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Abstract

This paper presents the DISCIPLE framework, a
novel architedure for synchronous groupware, which
enables sharing of software goplicaions by conferees that
participate in collaborative knowledge work. The
particular class of applicaions dedt with is Java
components (Applets and Beans). The catra part of
DISCIPLE is conceptudlized as a ollaboration bus. It
spans network fabrics and provides a virtual interconnect
for geographicdly distributed clients. Collaborating users
import Java cmponents by drag-and-drop manipulation
into their virtual workspaces. The imported component
beomes a part of a multi-user application and all
conferees can collaboratively interad with it. The bus
adhieves synchronous collaboration through red-time
event delivery, event ordering and concurrency control. In
addition, importing various Beans adso alows user
taloring of the human-computer interface Interface
customization can be adieved with multimodal
human-machine interffaces and the llaboration
components (such as group awareness widgets,
concurrency controllers, etc.). The system has been
implemented and tested on a variety of Java gplications.

Keywords: CSCW, synchronous groupware, shared
workspaces, JavaBeans.

1 Introduction

The rapid gowth of the Internet and the Web has
fostered grea interest in interadivity between remote
users and cooperative knowledge work. While chat rooms
and multi-player games enjoy grea popularity, classicd
productivity applications have not found their way to
geographicdly distributed teams. Early commercial
efforts, such as NetMeeting [1], provide very limited
sharing of general applicaions and ladk suppat for key
groupware principles.  concurrent  work, relaxed
WYSIWIS (What You See ls What | Seg, and group
awareness The few systems that do ded with general
applicaion sharing are avail able only as research toolsin
university laboratories. In addition, they require
duplication of effort already expended on singe-user
appli caiions when extending to multi-user domain, which
often results in a failure to keep up with the latest features
avail able in the single-user counterparts.
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This paper presents the DISCIPLE (Dlstributed
System for Collaborative Information Procesdng and
LEarning) collaboration-enabling framework design for
synchronous telecllaboration [2]. DISCIPLE is a medium
rather than an applicaion—it enables sharing of other
applicaions. An important goal of this work is to enable
easy sharing of third-party single-user applicaions, since
the majority of applications continue to be developed for
asingle user. This is achieved by relieving, to the largest
degree possble, the @plicaion programs from
performing collaboration tasks, that is, those tasks that
must be performed to allow more than one user to interad
with these programs.

We have targeted a particular class of applicaions—
Java components (Beans [3] and Applets). A component
is a software module caable of publishing or registering
its interfaces under certain contexts. Components like
Java Beans suppat persistence, visual manipulation,
introspedion, events and customization. Java Applets
provide aGUIs running under the gplet context suppart.
By integrating components into complex applications via
assmbly environments, such as DISCIPLE, one does more
assembling and lessconstructing.

Since multiple users can simultaneoudly interad
with their respedive asembled Java cmponents, the
interadions neal to be wordinated. DISCIPLE provides
software components that manage synchronous group
work, such as concurrency control of simultaneous
adivities, degreeof sharing the goplication (coupling) and
degreeof awareness about the originators of the adivities.
The wuser-provided components and these system
components are dl first-classcomponents.

This paper is organized as follows. We discuss the
related work on existing collaborative frameworks in
Sedion2. The mnceptua model of collaboration is
reviewed in Sedion3. We present our collaboration
architedure in Sedion4 and our approach for event
management in Sedion 5. We @ntinue with collaboration
space visualization and with the mllaboration artifads
and tods we provide (Sedion6). Finaly we onclude
with the contributions of our projed in its current state of
development (Section 7).



2 Related Work

The model of collaboration used in DISCIPLE has
cetain similarities to the locale concept and its Orbit
implementation [4]. Orbit also uses publish-subscribe
communicdion implemented via Elvin todlkit [4]. Orbit
focuses on visualizing the content of locdes, with some
infformation about the atifads states, but it is not
concerned with the viewers and editors for interadion
with the atifacts. Unlike this, DISCIPLE focuses on the
applicaion sharing, i.e., viewers for Java Beans that all ow
interadion with the Beans, distribute the Bean events, and
provide astomization of the user interfaces.

Corona group communication service [5] provides
for amiddeware ommunicaion layer consisting of a set
of “common services’ that can be used to suppat data
disemination and todls for collaborating using this data.
The services are used in their Builder’'s Environment
(CBE) todkit for creding collaboration environments.
Corona provides for reliable delivery with different levels
of reliability and awareness information but relies on
other systems for event ordering. CBE uses rooms to
partition the shared workspace onsisting of multiple
applets and data sources represented by URLs. CBE relies
on the Web browser in order to dsplay the session
manager, the rooms, and the agplicaions (applets) in
separate windows.

The Habanero framework [6] provides suppart for
sesdons, similar to rooms in CBE, which can contain
URLs of data sources and collaboration-aware
applicaions. A session requires predefining the set of
applicaions to be shared and daes not alow dynamic
adding of applications. Unlike this, DISCIPLE allows for
moving Beans or adive @plets among places and
organizaions.

The Java Shaed Data Todkit (JSDT) [7] defines a
multi point data delivery service for collaboration-aware
Java gplications. JSDT is data-centric in the sense that
the aplicdions dare data dements. Unlike this,
DISCIPLE is application-centric, and the users share Java
components. JSDT provides a set of APl's for the
applicaion programmers to design run-time ollaborative
applicaions. The resulting applicaions are tightly
coupled with the toalkit and cannot be run without it.

JavaGroups [8] provides a todlkit for reliable group
communicdion that can be used to build collaborative
applications, but does not provide a ollaboration
framework like DISCIPLE. It implements an abstradion
layer of communication middleware axd adds reliable
state replicetion.

Flexble JAMM [9] suppats dharing of single-user
Java gplets in synchronous collaboration. It relies on a
custom-modified version of JDK 1.1, which makes it
non-portable. JAMM primarily targets unarticipated
sharing or spontaneous coll aboration where auser is able
to initiate sharing at any time during the execution of the

applicaion, not only before gplication is garted. Due to
its different collaboration model, the JAMM user
interface does not represent the cllaboration space The
workspace accgts only one gplet at a time, but does
offer aradar view and dfferent types of telepointers.

A key principle in DISCIPLE design is to alow
flexible compaosition. The user can visually compose the
shared applications but also the user interface Although
some of the cmponents of the design presented here exist
in other systems, the runtime @mposition and
simultaneous suppat for collaboration-aware  and
collaboration-transparent applicaions are, to our best
knowledge, unique to the DI SCIPLE framework.

3 Collaboration Modél

The type of team collaboration targeted here is
synchronous collaboration of geographicdly distributed
teams, the  so-cdled same-time-different-place
collaboration. The users are sharing multiple goplicaions
and multimedia data. The system presented here focuses
on sharing and assumes that group communication
channels will be provided, using currently available
audio/video conferencing toals.

From the user’s viewpoint, the a¢ of synchronous
collaboration may emphasize ather the meeting itself or
the placewhere the meding occurs. Human coll aboration
includes both meeting places with spedalized resources to
suppat the medings, as well as gontaneous discussions
that occur regardless of locaion and often do not neel
spedal meding suppart from the environment. Places are
persistent and may get more daborate and complex with
time.

A place roughly corresponds to the @ncept of
sesgon, where several users work on a topic. The notion
of session, as often used in synchronous groupware, does
not incorporate  aynchronous events, such as
disconneaed users and failure recovery after a network
shutdown. Places are persistent, meaning that users can
suspend medings and resume them later. This provides a
sense of continuity and enables asynchronous work. The
model is smilar to the room model (e.g., in [1Q]) and to
the locale model in [4]. A place however, in our model is
linked to the topic of collaboration rather than to the
physicd location of the place Figure 1 shows a highly
simplified conceptual model of collaboration. An
appropriate theoreticd model of collaborative work and
workgroups is of criticd importance and we mostly draw
upon the above-cited references.

Although this model does not predude spontaneous
collaboration, it is more difficult to initiate asportaneous
meding since the model is not tail ored for such a type of
collaboration. In fad, the cncept of places conflicts with
spontaneous collaboration since it requires the amnferees
to meet at a spedfic place The place éher arealy exists
populated with resources or it has to be aeaed and
populated. The ladk of spontaneity is in the sense that
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Figure 1: Conceptual model of synchronous
telell aboration. The arows indicéte the diredion to read
the association names, asin “User generates Event.”

users cannot start sharing an arbitrary applicaion on the
screen. Rather, the user needs to enter a place ad use the
applicaions therein, or initiate new ones. This kind of
spontaneity is different from that in collaboration with a
set of formal rules (workflow) vs. informal medings. The
model does, however, suppat spontaneity in the sense
that users can enter and leave places dynamicaly without
aff ecting the ongoing adivitiesin the place

One of the ressons for inadequate suppart for
spontaneous meeings in DISCIPLE (as well as other Java-
based approacies) is due to the way the Java Virtual
Madine (JVM) is currently implemented. JVM runs as a
user mode process and affeds neither the window
manager nor other applications. In contrast, collaboration
systems based on shared window systems (e.g., [11]) get
interposed between the user and the operating system—
the etire user interadion goes through the window
system. This provides for sharing the entire user's
desktop, and any application can beame wllaborative &
any moment. An equivalent to a shared window system
would be ashared JVM running on a Java Operating
System. DISCIPLE is only an applicaion running in a
separate VM process Spontaneous collaboration is
hindered by the fad that only the goplications that run in
one of the DISCIPLE workspaces can be shared.

The users collaborate by sharing artifads, tools and
resources. In DISCIPLE these ae Java Components.
DISCIPLE supparts both the gplications that conform to
certain spedficdions, the so cdled Collabaration-Aware
Beans (CAB), as well as those developed with no
knowledge of the DISCIPLE framework cdled
Collabaration-Unaware Beans (CUAB) which include
any Java omponent available on the Web. The former
know about their peas existence, while the latter operate
as if used by a single-user. CABs can take alvantage of
the alvanced feaures of the DISCIPLE framework, such
as concurrency control and coupling.

4  System Architecture

DISCIPLE is a mixture of client/server and peea-to-
peea architedure. It is based on a replicaed architecure
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for groupware. Each user runs a mpy of the wllaboration
client, and each client contains a copy of the gplicdions
(Java components) that are to be llaborated upon. All
copies of replicated applicdions are kept in synchrony
and adivities occurring on any one of them are reflected
on the other copies. The marse achitedure of the
DISCIPLE system corresponds to the three-tiered
architedure:

Presentation—graphics user interface
Appli cation Logic—conceptual model of the system;
Sorage—persistent storage mechanism.

The arrent system comprises two software
applications: the Virtua Desktop that is run by ead
client and Place Server that runs on a server host and
corresponds to “Storage” part. Design patterns [12] are
widely used in order to design for reusability and to run
paralel team development efforts. In particular, the
Publi sher-Subscriber Pattern is used to suppat indired
communicaion from lower to upper tiers. In order to
suppat spontaneity at the communication level, we first
introduce the ancept of comrrunication channels, which
are aucia to dynamicdly changing and asynchronous
coll aboration.

4.1 Communication Channels

A communicaion channel designates a
communicaion medium to exchange information. There
are two roles in a channel: pubisher (talker) posts
messages to the channel and subscriber (listener) receves
messages from the channel. The publishers and
subscribers are aitonomous—they arbitrarily join the
group and do not need to know ead other’s identity. A
user can register to a channel as a talker, a listener, or
both. All registered listeners $multaneously receve
posted messages. Multiple cannels might share one
multi cast addressin which case they are multi plexed onto
alogicd channel. In this case, a physicd multicast group
with software de-multiplexing contains multiple logicd
channels. Due to multicast, the network traffic does not
depend on the number of channel users.

The users can join and leare the channels
dynamicdly, thus alowing the system to exhibit
spontaneous  conferencing  charaderistics.  Neither
registries nor naming service ae nealed for locaing
places and users.

In addtion to publish-subscribe (multicast)
channels, DISCIPLE provides peea-group (named)
channels. The latter al ows distributing events to seleded
user(s) rather than to everyone in the place

Channels in DISCIPLE are implemented using the
iBus objed communicaion middieware [13]. We use
reliable communication for al events. Notice, however,
that certain events could be transported over an urreliable
channel. An example of such events is mouse movement
(between depressand release).



4.2 Consistency and Event Distribution Model

A key requirement in replicaed architecure of red-
time groupware is the maintenance of consistent state
aaoss al copies of the shared applicaion. The user
events in multi-user applications should not be processed
before dl participating applications can consistently
processthe event. Otherwise, the users will end up with
different conditions of their applications and collaboration
is rendered impaosdble. For example, imagine two users
simultaneously  drawing straight lines.  Without
consistency enforcement, the result would be a zgzag line
instead of two straight lines. This is the role for the
Conflict Resolver in Figurel. The mnsistency issue is
closely related to the event distribution model. The three
most frequently used models are shown in Figure 2 [14].
In cases (b) and (c), events are ordered at a cetral point
and thus appea to the gplicaion as if only one user
interads with it. Case (a) is more acmplicaed and
reguires concurrency control algorithms.

DISCIPLE uses the model shown in Figure 2b, where
one dient assumes the role of serialization point. The
main reason for choosing model (b) over centralized
server (c) isto suppat mobhile teams. In pradice we need
adiredory to store system information (e.g., the roster of
current users), but our solution is location-independent in
the sense that the dients retrieve information without
knowing the diredory address Thus, users can easily
asemble an ad-hoc ollaboration team and start
coll aborating without the need for a centralized server. To
suppat this model, we aede two types of
communicdion channels: poster and merger channels.

Eadch client can have arole of event poster and/or
event merger. By default, every client assumes the poster
role and only one dient per place aumes the merger
role. The first client in the place atomaticdly assumes
the merger role'. At certain instances, such as failures,
other clients negotiate out the merger role. The event
merger recaves the events occurring at the event posters,
manipulates them and dstributes them in the same order
to every client in the place The manipulations include:
event reordering; event concurrency control; discarding
the events when users prevent unwanted remote events
from executing.

Client Client
A Al
Client Client Client ++
v
Client Client

(2) (b) ©

Figure 2: Common approachesto event distribution: (a)

ead client distributesits own events; (b) one dient ads

as srializaion point that distributes events for al other
clients; (c) server adsas ridization point [14].

1 A more intelligent procedure could include load-balancing
techniques. For example, the merge role may always be assgned to the
client with the highest computing power.

Accordingly, each place has poster and merger
chanrels. They are used to exchange the messages
regarding the user interadion inside the Place Each client
in a placeregisters as a talker to the poster channel and as
a listener to the merger channel. The merger picks up the
messages on the poster channel, manipulates them and
posts the manipulated messages to the merger channel.
Since dl clients listen to the merger channel, they will get
the manipulated messages and processthem.

An example of event traffic is given in Figure 3,
where there ae two usersin a place User A assumes the
merger role. As any user posts messages [1, the merger
receves the messages 0, and after manipulation pcsts
them onto the merger channel 0. All the users in the
place including the merger, recave the messages [J.

The Place Server also registers as a listener to the
merger channel of every placefor monitoring purposes. It
monitors whether a placehas been shutdown, changes in
currently adive users, users or places crashes, etc.
Additionally, by listening to the merger channel, the Place
Server can archive the Place ativity for a future retrieval
and replay.

The gproach with the centralized event merger is
cdled virtua synchronization [10]. An alternative design
isto let al clients assume the merger role. That is, every
client multi casts its own events (Figure 2a). Althoudh this
yields faster response, concurrency control has to be
implemented at every user site. It is also dfficult to
maintain consistency aaoss sich concurrency controllers.
Thus a speda protocol has to enforce the mnsistency,
which increases network traffic.

There ae two major advantages to the current
design. One is smplicity. Since there is a single point of
event merging, we can simply use the event queue to
synchronize the events without affeding the dient sides.
Another major advantage is that events are distributed
with no information about their origin. Rather than
diredly dispatching the locd events, they are first sent to
the merger, manipulated, and distributed to every client in
the place including the dient who aiginated the event.
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Figure 3: Example of event traffic over the poster and
merger channels. Arrows from objeds to channels refer
to talking whereas arrows from channelsto oljeds refer

to listening.



4.3 Collaboration Bus Design

The ollaboration bus implements the @nceptual
model shown in Figurel and corresponds to the
applicaion logic tier of the three-tiered architecure. The
collaboration bus can be implemented on top o many
communicaion middlewares sich as OMG CORBA. But
unlike an objed communicaion bus, it has certain
feaures pedfic for red-time gplication sharing.

As can be seen in Figurel, the ollaboration bus
esentially deds with distributing the user-generated
events to maintain a onsistent state acoss all
collaborators. There ae two basic types of events
generated by the user: (i) interadion with the other users
and (ii) interadion with the Java mponents. An
example of the former is when a user announces his/her
presenceto all other usersin the place An example of the
latter is when the user draws a figure using a drawing
editor Java cmponent.

Software design for the wllaboration bus is
presented in Figure4. The top row represents the user
interfface Notice that shared Java @mponents are
indicaed to belong to the presentation, rather than
applicaion logic tier of the DISCIPLE system, although
the system provides ome egplicaion logic related
components. This refleds the fad that users share the
view of the gplicaions, and the system makes no
distinction between the gplication’s view and itslogic.

We use the technicd term node to refer to an
organizaion. Each node has also one annourcer chanrel
(Figure 4) used by al users in the node to communicate
the node-level information. The node users register as
publishers and subscribers to this channel. The messages
posted by the node users are mainly about management
reguests, such as a node image request. The nodeimage is
necessary for the dients to lean about ead other. It
contains minimum information about the arrent state of
the node, such as the ative nodes (which contain some
adive Places or users), node user profiles, and adive
places. This information is also used to avoid user name
conflicts, as each client must have aunique user name
within the given node. At runtime, the node image is
dynamicdly updated and distributed to the dients.

Java Component
[ BESKER J [WorkSpoceJ [ (Application) j mp createNode, exitNode

> addBean, removeBean

> nodeCreated, userEnteredNode,

userLefiNode, placeCreated,
Event Intercept placeJoined, placeDropped,
& placeCrashed, nodelmageChanged,
Delivery userEnteredPlace, userlefiPlace,
userCrashedinPlace

5> disfributeBean, removeBean

_ (Ql.Announcer.)
BL? [0) Merger )i

ﬁl@ Place
Server
Figure 4: DISCIPLE coll aboration bus design. Fill ed

arrows represent dired cdls, whereas patterned arrows
represent publi sher-subscriber upcdls.

The Place Server (Sedion 4.4) picks up the
messages on the announcer channel, interprets them and
replies badk with administrative messges. The
administrative messages cary information about the
current status of the system, e.g., a user entering or
leavinga Place or administrative adions, e.g., forcing the
shutdown of a Place

4.4 Place Server

The Place Server in esence maintains the “phone
bodk” of all collaborators and historicd record of their
collaborative medings. It is a desirable but not essential
component of collaboration in DISCIPLE.

But, a newcomer needs to get the arrent status of
the pees, at least the status of its own organizaion. A
solution is smilar to dskless clients. The Place Server
keeps tradk of the node image, which contains the roster
of the users that are arrently adive in the node and the
places the users have entered.

The Place Server runs permanently and maintains
the information about collaborative adivities. It monitors
the nodes by listening to al channels and archives the
Place ativities. At present, the Server functions are:

1. Provides the arrent node image to bodstrap new/late-
comers 9 they can engage in meetings. At the time of
client bodstrap, the dient requests the node image
from the Place Server. The request is pull-based and
thus autonomous.

2. Monitors the node membership. In red world, users
dynamicdly join and leare the medings, while some
users may crash. There ae two kinds of membership—
a user can belong to a node or to a place The
membership is establi shed by conneding to the node or
place tannels. In the airrent implementation, a user
can enter only one node & atime, but a user can enter
any number of places acossdifferent nodes at a time.
The server notifies existing users about newcomers or
newly creaed places.

3. Provides failure notification. There ae many failure
points. For example, the user may shutdown the dient,
a part of the network may be down, or the user shuts
down some Places. The server neeads to monitor such
client crashes and notify the other users. The
monitoring is acomplished by using heatbea
messages.

The PlaceServer under the arrent design can be
easily extended with the following feaures:

* Provide node aministration—the alministrator can
force malicious users to leave a place or the node.
Also, the Access Control List (ACL) could regulate the
users' accesrights.

e Link nodes to creae ahierarchicd treeto exchange
the node information. Thus, the users from different
nodes could crede or join intra-nock places.

« Provide placearchiving and virtual synchronization.



45 Class Loader and Resource Server

DISCIPLE loads multiple Java achive (JAR) files
dynamicdly at run time. There ae cetain restrictions in
the JVM concerning the ClassLoader in that it can only
accessthe dasses loaded by the parent classloader(s) and
not vice versa. Classs loaded by different ClassLoaders
could not access each other. To work around these
restrictions, we load the system and applicaions (Java
components) via one ClassLoader.

Resource servers provide the resources such as
images, audio, and JAR files of the beans to be used in
collaboration. A resource server could be areguar Web
server (e.g., the HTTP or FTP servers). The users only
need the URLs and the loader loads the requested
resource. DISCIPLE clients could also play the role of
resource servers. For example, the placeP; has two users
A and B and the bean BA loaded in. Only user A has a
locd image file |, and the bean BA on A’s desktop loads
the image. The system neads to provide for user B to also
accessthe | 5. There ae two solutions. First is embedding
the 15 in an event objed using objed seridization and
transmitting it over. But then the bean needs to understand
the semantics of the event. As aresult, this approach only
appliesto the CABs.

Semnd solution is for client A to become aresource
server. Such resource server can be implemented by
embedding a simple HTTP server. The server transfers
the locdized resources such as class bytecode, images,
etc. to the requesters. In the eove example, when the user
initi ates the image loading, the system will distribute to
the peeas the event containing only the URL of Ia.
Another major advantage here is that the system can
eaily solve the problem of versioning and become an
extremely thin client. The whole DISCIPLE client
beommes a resource (JAR file). The user then initialy
only needs the system class loader. With the new released
system, the users simply load the system from that server.
Loading the bean from one locaion to all place users
simplifies the system administration, since the system is
certain that they are using the same version. At present,
we use this approach only to load applicaion beans.
Suppose user A loads the bean archive BA jar locaed one
resource server such as a Web server. Other users recave
the event containing the URL pointing to the JAR and
their loaders automaticdly aayuire it.

5 Event Management

Collaboration in the replicaed type of groupware
architedure esentialy translates into intercepting the
state dhanges occurring in a user’s Java mmponents and
replicaing the state changes in al the pee users Java
components.

We can consider event interception from a top-down
or bottomrup approach. The bottom-up approach adds
event listeners to eadr component of the bean to be
shared. The listeners are notified oncethe events are fired

on the components. In this way, we @n cgpture both low-
level and semantic events. The top-down approach puts a
transparent GUI component at the highest Z-order. It
intercepts al input events occurring in the aeathat the
component covers.

As drealy pointed aut, there ae two types of beans
in the system, CABs and CUABs. Comparing the two
approaches, we find that the top-down approach is more
suitable for the low-level events while the bottom-up
approach better intercepts the semantic events. The
bottom-up approach in CUABS cannot intercept the user
events before they get executed locdly and thus cannot
provide any type of concurrency control. Conversely,
since CABs are aware of pees and voluntarily subjed to
event ordering, bottom-up solution is smpler.

5.1 Event Types

There ae four main types of events used for
communicdion, as indicated in the legend of Figure4:
DiscipleEvent at node level, PlaceEvent a place level,
BeanEvent for CABs, and BeanAWTEvent for CUABS,
al of which are derived from java.util. EventObject, whose
event source is null. Eadh type has a @rresponding event
li stener.

The DiscipleEvent events ded with places
(creaeljoin/drop/crash), node image request/reply and
main user events (enter/leave/crash in a node/place. The
announcer channel distributes them. The PlaceEvent
events cary updates regarding bean manipulation
(add/distribute/remove/resize bean). The place dannels
distribute these events to the remote pees.

5.2 Collaboration-Unaware Beans

To intercept all the events generated by the user
inputs (mouse, keyboard, input focus events), we use a
transparent component, cdled GlassPane, which is
available in the Java Swing todlkit. It is at the topmost
Z-order to cover the bean's GUI area This topmost
component intercepts all the user’s events, but does not
ocdude the underlying Java component. The GlassPane
could aso be dynamicdly shrunk or expanded, thus
allowing easier management of public end private aeas of
the same workspace An additiona benefit is the
acompanying visua effeds (e.g.,, mouse dick causes
depressed button) on the remote sites as well.

We chose to exclusively use the Swing todlkit due to
the problems with heavyweight Java AWT toadlkit. In a
lightweight GUI framework, such as Java Swing, the
lightweight ~ components  diredly  extend the
java.awt.Component and java.awt.Container classes. Thus
they do not have native opaque windows associated with
them, and require no native data structures or peq classes.
This leads to a mmplete @nsistency aaoss different
platforms.

To dispatch the intercepted events to the underlying
component we do the foll owing:



1. For mouse events, we neel to locae the deepest
component in the underlying layer whose bounding
box contains the mouse position and set the event's
source dtribute value to that component.

2. For keyboard events, we neal to remember who
acdually has the input focus, rather than the cmponent
over which the event happened.

In order to avoid all users interad with the dialog
boxes in CUABs, we dso modify the Java component's
bytecode ad replace cetain classes with DISCIPLE-
spedfic code. One example is repladng the Swing's file
chooser dialog with our own version.

5.3 Collaboration-Aware Beans

For CABs, it is neaessary that the bean comply with
design guidelines prescribed by the DISCIPLE framework.
Esentialy, the bean should know about the existence of
remote pees. It should be ale to recave pea events
besides snding them. Since beans are loaded
dynamicdly, the system needs to construct bridges
between different beans in the same JVM as well as
between the beans and the communicaion middieware.
Such bridges are aittomaticdly generated and loaded at
run time by the framework. The information necessary to
generate the byteaode is obtained by examining the bean
properties using the introspedion mechanism of the Java
language. The bridge mde is following a predefined
generic skeleton (which for example mntains methods to
relay the events or properties) and is generated by a
generic bridge generator module.

Event interception uses the bottom-up approach. For
example, by dynamicdly configuring and de-configuring
the listeners, the system enables conneding multiple
beans. An event in one bean triggers an event in another
bridged bean.

One important asped is that aware beans could be
treded just as unaware beans without any modificaion
sincethey do not have dired relationship to the DISCIPLE
code.

6 User Interface and Desktop

A key function of the user interfaceis to effedively
visuali ze the wllaboration space The coll aboration space
isesentialy a “phone bodk” of all people that a user can
collaborate with. It is structured to refled various people
groupings as in everyday life. It may be visualized in
different ways, for example, using an abstrad model or
using a physcd model. The simplest abstrad
representation shows a plain list of collaborative places. A
more amplex representation structures the places into a
tree or a graph, where the nodes at higher hierarchical
layers correspond to huildings, cities, etc. Even more
complex representation positions sSmilar places
proximally acerding to certain distance measure. On the
other hand, in a physicd representation the space is
represented as a 3D virtual world, where the user walks

through strees and corridors to read a wllaboration
place Since the places in our model are charaderized by
the topic of collaboration, rather than by their physicd
locdion, an abstrad representation is more gpropriate
than a physicd one. Our approach to coll aboration space
visualization is presented in [15]. This ®dion presents a
brief overview.

6.1 Hierarchical Space Visualization

The main window of the dient part of the DISCIPLE
system is shown in Figure 5. It displays the hierarchicd
organizdion of the ollaboration space structured
acording to the available mllaboration servers and the
current groupings of all collaborators. The hierarchy is as
follows: placeservers > organizaions > (meding) places
> users and is represented with a treg shown on the left
side of Figure5 (similar to a file system representation).
In Figure5 one can see the mmunicaion node
(disciple) with one organizaion (CAIP) that contains two
meding places (Military and Medical). The users that
participate in medings (boi, dbogdan, latha, and juth) are
shown in places, and there is one user (francu) that has
conneded but presently is not participating in any
meeing. The airrent snapshot shows a description of or
information about the seleded item (user boi). The
description is provided for only one item at a time. Using
the main window users can navigate the wllaboration
space creae new meding places, or enter existing ones.

In the right window of Figure5 there is a stack of
pages representing different utili ties avail able to the user.
Besides the information item currently seleded, there ae
aso oher common tools such as chat window,
video/audio conferencing startup, e-mail, query window
for finding users, etc.

™ Communication Center - DISCIPLE _ O] x
Bean Browser
1
Place Server —f y disciple User: boi @
Organization —-=— 4 CAIF ' | Log: Thu Dec 17 00:22:
Place ——+— 4 Military "‘J(‘ m
User — @ bol Tool
@ dbogdan | [UIRL: kit Awens caip rutgers edud™ (& ||| |Tops
@ latha
=4 Medical ﬂ
@t & |
User not in & dbogdan
any place — T @ francu

User's Profile

Figure 5: Client GUI for the hierarchy of collaboration
places and users.

6.2 Collaboration Workspaces

A workspaceis a dient visuaizaion of a meding
place ad provides an individua view of the place
(Figure4). The workspace window gets automaticdly
launched as the user enters a place The window shows
the atifacts that are arrently in the place ad their
relationships (Figure 6). Sharing a Bean in collaboration
is as easy as pointing to its URL. A Bean can be loaded
from alocd file system or, given the Bean's URL, it can
be loaded from a Web server. The toolbar on top provides
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Figure 6: Snapshot of a user view of a mllaboration place

for opening the Beans browser, changing the telepointer
color and getting help, respedively. In addition, the
toolbar has three buttons per eat bean in the workspace
show minimized/hidden, adivate/deadivate telepointers,
and adivate/deadivate radar view.

Workspaces provide a singe seamless Ul
environment with high level of consistency. As is the
case with the overall desktop view, the Workspace #éso
does not require strictly the same view aaossall clients,
in the sense that ead conferee ca position the Beans at
different locaions within the Workspace However,
Beans themselves are presently limited to consistent
views and adions for all the mnferees, because it is not
possbhle to uncover the eattire semantics of the
collaboration-transparent Beans. The telepointers and
radar views are provided at the bean level because users
are freeto adjust the size and pasition of ead bean in the
workspace

6.3 Collaboration Components

The ideaof collaboration components is that, even
in spedalized collaborative gplicaions, a ommon set of

functions exists that can be extracted and implemented as
self-contained software @mponents. These fedures
include such things as concurrency control, group
awareness degree-of-coupling control, etc.

It would be ided to enable an applicaion developer
to focus on the gplication itself and not the &ove. By
providing a set of reusable software cmponents that
encapsulate such multi-user feaures, the ollaboration
components allow the user to easily configure the shared
workspace[16].

DISCIPLE currently provides awareness through
telepointers and radar views that are included in the set of
Beans loaded by default at start-up. A telepointer
represents the paosition of a remote user’'s mouse aursor,
providing location awareness. It has unique olor and a
name, and bah identify the user. A radar view displays a
miniaturized image of the workspace with highlighted
regions that the participants are arrently viewing.
Collaboration components aso include severa
concurrency control algorithms (non-optimistic locking,
optimistic locking, and undo/redo) [16].



6.4 Interface Customization

Componentizaion of the mllaboration framework
introduces the posshility for interface customization.
Figure6 shows an example where the workspace is
augmented by multimodal human/machine interadion
Beans. By loading and adivating different multi-modal
Beans, the user can dynamicdly choaose the modality
(eg., speed, keyboard, eye gaze pointer, etc.) for
interading with the workspace Similarly, by loading
different collaboration component Beans, the user can
vary the degree of awareness about the other conference
participants or seled the cncurrency control algorithm
that appliesto a particular Bean.

The users can aso edit their profile (picture,
personal information, URL addressof the Web page, etc.)
and the properties of the awareness widgets representing
the remote pea's (such as telepainters and radar views) at
any time during coll aboration

7 Conclusions

This paper presents a design and implementation of
a framework for synchronous collaboration that allows
interadion with shared Java components and provides
medhanisms to control its cooperative fedures in an
appli cation-independent manner. Its interfaceis open and
customizable with resped to the context in which it is
placal and particular user needs. Other unique feaures of
the DISCIPLE framework are simultaneous suppat for
coll aboration-aware and coll aboration-transparent
applicaions and ability to suppat ad ha collaboration
groups.

The DISCIPLE framework developed to date has
been implemented and tested on both third party CUABS
and our CABs. The gplicaions include whiteboard,
collaborative mapping, speed signal aquisition and
procesing, and image aalysis tools. For updated
information or software download, ched the following
web site:

http://www.caip.rutgers.edu/disciple
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