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Abstract

People collaborate hecause collaboration chianges the process of work for them in
desirable wavs. The rapid spread of computer and telecommunication technologies
has made individual use of computers in the home and oftice commonplace. Com-
puters are utilized for many routine tasks, much collaborative or cooperative work is
comunter-based, Computer supportesd collaborative systems provide easy. interesting.
and effective group interactive environments.

In computer supported collaborative systems. the mode of interaction is either
asynchronons or synchronous {real-time). This thesis research focuses on the real-
time collaboration systems, which are multi-user computer applications that ailow
physically distant people to work together at the same time. The main goal of this
research is to develop a real-time collaboration system for real-time work. The inter-
action and Jistribution technologies underlying real-time collaboration systems are
addressed. This thesis also describes the design and implementation of a real-time

collaboration system.
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Chapter 1

Introduction

1.1 Motivation

One of the major reasons for the recent popularity of Computer Supported (‘ooper-
ative Work(CSCW) is the opportunity it provides for easy, interesting, and effective
group interaction environments. People collaborate because collaboration changes
the process of research for them in desirable ways. They believe that working with
others improves the quality of the research product because of the svnthesis of ideas
it affords. the feedback they receive from cach other. and the new skills they learn.
Through collaboration people ca: tackle problems that they are incapable of working
on alone because of the limitations of their resources. knowledge, skills, or time.
Effective business practice demands contributions from a wide variety of people,
with diverse backgrounds. The manufacturing industry, commerce, research insti-
tutes, and governments all require coordinated teams to research, develop, and com-
muaicate various kinds of information. Traditionally. members of the teams were
located close to each other and discussed projects face-to-face in the same room.
Adapting to recent trends, establishing plants, sales branches, and research labo-
ratories outside an organization’s home country has become popular for carrying out
rescarch, manufacturing products, marketing. and providing services in the most ad-

vantageouns locations. It is becoming increasingly common for manufacturing design



teams to be composed of members belonging to the same organization, but located
in different places.

With research constantly widening the scientific horizon beyond the scope of the
most capable single mind, and with increasingly complex rescarch topies, scientists
need to cooperate to deal with multi-faceted problems. Based on the shaved under-
standing of those problems, it is more possible to develop solutions,

The rapid spread of computer and telecommunication technologies has made indi
vidual use of computers in the home or oflice commonplace. Computers arve utilized
for many routine tasks, and a lot of collaborative or cooperative work is computer:
based. To respond 1o the increasing research and development activity associated
with the augmentation of group work by computers, the name CSCW (Computer
Supported Cooperative Work) emerged. Trene Greif (at the Massachusetts Institute
of Technology) and Paul Cashman (of Digital Equipment Corporation) organized a
workshop in 1984, where they first used the term Computer Supported Cooperative
Work (C'SC'W). They shared concerns about supporting teams working together with
computer systems. Throughout the 1980s, a number of technological developments
occurred which established the preconditions for the emergence and rapid growth of
CSCW.

Collaboration is described by Goodman and Abel as a process involving people
sharing information of some form and thus effecting changes in the thinking and ac
tions of most people [18]. Collaborative systems allow group members to discuss a
problem and actually create something together. Such systems are one of the im-
portant applications of multi-user multimedia systems. Considerable recent rescarch
and developmental eflorts have been directed towards multi-nuser multimedia systems,
Compuier supported cooperative interaction, incorporating information exchange and
multimedia communication, will revolutionize collaboration in scientific and engineer-
ing settings. (Collaboration and cooperation are equated in concept in this thesis.

Real-time computer supported collaboration allows a group of users, who are

either gathered in an electronic meeting room, or physically dispersed. to interact



synchronously through their workstations or terminals. Collaborative computing al-
ready affects us. Real-time computer collaborative applications have heen a major
foeus of groupware development efforts, often motivated by CSCW.

Cooperative work means multiple individuals working together in a plauned way
in the same production process, or in different but connected production processes.

Of course, there are many potential applications for real-time multimedia col-
Jaboration. For example, in CIMS (Computer Integrated Manufacturing Systems).
collaboration plays an important role. Computer Integrated Manufacturing (CIM)
uses computer based systems to integrate, monitor. and control all the functions of a
mamifacturing oganization. This includes all activities from design and production.
handling and quality control, to distribution, marketing, and financial control.

¢ arrently we face a significant challenge in making a successful transition to a
knuwicdge-based economy and learning society. Propelled by competition at a global
l-vel, organizations are attempting to improve efficiency and effectiveness by integrat-
ing the processes of learning. work. and decision making {10]. Empowering people to
respond to these challenges requires the creation of infrastructures for learning that
extend beyond the classrooms of traditional educational institutions to the desk tops
and work benches. Tele-learning is a way to support people in learning work-related
knowledge ontside the traditional classroom. Tele-learning systems which employ
computer-mediated telecommunications are collaborative education systems.

The objective of my thesis is to develop a collaborative multimedia environment
that would be a first step towards developing sophisticated applications for Tele-

learning and Integrated Manufacturing Systems.

1.2 Thesis Organization

The rest of “he thesis is organized as follows: Chapter 2 gives a brief overview of
related work in the CSCW area. First, th-» definition of CSCW is discussed. Second,

the classifications of the CSC'W systems are given. Then, some example systems are



presented.

(Chapter 3 introduces collaboration applications. In this chapter, fundamental con
cepts for collaboration applications are given, and a set of characteristies for collabo
ration applications is presented. Some general design requirements for collaborative
systems are described.

In Chapter 4. the design issues of collaboration systen: are discussed, and col:
lahoration awareness is addressed. Three architectures of collaboration systems are
presented in detail, and there is a discussion of concurrency cont rol 1s discussed. Then,
the functionality of our real-time collaboration system and design considerations are
described.

The text communication service, N-Talk, is discussed in Chapter 5. The features
of this service are described. A detailed description of the interface is presented.
Draw, Co-lmage, and Co-Edit application tools are presented in Chapter 6, and their
features and implementation details are discussed. Finally Chapter 7 summarizes the

thesis. describing possible enhancements and future developments.



Chapter 2

Background

The rapid evolution of information and the new potential for communication between
people have both been of great importance to the success of most organizations. Key
aspects are the increased availability of computer networks, and the trend towards
team work. One of the main emphases is on computer support for team work. Ac-
tivities in that domain are known by the terms, groupware or computer-supported
cooperative work (('SCW). Since CSCW was first used by Irene Grief and Paul Cash-
man in 1984, much research has been doue in this area and numerous systems have
been developed.

What is CSCW? A consensus on a definition for CSCW does not vet exist—
although there is no shortage of contenders. Dix et al. [12] gave one definition for
('SCW. They explaiu that CSCW “is about groups of users—how to design systems
to support their work as a group and how to understand the effect of technology
on their work patterns”. According to this definition, collaboration is an important
characteristic. Wilson [43] defines CSCW as “CSCW-—a generic term which combines
the understanding of the way people work in groups with the enabling technologies of
computer networking, and associated hardware, software, services and techniques.”
Another short definition for CSCW is “the study of how people work together using
computer technology™. These definitions all include the concept, “work as a group”.

The term, groupware is often used in articles in the computing press to represent



the range of existing multi-user networked products. Like CSCW | groupware is also
difficult to define. No one definition satisfies evervone involved.  Robert Johansen
gave a definition for groupware in his book of the same name [23] as “a generie term
for specialized computer aids that are designed for the use of collaborative work
groups. Typically, these groups are small project-oriented teams that have important
tasks and tight deadlines. Groupware can involve software, hardware, services, and/or
group process support”. Ellis [15] defines groupware as “computer-bas-d systems that
support groups of people engaged in a common task (or goal) and that provide an
interface to a shared environment.” Normally. groupware is used to specifically denote
the technology that people use to work together, whereas “CSCW?™ refers to the field
that studies the use of that technology. The software developed for collaborative

environments is called groupware. In this thesis, we use hoth terms.

2.1 Classifications

In this section. we classify the CSCW systems by functionality, geographical space.

and time.

2.1.1 Functionality

Andio/Video conferencing systems allow two or more users to communicate with live
video images, audio signal, or both.

Co-authoring and shared writiug tools are multi-user editors. One or more users
can be editing the same document.

Meeting room systems provide support for face-to-face meeting in specially de-
signed meeting rooms with a large screen and a number of workstations/PCs. Nor-
mally two or more types of applications are used —such as andio/video conference
and drawing tools.

Sketch pads and whiteboard systems provide the participants with a “shared

whiteboard” where everybody can draw or write in a shared space.

6



Conversation applications are being developed to help individuals converse with
each other.
Message systems support the asynchronous exchange of textual messages between

groups of users,

2.1.2 Geographic

One of the important features of CSCW systems is the geographic distribution of
the users. Local collaboration occurs in the face-to-face environment. Remote means

that nsers are in different locations.

2.1.3 Time

An important characteristic of CSCW is the mode of interaction, which is often
classified as being either synchronous or asynchronous.

For synchronous mode. all the information is exchang - wetween participants in
real-time. Two or more users share the same object in different time in an asyn-

chronous system. The asynchronous collaboration is non-real-time interaction.

2.2 Examples

There are many systems which have been developed in the CSCW area. The following
briefly describe several applications.

We classify the synchronous mc e as local or remote according to geographi-
cal distribution. A good example for synchronous-local collaborative systems is a

computer-cupported meeting e' vironment, in which each attendee has a computer

and had a large public screen at the front of the room. Some of these systems are:

e Colab developed by Xerox PARC, that provides real-time services. Colab al-
lows two to six people to collaborate using personal computers interconnected

over a LAN [25][37](38]. There are several tools in the Colab system. Cog-



noter is a tool for brainstorming. organizing and evaluating ideas. Argnoter
was developed for presenting and evaluating proposals. and BoardNoter is a

less well developed tool for freestyvle sketching.

e Capture Lab developed at Electronic Data Systems. The Capture Lab sys-
tem has many similar features to the Colab system. The Capture Lab im-

plements a shared hardware approach to management of computer resources

[35].

In a synchronous-remote collaborative system, the participants are located in ge-
ographically different places. This is a distributed shared workspace which provides a
multimedia environment where each member can simultaneously see the same thing.
Individuals in different locations ca . «-ork together in real-time. A number of these

systems have been developed. Examples of such systems include:

¢ MMConf, implemented in the Diamond System [4][9], which provides a shared
display of a multimedia document. as well as communuication channels for voice

and shared pointers.

¢ Rapport system — a multimedia conferencing system developed at AT&T [1].
The Rapport system supports various forms of interaction, from simple telephone-

like conversations to multi-party shared-display interaction,

¢ MERMALID [42] provides an environment for widely separated participants to
hold real-time confercuces by interchanging information through video, voice,
and multimedia documents. The computer hardware consists of UNIX work-

stations equipped with a variety of advanced input and output devices.

¢ RTCal(Real Time Calendar), developed at MIT [4], is a meeting scheduling

system.

o The European collaborative projects MIAC{ Multipoint Interactive Andiovisnal
Communications) and MIAS (Multipoint Interactive Andiovisual Svstem) [8],

provide useful conference management facilities.

-



e Shastra [3], developed by Purdue University—an extensible, distributed. and
collaborative geometric design and scientific manipulation environment. It coun-
sists of a static and dynamic component. The static component. the shastra
layer, is a CSCW infrastructure for building scientific CSCW applications. It
defines an architectural paradigm that specifies guidelines on how to construct
applications whicl: are amenable to inter-operation. Its connection and distribu-
tion substrate facilitates inter-application cooperation and distributed problem
solving for concurrent engineering, while its communication substrate supports
transport of multimedia information. The collaboration substrate supports
building synchronous multi-user applications by providing session management
and access regulation facilities. In addition to the distribution, communication,
and collaboration framework, Shastra provides a powerful numeric, symbolic.
and graphics substrate. It enables rapid prototyping and development of col-
laborative software tools for the creation, manipulation, and visualization of
multi-dimensional geometric data. The dynamic component of Shastra is a
runtime environment that exploits the benefits of the architectural philosophy

and provides runtime support for conference applications [2].

o VideoDraw and VideoWhiteboard [39][40] use video-based technology to
create distributed shared drawing surfaces which support the use of hand and
body gestures in the collaborative drawing process. VideoDraw is a two-
person desktop system. VideoWhiteboard is a video-based prototype tool
that provides a large area of sharéd drawing space between two geographically

separated groups.

e TeamWorkStation — designed to provide for small geographically separated
work groups(2-4 members). TeamWorkStation provides users with a shared
screen as the open shared workspace, and live video and audio communication

links for face to face conversation [21]{22].

In asynchronous mode, people interact over an extended period of time such as in



I
postal correspondence. E-mail was the first widely available form of a CSCW system,
It is clear that the asynchrouous mods is the most successful. However, in this

thesis we focus on synchronous collaboration.



Chapter 3

Collaboration Application

3.1 Overview

Collaboration relies on a shared space. It may be a room, a blackboard/whiteboard.
or a shared on-line space. Shared space serves as a touchstone for the act of collab-
oration, and it is essential as a medium to manage the ambiguity inherent in human
interaction [17]. In effect, these shared spaces are the collaborative tools that pro-
vide a context in which the whole of the relationship is greater than the sum of the
individual participants’ expertise.

Computers significantly affect how we interact and collaborate. Traditionally,
computers have allowed asynchronous group work through shared file systems, ex-
plicit file transfer, and electronic message exchange. Real-time computer supported
collaboration systems allow physically distant people to work together in a shared
space at the same time.

Collaboration applications are designed to be used by a group. They contain
functionality for handling issues that emerge when such a group interacts through
netwoiked computers. They fall into a relatively new research field called Computer-
Supported Cooperative Work(CSCW). CSCW has emerged as an identifiable research
area which focuses on the role of the computer in group work. The goal, from a

computer science perspective, is to create hardware devices and software programs

11



12
that allow end-users to share information in order to help them work together more

efficiently and effectively.

3.2 Fundamental Concepts and Characteristics

Before we discuss the collaborative applications in more detail, we will discuss sonse

fundamental concepts first. These concepts are:

Real-time: The delay between an input and its resulting output must have an upper
bound commensurate with human interactions. Ideally the delay ~hould not he
noticeable. The sequencing relationships within and between iaput and outpnt

data streams must be preserved [23].

Shared context: A shared context is a set of objects where the objects and the actions

performed on the objects are visible to a set of users.

Ceilztriicon: People sharing information of some form and thus effecting changes in

¢ ninking and actions of the people involved in the process[18]. Collaboration

requires individuals to work together in order to achieve a single common goal.

Group window: A group window is a collection of windows whose instances appear on
different display surfaces. The instances are connected. For example, drawing

a circle in one instance makes a circle appear in the other instances.

View: A view is a visual, or multimedia representation of some portion of a shared
context. Different views may contain the same information but differ in their
presentation (for instance, an array of numbers can be presented as a table or as
a graph), or they can use the same presentation but refer to a different portion

of the shared context.

Session: A period of time when two or more members of a group are working together

synchronously.



3.2.1 Characteristics

I ihis section we discuss a set of characteristics for collaboration applications.

Interaction Characteristics
The basic characteristics of interactions can be identified as:

e synchronous interaction

Synchronous interaction implies interactions of all group members at the same

time (e.g. in a video conference).

e asynchronous interaction

Asynchronous interaction allows participants to interact within a certain time

frame (e.g. electronic mail).

Most collaboration systems support only one of these interaction modes.

Coammunication Characteristics

The basic communication characteristics include:
e open/close a communication channel for a group of participants.
e administration of a session.
o reliable sending and receiving of data from one or many participants.

e consistency.

Media Types

The media types of a collaborative application can be one of the following types or

their combination:

e tert, which includes different fonts, sizes, styles, and formatting information.

Talk and co-author editing systems support this kind of media type.

13



e image, which includes grev-scale or color information.

e line graphics, including grev-scale or color information for line and filling par-

terns, such as shared draw svstems.

e spreadsheet, including calculation capabilities, as well as graphical data presen

tation, which is sensible to changes in the underlyving data in the spreadsheet,
e audio, which provides the sound facility during a session.

e video, including live video images which are used in video conference systems,

3.2.2 Application Scenario

We would like to use an example of a collaborative project inan academic/research
environment to demonstrate how a collaboration application works. The following,
example scenario illustrates collaboration between users. It is an imformal, interactive

meeting to start a new research project.

In this scenario, the potential members of a project team first come to.
gether. They are located in different places. The goal which they want
to achieve is to create a first draft of the project outline. To support
this activity, a talk session may be created to allow the participants to
exchange ideas, opinions, and suggestions with cach other. They may
want to draw some informal structure figures. They may want to write
a project outline by using a co-authoring editing tool. In terms of the
characieristics involved, the application will be synchronons, remote, and
multi-way. The main media types required will be text and line graphies,
These two media types can be transmitted quickly since they have low

bandwidth requirements.

The above scenario is only one example of many possible collaboration applica

tions. Some of others are:



o group decision support environment.,
o multi-user cooperative design.

o screen/window sharing facility.

e shared calendar system.

e audio/video conferences.

3.3 Requirements for Collaboration Systems
Some general design requirements for collaborative systems are [33]:

e To support different registration methods: for some sessions. anyone is allowed

to join. For others only a select group can participate.

o To support latecomers to the session: a user can join an ongoing session. The

svstem should support the current session state to the newcomer.
e Participant termination: a participant can leave a session at any time.

o Integration of several media types: multimedia collaborative application sys-

tems provide more effective communication between the participauts.

e Provide the session management: The system should oversee all the session
management, which includes activities such as participant registration. session

information, communication and so on.

o To provide concurrency control: To prevent the conflicting actions on the same

item or point.

e Group interfaces: group interfaces differ from single-user interfaces in that they
depict group activity, and are controlled by multiple users rather than a single

user.



e ('ollaboration awareness: the svstem should support collaboration awareness.
Wher a user performs an action. all other users in the same session can update

their output.

e Error independence: a local user interface error should not atfect other users

and the program.

o User interface independence: the system should allow the users to see the dif:
ferent screen images. For example, it allows the users to seroll to differeny, parts

of a document.

16



Chapter 4

System Design and Functionality

4.1 Collaboration System Design Issues

In the previous chapter, the various requirements for collaborative application systems
in general were examined. In this chapter, we will discuss the design issues of collab-
oration systems. Why is real-time collaborative system development difficult? For a
start, collaborative system developers face all the problems experienced by single-user
application developers. Besides all the normal problems of building single-user appli-
cations, the collaborative system developers must be concerned with technical issues
such as synchronization, concurrency, communication, registration, and more. Several
authors have attempted to organize the technical issues that serve as a foundation for
collaboration applications. According to these requirements, which we examined in
the previous chapter, we can categorize the technical issues for real-time synchronous

collaboration into two disciplines:
e Interaction technology

e Distribution technology

17
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4.1.1 Interaction technology

This category includes all technologies that are involved in humaun-human and human
computer interaction. Typical examples sre the window svstem. diserete (graphics,

text) and continuous (audio, video) media, and window coupling.

User Interface System

The user interface manifests itself in most computer systems as an identifiable com-

ponent dedicated to serving the needs of user interaction.

The Sequential View: Single User and Single Application. Initial interface
systems focused on connecting a single user to a single application, and
concentrated on the interaction between the user undertaking a task and

the application which supported this task.

The Asynchronous View: Single User and Multiple Applications. As com-
puters grew in power a user could interact with a range of different ap-
plications. The generation of user interface focus was on the support of a

range of applications.

Multiple User Interfaces. In the CSCW area, people requires a wide range
of cooperative applications with multi-user interfaces. There arc two ap-
proaches for the development of such interfaces. The first approach is
collaboration transparent. This approach adapts existing single user ap-
plications to collaborative applications by merely replicating the display
portion of existing single user interfaces without altering the interface.
The second approach is collaboration aware. The collaboration aware solu-
tion provides facilities to explicitly manage the interface between different

users.



Collaboration Awareness

Computer supported cooperative work requires the construction of applications which
support, interaction by multiple users. These applications exploil multi-user interfaces
to promote their cooperative use by a community of users. Users may be located in
distributed places and the associated interfaces run on a number of workstations.

Collaborative applications should provide users with an awareness of the activities
of others in order to support and encourage cooperation to take place. In these
applications, the purpose of a multi-user interface is to establish and maintain a
common context. This context allows the activities of one user to be reflected on other
users’ screens, and is supported by sharing application information. This sharing is
the principle means of promoting cooperation, and the real-time presentation and
manipulation of shared information is the main function of cooperative. multi-user
interfaces [36].

Interaction coupling (or interface coupling) is an important issue in collaboration.
Different. forms of collaborative work require varying levels of awareness between
users. The greater the level of awareness, the closer the interaction coupling. There
are three different degrees of interaction coupling which correspond to different levels

of awareness between users [36]{41].

o Tight coupling: Each user is presented with the same display of the same sub-
set of a common information space. Every action performed by any user is
immediately observable by the other users. This is strict WYSIWIS (What-
You-See-Is-What-1-See - pronounced “whizzy whiz”) [37][38].

® Medium coupling: Each user may utilize a different presentation method to
display the same subset of a common information space. For example, different
users may simultaneously interact with tabular or graphical display of the same

data.

e Loose coupling: Each user maybe presented with a different part of the shared

information space. For example, if a group of authors use the Co-Edit tool to
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edit a shared paper. thev may edit different sections of the paper.

Strict WYSIWIS is often too restrictive and much work is needed to support more

customizable interaction coupling [6]{11]{32].

4.1.2 Distribution Technology

The architecture of collaborative systems influences their consistency and synchro-

nization. There are two main architectures for distributed collaborative systems,

Centralized Architectures

In a centralized architecture (Figure 4.1), a single copy of the application exists in
the central server. The central server program handles all user input events and
distributes output to all session sites. Local workstations act as graphical termi-
nals and window servers. The primary advantage of the centralized architecture is
its simplicity; it is easy to implement, kecp it consistent, and add/remove displays.
However, centralized architectures demonstrate poor perforiance as the workloads
for the server program are too heavy. They need high bandwidth since the server
needs to broadcast both input and output to all the users. In addition, the response
time is long, and they are vulnerable to failure (either machine or network). It is

impossible to support different views of the shared information within these systems.

Replicated Architectures

A fully replicated architecture is used to achieve minimized response time. This
architecture maintains exact copies or replicas of the application on each workstation.
Servers at each site distribute input to each replica. Some control mechanism is
necessary to ensure that all users in the same session see the same output,, if they wish.
Replicated architectures provide good performance. They require low bandwidth
because only input must be distributed among the users. Since this approach involves

local management of the display, it is easy to support the different views.
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User A User B

input
Output

s,

User C

Figure 4.1: The Centralized Architecture

The major difficulties with replicated architectures concern synchronization and
data consistency. Users can perform actions simultaneously which are executed locally
before being broadcast to other machines. If these actions conflict — for example, one
user deletes a selected object in a WYSIWIS group drawing program at the same time
as a second user changes the selection to a different object — inconsistent interface
can result due to events arriving in a different order at each machine. To prevent
such conflict requires complex synchronization algorithms.

The replicated architecture is shown in Figure 4.2.
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Output Output
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User A Usor B

Figure 4.2: The Replicated Architecture

Semi-replicated Architectures

Both centralized and replicated architectures offer benefits and limitations. The semi-
replicated architecture is proposed to overcome the limitations. This architecture
provides a good solution as it manages to keep communication, consisteney, and
svnchronization cost at a low level. Figure 4.3 shows the semi-replicated architecture,
This is a client/server model. The server workstation is responsible for registration,
synchronization. concurrency, etc. The application program runs on client machines.
Each user works on a client machine which commmunicates with the server to cooperate

with other users. Two goals form the key to this architecture:

¢ to put as much useful computation as possible on the client machines:

e to keep the network traffic to a minimum so that the system is scalable.

The bottleneck of a client /server model is that adding new clients increases the load
on the server and the network. Since this architecture puts all the computation on
the client side. the output is not transferred. This keeps network traffic low since

network communication is low, so it is scalable.



Figure 4.3: The Semi-replicated Architecture

Concurrency Control

Concurrency control is the activity of coordinating the potentially interfering actions
of processes that operate in parallel {19]. Figure 4.4 shows a simple example of two
sites losing integrity. Insite A, Operation 1 is followed by Operation 2—but Operation
2 is followed by Operation 1 at site B. The different order of eperations may result
in both sites being inconsistent and out of step. For example, one parti. ipant added
a word to a sentence at the same time as another participant removed this :=utence.
After the two operations, the displays are different at the two sites, Therc ure two
types of concurrency control approaches: pessimistic and optimistzi~  [he optimistic
approach determines how events can be received. This method wll s cvem. o Te
received out of order. Inconsistencies must eventually be detected and repaired. = e
pessimistic policy ensures that events can ouly be received in order, thus giean seing

consistency.
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Locking (or floor control) is a common approach to concurrency control. Typically,
a user will request a lock to an object. If no one else holds the lock, the request is
approved and the user gains the lock. The user can then manipulate the object, If

sumeone else is holding the lock, the request of the user is denied.

Site A Site B

Operation 1 executed

and transmitted .
Operation 2 executed

1 and transmitted

Operation 1 received .
2 and executed . Time

Operation 2 received
and executed

Figure 4.4: Example of Operations Re-ordering

The pessimistic locking approach forces a user to wait until a lock request is
answered and creates a locking message overhead. If delays are barely noticeable, this
may not matter. However, when the network or processors suffer a visible delay, the
approach may translate into a poor interface for the user. Because of its simplicity and
ease of implementation, a pessimistic locking policy is chosen by many applications.

The optimistic approach is based on the assumption that conflicting events are
rarely received out of order. Optimistic locking assumes that the user will frequently
be granted his/her lock requests. After a user requests the lock, he/she starts ma-
nipulating the object before he/she knows if he/she really has the lock. If the lock is
granted, the work continues as normal. If it is denied. the object must be returned
to its original state, which is difficult to do. It is not clear what to do when locks are

denied.



The other issue in concurrency control is granularity size. Different grain sizes give
a very different feel to collaborative systems. For example, a fine grain size means
there will be many lock requests, and the lock message overhead will be high. Coarse
granularity implies fewer lock requests. but less opportunity for concurrency as locks
will be denied more frequently. The choice is a balance between locking overhead and

the amount of concurrency desired.

4.2 System Functionality and Design Considera-

tions

4.2.1 System Functionality

The system functionality of our collaborative system falls into the following main
categories: communication service, group drawing, co-authoring writing, group image
processing.

e commuunication service.
The N-Talk service ztiows the users to talk with each other. This communication
service provides a facility to users to exchange ideas, opinions and suggestions
as they use other tools. The users can use it to “chat”™.

e group drawing.

The Co-Draw program provides a tool to enable group users to do a drawing.

e group interactive image display and manipulation.
The Co-Image program supports interactive image display and manipulation
functions, such as cut, paste, copy, chop, edge detection, etc. between group
users.

e co-author writing.

The co-authoring writing program supports group writing.

\h §



4.2.2 Design Considerations
Computer Requirements

The system was developed for UNIX. TCP/IP environments. We use sockets to
connect the users” processes. Sockets allow programmers to open reliable. connection
oriented communication between two running processes, creating a virtual point- point
communication. Communication normally flows to many user processes with real
time constraints. We use the client /server model to implement cach of onr tools. The
client/server applications can be divided into single-server applications and multi
server applications. The system is implemented by using the multi-server maodel.
because we want to reduce the workload of the servers and to achieve a small response
time. Each tool has its own server.

N-Talk. Clo-Draw, and Co-Image are implemented by using the semi-replicated
architecture. There are two main reasons for choosing this architecture, First, from
the communication side, there is a copy of the application running at every site in
a session: therefore. we only need to send the input between users. ‘This reduces
the network bandwidth and the response time. For example, in Co-lmage, suppose
we want to cut a part of an image—we just need to send the start point (r,y), the
height, and width of the area which we want to cut, to the other participants. If we
use centralized architecture, we would need to send the updated image, which needs
high bandwidth and longer transfer time.

The second reason for choosing semi-replicated architecture is for concurreney
control. On the surface. the simplest way of implementing conenrrency control is
through a centralized architecture. The centralized approach uses a single application
program to control all input and output to the distributed application. As we have
already mentioned, the centralized architecture needs high bandwidth and has a long
response time. In the scui-replicated architecture, there is a centralized server 10
broadcast the input and control the order. Given that we nse the semi-replicated

architecture, we do not use any special concurrency control policy to handle the
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concurrency problem in Co-Draw. The system structure is shown in Figure 4.5.

Figure 4.5: Collaborative System Architecture

Programming environment
e Programming Languages

Our tools are programmed in C programming language.

¢ Graphical User Interface Environment

We chose Motif to implement the graphical user interface. Motif is one of the



major interface standards in the UNINX world. It is based on the N Window
System which is a popular graphical environment. Motf fits in reasonably well

with X standards and with the use of window managers and resouree files |21,

Figure 4.6 shows the first interface. Depending on what the user wants to do.
he/she pushes an appropriate button to connect with a specific server. A user does
not need to have knowledge about the server. For example,if the user wants to utilize
the drawing program, he/she clicks the C'o-Draw button to connect with the drawine

server.

Figure 4.6: Collaborative System Main Interface



Chapter 5

N-Talk: A Text Communication

Service

5.1 Overview

There are talk programs that are very interactive but there usually are restricted to
two users. In this chapter we present a text communication talk service. We call it
N-Talk since it supports synchronous n-way textual conversations. The reasons we

developed N-Talk are:

o It can be utilized by users who do not have multimedia communication facilities

on their desktop.

o It provides a communication method to users who are using other collabora-
tive tools in our system to produce joint work through real-time collaborative

SESSI0NS.

The architecture of N-Talk is shown in Figure 5.1.



Figure 5.1: N-Talk Architecture

5.1.1 Feajiures
N-Talk has the following " .tures:

e create - request to create a session.

® join - request to join an ongoing session.

e invite - request to invite a user to an ongoing session.

e leave - request to leave a session that the user is a member of.
e terminate - request to terminate a talk session.

e ban - request to ban a user from joining a specified talk session.

e assign control - request to assign the leader’s control right to a joined user for

a specified session.
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A collaborative talk session in N-Talk is created by sending a Create Session
message to the N-Talk server. Figure 5.2 shows the Create Ses control flow. There
are two types of talk sessions —- Formal or Informal — which have several different
characteristies. With an informal session. all participants have the same rights. A
patticipant can add a user name to a ban-list to restrict someone from joining the
session. Any participant in this session can remove the user’s name from the han-list
to allow him/her to join the session. Participants can leave the informal session at any
time. None of the participants can terminate the informal session except the last one.
With a formal session. participation is by invitation only. The user who created the
formal session becomes the leader of the session. Only the leader can add a user name
to the ban-list to restrict someone from joining the session. The leader can grant a
super right to other participants by adding them on a superuser list. The leader can
release the join restriction by deleting the user’'s name from the ban list. The leader
also can take back the super right from a superuser by deleting his/her name from
the superuser list. Only the session leader can terminate the formal session. If other
participants want to leave the session. they need to send a request to the leader. If the
leader declines the request. they cannot leave the formal session. For fault-tolerance,
we will randomly select one of the participants to take the leader role if the leader’s

machine crashes.

Client Server
send ) . .
<Client, creates, Session> —— check if Session exists already
N , "
Yes y « No
) ] send ’ N .
Session Exists E —— <Session Exists> Create the Session
Updata List Record
|
|
Inform th r send i
@ use - <Create Successful>
Create Session Succ,

Figure 5.2: Create Session Control Flow



5.1.2 Interface

This section describes the user interface for N-Talk., which provides a number of

functions:

e performs the N-Talk features through pushing a button.

give a status report.

give an information report.

displays the talk contents.

displays the participants’ faces.

The N-Talk management window consists of three subwindows.
status subwindow: displays the action status information.
control subwindow: allows a user to perform the N-Talk functions.

information subwindow: performs and displays the sessions and users™ informa

tion.

Figure 5.3 shows the N-Tain management window.

Status Subwindow

The upper left part of Figure 5.3 is the status subwindow. The status subwindow
displays the status information. A user can know whether an action is snecessfully

performed from this subwindow.

Control Subwindow

The control subwindow allows a user to control N-Talk. Through this subwindow,
the user can perform all the functions provided by N-Talk. The left lower part of
Figure 5.3 shows the control subwindow. Users can perform an action by selecting,

one of the buttons in this subwindow.



M- Talk Status

Create Session Succ
Accept invitation!?
Leave Success
Accept invitation!?
Reject invitation!
Banlist Failure!

Super user - - joan - - for chat

successful!
Terminate Success

MH-Tak Info

AliSessions

My Sessions
Allusers
UsersinSession

Figure 5.3: N-Talk Control Window




Create Ses

Join

Invite

Leave

Terminate

Ban User

Once a user chooses Creafe Ses to create a new session. a pull-down
menn will appear. The user can choose either formal or nformal
mode for the new session. Another window (Figure H.4) is then
displayved. prompting the user 1o enter a session name for the new

session.

Joins an existing informal session. I there are any sessions a user
can join, a selection window (Figure 5.5) is displayved, and the user
can select a session from this window. Otherwiseo an information
window will pop up. which tells the user that no session can he

joined.

Invites other users to join an existing session. A selection window
(Figure 5.5) will pop up aflter the user clicks the Invite button,
An invitation window (shown in Figure 5.6) will he displayed in
the invitee's machine. If there is no session to which the user can
invite other users. an information window will pop up with this

message.

Leaves an ongoing session. I the user joined several sessions. a
selection window (Figure 5.5) will list all these session names and
the user can choose the one which he/she wants to leave, If the ses
sion 1s a formal session, the leader will decide whether the user can
leave. A request window (Figure 5.7) will pop up on the leader’s

machine.

If a user chooses this button, a selection window will pop up and
list all the sessions which the user can terminate. I there is no
session which the user can terminate, an information window is

displayed to tell the user this.

Adds/Deletes a user name to/from the ban-list for a specified ses.

A1



Super User

Quit

Help

N-Talk Info

sion to restrict/allow the user to join the session. The session can
be chosen from a selection window which i« displayed after choos-
ing Add/Delete action. The user nan, s typed in the prompt

window (shown in Figure 5.8).

Adds/Deletes a user name to/from the superuser-list for a specified
session to grant/take back the user’s super right. The session can
be chosen from a selection window which is displayed after the
Add/Delete action is chosen. The user's name is typed in the

prompt window (shown in Figure 5.8).

Quits the N-Talk service. A user should first leave all the sessions
which he/she joined by using Leave or Terminate—then the user
can quit the N-Talk service. For fault-tolerance, a question window
( Figure 5.9) will pop up to confirm whether the user really wants
to quit N-Talk. Otherwise. an error window (shown in Figure 5.10)

is displaved to tell the user that he/she cannot quit N-Talk.
Displays help on the functions of N-Talk.

Displays information about N-Talk.

Information Subwindow

The right part of Figure 5.3 is the information subwindow. This window integrates

the command and display functions and provides a set of command lists that allow

users to perform the following functions:

AllSessions

When a user selects this function, all existing sessions will be
displayed in the information subwindow (see Figure 5.11). The
user can return to the top level menu by selecting the BACK

item.
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Type in a session name.

Pick a session name
paper
talk2

selected session name

Cancei

Figure 5.5: Session Selection Window
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xiaolin invites you to join the chat2 session!
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Figure 5.7: Leave Request Window

Type in a user name.

taok]

Figure 5.8: Username Prompt Window
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| @ are you sure you want to quit N-Taik?

Figure 5.9: Quit Question Window

i
- You cannot quit N-Talk since you are still joined to some sessions!
Figure 5.10: Quit Error Information Window

MySessions Displays the sessions which the user joined. The display method
is the same as AllSessions function.

AllUsers Displays all the users who registered in N-Talk services. If -
user wants to see the participants’ pictures. he/she can select
AllFaces t !:plav «li . participants’ faces (Figure H.12).
One user’s facc - .- . i~ "wed by selecting the user’s name
(shown in Figure 5.13).

UsersInSession Lists all users in a session. This function can be used to check

who joined a specified session. As with Alll'sers, participants’
pictures can be displayed by selecting AllFaces or a user’s

name.
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Status

Create Session Succ

Accept invitation!

Leave Success

fccept invitation!

Reject invitation!

Banlist Falhmro!

Super user -~ joan - - for chat
‘successiull

Terminate Success




Figure 5.12: AllUser Faces

Figure 5.13: One User Face

Talk Text Windows

For each participant in a session, there is a window for him/her to display the text
which he/she typed in. Figure 5.14 shows the text windows. A user can save the text

by selecting the Save under File menu.

5.2 Implementation Details

The N-Talk service is implemented by using the Client/Server structure. It is a
semi-replicated architecture, which is shown on Figure 4.3. The talk service was
implemented on UN!X-based workstations. The client and server connect by woeam

socket.
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1 will bring the outline to the meeting.
The program is working well.
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1 want to talk with you about the paper.

Figure 5.14: Talk Text Windows



5.2.1 Registration

Registration plays a very important part in collaboration system design. It provides
important information to a registration user, such as who is available to invite and
what meeting they can join. Roseman and Greenberg summarize several features

which registration should provide to collaboration users[34].

o Support registration of both people and their urtifacts. This collects the partie
ipants, equipment, and session artifacts. The information about participants
helps people find who is available and what meeting they can join. The “equip
ment” is the collaboration application people use, such as drawing or talking

The “artifacts™ are usually the documcnts.

o Support the distribution registration information. This information inecludes

such things as who is arcund and their current activities.

o Support a spectrum of group involvement in registration decisions. The ditferem
sessions require registration of different group members according to different
situations. For a formal session, only certain people can join, while evervone

can join an informal session.

e Support dynamic registration, so that people can be addcd or removed al any
time. In real life, people may join a meeting at quite different times. Some
participants may want to leave the meeting before it is finished, Registration
schemes should be flexible enough to allow people to join or icave sessions at

any time.

In N-Talk service the registration information is maintained in the server site.
Each client also maintains some infor ....tion—such as its ongoing sessions. Alinost all
the points which we listed about registration are implemented in the N-Talk service.

The registration in the N-Talk service presents the user with four types of hsts:

¢ A list of all ongoing sessions.



o A list of all ongoing sessions which the calling participant has joined.
o A list of all users registered in the N-Talk service.

o A list of participating users for each ongoing session.

5.2.2 Motif User Interface

The user interface is implemented by using Motif for Sun workstations. The reason
for using Motif to implement the interface is that it is one of the major interfacc
standards in the UNIX world. The interface is responsible for all user interactions.
and contains all callback functions which handle all the window events. A callback

can be invoked by a user who performed an action that triggers its call.

5.2.3 N-Talk Client

The communication system on the client side is responsible for sending commands
and receiving the results from the server. The client and server connection is imple-
mented by using the UNIX socket facility. A client sends or receives a message by
using the message transfer primitives. The message transfer primitives are listed in
Section 5.2.5.

On the client side, there are several data structures which record the important
information for handling N-Talk sessions and users’ talk text windows. For example.
The Talking_Member structure records a member’s name and his/her talk window

information. With this information, we can display a user’s talk context in an appro-

priate window according to the user’s name. The relevant data structures are:

e Session: is a link structure which records the session information. This includes
the session name, session mode (informal or formal), session type (such as talk,
image), leader name, a pointer to the members of the session, and pointers to

other sessions.

typedef struct Session { /* Struct for session */
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int mode;
int type;
char name[SESSION_NAME_LEN] ;
char leader [USER_NAME_LEN];

talking_mbr_type *mbr_head_ptr;

struct Session *s_link;

struct Session *s_rlink;

e Talking_Member: records the member information. It includes username and
winmo. It is a two direction link structure. It includes two pointers to the left
and right neighbor. The win_no item records the window ID since this is needed

for window update.

typedef struct Talking_Member {

/* Structure for a member of a session */
char username[USER_NAME_LEN];
int win_no; /* Window‘information */
/* links */
struct Talking_Member *m_link;

struct Talking Member *m_rlink;

} talking_mbr_type;

e Face Struct: is a structure for face display. It includes image size, a pointer

to the face image, and the person’s name.



typedef struct
{
int size;
char *image;
char name[USER_NAME_LEN];

} face_struct;

5.2.4 N-Talk Server

The server is implemented by using C programming. We use the UNIX socket fa-

cility to implement the connection between clients and server. The server also uses

the message transfer primitives (see Section 5.2.5) to send/receive messages to/from

chients.

It consists of the following main data structures.

e Register: maintains the register information.

When a new user registers in

N-Talk, related information will be recorded and the new user added to the

register link.

typedef struct reg_name { /* struct
int cont_sock; /*
int data_sock; /*
char realname[USER_NAME_LEN]; /*
char clientname[USER_NAME_LEN]; /x
char hostname[HOST_NAME_LEN]; /*
struct ses_link *my_ses_head_ptr; /*
struct reg_name *u_link; /*
struct reg_name *u_rlink; /*

} reg_name_type;

for the registered name */
control socket number */
data socket number */
user login name */

user nickname */

machine name */

user’s sessions */

left link */

right link */

e Banlist: is a structure to record the banned users. If a username appears in

the banlist for a specified session, that user cannot join the session.



typedef struct banlist { /* struct for ban list %/
char name{USER_NAME_LEN] ;
struct banlist *b_link;
struct banlist *b_rlink;

} banlist_type;

e Superlist: is a structure responsible for recording the super users.

typedef struct superlist { /* struct for super ‘ight list */
reg_name_type *u_ptr;
struct superlist *su_link;
struct superlist *su_rlink;

} superlist_type;

e Session: handles the session control. It is one of the main data structures.

Most of the actions need to access the data structure.

typedef struct Session { /* Struct for session */
char name[SESSION_NAME_LEN]; /* session name */
int type; /* session type */
int mode; /* session mode */
talk_mbr_type *mbr_head_ptr; /* session member pointer */
char leader[USER_NAME_LEN]; /* session leader name */

superlist_type *super_head_ptr; /* superlist pointer */

banlist_type *ban_head_ptr; /* banlist pointer */
struct Session *s_link; /* left link */
struct Session *s_rlink; /* right link */

} talk_ses_type ;

-

The relationship between these data structures is shown in Figure 5.15.
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5.2.5 Message Transfer Primitives

A set of package and unpackage primitives for message transfer between client and
server is implemented. The reason for implementing these primitives is that there
are several different kinds of messages. We wanted to find a flexible way to send
and receive a message, and the primitives provide a method to deal with this. The
sender can package a message by choosing some of the primitives and putting them
in any order, depending on the needs of the sender. The receiver mnst unpackage
the received message in the same order in which it is packaged. Table 5.1 lists these

message transfer primitives.

5.2.6 Concurrency Control

Figure 5.14 shows the talk text window. Each participant has a separate window to
show his/her text in each site. There is no need to have a concurrency control scheme

in the talk communication service.

5.3 Generalizing Design

The above implementation experience, although demonstrated with the N-Talk ser-
vice, is extendable and applicable to other distributed real-time collaboration ap-
plication systems/tools. Actually, the message transfer primitives are used in other
tools. The servers were implemented in almost the same way for N-Talk, Co-Draw
and Co-lmage. The registration scheme; can be used for the drawing application, the
image display, and manipulation application, etc. The N-Talk service provides very
good session management. It is easy to get an overview of an existing session, to join
an ongoing session, or to create a new session. The session management can also be

used for other applications.



initsend(char *buffer)

initrev(char *buffer)

Initialize the send buffer

Initialize the receive buffer

longintpk(long number)

longIntunpk(long *number)

package a long integer number

unpackage a long integer number

intpk(int number)

intunpk(int *number)

package an integer

unpackage an integer

virtual intpk(int number)

real intpk(int *number)

virtual package an integer

real package the integer which is packaged by

virtual_intpk

namepk(char *name, int size)

nameunpk(char *name)

package a char string

unpackage a char string

textpk(char *text, long size)

textunpk(char *text, int size)

package a text string by using
byte copy

unpackage a text string

imagepk(char *image. int size)

imageunpk(char *image. int *size)

package an image

unpackage an image

endsend(char *buffer;

endrcv(char *buffer)

end package the sending message

end unpackage the received message

get _message size(char *buffer)

get the size of a message

Table 5.1: Communication Primitives for N-Talk
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Chapter 6

Integration of Image Processing

and Text /Picture Editing

Great interest has developed in recent years in building tools which allow people to
collaborate on work without the need for physical proximity. In this chapter, several

collaborative tools which are integrated into our system will be described.

6.1 Co-Draw: A Collaborative Drawing Tool

6.1.1 Overview

Tele-presence is a way to give distributed participants a feeling that they are in the
same location. Real-time meeting support applications belong in this field. The
goal of these systems is to transmit both the explicit and subtle dynamics that oc-
cur between participants. These include body language, hand gestures, eye contact,
knowing who is speaking und who is listening, voice cues, focusing attention, and
so on. Tele-presence facilitates effective management of remote meetings by using
the natural and practised techniques utilized in face to face meetings. Tele-data is
a method to allow distributed participants at a session :-, present or access physical

materials that would normally be inaccessible to the distributed group. These include



notes, documents, plans and drawings. The network computer has become a valuable
medium for people to share on-line work with each other [20]

Co-Draw is a collaborative drawing tool in the field of tele-data. It supports a
small group (around 10 people) with real-time access to a shared drawing space. The
multi-users are equal.

Normally, a group process begins with a set of initial design meetings. The group
m-mbers express, discuss, and develop ideas in the meetings. Participants typically
use some large communal work surface to facilitate their interactions. The work sur-
face is a group drawing space which includes whiteboards, blackboards, large sheets
of paper, and a variety of pens or chalk. The (lo-Draw tool provides a remote white-
board work surface to a group of people.

The Co-Draw main features are:

a what you see is what 1 see (WYSIWIS) display: user actions are immediately

visible on all screens

support of latecomers

simultaneous interaction is fully supported

a good mixture of graphics and textual work space

6.1.2 Implementation Details

('o-Draw is built upon the UNIX platform. It runs on Sun workstations connected by
a network. The distributed architecture of Co-Draw is semi-replicated architecture.
with the participant process running as a single process on every workstation. There
is no special concurrency control policy used in the Co-Draw tool. In spite of its sim-
plicity, however, Co-Draw is effective. The response time for Co-Draw is small, since
only the input is sent between the participants. Participant processes communicate

via UNIX stream sockets using several events which are listed in Table 6.1.



Event

Information passed

register a new user | host name, user login name or nickname

leave user login name or nickname
drawing an item item shape, first item coordinates,
the width and height of an item or the
second item coordinates, text string
image transfer binary date of the work surface image

undo an action

clearing screen

Table 6.1: Communication Protocol between Processes

Co-Draw provides several types of items. There are points, lines, rectangles, ovals,

filled rectangles, filled ovals, and text. The information which an item passes depends

on the type of item, as shown in the following table.

Shape

Information passed

point

item shape, ccirdinates of the point

line

item shape, start and end coordinates

rectangle

item shape, start coordinate, width and height

oval

item shape, center coordinate, width and height

text

item shape, start coordinate, text string

Table 6.2: Detailed List of Itemns

n2



A participant can join an ongoing session at any time. The participant connects
with the drawing server and sends his/her login name. as well as host name, to the
server. The server sends an image transfer request to one of the existing participants
to get the current state of the shared work surface, and then sends the image to the
newcomer. This program can also support the single use, case. This means a user
can use the Cn-Draw tool even if there are no other participants.

A participant can choose an appropriate item shape depending on his/her specific
drawing need. The tool includes a good mixture of graphics and textual context on
the shared work surface.

Figure 6.1 shows the shared work surface for Co-Draw. The two windows are

exactly the same. It is a strict WYSIWIS environment.

6.2 Co-Image: An Image Display and Manipula-
tion Tool

The work presented here centers on multiuser image display and interactive manip-
ulation. This discussion includes how to implement a networked, multi-participant,

wide-area, on-line image display and manipulation tool.

6.2.1 Functionality and Features

Images exist everywhere. Image display and manipulation tools are used in almost
all disciplines. An image and manipulation tool not only displays images, but also
performs some functions on the images. Most of these kinds of tools support just
one user, however, the idea of shared applications in the computing environment has
been around for a long time. Co-Image is an application tool by which single-user
applications using the MIT X11R5 windowing protocol may be shared among many
users. It allows users at multiple sites to collaborate by viewing and manipulating

the output simultaneously. Many may watch one user manipulate the tool, and can
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suggest or execute alternative methods or corrections, all from sites that may be
virtually anywhere.
A collaborative image display and manipulation tool, Co-Image, can perform these

functions on the image:
e copy a region of the image
e paste a region of the image
e cut the image
e crop the image
e resize the image
e trim the image edges
e gamma correct the image
o edge detection
e change image size
e rotate the image
e vary the color brightness
e add a border to the image
¢ oil paint an image

The Co-Image main features are:
o WYSIWIS display

e support of pessimistic locking concurrency control policy

wt



6.2.2 Implementation Experiences
Distributed Architecture

As we mentjoned before, a single copy of the application exists in a centralized ar
chitecture. The central server distributes output to all session sites. If a centralized
architecture is used in the Co-Image display and manipulation tool, a high bandwidth
will be required since the server needs to send the whole image to client sites. The
response time will be fong. If a copy of the application runs at every site ju the
session, only inp#t needs to be sent. For example, one participant cuts a regjor of
an image. Only the sta;i point coordinates, the width and height of the region. and
the operation command need to be sent to every site-—instead of the updated image.
The bandwidth will be low and the response time is reduced. Considering that many
functions, such as paste, are two-step operations in the display and manipulation teol,
the Co-Image requires concurrency cont . .

Co-Image uses a semi-replicated arctniccture, The semi-replicated architeeture

has three advantages:

o Performance First, it requires lower bandwidth because only input must be
distributed among the sites. Second, it is less sensitive to variations in network
latency; all participants in the session receive good interactive performanes since

they interact with local copies of the tool.

o Concurrency control  The simplest way of implenienting concurreney control
is through a centralized architecture. The semi-replicated architecture has this

advantage because of the centralized server.

o Support customizable local view  Like replicated architecture, the semi-replicated
architecture handles local management of the view which means that different
views are easily supported. Each »articipant can tailor his/her display of an

image without affecting the display of other participauts.



Concurrency Control

Because some functions are two-step operations, concurrency control is necessary.
1 here are several methods for handling concurrency control, such as the pessimistic
approach, fully-optimistic locking, and semi-optimistic locking.

We use the single active participant mode to handle the concurrency centrol in
the Co-Image tool. It is a pessimistic approach. Ounly one participant at a time can
do some operations in the shared image. If a participant wants to do an operation on
the shared image, he/she must get a lock first. The centralized server is responsible
for concurrency control.

The original image is shown in Figure 6.2.
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Figure 6.2: The Original Image

Figure 6.3 shows the updated images after one participant performed the cut and

paste functions.
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Figure 6.3: The Updated Images after cut and paste



What do computer displavs do about gamma? Many computer displays ignore
the effect of monitor gamma. The frame buffer value provided by the application
software is converted linearly into voltages that drive the CRT in the display. The
values in the frame buffer are not proportional to the resulting brightness. A frame
buffer value of 1/2 the maximum will produce less than 1/2 the brightness. The

Figure 6.4 is the corrected image of the original one at a gamma of 1.8.
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Figure 6.4: The corrected image

Figure 6.5 shows the images after one of the participants used the gamma cor.

tion function. The gamma value is 2.8.
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Figure 6.5: The updated images after gamma correcting the image



6.3 Co-Edit: A Collaborative Edit Tool

6.3.1 Overview

People working together to produce a single document is a common occurrence— both
in the business and research worlds. In the sciences, the proportion of co-authored
articles has been increasing steadily. Lubich used the following statistics to show the

dramatic increase in internationally co-authored articles[5][28]. In some fields. over

65% of articles are jointly written.

West
F
rance Gremany Canada UK USA Japan USSR

Percent internationally co—authored articles
Figure 6.6: Increase in internationally co-authored articles

Co-authors need to share information and to coordinat: . ivities. Unfortunately.



current word-processing tools, such as vi, emacs, textedit, and xedit, do not support
these functions. Consider two authors working jointly on a paper. The two authors
would like to work in parallel on the same paper from the workstations i their
offices. In this case, the two authors have to work on different aspects of the paper.
Sometimes, they might need to reorganize or rewrite a paragraph. As we know, many
significant problems in text (e.g., voice, persuasiveness, organization), though casy
for an experienced writer to detect, cannot be casily described. For such problems,
rewriting is often a more efficient strategy than trying to diagnose the problem, and
writers often choose this strategy when revising others’ texts. It is difficult to do this
without a co-edit system. However, a collaborative editing system allows multiple

users to view and edit a shared document simultaneously from geographically different

sites.

6.3.2 Requirements for Collaborative Writing

The requirements of a collaborative editing system are quite simple: ¢

o Hiding of communication protocols: adapting an editor to a group editing system

should not require knowledge of distributed systems issues.

e Multi-user collaboration: the system allows users to collaboratively edit a shared

document from different places.

e Support single user: adding collaboration support to a writing preject should

not affect an author’s ability to write an individual document.

6.3.3 Distemacs Co-Edit Tool

There are several existing co-authoring systems, and so there is no reason to imple
ment another co-authoring system rather thau using an existing system. After con
paring some co-authoring systems, we integrated the Distemacs Co-Edit tool [27][31]

te our system. Quilt[16] and PREP [29] are asynchronous collaborative anthoring
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systems. They use roles, explicit annotation, and structured or directed messaging
to provide the means for generating awareness and coordination information. How-
ever, since they are asynchronous systems. they do not satisfy our requirements for
collaborative writing. Grove [14], ShrEdit [13] and MACE [30] are synchronous
collaborative writing systems which support multi-user work on a shared document.
However, these applications do not provide effective and flexible undo facility. Dis-
temacs Co-Edit tool provides a synchronous collaborative writing function. It is

designed for using in both face-to-face and remote collaborative situations. This tool

was developed by Professor Atul Prakash and his group members at the University of

Michigan. Distemacs was implemented by using DistEdit toolkit. Distemacs has

the following features [26]:
e allows several users to edit the same file simultaneously in a single session.
e provides support for locking of regions.
e allow« users to undo the globally last as well as their own last actions.
e provides a window to monitor and control the group session.

In section 6.3.1. we gave a two authors case. In this case, the two authors can
edit. the same paper at different times by using Distemacs. Suppose one of authors
invokes his/her editor on the shared file, and then sometime later the second author
wants to edit the same file. He/she just uses the same procedure as with a single-user
editor to invoke the Distemacs editor. A joint editing session is established since
the two authors edit the same file. Distemacs ensures that they will have consistent
views of the file being edited at all times. Each user may edit or view a different
portion of the document and could have a different window size, as illustrated by the
following two figures. Figure 6.7 shows the sample screen in such a situation. The

DE-session window is shown in Figure 6.8.
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DE-session chapter2.tex

Figure 6.8: Distemacs Control Window

The group editor should support éoncurrency contro] to prevent two or more
users from simultaneously trying to edit at exactly the same place in the shared
document. Automatic locks are designed to handle this. When a user does auy
editing, a temporary lock is acquired automatically on the part of the document to
be modified. In Distemacs, the editor will automatically lock the current line which
the user is editing. It is a distributed version of the GNU Emacs.

DistEdit is a toolkit that can be used to build new group editors and adapt

existing single-user editors to the task of group editing [27]. DistEdit provides a set
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of primitives that can be used to add collaboration support to existing text editors
with minimal changes to their code. DistEdit not only supports automatic lock
function but also provides explicit locks. I one user lock a region. the other users
cannot alter that region until the lock is released.

Knister and Prakash give the following two figures, Figure 6.9 and Figure 6,10
in their papers [26]{27]. Figure 6.9 shows the structure of a typical single-user tex

editor. The structure of DistEdit-based editors is shown in Figure 6.10.

Control/ Screen

User Interface Manager

Text Update
Routines

Text Data
Structures

Figure 6.9: Typical structure of a single-user editor
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Control/ Screen

Controt/ Screen
User interface - Manager

User Interface — > Manager

Text Data

Text Data
Structures

Structures

DistEdit
Primitives

K

IstEdit-intemal
eceive routines

Renamed Local Renamed Local
Editor Editor
Text Update Routines Text Update Routines
Originating Editor Receiving Editor
E Unchanged Editor Module b Other Editor
- General DistEdit Module
i . Other Editor

Editor-Specific DistEdit Module

Figure 6.10: Structure of an Editor built using the DistEdit toolkit

ISIS [7] is a toolkit for programming distributed applications. It provides elegant

broadcast facilities. DistEdit uses ISIS as its communications package.



tits
We integrated the Distemacs into our collaborative system. QOur other tools
provide several methods to joint authors to let them communicate. They can discuss
their joint work by using N-Talk. and they can share-draw some illustrations for their

paper.



Chapter 7

Conclusion and Future Work

7.1 Conclusion

“his thesis describes a collaboration system, built on UNIX workstations. to allow a
group of people distributed geographically to collaborate on a project. The various
issues which are involved in collaboration systems are discussed, and other work in
this research area is reviewed. The system which we have built provides talking,
drawing, image processing, and co-authoring capabilities. This is a real-time col-
laboration application—however, the design principles can be extended and applied
to other multimedia collaboration applications such as audio/video conferencing sys-
tems, collaborative CAD systems, and tele-learning applications.

The main contribution of this work is the development of a collaborative system
which supports the multi-user: talking, drawing, image processing, and co-authoring.

The features of this work are:

o Effective session management. It is easy to get an overview of an existing

session, to join an ongoing session, or to create a new session.

e Support of different level interaction coupling, such as strict WYSIWIS and
loose WYSIWIS displays between participants.

e Support of single user. This means the collaboration application system works
67



68

in the one participant case.

e A friendly interface that relicves users from a lot of typing. In many functions
users just need to make a selection. This also reduces the mistakes which ave

the result of typing errors.

Motif was used for implementing the user interface. Motif provides an effective

tool for building the graphi. al user interface.

7.2 Future Work

The work presented here should be seen as an initial step in investigating the develop-
_rent of real-time collabor ative application systems. Thus, the real-time collaboration

system can be enhanced in a variety of ways.

e Currently, Co-Draw and (‘o-Image support only one session. This means that all
users participate in the same session. All participants draw on only one shared
space, or they display and manipulate the same image. One enhancement wonld
be to implement a many sessions feature. For example, a possible approach for
Co-Image is that the server records the session by the image name, and the
users who display and manipulate the same image belong to the same session,
So, a user may display and manipulate several images with the same/different

people at same time.

e As it is now, Co-Draw and Co-Image provide the WYSIWIS interface. One
interesting enhancement would be to provide customizable local views so that
each user can tailor his/her display of a design without affecting the displays
of the other participants. With this function, a participant can make changes

locally first.

e As mentioned, the N-Talk service provides very good session management. A

possible enhancement would be to implement a similar session management for



Co-Draw and Co-Image, individually. The other approach is to implement a

single session management for all applications.

o Add more functionr on the Co-Draw application. For example, support different
color pens for each participant, add more shape items, add the scroll bar on the

draw window.

e Ancther i-teresting enhancement would be the addition of audio/video media

types, to provide more efficient communication between participants.

Multimedia collaboration systems try to utilize human senses to facilitate our com-
munication with one another through computers. The goal is to achieve natural and
expressive interaction—such as gesture, voice, gaze. The big performance challenge
in these systems occurs when session participants continuously transmit video and
voice streams, and the different media must be synchronized. Also, high bandwidth
is required for the network. However, fiber-optic networks, coupled with improved
computing and compression techniques, will soon be capable of delivering the au-
dio/video media more quickly. With the development in networks, file servers. as
well as increased processing power and operating systems. efficient multimedia com-
munication will possible. Multimedia collaboration systems suggest a wide variety of

potential applications in research, education, and business.
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