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Abstract:   

Develop a simple distributed game called Tic-Tac-Toe. The game runs on the Java Micro 
Edition Platform on 2 different limited devices. Make use of the JXTA technology for resource 
awareness and give the possibility to 2 limited devices to discover and communicate with each 
other.  
Development takes place in the programming language Java with Eclipse, an integrated 
development environment (IDE). 

License: This work is licensed under the Creative Commons Attribution-ShareAlike License. To 
view a copy of this license, visit http://creativecommons.org/licenses/by-sa/2.5/ or send a letter 
to Creative Commons, 543 Howard Street, 5th Floor, San Francisco, California, 94105, USA. 
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1  Introduction 
 
 
1.1  Purpose of the project and document 
 
The purpose of this document is to describe the aim of this project, which was to see how JXTA 
for J2ME works for resource awareness in a mobile distributed system. 
 
The group will in the end of the project period evaluate how the chosen technology let one 
discover other peers and handles the awareness of them. Since the clients will roam around 
quite often in a mobile context their “awareness” status will change quite often too. Therefore it is 
important that the distributed system let one easily know if a client is available or not. The group 
has to find out if the chosen technology is appropriate for this purpose. 
 
In detail this document will provide information of our work for this project, where we present and 
discuss the findings during this project period.  
 
 
 
 
1.2  Motivation 
 
In the recent years Peer-to-peer programming (P2P) has become a widely explored research 
area. It has changed the way that we communicate, collaborate and share resources.  
The internet traffic is now mainly dominated by P2P networks for file sharing, and the growth of 
mobile devices is increasing. JXTA for J2ME helps software developers to write interoperable 
P2P-distributed applications.  
This technology gives the possibility to find users and resources on the network. It can even 
communicate across firewalls and communicate across various and public JXTA networks.  
Additional benefits we get from this technology are to communicate seamlessly with any device. 
We also have the opportunity to track remote P2P activities, performance and usage, and we can 
communicate securely with other peers.  
 
 
 
 
1.3  Approach 
 
The group had to act in accordance with several requirements when working with this project.  
A simple distributed Tic-Tac-Toe game was a part of this project, so that the group could use the 
game for demonstration purposes of the JXTA technology.  
Since this project was from Agder Mobility Lab (AML) one of the project requirements was to use 
mobile terminals (i.e. cell phones).  
The group chose the Java 2 Platform, Micro Edition (J2ME) – Connected Limited Device 
Configuration (CLDC) with Mobile Information Device Profile (MIDP) as the client platform. The 
reason for that is that the group members had most experience with Java [2].  
 
Before the group could proceed with designing and implementing, we had to decide for which 
communication technology we wanted to use. There were several alternatives such as the JINI 
and SIP technology, but the choice became JXTA. The group did some researching before 
deciding this, and we found the JXTA the most interesting technology.  
The JXTA technology allows any connected device on the network ranging from cell phones and 
wireless PDA’s to PCs and servers to communicate and collaborate in a peer-to-peer manner. It 
is also designed to be independent of programming languages, systems platforms and 
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networking platforms, so the group thought that this was an interesting technology that can grow 
larger in the future. 
 
The game is going to be developed in the programming language Java and with the integrated 
development environment, Eclipse. A plug-in for Eclipse, called Eclipse ME [6], is going to be 
used for simulating two different limited devices by using the cell phone emulator provided from 
Sun’s Wireless Toolkit.  
By developing the game with the aid of this plug-in we have the opportunity to debug and test the 
communication between the two clients.  
The JXTA libraries for J2ME have to be downloaded, and imported into the development project 
so that the game can make use of the JXTA technology. A JXTA shell will also be used to act as 
a JXTA relay, so that the clients can act like a JXTA peer. We will describe this in detail later in 
this document.  
 
 
 
 
1.4  Project management 
 
In the beginning of this project the group worked with a project plan. We created a GANTT chart 
for the whole project period, and with the help from our supervisor this was very successful.  
In the beginning we were up to date with the project plan, but later in the project period we got 
delayed. We were implementing the high priority features of the system when the work slowed 
down. Since this project was not the only one the group members had and because of the 
different timetables we had with other courses, we didn’t have enough manpower in the group. 
Although we were short on manpower we still managed to implement the basic architecture of 
the system and the high priority features of it. We had reserved approximately 18 days in total for 
this, and that worked out quite well. Since we were a bit behind schedule we decided not to 
implement the low priority features of the system. We decided to deliver a good report instead.  
 
 
 
 
1.5  Document outline 
 
The outline of all the following sections in this document is as following:  
Section 2 will describe the problem the group are dealing with. In section 3 we will give a review 
of background information that we have researched before implementing the system. In 
particular, we will describe the JXTA technology in details since this is the technology that we 
chose to work with in this project.  
Section 4 will contain our solution for this project, and here we will present the requirements of 
the system, the design of the system, implementation and validation and testing.  
In section 5 we will discuss our findings and we will also discuss the project outcomes. We will 
talk about what we achieved and at which points we failed and why etc  
In the last section, section 6, we will draw conclusions based on the arguments presented in 
section 5.  
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2  Problem description 
 
The problem we are dealing with is how we can easily discover other peers in a P2P network and 
how we can handle the awareness of them in a mobile distributed system.  
Since the clients are mobile they will roam around quite often, and their “awareness” status will 
also change quite often too. And since we are dealing with small wireless devices (cell phones) 
they also have a limited power supply and will lose their connection as soon as the battery is 
drained. So how can we detect that a client is longer available or not?  
 
We plan to investigate these problems by using a simple distributed game that we will develop. 
By using this game, we can demonstrate how the clients can discover and communicate with 
each other, and how they can handle each other’s awareness when they roam around.   
 
In particular we will describe how two different limited devices can start to play a game against 
each other by connecting to a network, and using resource discovery to locate each other. We 
will look further into how they communicate with each other, and how they can find out about 
each other’s awareness. What will happen if a player disconnects either because of 
communication problems, power failure or a player just quits the game and disconnect from the 
network?  
 
We propose to present a solution, and evaluate if the JXTA technology is an appropriate solution 
for our problem description.  
 
 
 

3  Background (Review of literature) 
 
This section will give a short overview of surveyed technologies that we have explored for our 
contribution to this project.  References to relevant sources that we have used can be found in 
the References section.  
 
 
3.1  JAVA Platform 
 
The Java platform is the name for a computing environment, or platform, from Sun Microsystems 
which can run applications developed using the java programming language and set of 
development tools. In this case, the platform is not a specific hardware or operating system, but 
rather an execution engine called a virtual machine, and a set of standard libraries which provide 
common functionality. The platform includes the Java Platform, Standard Edition or Java SE 
(formerly J2SE), the Java Platform, Enterprise Edition or Java EE (formerly J2EE) and the Java 
Platform, Micro Edition or Java ME (formerly J2ME). [1]  
In this project we will focus on the Java Platform, Micro Edition, since the development is 
accounted for mobile devices.  
 
 
3.1.1 Java programming language 
 
Java is an object-oriented high-level programming language. According to [2] it was developed 
by James Gosling and colleagues at Sun Microsystems in the early 1990s. Unlike conventional 
languages which are generally designed to be compiled to native code, Java is compiled to a 
bytecode which is then run by a JVM (Java Virtual Machine), which is the heart of the Java 
Platform. This bytecode is the same no matter what hardware or operating system the program is 



Peter Le Report for the final project 
Roberth Vestbø 
Sun Wei  

Version 1.0 8�p (37�p)  

running under according to [3].  The JVM translates the Java bytecodes into native processor 
instructions at run time. This permits the same application to be run on any platform that has a 
virtual machine available.  
 
 
3.1.2 J2ME 
 
J2ME, also called Java Platform, Micro Edition and Java ME, is a subset of the Java Platform 
and is a collection of Java APIs for the development of software for resource constrained devices 
such as cell phones and PDA’s. 
According to [4] J2ME has become a popular option for creating games for cell phones, as they 
can be emulated on a PC during the development stage and easily be uploaded to the cell 
phone. To be able to provide a specialised solution to different devices, J2ME is divided into 
configurations, profiles and optional packages.  
The Java ME platform includes flexible user interfaces, a robust security model, a broad range of 
built-in network protocols, and extensive support for networked and offline applications that can 
be downloaded dynamically.  
 
Figure 3.1.2.1 below shows the J2ME Platform Layer stack along with the J2EE and J2SE.  
 

 
 

Figure 3.1.2.1 Java Platform, Micro Edition 

 
J2ME has a software layer stack consisting of three layers on top of the operating system of a 
device; the Java Virtual Machine, Configuration Layer and Profile layer.  
We will now describe these layers further.  
 
Configuration layer 
A configuration defines a basic, lowest-level J2ME runtime environment. This includes the virtual 
machine and a set of core classes derived primarily from J2SE. Currently, there are two J2ME 
configurations: the Connected Device Configuration (CDC) and the Connected Limited Device 
Configuration (CLDC). [5] 
 
Figure 3.1.2.2 on the next page shows that J2ME has been divided into two configurations.  
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Figure 3.1.2.2 Relationship between J2SE and the J2 ME configuration 

 
The Connected Device Configuration (CDC)  
 
 
The Connected Device Configuration (CDC) is a framework for using Java technology to build 
and deliver applications that can be shared across a range of network-connected consumer and 
embedded devices, including smart communicators, high-end person digital assistants (PDAs), 
and set-top boxes according to [6].  
The CDC was developed under the Java Community Process [12] as JSR 36 (CDC 1.0) and JSR 
218 (CDC 1.1)  
 
This configuration is intended for devices that have 32-bit processors, at least 2MB of main 
memory, 2.5 MB of ROM, and some type of network connectivity. The CDC uses a Java Virtual 
Machine with full J2SE capabilities.  
As seen in figure 3.1.2.2 above, the CDC is a superset of CLDC. It has all the classes that CLDC 
has and has additional classes that CLDC does not have.  
 
 
The Connected Limited Device Configuration (CLDC)  
 
The Connected Limited Device Configuration (CLDC) is a specification of a framework for J2ME 
applications targeted at devices with very limited resources such as pagers and cell phones 
according to [8].  
The CLDC was developed under the Java Community Process [12] as JSR 30 (CLDC 1.0) and 
JSR 139 (CLDC 1.1).  
 
According to [8] CLDC defines the base set of application programming interfaces and a virtual 
machine for resource constrained devices. When coupled with a profile such as Mobile 
Information Device Profile (MIDP), together they will provide a rich run-time environment.  
 
The CLDC 1.1 specification assumes these technical requirements and characteristics for a 
device that have at least 192 kb of total memory available for the Java Platform, at least 160 kb 
non-volatile memory allocated for the CLDC libraries and the virtual machine, processor speed 
starting from 8-32 MHz, 16/32 bit processor, limited power and some type of network 
connectivity, often with a wireless, intermittent connection and limited bandwidth. 
 
 
 
Profile layer 
The profile layer defines the minimum set of API’s available on a device family, e.g. a mobile 
phone or PDA. The profile usually includes more domain-specific libraries than what is included 
in the configuration. This results in that applications are written for a particular profile and implicit 
use the configuration the profile is built upon. MIDP [10] was the first J2ME profile, and is the 
most mature and widely used. 
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Mobile Information Device Profile  
 
Mobile Information Device Profile (MIDP) is a specification published for the use of Java on 
embedded devices according to [10]. These devices implements this profile and any applications 
written for this profile are called MIDlets.  
 
MIDP boasts an LCD-oriented GUI API, and MIDP 2.0 also includes a basic 2D gaming API.  
MIDP sits on top of a “configuration”, such as the CLDC or Connected Device Configuration 
(CDC). MIDP was developed under the Java Community Process [12] JSR 37 (MIDP 1.0) and 
JSR 118 (MIDP 2.0).  
As for 2006, MIDP 3.0 is being developed under JSR 271.  
 
 
 
3.2 Peer-to-peer 
 
A Peer-to-peer (P2P) computer network is a network that relies primarily on the computing power 
and bandwidth of the participants in the network rather than concentrating it in a relatively low 
number of servers, according to Wikipedia, the free encyclopaedia [11].  
 
P2P allows one to connect a set of devices in such a way that they can share resources, services 
and information. Devices in a peer-to-peer (P2P) network talk directly to each other forming a 
flexible, decentralized network fabric, instead of using central servers. 
 
But how can they be aware of other devices’ presence and how do they deal with discovery?  
When working with P2P, we are usually facing these challenges: how do devices organize 
groups of common interest, how does a device advertise its resources, how do we uniquely 
identify a device, and how do devices exchange data.  
 
In the next section we will introduce a solution to these challenges; we will introduce to you the 
JXTA technology.  
 
 
3.2.1 JXTA 
 
Since we chose the JXTA technology in our project, we will describe this technology in details in 
this section. In order to work with it, we had to do some research and understand it. 
 
According to [15] JXTA (Juxtapose) is an Open Source peer-to-peer platform created by Sun 
Microsystems in 2001. It is a set of open protocols that allow any connected device on the 
network ranging from cell phones and wireless PDAs to PCs and servers to communicate and 
collaborate in a P2P manner.  
 
JXTA is the most mature P2P framework available and it was designed to allow a wide range of 
devices – PCs, mainframes, PDAs and cell phones – to communicate in a decentralized manner.  
As JXTA technology is a set of open protocols, it can be virtually ported to any modern computer 
language and these implementations are called bindings. The Java binding is the most mature 
implementation up to now.  
 
JXTA peers create a virtual network where any peer can interact with other peers and resources 
directly even when some of the peers and resources are behind firewalls and NATs or are on 
different network transports. [17] 
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Figure 3.2.1.1 A virtual mapping of a JXTA network 

 
 
Project JXTA was conceived with a number of objectives: [16] 
 

�  Interoperability – Compatibility of different peer-to-peer systems and communities 
(e.g. Napster, Morpheus etc) 

 
�  Platform independence – multiple/diverse languages (e.g. C or Java), system 

platforms (e.g. Microsoft Windows or Linux), and network platforms (e.g. Bluetooth, 
TCP/IP etc) 

 
�  Ubiquity – every device with a digital heartbeat(e.g. PCs, PDAs, cell phones, network 

routers, servers, consumer electronics etc) 
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JXTA P2P Software Architecture  
 
 
The JXTA architecture can be divided into three layers; the Core layer, the Services layer and the 
Applications layer. Each layer is built on the capabilities of the layer below itself. 
 

 
 

Figure 3.2.1.2 The JXTA three-layer architecture 

 
The Core Layer 
 
The core layer provides the essential elements of a P2P platform. The elements that would be 
agreed upon and shared by all P2P solutions are: 

�  Peer 
�  Peer Groups 
�  Network transport (Pipes, endpoints, messages) 
�  Advertisements 
�  Identifiers 
�  Security 
�  Protocols (Communication, discovery, monitoring) 

 
We will describe all these elements later in this section.  
Note that JXTA’s six main protocols, which will also be presented later in this section, are 
implemented as services, but located at the Core layer. This is to be able to distinguish them 
from the service solutions in the Services layer.  
 
The Services Layer 
 
The services layer provides optional P2P services, such as: 

�  Searching for resources at a peer 
�  Sharing documents from a peer 
�  Performing peer authentication 

 
This layer is also the layer where community-specific services can be developed to extend the 
services already given by JXTA.  
 

 
JXTA Applications 

 
JXTA Services 

 
JXTA Core 

JXTA Community Applications Sun JXTA 
Applications 

JXTA Community Services Sun JXTA 
Services 

Peer 
Commands 

JXTA 
Shell 

Peer Groups Peer Pipes Peer Monitoring 

Security 



Peter Le Report for the final project 
Roberth Vestbø 
Sun Wei  

Version 1.0 13�p (37�p)  

The Applications Layer 
 
The applications layer contains the common P2P applications, such as file sharing and instant 
messaging applications. This layer provides a user interface for the user to invoke the services.  
 
 
JXTA Protocols 
 
As mentioned earlier JXTA has a set of six protocols [15]. These are divided into the two 
categories; the Core Specification Protocols and the Standard Service Protocols.  
 
Below we have listed up the six JXTA protocols and in which category they are: 
 

�  Peer Resolver Protocol  (Standard Service Protocols) 
�  Peer Information Protocol   (Core Specification Protocols) 
�  Rendezvous Protocol   (Core Specification Protocols) 
�  Peer Membership Protocol  (Core Specification Protocols) 
�  Pipe Binding Protocol   (Core Specification Protocols) 
�  Endpoint Routing Protocol  (Standard Service Protocols) 

 
Peer Resolver Protocol (PRP) allows a peer can send a generic resolver query to one or more 
peers, and receive one or more responses to the query. A peer is not required to respond to a 
resolver query request.  
 
Peer Information Protocol (PIP) allows a peer to obtain information and status of other peers, 
such as capabilities, state and uptime.  
 
Rendezvous Protocol (RVP) allows a peer to subscribe or be a subscriber to a propagation 
service. Within a peer group, a peer can be a rendezvous peer or listen to rendezvous peers.  
 
Peer Membership Protocol (PMP) allows a peer to join and leave peer groups. The actions that a 
peer can perform are: apply, join, renew or cancel.  
 
Pipe Binding Protocol (PBP) allows a peer to establish a virtual communication channel between 
one or more peers. This is used by peers to bind a pipe advertisement to a pipe endpoint.  
 
Endpoint Routing Protocol (ERP) allows a peer to query a peer router for available routes for 
sending a message to a destination peer. If the network topology changes, a peer can use the 
ERP to discover new routes that are known by other peers.  
 
These protocols are independent from each other, so a peer does not need to implement all 
these protocols. The figure on the next page is illustrating the use of these protocols between two 
peers.  
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Figure 3.2.1.3 The JXTA protocol stack 

  
 
 
Now we will introduce the terminology and concepts of JXTA, and their relation to the general 
framework that is common to all P2P networks. 
 

Advertisements 

An advertisement is a XML document that describes any network resources in JXTA, such as 
peers, groups, pipes, services etc.  
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Pipes 

Pipes are virtual communication channels used to send and receive messages. In a JXTA 
network peers use pipes to communicate with each other. A peer can have an input pipe that it 
listening to for incoming messages, and an output pipe to send messages.  This is illustrated in 
the figure below. 
 
 

 
 

Figure 3.2.1.4 Unicast (point-to-point) pipes and p ropagate pipes  

 
Pipes are asynchronous, unreliable and unidirectional. They are published and discovered by 
using pipe advertisements, and have a unique pipe id.  
There are three elementary types of pipes: [17]  

�  Point to Point - A point to point pipe connects exactly two pipe ends (an output pipe and 
an input pipe). No reply or acknowledgement operation is supported. 

�  Propagate - A propagate pipe sends messages from one output pipe to multiple input 
pipes. The message is sent to all listening input pipe ends in the current peer group. 
Many peers can have output pipes connected to the same propagate pipe i.e. the 
message source does not always have to be the same peer. As with point to point pipes 
no reply or acknowledgement operation is supported.  

�  Secure Unicast - A secure unicast pipe is a point to pipe that provides a secure 
communication channel 

 

Peers 

Peers are nodes on the P2P network. A peer is a device that implements one or more JXTA 
protocols. Multiple JXTA peers can be run on a single machine, and a peer might be an 
application distributed over several machines, or it might be a small limited device.  
According to [15], there are two main categories of peers: edge peers and super-peers. The 
super-peers can be further divided into rendezvous and relay peers. Each peer has a well 
defined role in the JXTA P2P model.  
 
The edge peers are usually serving a single end user, and are usually hidden behind a firewall or 
Native Address Translation (NAT). 
 
A rendezvous peer provides peers with a network location to discover other peers and resources. 
If the peers are located in different subnets then the network should have at least one 
rendezvous peer. This peer also is forwarding messages to all its known peers and can cache 
information to improve responsiveness and reduce network traffic.  
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A relay peer allows other peers that are behind firewalls or NAT to take part in the JXTA network. 
This is performed by using a protocol that can traverse the firewall, like HTTP, for example.  
 

Peer groups 

A peer group provides a scope for message propagation and a logical clustering of peers. In 
JXTA, every peer joins the NetPeerGroup, which is the default group, when starting up. But a 
given peer can be a member of many sub-groups at the same time.  
 

Identifier 

Each resource in the JXTA network is identified by a unique ID, a 160 bit SHA-1 URN in the Java 
binding, so that a peer can change its location address while keeping a constant identification 
number. This can be used to search for a particular resource if one knows another resource’s ID.  
This ID will be dynamically bound to its peer’s IP or TCP address by the JXTA network.  
 
 
3.2.2 JXTA for J2ME 
 
We will have a closer look at the JXTA for J2ME Application Programming Interface (API), and 
how it works in a P2P system for limited devices.  
JXTA for J2ME aims at providing limited devices JXTA compatible functionalities using CLDC or 
CDC and the MIDP. A JXTA peer needs to take care of a lot of tasks and process messages at 
the XML-over-socket level. [18] 
 
Such a peer would be too heavy to run on a limited device, such as a cell phone. To make it 
possible for limited devices to connect to the JXTA network we need a set of lightweight JXTA 
APIs for limited devices. This API consists of 3 classes; PeerNetwork, Message and Element. 
Since the MIDP API does not support XML, the Message and Element classes replace this 
structure, giving us a sense of structured messaging similar to XML.  
 
The JXME project [14] aims to provide the JXTA APIs for the CLDC and MIDP platforms.  
JXME uses relays to connect lightweight mobile peers to the JXTA network. The relays are 
rendezvous JXTA peers that have full capabilities to handle pipes, advertisements and peer 
group services. [18]  
Since a limited device does not have enough memory to store all the incoming advertisements 
the relay filters out unnecessary advertisements, and strips down the advertisements that are 
sent in order to save bandwidth.  
The relay also translates JXTA XML message into binary messages, and vice versa, in order to 
enable interoperability between mobile peers and ordinary peers.  
In addition the relay also acts as a proxy on behalf of its mobile peers. It creates, publishes and 
discovers pipe advertisements, and creates, joins and discovers groups.  
The relay will store all the incoming messages for a mobile peer, so that the mobile peer can get 
all the incoming messages by polling the relay periodically.  
 

 
Figure 3.2.2.1 JXTA relay and JXME client interacti ons 

 
JXTA relay 

 
JXTA 
NETWORK 

Request 
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3.3 Other technologies similar to JXTA 
 
In this section we give a brief description of communication technologies similar to our chosen 
technology, JXTA.  
 
 
3.3.1 JINI 
 
JINI (pronounced like genie) is a network architecture for the construction of distributed systems 
where scale, rate of change and complexity of interactions within and between networks are 
extremely important and cannot be satisfactorily addressed by existing technologies, according to 
[19].  
Jini network technology is an open architecture that enables developers to create network-centric 
services that are highly adaptive to change.  
 
Jini technology can be used to build adaptive networks that are scalable, evolvable and flexible 
as typically required in dynamic computing environments.  
 
3.3.2 SIP 
 
Session Initiation Protocol (SIP) is according to [20] a protocol developed by the IETF MMUSIC 
Working Group and proposed standard for initiating, modifying and terminating an interactive 
user session that involves multimedia elements such as video, voice, instant messaging, online 
games, and virtual reality.  
 
 

3.4 Tic-Tac-Toe 
 
According to [1], Tic-Tac-Toe is a “pen-and-paper” game for two players, O and X, who take 
turns to mark the spaces in a 3x3. The player who succeeds in placing three of their own marks 
in horizontal, vertical or diagonal row wins the game.  
The game is won by the first player, X:  
 

 
 
This is a “cat’s game”, that is, it is drawn:  
 

 
 
 



Peter Le Report for the final project 
Roberth Vestbø 
Sun Wei  

Version 1.0 18�p (37�p)  

4  Solution 
 
In this section we will present our solution for this project. The system we have developed is 
based on what we have learned in our research around JXTA for J2ME.  
We will present the requirements specification for the system, architecture and design of the 
system, our prototype and how we implemented our design, and finally show the results from our 
testing and validation of the system.  
 
 
4.1  Requirements Specification 
 
The requirements specification will describe what are developed, and not how they were 
implemented.  
The requirements for this system are divided into two categories; the functional and the non-
functional requirements. The functional requirements are the services that the system provides. It 
specifies how the system will react to input and events.  
The non-functional requirements are the constraints on the system.  
 
 
4.1.1  Functional Requirements 
 
Below are the functional requirements for our system that the group agreed on at the project 
start. In addition to some description for the requirements, we will also make use of some UML 
use case diagrams. 
 
Requirement F1: Connect to JXTA network, Priority: A 
Description: A user should be able to connect to the JXTA network. 
Testing: Checking the response to the connection request. 
Implemented 

 
 
Requirements F2: Send message 
Description: A user should be able to send a message to another user on the JXTA network. 
Testing: Check that the message can reach its receiver. 
Implemented 

 
 
Requirements F3: Receive message 
Description: A user should be able to receive a message 
Testing: Check incoming messages, and receive the correct one. 
Implemented 
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Requirements F4: Search for another user 
Description: A user should be able to find another user on the JXTA network 
Testing: Check that the correct user can be found and try to communicate 
Implemented 

 
 
Requirement F5: User input, Priority: A 
Description: The user uses number key’s on the cell phone to place brackets in 1-9 possible 
positions. 
Testing: Test that the buttons perform the right functions and works correctly. 
Implemented 

 
 
Requirement F6: Game Rules, Priority: A 
Description: The first player that gets 3 brackets in a straight row wins the game. The players act 
in turns, and can only place one bracket at the time.  
Testing: Test that the rules are fullfilled. 
Implemented 

 
 
Requirement F7: Sound effects, Priority: C 
Description: The Game will play sounds when it starts and ends, and also when users interact 
with their brackets. 
Testing: Test that the sounds are correct and synchronized with the game. 
Not implemented 
 
Requirement F8: Players drop out or quit, Priority: A 
Description: A user should be notified when another player leaves or fall out of the game for any 
reason. 
Testing: Test that the users are notified. 
Implemented 

 
 
Requirement F9: Game Outcome, Priority: A 
Description: The game will tell the user if he/she wins or lose, and if the result is draw. 
Testing: Test that the user gets the correct information. 
Implemented  
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4.1.2  Non-Functional Requirements 
 
Below are the non-functional requirements for our system. These requirements had to be kept in 
mind when developing the distributed game.  
 
 
Requirement R1: Programming language, Priority: A 
Description: The programming language shall be Java. 
Testing: - 
Status: Implemented 
 
Requirement R2: Platform, Priority: A 
Description: The platform shall be Java 2 Platform, Micro Edition (J2ME) 
Testing: - 
Status: Implemented 
 
Requirement R3: Communication technology, Priority: A 
Description: The technology we shall use is JXTA™. 
Testing: - 
Status: Implemented 
 
Requirement R4: Transport, Priority: A 
Description: We shall use the TCP/IP as the network transport. 
Testing: - 
Status: Implemented 
 
Requirement R5: Portability, Priority: A 
Description: Our distributed game shall be running on limited devices, such as cell phones. The 
game will be tested on emulators mainly.  
Testing: - 
Status: Implemented 
 
Requirement R6: Usability, Priority: A 
Description: The game shall be easy to use, and is for demonstration purposes. 
Testing: - 
Status: Implemented 
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4.2  Design 
In this section we will present a design specification of our prototype of the distributed game. We 
will use UML diagrams to present what is to be implemented.  
 
 
4.2.1 Classes 
 

 
Figure 4.2.1 Class diagram 

 
The most important classes and their relationships to each other are presented here. 
We will describe each class briefly to let you get an idea of how things work.  
 
 
Game Class  
This class handles the GUI interactions with a user, such as displaying the menu and the game 
board. It listens for user input and allows the user to navigate trough the menu. This class is 
using the functions from the JxtaCon Class and is responsible for doing all the necessary steps 
to operate on the JXTA network. 
 
GameCanvas Class 
This class extends the Canvas class, and is taking care of painting and updating the game board 
with player moves. It listens for user input so that it can paint the game board. This class controls 
the game, and it is also holding on the game rules. 
 
JxtaCon Class 
This class handles the communication. It is making use of the PeerNetwork class to perform the 
actions requested by the Game class, such as connecting to the JXTA relay, creating a pipe, 
open a pipe, closing a pipe, searching for a pipe, peer or peer group, joining a peergroup, send 
data and receive data. 
 
PeerNetwork Class 
The PeerNetwork class handles all the communication with the JXTA relay. It provides the 
JxtaCon Class with all the necessary functions, so that the JxtaCon can make us of them.  
This class hides the low-level communication, giving us simple methods to create peers etc for 
limited devices. 
 
Message Class 
This class represents a JXTA message, which is composed of an array of elements.  
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This allows us to compose messages and send them, and it also allows us to receive and read 
them. 
 
Element Class 
This class allows us to customize our messages, since a message consists of several elements 
as mentioned. 
  
4.2.3 Usage 
 
The use case diagram below shows how users are interacting with our system.  
 

 
Figure 4.2.3.1 Use case diagram, interaction with t he system 

 
When a user has started a game, the system will wait for an opponent to join the same game. 
When another user joins, then the game starts and they can play against each other. 

 
 
4.2.2 Behaviour 
 
The sequence diagram below shows how our system works “behind the scenes”, which means 
how the system is working without letting the user see it. The diagram is representing the 
dynamic behaviour of our system.  
 
We will now take a closer look on what happens when the user are interacting with our system. 
 
User starts a game 
 
The figure on the next page shows a sequence diagram. It presents what the system does in the 
initial phase.   
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Figure 4.2.2.1 Sequence diagram, user starts a game  
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As long as the system is running, it will keep polling the relay for messages. Once a message is 
received the repaint operation will be performed.  
 
 
User makes a move 
 
Now that the game has started, the user can make a move. The user can choose to push 
between the numbers 1-9 on the keypad on the mobile device. When the user pushes one of the 
buttons, the system will perform the request as shown below. 
 

 
Figure 4.2.2.2 Sequence diagram, user makes a move 

 
 
 
User quits 
 
When the user decides to quit, the system will close the pipe and then shut down.  
This is shown in the figure on the next page.  
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Figure 4.2.2.3 Sequence diagram, user quits 

 
 
4.2.3 Deployment 
 
Our system shall run on a limited device. This means that when a user start a game, the limited 
device becomes a mobile peer and will be connected to a JXTA relay and be a part of the JXTA 
network. This is illustrated in the figure below. 
 

 
Figure 4.2.2.4 Deployment diagram 
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4.3  Implementation 
 
In this section we will present our prototype. We will also show some excerpts of the code to 
illustrate the most interesting aspects of the implementation. 
Below is the UML class diagram which shows how we implemented our design.  
 
Classes 
 

 
 

Figure 4.3.1 UML Class Diagram 

 
Compared to figure 4.2.1 in section 4.2 we have two additional classes now during the 
implementation of our system; the HttpMessenger class and ByteCounterOutputStream class.  
 
 
HttpMessenger Class 
 
This class provides a messaging service for the JXTA for J2ME. Facilities to send and receive 
messages are provided. Message receiving is based on establishing a relationship with a JXTA 
relay server.  
 
ByteCounterOutputStream Class 
 
This class extends OutputStream to implement the functionality of counting bytes without actually 
having to buffer the stream in the memory. This allows us to pre-compute the size of a Message, 
for example, to set the Content-length HTTP header in an outgoing HTTP request.  
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Excerpts of code 
Below you will find some excerpts of our source. We have selected out the code that deals with 
the JXTA network, which are the most interesting code snippets of the implementation.  
  
 private final class connectorThread extends Thread { 
   
  Message msg; 
  Element e; 
  public void run() { 
   System.out.println("   !>>>connectToRelay method"); 
   // Instantiate peerNetork class 
   peerNetwork = PeerNetwork.createInstance(peerName); 
 
   // Connect to a JXTA relay at this address 
   // the localhost can be changed to the ip address where the relay is located 
   String relayURL = "http://localhost:9700"; 
    
   byte[] connectionState = null; 
   try { 
    connectionState = peerNetwork.connect(relayURL, connectionState); 
     
    showAlert("Success", "Connected to relay", AlertType.INFO); 
    } catch (IOException e){ 
     showAlert("Failed", "Connection to relay Failed", AlertType.ALARM); 
     e.printStackTrace(); 
    } 
    catch(Exception e1) 
    { 
     showAlert("Error", "User disagreed to use Airtime", AlertType.ERROR); 
    }     
  } 
 } 

 
This is where our system connects to a JXTA relay at a specified IP address. The relay acts like 
a junction between the JXTA network and our peer. We use the JXTA to relays to share the XML�
authoring and processing burden.  
After that we are connected to a JXTA relay we can choose among several functions to perform.  
We could for example create a pipe.  
 
private final class createPipeThread extends Thread  { 
   
  public void run() { 
   System.out.println("   !>>>createPipe method"); 
    
   // have the peer create a pipe 
   try { 
    createQueryId= peerNetwork.create(PeerNetwork.PIPE, pipeName, pipeId, pipeType); 
    System.out.println(">>>createQueryId= " + createQueryId + "<<<"); 
   } catch (IOException e) { 
    e.printStackTrace(); 
   } 
    
   pipeId = findPipeId(); // get the ID of the pipe created 
    
   if(Game.currentMenu.equals("setupMenu")) 
   { 
    showAlert("Success", "Pipe created. \n" + "Id: "+ pipeId, AlertType.CONFIRMATION); 
     
   } 
    
  } 
 } 

 
When creating a pipe we have to specify the name, the pipe id and the pipe type. If we don’t 
specify the pipe id an ID will be given upon creating the pipe.  
We can now perform a search for the pipe we created on the JXTA network.  
 
private final class pipeSearchThread extends Thread { 
  public void run() 
  { 
   int searchQueryId = 0; 
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   boolean okToGet = false; 
   boolean okToBreak = false; 
   boolean getID=false; 
   boolean correctType = false; 
   String foundName=""; 
   String foundId=""; 
       
         // Send a search request looking for the pipe 
         try { 
   //searchQueryId = peerNetwork.search(PeerNetwork.PIPE, "Id", oppPipeId, 1); // search by ID  
          searchQueryId = peerNetwork.search(PeerNetwork.PIPE, "Name", oppPipeName, 1); // search by name 
   } catch (IOException e2) { 
    // TODO Auto-generated catch block 
    e2.printStackTrace(); 
   } 
         System.out.println("pipe search query id: " + searchQueryId); 
         System.out.println("start polling..."); 

 
In our implementation we chose to search for a pipe by its name. As mentioned earlier, every 
resource on the JXTA network is uniquely identified. If we know a peer’s ID we can use that ID to 
perform a search too. The code for searching for a peer on the JXTA network looks almost the 
same as for the code for pipe searching. 
 
When we want to send a message to another peer on the JXTA network we have to compose 
our message. As shown below, we use the Element class to compose and then the Message 
class will take care of the elements. Then we are ready to send the message to another pipe for 
example by specifying the ID of the receiver.  
 
private final class sendMessageThread extends Thread{ 
  
  Element[] element = new Element[3]; 
   
  public sendMessageThread(String move) 
  { 
   moveVal = move; 
  } 
   
  public void run(){ 
   System.out.println("   !>>>sendMessage method"); 
    
   /* 
    * Constructing the message.  
    */ 
   element[0] = new Element(peerName+":Sender", pipeName.getBytes(), null, null); 
   // which key is pressed. 
   element[1] = new Element(peerName+":Message", (moveVal).getBytes(), null, null); 
   element[2] = new Element(peerName+":Receiver", oppPipeName.getBytes(), null, null); 
    
   Message msg = new Message(element); 
    
   try { 
    sendRequestId = peerNetwork.send(oppPipeId, msg); // send it  
   } catch (IllegalArgumentException e) { 
    // TODO Auto-generated catch block 
    e.printStackTrace(); 
   } catch (IOException e) { 
    // TODO Auto-generated catch block 
    e.printStackTrace(); 
   } 

 
 
As for receiving messages we have to poll the relay for incoming messages.  
 
 private final class receiveMessageThread extends Thread { 
   
  Message msg = null; 
  String[] getE = new String[3]; 
  Element e = null; 
   
  public void run() 
  { 
   System.out.println("   !>>>receiveMessage method"); 
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   while (true) 
   { 
    System.out.println(">>>Check for incoming messages"); 
     
     
    try { 
     msg = peerNetwork.poll(1); 
     Thread.sleep(500); 
     // System.out.println(">>>Polled message in receiveMessage:  " +msg); 
    } catch (IOException e1) { 
     e1.printStackTrace(); 
    } catch (InterruptedException e) { 
     // TODO Auto-generated catch block 
     e.printStackTrace(); 
    } 
     
    String sender = "", message = "", receiver = ""; 
    if(msg != null) 
    { 
     for (int i = 0; i < msg.getElementCount(); i++) { 
      e = msg.getElement(i); 
      if ( (oppPeerName+":Sender").equals(e.getName())) 
      { 
       sender = getE[0] = new String(e.getData()); 
      } 
      if ( (oppPeerName+":Message").equals(e.getName())) 
      {  
       message = getE[1] = new String(e.getData()); 
      } 
      if ( (oppPeerName+":Receiver").equals(e.getName()) ) 
      { 
       receiver = getE[2] = new String(e.getData()); 
      } 
     } 
    } 
   } 
  } 

 
After polling we loop through the message and read out the element one by one.  
But before we are able to receive messages with our pipe, we have to open it before it can listen 
for incoming messages. Below is the code for how it is done. 
 
private final class listenToPipeThread extends Thread { 
  Message msg; 
  Element e; 
  String response; 
  public void run() 
  { 
   if(pipeId == null) 
   { 
   } 
   else 
   { 
    System.out.println("   !>>>listenToPipe method"); 
    /** 
     * Listen 
     */ 
    try { 
     listenQueryId = peerNetwork.listen(pipeId); 
     System.out.println(">>>Listen request id: " + listenQueryId + "<<<"); 
    } catch (IllegalArgumentException e) { 
     e.printStackTrace(); 
    } catch (IOException e) { 
     e.printStackTrace(); 
    } 
     
    // get the Message object 
    try { 
     msg = peerNetwork.poll(1000); 
    } catch (IOException e) { 
     // TODO Auto-generated catch block 
     e.printStackTrace(); 
    } 
     
    // process the Message object and 
    // check if my listen request was successful 
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    for(int i=0; i<msg.getElementCount(); i++) 
    { 
     e = msg.getElement(i); 
      
     if(i == 0) 
     { 
      if(e.getName().equals("response")) 
      { 
       response = new String(e.getData()); 
      } 
     } 
    } 

 
Here you can also see that we also check the response message from the JXTA relay, to see if 
our request was successful. 
To determine if another player using our system was still online and active we wrote a simple 
function by using what we had learned from the JXTA API.  
 
private final class sendMyStatusThread extends Thread{ 
   
  Element[] element = new Element[4]; 
  Message msg = null; 
  public void run(){ 
   System.out.println("   !>>>Sending status method"); 
   while(true) 
   { 
    System.out.println(">>>Sending status"); 
    // send my status to opponent 
    element[0] = new Element(peerName+":Sender", peerName.getBytes(), null, null); 
    element[1] = new Element(peerName+":Message", ("Active").getBytes(), null, null); 
    element[2] = new Element(peerName+":Receiver", oppPeerName.getBytes(), null, null); 
    element[3] = new Element(peerName+":Time", String.valueOf(myConTime).getBytes(), 
null,null); 
     
    msg = new Message(element); 
     
    try { 
     peerNetwork.send(oppPipeId, msg);  
     Thread.sleep(6000); 
    } catch (IllegalArgumentException e) { 
     // TODO Auto-generated catch block 
     e.printStackTrace(); 
    } catch (IOException e) { 
     // TODO Auto-generated catch block 
     e.printStackTrace(); 
    } catch (InterruptedException e) { 
     // TODO Auto-generated catch block 
     e.printStackTrace(); 
    } 
   } 
  } 
 } 

 
As long as an opponent is connected and playing, he sends a message to the player. So if the 
opponent disconnects or has a disrupting connection, the player won’t receive this message. 
That also means that the player is aware of that his opponent is gone.  
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4.4  Validation and testing 
 
In this section will report on the results of the testing and validation. We will describe all tests and 
show that they test the requirements of section 4.1.1: The functional requirements. 
Testing has been performed between 2 peers and a JXTA relay, by running a distributed Tic-Tac-
Toe game on 2 different emulated cell phones and with a JXTA Shell on our computer. 
 
Requirement F1: Connect to JXTA Network  
 
We started our system and upon starting the system connected itself to the JXTA relay. We 
received a confirmation that it had connected successfully. 
 

 
Figure 4.4.1 Connected to the JXTA relay 

 

We also opened the JXTA Shell and used the command “relaystatus” to see if our application 
was connected.  
 

 
Figure 4.4.2 JXTA shell  

 
Result: OK. 
 
Requirement F2: Send message and Requirement F3: Re ceive message  
 
We started the game on 2 cell phone emulators and tested the communication.  
The player who connects to the JXTA relay first will take the first move in the game.  
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Figure 4.4.3 Message sent      Figure 4.4.4 Message  sent 

We sent a message by choosing a spot to make a move from emulator 1 as shown in figure 
4.4.3. We then checked emulator 2 to see if emulator 2 receives the message sent from emulator 
1 as shown in figure 4.4.5 
We also tested it by using the message sending function in the “Setup” menu. 
 

       
Figure 4.4.5 Message received     Figure 4.4.6 Mess age received 

 
Result: OK. 
 
Requirement F4: Search for another user 
 
As described in section 4.3 we search for another user by searching for a peer’s pipe by its name 
or ID. To perform the search we made use of the “Setup” menu in our system.  
 

 
Figure 4.4.7 Search for a pipe 

Result: OK 
 
Requirement F5: User input 
 
This test is fulfilled since we were able to send a message in requirement F2.  
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Result: OK. 
 
Requirement F6: Game rules 
 
We tested this by playing the game, and wait for the notification messages on the display.  
 
The results are shown in the figures below 
 

   
        Figure 4.4.8 Player won       Figure 4.4.9 Player lost          Figure 4.4.10 Draw 
 
 
Requirement F7: Sound effect 
 
This requirement was not implemented by the group.  
 
Requirement F8: Player drops out or quit 
 
As mention in section 4.3 we created a simple function to detect if a player was still active and 
playing. We tested this by playing the game and let one player quit the game.  
The result is shown in the figure below. 
 

 
Figure 4.4.11 Opponent has left the game or having difficulties with connection 

 
 
Result: OK 
 
Requirement F9: Game outcome 
 
This requirement is fulfilled by running the test for requirement F6. In that requirement we tested 
the game rules. To see if it was working with needed some kind of notification and that is shown 
in figure 4.4.8, 4.4.9 and 4.4.10.  
 
Result: OK 



Peter Le Report for the final project 
Roberth Vestbø 
Sun Wei  

Version 1.0 34�p (37�p)  

5 Discussion 
We did some research in the beginning of the project period, and found quite good information 
about JXTA. We had never heard about this technology before, so this was very interesting.  In 
the beginning we thought that we were going to develop a distributed game for the J2SE 
Platform, but there we were wrong. We received the correct information from our supervisor 
almost immediately, and then we had to do some more research. 
 
We found out that the JXTA API could not be used in cell phones, but then we found a project 
called JXTA for J2ME (JXME). The purpose of that project is to provide JXTA compatible 
functionalities on limited devices using CLDC and MIDP. The JXTA for J2ME API is a smaller 
API so that it can fit into a limited device, and let any MIDP devices to participate in P2P activities 
with other MIDP devices. At the same time, a MIDP device is also able to participate in P2P 
activities with JXTA peers running on desktops, workstations or servers, though with some 
restrictions.  
 
We managed to develop a distributed Tic-Tac-Toe game, and were able to play against each 
other on two different emulators on two different computers connected to the same JXTA relay.  
As mentioned earlier in this report, JXTA uses advertisements to advertise resources such as 
peers, pipes or peer groups on the JXTA network.  
We chose not to use this for resource discovery, other than search for our own pipes and peers.  
The peer and resource discovery is supposed to be easy to handle with advertisements. In 
theory, one can just search for this on the JXTA relay and avoid unnecessary communication 
with other peers.  
We did try to search for our own pipe and peer by performing a search specifying its name and 
id. At last we also decided to use pre-defined IDs for the pipes. 
 
When working with this we encountered a problem. Once we had created an advertisement on 
the JXTA relay, it could not be removed by our peers.  
This means that we could find the other peer when searching even when the peer had left the 
JXTA network. So if a peer is connected the JXTA relay, and then disconnects for some reason, 
maybe connection problems, the pipe advertisement on the JXTA relay and its state ID stays as 
long as the application is running. 
This could be maybe be redone to an advance, since we could store the some key data, such as 
the pipe id and the peer network state, and then make use of them to reconnect and continue as 
if nothing had happened. This would be a good thing for a distributed game.  
 
We had also another similar problem with the pipes. In the beginning we did not use pre-defined 
IDs for the pipes we created. So each time we created a pipe with name, the pipe receives an 
auto-generated ID. When we then performed a search to look for that pipe with the specified 
name, we found several pipes with the same name but with another pipe ID. 
To solve this we had to go into the JXTA shell and flush its cache memory. But this was not good 
enough for us, so we found another solution to this. The new solution was active discovery. Each 
peer sent messages when it connected to the network and had directly communication with the 
other peer. This is working fine on a smaller scale, but would definitely cause problems on a 
larger scale.  
The problem lies between the mobile peer and the JXTA shell. We also find that the 
documentation and tutorials for JXTA for J2ME were very limited, but those we found were very 
useful.  
 
 
As presented earlier in section 1 about project management, we were a bit behind schedule.  
We had a project plan to follow, but almost no one in our group ever looked at that again when 
we had finished creating it. Therefore we would take the project plan more seriously if we were to 
start again. 
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We would definitely organize the group work better too. All the work done in this project was 
basically only performed by one person, but it was probably all the members’ fault that it became 
that way. We had bad communication with each other, and somebody was to busy doing other 
things. We think that all group members know about this situation, but nobody ever mentioned it 
for each other. Team work is a key to successful work and good results, so we definitely prioritize 
that if we were to start again. 
 
 
 
 

6 Conclusion 
 
JXTA does not limit development to a specific programming language or platforms. Its strength is 
therefore in its network, language independence, and potential for becoming an industry 
standard.  
JXTA is a highly complex P2P framework with many protocols and concepts to keep track of. The 
JXTA for J2ME API is a lightweight version of JXTA, which lets us create mobile P2P solutions 
fast without extensive knowledge of JXTA.  
 
We have successfully implemented the JXTA for J2ME API in our solution, even though our 
prototype has some bugs. The communication between our two mobile peers is working, and the 
peers are able to find each other, and they are also aware of each others status on the JXTA 
network. Our prototype is working both on a single computer with a running JXTA shell, and on 
two different computers with the JXTA shell running on one of them. 
 
With JXTA a mobile peer can roam throughout the world without worrying about the ever-
changing network state. Every resource on the JXTA network is uniquely identified, and this 
identifier won’t even change if a mobile peer change network.  
By using pre-defined IDs for the pipes and peers, makes it easier to send and receive messages 
between peers, but with the assumption that the other peer was connected to the JXTA relay.  
If a receiving peer is not connected the sending peer will still send the message.  
One does not have to search for a resource if one already knows the unique ID of that resource. 
 
To conclude, we find that JXTA is an appropriate technology for distributed games. Mobile clients 
have the opportunity to roam around all over the world, and still keep a unique identifier. They 
can create peer groups and peers with the same interest can join the same groups.  
JXTA peers can interact with other peers even when some of the peers and resources are 
behind firewalls or NATs or on different network transports.  
By using the JXTA protocols one can easily find out if a resource is available or not on the JXTA 
network.  
 
When JXTA for J2ME can give limited devices such as cell phones the same capability as JXTA 
for desktops, workstations and servers, then the discovery of resources and their “awareness” 
status would be an easy match. 
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Appendix 
A1 GANTT chart (the project plan) 

 
A2 Source code 
 
The source code is enclosed in the same folder as this report.  
 


