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ABSTRACT 

 

 

 

 

  

Point to point communication models and protocols such as TCP, were 

designed merely for the use in client-server applications. As the demand for 

collaborative applications increases, communication involving multi point and proper 

network bandwidth utilization arises as an issue. The main purpose of this research 

was to investigate the communication layer in synchronous collaborative systems 

and introduce an alternative communication model to improve the performance of 

the system in the context of bandwidth utilization. Reliable multicasting is 

implemented to provide reliable communication between multicast groups and 

clients within those groups. Multicasting enables multiparty communication across a 

wide area to sparsely distributed groups by minimizing the network load but the issue 

of reliability remains a problem. This research focused on the reliable multicast 

service that is provided by Spread, in order to handle the bandwidth more efficiently, 

to provide reliable service and to meet future requirements. This research also looked 

into alternative means of communication by implementing collaboration on wired 

and wireless networking. Results obtained from the performance experiment 

contribute towards improving the performance of communication in synchronous 

collaborative environment. 
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ABSTRAK 

 

 

 

 

Model-model dan protokol-protokol komunikasi berbentuk titik ke titik 

seperti TCP telah direkabentuk khususnya untuk penggunaan dalam aplikasi pelayan 

pelanggan. Memandangkan permintaan bagi aplikasi kolaboratif kian meningkat, isu-

isu seperti komunikasi pelbagai titik dan penggunaan lebar jalur rangkaian dengan 

sempurna mula timbul. Tujuan utama kajian ini adalah mengkaji lapisan komunikasi 

dalam sistem kolaborasi segerak dan memperkenalkan suatu model komunikasi 

alternatif bagi meningkatkan prestasi sistem kolaborasi dalam konteks penggunaan 

lebar jalur. Komunikasi berbilang kait yang boleh dipercayai digunakan sebagai 

implementasi untuk membolehkan penghantaran maklumat yang boleh dipercayai 

antara pengguna-pengguna dan kumpulan-kumpulan berbilang kait. Komunikasi 

berbilang kait membolehkan komunikasi antara parti berbilang menyeberangi suatu 

kawasan luas ke kumpulan-kumpulan yang teragih dengan kemampuan untuk 

mengurangkan penggunaan lebar jalur tetapi masalah kebolehpercayaan masih 

wujud. Kajian ini telah fokus kepada perkhidmatan komunikasi berbilang kait yang 

boleh dipercayai yang dibekalkan oleh Spread, untuk pengurusan lebar jalur supaya 

ianya lebih efisyen, untuk memberikan perkhidmatan yang boleh dipercayai dan 

untuk keperluan masa kelak. Kajian ini juga telah mengkaji talian komunikasi 

alternatif dengan mengimplementasi kolaborasi atas rangkaian wayar dan tanpa 

wayar. Akhir sekali, keputusan daripada eksperimen prestasi menjadi sumbangan 

dalam meningkatkan prestasi komunikasi dalam persekitaran kolaborasi segerak. 
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CHAPTER 1 

 

 

 

 

INTRODUCTION 

 

 

 

 

1.1  General Introduction 

 

 

 The world wide web (WWW) already accounts for more Internet network 

traffic than any other application, including email and simple file transfer. It is also a 

collaborative technology in a weak sense of the word - it allows people to share 

information. Collaboration can range from asynchronous, where an interactive 

activity is separated by long period of time (e.g. email, discussion groups), to 

synchronous, where an interactive activity is simultaneous and in real-time (e.g. 

video conferencing).  

 

Synchronous collaboration is where an interactive activity is simultaneous 

and in real-time. Synchronous collaborative systems are not as common as 

asynchronous systems. Computer based synchronous collaborative systems like 

shared whiteboards and collaborative editor are only beginning to emerge recently. 

These applications involving more than two users exchanging information, require 

multi point communication (Keidar, 2001).  Multi point communication or better 

known as multicast communication is a transmission mode that is now supported by 

a variety of local and wide area networks (Rezende and Fdida, 1999). Multicasting 
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enables multiparty communication across a wide area to sparsely distributed groups 

by minimizing the network load (Hewitt, 1997).  

 

Multicasting itself is one of the key technologies in the next generation of the 

Internet. As the internet networks grow by the day, more and more people are getting 

connected via wireless environment. This fast developing new technology known as 

Wireless Fidelity (Wi-Fi), is a concept which is basically a free-network movement, 

a high-bandwidth wireless connectivity everywhere. 

 

In this thesis, we describe the technical issues in its design and 

implementation of a prototype; a synchronous collaborative system with minimal 

tools that allows multiple users to collaborate simultaneously over a wired and 

wireless environment with reliable data delivery. The thesis also describes various 

issues from the aspect of communication. 

 

 

 

 

1.2 Problem Background 

 

 

 An important issue in the design of a software application is its overall 

architecture, that is, the nature of the components of the application and the 

communication among these components. While there has been much work done in 

characterizing architectures of single-user software, there has been relatively little 

research addressing architectures of multi-user or collaborative software (Dewan, 

1999). This makes groupware development involves many issues that introduce 

additional technical problems. 

 

This research describes the synchronous collaborative systems, technical 

issues in its design and implementation. The synchronous collaborative tools that is 

looked into is a shared editor that allows multiple users to edit a single document at 

the same time without any constraints and a shared whiteboard that allows users to 
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share graphical drawings and images and able to work on it at the same time without 

any constraint. These issues are further discussed in this thesis. 

 

 As the Internet continues to grow, new approaches are needed to provide 

large number of users with efficient, concurrent, on-demand access to information. In 

current approaches, like the client-server model used in the World-Wide-Web 

(WWW), information services are centralized and become bottlenecks under high 

demand (Callahan et al., 1996). Centralized systems suffer this problem and the 

performance of the system is affected due to this bottleneck. Bottleneck is an 

important issue in the design of a centralized collaborative application since it 

influences the performance (Dewan, 1999).  

 

 Different multicast applications require many different levels of reliability 

and ordering guarantees in the face of transient network failures such as dropped 

packets (Callahan et al., 1996). Although multicasting has an enormous potential to 

reduce application bandwidth requirements, its lack of reliability remains a problem 

and how multicasting system handles lost packets becomes an issue (Kosiur, 1998).  

A synchronous collaborative system requires reliable packet delivery to ensure data 

consistency. Data must be sent error- free to ensure that the images and text send are 

correct and latency requirements remain low, as extreme delay greatly reduces the 

utility of a real-time data application in a collaborative environment (Miller, 1998). 

 

Most applications running above Transport Control Protocol/Internet Protocol 

(TCP/IP) use Transport Control Protocol (TCP) as the Transport layer for the rich 

services it provides. TCP, however, provides only point-to-point (unicast) services. 

Thus all multicast applications must run on top of User Datagram Protocol (UDP) 

(Miller, 1998).  UDP on the other hand is unreliable and if UDP detects an error in 

the received packet, it silently drops it (Forouzan, 2000). Lost packet has to be 

retransmitted again and bandwidth utilization increases. 

 

As the demand grows in internetworking, future networks will require better 

services and better scalability from the current wired network that we have now. The 

availability of wireless networking and wireless LANs can extend the freedom of a 

network user, solve various problems associated with hard-wired networks and even 
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reduce network deployment costs in some cases. Wireless LANs allows users to 

collaborate without having the trouble to look for a place to plug in.  

 

This thesis also addresses several other issues relating to the architecture of 

the synchronous collaborative systems such as centralized and replicated systems, 

concurrency and floor control, scalability of the system and wireless connectivity. 

 

 

 

 

1.3 Problem Statement 

 

 

 Based on the problem background, we can summarize the main research 

question as: 

 

 “What can be done to improve the performance in synchronous collaborative 

systems, how to ensure reliability and scalability in synchronous collaborative 

systems and can synchronous collaborative systems be supported with future 

networks?” 

  

 This research will develop a prototype of two synchronous tools which is a 

collaborative editor and a shared whiteboard with support of a reliable multicast 

service to ensure reliability and scalability of the system, efficient utilization of 

bandwidth and ready for the next generation of wireless internetworking. This 

research will also examine the features of some synchronous collaborative systems 

such as concurrency control and consistency management to allow and support 

proper handling of users during collaboration. 
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1.4 Research Objectives 

 

 

 The research has four objectives: 

 

• to identify current communication model and features in synchronous 

collaborative systems. 

 

• to investigate how to provide reliable communication in synchronous 

collaborative systems to ensure proper bandwidth utilization. 

 

• to design and develop new communication approaches without having 

to change the underlying network in the implementation of 

synchronous collaborative systems. 

 

• to experiment and evaluate the implementation of reliable multicast 

communication in synchronous collaborative systems. 

 

 

 

 

1.5 Purpose of Research 

 

 

 The purpose of this research is to choose the appropriate technique to resolve 

the bandwidth utilization issue in synchronous collaborative applications. Types of 

reliable multicasting protocols is studied and based on the findings, appropriate 

protocol is implemented into the prototype. The research evaluates the use of this 

protocol in a collaborative environment. Collaboration over wired and wireless 

network is examined and implemented. Lastly, testing is done on this prototype with 

minimal functionalities to understand its proper usage, implementation and results 

obtained will be analyzed as a contribution towards this research. 
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1.6 Research Scopes and Limitations  

 

 

 The scopes of this research includes that this project is implemented as a 

prototype to execute the testing scenario. The prototype is with minimal 

functionalities such as shared whiteboard and editor. This system is implemented and 

will be tested in a wired and wireless LAN network. The end user of the prototype 

would be a software developer and someone who understands the basic concept 

behind groupware systems. The final product of this research is a prototype to 

improve the communication in current synchronous collaboration systems. Although 

the tools developed in our prototype may lack of certain functionalities but the 

purpose of this research is to show the output result from the reliable communication 

process. User interface, workspace awareness and security is not the subject of 

investigation. In this research, prototype is developed on WIN32 platform using Java 

with Spread Java API libraries. Although Java is a platform-independent 

programming language, the prototype may have some problems in other platforms, 

which are not examined. Testing of the systems prototype is done and results 

obtained is analysed and discussed to show its effectiveness. The testing phase will 

consist of two separate parts. Firstly will be the testing of current implementation and 

our prototype and second part will be the study of the network performance based on 

the systems network usage. Finally, some of the open issues are left to future 

research.  

 

 

 

 

1.7 Research Assumptions  

 

 

 In this research, several assumptions have been identified. Focus of this 

research is on the communication of the collaborative system and user interface is 

negligible. Testing and evaluating the prototype is done with the number of users is 

assumed to be sufficient to conclude our research objectives and same end users are 

used for both pre and post experiments of the prototype. The end users of the 
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prototype are assumed to be familiar with collaborative applications and are assumed 

to be software developers themselves. To show the real effectiveness of this 

prototype, a shared editor is used to show the consistency of the characters that are 

being inserted into the shared area. Many functions of a synchronous collaborative 

system are assumed to exist such as workspace awareness in current implementation.  

Availability of numerous network facilities to support collaborative working 

environment is also taken under assumption. Wireless networking standards, 

802.11b, are assumed to be the same for all running prototype. All wireless devices 

are assumed to have good band signal within the assigned radius. Lastly, all running 

Spread daemons will be of the same version and having the same configuration 

settings. 

 

 

 

 

1.8 Research Significance 

 

 

 Communication model is a critical part of a collaborative editor and to other 

collaborative applications. The model not only will determine the performance of a 

certain collaborative application but it will make the overall system more efficient 

and reliable. As the result of this research, knowledge on how to provide reliable 

multicast service within collaborative applications and in a wireless environment will 

continue to contribute for future research. 

 

For collaborative application based on centralized architecture the 

communication model plays a role in issues such as bottleneck. Thus, scalability of a 

system indirectly is determined by the communication model. System prototype that 

has been built will resolve this bottleneck problem and can be used as a reference for 

future development or research. The core engine of this prototype can be reused to 

develop a complete system. The prototype also will resolve the bandwidth issue 

using different approach such as reliable multicasting provided by Spread and 

implemented on a wireless environment with hope for performance almost on par to 

wired network.  
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Results obtained from the testing of the systems prototype would be the main 

contribution towards this research. This thesis also will allow researchers and 

developers to get better knowledge and understanding about how multicasting works 

in a synchronous collaborative environment, how to provide reliability and 

scalability to synchronous collaborative applications, and how wireless networking 

can perform as good as wired networking. 

 

 Finally, this research will play an essential role on the issues of providing 

reliable multicast service to synchronous collaborative applications.  

 

 

 

 

1.9 Thesis Organization 

 

 

 This thesis is our research findings for a better communication model to 

provide better communication in synchronous collaboration. There are eight chapters 

in this thesis.  

 

We start by discussing the literature review on related systems and other 

research done in Chapter 2. We conduct the study by looking at the general topic 

which is CSCW. From there we concentrate into synchronous collaborative 

applications and look into the communication layer of that application. We discuss 

on types of communication available and discuss in detail about our findings and our 

possible solution to this research problem.  

 

  Chapter 3 describes the research framework. It also discusses about the 

technologies and requirements that are used to develop our prototype. We also 

discuss on types of testing that we will conduct in the second major phase of this 

thesis which is the testing phase. 

Chapter 4 describes the architecture and system design of the prototype. In 

this chapter, we describe the interaction between its various components. We also 
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explain our aim for the research prototype and finally explain how each part of the 

architecture works. 

 

In Chapter 5, we show and discuss the user interface of our prototype and 

how each component of the design in Chapter 4 is implemented. We explain the 

process and part of the coding in this chapter to show how certain functions were 

implemented. 

 

Chapter 6 describes the second half of this research, the testing phase. It gives 

an overview of the testing that will be conducted. This chapter will outline the testing 

phase on how it was conducted, the tools that were used and the procedure for 

collecting the data and the testing environment.  

 

The outcome from the testing phase is discussed in detail in Chapter 7. 

Chapter 7 discusses on the findings of the experiment and gives an analysis based on 

the results obtained.  

 

Finally, in Chapter 8, we draw conclusions from the work described, our 

contribution towards this research and present future research ideas. 
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