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Abstract  

The IT industry is rapidly growin g. In the European Union an ICT1 

personnel shortage of 300,000 is predicted by the year of 2009 (McBride 

2008). This need is not reflected in the school system where ITC is an 

increasingly unpopular subject. Number of pupils studying computing at 

the A-Levels2 has declined by 46.8% since 2003 (Bacon et al. 2008). 

Judging from these numbers it is evident that something needs to be done 

to make computing more interesting for kids in order to respond to the 

rapidly growing IT labour market.  

 

Greenfoot is a teaching tool aimed for kids at or below college level. 

Greenfoot presents the opportunity to teach kids object oriented 

programming while having fun at the same time. It is easy to create 

games and other visually appealing applications inside of Greenfoot. To 

make it even more interesting the ability to create networked games 

would be welcomed. With the addition of networking capabilities a world 

of possibilities is opened where whole classrooms can have fun creating 

multiplayer games and competing with each other. 

 

This project demonstrates how it is possible to add network support to 

Greenfoot. A range of networking solutions are evaluated and analysed, 

including Java RMI, sockets, peer to peer, JXTA and recent server-push3 

based solutions. A prototype chat client has been built based on emerging 

push technology and is presented.  

 

                                        

1 Information and communication technology  

2 Advanced Levels 

3 http://en.wikipedia.org/wik i/Push_technology 
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This technology can potentially change the stateless REST (Fielding, R. T. 

and Taylor 2000) approach of the internet today. Many other applications 

aside from Greenfoot can benefit from server -push based solutions such 

as stock ticker applications, auction portals and game sites to name a few. 
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Preface  

This report is submitted as the final stage in fulfilment of the requirements 

for the Masterôs degree in Distributed Systems and Networks at University 

of Kent, 15. September 2008. This thesis has been written under the 

supervision of Michael Kölling, Professor of Computer Science and Ph.D.  

1 Background  

Currently the object oriented programming approach is very important. 

Many universities have started to use an objects-early approach in their 

teaching (Henriksen 2004) as opposed to objects-last approach which has 

been the traditional teaching method.  

 

The Greenfoot programming environment is now an established tool for 

teaching beginners object oriented programming (Henriksen 2006). 

Greenfoot has many strengths such as the visual direct state manipulation 

capabilities, flexible and portable scenarios and clean illustration of object-

oriented concepts (Kolling and Henriksen 2004) to only name a few. 

Perhaps its strongest point is the motivational factor.  

 

Currently the IT based compulsory curriculum in UK secondary schools 

seems to be lacking in terms of providing motivation for the students. ICT 

is a part of the UK compulsory curriculum. The ICT compulsory course is 

mostly based on office pack applications where kids learn to use a word 

processor, a spreadsheet application and a presentation program (Kolling 

2008). A survey has shown that the main reason why undergraduates are 

not choosing computing is because they consider it to be boring (Mellors-

Bourne 2008). The reason must partly lie with their previous experience in 

the ICT course: 
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ñIn an education world, where children right from primary 

school can generate complex programs using Scratch or 

Starlogo and 10 year olds are taught to develop Excel macros 

and dynamic Powerpoint presentations which are beyond the 

skills of most university lecturers, a course which starts with 

programming 'Hello World' in Java or involves more Excel 

macros is hardly a mouth-watering prospect for anybody. ICT 

teachers are left struggling to inject creativity and interest.ò 

(McBride 2008) 

 

Greenfoot is targeted for kids at or below college level. This audience is 

familiar with coffee break games (Antonsson 2006) that are freely 

available on the internet. Statistics from Nielsen//NetRatings show that 

24% of those who use the internet in the UK, are kids and teenagers who 

are mostly seeking friends and fun. Social networking and game sites are 

by far the most popular (Gutjahr and Green 2006). Another survey by 

Nielsen//NetRatings shows that kids from 2 ï 17 make up 22% of all 

online game site visitors in the US (Kim and Bumatay 2004).  

 

Greenfoot is well suited to create such games which makes it an ideal 

motivational tool. Teachers can prepare a Greenfoot scenario where a 

familiar game is the subject of the programming lesson. This should be 

highly encouraging for the students in many cases. The motivational 

aspect of Greenfoot can be improved even further. A useful addition to the 

Greenfoot framework could be the addition of networking support . It 

opens up a new world of possibilities where the students can learn to 

create the applications they are already familiar with from their daily life, 

such as chat applications, turn based games etc. The goal of this thesis is 

to demonstrate how Greenfoot can be improved further with the addition 
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of networking support. Furthermore the appropriate technology needs to 

be determined preferably with a working prototype as an end result.  

 

There are three different use case groups that are of most interest in t his 

research: 

 

1. Passive server functionality. A good example of this is a high score 

server where players can submit their score to a central server. 

2. Turn based interaction applications such as chess, pool and various 

card games. 

3. Near real time interaction such as chat or a shared whiteboard 

application where low latency is required. 

 

These use case groups cover many different kinds of networked 

applications limited only by the creativity of the users. Use case groups 2 

and 3 will be the focus of this report . 

2 Methodology  

Initially it was not clear what direction this project would take since a 

great amount of research was needed in order to decide what approach 

was best suited. Different technologies were evaluated and a few proofs 

of concept were seen through before a direction was taken. Therefore an 

iterated approach with prototyping was best suited for this project. A 

waterfall approach was not well suited here since the requirements were 

not very clear and were changing. In fact they needed to be defined in the 

process of this research. A vertical approach was used to get a small 

amount of functionality working through all layers. Once a small set of 

functionality was working it was expanded with an iterative approach.  
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3 Requirements  

3.1 General requirements and  goals  

It was evident from the beginning that some sort of network client 

application needed to be developed that encapsulates sending and 

receiving messages across the network. The Greenfoot user should not 

have to go into too much detail when programming  networked 

applications. The complexity needs to be abstracted away and the client 

API needs to be made as simple as possible.  

 

The ability to export scenarios to stand-alone applications and web-based 

applets has been a part of Greenfoot since version 1.2. It is a strong 

requirement that networking code does not break when the scenario is 

exported as an applet and deployed on a web server. In the most re cent 

version of Greenfoot (1.4.5) there is a feature that enables users to export 

and upload scenarios as an applet to a web server on 

www.greenfootgallery.org  for other users to review. This is an important 

feature of Greenfoot that the network client should support. This 

requirement limits our options since java applets are run in a security 

sandbox that for instance only allows connections to the server they were 

downloaded from (Sun Microsystems 2008a). 

 

Since Greenfoot is primarily a teaching tool it is not imperative that the 

networking solution adheres to industry standards. It is not a critical 

system. This provides some flexibility when considering solutions.  

 

To provide a guideline when reviewing potential technologies and for the 

decision making process in general a set of requirements was defined for 

the Greenfoot networking solution:  

 Robust error handling with some error recovery.  

http://www.greenfootgallery.org/
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o Reconnection mechanism if the connection is dropped. 

 Needs to work over majority of firewalls/proxies.  

o Should work for common firewall setups to minimise setup 

requirements for the users.  

 Should work both running inside of Greenfoot and as an applet in a 

browser. 

o Optimally the same code should work both standalone and in 

an applet without having to sign it.  

 Minimize latency.  

o The client should be as responsive as possible over a 

broadband connection. 

 Extensible and maintainable. 

o Design should be modular and well thought out with further 

extensions possible where appropriate. 

 No commercial solutions. 

o If available solutions are utilised it is important that they are 

modifiable and available in the future.  

 Simple API.  

o Greenfoot users should be able to use the client without 

complex programming.  

3.2 Requirements prioritised  

To define what requirements are most important they are prioritized in the 

table below. The number column wi ll be used as a reference for each 

requirement later in the report.  

Table 1. Requirement prioritised. 

No.  Priority  Requirement  

1.  A Robust error handling with some error recovery. 

Reconnection mechanism if the connection is 



 Greenfoot networking support  

 

11 

 

unexpectedly dropped. 

 

2.  A Needs to work over majority of firewalls/proxies. 

Should work for the most common firewall setups.  

 

3.  A Should work both running inside of Greenfoot and as 

an applet in a browser. Optimally the same code 

would work both standalone and in an applet without 

having to sign the applet.  

 

4.  A No commercial third party solutions should be utilised. 

5.  A Simple API. Since Greenfoot is a teaching tool it is 

important to keep the networking API as simple as 

possible. 

6.  B The client should be as responsive as possible over a 

broadband connection. Given the environment is a 

teaching tool this requirement can be relaxed. A few 

seconds delay is acceptable. Millisecond range latency 

is not necessary but would be a plus. 

 

 

From the above requirements it is assumed that requirements number 2 

(firewalls) and 3 (applets) are the most challenging. Therefore a good 

starting point is to look at different strategies and technologies that 

support these requirements.  

4 Technical considerations  

Most firewalls block direct socket connections, in fact most firewalls block 

all traffic to a range of source and destination ports and only allow traffic 

to a set of well -known ports. Many firewalls block call-back functionality in 
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the case where an interface reference is sent to the server to call back on 

the client (Juric et al. 2004). In the case of applets the restriction of only 

being able to connect to the originating host has already been mentioned 

in section 3.1. 

4.1 Java Remote Method Invocation (RMI)  

Java RMI seems like the perfect fit since Greenfoot is entirely java based. 

It is easy to serialise objects with RMI and its serialised messages are 

binary encoded which should provide for low latency. It has a built in 

ability to resort to http tunnelling when the required por ts are closed to 

circumvent firewalls (Sun Microsystems 2008b). Java RMI is put to the test 

in (Juric et al. 2004). There a comparison is made of different approaches 

for developing distributed applications in Java which have to communicate 

through firewal ls and proxies. They compare RMI and web services and 

the conclusion is that RMI is very fast when the required ports are open 

and it enables full duplex communication. However when the ports are not 

open, as is the case in most situations, RMI is much slower than web 

services and require firewall/proxy customisation on the server side. 

Furthermore, full duplex communication and call-backs are not an option 

in those cases. These results rule out the use of Java RMI for the 

Greenfoot network client. 

4.2 Sockets  

Sockets are a simple way to establish bidirectional remote communication 

and are supported in Java. However firewalls and proxies often block such 

connections. This problem is discussed by (Martin-Flatin 1999) where a 

potential drawback of using sockets is pointed out when firewalls are in 

the way. In the majority of firewall configurations, UDP is filtered out and 

only a few TCP ports are open. That means that if either UDP or TCP 

sockets are used, firewalls need to be configured to get sockets working. 

This situation applies to Java RMI as well since it is based on sockets. As is 



 Greenfoot networking support  

 

13 

 

stated in requirement 2, the Greenfoot network client needs to work with 

the most common firewall configurations. Thus a direct socket solution is 

not an option.  

4.3 Possible network communication architectures  

Two different networking approaches were considered. Following is an 

overview of the network architectures that were reviewed.  

4.3.1  Peer  to peer  

Client

Client

Client

Client
 

Figure 1. Peer to peer network topology.  

A peer to peer approach to games is popular when running on LANs 

because most LANs support broadcasting. However scaling issues arise 

when many players are broadcasting at the same time since it soon 

consumes all of the available bandwidth (Armitage, Claypool and Branch 

2006). In a classroom scenario this approach is perfectly acceptable where 

relatively few students are working on the same application. Because of 

requirements number 2 and 3 it is clear that this approach  is not feasible 

for this project. However, there are efforts being made towards a peer to 

peer solution that is scalable and circumvents firewalls such as the JXTA 

framework by Sun. In (Neto and Reverbel 2005) a method is discussed to 
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use the JXTA4 framework in a CORBA based ORB when firewall traversal is 

needed. 

4.3.1.1 JXTA  

JXTA is an open source specification and a framework developed by Sun 

Microsystems. The primary goals of JXTA are (Brookshier 2002):  

 Operating system independence. 

 Language independence. 

 Providing services and infrastructure for P2P applications. 

 

The framework consists of several protocols that together make a scalable 

peer to peer network. The framework is designed so that the developer 

can focus on creating the application that utilises th e network without 

having to spend precious development time on complex functionality such 

as peer discovery, firewall issues, translation over different network types 

etc. The goal is to lay down a foundation for a network which is 

programming language and platform independent that can hopefully allow 

for an unlimited number of application types. The dream is to have a 

network where many kinds of devices can communicate such as PDAs, cell 

phones, PCs, Bluetooth devices and household appliances (Brookshier 

2002).   

 

A key concept in JXTA is peer groups that are defined by a group of peers 

that have something in common. Initially every JXTA client joins a default 

group called the World peer group which provides access to default 

services provided by the framework. From there it can join other groups of 

interest or create new ones. One peer can be a part of many groups at 

the same time. Applications can create new peer groups (which are subset 

                                        

4 https://jxta.dev.java.net/  
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of the world peer group) that can be private (by defining a set of 

membership policies) or public (Gradecki 2002).  

 

This concept is quite appealing for our purposes. A new group could be 

defined for each network game where messages are sent only to the 

members of the group. This is ideal for a game scenario. Potentially most 

of the group logic could be provided in Greenfoot leaving only a small set 

to be implemented by the programmer. Other desirable aspects are:  

 No server setup or logic. 

 Works through firewalls. 

 Potentially simple to implement. 

 

However there are drawbacks. The JXTA framework depends on a cache 

mechanism residing on the clients where data is written to the hard drive. 

This is necessary to minimize query flooding which can clog up the 

network and impede scalability. (Brookshier 2002). Consequently, when 

exported to an applet, it requires disk write access which is not possible 

unless the applet is signed. Furthermore, the applet would also need to 

connect directly to other peers which is not possible unless it is signed 

(Sun Microsystems 2008a). It is safe to  assume that the connection 

problem is a factor with all peer to peer solutions since they are based on 

direct connections with other peers.  

 

Using signed applets is not an option in this project for the following 

reasons: 

 Security risks. 

 In order to sign an applet a valid certificate is needed which is a 

headache to manage. 

 A security prompt pops up when a signed applet is run, which 

requires an action from the user.  
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The biggest problem is the security risk. If the Greenfoot framework would 

provide automatic signing mechanisms for its users, it would be possible 

for anyone to create a malicious applet through Greenfoot and upload it to 

the Greenfoot gallery. The security prompt can also be an annoyance for 

the users which would be good to be without.  

4.3.2  Clie nt server  

Server

Client

Client Client

Client
 

Figure 1. Client server network topology.  

Since the peer to peer network structure is not feasible the obvious choice 

for our solution is the client server model. Currently the client server 

network structure is most commonly used. It is the most popular 

architecture used in commercial online games. Popular games such as 

Doom, Warcraft and EverQuest are all client-server based (Armitage, 

Claypool and Branch 2006). Even though it is not expected that the 

Greenfoot environment will be capable of producing games of that level, it 

is foreseen that in some cases fairly rapid message passing is required 

between clients. In the case of a chat application where many clients 

interact, the server is responsible for all clients receiving messages that 
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are sent. In such an application it is important that all interested parties 

receive messages at approximately the same time. A server push based 

solution seems ideal in this kind of scenario where the server takes care of 

sending/pushing messages to all interested clients. It is assumed that a 

server push solution minimises network traffic and server load. This 

assumption is put to t he test in section 4.5.2. 

 

A few use cases are mentioned in (Mesbah and Van Deursen 2008) that fit 

the server side push pattern well:  

 Auction web sites such as eBay where users need to continuously 

refresh the web page too see if they have been outbid.  

 A stock ticker application where it is important that all users receive 

stock data at approximately the same time to ensure fairness.  

 A chat application where messages are delivered to all members of 

the chat. 

 A news portal that automatically pushes recent news to all 

subscribers. 

 

Use cases number 2 and 3 (see section 1) could also be added to this list 

where various turned based and real time games are considered. 

 

In the traditional web setup the server is not capable of pushing messages 

to the clients. A popular solution to this problem is to use polling where 

the clients query the server on a regular interval to look for messages. 

Polling is not a particularly good approach since it increases network traffic 

and causes lower data coherence between client and server data (Bozdag, 

Mesbah and van Deursen 2007, Mesbah and Van Deursen 2008). 
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There are AJAX based web applications that seem to be pushing data to 

its clients such as Google docs5, Flikr6, Ebuddy7 and Facebook8. These 

solutions require a closer look.   

4.4 Server side push  

There are a few existing papers available on AJAX based push solutions. 

These are discussed in (Bozdag 2007, Bozdag, Mesbah and van Deursen 

2007, Martin-Flatin 1999). AJAX based push solutions are generally 

referred to as Comet or Reverse AJAX (Bozdag, Mesbah and van Deursen 

2007). Several frameworks are available and need to be considered. Most 

of these frameworks are primarily designed for browsers so the client side 

is based on JavaScript. 

 

In (Mesbah and Van Deursen 2008) four frameworks are compared, 

Google GWT, Echo2, Backbase and Dojo/Cometd. The common goals of 

these frameworks are identified as achieving rich interactive web clients 

and to simplify development for developers where browser incompatibility 

is the major stepping stone. The focus of the Dojo/Cometd framework is 

on server-side push functionality, but the others donôt have push-based 

elements. This makes the Dojo/Cometd appealing for our solution and 

deserves a closer look. 

4.5 Cometd and Dojo  

Members of the Cometd group9 have designed a Comet protocol called 

Bayeux (Russel, A. et al. 2007). The protocol is an effort towards creating 

                                        

5 http://docs.google.com  

6 http://www.flickr.com  

7 http://www.ebuddy.com  

8 http://www.facebook.com  

9 http:// www.cometd.org  
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a common standard for different Comet based solutions (Mesbah and Van 

Deursen 2008). The implementation of the Bayeux protocol is referred to 

as Cometd. The Dojo10 framework is an open-source JavaScript 

framework, provided to ease the development of web applications and 

abstract away different browser quirks and incompatibilities. The 

dojox.cometd namespace is an extension to the Dojo toolkit, focused on 

the creation of a JavaScript Cometd client. A server-side API is included 

which is being ported to many different programming languages including 

Java, Perl, Python and ActionScript (Russel, Alex et al. 2008).  

4.5.1  The Bayeux protocol  

The HTTP/1.1 specification (Fielding, R. et al. 1999) suggests a limit of 

only two active connections to the same host at any given time. The 

Bayeux protocol is designed with this limitation in mind. Its messages are 

based on JSON11 (JavaScript Object Notation) which is a text based, 

human readable standard built on JavaScript. The goal is to overcome the 

stateless request-response nature of the internet by using server push,  in 

other words the publish/subscribe paradigm. Most importantly it is about 

asynchronous low latency message delivery. It is not a pure push model 

since the client needs to make the initial request  in order for the server to 

be able to push data to it. The protocol is written with HTTP transport in 

mind but does not rule out other forms of transport.  Even though the 

protocol messages are defined in JSON format, the message payload can 

be anything, as long as it can be serialised in string format.  

 

In Bayeux, connections are established in the following manner: 

                                        

10 http://dojotoolkit.org/  

11 http://www.json.org/  
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1. The client performs handshake with the server, receives back a 

client id and a list of server supported  connection types, along with 

any optional extensions that the server requires.  

2. The client uses the client id from the server as an identity, and 

sends a connection request with a chosen connection type. 

3. The client subscribes to desired channels and listens for events. 

 

Figure 3. Bayeux handshake. 

4.5.1.1 Long-polling vs. Streaming 

The Bayeux protocol allows two types of connections, polling and 

streaming. Most Bayeux enabled servers support the long-polling 

connection type by default. Long-polling is based on long-held HTTP 

requests. Here the client sends a request which the server holds on to 

until an event is available. As soon as an event occurs on the server, a 

response is sent (which includes the event), and the client immediately 

sends a new request for the server to hold on to. The same happens if a 

timeout is reached. Another type of polling technique is referred to as Call -
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back polling which uses JavaScript call-backs to update the DOM in the 

browser. This method is not discussed further since our client wonôt be 

based on JavaScript.   

Bayeux Client Bayeux Server

Request

Response

Event

Request

Event

Wait

Wait

Response

 

Figure 4. Long-polling connection. 

Streaming connections allow for multiple events being sent as a response 

to a single HTTP request. The client initiates a connection and sends a 

request that th e server holds on to. The server sends only 

partial/incomplete HTTP responses when an event occurs, which allows 

for delivery of many events to the client via the same request.  

Bayeux Client Bayeux Server

Request

Response

Event

Event

Wait

Wait

Response

 

Figure 5. Streaming connection. 

Both connection types use persistent HTTP connections to minimise the 

overhead of establishing TCP connections which is the default behaviour in 
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the HTTP/1.1 Specification. Streaming should provide less latency since 

the overhead of the client sending a request after each response is 

avoided. However in practice long-polling is quite efficient in most cases 

as will be discussed later in this report. It is problematic  to implement 

streaming for certain kinds of browsers, such as Internet Explorer. For 

instance, to overcome a bug in Internet Explorer, a big chunk of white 

spaces, which is far larger than a HTTP header, needs to be flushed 

between (partial) responses. Another issue is when a streaming page has 

been kept open for a while. Then browser accumulates a lot of memory  

since the page never really stops loading. Long-polling suffers from client 

unavailability for a brief time when the client is generating a new Long -

poll request. This means that the client can potentially miss out on some 

events during this idle time, bu t it depends on the server implementation 

(Wilkins 2008c).  

 

A comparison of the two different connection approaches can be seen in 

Table 2. 

Table 2. Streaming vs. Long-polling. 

 Streaming  Long -polling  

Pro s  Low latency (worst case 1 

network trip)  

 No extra http headers 

 Low latency (worst case 3 network 

trips when server has to wait for a 

new Long-poll request) 

 Works with proxies 
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Cons  A burst of network layer traffic 

when many clients are 

subscribed to a channel where 

an event is published (TCP ack 

packets from all subscribed 

clients) 

 Some proxies can pose a 

problem 

 Difficult to implement for all 

browsers 

 Big memory footprint in 

browsers 

 Overhead in whitespace hack for 

Internet Explorer  

 A burst of application and network 

layer traffic when many clients are 

subscribed to a channel where an 

event is published (all clients 

generate a new HTTP request 

almost at the same time)  

 HTTP request generated after each 

event 

 Client not available when 

establishing a new Long-poll request 

 

In the case of an application where data updates are very frequent as in a 

stock ticker application, streaming is probably better. In those cases long -

polling will act similar to regular polling. Long -polling should be fine if data 

updates are less frequent. It is noted that most of the downsides of 

streaming are due to browser complications. Our client will not suffer from 

those problems aside from the proxy problems. Based on that, streaming 

is quite appropriate for our situation. However long-polling is the choice 

since it is firewall friendly and is widely supported by current Bayeux 

servers and should provide for quite low latency. Besides the low latency 

requirement is not a high priority in our case.  

4.5.1.2 Channel Subscriptions 

The Bayeux protocol uses a topic based (Eugster et al. 2003) subscription 

approach. Clients subscribe to specific topic/channel that is defined by a 

unique keyword. When an event is available, such as when a client pushes 

a message to the channel on the server, all clients that are subscribed to 

the same channel are notified.  
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The Bayeux protocol supports a hierarchical grouping of channels which is 

referred to as channel globbing in the protocol specification. This is 

accomplished with the use of wildcards. Channel globbing enables clients 

to subscribe to a range of channels with a single subscription request. This 

can be of great benefit. For instance, if a specific game type is defined 

which needs customisation on the server side a topic can be defined for a 

whole range of game types. Let us take a chat application for example.  

 

In a chat application members of the chat room need to be notified when 

another member joins or leaves the chat room. In the case of an 

unexpected disconnect the server is the only entity tha t is aware of the 

lost connection. Therefore, this functionality needs to be implemented on 

the server. Let us say a chat service is implemented and deployed on the 

server. This service monitors the ñ/chat/**ò topic. This means that the 

chat server side functionality applies to the ñ/chat/greenfoot/ò, 

ñchat/greenfoot/networkingò and all other sub channels formed under 

ñ/chat/ò.  

4.5.2  Scalability  

One of the biggest downsides of Comet solutions is scalability. Traditional 

web servers use a thread per connection model, which may become a 

problem when you have thousands of concurrent users. It is less of a 

problem in the traditional request -response world, where the thread is 

only occupied for a brief time while the server computes the response to 

the request. When using Comet, the thread is occupied while the client 

has a pending request on the server. This means that when 10.000 users 

are connected, the server needs 10.000 active threads, one for each 

connection. This may lead to major scalability problems.  

 



 Greenfoot networking support  

 

25 

 

With the release of Java New I/O in Java version 1.4, this problem has 

been addressed. NIO allows for non-blocking or asynchronous I/O. One of 

the most mature Comet servers on the market today is Jetty 12 which is 

implemented in Java. The Jetty 6 Comet solution is to use so called 

continuations (Wilkins 2008b) which is based on NIO. It enables the 

suspension of the active request while there are no events available for 

delivery. This allows the thread used for the pending request to be 

returned to a thread pool for  further use when events become available. A 

more sophisticated solution is already in the early release stage in Jetty 7, 

which is based on the Servlet 3.0 specification that natively supports 

suspendable requests. 

 

Other Bayeux implementations provide solutions based on NIO as well, 

such as Grizzly13. Grizzly is implemented in Java and provides a framework 

called ARP14. The goal with ARP is to achieve a scalable server solution 

that doesnôt require one thread per connection and achieves the 

performance of t raditional web servers (Arcand, Jean-Francois 2006).  

 

Solutions such as NIO improve the scalability considerably for Comet 

servers. A study of Comet performance is performed in (Bozdag, Mesbah 

and van Deursen 2007). The Comet server they used for testing was an 

early version of Jetty-6, version 6.1.2. Table 3 shows a comparison on 

push vs. pull (polling) based on the results in the aforementioned paper.  

Table 3. Push vs. Pull. 

 Push  Pull  

                                        

12 http://jetty.mortbay.org  

13 https:// grizzly.dev.java.net/  

14 Asynchronous Request Processing 
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Pros   Low latency. 

 Minimise traffic on the network.  

 When server is not too busy 

clients get their messages in 

time and only once (high data 

coherence).  

 Scales better than push. 

 Less CPU load on the server. 

Cons  Does not scale very well. 

 7 times More CPU load on the 

server than when polling.  

 Users sometimes donôt receive 

publish items (When the server 

is very busy). 

 sometimes receive the same 

message multiple times (when 

polling interval is less than publish 

interval).  

 Users often miss publish items when 

the polling interval  is grater than the 

publish interval.  

 Longer publish trip time (higher 

latency). 

 

It is noted that the push method provides for high data coherence (when 

the server is not saturated) which is hard to achieve with polling. High 

data coherence is quite important when developing network games. If 

messages are lost during game play it can be very frustrating for the 

players since games are usually about competition. If you lose in a game 

you want it to be your own fault, not due to a dodgy game 

implementation. The most alarming result  is that the Jetty server started 

to saturate at 350 ï 500 concurrent users. The test machine was a 3 GHz 

Pentium IV running Linux Fedora with hyper threading and 1 GB of 

memory. 

 

As a rebuttal to these findings, Greg Wilkins, who is one of the authors of 

the Bayeux protocol and the main developer of Jetty, pointed out in his 

blog (Wilkins 2007) that the 7 times more CPU load figure is not very 

reasonable since the polling rate in the tests was at the lowest 15 

seconds. He points out that Comet solutions are targeted for applications 

that require much less latency than 15 seconds. If the polling rate was 
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reduced to about 1.5 seconds in the tests, the CPU usage on the server 

would increase ten times. Furthermore he explains that saturation of the 

server at 350 - 500 users was due to a buggy Jetty release. 

 

The current Jetty version is up to 6.1.12 and is much more mature. 

Recent benchmarking report from Greg Wilkins (Wilkins 2008a) shows that 

the Jetty Bayeux implementation can account for 20.000 simultaneous 

users per server and at the same time maintaining less then a second 

latency (using long-polling on Jetty 6.1.7). An explanation of the test 

result is shown in figure 6. 

 

Figure 6. Jetty benchmarking results (from Wilkins 2008a). 

The average latency never goes much above 500 milliseconds. The size of 

the bubbles indicates the message rate in each test. The rate starts with 

3800 messages per second and is reduced as the load grows. This test is 

performed on a LAN. If the test was done in real life situation, over the 

internet and with actual 20.000 unique users, higher latency is expected.  
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The scalability of Comet servers can also be affected if the server needs to 

store a lot of state. Some solutions need much data consistency and 

require the server to be able to re cover from sudden crashes. In the case 

of Greenfoot, it is not a big worry if the state is lost during a server crash. 

As mentioned before, this is not a critical application.   

 

4.6 Choosing a Bayeux Server  

Judging from the above discussion, the dojo/Cometd solution fits our 

purposes well. It is firewall friendly, has a simple protocol and provides a 

common interface via the Bayeux protocol. It is an advantage to be able 

to move to a new Bayeux enabled server without having to change the 

Greenfoot client. But most importantly requirements number 2 (firewalls) 

and 3 (applets) which were regarded as the most challenging, are fulfilled. 

We get low latency and high data coherence as a bonus. All clients will be 

connected via a central Bayeux server, which is not a problem, even if the 

client is an applet in a browser (assuming the applet is downloaded from 

the same server). Last, but not least, there are a few open -source 

solutions available. 

 

The success of the Bayeux protocol depends on how many web and 

application server providers implement it in their servers. Currently it is 

implemented in Jetty, IBM Websphere, Grizzly/Glassfish and most recently 

Oracle WebLogic. Many others have started implementing it such as 

ErlyComet, Apache Tomcat and Perserve (Comet Daily 2008a). In May 

2008 a live chess game based on Jetty was deployed with good results. 

This game site handles several hundred players typically participating in 

more than 50 concurrent games (Comet Daily 2008b).  
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Two Bayeux server solutions were considered for this solution, Jetty and 

Grizzly. They are both implemented in Java, are both open source and 

support the Bayeux protocol. As mentioned before Jetty is quite mature 

and there are benchmarking tests available for its performance. 

Furthermore there is a Java Bayeux client available in Jetty which was 

written for the  aforementioned benchmarking test.  

 

Grizzly was originally embedded into Sunsô Glassfish15 project serving as 

the HTTP frontend. Even though it is still a module inside Glassfish it has 

evolved into a stand-alone web server based on NIO. It is highly compact. 

The whole web server is bundled in a single 838KB jar file. It can even be 

run on an IPhone (Arcand, J.F. 2008).  

Table 4. Grizzly vs. Jetty comparison (from Comet Daily 2008a) 

 Grizzly  Jetty  

Status  Production Production 

Version  2 6.1 

License  Apache 2.0 or Commercial Apache 2.0 

Pricing  Free or Commercial Free 

Protocols  Bayeux Bayeux 

Message 

Delivery 

Guarantee  

Yes No 

Polling   Yes Yes 

Long -

Polling   
Yes Yes 

Call back -

Polling   
Yes Yes 

Iframe 

Streaming  
Yes No 

                                        

15 https://glassfish.dev.java.net/  
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htmlfile 

Streaming  
Yes No 

XHR 

Streaming  
Yes No 

Multipart 

Streaming  
Yes No 

 

Initially it was decided to use Grizzly. Deciding factors were guaranteed 

message delivery, various streaming support and its compactness. It was 

later discovered that even though Grizzly supports various streaming 

connections it is not via the Bayeux protocol but a custom Comet API. In 

practice both servers were used but Jetty became the main development 

server. This is discussed further in section 6.2. 

5 Design  

This section discusses the design of an existing Jetty client that was 

modified to work with Grizzly and an xSocket16 client that became the 

basis for the prototype that was implemented. A chat client prototype was 

implemented in Greenfoot, which will also be described in this section. 

Since both the Jetty and xSocket clients are based on the dojox.cometd 

framework, it is a good starting point  for the Design section.  

5.1 Dojox.cometd  

Dojox.cometd consists of several interface definitions. It is a guideline on 

how one can implement the Bayeux protocol and how to solve common 

problems related to asynchronous message delivery and server push. This 

framework is immature and has changed during the implementation of 

this project. It is a s erver-side API but there are a few interfaces that can 

also be used for client implementation. The framework is not designed 

                                        

16 http://www.xsocket.org  
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with a client similar to ours in mind, even though the Jetty and xSocket 

clients are partly based on it. The clients communicating with a server 

implementing this API are primarily JavaScript clients running in a 

browser. The framework is described based on what it looked like when 

this work started.  

5.1.1  Overview  

In figure 7 we see the interfaces that make up the cometd framework. 

The interfaces that are of most interest to us are Bayeux, Client, Message 

and MessageListener.  

 

Figure 7. Dojox.cometd framework class diagram 
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5.1.2  Interface definitions  

5.1.2.1 Bayeux interface 

The Bayeux interface includes all necessary constants that are needed 

when implementing the Bayeux protocol. Four our purposes it is only a 

container for those constants, we donôt need to implement it since all 

constants are declared as public static. 

5.1.2.2 Client interface 

Our client implements the Client interface which defines operations related 

to client behaviour such as subscribe/unsubscribe, publish, delivery of 

messages and notification of interested objects when the client receives 

messages. In the documentation for this class three types of clients are 

mentioned as possible implementations of this interface: 

 Representation of a remote client on the server side. 

o This is an object residing on the server that manages the 

connected remote client. 

 A server side client. 

o This is a client residing on the server which has access to 

server resources such as channels. A good example of this is 

an admin client that can be used for the server 

management. 

 A remote java client. 

o This is what we will be using this interface for, a Java client 

connecting to a remote Bayeux server. 

 

5.1.2.3 Message interface 

Since JSON messages are based on object/value pairs or an ordered list of 

values the Map<K,V> interface is a well suited representation for JSON in 

Java. This is why the Message interface inherits the Java Map<K,V> 
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interface. This is essentially a wrapper object for the data payload but it 

also contains necessary information such as the channel it is associated 

with and the client id of the sender.  

5.1.2.4 MessageListener interface 

This interface only defines one method which is called when a message is 

received. Our client will be able to notify interested objects via this 

interface when it receives message deliveries. 

5.2 The Jetty Bayeux client  

The Jetty Bayeux client relies on the Jetty HttpClient that supports both 

blocking and asynchronous/non-blocking (NIO) HTTP exchange. This is 

the heart of the Jetty client. The HttpClient sends objects of type 

HttpExchange that contain the header and content of the HTTP messages 

and callback methods to handle responses. Figure 8 shows a partial class 

diagram of the Jetty client  
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«interface»

ClientBayeuxClient

MessagePool

HttpClient

1

1

HttpExchange

2

1

«interface»

Listener

1

1

«interface»

RemoveListener

«interface»

MessageListener «interface»

Message

0..*

1

Cookie0..*

1

«interface»

EventListener

Exchange

Handshake Publish

HttpExchange.CachedExchange

HttpExchange.ContentExchange

0..*

1
0..*

1

MessageListener InQOutQ

«interface»

Message

0..*

1

Connect

 

Figure 8. Jetty Bayeux client class diagram 

Classes in pink are implemented as inner classes inside the BayeuxClient 

class. Blue interfaces are part of the dojox.cometd framework. The 

BayeuxClient holds two HttpExchange instances, one for pushing data to 

the server and one for pulling. Both of them are sent via the same 

HttpClient instance. When the client is running, the pull should  always 

have an outstanding request that the server can push data on. Pull can 

either be a Connect or a Handshake instance, but when the client has 

started a long-polling session it makes sure a Connection instance is 

waiting for a response. The push HttpExchange instance is used when the 

client needs to publish data to the server so it can only be of type Publish. 

The Handshake Publish and Connect classes are compact and are mostly 

about handling response callbacks from the server. Their super class, the 

Exchange class, takes care of error handling, handling cookies and URL 

encoding the HTTP body if appropriate.  
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Parts of this client are server based, for example the RemoveListener 

which is intended for server side notification when a client disconnects 

from the server. This is not necessary for our client which makes this 

client a bit too bulky for our purposes.  

5.3 The xSocket Bayeux client  

Because the Jetty client is tightly coupled into the Jetty Framework and is 

quite server side oriented, a decision was made on implementing a new 

Bayeux client. The most complex part of the Bayeux client is the 

asynchronous HTTP client. This subject has been touched up on in an 

article by Gregor Roth (Roth 2008). The code samples provided in this 

article are all based on an open source HTTP client which is a part of the 

xSocket network library. Other asynchronous clients are mentioned such 

as the Apache http core17 and the Apache MINA18 project. The xSocket 

library was investigated further since it seemed quite accessible. It turned 

out it contained a skeleton for a Bayeux client based on the xSocket http 

client. A decision was made to build the Greenfoot networking client on 

top of this one . A class diagram is shown in figure 9.  

                                        

17 http://hc.apache.org/  

18 http://mina.apache.org/  
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1

1

«interface»

IResultHandler
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IHttpResponseHandler
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NonBlockingResultHandlerBlockingResultHandler
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1
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MessageImpl
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Message

5

1..*

HttpClientConnection

1

1

«interface»
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0..*

1

«interface»

Bayeux

11

 

Figure 9. Class diagram of xSocket Bayeux client 

As in the previous class diagram, interfaces from the dojox.cometd 

framework are in blue. The yellow classes are implemented as inner 

classes of the BayeuxRemoteClient class. The Observer/Event pattern is 

heavily used in this design where handlers react to events. In this design 

the HttpClient is used as a traditional request-response push HTTP client 

but another kind of HTTP client is used for the pull mechanism which is of 

type HttpClientConnection. Both clients implement the IHttpClientEndpoint 

interface which is used when performing a connect to the server. When 

the client subscribes to a channel, the ServerToClientEventHandler is 

created. Its only job is to keep a connection open to the ser ver via its 

HttpClientConnection object. If the server pushes data to the client this 

object is notified via the IResultHandler interface and connects 

immediately again.  

 



 Greenfoot networking support  

 

37 

 

The BayeuxRemoteClient uses 5 objects of type BayeuxResponseHandler. 

These handlers are notified when the BayeuxRemoteClient receives a 

response to the following actions: connect, subscribe, handshake, publish 

and disconnect. These handlers respond differently depending on the 

action, thus 5 different instances are used. The BayeuxResponseHandler is 

an abstract class where general Bayeux protocol functionality is 

implemented that is common for all Bayeux responses. When instantiated 

(as anonymous subclass) the onMessages(List<MessageImpl> messages) 

method is implemented to respond to messages from the server. 

 

The BlockingResultHandler is used if one wants to use the client in a 

synchronous blocking manner but the NonBlockingResultHandler is  

used if asynchronous usage is required. Other classes are either self 

explanatory or have been described previously. 

5.4 The Greenfoot chat client  

As stated in section 1, one of the goals of this research was to produce a 

working prototype. A prototype was implemented with the requirements 

of section 3.2 in mind. 

 

Since both Jetty and Grizzly provide a chat demo out of the box, it was 

ideal to create a chat client inside of Greenfoot to test the network 

functionality. An effort was made to keep the network API simple. A 

wrapper class was used for the BayeuxRemoteClient, to abstract away the 

networking details and the Event pattern was used to simplify things.  

 

Since Greenfoot is primarily based on the ability to manipulate images, it 

doesnôt provide components such as text area, label and other graphical 

user interface (GUI) components that a seasoned programmer is used to 

have built into the Integrated Development Environment (IDE). 
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Fortunately, two ready to go components by Dick Baldwin were acquired 

through the  Greenfoot gallery19 website. These are the input text box 

class (TextBoxC 20) and a label class (Labels 21). A wrapper class, 

LabelsScroller, was created that scrolls the labels up the window as 

message are typed in or are pushed from the server. The UserList 

performs similar functionality except that it maintains a list of users who 

are logged into the chat room. TextBoxC displays the entered text in the 

bottom and notifies the TextBoxHandler via the TextBoxListener interface 

when the user hits the Enter key. The UserList, LabelsScroller and the 

TextBoxC make up the GUI for the application. Figure 10 shows the area 

that each class covers in the GUI. 

 

Figure 10. The Greenfoot chat client interface.  

                                        

19 http://www.greenfootgallery.org/  

20 http://www.greenfootgallery.org/scenarios/193  

21 http://www.greenfootgallery.org/scenarios/230  

http://www.greenfootgallery.org/scenarios/193
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Objects that are interested in receiving messages implement the 

NetClientListener interface. Both the UserList and LabelsScroller are 

interested in messages received since they need to display text messages 

(LabelsScroller) or update the user list when users join or leave the chat 

room (UserList). Figure 11 shows a class diagram explaining the complete 

Greenfoot chat client design. 

Chat

World

Actor

NetClient

LabelsScrollerUserList Labels

TextBoxCTopLeftAnchoredActor

ChatMesage

«interface»

NetClientListener

«interface»

TextBoxListener

«interface»

MessageListener

0..*1

0..*

1

1

1

11

1

1

BayeuxRemoteClient

1

1

0..* 1

1
1

0..* 1

Base6411

1

0..*

1

1

 

Figure 11. Greenfoot chat client class diagram. 

The TopLeftAnchoredActor is a simple class that allows one to calculate 

the position of elements based on their top left co rner as opposed to the 

centre as is the default functionality provided by the Actor class. The 

centre anchor makes it easier to calculate collisions with other objects and 

rotation but in this case it is much easier to use the top left corner of the 

object. Then one can use an image manipulating program to find out the 

exact x and y coordinates to position elements, provided the world is 

made up of 1 by 1 pixel cells.  
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The Chat is the world object that initialises all required objects. It is the 

glue that holds things together. Messages are delivered via this object 

(and relayed through the NetClient) since it is the only object that holds a 

reference to the NetClient object. The NetClient class is a wrapper for the 

BayeuxRemoteClient. It takes care of init ializing the BayeuxRemoteClient 

and it sends and receives messages via it. Furthermore, by utilising the 

Base64 class it enables the ability to convert all objects that implement the 

Serializable tagging interface to Base64 URL safe format while in transit. 

This should provide better performance, especially if large objects are 

being transferred over the wire. It is important to use the URL safe 

version of Base64 since the ñ+ò sign is converted to a space when it is 

URL encoded. In the URL safe Base64 version a ñ-ò is used instead which 

makes it safe to URL encode/decode. As per the Bayeux protocol, long-

polling messages must be URL encoded in a POST request with content 

type ñapplication/x-www-form-urlencodedò. 

 

Using this chat client as a guideline, the steps to make a networked 

application would be the following:  

1. Create a value object containing all information that need to be 

sent to other clients.  

2. Make all interested objects implement the NetClientListener 

interface (one method) to be able to respond to incoming 

messages. 

3. Instantiate the NetClient object and register all listener objects to it.  

4. Start sending and receiving the value objects in step 1 via the 

NetClient. 

 

This should be simple enough to fulfil requirement number 5 which is to 

keep the API simple.   
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6 Implementation  

In this section the main implementation tasks that were realized during 

this research are covered. The focus changed a few times during the 

course of this work. There were four iterations carried out. In the 

beginning many different technologies were reviewed. After a decision 

was made to go with Bayeux Comet, the focus became the porting of the 

Jetty Bayeux client to work with Grizzly. This provided an opportunity to 

get to know the Jetty Bayeux client implementation better and to ge t 

more familiar with the desired Bayeux web server, Grizzly. After this was 

accomplished it was decided to create a new Bayeux client that was more 

compact and better suited for the purposes of Greenfoot. This shifted the 

focus once more and the xSocket Bayeux Client was implemented. Finally 

a Greenfoot chat client was built as a prototype.  

6.1 Environment  

Eclipse version 3.3.0 was the main IDE used. The NetBeans platform 

version 6.1 was used to debug the Grizzly server. Windows XP SP3 was 

the platform used wit h Java version 1.6.0_06, Grizzly version 1.8.5 and 

Jetty version 6.1.11. 

 

The Greenfoot environment has a very basic editor. It provides no 

intellisense or code completion functionality. To ease development efforts 

inside Greenfoot, Eclipse was used as an editor. Instructions on how to 

configure Eclipse to work with Greenfoot can be found in appendix A. 

6.2 Porting Jetty client to Grizzly  

Since Grizzly was the desired web server it was ideal to port the Jetty 

Bayeux client to work with Grizzly. If done successfully the same 

benchmarking test as mentioned in section 4.5.2 performed on Jetty, 

could potentially be performed on Grizzly.  
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The chat demo application was used for testing purposes. A simple chat 

console client was created to be used as a testing tool. 

 

Figure 12. Console chat client running. 

A network diagnostics utility called Wireshark22 was attained to analyse 

the TCP packages being sent over the wire. This required the use of two 

computers since Wireshark cannot analyse packages sent from a client 

residing on the same computer as the server. By comparing network 

conversations between a working browser client and Grizzly on one hand 

and the Jetty Bayeux client and Grizzly on the other a few issues were 

encountered. These are listed in table 5.  

 

                                        

22 http://www.wireshark.org/  
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Table 5. Bugs encountered during the porting of Jetty client to Grizzly. 

Issue  Resolution/workaround  

Chat demo does not respond 

on ñlocalhost:8080/ò only on 

ñlocalhost:8080/index.htmlò. 

Bug reported in Grizzly issue tracker 
23

 

Grizzly expects ñapplication/x-

www-form-urlencoded" 

messages but Jetty client uses 

ñtext/jsonò encoded. 

Line 74 in BayeuxClient.java changed to: 

private  boolean  _formEncoded = true;   

 

Grizzly responds with an 

empty 200 OK HTTP message 

despite error. 

Bug reported in Grizzly issue tracker 
24

 

Grizzly only accepts json-

comment-filtered messages 

and only accepts Bayeux 

protocol version 1.0.  

Line 521 in BayeuxClient.java changed to: 

final  static  String __HANDSHAKE = 

"[{" +" \ "channel \ ": \ "/meta/handshake \ ", 

" +" \ "version \ ": \ "1.0 \ ", 

" +" \ "minimumVersion \ ": \ "0.9 \ "" +", 

\ "ext \ ": { \ " json - comment- filtered \ ": 

true}}]" ;  

 

Parsing error in Jetty client 

when accepting json-

comment-filtered messages. 

Bug reported on the Jetty user email list.
 25

 

Line 140 in org.mortbay.cometd.MessagePool.java 

changed to: 

Object batch= _batchJSON .parse( new 

JSON.StringSource(s), true );  

 

Grizzly does not hold on to a 

long-polling HTTP request 

after a handshake resulting in 

client crash. 

Bug reported in Grizzly issue tracker.
 26 

Workaround: Send subscribe request promptly after 

connecting.  

                                        

23 https://grizzly.dev.java.net/issues/show_bug.cgi?id=168  

24 https://grizzly.dev.java.net/issues/show_bug.cgi?id=243  

25 user@jetty.codehaus.org 

26 https://grizzly.dev.java.net/issues/show_bug.cgi?id=217  

https://grizzly.dev.java.net/issues/show_bug.cgi?id=217
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Grizzly sometimes responds 

with a malformed JSON array. 

Bug reported in Grizzly issue tracker.27 

Workaround: Line 491 in BayeuxClient.java changed to: 

if  (getResponseStatus()==200)  

{  

  //This is a hack to overcome a Grizzly 

bug, for some reason a "]*/" is  

  //sometimes missing f rom Grizzly 

responses  

  // TODO: Fix this hack when Grizzly has 

been fixed  

StringBuilder sb = new 

StringBuilder(getResponseContent());  

  if (sb.charAt(2) == '['  && 

sb.charAt(sb.length() - 1) != ']' )  

  {  

    sb.insert(sb.length(), "]*/" );  

  }  

_responses =parse(s b.toString());  

}  

 

Inconsistencies in Grizzly 

message delivery. 

Bug reported in Grizzly issue tracker.28 

 

Most of the incompatibilities were due to the JSON comment filter 

extension that Grizzly uses. This extension is recommended in the Bayeux 

protocol to provide protection against AJAX hijacking. It  requires all 

messages to be enclosed with a begin-end comment (/* */). The encoding 

incompatibilities were not a big problem since the Jetty client already had 

support for both ñtext/jsonò and ñapplication/x-www-form-urlencodedò 

message styles which are both allowed in the Bayeux protocol. 

 

                                        

27 https://grizzly.dev.java.net/issues/show_bug.cgi?id=249  

28 https://grizzly.dev.java.net/issues/show_bug.cgi ?id=250 
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After the above issues were resolved the Jetty Bayeux client was 

successfully ported to work with Grizzly.  An informal load test was 

performed on low end hardware which showed inconsistencies in the 

Grizzly message delivery. The same test was performed on Jetty for 

comparison purposes. The results indicate that the Grizzly server is 

delivering the same messages multiple times. Furthermore, Grizzly shows 

much higher average latency than Jetty. Further information can be found 

in the Grizzly issue tracker29. 

 

The porting process was an ongoing task throughout the project lifetim e. 

Consequently, the Jetty server was mostly used during the development of 

the Greenfoot chat client since it had a working chat demo application.  

 

This successful port of the Jetty Bayeux client paves the way for a proper 

benchmarking test on Grizzly.  

6.3 Building a Bayeux client  

It has been mentioned that a Bayeux client was built on top of an early 

alpha version of a Bayeux client started by the xSocket project. It was 

decided to expand on the design that was already in place. The existing 

design was well thought out with an elegant implementation. A detailed 

class diagram can be seen in figure 13. 

                                        

29 https://grizzly.dev.java.net/issues/show_bug.cgi?id=250  
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Figure 13. A detailed class diagram of the xSocket BayeuxRemoteClient. 
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The class diagram has been discussed in section 5.3 but a more detailed 

diagram is displayed here for further explanation.  

 

The most complex behaviour is when the client is negotiating a connection 

with the server. This needs further explanation. Figure 14 shows a 

sequence diagram of the connect and subscribe process. 

BayeuxRemoteClient BayeuxResponseHandler

performHandshake()

create

HttpClient

send()

onMessages()performConnect()

create

send()

onMessages()

IResultHandlerObject

create

open()

onResult

subcribe()

create

performSubscribe()

create

send()

onMessages()onResult()

create

ServerToClientEventHandler

performConnect(this)

onResult()

performConnect(this)

 

Figure 14. A sequence diagram of the connection process in the xSocket Bayeux client. 

The Object on the far left holds an instance of the BayeuxRemoteClient. In 

the case of the Greenfoot chat client prototype, this object is of type 

NetClient. The pull connection (the server push channel) is opened when 

the client subscribes to a channel. The ServerToClientEventHandler object 

is a field inside BayeuxRemoteClient. Since it implements the 
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IResultHandler interface, it can be sent as a parameter into the 

performConnect() operation. Each time the onResult() event is called it 

sends it self back into the performConnect() operation. This is how the 

long-polling works. This functionality is easier to program if the result 

handler classes are created as inner classes. 

 

The following functionality was added to the BayeuxRemoteClient class: 

 Logging and error handling was improved 

 The delivery of messages received from the server 

 Grizzly support added for json-comment-filtered extension 

 Publish mechanism 

 Unsubscribe and disconnect 

 Non blocking result handling 

 

A blocking result handler was already in place, however the asynchronous 

delivery was of more interest. It is imperative that the network client does 

not block while sending or receiving messages. The asynchronous 

message handling enables the ability to build highly interactive network 

applications where rapid message delivery is possible. This means, for 

instance, that the user doesnôt have to wait each time the application in 

question is waiting on messages from the server. 

6.4 Greenfoot chat client  

The goal with building this prototype Greenfoot client is to find out if the 

Bayeux Cometd solution works as expected. The expected behaviour is: 

 Works over remote HTTP connections posing no problems to 

firewalls. 

 Can be run successfully in Greenfoot. 

 Can be run as an applet in a browser. 
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There were two prototypes of the Greenfoot chat client built. One based 

on the xSocket client and a similar one based on the Jetty client. This was 

done for testing purposes. Both clients have the same design as is 

described in the class diagram in section 4.4. The difference is in the 

underlying Bayeux solution. It was better to build two different versions to 

be able to compare the functional aspects of the two solutions.  

 

The design has already been described in section 5.4 which should give a 

good idea how the code is structured. A more detailed class diagram is 

provided in figure 15, showing the operations of each class. 

 

Figure 15. A detailed class diagram of the Greenfoot chat client. 

This design was influenced by the implementation of the chat demo 

provided by Jetty and Grizzly. The existing chat application has the 


