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ABSTRACT

Building collaborative Web applications is not an easy
task. In this paper we show a software architecture based
on design patterns that allows the organization of collabora-
tive applications on the Web. We described the compo-
nents that conform this architecture. A prototype of a
customizable collaborative virtual environment based on
this architecture is aso shown. This prototype was
implemented in order to validate the architecture.
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1. Introduction

The Web architecture is very smple and it is
constituted for a client (Web browser) and a server (HTTP
server). The Web server just accepts and assists the service
requirements that the clients request through the HTTP
communication protocol. However, in spite of the simple
nature of this architecture, the World Wide Web has
become an idead platform for the development of
collaborative applications due mainly to its wide extension
around the world and the facilities for the distribution and
modification of the applications[9].

The Web nature was basically asynchronous. However,
the last generation Web sites alows to download HTML
documents with Java applets, that provide direct communi-
cation, for example through TCP/IP, with other Java
servers. These applets can even be on the HTTP server's
side like serviets, which provides a better performance than
the use of the traditional CGls. These recent advances have
made possible the development of collaborative Web
applications with a high synchronism degree [4, 7, and 10].
This aso solves some of the problems that appear when we
try to implement collaborative applications on top of the
Web. For example, if we want to show the same
information in a different ways to different users, or if we
want to make aware the users to any change in the
information they have in their browser. However a general
architecture that allows collaborative applications to be
smoothly integrated into the Web is needed [9].

In this paper we show a software architecture based on
patterns, events, and notifications designed to structure the
functional components that conform a collaborative
application. Through this architecture it is possible to
capture the user interaction and to reflect it in the
applications interface. It is also possible to manage the
shared context of the collaborative applications.

2. TheArchitecture

The architecture design is based mainly on the layers
architectural pattern [1], which allows encapsulating the
architecture tasks in different levels or modules. Our
architecture design also combines the broker and model-
view-controller (MVC) [1] patterns. The broker pattern is
introduced as intermediate component between the client
and the Web server. The broker alows the remote
invocation of services. By using the broker pattern we
achieve independence between the client and server
components in distributed applications. The client access
the server functionality by sending request services
through the broker. The broker initiates the communica-
tion with the server, sends the requirements and returns
the results and exceptions to the clients. This pattern
makes possible to encapsulate all server communication
routines, as ports definition, communication protocol and
server localization. By using the model-view-controller
pattern we achieved independence among the data
maintained by the model component and the application
interface. The final architecture is conformed by the view,
controller, broker and model components. Each component
has assigned a very defined functionality. Figure 1 shows
the architecture.
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Figure 1. Components of the architecture
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The architecture is structured in 3 levels according to
the layer pattern. The interface level is congtituted by the
view and controller components. The communication
level implements the broker component, so each applica-
tion can communicate with the model component. These
two levels are implemented in the user’s machine (client)
inside an Internet browser. The support level isin a server
machine. This level provides the data storage services.

With this structure we achieved independence between
the functionality of the application and the user’s interface.
Using this model we can show different views to different
users, with synchronous updates of any change that occurs
in the data. This structure aso alows the use of different
programming languages for the construction of the client’s
interface and for the construction of the shared context.

2.1. The Architecture Functionality

The architecture functiondlity is shown in the following
figure. The next sections explain the functiondlity of each
one of the components showed in thisfigure.
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Figure 2. Functiondity of the architecture.

2.1.1. TheView, Controller and M odel Components

The design of the client application is based on an
adaptation of the MV C pattern. Through this pattern we
separate the data stored in the group memory (the shared
context) from the application interface. Due to the
independence between the modd and the interface in this
approach we can implement the user’s interface in any
programming language.

The interfface of a collaborative application is
conformed by the view and controller components. The
diagram of the figure 3 shows the behavior of these
components. This diagram dso integrates the broker
component in order to explain the notifications behavior,
which isdetailed later.

The view component is responsible to present and to
organize the elements of the client’s interface, as buttons,
text areas, selection areas, menus, and others. This
component defines the kind of events that are triggered
when the user uses the interface. The actions associated to
these events are managed by the controller component.
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Figure 3. Behavior diagram of the components.

The user interacts with the collaborative application
through the view component. When the application is
downloaded to the client machine through a Web server,
the view component shows the structure of the application
interface through the elements that compose it. The events
are treated by the controller component and, in general,
imply the model services invocation to obtain the
infformation and to visualize it in the application's
interface. During the users’ interaction with the elements
of the application interface, some events are triggered in
the view component. These events, as it was already
mentioned, are assisted by the controller component. This
component evaluates the event and determines when it
needs to use the changes propagation mechanism to
maintain consistent the interface of the other users. In the
case of an observer interface this receives the notification
message through the notification service provided by the
broker component. The notification message is broadcast
toward the controller component, which update the
information of the view component.

The changes propagation mechanism notifies al the
users about data changes in the shared environment.
Through this service the notifications are propagate to other
user applicationsin order to update their interfaces.

2.1.2. The Broker Component

The distributed applications use the broker pattern to
abstract the Internet communication aspects between the
clients and server. The broker is responsible for coordina
ting the communication, send requirements and receive the
results and exceptions. This pattern provides independence
between the client and server components. The client uses
the server functionality by sending services request via the
broker. The broker sends the requirements to the server,
wait for the response, and return the results and exceptions
to the client application. The client application does not
know anything about the server location, the broker worries
about this. The following figure shows the behavior
diagram of the broker component.



| O | | Bl [P |
1 | |
Fl:.w

— Dlini
FPR P

Cill frf "

Taraman aETa

O

Figure4. Behavior diagram of the broker component.

The client and broker components are running in the
user’s machine, while the server component is running in a
remote machine. The client and server components have
the broker component as the only collaborator.

2.2. The Notifications Service

A common feature in the synchronous collaborative
applications is the notification service. A notification takes
place when the state of the shared context or shared
environment of an application changes [2]. In our
approach, the model component provides the collaborative
applications shared environment. Through this service the
notifications are propagate. We extend the broker compo-
nent to receive the notifications that the model component
propagates and to give them to the client applications[6].

The figure 5 shows the behavior diagram of the client-
broker-server architecture when the notification service is
provided.
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Figure 5. Behavior diagram of the notification service.

There are two non-excluded Situations that users can be
in a collaborative application: in a notify state or in an
observer dtate [3]. A notifier user produces an event and
sends it to the other users. Meanwhile, one user is an
observer when he or she receives an event notification from
anotifier user.

3. TheDeskTOP Collaborative Application

DeskTOP is a customizable Collaborative Virtual
Environment (CVE) built in order to validate the architec-
ture [8]. This application was designed from the perspecti-
ve of the desk, hall and rooms metaphors and it integrates a
st of tools in order to support the interaction among the
users in both synchronous and asynchronous way. The
users use these tools according to their interaction needs.
They can organize the location of the tools inside the desk.
Each user can build his own interaction environment with
the corresponding tools. Using the DeskTOP tools it is
possible to cover the different modalities the people work.
Each one of the users participates in the way that he or she
feels more comfortable.

DeskTOP provides synchronous and asynchronous
collaboration tools and supports the collaboration,
communication, and social interaction among the users
inside a virtual space in order to achieve a common task.
The essence of this CVE resides in that the users are
represented inside a shared workspace where they can
work freely. They can meet and share information with
other users with common interests.

3.1. The Desk TOP Architecture

The DeskTOP system architecture subdivides the
model component in two levels. These levels were built
using a platform called TOP (“Ten Object Platform”) [5,
6]. The TOP platform was used to provide the shared
environment or shared context of the DeskTOP application.
The TOP platform’ server provides services for manage the
group memory, the communication aspects, the floor
control mechanisms and the work sessions, necessary for
the DeskTOP application operation. DeskTOP invokes the
services of the TOP server through the broker component.
The figure 6 shows the DeskT OP system architecture.
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Figure 6. Structure of the DeskTOP system.

Six levels congtitute the DeskTOP integral architectu-
re. The environment level is composed by a subset of the
available tools in the DeskTOP desk. All the tools are
available in the application level. The view and controller



components of the interface level are used to build the
tools interaction interface. The communication level
implements the broker component, so each tool can
communicate with the TOP server. These levels are
implemented at the client’s side, while the following
levels run in the server machine. The TOP platform server
congtitutes the service level. This server solve the
requirements arrived from the tools, which are invoked by
the controller component and transmitted by the broker
component. The TOP platform is located in the support
and storage level. This level provides the shared
environment of each tool. Figure 7 shows the DeskTOP's
system prototype in action.

Figure7. Some users working with DeskTOP.

5. Conclusonsand Further Work

In this paper we show a software architecture to struc-
ture the functiona components of collaborative applica
tions implemented on Web. This architecture was designed
based on the layers, broker and model-view-controller
patterns. We also show the DeskTOP collaborative applica
tion, which was developed to validate the design of the
proposed architecture. The implemented model and broker
architecture’ s components can be reused in the implemen-
tation of more collaborative Web applications. The progra-
mmer only needs to implement the view and controller
components, which can vary according to the applications.

The proposed focus allows achieving independence
between the applications interface and the shared context.
The broker component provides the necessary communica
tion aspects between the interface and its context. This
feature allows taking advantage of the Internet profits for
the development of distributed applications, and at the
same time to take advantage of the World Wide Web
profits for the development of the application’ interfaces.

The use of HTML, JavaScript, and Java languages in
the implementation of the view, controller, broker and
model componentsis appropriate in order to take advantage
of the features of each one of these components when we

build collaborative Web applications. Using the layer
HTML tag we achieved a dynamic behavior in the view
component of the DeskTOP tools. As a future work we
need to develop new collaborative applications in order to
improve the services of the model component. We also
need to include cryptography algorithms in the broker
component to provide a secure communication service.
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