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ABSTRACT
Distributed collaboration is becoming increasingly impor-
tant also in software development. Combined with an in-
creasing interest in experimental and agile approaches to
software development, this poses challenges to tool sup-
port for software development. Specifically, tool support
is needed for flexible, distributed collaboration. We intro-
duce theDistributed Knighttool that provides flexible and
lightweight support for distributed collaboration in object-
oriented modelling. The Distributed Knight implementa-
tion builds crucially on thetype-based publish/subscribe
distributed communication paradigm, which provides an
effective and natural abstraction for developing distributed
collaboration tools.
KEY WORDS
Tool support for object-oriented modelling, distributed col-
laboration, publish/subscribe

1 Introduction

Distributed collaboration toolssupport multiple users in
cooperating, coordinating, and communicating distributed
in space and possibly also in time. As more and more peo-
ple are working together while being geographically sepa-
rate [3], such tools are going to become increasingly impor-
tant. The domain of software development environments is
an example of an application domain where distributed col-
laboration capabilities are becoming more important, due
to the increasing globalisation also of software develop-
ment.

Moreover, a number of recent system development
approaches have been developed to handle system de-
velopment situations characterized by high uncertainty
and shifting requirements. This includes various “ag-
ile” software development approaches (http://www.
agilealliance.org) such as Extreme Programming
(XP; [2]), and the Crystal Family [4].

In combination, this poses the challenge of provid-
ing lightweight, flexible, and distributed collaboration sup-
port. The main contribution of this paper is the introduc-
tion of a tool, Distributed Knight that attempts to pro-
vide such support for the case of object-oriented mod-
elling. Furthermore, Distributed Knight is implemented

using thetype-based publish/subscribedistributed commu-
nication abstraction, and we propose that this abstraction
provides a suitable foundation for building such interactive,
distributed collaboration tools.

1.1 Paper Structure

The rest of this paper is structured as follows: Section 2
presents type-based publish/subscribe. Based on this, Sec-
tion 3 introduces Distributed Knight and Section 4 dis-
cusses its implementation. Section 5 discusses status and
related work, and finally Section 6 summarizes.

2 Type-Based Publish/Subscribe

Publish/subscribe is an event-based, distributed communi-
cation style in whichpublisherspublish events, andsub-
scriberssubscribe to and receive the events they are inter-
ested in.

The traditional publish/subscribe systems are based
on the subject-based(or topic-based) variant [14]. In
subject-based publish/subscribe, events are published to
particular named subjects, and subscribers can then sub-
scribe to subjects and will receive all events that are
published to those subjects. Thecontent-basedpub-
lish/subscribe variant [5] is a more dynamic variant, in
which a subscriber can specify the runtime properties that
events should have. Only the events that satisfy these prop-
erties will be delivered to the subscriber.Type-basedpub-
lish/subscribe [7] is a recentobject-orientedvariant of this
style. In type-based publish/subscribe, events areobjects,
i.e., instances of native types in an object-oriented pro-
gramming language. This potentially leads to higher type
safety and better encapsulation of events than traditional
publish/subscribe communication styles and enables the
programmer to focus on object-oriented abstractions and
modelling in contrast to lower level details of, e.g., object
serialization.

In type-based publish/subscribe, the subscriber of a
particular type of objects will only receive instances of that
type and its subtypes. Subscriber-specifiedcontent filters
further limit the events that will be delivered to the sub-
scriber. Content filters are specified in the native language



based on the events’ public attributes and methods, and
they may be processed remotely to reduce network load
and processing load at subscribers.

2.1 Implementation of Type-Based Pub-
lish/Subscribe

Type-based publish/subscribe has originally been imple-
mented for Java as a library and subsequently as an exten-
sion to Java [7]. The reflection mechanisms of Java alone
are not sufficient to implement libraries for type-based pub-
lish/subscribe; a clean integration into the Java language
requires language extensions [7].

Our current implementation of type-based pub-
lish/subscribe uses an object-oriented version of Tcl/Tk
[13] since a large part of the Knight tool has been imple-
mented in this language. Due to the interpreted and reflec-
tive nature of Tcl/Tk, we can easily extend the language
with primitives to support type-based publish/subscribe
without changing the language. In principle, there should
be no difference between using our Tcl/Tk-based imple-
mentation and a Java-based implementation.

Figure 1 shows an example of an event type (using
familiar Java syntax). ThisMouseActionEventis an aware-
ness event, and it contains the information that a given user
has, e.g., moved or clicked the mouse in a given place. It
may be used in building distributed collaboration tools by,
e.g., replicating users’ cursors at remote sites. Also shown
in Figure 1 are examples of how clients publish and sub-
scribe to MouseActionEvents.

Our current implementation uses a central server that
dispatches events from publishers to subscribers interested
in these events.

3 The Knight Tools

This section presents the Knight tool and introduces how it
has been extended with distributed collaboration capabili-
ties using type-based publish/subscribe.

3.1 Stand-Alone Knight

The Knight tool was conceived of as a tool to support co-
located, collaborative, lightweight and flexible modelling
[6] using the Unified Modeling Language (UML; [12]).
Based on observations of real-world modelling practice,
we designed and implemented a tool that supports the kind
of modelling work that is usually performed on traditional
whiteboards.

Figure 2 shows the Knight tool in use on anelec-
tronic whiteboard. An electronic whiteboard has a large,
pressure-sensitive surface that displays a computer screen
and on which users may draw using pens. Alternatively,
Knight may be used with more traditional input devices
such as mice or track balls. To support an interaction much
like that on an ordinary whiteboard, Knight usesgestures

// Define a new event type extending
// SessionAwarenessEvent
public class MouseActionEvent

extends SessionAwarenessEvent {
private int actionType;
public int getActionType() {return actionType;}
...

public MouseActionEvent
(int userID, ..., int actionType, ...) {

super(userID, ...);
this.actionType = actionType;
...

}
}

// Publishing
MouseActionEvent event = new MouseActionEvent

(userID, ..., ButtonPress, ...);
publish event;

// Subscribing
Subscription s = subscribe (MouseActionEvent event) {

// Content filter - return true iff we
// want to handle this event
if (event.getSenderID()

!= PublishSubscribe.clientID) {
// only handle mouse actions performed
// in the same session as us
return (event.getSessionID() == sessionID);

} else {
// ignore our own mouse actions
return false;

}
} {

// Event handler: Indicate the mouse action
// in the user interface
...

}
s.activate();

Figure 1. Publishing and Subscribing to Events

to create, delete, and modify most elements [6]. Figure 2
shows an example of creating a class using gestures.

Furthermore, the Knight tool supports flexibility in
modelling by allowing for incomplete UML elements and
freehand drawing to be mixed with formal UML models
[6].

The Knight tool has been commercialized by
Ideogramic ApS asIdeogramic UML (http://www.
ideogramic.com/products/uml/).
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Figure 2. Left: Use of Knight on an Electronic Whiteboard.
Right: Gesture Recognition in Knight



3.2 Distributed Knight

The Distributed Knighttool is an extension to the Knight
tool, and has been implemented to support synchronous,
distributed collaborative modelling in which modellers at
geographically separate locations may work on the same
UML model and diagrams at the same time. If two or
more users are working on the same diagram, changes to
the diagram made by one user is immediately reflected in
the other users’ visual representation of the diagram. Fur-
thermore, presence and awareness of other users is sup-
port by, e.g., showing telecursors, remote selection, by
providing remote visualizations of users editing elements
(http://www.groupware-patterns.org/).

Knight uses existing, well-known technology such as
a whiteboard as metaphor for interaction in order to ben-
efit from the usability characteristics of these tools. Sim-
ilarly, Distributed Knight uses a tailored, stand-alone in-
stant messaging client,AwareMessengeras session man-
agement user interface [9] (Figure 3). Apart from being

Figure 3. AwareMessenger

an ordinary instant messenger (implemented using type-
based publish/subscribe), AwareMessenger also subscribes
to join session and leave session events. In this way,
potential collaborators get awareness of which sessions
are ongoing, and they might want to join a relevant ses-
sion. The figure shows a concrete example of this: since
klaushansen2001has started a session (and invitedchris-
tianheidedamm), a transientsession groupis created in
AwareMessenger. AwareMessenger also provides a user
interface for creating, joining, and inviting to sessions.

By combining the usability characteristics of the
stand-alone Knight tool with a lightweight distributed col-
laboration approach, Distributed Knight potentially pro-
vides flexible and powerful distributed modelling support.

3.3 Architecture

The central component in Distributed Knight is aReposi-
tory of instances of UML metamodel classes. The UML
metamodel defines classes such asAssociation, Class, and
Package, each of which has a corresponding class in the
Knight implementation.

A number of components, such as theworkspacefor
graphical presentation of the model and theradar viewfor
a thumbnail overview of the model, collaborate through the
Repository by means ofCommandsandObservers[8]: all
changes to the Repository are encapsulated in fine-grained
hierarchical Composite Commands, and changes are prop-
agated to Observers. All commands are undoable and are
put in aCommandHistory.

The native save format of the Knight tool follows the
OMG XML Metadata Interchange (XMI; [11]) standard for
serialization of metamodels. This means that elements in
the Repository are serialized according to the exact struc-
ture of the UML metamodel, e.g., with composed elements
being serialized as nested XML tags.

3.3.1 Implementing Distributed Collabora-
tion

Each stand-alone Knight instance participating in a collab-
oration session contains aRepositorycomponent that con-
tains model and diagram data for that instance. In Dis-
tributed Knight, the Repository objects are replicated for
each client of a distributed session, and changes to the
Repository must therefore always be propagated to all the
other clients in order to maintain consistency. The replica-
tion is necessary to achieve the responsiveness expected for
an interactive application[1].

A Distributioncomponent in Distributed Knight con-
tains most of the distribution functionality and makes use
of type-based publish/subscribe to implement distributed
communication. It should be noted that stand-alone Knight
is not based on type-based publish/subscribe. The Dis-
tribution component observes the Repository as well as
the CommandHistory. When a Command is executed,
the Distribution component will learn which elements
have changed through its observer on the Repository, and
the Distribution component will know how to group the
changes together and publish them through its observer on
the CommandHistory. This is needed since it may not make
sense to publish individual changes to the Repository. For
example, when the user creates an Association, two Asso-
ciationEnds are automatically created but not shown, and it
does not make sense to publish the Association without the
AssociationEnds.

The actual propagation of changes to other clients is done
by publishingSessionDataEvents(Figure 4). A Session-
DataEvent contains a list of data changes, each represent-
ing either a created, changed, or deleted element. These
data changes are straightforwardly represented as XMI



data. The next section will explain the events in Distributed
Knight in more detail.

3.3.2 The Event Hierarchy

All events are automatically equipped with the unique ID
of the publisher (accessible through thegetSenderID
method, cf. Figure 1). This is useful when a publisher is
also a subscriber on the same event types, since in many
situations, the subscriber should ignore the events it has
published itself.

The UserEventbasically keeps track of which user
creates an event (Figure 4). As shown, events are respon-
sible for implementinggetDataandsetDatamethods for
serializing and deserializing. These methods are not neces-
sary in a language such as Java that provides default serial-
ization and deserialization.

Events for actual collaboration in Distributed Knight
are all connected to sessions in which users participate
(SessionEvent). An example of non-session events areIn-
stantMessagingEventsused by AwareMessenger for, e.g.,
sending chat messages between clients (see Section 4.2).

SessionManagementEventshandle invitations to ses-
sions, requesting lists of active sessions, joining and leav-
ing sessions, etc.

TheMouseActionEventpresented above (Figure 1) is
shown as an example of aSessionAwarenessEventthat is
used to give awareness of other users’ actions.

4 Discussion

Generally, type-based publish/subscribe has worked well
for implementing Distributed Knight, especially in terms
of decoupling and ease of development. Below, we discuss
advantages and disadvantages on aspects of using type-
based publish/subscribe.

4.1 Integration into the Object-Oriented
Paradigm

Type-based publish/subscribe allows developers to work
with normal types and objects from native object-oriented
languages. This is in contrast to the traditional subject-
based and content-based variants of publish/subscribe that
force developers to shift to a more primitive communica-
tion level based on name/value pairs. By avoiding this shift,
type-based publish/subscribe aids in developing distributed
applications, and potentially makes the result more under-
standable and maintainable.

The notion ofevent hierarchyis a natural successor to
the nested subjects in subject-based publish/subscribe, even
though the event hierarchy in type-based publish/subscribe
does not have to be strictly hierarchical. It is our experience
that the event hierarchy provides a natural coarse-grained
filtering. The AwareMessenger, which is only concerned
with session management and awareness, can ignore the

part of the event hierarchy that is related to session data,
and this is accomplished simply by only subscribing to the
relevant parts of the event hierarchy.

An important part of allowing developers to work
with native classes, is that type-based publish/subscribeal-
lows the developer tomodelthe “communication mecha-
nisms” of an application, just like one can model a problem
or solution domain in general. This model is reflected in
the event hierarchy, which may then, e.g., be reused across
applications. An example of such a reuse — apart from
AwareMessenger — is our preliminary prototype of a dis-
tributed version of Rational Rose using the mechanisms de-
scribed in this paper and building on the event hierarchy
[10].

In this respect, the event hierarchy may eventually
evolve into a part of a general distribution library – some-
thing that is hard to imagine for the traditional pub-
lish/subscribe variants. This in fact further emphasizes
the strong relation of type-based publish/subscribe to the
object-oriented paradigm, through a principle of code and
model reuse.

4.2 Decoupling

Using publish/subscribe results inspace decoupling, since
publishers do not know the location of subscribers and vice
versa. This has been useful for creating new client types
without modifying existing client types; the AwareMessen-
ger and the distributed version of Rational Rose are exam-
ples of this.

The flow decouplingof publishers and subscribers
helps in achieving interactive performance in an interac-
tive environment such as Distributed Knight. Publishers
publish events without waiting for results and subscribers
receive data in the form of events without explicitly waiting
for data. This puts extra constraints, however, on either a
server or individual clients to handle ordering and depen-
dencies between distributed commands.

Other kinds of decoupling that (type-based) pub-
lish/subscribe supports, but which have not been investi-
gated fully in the context of Distributed Knight, aretime
decouplingin which publishers and subscribers do not need
to be available at the same time, anddata decouplingin
which subscribers only receive data that they are interested
in, and in which middleware may modify data if needed.
These types of decoupling would be interesting to investi-
gate further in the future.

Decoupling can also be problematic in some respects:
for the initial synchronization of a client joining a ses-
sion, exactly one client already in the session should send
its data to the joining client. This is ackward using pub-
lish/subscribe alone, and we solve it by combining pub-
lish/subscribe with RMI: publish/subscribe is used to dis-
cover the location of one of the session clients, and RMI is
used for transferring data from that location.
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Figure 4. Part of the Distributed Knight Event Hierarchy

4.3 Performance and Scalability

Many events need to beprunedfor performance reasons.
One example is the MouseActionEvents: clients may pro-
duce a very large number of such events as the result of user
actions, and it is inefficient to publish all of them as events,
since the handling of the events involves updating a dis-
play. Another example, this time taken from the Session-
DataEvents, is when the user moves an element in the user
interface. During the move, the element will be changed
many times, but it is inefficient to publish all the interme-
diate states. Instead, special awareness events are used in
order to, e.g., show a ghosted outline of the element be-
ing moved. Due to this inefficiency, we prune all but the
last ChangedData object. It is important to note that prune-
able events must be idempotent; in the case of the Mouse-
ActionEvent, this means that absolute mouse positions are
transmitted instead of deltas.

A promise of type-based publish/subscribe is scala-
bility, based among other on the use of remote content fil-
tering. Our current implementation of publish/subscribe
evaluates content filters locally at the subscriber. It can be
argued that this is not a problem for an interactive applica-
tion such as Distributed Knight: sessions and servers will
serve only a small number of users in our settings, and ex-
cept for initial synchronization only small amounts of data
are transferred. If larger amounts of data were to be trans-
mitted, or a large number of clients were to be connected
it would be necessary to reconsider this. A major reason
for choosing the current strategy is, however, the simplicity
and flexibility of decentralization.

5 Status and Related Work

Distributed Knight has been implemented in a prototype
version supporting class diagram and freehand annotations

as presented in this paper and has been succesfully evalu-
ated in a series of usability studies.

The largest area for future work is work on concur-
rency control. Currently concurrency control in Distributed
Knight is (very) optimistic and even though our user stud-
ies indicate that collaboration awareness — e.g., awareness
of which gesture another user is currently drawing — hin-
ders conflicts to a large extent, some of the many solutions
to conflict resolution and ensuring consistency have been
proposed for group editors will need to be investigated and
implemented. However, we expect the actual implemen-
tation, and suitable solutions, to be dependent on the hi-
erarchical nature of UML models. It would be possible
to take advantage of this, e.g., to provide a relatively fine-
grained determination of which actions are in conflict with
each other based on the hierarchical structure of UML.

In the case of object-oriented modelling, and soft-
ware development in general, few systems exist for
distributed, collaborative work. To our knowledge,
only two commercial object-oriented modelling appli-
cations support distributed, collaborative modelling to
some extent: the one is Cittera by CanyonBlue (http:
//www.canyonblue.com), and the other is Embar-
cadero Describe (http://www.embarcadero.com/
products/describe). Both applications allow dis-
tributed developers to collaboratively and synchronously
edit Unified Modeling Language (UML; [12]) models and
diagrams. But even though these applications provide sup-
port for synchronous editing of diagram and model ele-
ments with immediate updates, they require extensive setup
and have little support for awareness of others’ actions
and support for communicationaboutmodels. Distributed
Knight tries to complement them in the area of lightweight
and flexible modelling. Moreover, our usability studies in-
dicate that articulation work is important also for object-
oriented modelling.



A major part of the research presented in this paper
has been to provide the first, large-scale use of type-based
publish/subscribe. Previous examples of use, as in [7], have
been small examples, even though other variants of pub-
lish/subscribe have been used for large systems. We have
obviously built upon the research of Eugster et al., but our
contribution with respect to type-based publish/subscribe is
to discusshowandwhy type-based publish/subscribe may
be used for distributed collaboration in interactive systems
when seen in relation to other publish/subscribe abstrac-
tions.

6 Summary

This paper has introduced the implementation of theDis-
tributed Knight tool for synchronous, collaborative dis-
tributed modelling. Distributed Knight extends the Knight
tool for co-located modelling, and allows modellers to col-
laborate in lightweight and flexible ways. In particular,
Distributed Knight uses an augmented instant messaging
client as the main user interface for collaboration man-
agement and allows developers to use the variety of input
devices that the Knight tool supports including electronic
whiteboards, tablet PCs and ordinary desktop PCs.

Distributed Knight has been implemented using the
type-based publish/subscribe distributed communication
abstraction that allows publishers to publish events that
subscribers may receive based on the details of their sub-
scriptions. Type-based publish/subscribe extends tradi-
tional publish/subscribe abstractions by basing events on
objects, i.e., instances of application-defined types. This
has the advantage that publishing and subscribing to events
fit into the native object-oriented language that a developer
is using.

An important consequence of the integration of type-
based publish/subscribe and object-oriented languages is
that events may bemodelled. The Distributed Knight
case presents a specific instance of this in the form of an
event hierarchy that models the communication between
distributed collaboration tools.

Finally, the Distributed Knight tool has been succes-
fully evaluated in a series of usability studies pointing to-
wards that the tool may eventually enhance distributed, col-
laborative modelling practice.
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