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Preface 
The project deals with the optimization and automation of J2ME development. Based on the cost 

free ‘Eclipse v.3.1’ (http://www.eclipse.org/) IDE and the Eclipse J2ME Plug-In ‘EclipseME’ 

(http://eclipseme.org/), I have developed a build system that package builds for a wide range of 

handsets by the press of a button. The build system is based on an extension of the ‘Apache Ant’ 

(http://ant.apache.org/) framework aimed at J2ME development named ‘Antenna’ 

(http://antenna.sourceforge.net/). 

 

Before defining a suitable build system, the project analyses the level of abstraction found 

necessary to accommodate all target handsets of a common J2ME production. This analysis lists 

common handset differences and the steps that should be taken to accommodate these. The analysis 

results in a general grouping of devices thereby limiting the necessary number of builds to be 

created by the build system. 

 

To fully understand this project, the reader should be familiar with basic J2ME terminology and 

development. Terms like MIDs, CLDC, MIDlet, JAD, MIDP, JAR etc. and the classes of the J2ME 

API should therefore not be strangers to the reader if he/she is to get an optimal experience from 

this report. If the reader is either unfamiliar with J2ME or simply needs to brush up his/her 

knowledge, I refer to Suns J2ME homepage (http://java.sun.com/j2me/) and the ‘J2ME Forums’ 

(http://www.j2meforums.com/yabbse/). 

 

The attached CD contains the following: 

- The project report in DOC and PDF formats under the folder ‘Report’. 

- An Eclipse project containing both the build system as well as source code to test the 

system on under ‘Code’. 

 

 

 

                                                                                                                                                          . 

Anders Bo Pedersen 

Student nr. 1818610966 
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1  Introduction 
Java™ is supposedly platform independent. The platform dependant Java Runtime Environment 

(JRE) ensures this independency by processing Java bytecode at runtime. Most experienced Java 

developers know that the proclaimed multiplatform ability does not always hold true in real life. 

When taking Java development to micro devices using the Java 2 Platform, Micro Edition (J2ME), 

this becomes very evident during the final steps of a development process. Due to the different soft- 

and hardware specifications of every handset that an application is supposed to run on, the platform 

independence of Java becomes insufficient. 

 

If a J2ME application should support a wide target group, every program build should take 

considerations regarding heap size, software versions, handset manufacturer, screen resolution etc 

of the target device. This often results in many different builds and tedious manual compiling 

processes unless some sort of automated versioning, maintenance and management tool is 

employed. 

 

This project will explore tools on the current market and try to solve the complex build matrix of a 

typical J2ME application. The project will also map out the many different variables a J2ME release 

build should respect. 
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2 Project Statement  

2.1 Idea and Purpose 
The main purpose of this project is to overcome the insufficiency of the platform independence of 

Java when developing J2ME applications. By employing a build system framework onto a common 

J2ME development toolbox, an automation of build processing should be possible. Such a 

framework will be identified and employed in this project. 

 

Besides employing an existing build system technology, it is this project’s intent to analyses the 

level of abstraction to use when deciding how many compilations a program should be divided into. 

An optimal compilation scheme will therefore be defined and argued. The design of the build 

system will reflect this analysis. 

 

The design of the build system will also reflect personal preferences based on past experience. 

Issues like portability and ease of use will therefore be some of the design criterion of the build 

system implementation. 

 

By employing a framework that enables automated build processing onto existing tools, this project 

will define a usable toolbox for J2ME application development, porting, versioning and 

maintenance in general. This project will therefore also possibly act as a great guide for ‘new-

commers’ to the J2ME platform. 

 

2.2 Limitations 
The conditions under which this project will be written are limited to: 

 

• The Java IDE Eclipse [3] and the J2ME Eclipse plug-in EclipseME [4] will be used as the base 

tools in this project. Both these tools are free to some degree and therefore perfect candidates 

for many developers. These two programs are therefore the first to go into the J2ME toolbox 

that should be the outcome of this project. 
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• This project will only deal with the problems that occur when developing J2ME for mobile 

phones. Other portable Java supported devices, like PDAs and Tablets will be disregarded. 

 

• Two phones will be used to test the implemented build system in practice. These phones have 

been chosen from their diverse firm-, soft-, and hardware specifications. The first phone is the 

Nokia N-Gage whose main features include CLDC 1.0, MIDP 1.0, Dynamic Heap and lots of 

bugs. The second phone is the Nokia 6600 whose main features include CLDC 1.1, MIDP 2.0, 

Dynamic Heap and also lots of bugs. Both phones are known for their huge amount of bugs that 

should be specially handled and are therefore perfect candidates for this project. Full 

specifications of the features of these phones can be found on the device database on [8]. 

 

2.3 Method 
This project will explore various tools in an effort to define a usable toolbox for J2ME application 

versioning and maintenance. This will be done through desktop research and ‘test ‘n trial’ hacking 

of software. The structure of this report is summarized in the following 

 

• Initial System Setup: This chapter will guide the reader through the installation and setup 

of the software base defined in the limitations. This chapter ensures that readers with little 

prior J2ME experience will be able to understand and hopefully learn form this project. 

• J2ME Development: This chapter will try to identify the phases of a J2ME production. 

From this break down the porting phase will be extracted and analyzed in depth. This 

analysis will involve setting up an exemplar build matrix, identifying common handset 

differences and finally choosing a technology to be used for the build system.  

• The Framework: The chosen build system framework will here be shortly introduced 

before implementing the actual system. 

• The Build System: This chapter introduces the product of the project, the build system. 

First a grouping of the devices in the build matrix will be settled. Next, the implementation 

and related choices taken will be discussed. 

• Test & Evaluation: In this chapter the build system will be tested on real phones. Code 

suited for the difference of the test phones will be run through the build system and the 

resulting builds then tested. 
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• Conclusion: Finally, this chapter sums up the reached results and discusses whether the 

initial goals have been reached. 
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3 Initial System Setup 
This chapter gives guided installation instructions for setting up the basis tools that this project is 

based upon. If the reader is already familiar with all these products, I advice you to simply skip this 

chapter. 

 

3.1 Java SDK 
The first thing to install is a Java Software Development Kit (Java SDK). To do so, one should go 

to http://java.sun.com for downloading. What is needed is a Java 2 Standard Edition (J2SE) SDK 

which holds all the base classes needed for the later installation of a wireless toolkit. The current 

J2SE SDK version is at writing hour the v.5.0 update 6. We can not use this SDK. Due to the 

differences between this new J2SE release and the older v.1.4.X releases, code preverification will 

fail in many development tools when developing J2ME apps. This means that the older v1.4.10 

version should be downloaded and installed. I recommend installing this SDK in a path called 

C:\bin\j2sdk1.4.2_10\. 

 

To avoid future errors when obfuscating and preverifying it is also recommended adding a reference 

to the SDK installation in the system path. Under Windows XP this is done by going to Start -> 

Control Panel -> System -> Advanced -> Environment Variables. Then find the ‘Path’ variable 

and add the following entry  ;C:\bin\j2sdk1.4.2_10\bin. 

 

3.2 Wireless Toolkit(s) 
Next thing to add to our setup is a Wireless Toolkit (WTK). These toolkits supply J2ME specific 

classes and also allow emulation of J2ME programs through various emulators. The standard WTK 

is Sun’s own. This can be found on http://java.sun.com/j2me/. I recommend downloading and 

installing the newest non-beta version and installing this in a path called e.g. C:\bin\WTK22\ for 

version 2.2. 

 

Note that most Mobile Phone producers have their own WTK with emulators supporting their 

specific devices. These are very much recommended to install as they include the vendor specific 
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J2ME extension later discussed in chapter 4.2.6 and also gives a clearer picture of how a J2ME app 

will run on a specific device. I especially recommend installing at least the following WTKs: 

• Nokia Developer's Suite 3.0 for J2ME™, http://www.forum.nokia.com 

• Motorola SDK v5.2.1 for J2ME™, http://www.motocoder.com 

• Sony Ericsson SDK 2.2.3 for the Java(TM) ME Platform, http://developer.sonyericsson.com 

 

3.3 Eclipse 
Eclipse is an open source IDE initially intended for Java development. Over the last couple of years, 

the open source community surrounding this project has greatly expanded the extents of the IDE. 

This means that the tool also supports languages like e.g. Python, C++, Symbian C++ etc if the 

proper plug-ins are installed. In my opinion, Eclipse is the best IDE for java development out there 

and since it is open source it is also free. Get Eclipse from http://www.eclipse.org/ and install it in 

C:\bin\eclipse\. Installation instructions are found on the website and ‘getting started’ instructions 

are found in the extensive ‘help’ function of the program. 

 

I usually setup my default Eclipse workspace in the following path, C:\bin\eclipse\workspace\, and 

advice you to do so as well. 

 

3.4 EclipseME Plug-in 
The EclipseME plug-in for Eclipse is like a J2ME template for the IDE. EclipseME handles J2ME 

specific imports, scans code errors while developing, ensures J2ME code completion, does 

packaging for you, integrates obfuscation possibilities and much more. The main functionality of 

EclipseME though, is the ability to integrate WTKs. This means that you can compile and run you 

J2ME code inside Eclipse by the click of a button. Get and install EclipseME from 

http://eclipseme.org/. Follow the installation instructions on the website strictly and remember to 

read the license agreement. 

 

Note that EclipseME supports several WTKs, not just the Sun WTK. Therefore integration of all the 

WTKs mentioned in 3.2 can be done following the installation instructions on the EclipseME 
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website. This is very useful since you then have access to all the emulators you ever need through 

one program instead of several. 

 

Also note that EclipseME allows easy integration of obfuscation tools like ProGuard 

(http://proguard.sourceforge.net/). Obfuscation is a good idea when doing J2ME development since 

it both reduces JAR size and protects your code against decompilation. Follow the instruction on the 

EclipseME website to integrate an obfuscator. 

 

3.5 Apache Ant 
The Apache Ant project is a build system framework for J2SE. Like other build systems, it helps 

controlling the evolutionary state of programs and allows source and resource filtering through 

preprocessing routines. This is exactly the framework we are looking for to create a build system. 

Sadly the framework does not support J2ME specific routines like JAD and JAR packing and 

therefore is not sufficient to cover the needs of this project. It may lay the groundwork though, since 

several J2ME extensions of Ant exist. We therefore need to install Ant as well. Or do we really? 

Luckily Ant is an integrated part of the Eclipse IDE which we have already installed by now and we 

therefore do not need to take further steps. Read more about Apache Ant on http://ant.apache.org/ . 

 

Ant should be added to the system path just like we did with the Java SDK. Therefore add the path 

to the Eclipse Ant plug-in, ;C:\bin\eclipse\plugins\org.apache.ant_1.6.5\bin\, in the same manner.  
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4 J2ME Development 
This chapter will discuss the phases of J2ME development. This will intentionally give a clear 

picture of why J2ME is a bit different from classic software development and give an understanding 

of why build systems are vital in wireless development. I will stress the importance of build systems 

by presenting the complexity of a typical build matrix. This will list the many device differences of 

a typical J2ME production. From this discussion I will identify common MIDlet issues that should 

be dealt with by a build system and also explain why. Finally a choice of technology for a build 

system is settled. 

 

4.1 The J2ME Development Cycle 
Software development has been going on for several decades now and standard approaches and 

techniques for software projects have therefore been settled long ago. In fig.1 (on the next page) a 

single iteration in the classic program life-cycle model is illustrated. This model should not be 

unfamiliar to anyone who has been introduced to Object Oriented Analysis and Design (OOAD) 

and will therefore not be explained further. A J2ME project, like any other software project, fits this 

classic model. Looking at the model will expose a small difference though. The keen eye will notice 

that I have added an extra J2ME specific phase, namely the porting phase. This phase is discussed 

in the following. 
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Fig 1. The iterative nature and classic phases of software development. Note the extra 

J2ME specific phase of ‘porting’ that has been given a very fitting hellish red color. 

 

When starting a J2ME project, it is common to choose a reference device for which to develop a 

master build of ones program. This reference device could either represent the average features of 

all intended target devices (to whatever extent possible) or represent the ‘weakest link’ of the target 

devices (slowest CPU, lowest heap size etc). If everything goes well a master build implementation 

for this reference device will be ready at some point. Testing of the master should then be done to 

ensure QoS. Note that one should always test the master build on the real reference device 

throughout the implementation phase to keep a realistic feeling of how the program runs on the 

actual device. The WTK emulators will NOT simulate real world device speeds correctly and 

should therefore not be solemnly trusted. After ensuring that one has a fully functional master build 

that lives up to the program specifications, time has then come to port the program to all the other 

chosen target devices. Hence the name of the next phase is the porting phase and it is in this phase 

that a build system comes in handy. 

 

Porting is an extensive part of J2ME development. Typically at least 33% of the entire budgeted 

development time should be allocated for this process. The reasons for this are the same as stated in 
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the introduction. The differences of the target devices’ firm-, hard- and software specifications are 

not handled correctly by the proclaimed platform compatibility of Java. The master build will 

therefore not function on many of the target devices. Therefore the master build should be altered, 

optimized and tested for every target device. This might not sound like hard task to solve but 

believe me it is. Imagine 40 target devices with unique bugs, different CPU and RAM 

specifications, different graphics support and screen resolution etc. and then imagine manually 

editing the master build for each of these. It is a very time consuming and unmanageable task I 

promise you. 

 

 I advice several techniques to ease the process of porting. First of all it is important to know the 

devices that you are developing for. Some research time should therefore be put into getting 

acquainted with unfamiliar target devices at the beginning of the porting phase or even earlier. 

Another good practice is remembering or writing down device specific experiences as they are 

encountered. Luckily other people have already done this to some extent and have also very kindly 

decided to share these experiences with the world. The device database of [8] is therefore a good 

place to start ones research. Good research will lead to faster porting since an experienced and well 

informed developer will foresee porting problems early in the implementation of the master build 

and handle these problems then. Another practice I advice that will speed up the porting phase is 

simply having patience to wait with porting and optimization. Even though porting is hard work, it 

is often fun to break the barriers that are keeping the master build from working on a certain device. 

It is not optimally efficient though to use an hour here and there in the master build implementation 

to ensure that it will work on device X. Instead a focused effort should be put into completing the 

master build and save the fun for later. Finally, as indicated several times by now, the main tool to 

employ in the porting phase is a build system. The goal and purpose of builds systems will be 

described in chapter 4.2 and the functionality of build systems will be discussed in chapter 4.4 

where the technology to use in this project will finally be settled. 

 

For a complete description of all phases of J2ME development I strongly advice reading [2]. This 

book is very detailed and even covers how to design your application for global release as well as 

the related marketing procedures. 

 



                                                                      J2ME Build System Design 
using Ant & Antenna 

 15

4.2 The Build Matrix 
To emphasize the complexity of porting, let’s take a look at an example porting situation.  In order 

to make a such more realistic, first thing that needs to be settled is defining a concrete development 

situation. In the following I will discuss the development of a J2ME release using the Nokia Series 

60 (S60) phones as reference devices. I have been able to attain a device support list from the 

Danmarks Radio production ‘Dolph spillet’. For reasons of format only, I have placed this list in 

Appendix I. This device list shows which devices that should be ported to in a typical Danish 

release. The supported devices in the list also match many of the specs of the reference phone I just 

defined as our example reference device. We can therefore use this list to define the target devices 

of this virtual setup based on the current Danish market. Please note that I have only decided to use 

the ‘Dolph Spillet’ example to make this discussion more realistic and because I needed to limit the 

target devices somehow. I realize that the ‘Dolph Spillet’ production says nothing about J2ME 

development in general. In figure 3 you will see a table listing of the devices I have chosen as target 

devices for this example porting phase and that match the S60 reference phones in regards to screen 

resolution. This table is referred to as the build matrix. 

 

Model 
Screen 
Resolution 

Color 
Depth

MIDP 
Version

CLDC 
Version

Heap 
Size 

APIs 

Nokia       

7650 176x208 12 1.0 1.0 Dynamic nokia-ui, wmapi, mmapi 
3600 176x208 12 1.0 1.0 Dynamic nokia-ui, wmapi, mmapi 
3620 176x208 16 1.0 1.0 Dynamic nokia-ui, wmapi, mmapi 
3650 176x208 12 1.0 1.0 Dynamic nokia-ui, wmapi, mmapi 
3660 176x208 16 1.0 1.0 Dynamic nokia-ui, wmapi, mmapi 
N-gage 176x208 12 1.0 1.0 Dynamic nokia-ui, wmapi, mmapi 
N-gage QD 176x208 12 1.0 1.0 16mb nokia-ui, wmapi, mmapi 

3230 176x208 
16 2.0 1.0 Dynamic nokia-ui, wmapi, mmapi, btapi, 

m3g 
6260 176x208 16 2.0 1.0 32mb nokia-ui, wmapi, mmapi, btapi 

6600 176x208 
16 2.0 1.0 3mb nokia-ui, wmapi, mmapi, btapi, 

jtwi 

6630 176x208 
16 2.0 1.1 Dynamic nokia-ui, wmapi, mmapi, btapi, 

m3g, pdaapi 
7610 176x208 16 2.0 1.0 8mb nokia-ui, wmapi, mmapi, btapi 

Sony Ericsson        

W600 176x220 
18 2.0 1.1 1,5mb mmapi, wmapi2.0, nokia-ui, 

m3g, pdaapi, webservice, btapi 

K600 176x220 
18 2.0 1.1 1,5mb mmapi, wmapi, nokia-ui, m3g, 

pdaapi, jtwi, wmapi1.1, btapi 

K750 176x220 
18 2.0 1.1 1,5mb mmapi, wmapi, nokia-ui, m3g, 

pdaapi, jtwi, wmapi1.1, btapi 
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K700 176x220 
16 2.0 1.1 1,5mb nokia-ui, mmapi, wmapi, m3g, 

jtwi, wmapi1.1, 3d-api 

V800 176x220 
18 2.0 1.1 1,5mb mmapi, wmapi, nokia-ui, m3g, 

jtwi, wmapi1.1, vscl2.0 

W800 176x220 
18 2.0 1.1 1,5mb mmapi, wmapi, nokia-ui, m3g, 

pdaapi, btapi 
Z1010 176x220 16 2.0 1.1 1,5mb mmapi, wmapi, nokia-ui 

Motorola        

V300 176x220 16 2.0 1.0 800kb wmapi, mmapi, Phonebook 
V400 176x220 16 2.0 1.0 800kb wmapi, mmapi, Phonebook 
V500 176x220 16 2.0 1.0 800kb wmapi, mmapi, Phonebook 
V525 176x220 16 2.0 1.0 800kb wmapi, mmapi, Phonebook 
V600 176x220 16 2.0 1.0 800kb wmapi, mmapi, Phonebook 

 
Fig 2. A build matrix. Target models have been chosen in regards to a Nokia Series 60 reference 
phone. The range of differences in hard- and software is notable. Source: www.j2mepolish.org  

 

To successfully port to all these target models or in other words solve the build matrix, one needs to 

accommodate all the differences present in the matrix. A quick scan of the matrix reveals 2 different 

screen resolutions and 3 different color depths. In regards to graphics this is potentially 2 x 3 

different builds summing up to 6. The profile and configuration support reveals the presence of both 

CLDC1.0/1.1 and MIDP1.0/2.0. This potentially means 6 x 2 x 2 different builds summing up to 

24. In regards to run time memory, the listed devices reveal 7 different heap sizes. This could 

potentially mean 24 x 7 builds and the total is now 168. Finally we got the API support. Some 

models support up to 8 additional APIs and the list of possible APIs all together is even longer. I’ll 

therefore stop counting number of builds since we are ways over a 1000 by now. I realize that this 

analysis is over saturated and not statistically correct, but it gives a good illustration of how the 

required number of builds easily adds up if the optimization requirements of a given production are 

very tight. 

 

In chapter 4.1 it was stated that manually altering a master build for 40 target devices is very time 

consuming. In the above example we now have 1000+ alteration that needs to be done. Spending 

time on manual adaptation to that many devices will burst most budgets in no time. An optimization 

of the porting phase is therefore necessary to make J2ME productions that respect the constraints of 

a budget realistic. Optimizing the porting phase could involve a long list of issues amongst which 

‘automation of build processes’, ‘ease of use’ and ‘portability’ would hold ranking positions. These 

issues are exactly what the main goals and purposes of a build system are all about. Build systems 

usually enable compilation, packaging and distribution of device builds through automated routines 
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that are easy to set up and manage. Integrating a build system as the main tool of the porting phase 

can prove to be a cheap and timesaving investment especially time is spent on making the system 

portable and reusable. The necessity and usefulness of a build system hereby be obvious. 

 

The experienced programmer might argue that device differences can all be handled in the source 

code and that the necessity of build system routines is therefore irrelevant. All classes and methods 

of a program could be designed and implemented to dynamically adapt to the target device. This is 

true. But such an approach will have heavy impact on the size of the final JAR file and I therefore 

do not recommended this. 

 

The basic technicalities and setup of the build system chosen for this project will be discussed in 

chapter 5. The implementation of build system designed from my personal preferences will be 

presented in chapter 6. 

 

4.3 Build Diversities 
In the following I will identify and list device differences that I fell need to be accommodated by a 

good build system in the porting phase. These chosen differences will be listed, explained and 

discussed based on both research and development experience. The main usage of this listing of 

differences is identifying the problems that will need to be taken care of in the preprocessing phase 

of the build system to be implemented. 

 

The device diversities listed in the following are what I define as the absolute minimum set of 

preprocessing criterion that a J2ME build system should respect to be able to be considered 

functional. I see no way of supporting a wide range of devices if these differences are not checked 

for and handled accordingly. Wrong handling of these diversities will simply cause applications to 

crash when a non-handled feature is called upon on a certain target devices. This is of cause not 

acceptable. Handling of the listed differences will be incorporated in the final build system design. 

 

I have chosen not to deal with networking differences in this segmentation of the typical MIDlet. 

This is simply because I had to limit this discussion somehow and because so many network 

extensions exist. The later build system will prove how easy it is to incorporate new parameters and 
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incorporating network support into an elaboration of this project should therefore not prove to be a 

problem. 

 

4.3.1 CLDC Support 
The Connected Limited Device Configuration (CLDC) is the lowest layer above the Kilobyte 

Virtual Machine (KVM) in the J2ME architecture [5]. It defines the base J2ME classes and sets the 

hardware limits of the MID it is running on. 

 

Two CLDC versions are currently on the market. The 1.0 and 1.1 version. The major additions to 

the 1.1 version are: 

• Floating point support (software implementation) 

• Minimum Memory support raised from 160Kb to 192Kb 

 

If a program e.g. utilizes floating point math, special steps should hence be taken for devices that 

doesn’t support CLDC 1.1. A solution could be using fixed point arithmetic’s in a CLDC 1.0 build. 

The build system should be able to take care of differences between the availability of CLDC 

classes. 

 

Further reading on CLDC: chapter 19 of [2] and the ‘specifications’ on [6]. 

 

4.3.2 MIDP Support 
As with the CLDC the profile layer of the J2ME architecture, the Micro Information Device Profile 

(MIDP) comes in two versions. The 1.0 and 2.0. 

 

Some of the major additions to the 2.0 version are: 

• Enhanced LCD UI features 

o Full screen Canvas support 

o Image transformations and pixel access 

o Integrated double buffering 

• Gaming library supporting sprites and tiled layers 

• Sound support 



                                                                      J2ME Build System Design 
using Ant & Antenna 

 19

• PNG Alpha channel support 

• RMS sharing amongst multiple MIDlets 

 

If a J2ME game e.g. uses double buffering, a version for MIDP1 with a manual double buffering 

implementation as well as a MIDP2 implementation that utilizes the integrated double buffering 

should be implemented to accommodate all handsets. An optimal build system should therefore be 

able to take care of the differences of the MID profiles. 

 

Further reading on MIDP: chapter 19 of [2] and the ‘specifications’ on [7]. 

 

4.3.3 Screen Resolution & Color Depth 
The resolutions of the LCD screens of smart phones today vary a lot. Since we in J2ME deal with 

the PNG image format this proves to be a problem. Like any other raster graphics format the PNG 

format does not scale without losing information. In practice this means that any application that 

incorporates graphics might necessarily need to have one set of graphics scaled for high screen 

resolutions and another set scaled for lower resolutions. Common screen resolutions on color 

supported phones today are 96x96, 128x128, 176x208 and 176x220. With difference that large it is 

obvious that a good build system should be able to differentiate between handset screen resolutions. 

 

Closely associated with screen resolution is pixel color depth. On color phones, the pixel depth 

varies from 12 bits (4096 colors) to 18 bits (262144 colors). In practice this means that PNGs that 

look incredible in the graphics tool used to develop them might look horrible on the target handset. 

Furthermore the alpha blending effects that can be achieved using MIDP2 will not look acceptable 

on low color depth devices. A build system should therefore be able to differentiate between color 

depth support of the target devices to ensure an acceptable graphics experience. 
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4.3.4 Input Differences 
Another big issue that needs to be handled when 

developing using J2ME is differences in the input 

capabilities of handsets. In general, interacting with 

MIDs is very hard from a user’s point of view. 

Extensive resources have therefore been but into 

usability testing and design and have resulted in 

some standards (see fig 1). As with many other 

standards, some handset vendors have a tendency to 

divert from the norms and make their own 

interpretation of these. This e.g. means that the 

keycode of the phone softkeys differentiates from 

vendor to vendor. The keypad differences are commonly solved by using the gameactions of the 

Canvas classes. But gameactions do not solve the problem regarding several keys including the 

softkeys, the clear key, the shift key and several others. Therefore a build system should be able to 

take care of the differences between the different vendors interpretations of the key pad and thereby 

enable generic key support. 

 

4.3.5 Resource Filtering 
Closely related to the issues discussed in chapter 4.3.3 and 4.3.6 is the issue of filtering resource 

files accordingly. A build system should only include the graphic set matching the target device’s 

screen resolution and filter any other graphic sets when building a JAR. Same thing goes for the 

different sound formats. The reason for this is of course to minimize the JAR size and simply not 

include irrelevant data. 

 

4.3.6 Bugs 
Like many other computer systems many handset devices have bugs. In practice this means that 

some phone models that are supposed to support classes or methods from either of the MIDPs either 

do not support the promised functionality or return wrong values. To give an example, both test 

phones of this project, the Nokia 6600 and N-Gage, will return faulty values if calling the 

FullCanvas.getWidth() method in full screen mode. Bugs like this one are luckily as vendor 

specific as the extension packages. Actually all the Nokia models listed in chapter 4.2 share the 

 
Fig 3. The handset softkeys illustrated 

according to name/number. 
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above bug. Nevertheless such bugs exist throughout the common range of devices and should be 

handled by the build system. 

 

4.3.7 Vendor Specific APIs 
Before the time of MIDP2, several vendors took initiative to write MIDP1 extensions that support 

features such as full screen canvas, sound, phone vibration, image transformations and more. 

Access to these extensions can be achieved by installing the vendor specific WTKs discussed in 

chapter 3.2. The major vendor extensions that should be considered by any European J2ME release 

are in my opinion the Nokia UI API and the Motorola extensions. These include full screen support 

and graphics classes that enable effects that are not even achievable in MIDP2. Documentation on 

these extensions can be found in the vendor WTKs or in chapter 6 of [2]. 

 

If a MIDP1 release is e.g. to support full screen display, which is the case in most game releases, 

then these vendor extensions should be employed. A build system should therefore be able to judge 

which extension to use in MIDP1 build. 

 

4.3.8 Audio & Video Support 
Most new phones support some sort of sound and/or video media format. Older models though have 

to utilize the vendor specific extensions already discussed in the last section to allow such features. 

Besides the issue of which methods to use to play sound, there is also the issue of the supported 

formats. Many sound formats are currently utilized by the common range of phones. These vary 

from PMIDI, WAV, Real and many more. Same goes for video where popular formats include 

3GPP and 3GPP2. A build system should be able to judge which sound and video methods, if any, 

to use and which media formats that should be supported. 

 

4.3.9 Localization 
Many things depend on where in the world the user of your application is situated. How to display 

the current date, the currency to use and which language to utilize are just some of the dependant 

factors. Handling such issues is commonly referred to as localization and should be handled by the 

build system. 
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4.4 Choosing a Build System Framework 
In chapter 3.5 Apache Ant was introduced as the main build system framework to be employed in 

this project. In that chapter it was also mentioned that J2ME specific Ant extensions exist which 

introduce Ant tasks specifically designed for the oddities of J2ME. The Ant webpage lists these 

extensions under ‘external tools and tasks’ in [9]. Of these extensions I list Antenna and J2ME 

Polish as the two major build system candidates based on their popularity throughout the J2ME 

community. These frameworks will be introduced in the following and a choice of extension will be 

made. 

 

4.4.1 Antenna 
Antenna provides a set of Ant tasks suitable for developing J2ME applications. Using the Antenna 

extension one can compile, preverify, package, obfuscate, and run ones MIDlets. The EclipseME 

experienced reader might now comment that all these features are already supplied by that plug-in 

and/or by the WTKs. This is true. But Antenna also offers something else, namely preprocessing. 

Using Antenna specific tags throughout ones source code allows a developer to package different 

builds of a MIDlet using one and same source. Just what we need to do device specific builds in the 

porting phase. Furthermore, Antenna build systems are reproducible and independent of IDEs and 

can therefore be applied to any project. 

 

Another feature to note with the newest version of Antenna is the ability to compile Blackberry and 

PalmOS compatible MIDlet builds. A nice feature if one intends to go global with a J2ME release. 

Also, Antenna has a deployment feature that allow direct upload of JAR and JAD files to external 

servers. 

 

Antenna is under the GNU Lesser General Public License. Read more about Antenna on the 

program homepage: http://antenna.sourceforge.net/ 

 

4.4.2 J2ME Polish 
The J2ME Polish extension does everything that Antenna does and then some. This list of further 

functionality includes but is not limited to: 

• It has more complex preprocessing routines. 
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• It contains an extensive set of libraries that allow MIDP2 features. These include full screen 

display and graphics transformations on MIDP1 devices. 

• It includes a neat GUI menu generator that allows eye candy menu effects. 

 

The real power of J2ME Polish lies in the fact that the device database, also found at the program 

website, is actually integrated in the build system framework. This means that all these data can be 

automatically integrated in the preprocessing routines and that very little (if any) device specific 

data has to be hardcoded. Pretty amazing. 

 

J2ME Polish is under the GNU General Public License. Commercial licenses can be bought at 

reasonable costs. Read more about J2ME Polish on the program homepage: 

http://www.j2mepolish.org/ 

 

4.4.3 The Choice 
In this project I have chosen to use Antenna. This choice is based on two facts. The first reason is 

that all the other software I have presented up to this point has been free and I would like to keep it 

that way. Since J2ME Polish requires a commercial license, I have ruled it out. The second reason is 

simply that J2ME Polish is too advanced a tool. Advanced in the meaning that it does too much 

automatically with its integrated database. A very nice feature I do agree, but since I am writing this 

project to learn about Ant tasks, I feel more comfortable choosing a simpler framework. The build 

system of this project will hence be developed using Antenna. 
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5 The Antenna Framework   
Both Apache Ant and Antenna have been introduced by now. In this chapter I will take these 

introductions a step further and present the procedures preformed by common build systems. The 

following listing of procedures has been constructed from web resources and chapter 14 of [2]. Note 

that this listing of procedures does not constitute a ‘the-only-way’ build system design, but simply a 

good structure based on personal preferences and common sense. The structure presented in the 

following will constitute a design template for the latter final build system design in chapter 6. 

 

 This chapter will not systematically go through all Ant and Antenna tags as I find it ridiculous to 

do what has already been done. For detailed documentation of both frameworks I refer to [9] for the 

Ant manual and to [1] for the Antenna manual. Throughout this chapter I will only emphasize 

issues that I myself found hard to fathom or find information about. Remember that Antenna is an 

extension of Ant and that all Ant calls therefore are valid in Antenna build files. 

 

5.1 The Basic Deployment Tasks  
The core of an Ant build system is a build.xml file. The actual processes and routines carried out 

by the build system are contained in this file as XML tags. When called, Ant then parses this XML 

file and carries out processes according to the XML tags. The Ant specific XML tags are called 

tasks. Collections of Ant tasks are collected in <target> tags and constitute user designed tasks. 

Any build system consists of some basic users task collections that need to be carried out to get an 

executable program or in the case of J2ME, a JAD and JAR file. The basic tasks that I have decided 

to break a build system into to obtain flexibility will be presented in the following subchapters 

using J2ME specific Antenna tags. 

 

To be able to use Antenna in Eclipse, one needs to setup EclipseME to point to the Antenna JAR 

that can be downloaded from [1]. In Eclipse, go to Window –> Preferences -> J2ME and add the 

Antenna JAR in the text field named thereafter. 
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5.1.1 Init 
The purpose of the common init task is to create temporary folders used in the build process, set up 

paths according to Ant call parameters and do other initial Ant setup needed in later tasks. A good 

practice is to clean up from prior builds to be sure that no unintended sources are used. An example 

of an init task can be seen in Code Snippet 1 below. 

 
 
<target name="init"> 
 <delete dir="Build"/> 
 <delete dir="Temp"/> 
 
 <mkdir dir="Build"/> 
 <mkdir dir="Temp"/> 
  
 <property name="midp.nr" value="${parameter1}"/>   
</target> 
 

Code Snippet 1. A simple Init task. Former directories are first deleted to clean up from earlier 

builds. New temporary directories are then created. A property is set from a passed parameter. 

 

5.1.2 Compile 
The common compile task usually does two things. First it preprocesses the source code and then 

compiles the outcome of this process. A simple compile task can be seen in Code Snippet 2. 

 
 
<target name="compile"> 
 <mkdir dir="Build/classes"/> 
 <wtkpreprocess srcdir="${basedir}/src" destdir="${basedir}/src_build" 
   symbols="${preprocessing_symbols}" verbose="false" indent="false"/> 
 <wtkbuild destdir="Build/classes" srcdir="${basedir}/src_build"    
   target="1.1" source ="1.3" preverify="true" /> 
</target> 
 

Code Snippet 2. A simple compile  task. The preprocessing_symbols property should be set 

according to the  target device being build to. 

 

The symbols parameter of the wtkpreprocess task is very important. It is here you can add all the 

symbols that should be considered in the preprocessing. For a while, I thought that any properties 

set by a <property> tag would be considered in the preprocessing task and therefore spent some 

time wondering why things was not working as intended. Do not make this mistake. Only values 
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added to the symbols parameter will be considered. If one e.g. adds a NOKIA symbol, one can 

employ this symbol in ones source code and, using the Ant preprocessing directives, filter the 

source code as illustrated in Code Snippet 3 below. For information about all directives see the 

‘Directives’ section on [1].  

 
 
//#ifdef NOKIA 
 
Class myCanvas extends com.nokia.mid.ui.FullCanvas{  
 
//#else 
 
Class myCanvas extends javax.microedition.lcdui.Canvas{ 
  
//#endif 
 
Code Snippet 3. This preprocessing example checks if a NOKIA symbol has been defined and if so 

uses the Nokia UI to achieve full screen mode. Otherwise the MIDP2 Canvas is used. 

 

The source parameter of the wtkbuild task is also of some importance. If this is not set manually 

it will default to the Java Runtime Environment most recently install. If this is a 1.5.x RE, errors 

will occur as explained in chapter 3.1. In this example I have set the target and source 

parameters to match the default settings of EclipseME.  

                                                                                         

5.1.3 Package 
The package task is usually where all compiled classes and MIDlet resources are gathered in a JAD 

and JAR file. In this task, created JAD and JAR files can be named uniquely after the device they 

are meant for, resources can be filtered to accommodate the target device only and obfuscation can 

be enabled. Code Snippet 4 shows a simple example of all these processes. 

 
 
<target name="package"> 
 
<mkdir dir="${build}/bin"/> 
 
<wtkjad  
  jadfile="${build}/bin/${project}.jad" 
  jarfile="${project}.jar" 
  name="${project}" 
  vendor="myCompany" 
  version="1.0.0"> 
  <midlet name="${project}" class="myMIDlet"/> 
</wtkjad> 



                                                                      J2ME Build System Design 
using Ant & Antenna 

 27

 
<wtkpackage 
  jarfile="${build}/bin/${project}.jar" 
  jadfile="${build}/bin/${project}.jad" 
  basedir="${build}/classes" 
  obfuscate="true" 
  preverify="true"> 
  <fileset dir="${res}/"> 
    <include name="*"/> 
  </fileset> 
</wtkpackage> 
 
<copy  
  file="${build}/bin/${project}.jad" 
  tofile="${deploy}/${deploy.directory}/${project}.jad"/> 
<copy 
  file="${build}/bin/${project}.jar" 
  tofile="${deploy}/${deploy.directory}/${project}.jar"/> 
 
</target> 
 

Code Snippet 4. This packaging example builds a JAD & JAR file. Note the fileset of the 

wtkpackage  task. This can be used to filter resources according to device properties. 

 

5.1.4 Clean 
The clean task removes all temporary files and folders created by the build system. See a simple 

example of such a task in Code Snippet 5. 

 
 
<target name="clean"> 
<delete dir="Build"/> 
<delete dir="Temp"/> 
<delete dir="${basedir}/src_build"/> 
<delete dir="${basedir}/build"/> 
</target> 
 

Code Snippet 5. A simple clean task taking care of all created containers.  

 

5.1.5 Run 
The run task starts an emulation process by launching the JAR in the URL of the defined JAD file. 

If the wtkrun task is used for this the WTK currently defined in the ${wtk.home} property is used. 

The emulator that will be launched is defined by a device parameter. A simple run task example is 

defined in Code Snippet 6 (on the next page). 
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<target name="run"> 
<wtkrun 
  jadfile="Deploy/myMIDlet.jad" 
  device="Prototype_2_0_S60_MIDP_Emulator" 
  heapsize="1m"/> 
</target> 
 
Code Snippet 6. A simple run task. In this example the MIDlet will be run on a Nokia S60 emulator 

with 1Mb heapsize.  

 

5.1.6 Deploy 
The deploy task is used to upload a given JAD and JAR to a server specified by a URL and any 

program changes can hence be applied to the official release package right away. A deployment 

example is found in Code Snippet 7. 

 
 
<target name="deploy"> 
<wtkdeploy 
  jadfile="deployed/myMIDlet.jad" 
  jarfile="deployed/myMIDlet.jar" 
  target=http://www.mySite.com/supergame/ 
  delete="true" 
  login="me" 
  password="159357"/> 
</target> 
 

Code Snippet 7. A deployment task. A packaged MIDlet is uploaded to a server.  

 

5.2 Running Tasks  
As mentioned in the system setup chapter, Ant is an integrated part of Eclipse. It is therefore 

possible to execute Ant and Antenna tasks for any Eclipse project within this IDE. Running an Ant 

task is achieved in Eclipse by pressing Run->External Tools->External Tools. In the window that 

then appears a new Ant Build should be created and project parameters correctly set up (see fig 4 on 

the next page). A target (task) should be chosen under the Target fan. Only problem with this 

approach is that it can only process one build task at a time. A problem that will be handled in the 

later build system design. 
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Fig 4. The External Tools window of Eclipse. Here a new Ant Build has been created and set up. 

Hitting ‘Run’ will process the Ant task. 
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6 The Build System 
This chapter will document the build system that I have designed and implemented. First, I will 

discuss what level of abstraction I recommend employing when deciding how many builds are 

necessary for a production. After this, the build system documentation will commence. I will 

explain the choices I have taken to achieve a project independent system, an expandable system and 

how I have strived to automate multi build processing. 

  

6.1 Device Grouping 
In chapter 4.2 I illustrated a worst case process of solving a build matrix. In that example the 

number of builds quickly rose to uncontrollable heights. Taking another and closer look at the build 

matrix of that chapter reveals many device similarities that justify a grouping of devices instead of 

creating a unique build for every device. Limiting the total number of builds necessary to 

accommodate the entire range of target devices will naturally simplify the task of solving the build 

matrix. Furthermore this limitation will make future maintenance and versioning of a program far 

simpler as well. I strongly advice incorporating device grouping in any build system situation and 

will therefore employ this principle into the build system design of this project. In the following I 

will argue a main grouping of the devices listed in chapter 4.2. The arguments for grouping devices 

will vary from project to project depending on the target devices. The arguments used in the 

following should therefore only be seen as useful guidelines that can be elaborated where needed. 

Such elaborations could involve extended special cases devices into separate builds.  

 

If a given production requires no networking (e.g. GPRS, Bt) a grouping of the devices listed in 

chapter 4.2 is strait forward. The MIDP1 Nokia devices have very similar specifications only 

diverting in pixel color depth. Only very high quality/budget productions take actions towards 

manually optimizing graphics sets for different color depths. Remember that low color depth 

devices automatically interpret graphics resources to match their screen and therefore optimizing 

color depth manually is often disregarded. A groping of the Nokia MIDP1 devices is in my view 

therefore considered valid. Hence one build should take care of these devices. Next set of devices 

that I find it okay to group is the Nokia MIDP2 devices. These devices mostly divert in heap size. If 

program design is made for the lowest delimiter (the 3mb of the Nokia 6600) a grouping of these 



                                                                      J2ME Build System Design 
using Ant & Antenna 

 31

devices is valid. Only other major difference of the Nokia MIDP2’s is the supported APIs. If any of 

these device specific APIs is to be employed, a separate device build should be made. If that is not 

the case I recommend gathering all Nokia MIDP2 devices in yet another grouped build. Next 

grouping that I find valid is all the Sony Ericsson devices. These share the same configuration and 

profile and only major divergence is once again the supported APIs. Special case builds should be 

made if any of these APIs are to be employed but otherwise I recommend grouping these devices in 

a SE MIDP2 build. The remaining devices are all Motorola ones and all have the same specs. These 

constitute the last grouping of this example which we will call Moto MIDP2. 

 

We have now grouped 25 devices into the 4 following groups which the build system will 

accommodate: 

• Nokia MIDP1.0 

• Nokia MIDP2.0 

• SE MIDP2.0 

• Moto MIDP2.0 

 

These 4 builds will be used as bases for the build system testing in chapter 7. 

 

6.2 The System 
In the build system I have created, I have strived to achieve the following features based on 

personal preferences: 

 

• Project Independence. The build system should be made as portable as possible. This 

should be achieved by using paths relative to the project root. Only system relative paths 

(Java installation dir, WTK dir, etc.) should be hardcoded. 

• Expandable Device Support. It should be easy to add support for new devices or device 

groups. Since about 500 new models are expected to hit the global market this year, such a 

feature is found crucial. 

• Expandable Localization Support. Adding support for a new language and currency 

should be made easy. On a global scale, the aggregators of ones application may be very 
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demanding regarding e.g. local language support and incorporating such therefore be made 

as painless as possible. 

• Multi Build Processing. The process of creating all builds should be automated. A ‘one-

click’ function that process all builds should therefore be available. 

 

The above set criterions are what I personally define necessary to attain a development optimizing 

and future proof build system. The ‘Project Independence’ criterion will ensure build system 

portability. Only a few parameters should be set to get a functional system in a new environment. 

This way, the build system will be easy to include in new projects as well as incorporate in old 

ones. The ‘Expandable Device Support’ and ‘Expandable Localization Support’ criterion will make 

the system easy expandable and hence future proof. I find it very important to have such a flexible 

system that is easy to maintain since the rate of new device releases within the wireless industry is 

very high. Furthermore, satisfying the demands of local aggregators is crucial for a release if the 

product is ever to hit the market. Again a flexible and usable system will ensure this. Finally the 

‘Multi Build Processing’ ensures that the power of a build system is harvested in the minimum time 

frame. Imagine manually writing a dos-prompt Ant call per desired build. Not a optimal work 

routine. Instead we want to process all builds by the click of a button simply to save time and avoid 

boring dos-prompting. 
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To ease the process of explaining how 

the above features were attained, the 

project structure of fig 5 is expected. 

The ‘buildSpecs’ folder is reserved for 

information about the specific builds. 

The ‘buildSpecs/deviceProbs’ folder 

hence holds the files that contain the 

properties of the 4 device group builds 

that were defined in 6.1. The 

‘buildSpecs/localeProbs’ folder holds 

the properties of the languages that are 

to be supported. I have added ‘Danish’ 

and ‘English’ property files to this 

folder that I will use for testing in the 

following chapters.  The ‘extLib’ folder 

holds all vendor specific APIs 

supported by the 25 target devices. The 

‘buildSpecific’ folder of the ‘res’ folder 

holds resources that are specific to e.g. a 

certain screen resolution. The three batch files in the project root are used to achieve the multi 

processing ability and will be described in the next sub chapter. The project template can be found 

on the attached CD in the ‘Code’ folder. 

 

6.2.1 The Batch Processing Scheme 
The process of running Ant tasks in Eclipse explained in chapter 5.2 revealed that multi processing 

can not be achieved using the Ant Build function only. Discussions in the J2ME developer 

community inspired me to achieve a multi processing ability simply by using batch file scripts. I 

have extended this batch approach to accommodate the design criterion of this project. What I want 

is to build all the entries of the ‘buildSpecs/deviceProbs’ folder per entry in the 

‘buildSpecs/localeProbs’ folder. I have obtained this using 3 batch files whose functionality will 

now be discussed. 

 

Fig 5. The Eclipse Project Template for the build 

system. 
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The script in code snippet 8 initiates the multi build process and calls a second batch file per 

‘*.properties’ file available in the ‘buildSpecs/localeProbs’ folder. This second batch file (code 

snippet 9) calls the third batch file per ‘*.properties’ file available in ‘buildSpecs/deviceProbs’. The 

third script (code snippet 10, next page) then executes an Ant task based on the localization and 

device specific parameters passed by the first two. 

 
 
@echo off 
 
for %%i in (.\buildSpecs\localeProbs\*.properties) do call deploy_devices %1 %2 
%3 "-Doptions=%%i" 
 

Code Snippet 8. deploy_all.bat:  A ‘for’ loop iterates all localization files with a ’properties’ 

extension in the ‘buildSpecs/localeProbs’ folder. Together with the three first parameters, the 

property file’s path is passed as the fourth parameter (-Doptions) to the deploy_devices.bat 

script. 

 
 
@echo off 
 
for %%i in (.\buildSpecs\deviceProbs\*.properties) do call _deploy %1 %2 "-
Ddevice=%%i" %4 
 

Code Snippet 9. deploy_devices.bat:  A ‘for’ loop iterates all device files with a ’properties’ 

extension in the ‘buildSpecs/deviceProbs’ folder. Together with the two first parameters and the 

fourth parameter from deploy_all.bat, the device property file’s path is passed as the third 

parameter (-Ddevice) to the _deploy.bat script. 
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@echo off 
 
if .%1==. goto end 
 
:start 
ant build-obf -lib C:\bin\j2sdk1.4.2_09\lib\tools.jar -buildfile build.xml %1 %2 
%3 %4 
 
shift 
if not "%1"=="" goto start 
 
:end 
 

Code Snippet 10. _deploy.bat:  Calls an Ant task based on the localization and device specific 

parameter passed from the deploy_all.bat and deploy_devices.bat scripts. Checks are made 

to ensure that the first parameter is not empty. The lib parameter should point to the tools.jar of a 

Java 1.4.x SDK. 

 

The above approach ensures three of the four success criterion I set for the build system. Firstly, 

both the ‘Expandable Device Support’ and ‘Expandable Localization Support’ features are 

automatically fulfilled since adding support for new aggregators/languages and for new devices, 

only requires adding new ‘*.properties’ files to the ‘buildSpecs/localeProbs’ and 

‘buildSpecs/deviceProbs’ folders. Secondly, the ‘Multi Build Processing’ is now ensured since 

calling the deploy_all.bat file will automatically process all build tasks by parsing the 

‘buildSpecs’ folder.  

 

The means of invoking a multi build process as well as how the last criterion, ‘Project 

Independence’, has been achieved will be described in the following. 

 

6.2.2 The Build.xml 
The following will document the core of the build system, the build file. This build file has been 

constructed based on the basic tasks of chapter 5.1. In the following I will only emphasize code 

snippets that add new functionality to the build system of that chapter. The complete build.xml as 

well as the multiprocessing batch files are found in Appendix II and under ‘Code’ on the attached 

CD. 
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Project Independence 

Last issue of the build system success criterion to be handled is ‘Project Independence’. I have 

achieved this by using project root relative paths wherever possible. Some values do have to be hard 

coded though. I have gathered these values at the beginning of the build.xml file and have 

illustrated these values in code snippet 11. Of these values only the ${project.MIDlet} and 

${project.icon} are project specific and the remaining values should therefore only be changed if 

one changes the system setup. Note that the path to the tools.jar file in code snippet 9 is also 

dependant on system setup changes. 

 
 
<!--===-==-==-===-==-==-===-==-==-===-==-==-===-==-==-===-==-==-===-==-== 
   Generel system paths. Hardcode in accordance to system and project. 
-===-==-==-===-==-==-===-==-==-===-==-==-===-==-==-===-==-==-===-==-==--> 
<property name="antenna.home" value="C:/bin/Antenna_0.9.13/" /> 
<taskdef resource="antenna.properties" 
 classpath="${antenna.home}antenna-bin-0.9.13.jar"/> 
 
<property name="portal.home" 
 value="C:/bin/eclipse/workspace/Antennatest/"/> 
<property name="wtk.home" value="C:/bin/WTK22/"/> 
<property name="wtk.proguard.home" value="C:/bin/proguard3.5/"/> 
  
<property name="project.MIDlet" value="AntennaTest"/> 
<property name="project.icon" value="icon.png"/> 
 
Code Snippet 11. The system paths. Only these are necessary to hardcode according to project and 

system setup. 
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Loading localization and device properties 

As explained in chapter 6.2.1 we load localization and device specific properties from the 

‘*.properties’ files in ‘buildSpecs’. Code snippet 12 shows how the properties contained in such a 

file is loaded in practice. Code snippet 13 shows a device property example. 

 
 
<!--===-==-==-===-==-==-===-==-==-===-==-==-===-==-==-===-==-==-===-==-== 
   Initialise properties from parameters and property files 
-===-==-==-===-==-==-===-==-==-===-==-==-===-==-==-===-==-==-===-==-==--> 
<property file="${portal.home}${device}"/> <!--load device specific props--> 
<property file="${portal.home}${options}"/> <!--load language specific props-->
  
<property name="specs" value="${device.name},${options}"/> 
<property name="res" location="${basedir}/res"/> 
<property name="build" location="${basedir}/build/"/> 
<property name="deploy" location="${basedir}/deployed/"/> 
 

Code Snippet 12. Initialising build properties. Notice how the values from the ‘*.properties’ files 

are loaded  in the first couple of lines. 

 
<!--  Nokia S60, MIDP1, 176x208. E.g. Nokia N-Gage  --> 
 
device.vendor = Nokia 
device.name = S60 
device.isNokia = true 
 
wtk.cldc.version = 1.0 
wtk.midp.version = 1.0 
wtk.midpapi= 
 ${basedir}/extLib/nokia/nokiaui.zip; 
 ${basedir}/extLib/nokia/wma.zip; 
 ${basedir}/extLib/nokia/mma.zip; 
 ${basedir}/extLib/nokia/cldcapi10.zip; 
 ${wtk.home}/lib/midpapi10.jar 
 
wtk.device=Prototype_2_0_S60_MIDP_Emulator 
wtk.heapsize=1m 
 
wtk.mmapi.enabled=false 
 
preprocessing_symbols=NOKIA,MIDP1,CLDC10,SCREEN_DIMENTIONS,SOFT_KEYS 
 
screenWidth=176 
screenHeight=208 
 
softKey1=-6 
softKey2=-7 
 

Code Snippet 13. A Nokia S60 MIDP1 properties file. 
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Cleaning Up 
The cleanup of files created by ones OS or third party programs that might linger in the folders of a 

project is very important. If these are not removed before the packaging begins, these files will be 

included in the JAR file and the size of the JAR will reflect this. In the ‘init’ task illustrated in code 

snippet 14 we therefore make sure to delete the ‘Thumbs.db’ file that Windows XP creates when 

viewing the contents of a folder as ‘Thumbnails’. 

 

Creating device specific deployment folders 

Another important issue that is taken care of in the ‘init’ task is defining a device specific 

deployment directory. In code snippet 14 we see that a ${deploy.directory} property is constructed 

from the device name, MIDP version and screen resolution. Notice how this grouping of attributes 

matches the grouping done in chapter 6.1. Processing a build from the properties of code snippet 12 

will e.g. place the JAR&JAD in a folder named ‘S60_MIDP1.0_176x208’. This way, all builds will 

be managed and put into their own folders. 

 
 
<!--===-==-==-===-==-==-===-==-==-===-==-==-===-==-==-===-==-==-===-==-== 
   Create build files and folders 
-===-==-==-===-==-==-===-==-==-===-==-==-===-==-==-===-==-==-===-==-==--> 
<target name="init"> 
<echo message="Initialising Build Directories"/>   
<delete dir="${build}"/> 
   
<delete dir="${basedir}/src_build"/> 
<delete file="${res}/Thumbs.db"/> 
 
<tstamp/> 
 
<mkdir dir="${build}"/> 
<mkdir dir="${deploy}"/> 
<property name="deploy.directory" 
value="${device.name}_MIDP${wtk.midp.version}_${screenWidth}x${screenHeight}"/> 
 
<mkdir dir="${basedir}/src_build"/>   
</target> 

Code Snippet 14. The ‘init’ task. Irrelevant relevant resources are removed. A device dependant 

deployment folder is created. 

 

Filtering resources 

Not all resources contained in the ‘res’ folder should possibly be included as discussed in chapter 

4.3.5. Maybe some PNG files are only meant for a certain screen resolution or maybe certain audio 

files are only supported on certain devices. The resources should therefore be filtered according to 
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the device properties of the current build. Code snippet 15 shows the resource filtering implemented 

in this build system. 

 
 
<wtkpackage  
 jarfile="${build}/bin/${project}.jar"  
          jadfile="${build}/bin/${project}.jad" 
          basedir="${build}/classes" 
          manifest="${build}/bin/MANIFEST.MF" 
          obfuscate="true"   
          preverify="true"> 
 
 <!-- General graphics --> 
 <fileset dir="${res}/"> 
  <include name="*"/> 
 </fileset> 
 
 <!-- Resolution/model specific res goes here --> 
 <fileset dir="${res}/buildspecific/"> 
  <include name="*_${screenWidth}x${screenHeight}.png"/> 
 </fileset> 
</wtkpackage> 
 

Code Snippet 15. The wtkpackage task of the ‘package’ task. All resources of the ‘res’ folder is 

included. Only resources with names matching the device screen resolution are included from the 

‘res/buildSpecific’ folder. 

 

Invoking emulators 

After testing the functionality of the Antenna task wtkrun, I decided that I need a more flexible run 

task for my build system. The wtkrun task only works on emulators receding in the 

‘wtklib\devices’ folder of the WTK currently set by the ${wtk.home} property. This means that I 

should manually copy all wanted emulators to this directory to use this task. This fact contradicts 

the efforts that EclipseME does to gather all WTK in one IDE and I therefore do not find this 

acceptable. The best alternative solution would be to somehow access the paths set by EclipseME 

and use these to run JARs on the appropriate emulators. Since I do not know if such access is 

possible or how to attain it, I came up with another solution. I call a general ‘run’ task that calls a 

vendor specific run task per vendor represented by the target devices. A vendor specific property, 

named ${device.isNokia} in case of Nokia devices, then decides which of all the called tasks will 

be executed. The selected vendor specific task finally executes the vendor specific emulator with 

the parameters required by this. The general run task as well as the vendor specific ones of this 

project can be seen in Code Snippet 16. The backside of this approach is that the system specific 
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paths of the vendor specific WTKs now have to be hardcoded. This is found preferable over having 

redundant data on the harddrive. 

 
 
<target name="run"> 
 <echo message="Run JAR on Specified Device"/> 
   
 <property name="jad.path" value="${deploy}/${device.language}/ 
  ${deploy.directory}/${project}.jad"/> 
   
 <antcall target="run nokia"></antcall> 
  
 <antcall target="run sony ericsson"></antcall> 
    
 <antcall target="run motorola"></antcall> 
    
</target> 
  
<target name="run nokia" if="device.isNokia"> 
 <exec executable="${wtk.nokia.emupath}"> 
      <arg line="-Xdevice:${wtk.device}"/> 
      <arg line="-Xheapsize:${wtk.heapsize}"/> 
  <arg line="-Xdescriptor:${jad.path}"/> 
 </exec> 
</target> 
     
<target name="run sony ericsson" if="device.isSonyEricsson"> 
 <exec executable="${wtk.nokia.emupath}"> 
      <arg line="-Xdevice:${wtk.device}"/> 
      <arg line="-Xheapsize:${wtk.heapsize}"/> 
  <arg line="-Xdescriptor:${jad.path}"/> 
 </exec>  
</target> 
   
 <target name="run motorola" if="device.isMotorola"> 
 <exec executable="${wtk.nokia.emupath}"> 
  <arg line="&quot;${jad.path}&quot;"/> 
      <arg line="-deviceFile Resources\${wtk.device}.props"/> 
 </exec> 
</target> 
  

Code Snippet 16. A general run task calls vendor specific emulator calls. An emulator is only 

called if the proper property has been defined. This is handled by the ‘if’ attribute of the device 

specific targets. 

 

Running Tasks 

Final thing that needs to be put together is combining the individual tasks into new tasks that do a 

complete build. Code snippet 17 (next page) shows three build tasks designed for a single build and 

the multi build task build_all that calls that batch file of the multi processing scheme. 
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<!--===-==-==-===-==-==-===-==-==-===-==-==-===-==-==-===-==-==-===-==-== 
   Basic tasks 
-===-==-==-===-==-==-===-==-==-===-==-==-===-==-==-===-==-==-===-==-==-->  
<target name="build" depends="init,compile,clean"/> 
<target name="build-obf" depends="init,compile,package,clean"/> 
<target name="build-obf-run" depends="init,compile,package,clean,run"/> 
  
<target name="build-all"> 
 <exec executable="${basedir}/deploy_all.bat"> 
      <arg line="-Dproject=${project}"/>  
  <arg line="-Dbasedir=${basedir}"/>   
 </exec> 
</target> 
 

Code Snippet 17. The build tasks of the system. Note the special build-all task that executes the 

multi processing batch scheme. 

 

Running the build-all tasks in the same 

manner as explained in chapter 5.2 will 

now produce a total of 8 (4 device groups 

x 2 languages) builds structured as 

illustrated in figure 6. The next chapter 

will test the build system in practice. 

 

 

 

 
 

Fig 6. The result of running the build-all task. 

Builds are nicely ordered by locale and device type. 
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7 Test & Evaluation   
This chapter concerns testing the newly created build system. First, I will present and explain a 

J2ME program that I have implemented to be able to test the build system on something real. 

Secondly, I will test to product of the build system on the real testing phones of the project. This 

should put the build system to the test and unveil any unexpected necessities. 

 

7.1 Test Program Implementation 
To test the newly created build system I have implemented a small and simple J2ME program. In 

this program, I have strived to represent all the device diversities listed in chapter 4.3. By using the 

preprocessing directives presented in chapter 5.1.2 and the ${preprocessing_symbols} of the device 

group property files I have set the source code up for my build system. I have also incorporated 

special porting issues regarding the target devices into the code that will be explained along the 

way. The following will document the test program implementation. The chapter has been broken 

down to diversity specific subchapter in the same manner as chapter 4.3. The complete source code 

of the test program can be found under Appendix III and under ‘Code’ on the attached CD. 

 

Please not that ‘..’ (double punctuation) in the code snippet of this chapter means that I am skipping 

irrelevant source code. This should make it easier to understand what I trying to get at. 

 

Before proceeding, I feel the need to summaries the program to ease the process of explaining the 

implementation. The program will display 4 ITU logos on a background image. The logos will 

rotate clockwise at a given interval. Pressing the softkey 1 or 2 will invoke a pause menu. Music 

will be playing in the background if supported. Fig 7-9 (next page) shows different builds of the 

program running in different states and modes. I will use these screen-dumps as references in the 

following. 
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Fig 7. A S60_MIDP1.0 build 

running. 

Fig 8. A S60_MIDP2.0 build 

running. The pause menu has 

been invoked by pressing a 

sokftkey. Menu is in Danish 

mode. 

Fig 9. A SE_MIDP2.0 build 

running in debug mode. Notice 

the debug feedback in the top 

left corner. Notice the larger 

background due to the re-

solution on the SonyEricssons. 

 

7.1.1 CLDC Support 
To illustrate the build systems ability to differentiate between CLDC 1.0 and 1.1 I have 

implemented some screen feed back that uses floats (see Code Snippet 18). The code will display 

Seconds Between Frames (SBF) on screen as a decimal number. In the CLDC11 version I simply 

use the supported software implementation of Floating point to achieve decimal number display. In 

the CLDC10 version I use the StringBuffer sbf to format a string into the proper decimal number 

representation. The two versions are differentiated using the //#ifdef and //#else Antenna directives. 

For an example of the SBF display, see figure 9. 

 
//Floating point library 
//#ifdef CLDC11 
import java.lang.Float; 
//#elifdef CLDC10 
import java.lang.StringBuffer; 
//#endif 
 
.. 
 
private void drawWorld(Graphics g) 
 
.. 
 



                                                                      J2ME Build System Design 
using Ant & Antenna 

 44

//#ifdef CLDC10 
//attaining float behavior using StringBuffer 
//precision of 4 decimals  
   
String s = Integer.toString((int)deltaTime); 
String s2 = "0000"; 
 
sbf.delete(0,sbf.length()); 
sbf.append(s2.substring(0,s2.length()-s.length())+s); 
sbf.insert(1,"."); 
    
g.drawString("SBF: " + sbf, 2, 2+2*fontheight,Graphics.TOP|Graphics.LEFT); 
//#elif CLDC11 
 float temp=0.0f; 
try{ 
 temp = ((float)deltaTime/1000.0f); 
}catch(ArithmeticException e){ 
 System.out.println("SBF error: timedifference equals zero!"); 
}    
 
g.drawString("",5,1*fontheight,Graphics.TOP|Graphics.LEFT); 
g.drawString("SBF: " + Float.toString(temp), 2, 
 2+2*fontheight,Graphics.TOP|Graphics.LEFT); 
//#endif  
 
.. 
 
} 
 

Code Snippet 18. Extract from TestCanvas.drawWorld(). A CLDC differentiation example. The 

CLDC 1.0 version formats a StringBuffer to display decimal numbers and the CLDC 1.1 version 

simply uses floats. 

 

7.1.2 MIDP Support 
To represent a MIDP difference example, I have implemented image transformations using both 

MIDP 1 & 2. To do image transformation in MIDP1 one has to either employ vendor specific 

packages or implement the transformation oneself (yes it can be done!). To speed things up I have 

used the Nokia Ui to do MIDP1 transformations in this example. Image transformations can in 

MIDP2 be achieved using the Graphics and Sprite class. Code Snippet 19 shows how image 

transformations are achieved for all ports. Note how imports are also handled using directives. The 

two versions are differentiated using the //#if and //#elif Antenna directives. For an example of the 

image transformations, see figures 7-9. 

 
//Graphics transformation libraries 
//#if NOKIA && MIDP1 
import com.nokia.mid.ui.DirectGraphics; 
import com.nokia.mid.ui.DirectUtils; 
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//#elif MIDP2 
import javax.microedition.lcdui.game.Sprite; 
//#endif 
 
.. 
 
 
private void drawWorld(Graphics g) 
 
.. 
 
//#if NOKIA && MIDP1  
int transformType=0; 
   
if(transformSwitch<64){ 
 transformType = DirectGraphics.FLIP_HORIZONTAL; 
}else if(transformSwitch<128){ 
 transformType = DirectGraphics.ROTATE_90; 
}else if(transformSwitch<192){ 
 transformType = DirectGraphics.FLIP_VERTICAL; 
}else{ 
 transformType = DirectGraphics.ROTATE_270; 
} 
   
DirectGraphics dg = DirectUtils.getDirectGraphics(g); 
          
dg.drawImage(ituLogo, (screenWidth>>1)-40, (screenHeight>>1)-40, 
 Graphics.VCENTER|Graphics.HCENTER, transformType); 
         
dg.drawImage(ituLogo, (screenWidth>>1)+40, (screenHeight>>1)+40, 
 Graphics.VCENTER|Graphics.HCENTER, transformType);  
         
dg.drawImage(ituLogo, (screenWidth>>1)+40, (screenHeight>>1)-40, 
 Graphics.VCENTER|Graphics.HCENTER, transformType);  
         
dg.drawImage(ituLogo, (screenWidth>>1)-40, (screenHeight>>1)+40, 
 Graphics.VCENTER|Graphics.HCENTER, transformType);  
 
//#elif MIDP2 
int transformType=0; 
   
if(transformSwitch<64){ 
 transformType = Sprite.TRANS_MIRROR_ROT180; 
}else if(transformSwitch<128){ 
 transformType = Sprite.TRANS_ROT90; 
}else if(transformSwitch<192){ 
 transformType = Sprite.TRANS_MIRROR; 
}else{ 
 transformType = Sprite.TRANS_ROT270; 
} 
   
g.drawRegion(ituLogo,0,0,ituLogo.getWidth(),ituLogo.getHeight(),transformType, 
(screenWidth>>1)+40,(screenHeight>>1)+40,Graphics.VCENTER|Graphics.HCENTER); 
         
g.drawRegion(ituLogo,0,0,ituLogo.getWidth(),ituLogo.getHeight(),transformType, 
(screenWidth>>1)-40,(screenHeight>>1)-40,Graphics.VCENTER|Graphics.HCENTER); 
         
g.drawRegion(ituLogo,0,0,ituLogo.getWidth(),ituLogo.getHeight(),transformType, 
(screenWidth>>1)+40,(screenHeight>>1)-40,Graphics.VCENTER|Graphics.HCENTER); 
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g.drawRegion(ituLogo,0,0,ituLogo.getWidth(),ituLogo.getHeight(),transformType, 
 (screenWidth>>1)-
40,(screenHeight>>1)+40,Graphics.VCENTER|Graphics.HCENTER); 
//#endif 
 
.. 
 
} 

Code Snippet 19. Extract from TestCanvas.drawWorld(). A MIDP differentiation example. The 

MIDP1 version employs the Nokia Ui to do image transforms and the MIDP2 version uses the 

Graphics and Sprite calls to do the same. 

 

7.1.3 Screen Resolution & Resource Filtering 
To show how differences in screen resolution can be handled and how the resource filtering of the 

build system is used in practice, my test program uses two different backgrounds according to the 

device screen resolution. This is done almost automatically. Since the build systems ensures that the 

correct resource file is packed into the JAR as shown in Code Snippet 15, all that needs to be done 

in the program code, is call the desired resource with an extension that matches the current screen 

dimensions. This is shown in Code Snippet 20. Note how one can use the properties set in the build 

file by calling ${property.name} in the source code. Figures 7 and 9 shows the two different 

backgrounds of the test program. 

 
 
public TestCanvas(AntennaTest midlet){ 
 
.. 
 
//#ifdef SCREEN_DIMENTIONS 
 screenWidth = ${screenWidth}; 
 screenHeight = ${screenHeight};   
//#else 
 screenWidth = getWidth(); 
 screenHeight = getHeight(); 
//#endif 
 
 
try{ 
ituLogo = Image.createImage("/itu_logo.png"); 
ituBack = Image.createImage("/itu_back_${screenWidth}x${screenHeight}.png"); 
}catch(IOException e){ 
System.out.println(e + "Error loading images!"); 
} 
 
.. 
 
} 
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Code Snippet 20. Extract from TestCanvas.TestCanvas(). First, the screenWidth & 

screenHeight variables are either hardcoded or fetched using the Canvas.getWidth() and 

Canvas.getHeight(). Secondly, The correct resource file is loaded using a 

_${screenWidth}x${screenHeight}.png extension. 

 

7.1.4 Input Differences 
To present how device differences in handling of input can be handled, I have implemented a pause 

menu in the program that is invoked by pressing softkey 1 or 2. The code for realizing this is shown 

in Code Snippet 21. First, the soft key values are either hardcoded or set to default values in the 

constructor. Secondly, in the Canvas key listener method, keyPressed(), the handling of the 

softkeys are done. Note that it is important to check for softkey presses before checking for 

gameActions since the softkeys int values might be shared by a gameAction. If a keypress is not a 

softkey the keypress values are converted into a gameAction to support portability and then handled 

accordingly. This takes care of difference of softkeys and could easily be expanded to other keys 

using the same technique. The pause menu is illustrated in figure 8. 

 
 
public TestCanvas(AntennaTest midlet){ 
 
.. 
 
//hardcoding softkey values to overcome input differences   
//#ifdef SOFT_KEYS   
     SOFT_KEY1=${softKey1}; 
     SOFT_KEY2=${softKey2}; 
//#else 
    //default to Nokia, SonyEricsson values 
     SOFT_KEY1=-6; 
     SOFT_KEY2=-7;      
//#endif 
 
.. 
 
} 
 
protected void keyPressed(int keyCode) { 
   
//Correctly handling softkeys based on hardcoded value 
//Note that this should be done before gameaction checks 
//since the softkey value might be the same as a gameaction! 
if(keyCode==SOFT_KEY1 || keyCode==SOFT_KEY2){ 
 if(!paused){ 
  pauseBase = Image.createImage(screenWidth,screenHeight); 
  Graphics g = pauseBase.getGraphics(); 
  drawWorld(g); 
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  paused=true; 
 } 
} 
   
//Using gameactions to make input scheme portable 
if(paused){ 
 switch(getGameAction(keyCode)){ 
 case UP: 
  pauseIndex--; 
  if(pauseIndex<0) 
   pauseIndex=1; 
  break; 
 case DOWN: 
  pauseIndex++; 
  pauseIndex%=2; 
  break; 
 case FIRE: 
  switch(pauseIndex){ 
  case 0: 
   pauseBase=null; 
   paused=false;   
   break; 
  case 1: 
   running=false; 
   midlet.notifyDestroyed(); 
   break;     
   } 
  break; 
  } 
 } 
} 
 

Code Snippet 21. Extracts from TestCanvas.TestCanvas() and TestCanvas.keyPressed(). 

Softkeys are set in the constructor and correctly handled by the keylistener. Note the importance of 

doing keyCode checks before gameAction checks since values might be shared. 

 

7.1.5 Bugs 
I have already handled to bug regarding screen size shared by both test phones as described in 

chapter 4.3.6. Only other bug regarding the test phones that applies to this project is on the Nokia 

N-gage. The N-gage starts acting funky if too many calls are made in the run() method of a class 

the implements Runnable. This means that all application logic and update calls should be put 

elsewhere. In regards to the test program, only the paint() methods should be called from run() 

and anything else called in the paint()method. This principle can be seen in Code Snippet 22 (on 

the next page) and should be followed in any implementation. 
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public void paint(Graphics g){ 
 
.. 
 
if(!paused) 
 drawWorld(gd); 
else 
 drawPaused(gd); 
 
.. 
 
} 
 
public void run(){ 
while(running){ 
    
.. 
 
//Deciding which render method to use    
//#if NOKIA && MIDP1 
 repaint(); 
 serviceRepaints(); 
//#elif MIDP2 
 render(); 
//#endif 
    
.. 
 
}                 
} 
 

Code Snippet 22. Extracts from TestCanvas.paint() and TestCanvas.run(). The principle of 

removing calls from the Thread to accommodate the oddities of the Nokia N-Gage. 

 

7.1.6 Vendor Specific APIs 
I have already represented vendor specific extensions in 7.1.2. Another classic situation that most 

J2ME developers will encounter at some point is setting a Canvas to full screen mode. I have 

therefore also implemented a solution to this and will here use another vendor specific extension. 

 

All MIDP2 devices support full screen support. If a MIDP1 device is to run in full screen we have 

to use vendor extensions. Only MIDP1 device group of the target devices of this project is the S60 

MIDP1 group. Since these are Nokia devices, we will use the Nokia Ui extension to get full screen. 

The Nokia Ui has a FullCanvas class that extends the normal Canvas class. Using this class on 

MIDP1 Nokia devices will automatically set a canvas in full screen mode. I just stated that all 

MIDP2 devices support full screen display. That is true, but some devices act a little odd when full 

screen mode is invoked. The Sony Ericsson device will e.g. not show full screen if 
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Canvas.setFullScreenMode(true) is called. These devices will only show full screen if the 

MIDP2 Canvas extension GameCanvas is used. I therefore always use GameCanvas since this class 

also automatically supports double buffering which insures smooth running graphics and 

animations. Code Snippet 23 shows how to implement full screen support using my build system. I 

have ensured that the MIDP1 implementation uses manually implemented double buffering to 

match the features of the GameCanvas class. Figures 7-9 all show full screen display modes. 

 
 
//Full screen support 
//#if NOKIA && MIDP1 
public class TestCanvas extends com.nokia.mid.ui.FullCanvas  
implements Runnable { 
//#elif MIDP2 
public class TestCanvas extends javax.microedition.lcdui.game.GameCanvas 
implements Runnable { 
//#endif 
.. 
//MIDP1 double buffering     
//#if NOKIA && MIDP1 
private  Image offScreenBuffer; 
//#endif 
 
.. 
 
public TestCanvas(AntennaTest midlet){ 
//Envoke GameCanvas fullscreen 
//#if !(NOKIA && MIDP1) || MIDP2 
super(false); 
setFullScreenMode(true); 
//#endif  
 
.. 
 
//MIDP1 double buffering          
//#if NOKIA && MIDP1 
// Checking device for double buffering 
if(!isDoubleBuffered()) 
 offScreenBuffer=Image.createImage(screenWidth,screenHeight); 
//#endif 
 
.. 
 
} 
 
//Rendering methods for MIDP1 & MIDP2. 
//Notice how double buffering is done manually in MIDP1 paint()  
//#if NOKIA && MIDP1 
public void paint(Graphics g){  
  
.. 
 
Graphics gd = (offScreenBuffer == null ? g : offScreenBuffer.getGraphics()); 
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//Graphics Drawn here 
 
if (offScreenBuffer != null) 
 .drawImage(offScreenBuffer, 0, 0, 0); 
  
.. 
 
} 
 
//#elif MIDP2 
public void render(){ 
 
.. 
 
Graphics g = getGraphics(); 
 
//Graphics Drawn here 
 
flushGraphics(); 
 
.. 
 
} 
//#endif  
 
} 
 
 

Code Snippet 22. Extracts from the TestCanvas class. Ensuring full screen support on both MIDP1 

and 2 devices using vendor extensions. Notice the manual double buffering MIDP1 implementation 

that matches the automatic double buffering of the MIDP GameCanvas class. 

 

7.1.7 Audio & Video Support 
All target and test devices of this project support that same Audio and Video extension, the Mobile 

Media API (MMAPI). Checking for differences in media support therefore does not make much 

sense but I have done so anyway to show a practical example. In Code Snippet 24 a tone tune will 

be started and play in the background if the MMAPI is supported by the device. This is done using 

the Sound class of my program. I have set the S60 MIDP1 build to not support the MMAPI to 

simulate a device difference. It should be noted that Nokia devices should use the Nokia Ui class 

sound to make tones as the MMAPI Player class used in my code will slow down Nokia device to 

an unacceptable degree. 

 
 
.. 
 
//MMAPI support if mmapi is supported     
//#ifdef MMAPI 
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Sound bgMusic; 
//#endif  
.. 
 
public TestCanvas(AntennaTest midlet){ 
 
.. 
 
//MMAPI support 
//#ifdef MMAPI 
bgMusic = new Sound(); 
bgMusic.startPlayer(); 
//#endif  
 
.. 
 
} 
 
public void destroyThread(){ 
 
.. 
 
//#ifdef MMAPI 
bgMusic.destroyPlayer(); 
//#endif 
   
..  
       
} 
 

Code Snippet 24. Extracts from the TestCanvas class. If the MMAPI is supported, background 

music will start playing when the application is launched. 

 

7.1.8 Localization 
The loading of locale specific files is handled by the build system as explained in chapter 6.2.2 

under ‘Loading localization and device properties’. Using these loaded properties is strait forward 

as shown in Code Snippet 25. Note that if the locale properties contain text Strings of extensive 

length, the locale properties should be put into a *.Txt files and loaded from these. This prevents 

taking up too much heap space for Strings that are seldom used. 

 
 
.. 
     
public  boolean paused = false; 
private  int pauseIndex; 
private  Image pauseBase; 
private  String menuIndex1 = "${mainmenu1}", menuIndex2 = "${mainmenu2}"; 
private  int menuWidth, menuHeight, indexHeight; 
private  int[] menuAnchor; 
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.. 
 
 

Code Snippet 25. Extracts from initialization of the TestCanvas class. The menu entire are set 

according to current language using the ${mainmenu1} and ${ mainmenu2} properties. 

 

7.1.9 Debugin’ 
As a note I would like to add, that it is a very good idea to enclose all System.out.print() calls in 

a Antenna directive that will exclude these statement from final releases. I have done this by 

introducing a DEBUG preprocessing symbol that I use when searching for bugs. Code Snippet 

illustrates an example of using a DEBUG symbol. 

 
 
//Debuggin feedback    
//#ifdef DEBUG 
 System.out.println("deltaTime: "+deltaTime); 
//#endif 
 

Code Snippet 26. Using a DEBUG symbol to exclude irrelevant code from final releases. 

 

7.2 The Test 
The product of the build system is now ready for testing. We have 4 device builds for each of the 2 

supported languages adding up to a total of 8 builds. These 8 are now to be tested on the testing 

phones, the Nokia 6600 and Nokia N-gage. Before commencing I would like to note that the S60 

MIDP1.0, S60 MIDP2.0 and MOTO MIDP2.0 builds are all expected to run on the Nokia 6600 

since these only differentiate in screen resolution, since no Motorola specific extensions have been 

used and since MIDP2.0 is backwards compatible. Only the CLDC 1.1 support of the SE MIDP2.0 

build will prevent it from running on the 6600. Only the S60 MIDP1.0 build is expected to run on 

the Nokia N-gage. These expectations are illustrated in figure 10 (on the next page). 
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 Nokia N-gage Nokia 6600 

Danish   

S60 MIDP1.0 Supported Supported 

S60 MIDP2.0 Un- Supported Supported 

SE MIDP2.0 Un- Supported Un- Supported 

MOTO MIDP1.0 Un- Supported Supported 

English   

S60 MIDP1.0 Supported Supported 

S60 MIDP2.0 Un- Supported Supported 

SE MIDP2.0 Un- Supported Un- Supported 

MOTO MIDP1.0 Un- Supported Supported 
 

Fig 10. The expected build/device support. 

 

Testing the builds on the two testing devices proved figure 10 to be correct. Both the S60 builds 

will run on the Nokia 6600 as will the MOTO MIDP2.0 build (the difference in screen resolution 

and softkey values introduces bugs though). Only the S60 MIDP1.0 build was accepted by the N-

gage as expected. 

 

The test also proved that the implemented localization scheme works as intended since the entries 

of the pause menu was correctly changed when going from Danish to English mode. 

 

A note regarding the test program was also made. The program will run very slow on both Nokia 

devices. This is due to the transformations used. In the program the transformations are done in 

every frame which is too heavy a load on the processor of the test devices. This constitutes an 

important fact regarding the use of transformations. Transformations of images should be done in 

the construction of a Canvas objects and not in runtime. Transformed images should be put in 

offscreen buffers and save for later use. This saves processing time at the cost of heap space. 

 

I would also like to make a note on the use of Antenna directive. Using these makes ones source 

code very chaotic and unstructured if effort is not taken to avoid this. Furthermore the use of 

directives messes up the error detection and code completion features of EclipseME which is very 

annoying. These minor annoyances do have a bright side though. I chapter 4.1 I stated the 
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importance of having a complete master build before commencing with the porting phase. Since the 

directives messes up your code they almost enforce the necessity of having a 100% functional 

master build since debugging after having added directives is a nightmare. 

 

Since the test of the build system seemed to run too smoothly on the test program, I went ahead and 

tried the system on some old and larger J2ME projects. These projects are way more extensive and 

the probability of identifying build system bug should therefore be higher. The build system 

excelled flawlessly again though and further testing of the system is therefore considered irrelevant.  

 

The porting test has showed that the build system works as intended. The ease of use has surprised 

me though. Building all 8 builds only takes 30 sec due to the multiprocessing scheme. Very 

impressive I think. 
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8 Conclusion 
Having completed the build system implementation and having successfully tested the system, time 

has now come to reflect upon what has been achieved. This chapter will sum up the project and 

define the reached goals. 

 

8.1 Project Summary 
This project has analyzed the development process of J2ME projects. From this analysis, the J2ME 

specific phase of porting was identified and explained. General guidelines regarding J2ME 

development was then defined based on personal preferences and literature. Based on a concrete 

real world project a theoretical build matrix was then setup. This build matrix constituted the target 

devices of this project and also emphasized the usefulness of a build system when creating the 

device ports. Next, the critical device differences that a build system should respect to be 

considered functional was presented and argued. These settled diversities were later to be respected 

in the build system design. Based on the preliminary analysis a suited build system framework was 

chosen. The choice of framework was based on cost and personal preference and fell on Antenna. 

The Antenna framework was then made familiar to the reader by presenting the basic tasks that I 

found it reasonable to split a build process into. Antenna basics and setup oddities was explained in 

this process. With the initial analysis and technology basics out of the way, the build system design 

was the done and documented. In this documentation I first argued why device grouping is valid 

and preferable over ‘per device compilation’. This simplified the build matrix and is a procedure I 

advice in general. I then defined the design criterion that the build system is respect based on 

personal preferences. These criterions called for ‘Project Independence’, ‘Expandable Device & 

Locale Support’ and ‘Multi-build processing’ functionality.  These features were then all solved, 

implemented and documented and additional features were explained as well. With a complete 

build system implementation, time had then come to put the system to the test. A test program was 

therefore written that represents all the device diversities settled in the initial analysis. The build 

system was incorporated into the source code of this program using the preprocessing directives of 

Antenna and the resulting JARs were tested on the Nokia 6600 and the Nokia N-gage. These builds 

ran as expected on the test devices and the build system is therefore considered a functional success. 
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8.2 Experiences 
Setting up a build system has proved to be far more manageable than I had ever expected. Actually 

the ease of use almost makes one wonder why I did not develop a build system ages ago. The 

functionality of Ant and Antenna has also amazed me. Using Antenna, together with the basic tasks 

of Ant, makes almost anything possible. All the third party programs that I personally use for 

optimization and packaging of JARs can now be incorporated in build system routines and thereby 

become transparent processes that I no longer have to do manually or even care about. Very 

impressive I think.  

 

The only backside of using an Ant & Antenna build system that I have personally found annoying it 

that the preprocessing directives intervene with the workings of my existing tool set. I have 

optimized my own development process based on the functionality supplied by EclipseME and 

therefore feel a noticeable difference when these stripped away from me. I know for a fact that 

J2ME Polish (discussed in chapter 4.4.2) allows a developer to comment code using a ‘//#’ 

directive. Such a comment will be ignored by the employed IDE by not by the preprocessing 

routines. This way no conflicts with my existing tools would occur. In the time to come I might try 

out J2ME polish or implement a similar task feature in Antenna myself. 

 

8.3 Reached goals 
In this project I have presented the troubles of the J2ME porting phase as well as the means to solve 

them. My initial research and personal experience and preferences has resulted in a build system 

that suits my needs to the fullest and that I expects should accommodate the average J2ME 

developer very well. The system has been made portable as well as very easy to expand. Adding 

new device and language support simply requires adding new property files to the ‘buildSpecs’ 

folder. Extending the systems capabilities more or less only requires adding symbols to the 

${preprocessing_symbols} of the device property files. The ‘one-click’ multiprocessing capability 

of the system adds a nice final touch that saves time as well as manual labor. I am very satisfied 

with the product of this project and feel that I have managed to extend my personal toolbox to 

support the porting phase. My initial expectations and goals regarding the build system have hence 

been fulfilled. 
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Throughout the report I have strived to explain and argue any choices taken as well as the 

technology employed at a comprehendible level. I initially stated that this project might 

accommodate J2ME novices and have therefore structured and written the project thereafter. The 

‘student-to-student’ and non-formal language used throughout the report is therefore intentional and 

should hopefully ensure that nobody is lost along the way. 

 

 

As a final comment I would like to add that I have learned a lot regarding many aspects of J2ME 

development during this project. Setting up a build system gives a nice and insightful overview of 

the entire J2ME development process. Anyone serious about J2ME development should therefore 

develop and employ build systems is my final hypothesis. 
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10 Appendix I: Device Support List 
Device support list for the Danmarks Radio production ‘Dolph Spillet’. Red means not supported. 
Green means supported. 
 

 DR’s ’Dolph Spillet’ Device Res 

Nokia  
Series 30 (96x65 - Monochrome)   
3410   96x65 
6310i   96x65 
Series 40 (96x65 Colour)   
3530   96x65 
3586   96x65 
3595   96x65 
3586i   96x65 
3510i   96x65 
3587i   96x65 
6015i   96x65 
8910i   96x65 
8910i   96x65 
Series 40 - MIDP 1.0 (128x128 Colour)   
2650   128x128 
3100   128x128 
3105   128x128 
3108   128x128 
3120   128x128 
3200   128x128 
3205   128x128 
3300   128x128 
5100   128x128 
6100   128x128 
6108   128x128 
6170   128x128 
6200   128x128 
6220   128x128 
6225   128x128 
6230   128x128 
6610   128x128 
6651   128x128 
6800   128x128 
6810   128x128 
6820   128x128 
7200   128x128 
7210   128x128 
7250   128x128 
7250i   128x128 
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Series 40 - MIDP 2.0 (208x208 Colour) 
6230i   208x208 
8800   208x208 
      
3220   128x128 
5140   128x128 
6020   128x128 
6230   128x128 
6822   128x128 
7260   128x128 
Series 60 - MIDP 1.0 (176x208 Colour)   
7650   176x208 
3600   176x208 
3620   176x208 
3650   176x208 
3660   176x208 
Ngage   176x208 
Ngage QD   176x208 
Series 60 - MIDP 2.0 (176x208 Colour)   
3230   176x208 
6260   176x208 
6600   176x208 
6630   176x208 
7610   176x208 

Sony Ericsson  
T610   128x127 
T630   128x127 
Z600   128x127 
P900   208x320 
W600   176x220 
K600   176x220 
K750   176x220 
S600   176x220 
K700   176x220 
V800   176x220 
W800   176x220 
K500i   128x160 
Z1010   176x220 
S700   240x320 
S710   240x320 
K300   128x128 
K500i   128x160 

Motorola  
T720   120x160 
T720i   120x160 
V300   176x220 
V400   176x220 
V500   176x220 
V525   176x220 
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V600   176x220 
V700   176x220 
A835   208x320 
C650   128x128 
C651   128x128 
A925   208x320 
A1000   208x320 
V980   240x320 
E1000   240x320 
C975   176x220 
A920   208x320 

Samsung  
E700   128x160 
E710   128x160 
E715   128x160 
P400   128x160 
S100   128x160 
S300   128x128 
C100   128x128 
E100   128x160 
E800   128x160 
E820   128x160 
X100   128x128 
X600   128x128 
E730   176x220 
D500   176x220 
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11 Appendix II: Build System Source 
Code 



<!--===-==-==-===-==-==-===-==-==-===-==-==-===-==-==-===-==-==-===-==-==
/**
 * @author Anders Bo Pedersen, -:ABP:-. Copyright 2006.
 *
 * A set of Ant/Antenna Tasks all constituting J2ME a build system.
 *
 * parameters:
 * -Dproject = ${project} = project name
 * -Ddevice = ${device} = name/path of device specific property file
 * -Dbasedir = ${basedir} = MIDlet suite root
 * -Doptions = ${options}  = optinal parameters
 */      
-===-==-==-===-==-==-===-==-==-===-==-==-===-==-==-===-==-==-===-==-==-->

<project name="${project}" basedir=".">

<!--===-==-==-===-==-==-===-==-==-===-==-==-===-==-==-===-==-==-===-==-==
   Generel system paths. Hardcode in accordance to system and project.
-===-==-==-===-==-==-===-==-==-===-==-==-===-==-==-===-==-==-===-==-==-->

<property name="antenna.home" value="C:/bin/Antenna_0.9.13/" />
<taskdef resource="antenna.properties"

classpath="${antenna.home}antenna-bin-0.9.13.jar"/>

<property name="portal.home"
value="C:/bin/eclipse/workspace/Antennatest/"/>

<property name="wtk.home" value="C:/bin/WTK22/"/>
<property name="wtk.proguard.home" value="C:/bin/proguard3.5/"/>

<property name="wtk.nokia.emupath" 
value="C:\Nokia\Devices\Nokia_Prototype_SDK_2_0\\devices\

Prototype_2_0_S60_MIDP_Emulator\bin\emulator.exe"/>
<property name="wtk.sonyericsson.emupath" 

value="C:\SonyEricsson\J2ME_SDK\PC_Emulation\WTK2\bin\emulator.exe"/>
<property name="wtk.motorola.emupath" 

value="C:\Motorola\SDK v5.2.1 for J2ME\EmulatorA.1\bin\emujava.exe"/>

<property name="project.MIDlet" value="AntennaTest"/>
<property name="project.icon" value="icon.png"/>

<!--===-==-==-===-==-==-===-==-==-===-==-==-===-==-==-===-==-==-===-==-==
   Initialise properties from parameters and property files
-===-==-==-===-==-==-===-==-==-===-==-==-===-==-==-===-==-==-===-==-==-->

<property file="${portal.home}${device}"/> <!-- load device specific props -->
<property file="${portal.home}${options}"/> <!-- load language specific props -->
<property name="specs" value="${device.name},${options}"/>
<property name="res" location="${basedir}/res"/>
<property name="build" location="${basedir}/build/"/>
<property name="deploy" location="${basedir}/deployed/"/>

<!--===-==-==-===-==-==-===-==-==-===-==-==-===-==-==-===-==-==-===-==-==
   Create build files and folders
-===-==-==-===-==-==-===-==-==-===-==-==-===-==-==-===-==-==-===-==-==-->

<target name="init">
<echo message="Initialising Build Directories"/>
<delete dir="${build}"/>

<delete dir="${basedir}/src_build"/>
<delete file="${res}/Thumbs.db"/>
<delete file="${res}/buildSpecific/Thumbs.db"/>

<tstamp/>

<mkdir dir="${build}"/>
<mkdir dir="${deploy}"/>
<property name="deploy.directory" 

value="${device.name}_MIDP${wtk.midp.version}



_${screenWidth}x${screenHeight}"/>

<mkdir dir="${basedir}/src_build"/>
</target>

<!--===-==-==-===-==-==-===-==-==-===-==-==-===-==-==-===-==-==-===-==-==
   Preprocess, compile and preverifi
-===-==-==-===-==-==-===-==-==-===-==-==-===-==-==-===-==-==-===-==-==-->

<target name="compile">
<echo message="Preprocessing, Compilation and Preverification"/>
<echoproperties/>
<mkdir dir="${build}/classes"/>
<wtkpreprocess 

srcdir="${basedir}/src" 
destdir="${basedir}/src_build"
symbols="${specs},${preprocessing_symbols}"
verbose="false" indent="false"/>

<wtkbuild 
destdir="${build}/classes" 
srcdir="${basedir}/src_build"
target="1.1"
source ="1.3"
preverify="true"
cldc="false"
nofloat="false"

/>
</target>

<!--===-==-==-===-==-==-===-==-==-===-==-==-===-==-==-===-==-==-===-==-==
   Package JAD and JAR
-===-==-==-===-==-==-===-==-==-===-==-==-===-==-==-===-==-==-===-==-==-->

<target name="package">
<echo message="Create JAD and JAR (and obfuscates)"/>

<mkdir dir="${build}/bin"/>

<wtkjad
         jadfile="${build}/bin/${project}.jad"
         jarfile="${project}.jar"
         update="false"
         manifest="${build}/bin/MANIFEST.MF"
         name="${project}"
         vendor="J and A inc."
         version="1.0.0">

<attribute name="MIDletX-No-Command" value="true"/>
<midlet 

name="${project}"
icon="${project.icon}"
class="${project.MIDlet}" />

</wtkjad>

<wtkpackage 
         jarfile="${build}/bin/${project}.jar" 
         jadfile="${build}/bin/${project}.jad"
         basedir="${build}/classes"
         manifest="${build}/bin/MANIFEST.MF"
         obfuscate="true"  
         preverify="true"
   cldc="false"

 nofloat="false"
      >

<!-- General graphics -->
<fileset dir="${res}/">

<include name="*"/>
</fileset>
<!-- Resulution/model specific res goes here -->
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