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Abstract

This report contains information regarding the project and the work done throughout the duration of the project. The work completed in the early stages of the project was very research-intensive, so this report also provides summaries of actual research report completed. It also details the implementation of the solution system, and also accounts for the issues faced during the course of development. This report ends with the suggestions on alternative technology options based on the experiences gained during the development.
This report is organised as follows. Chapter 1 briefly describes the project. Chapter 2 details the findings of researches carried out during the early stages of the project. Chapter 3 lists the designs and architectural decisions made based on the result of the research. Chapter 4 explains in detail the development process with issues faced, and consequent changes introduced to overcome the issues. Chapter 5 describes the final system architecture implemented, and Chapter 6 identifies shortcomings of the final system. Chapter 7 makes a few suggestions on alternative technology options to overcome the shortcomings of the final system. Lastly, Chapter 8 states concluding remarks on the project and its process. This report also includes references that were used during the research process.
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1. Project Outline
The current asTTle software (Assessment Tools for Teaching & Learning – test scoring and reporting software) requires students to complete tests in paper and for the resulting item level scores to be manually entered into the asTTle test scoring and reporting software. This project was a Research and Development work involving implementation of a proof-of-concept system, and it provides a solution to giving asTTle customers the option to electronically administer assessments and subsequent automatic capture of student responses to each item. The early stages of the project involved extensive researches to analyse functional requirements and define scope of technology options. The investigation explored technical topics including development platforms, types of mobile devices (PDAs – Personal Digital Assistant), persistent storage options and synchronisation methods. 
Architecture of a proposal solution system was defined and developed based on findings of the research. The development process of the system however presented a need for some changes to the initial design, which in turn suggested a few alternatives. The resulting outputs of the project are a fully functional mobile application and designs for a web application that allows users to access the data collected by the mobile application. Also, additional to the solution system developed, it also identifies possible shortcomings of the chosen design and suggests alternative technology options based on the findings of the initial researches and experiences gained through the development process.
2. Research
2.1 Research on PDAs
Mobile devices, or more specifically PDAs (Personal Digital Assistant), are generally divided into two categories; Palm and PocketPC. The main difference between the two types is that Palm uses PalmOS and PocketPC uses Windows CE (Windows Compact Edition) as its operating system. Smartphones, which are either PDAs with phone capability or mobile phones with PDA functionalities, were eventually dismissed as the built-in modem was not desirable for this project. The research also studied TabletPCs and notebooks, but this option too was rejected for practicality reasons. As the issue of supplying required devices to asTTle users must be taken into account, the provision of expensive tools such as TabletPCs was deemed impractical. Thus the investigation was concentrated on the comparisons between Palms and PocketPCs, and the summary of the research is as follows.
· Palm and Pocket PC adopt different approaches in user interface development. Palm builds the interface from bottom up (screen look, interaction, etc) whereas Pocket PC tries to employ users’ familiarity with Windows.

· Palm poses additional emphasis on application design. Most Palm applications are designed specifically and exclusively for the mobile use to provide best fit for user needs whereas Pocket PC largely bases on Windows applications, where the conversion of existing applications is the major focus.

· Palm tries to exclude as much resources as possible from the system except only the functions that are vital to users, whereas Microsoft tries to include as much as possible to the device.

· Palm preaches ‘simplicity’ as its main advantage, whereas Pocket PC proclaims ‘power’ instead.

· Palm has no explicit ‘file system’ and users normally don’t need to ‘save’ changes. Each application maintains its own set of information objects. Instead of putting ‘documents’ into ‘folders’, user can ‘categorize’ application’s information object by using categories list.

2.2 Research on Development Platform

With a better understanding in what devices are available for the project implementation, it necessitated the decision on the development platform. The main feature of the development platform investigated was the programming language in which the mobile application was to be implemented. A number of proprietary and free programming languages were examined, and the advantages and disadvantages, estimated learning curve and compatibility with different mobile operating systems for each language were analysed in detail for comparisons. Some of the languages investigated are shown in table 1.

	Factors  \  Languages
	NSBasic
	Crossfire/
MobileVB
	CASL
	J2ME
	CodeWarrior

	Programming Language
	Basic
	Visual Basic
	Similar to VB
	Java
	C / C++

	Steep Learning Curve
	No
	No
	No
	No
	Yes

	Development Time
	Fast
	Fast
	Fast
	Average
	Slow

	Runtime (VM) Required
	Yes
	Yes
	Yes (Std)
No (Pro)
	Yes
	No

	Cost
	Moderate
	Expensive
	Cheap (Std)
Moderate (Pro)
	Free
	Moderate


Table 1: Programming Language Comparisons

2.3 Research on Synchronisation Methods

As this project concerns collection of data on mobile devices, synchronisation of the collected data with the data stored in host system was one of the main functionality requirements. Both Palm and PocketPC support proprietary synchronisation functionality, which are called HoySync and ActiveSync respectively. However, because both of the synchronisation processes require its own desktop portals, the universality of the processes and software could not be guaranteed. For example, ActiveSync for PocketPC does not define a standard automatic file conversion for non-Microsoft third party applications. As asTTle is a multi-platform system that runs on various operating systems, it was important not to limit the functionality of this project only to a specific set of operating systems. For such reasons the research was concentrated more on non-vendor specific synchronisation methodologies, namely Web Services, SyncML and conduits. 

Web Service is a self-describing, self-contained, modular unit of application logic that provides some business functionality to other applications through an Internet connection. As Web Service is a platform and language independent technology, the option supported the cross-platform nature of existing asTTle system.
SyncML, short for Synchronisation Markup Language, is an industry-wide effort to create a single, universal data synchronisation protocol optimized for wireless networks. The SyncML structured data layer uses XML wherever appropriate. SyncML is intended to work on a diverse set of transport protocols, including HTTP (HyperText Transfer Protocol) and WSP (Wireless Session Protocol, part of Wireless Application Protocol), and with data formats ranging from personal data (e.g. vCard & vCalendar) to relational data and XML documents. As with Web Services, platform and language independent feature of SyncML made it a suitable option, perhaps in conjunction with Web Services.
Lastly, conduit is an intermediate application that works on the desktop PC, processing the data on their way from desktop to Palm and vice versa. The conduit makes the decision of which data is to be transferred and how they are presented. Conduit, however, is not strictly non-vendor specific technology as it is executed during the HotSync/ActiveSync process. That is, the conduit itself is not vendor specific but it needs to be incorporated into a vender specific synchronisation operation. Despite its requirement for proprietary synchronisation operation, this option would be worth investigating as a secondary method of synchronisation.
All the methodologies investigated in the research presented alternative means to achieving data synchronisation, supporting the platform independent nature of existing asTTle system.

2.4 Research on Relational Databases for PDAs

	Product Name
	OS Support
	Key Features

	Sybase SQL Anywhere Studio
	Windows CE

Palm OS

Symbian OS

Linux

Java
	▪ Full-featured Adaptive Server Anywhere (ASA) database for desktop environments and Windows CE

▪ UltraLite deployment for mobile operating systems, providing a relational database with a footprint as small as 50K

▪ Built-in synchronization to any ODBC back-end data source

▪ Strong encryption of both the data stores and communication stream

	DB2 Everyplace
	Windows CE

Palm OS

Symbian OS

Linux

Java
	▪ A relational database management system with a footprint as small as 150 KB

▪ Support for a wide range of mobile operating systems

▪ Synchronization to a variety of back-end data sources via IBM DB2

	Oracle9i Lite
	Windows CE

Palm OS

Symbian OS
	▪ Lightweight relational database that resides on the mobile device

▪ Centralized Web management console to manage users, data, applications, and security

▪ Handles both data and application synchronization

	SQL Server CE
	Windows CE
	▪ Lightweight relational database that resides on Windows CE-based mobile devices

▪ Similar interfaces and data management capabilities to Microsoft SQL Server

▪ Synchronization with Microsoft SQL Server databases

	PointBase Embedded Edition and Micro Edition
	Java
	▪ 100 percent pure Java relational database

▪ Integration with common Java development tools

▪ Built-in data synchronization to a variety of backend sources (Embedded Edition)


Table 2: Relational Databases for PDAs

Table 2 shows some of commercial relational databases for PDAs examined for the project. Although there are a number of freeware relational database implementations available, it was decided to narrow the research scope only to off-the-shelf commercial products. The decision was based on the observations made while researching that freeware generally lacked sufficient development support and help available compared to commercial products, and also considering the inherent fact that freeware can be less robust. 
3. Architectural Design Decisions

As the result of several in-depth researches described in the previous section a preliminary design and architectural decisions were made. It should be noted that in making the decisions, the cross-platform capabilities of the technologies/methods were given the major focus as the e-asTTle (the project) has to support multi-platform operations of existing asTTle systems. In this section the reasons behind some of the initial decisions made are explained in detail. 

3.1 PDAs
As for the type of PDA to use, Palm was recommended over Pocket PC. This was because Palm was found to be more compact and exclusive in implementing custom mobile applications, whereas Pocket PC has many unnecessary built-in applications such as Microsoft Word. Such applications can consume large memory space compared to Palm. Also, because Pocket PC is a Microsoft product, its vendor-specific features (including the synchronisation) could have potential problems when interacting with other platforms such as Linux. As for Palm, as its operating system is not of mainstream PC platform vendors, it was assumed that it will pose fewer problems when interacting with vaious host PC platforms. 
With the decision to use Palm PDA, a practical market research was conducted on available Palm PDA machines. For the market research, functional features of various Palm models were compared as well as the market prices at different hardware stores.
Table 3: Feature Comparisons for Palm Models

	Models
	Zire
	Tungsten
	Treo

	
	21
	31
	72
	E2
	T5
	c
	600
	650

	Buit-in Storage
	8 MB
	16MB
	32 MB
	32 MB
	256 MB
	64 MB
	32 MB
	32MB

	Palm OS
	V5.2.1
	V5.2.8
	V5.2.8
	V5.4 (Garnet)
	V5.4 (Garnet)
	V5.2.1
	V5.2.1
	V5.4 (Garnet)

	Processor
	126 MHz TI MAP 311
	200MHz Intel®
	312MHz Intel® 
	200MHz
Intel® 
	416MHz
Intel® 
	400MHz
Intel®
	144MHz
ARM
	312MHz
Intel®

	Rechargeable Battery
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	Screen
	160x160
	160x160
color
	320x320
color
	320x320
color
	320x480
color
	320x320
color
	160x160
color
	320x320
color

	Built-in Wireless
	
	
	Bluetooth
	Bluetooth
	Bluetooth
	Wi-Fi® 1
(802.11b)
	GSM/GPRS
or CDMA
	GSM/GPRS CDMA,
Bluetooth®

	Expansion Slot
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	Infrared Port
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	Sync Accessory
	Mini-USB
Cable
	Mini-USB
Cable
	Mini-USB
Cable
	USB
Cable
	USB
Cable
	USB
Cable
	USB
Cable
	USB
Cable

	Phone
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	Web Browsing
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	Est. Street Price (USD)
	
	$129
	$299
	$249
	$399
	$399
	$299
	$449


1 Requires proximity to Wi-Fi access point, sold separately. May also require additional service plans, sold separately.

2 Requires an Internet service provider account and compatible Bluetooth® wireless technology enabled phone or Bluetooth® access point, sold separately. Not all phones with Bluetooth® technology are compatible.

3.2 Development Platform
For development platform J2ME was chosen for the following reasons.

1. asTTle is written in Java.

Using Java (J2ME) for e-asTTle solution development thus seemed to be an obvious choice that ensures compatibility between the host system and mobile devices. It would eliminate the possibility of any unforeseen compatibility issue that may occur if a different language is adopted. This in turn was aimed to narrow the development effort. The unified environment can promote easier maintenance and future improvements.

2. It is a free-ware.

J2ME is distributed free of charge.

3. It posed a lower learning curve compared to other languages.

Out of all the languages researched, Java is the language that the developer is the most familiar with. With the timeframe of the project in consideration, eliminating any pre-development tasks can be very beneficial.

4. Java is a platform-independent language.

With such portability, proper functioning across different operating systems was assured, which is an important aspect for asTTle.

5. Java would be more robust compared to other languages.

Although it is also a free-ware, J2ME inherits the robustness of Java (J2SE/J2EE) while other free languages can not be assured of robustness to such degree.

6. Java provides more extensive documentation compared to other languages.

Implementation of the solution can become much easier and faster with a better API for the developer. 

3.3 Synchronisation Method
With the type and development platform of a PDA determined, preferences on the synchronisation methods had to be defined. Initial choices included Web Services and conduits, either or both with SyncML implementations. Web Services’ ease of use from the users’ perspective promoted the option as the primary means of synchronisation. With Web Services, users are not necessarily required to establish a physical connection with the host machine in order to achieve synchronisation. Users can connect to a synchronisation server via the Internet, whereas the conduits require physical connections between the host and mobile client machines, and it needs proprietary synchronisation operation. For such reasons conduit – written in Java – was chosen to be developed as a back-up solution in case of any failure with Web Services occurs, e.g. connection failures.
J2ME provides support for Web Services. The J2ME Web Services API (WSA) consists of two optional packages that standardise two areas of functionality that are crucial to clients of web services: remote service invocation and XML parsing. The remote invocation API is based on a strict subset of J2SE's Java API for XML-Based RPC (JAX-RPC 1.1), with some Remote Method Invocation (RMI) classes included to satisfy JAX-RPC dependencies. The XML-parsing API is based on a strict subset of the Simple API for XML, version 2 (SAX2). The following list describes this subset at a high level.
· Conforms to the WS-I Basic Profile 

· Supports SOAP 1.1 

· Supports any transport, such as HTTP 1.1, that can deliver SOAP messages, and that has a defined protocol binding for SOAP 1.1 

· Supports a full suite of data types: boolean, byte, short, int, long, float, double, String, arrays of primitive types, and complex types (structures containing primitive or complex types) 

· Supports the Literal representation of a SOAP message representing an RPC call or response (a WSDL operation using the Document/Literal messaging mode); doesn't support Encoded representation 

· Doesn't support SOAP Messages with Attachments. 

· Doesn't support SOAP message handlers. 

· Doesn't enable a device to be a web service producer. 

· Doesn't service discovery support (UDDI - Universal Description Discovery and Integration
). 
· To reduce demands on network bandwidth -- and to save users time and per-byte charges -- doesn’t mandate the use of XML encoding on the device itself
3.4 Relational Database
The reason behind the choice of relational databases over other forms of databases (e.g. XML database or Flat file database) was because of the possibility of direct synchronisation between the relational databases on the host machine and the mobile device. This was desirable as it would eliminate any auxiliary processes such as format conversion that may arise if other forms of databases are used. 

3.5 Palm Models
From the comparisons made between several models of Palm devices, the final decision was made based on each model’s inclusiveness of required features as well as unnecessary functionalities. For example, Wi-Fi
 or bluetooth
 are crucial functionalities needed for the project (for sharing the Internet connection), but not a built-in modem, and choosing a model without unnecessary functionalities meant a reduced price. The price of models was an important factor in determining the model as it should be viable and practical enough to provide system users with the hardware they need. With such conditions taken into account, the model chosen for the project was Tungsten E2.

3.6 System Architecture Design
With all the decisions made on the initial hardware and software requirements, a preliminary design was constructed for the system architecture as depicted in Figure 1. The design aimed to implement a connectionless application for data collection processes, that is, the number of times that the application needs to connect to the server was minimised. The system was designed so that the mobile application connects to the host server only at the start and end of each session, respectively for retrieving initial set of data (e.g. student name, test details) and for storing test results back to the server. This was to take into account the inherently unstable mobile Internet connections. By carrying out the actual data collection process off-line, the duration of the process can also be flexible without the connectivity restraints.
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Figure 1 Proposal System Architecture
4. Development, Issues and Design Changes
Over the course of actual implementation, some of the initial design decisions were proved unsuitable and/or impractical to be pursued further. Inevitably, some changes were needed in order to ensure the completion of the functionality implementations. The main changes to the design were concerned with the synchronisation and the persistent data storage options. The initial decisions on the type of mobile device and development platform were found to be adequate that no changes were required.

4.1 Mobile Device and Development Platform

The model of Palm device chosen for deployment, Tungsten E2, operates on Palm OS Garnet (v5.4), and has built-in Bluetooth® wireless technology. It was agreed that the chosen model will not have phone capability (i.e. no built-in modem) as it may lead to misuse, and also because the connection with an ISP will add to the operating cost of the system. With the Bluetooth functionality, the mobile device can share the Internet connection with an already-connected (Bluetooth-enabled) device such as a desktop to access the Internet, thus incurring no extra cost. Another important feature of the chosen model is that it supports IBM’s WebSphere Everyplace Micro Environment, the Java virtual machine. Palm devices do not currently include Java built-in but the runtime can be downloaded and installed, which is available for the following models as of May 27, 2005 - Treo 600, Treo 650, Tungsten T3, Tungsten T5, Tungsten E, Tungsten E2 and Zire 72. Palm has discontinued support of WebSphere Micro Environment for older Palm devices including Tungsten T2, Tungsten W and Zire 71. It was desirable to have this support as the WebSphere deploys J2ME’s MIDP (Mobile Information Device Profile
) version 2.0. Although MIDP 2.0 is backward compatible with MIDP 1.0, MIDP 1.0 was found to be very restrictive in some areas, one very important and major issue being the limitations on display layout. There also are limited variations on available controls (form elements) with MIDP 1.0, for example, MIDP 1.0 does not provide a drop-down list. In contrary, the MIDP 2.0 specifications have numerous user interface refinements to support greater extensibility and overall portability of MIDlets (MIDP applications) between devices. Another crucial issue was that MIDP 1.0 only supports HTTP as the core method of connecting to the Internet. This potentially was a major impediment in accessing Web Services from the mobile client. MIDP 2.0 however provides support for SOAP, thus enabling easier implementation with higher level API (detailed in the previous section). 
4.2 Persistent Storage

In selecting persistent storage options for the system, the cost was a major limiting factor. Although there are a number of free relational database implementations for mobile devices, such products lacked detailed documentations and warrantees which could potentially jeopardize the project implementation. Commercial products, on the other hand, were exceedingly costly that purchasing and providing them to end users would have been very impractical. Instead, J2ME’s built-in support for persistent data storage was utilised. This persistent storage mechanism is modelled after a simple record oriented database and is called the Record Management System (RMS). The javax.microedition.rms package defines a class (RecordStore) to support data persistence across different invocations of the MIDlet
 and across device power outs. A single record is stored as an array of bytes. Record stores are created in platform-dependent locations, which are not exposed to MIDlets. MIDlets within a MIDlet suite are allowed to create multiple record stores, as long as they are each given different names. When a MIDlet suite is removed from a platform, all record stores associated with its MIDlets must also be removed. MIDlets within a MIDlet suite can access one another's record stores directly. 

4.3 Synchronisation

During the implementation of synchronisation functionality, an unexpected constraint was faced with deployment of conduits as a synchronisation option. HotSync does not fall into the MIDP specification and hence is not supported by Sun Microsystems. Also, although HotSync’s Java conduits can support transfer of data from the host PC directly to the mobile device’s RMS record store, the reverse operation, i.e. transferring data from the mobile device’s RMS record store back to host PC, is not supported. The MIDP RMS specification maps almost exactly to Palm's persistent storage implementation, but with a few subtle differences that hinder non-MIDP applications (i.e. conduits) from accessing the record stores (specifically due to differences in  the database’s header and name defined when the record store is created). A possible workaround to this issue was to use a conduit to create the record store before the MIDP application ever accesses it, but the conduits cannot access already-existing RMS record stores thus it was Impossible to transfer data from Palm to PC using conduits. 
Additional to the access constraint, deployment of a conduit proved to be very difficult. Possibly due to lack of experience, execution of the conduit during HotSync process could not be established in spite of following documented guidelines for the procedure. With the time frame of the project in consideration, the conduit development was aborted altogether, with the Web Services as the main method of synchronisation.
Another technology suggested by the initial research was the SyncML. However, the adoption of SyncML in synchronisation was dismissed to keep the implementations process simple. In order to utilise SyncML in Java language additional libraries are required on both sides (the mobile client and host machine), while the same functionality can be achieved by using custom XML definitions.
5. Final System Architecture
Figure 2 shows the final system architecture that was implemented. In this section separate components of the system are explained in details.
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5.1 Sharing Internet Access with Bluetooth
With Web Services as the only method of synchronisation, the mobile device needed a way of connecting to the Internet. As mentioned earlier, the chosen device lacks an internal modem so it must share the connection with a Bluetooth-enabled device. Some machines are shipped with Bluetooth functionality, for example, newer models of laptop machines provide built-in Bluetooth functionality. However machines without the support can incorporate the functionality with a Bluetooth USB adapter. By installing the Bluetooth USB adapter software in the host PC, and configuring the shared access to the Internet through the host PC, the mobile device can readily share the Internet access which in this case allows it to access Web Services. The Bluetooth USB adapter used in this project is a class 1 (operating range of up to 100 meters) adapter from Belkin. 

Wi-Fi is also a wireless feature that is available on Palm Pilots and Pocket PCs that allow wireless communication between the device and a network. This option however was disregarded due to the time constraints of the project, and also because the setup cost is comparatively much higher than Bluetooth. To utilise this technology a Wi-Fi Access Point needs to be set up, which requires routers and hubs. The resulting functionality of Wi-Fi is similar to what Bluetooth can provide. Another reason for rejecting Wi-Fi as an option was to take into account the possible deployment environment of prospect users – most, if not all, of primary and/or secondary schools would less likely be equipped with routers or hubs that are required in order to utilise Wi-Fi.
5.2 Application Design

The complete architecture involves two applications, a web application for test creation process and a mobile application running on the mobile device for test administration process. The two applications exchange data via Web Services. 

The web application is written in HTML, JavaScript and PHP to allow users to create a test, assign students and expose the created test to be imported from the mobile device. The web application also displays test data that the mobile application collects, allowing users also to edit them through the web interface. The overall flow of web application interfaces is as described in the Figure 3. 
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The mobile application was implemented in such a way that it allows for the separation between the data exchange process and data collection process. This is because of the use of Bluetooth technology in sharing the Internet access. In order for the mobile device to share the Internet connection, it has to be within the physical range of 100 meters from the Bluetooth-enabled, connected device (e.g. host PC). This distance is dependent on the Bluetooth USB adapter’s class or specified distance if it is a built-in functionality. This constraint means that the user must also be physically near the connected device while exchanging data as the process requires Internet access. However, given dynamic classroom situations, requiring users (teachers) to be within the specified range throughout the data collection process may be overly restrictive, and thus the need for separation between the data exchange process and data collection process (refer to Figure 4).
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At the start of an administration session, the user is first required to import necessary data from the host machine. Once a correct group of students assigned to a specific assessment is imported, the user can start the collection of student responses. At the end of an assessment, the user is given a choice to either export the student results right away, or to save it temporarily so that it can be exported later and the user can start another administration session. In the latter situation, the student result will be stored in an RMS record store until it is exported, and the user will have access to the data through Synchronise - Export options. 

6. Lessons

The implementation of the project itself has been a learning process. Expectedly there were a number of challenges and issues faced during the development, some of which have been resolved and some that suggested other ways of accomplishment. The completed system does provide full functionality, but there are lessons from this project that future development can take into account for further improvements.

6.1 Bluetooth

Although Bluetooth technology enables a mobile device to share Internet connection with an already-connected host machine, it brings with it some restrictions. Such restrictions do not fatally impair operation of the system but these do require a work-around to accomplish full functioning. Firstly, as stated earlier, the defined operable range places restrictions on the application’s implementation and usability. It requires the system’s user to be within the operable range for the system to function correctly, and although the application was implemented in such a way that caters for the issue, the user may not always be in a situation to easily comply with the restriction. Secondly, in order to allow a mobile device to share the Internet connection, security schemes on access control of the host machine need to be altered. This however does not imply elimination of security measures, as only authenticated devices can share the Internet connection with the host machine. The firewall configuration of the host machine can also be of a concern since a mobile device is external to the host machine. Again, such issues can readily be resolved, but they do require a work-around.

6.2 Web Services

J2ME Web Services API (WSA) has minor limitations that make it less scalable. To allow a mobile device to access Web Services, the application program being installed in the device must also contain the definition of the remote services, that is, the ‘proxy’ classes of the remote Web Services. These proxy classes are generated external to the mobile application using a separate freeware tool available from the Sun Microsystems. This implies that in any case that the definition and/or location of the target Web Services change, its proxy classes need to be re-generated and re-packaged, and the complete application program must be re-installed on the mobile device. Also, the fact that WSA does not support UDDI service only necessitates the need for proxy class generation. While the end users may not be required to handle such technical and architectural changes, it is obvious that it will demand due attention if needs arise.

6.3 Mobile Technology

The inherent limitations of mobile technology with wireless network connection also posed restrictions on the system implementation. One very apparent issue was the limit on the size of data that can be transferred at each synchronisation process. To cater for such a problem, the format of data to be transferred to and from the mobile device was designed to minimise the content size, i.e. by transferring data in a generic string format and not in custom objects serialised in an XML form. This design decision also took into account the limited computing power of the mobile device. Although J2ME provides an XML-parsing API, XML is not the most compact format that a set of data can be transferred in, and parsing an XML document within the mobile application was very time-consuming. In consideration of the application’s usability, operating speed of the application was optimised by aborting the use of XML for data transfer.

7. Suggestions on Other Implementation Options

As stated earlier, this project provides one possible solution to the given requirements. Although the current solution does provide full functionality, it should be noted that the proposed solution employs only a subset of available technology options. From the experiences gained throughout the project development process, different technology options can be suggested. These suggestions are primarily intended to lessen the impact of issues discussed in the previous section, and these options will still incur other general concerns discussed in the initial research process.

Firstly, the option of using mobile devices with built-in modem can possibly eliminate the restrictions on operable range posed by the use of Bluetooth technology. With the built-in modem users will no longer be confined to the spatial limits, but this option will incur extra operating cost and would require strict usage regulations to minimise possible misuse. Another similar option would be to use the Wi-Fi technology. 

Secondly, different types of mobile device and development platform could be explored. By using Web Services as the core method of synchronisation, the mobile application is effectively a stand-alone system. As the Web Service protocol (SOAP) is platform and language independent, the uniformity between the mobile application and the existing asTTle system is not strictly necessary. With Pocket PC (Windows CE), other programming languages such as C# can be used to implement the mobile application, and the .Net technologies supports dynamic proxy generation and/or UDDI given that necessary software is installed on the mobile device.

Another option would be to implement the mobile application as a generic Palm application using C programming language. This option was initially discarded in early stage of the project due to the fact that the programmer (the present writer) is unfamiliar with the programming language and the Palm OS API, and the learning curve was deemed too high with respect to the time constraint of the project. If this option is adopted, conduits can readily be used to synchronise the data as the access constraints that conduits have with J2ME’s Record Store structure will not be present. However the application would be less portable compared to the Java application because the application would only be deployed under Palm OS, not other mobile devices such as Pocket PC.
 8. Concluding Remarks

Overall, the progress of the project over the entire duration was well paced with the proposed project timeline. The extensive research work carried out during early stages of the project streamlined the work done in the actual development stage. There were a number of challenges faced during the development stage, as expected, but on the whole the project has been completed with a fully functional system deployment as a result, which requires only minor adjustments.
This project has been a constant learning process for me. It was initially a very difficult task as I never had any real experience with mobile/wireless technologies prior to this project. It has provided me with invaluable opportunities to experience and learn from a real-industry work. I have gained practical knowledge in mobile/wireless technologies through the process, as well as non-technical but equally valuable experiences of working in a project team, strengthening my interpersonal and time management skills. I enjoyed the entire project process.
I wish to express my deepest and most sincere appreciation to everyone who was involved in the project - thanks to Dr. Manoharan and Mrs. Klette, my internal supervisors, and Miss Mackay and Dr. Brown, my industry mentors, for helping and guiding me through the entire process. This experience has been a challenging but rewarding and truly valuable learning process that will strengthen my future in the industry. Thank you very very much.
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This page originally contained screenshots of the web application (HTML pages) and the pages from the mobile application but it is left blank here for security/commercial reasons.
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� Universal Description Discovery and Integration is a directory model for web services. UDDI is a specification for maintaining standardized directories of information about web services, recording their capabilities, location and requirements in a universally recognized format. 


� Wireless Fidelity, A wireless data networking protocol generally used to connect PCs and laptops to a network. Also known as 802.11b and WLAN (Wireless LAN)


� A short-range radio technology aimed at simplifying communications among Internet devices and between devices and the Internet.


� a specification put out by Sun Microsystems for the use of Java on embedded devices such as cell phones and PDAs


� MIDP application
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