaches for this being key issues for hindering it. 

Hopefully, more work can be conducted in the future, changing the current state of 

portability and allowing it a larger role in the software development cycle, instead of just 

being an afterthought when the initial development has been completed. 
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8 FUTURE WORK 
There are a number of areas where further work could be carried out. First of all, the cost-

related data in section 6.1.1 would have been much more relevant and appealing if it had 

been accompanied with data for redevelopment costs. For example, it would be very 

interesting to conduct a similar case study, but where two development teams are used. After 

the requirements specification has been completed, it is then handed out to both teams, after 

which one of the teams will develop a program with portability in mind, and then porting 

that program to a certain number of environments, while the other team would just develop a 

program under regular conditions, and then instead redeveloping it for the same 

environments. The costs could then be thoroughly compared and examined, to gain further 

insight into the topic of portability vs. redevelopment. 

 

Another area, which was considered not feasible due to the scope of this thesis project, 

would have been to more thoroughly examine the portability vs. performance aspect in 

mobile development. In this case, several different versions of an application could be 

developed, each with different degrees of portability and performance. Conclusions that 

could be drawn from this would be how portable one can make an application before the 

performance becomes too high an issue, how low degree of portability would be acceptable 

when trying to port the application etc. 

 

One of the weaknesses in this thesis project is that the specific combination of platforms and 

programming languages makes the results in section 6.1.1 and 6.1.2 less applicable in other 

situations. The fact that both the platforms and programming languages used in the case 

study are pretty different from each other especially lowers the transferability of the results. 

Therefore, further work with similar goals, but either using the same programming language 

between different platforms, or vice-versa, would create results that could be used in a wider 

range of situations. For instance, if the programming languages were the same, comparisons 

of code between different platforms could have been used to a much larger extent, possibly 

allowing the creation of a more code-based, mathematical model. 
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APPENDIX A – MOBILE MARKET ANALYSIS DATA 
 

Q1 2007 

 

Cell phone name Memory Resolution Developer 

Platform 

Audio 

Cingular SYNC Unknown 240x320 pixels Unknown Yes, MP3 support 

LG Chocolate 130 MB 240x320 pixels Unknown Yes, MP3 support 

LG VX9400 Unknown 240x320 pixels Unknown Yes, MP3 support 

Motorola KRZR 

K1 

20 MB 176x220 pixels Java ME Yes, MP3 / AAC / 

AAC+ / eAAC+ support 

Motorola KRZR 

K1m 

25 MB 176x220 pixels Unknown Yes, MP3 / AAC / 

AAC+ / eAAC+ support 

Motorola Q Pro 49.5 MB 320x240 pixels Windows 

Mobile 5.0 

Yes, MP3 support 

Motorola RAZR 

V3maxx (Ferrari 

Challenge) 

50 MB 240x320 pixels Unknown Yes, MP3 / AAC / 

AAC+ / eAAC+ support 

Motorola RAZR 

V3xx 

60 MB 240x320 pixels Java ME Yes, MP3 support 

Motorola RIZR Z3 20 MB 176x220 pixels Java ME Yes, MP3 / AAC / 

AAC+ / eAAC+ support 

Motorola SLVR 

L7e 

20 MB 176x220 pixels Java ME Yes, MP3 / AAC / 

AAC+ / eAAC+ support 

Nokia 5300 

XpressMusic 

5 MB 240x320 pixels Unknown Yes, MP3 / AAC / 

AAC+ / eAAC+ / WMA 

support 

Nokia 6126 10 MB 320x240 pixels Series 40 3rd 

Edition 

Yes, MP3 / MP4 / AAC 

/ AAC+ / eAAC+ / 

WMA support 

Nokia 6300 7.8 MB 240x320 pixels Series 40 3rd 

Edition 

Yes, MP3 / MP4 / AAC 

/ AAC+ / eAAC+ / 

WMA support 

Nokia E65 50 MB 320x240 pixels S60 3rd 

Edition 

Yes, MP3 / AAC 

support 
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Nokia N95 160 MB 240x320 pixels S60 3rd 

Edition 

Yes, MP3 / AAC / 

AAC+ / eAAC+ / WMA 

/ M4A support 

Palm Treo 750 60 MB 240x240 pixels Windows 

Mobile 5.0 

Yes, MP3 support 

RIM BlackBerry 

8800 

64 MB 320x240 pixels Unknown Yes, MP3 / AAC 

support 

RIM BlackBerry 

Pearl 

64 MB 240x260 pixels Unknown Yes, MP3 / AAC / 

AAC+ / eAAC+ support 

Samsung A930 33 MB 176x220 pixels Unknown Yes, MP3 support 

Samsung Stripe 

(T329) 

Unknown 128x160 pixels Unknown No 

Samsung T219 Unknown 128x160 pixels Unknown Yes, MP3 support 

Samsung U340 Unknown 128x160 pixels Unknown No 

Samsung U540 Unknown 176x220 pixels Unknown Yes, MP3 support 

Samsung U620 Unknown 240x320 pixels Unknown Yes, MP3 support 

Samsung U740 60 MB 176x220 pixels Unknown Yes, MP3 support 

Sony Ericsson 

W880i 

10 MB 240x320 pixels Sony Ericsson 

Java Platform 

7 

Yes, MP3 / AAC / 

AAC+ / eAAC+ / M4A 

support 

Verizon Wireless 

PN-820 

64 MB 240x320 pixels Windows 

Mobile 5.0 

Yes, MP3 support 

 

Q2 2007 

 

Cell phone name Memory Resolution Developer 

Platform 

Audio 

Apple iPhone 4GB 320x480 pixels Mac OS X Yes, MP3 support 

AT&T 8525 51 MB 240x320 pixels Windows 

Mobile 5.0 

Yes, MP3 support 

HTC Mogul 256 MB 240x320 pixels Windows 

Mobile 6.0 

Yes, MP3 support 

LG CU405 Unknown 176x220 pixels Java ME Yes, MP3 support 

LG CU500v 16 MB 176x220 pixels Unknown Yes, MP3 / AAC / 

AAC+ / WMA support 

LG VX8700 28 MB 240x320 pixels Unknown Yes, MP3 support 

Motorola Deluxe 

(ic902) 

Unknown 240x320 pixels Unknown Yes, MP3 support 

Motorola KRZR 

K3 

64 MB 240x320 pixels Java ME Yes, MP3 support 
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Motorola Q q9 256 MB 320x240 pixels Windows 

Mobile 6.0 

Yes, MP3 support 

Motorola RAZR 

MAXX Ve 

60 MB 240x320 pixels Unknown Yes, MP3 support 

Motorola RIZR Z8 90 MB 240x320 pixels Symbian OS 

9.2 

Yes, MP3 support 

Motorola SLVR 

L9 

20 MB Unknown Unknown Yes, MP3 / AAC / 

AAC+ / eAAC+  / WAV 

support 

Motorola W205 1 MB 128x128 pixels Unknown No 

Motorola W215 1 MB 128x128 pixels Unknown No 

Motorola W385 32 MB 128x160 pixels BREW No 

Motorola W510 15 MB 176x220 pixels Java ME Yes, MP3 / AAC 

support 

Nokia 2610 2 MB 128x128 pixels Series 40 2nd 

Edition 

Yes, MP3 support 

Nokia 3110 9 MB 128x160 pixels Series 40 3rd 

Edition 

Yes, MP3 / MP4 / AAC 

/ AAC+ / eAAC+ / 

WMA support 

Nokia 5070 4.3 MB 128x128 pixels Series 40 2nd 

Edition 

Yes, MP3 support 

Nokia 5700 

XpressMusic 

35 MB 320x240 pixels S60 3rd 

Edition 

Yes, MP3 / AAC / 

AAC+ / eAAC+ / WMA 

support 

Nokia 6086 5 MB 128x160 pixels Series 40 3rd 

Edition 

Yes, MP3 / MP4 / AAC 

/ AAC+ / eAAC+ / 

WMA support 

Nokia 6110 40 MB 240x320 pixels S60 3rd 

Edition 

Yes, MP3 / MP4 / AAC 

/ eAAC+ / WMA 

support 

Nokia 6120 35 MB 240x320 pixels S60 3rd 

Edition 

Yes, MP3 / MP4 / AAC 

/ AAC+ / eAAC+ / 

WMA support 

Nokia 7088 Unknown 128x160 pixels Unknown Yes, MP3 support 

Nokia 8600 Luna 128 MB 240x320 pixels Series 40 3rd 

Edition 

Yes, MP3 / AAC / 

AAC+ / eAAC+ / WMA 

support 

Nokia 8800 128 MB 208x208 pixels Series 40 2nd 

Edition 

Yes, MP3 / AAC 

support 

Nokia E61i 60 MB 320x240 pixels S60 3rd 

Edition 

Yes, MP3 / AAC / 

eAAC+ / M4A support 
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Nokia E90 

Communicator 

128 MB 800 x 352 px S60 3rd 

Edition 

Yes, MP3 / AAC 

support 

Nokia N75 40 MB 240x320 pixels S60 3rd 

Edition 

Yes, MP3 support 

Nokia N76 26 MB 240x320 pixels S60 3rd 

Edition 

Yes, MP3 / AAC / 

eAAC / eAAC+ / M4A / 

WMA support 

Nokia N77 20 MB 320x240 pixels S60 3rd 

edition 

Yes, MP3 / AAC / 

AAC+ / eAAC+ / WMA 

support 

Nokia N93i 50 MB 240x320 pixels S60 3rd 

edition 

Yes, MP3 / AAC / 

AAC+ / eAAC+ / WMA 

support 

Palm Treo 755p 60 MB 320x320 pixels Palm OS 

5.4.9 

Yes, MP3 support 

Pantech C3b 10 MB 128x128 pixels Unknown Yes, MP3 support 

RIM Blackberry 

8830 

64 MB 320x240 pixels Unknown Yes, MP3 / AAC 

support 

RIM Blackberry 

Curve (8300) 

64 MB 320x240 pixels Unknown Yes, MP3 / AAC / 

AAC+ / eAAC+ support 

Samsung A717 50 MB 240x320 pixels Unknown Yes, MP3 support 

Samsung A727 30 MB 220x176 pixels Unknown Yes, MP3 support 

Samsung M300 512 kb 128x160 pixels Java ME No 

Samsung M510 53 MB 176x220 pixels Unknown Yes, MP3 support 

Samsung T409 21 MB 128x160 pixels Unknown No 

Samsung UpStage 100 MB 176x220 pixels Unknown Yes, MP3 support 

Sanyo SCP-3200 4 MB 128x160 pixels Unknown No 

Sanyo SCP-7050 12 MB 240x320 pixels Unknown No 

Sony Ericsson 

J110i 

Unknown 96x64 pixels Unknown No 

Sony Ericsson 

J120i 

Unknown 96x64 pixels Unknown No 

Sony Ericsson 

K200i 

2 MB 128x128 pixels Unknown No 

Sony Ericsson 

K550i 

Unknown 176x220 pixels Sony Ericsson 

Java Platform 

7 

Yes, MP3 / AAC / 

AAC+ / eAAC+ / M4A 

support 

Sony Ericsson 

K810i 

64 MB 240x320 pixels Sony Ericsson 

Java Platform 

7 

Yes, MP3 / AAC / 

AAC+ / eAAC+ / M4A 

support 

Sony Ericsson 

W200a 

27 MB 128x160 pixels Sony Ericsson 

Java Platform 

6 

Yes, MP3 / AAC 

support 
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Sony Ericsson 

W610i 

64 MB 176x220 pixels Sony Ericsson 

Java Platform 

7 

Yes, MP3 / AAC / 

AAC+ / eAAC+ / M4A 

support 

Sony Ericsson 

W660i 

16 MB 176x220 pixels Sony Ericsson 

Java Platform 

7 

Yes, MP3 / AAC / 

AAC+ / eAAC+ / M4A 

support 

Sony Ericsson 

Z550a 

25 MB 176x220 pixels Unknown Yes, MP3 / AAC 

support 

T-Mobile Sidekick 

iD 

64 MB 240x160 pixels Unknown Yes, MP3 support 

T-Mobile Wing 27 MB 240x320 pixels Windows 

Mobile 6.0 

Yes, MP3 support 

 

Q3 2007 

 

Cell phone name Memory Resolution Developer 

Platform 

Audio 

LG CE110 64 MB 128x128 pixels Java ME No 

LG CG180 Unknown 128x128 pixels Unknown No 

LG Chocolate 

(VX8550) 

64 MB 240x320 pixels Unknown Yes, MP3 support 

LG LX160 8 MB 128x160 pixels Java ME No 

LG Muziq 

(LX570) 

17 MB 176x220 pixels Java ME Yes, MP3 support 

LG Trax (CU575) 64 MB 176x220 pixels Java ME Yes, MP3 support 

LG VX8350 Unknown 176x220 pixels Unknown Yes, MP3 support 

Motorola Q gsm 40 MB 320x240 pixels Windows 

Mobile 6 

Yes, MP3 support 

Motorola Q9m 64 MB 320x240 pixels Windows 

Mobile 6 

Yes, MP3 support 

Motorola RAZR2 

V9 

45 MB 240x320 pixels Linux OS Yes, MP3 support 

Motorola RAZR2 

V9m 

45 MB 240x320 pixels Linux OS Yes, MP3 support 

Motorola RIZR Z6 64 MB 240x320 pixels Linux OS Yes, MP3 / AAC / 

AAC+ / eAAC+ / WAV 

support 

Motorola ROKR 

Z6m 

Unknown 240x320 pixels Unknown Yes, MP3 / AAC / 

AAC+ / eAAC+ support 

Nokia 3500 

Classic 

8.5 MB 128x160 pixels Series 40 3rd 

Edition 

Yes, MP3 / AAC / 

AAC+ / eAAC+ / WMA 

support 

Nokia 6085 4 MB 128x160 pixels Series 40 3rd 

Edition 

Yes, MP3 / MP4 / AAC 

/ AAC+ / eAAC+ / 

WMA support 
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Nokia 6121 

Classic 

35 MB 240x320 pixels S60 3rd 

Edition 

Yes, MP3 / MP4 / AAC 

/ AAC+ / eAAC+ / 

WMA support 

Nokia 6267 30 MB 240x320 pixels Series 40 5th 

Edition 

Yes, MP3 / AAC / 

AAC+ / eAAC+ / WMA 

support 

Nokia 6500 

Classic 

920 MB 240x320 pixels Series 40 5th 

Edition 

Yes, MP3 / AAC / 

AAC+ / eAAC+ / WMA 

support 

Nokia 6500 Slide 20 MB 240x320 pixels Series 40 5th 

Edition 

Yes, MP3 / AAC / 

AAC+ / eAAC+ / WMA 

support 

Nokia 6555 30 MB 240x320 pixels Series 40 5th 

Edition 

Yes, MP3 support 

Nokia 7500 Prism 30 MB 240x320 pixels Series 40 5th 

Edition 

Yes, MP3 / AAC / 

eAAC+ / WMA support 

Nokia 7900 Prism 920 MB 240x320 pixels Series 40 5th 

Edition 

Yes, MP3 / AAC / 

eAAC+ / WMA support 

RIM BlackBerry 

8820 

64 MB 320x240 pixels Unknown Yes, MP3 / AAC 

support 

RIM BlackBerry 

Curve 

64 MB 320x240 pixels Unknown Yes, MP3 / AAC / 

AAC+ / eAAC+ support 

Samsung A117 490 kB 128x160 pixels Unknown No 

Samsung A437 3 MB 128x160 pixels Java ME Yes, MP3 support 

Samsung Blast 

(T729) 

11 MB 176x220 pixels Java ME Yes, MP3 / AAC 

support 

Samsung T419 Unknown 128x160 pixels Java ME Yes, MP3 support 

Samsung T429 3 MB 128x160 pixels Java ME No 

Samsung U410 Unknown 128x160 pixels Unknown No 

Sanyo Katana 

DLX 

32 MB 240x320 pixels Unknown Yes, MP3 support 

Sanyo Katana II 

(SCP-6650) 

21 MB 240x320 pixels Unknown No 

Sony Ericsson 

K530i 

16 MB 240x320 pixels Sony Ericsson 

Java Platform 

7 

Yes, MP3 / AAC / 

AAC+ / eAAC+ / M4A 

support 

Sony Ericsson P1i 160 MB 240x320 pixels Symbian OS 

v9.1 

Yes, MP3 / AAC / 

AAC+ / eAAC+ support 

Sony Ericsson 

S500i 

12 MB 240x320 pixels Sony Ericsson 

Java Platform 

7 

Yes, MP3 / AAC / 

AAC+ / eAAC+ support 

Sony Ericsson 

T250a 

2 MB 128x160 pixels Unknown No 

Sony Ericsson 

T650i 

16 MB 240x320 pixels Sony Ericsson 

Java Platform 

7 

Yes, MP3 / AAC 

support 
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Sony Ericsson 

W580i 

12 MB 240x320 pixels Sony Ericsson 

Java Platform 

7 

Yes, MP3 / AAC / 

AAC+ / eAAC+ / M4A 

support 

Sony Ericsson 

Z250a 

10 MB 128x160 pixels Unknown No 

Sony Ericsson 

Z310a 

14 MB 128x160 pixels Unknown Yes, MP3 support 

Sony Ericsson 

Z320a 

12 MB 128x128 pixels Unknown Yes, MP3 / AAC 

support 

 

Q4 2007 

 

Cell phone name Memory Resolution Developer 

Platform 

Audio 

AT&T Tilt (8925) 256 MB 240x320 pixels Windows 

Mobile 6 

Yes, MP3 support 

HTC Touch 128 MB 240x320 pixels Windows 

Mobile 6 

Yes, MP3 support 

LG CU515 55 MB 176x220 pixels Java ME Yes, MP3 support 

LG Rumor Unknown 176x220 pixels Unknown Yes, MP3 / AAC / 

AAC+ / M4A support 

LG Shine 

(CU720) 

70 MB 240x320 pixels Java ME Yes, MP3 support 

LG Venus 

(VX8800) 

64 MB 320x240 pixels Unknown Yes, MP3 support 

LG Voyager 184 MB 400x240 pixels Unknown Yes, MP3 support 

LG VX5400 Unknown 128x160 pixels Unknown No 

Motorola Q 9h 256 MB 320x240 pixels Windows 

Mobile 6 

Yes, MP3 support 

Motorola Q9c 64 MB 320x240 pixels Windows 

Mobile 6 

Yes, MP3 support 

Motorola RAZR2 

V8 

2 GB 240x320 pixels Linux OS Yes, MP3 / AAC / 

AAC+ / eAAC+ / WMA 

support 

Motorola RIZR 

Z6tv 

50 MB 240x320 pixels Unknown Yes, MP3 support 

Motorola U9 25 MB 240x320 pixels Java ME Yes, MP3 / AAC / 

AAC+ / eAAC+ support 

Motorola W490 5 MB 176x220 pixels Java ME Yes, MP3 / AAC 

support 

Motorola Z6c 40 MB 240x320 pixels Java ME Yes, MP3 support 

Nokia 6263 30 MB 240x320 pixels Series 40 5th 

Edition 

Yes, MP3 / AAC / 

AAC+ / WMA / M4A 

support 

Nokia 8800 Arte 1 GB 240x320 pixels Series 40 5th 

Edition 

Yes, MP3 / AAC / 

eAAC+ / WMA support 

Nokia E51 130 MB 240x320 pixels S60 3rd 

Edition 

Yes, MP3 / AAC / 

eAAC+ / M4A support 
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Nokia N81 12 MB 240x320 pixels S60 3rd 

Edition 

Yes, MP3 / AAC / 

eAAC+ / AAC+ / WMA 

/ M4A / WAV support 

Nokia N82 100 MB 240x320 pixels S60 3rd 

Edition 

Yes, MP3 / AAC / 

eAAC / eAAC+ / WMA 

/ M4A support 

Nokia N95 8GB 8 GB 240x320 pixels S60 3rd 

Edition 

Yes, MP3 / AAC / 

AAC+ / eAAC+ / WMA 

/ M4A support 

Palm Centro 64 MB 320x320 pixels Palm OS 5.4.9 Yes, MP3 support 

Pantech Duo 64 MB 240x320 pixels Windows 

Mobile 6 

Yes, MP3 support 

RIM Blackberry 

Curve (8310) 

64 MB 320x240 pixels Blackberry 

OS 

Yes, MP3 support 

RIM Blackberry 

Pearl (8130) 

64 MB 240x260 pixels Unknown Yes, MP3 support 

Samsung A127 Unknown 128x160 pixels Unknown No 

Samsung A517 Unknown 176x220 pixels Unknown Yes, MP3 support 

Samsung A737 50 MB 176x220 pixels Unknown Yes, MP3 support 

Samsung Beat 

(T539) 

28 MB 128x160 pixels Unknown Yes, MP3 / AAC / 

AAC+ / WMA / M4A 

support 

Samsung 

BlackJack II 

(I617) 

155 MB 320x240 pixels Windows 

Mobile 6 

Yes, MP3 support 

Samsung FlipShot 

(U900) 

Unknown 240x320 pixels Java ME Yes, MP3 support 

Samsung Gleam 

(U700) 

20 MB 240x320 pixels Java ME Yes, MP3 support 

Samsung Juke 

(U470) 

2 GB 128x220 pixels Unknown Yes, MP3 / AAC / 

AAC+ / WMA / M4A 

support 

Samsung Katalyst 

(T739) 

5 MB 176x220 pixels Java ME Yes, MP3 support 

Samsung SLM 

(A747) 

50 MB 176x220 pixels Unknown Yes, MP3 support 

Samsung T439 5 MB 128x160 pixels Unknown Yes, MP3 / AAC / 

AAC+ support 

Samsung T639 30 MB 176x220 pixels Unknown Yes, MP3 / AAC / 

AAC+ / eAAC+ / WMA 

support 

Samsung UpStage 100 MB 176x220 pixels Unknown Yes, MP3 support 

Sanyo S1 1 MB 128x160 pixels Unknown No 

Sony Ericsson 

K630i 

32 MB 176x220 pixels Sony Ericsson 

Java Platform 

8 

Yes, MP3 / AAC / 

AAC+ / eAAC+ / M4A 

support 
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Sony Ericsson 

K770i 

16 MB 240x320 pixels Sony Ericsson 

Java Platform 

7 

Yes, MP3 / AAC / 

AAC+ / eAAC+ / M4A 

support 

Sony Ericsson 

K850i 

40 MB 240x320 pixels Sony Ericsson 

Java Platform 

8 

Yes, MP3 / AAC / 

AAC+ / eAAC+ / M4A 

support 

Sony Ericsson 

W910i 

40 MB 240x320 pixels Sony Ericsson 

Java Platform 

8 

Yes, MP3 / AAC / 

AAC+ / eAAC+ / M4A 

support 

Sony Ericsson 

W960i 

8 GB 240x320 pixels Symbian OS Yes, MP3 / AAC / 

AAC+ / eAAC+ / M4A 

support 

T-Mobile Shadow 128 MB 240x320 pixels Windows 

Mobile 6 

Yes, MP3 support 

T-Mobile Sidekick 

LX 

64 MB 400x240 pixels Unknown Yes, MP3 / AAC 

support 

T-Mobile Sidekick 

Slide 

Unknown 320x240 pixels Unknown Yes, MP3 / AAC 

support 

Verizon Wireless 64 MB 240x320 pixels Windows 

Mobile 6 

Yes, MP3 support 

 

Q1 2008 

 

Cell phone name Memory Resolution Developer 

Platform 

Audio 

Motorola W230 Unknown 128x128 pixels Unknown Yes, MP3 support 

Motorola W270 Unknown 128x128 pixels Unknown Yes, MP3 support 

Motorola Z10 70 MB 240x320 pixels Symbian OS v 

9.2 

Yes, MP3 / AAC / 

AAC+ / eAAC+ / WMA 

support 

Nokia 3555 30 MB 128x160 pixels Series 40 5th 

Edition 

Yes, MP3 / MP4 / AAC 

/ eAAC+ / WMA 

support 

Nokia 7900 

Crystal Prism 

1 GB 240x320 pixels Series 40 5th 

Edition 

Yes, MP3 / AAC / 

eAAC+ / WMA support 

RIM Blackberry 

Pearl (8120) 

64 MB 240x260 pixels Unknown Yes, MP3 / AAC / 

AAC+ / eAAC+ support 

Samsung Ace 

(I325) 

64 MB 320x240 pixels Windows 

Mobile 6 

Yes, MP3 support 

Samsung M520 18.5 MB 176x220 pixels Unknown Yes, MP3 support 



  64 

Samsung T819 30 MB 176x220 pixels Unknown Yes, MP3 support 

Samsung U550 Unknown 176x220 pixels Unknown Yes, MP3 support 

Sony Ericsson 

K660i 

32 MB 240x320 pixels Sony Ericsson 

Java Platform 

8 

Yes, MP3 / AAC / 

AAC+ / eAAC+ / M4A 

support 

Sony Ericsson 

T270i 

10 MB 128x160 pixels Unknown Yes, MP3 support 

Sony Ericsson 

T280i 

10 MB 128x160 pixels Java ME Yes, MP3 support 

Sony Ericsson 

W380a 

14 MB 176x220 pixels Sony Ericsson 

Java Platform 

7 

Yes, MP3 / AAC / 

AAC+ / eAAC+ / M4A 

support 

Sony Ericsson 

W890i 

26 MB 240x320 pixels Sony Ericsson 

Java Platform 

8 

Yes, MP3 / AAC / 

AAC+ / eAAC+ / M4A 

support 

Sony Ericsson 

Z555a 

12 MB 176x220 pixels Sony Ericsson 

Java Platform 

7 

Yes, MP3 / AAC / 

AAC+ / eAAC+ / M4A 

support 

Verizon Wireless 

SMT5800 

64 MB 240x320 pixels Windows 

Mobile 6 

Yes, MP3 support 

 

Q2 2008 

 

Cell phone name Memory Resolution Developer 

Platform 

Audio  

HTC Touch 

Cruise 

110 MB 240x320 pixels Windows 

Mobile 6 

Yes, MP3 / AAC / 

AAC+ / WMA / WAV 

support 

HTC Touch Dual 128 MB 240x320 pixels Windows 

Mobile 6 

Yes, MP3 / AAC / 

AAC+ / WMA / WAV 

support 

LG Dare 

(VX9700) 

148 MB 240x320 pixels Unknown Yes, MP3 support 

LG Decoy 

(VX8610) 

Unknown 240x320 pixels Unknown Yes, MP3 support 

LG enV2 

(VX9100) 

Unknown 240x320 pixels Unknown Yes, MP3 support 

LG LX400 18 MB 128x160 pixels Java ME Yes, MP3 support 

LG Vu 120 MB 240x400 pixels Java ME Yes, MP3 / AAC / 

AAC+ / WMA support 

Motorola W755 70 MB 176x220 pixels BREW Yes, MP3 / AAC / 

WMA support 
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Motorola Z9 45 MB 240x320 pixels Java ME Yes, MP3 support 

Nokia 2760 11 MB 128x160 pixels Series 40 5th 

Edition 

No 

Nokia 5220 

XpressMusic 

30 MB 240x320 pixels Series 40 5th 

Edition 

Yes, MP3 / MP4 / AAC 

/ eAAC+ / WMA 

support 

Nokia 5310 

XpressMusic 

30 MB 240x320 pixels Series 40 5th 

Edition 

Yes, MP3 / MP4 / AAC 

/ eAAC+ / WMA 

support 

Nokia 5320 

XpressMusic 

140 MB 240x320 pixels S60 3rd 

Edition 

Yes, MP3 / MP4 / AAC 

/ eAAC+ / WMA 

support 

Nokia 6205 58 MB 176x220 pixels Unknown Yes, MP3 support 

Nokia 6300i 30 MB 240x320 pixels Series 40 5th 

Edition 

Yes, MP3 / MP4 / AAC 

/ AAC+ / eAAC+ 

support 

Nokia 6301 30 MB 240x320 pixels Series 40 5th 

Edition 

Yes, MP3 / AAC / 

AAC+ / eAAC+ / WMA 

support 

Nokia N78 70 MB 240x320 pixels S60 3rd 

Edition 

Yes, MP3 / AAC / 

AAC+ / eAAC+ / WMA 

/ M4A support 

Nokia N96 16 GB 240x320 pixels S60 3rd 

Edition 

Yes, MP3 / AAC / 

AAC+ / eAAC+ / WMA 

/ M4A support 

Pantech Breeze 21 MB 176x220 pixels Unknown Yes, MP3 support 

RIM Blackberry 

Curve 8330 

64 MB 320x240 pixels Unknown Yes, MP3 / AAC / 

WAV / WMA support 

RIM Blackberry 

Pearl 8110 

64 MB 240 x 260 pixels Unknown Yes, MP3 / AAC / 

AAC+ / eAAC+ support 

Samsung A227 32 MB 128x160 pixels Unknown Yes, MP3 support 

Samsung Access 

A827 

100 MB 320x240 pixels Unknown Yes, MP3 support 

Samsung Alias 60 MB 176x220 pixels Unknown Yes, MP3 support 

Samsung Glyde 

U940 

Unknown 240x440 pixels Unknown Yes, MP3 support 

Samsung Instinct 

M800 

Unknown 240x432 pixels Unknown Yes, MP3 support 

Samsung T229 Unknown 128x160 pixels Unknown Yes, MP3 support 

Samsung T339 20 MB 176x220 pixels Unknown Yes, MP3 support 

Samsung Z400 

(Nextel) 

Unknown 176x220 pixels Unknown No 

Sanyo Katana LX 7 MB 128x160 pixels Unknown No 

Sanyo Pro-200 Unknown 240x320 pixels Unknown No 
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Sanyo Pro-700 Unknown 240x320 pixels Unknown No 

Sony Ericsson 

C702a 

150 MB 240x320 pixels Sony Ericsson 

Java Platform 

8 

Yes, MP3 / AAC / 

AAC+ / eAAC+ / M4A 

support 

Sony Ericsson 

C902i 

256 MB 240x320 pixels Sony Ericsson 

Java Platform 

8 

Yes, MP3 / AAC / 

AAC+ / eAAC+ / M4A 

support 

Sony Ericsson 

G502i 

32 MB 240x320 pixels Sony Ericsson 

Java Platform 

8 

Yes, MP3 / AAC / 

AAC+ / eAAC+ / M4A 

support 

Sony Ericsson 

G700i 

160 MB 240x320 pixels Symbian OS Yes, MP3 / AAC / 

AAC+ / eAAC+ / M4A 

support 

Sony Ericsson 

G900i 

160 MB 240x320 pixels Symbian OS Yes, MP3 / AAC / 

AAC+ / eAAC+ / M4A 

support 

Sony Ericsson 

R300i 

8 MB 128x160 pixels Java ME Yes, MP3 / AAC 

support 

Sony Ericsson 

R306i 

5 MB 128x160 pixels Java ME Yes, MP3 / AAC 

support 

Sony Ericsson 

T303i 

8 MB 128x160 pixels Java ME Yes, MP3 / AAC 

support 

Sony Ericsson 

Z750a 

26 MB 240x320 pixels Sony Ericsson 

Java Platform 

8 

Yes, MP3 / AAC / 

AAC+ / eAAC+ / M4A 

support 

Sony Ericsson 

Z770i 

32 MB 240x320 pixels Sony Ericsson 

Java Platform 

8 

Yes, MP3 / AAC / 

AAC+ / eAAC+ / M4A 

support 

Verizon Wireless 

XV6900 

128 MB 240x320 pixels Windows 

Mobile 6 

Yes, MP3 support 

 

 
 


