Design Patternsfor Collaborative Systems

LuisA. Guerrero
Depto. de Ciencias de la Computacion
Universidad de Chile
luguerre@dcc.uchile.cl

Abstract

Collaborative applications provide a group of users with
the facility to communicate and share data in a coordinate
way. In this paper we propose a pattern system to design
the basic aspects of data sharing, communication, and
coordination for collaborative applications. These patterns
are useful for the design and devel opment of collaborative
applications as well as for the development of platforms
for the construction of collaborative applications.

1. Introduction

A design pattern [7] is a recurring solution to a
problem in software design. Design patterns encapsulate
experience, provide a common vocabulary for computer
scientists across domain barriers, and enhance the
documentation of software designs [1]. In general, pattern
documentation describes a context within which we can
use the pattern, the problem the pattern solves, and the
solution. Moreover, we can describe the forces,
implementation, examples, and related patterns as well.
Thus, according to Sane [18] a pattern paper tells the story
of a design decision: in some context, if one faces a
problem where the solution must satisfy certain
requirements, or forces, then one must use the solution;
but keep in mind that certain implementation issues will
be faced.

Individual patterns can be interwoven within patterns
systems [4] that describe how they are connected, how
they complement one another, and how software
development with patterns is supported. Pattern systems
aid developers in communicating architectural knowledge,
teach new design paradigms or architectural styles, and
train new developers in how to avoid costly traps and
pitfalls which have been traditionally learned through
experience [19].

This paper describes a pattern system for collaborative
applications design. Section 2 describes the studied tools
and applications, and elaborates on the nine patterns of the
pattern system. Section 3 explains the relationships among
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the patterns when we design the collaborative
applications. Finally section 4 presents our conclusions.
Collaborative

2. Design Patterns in

Applications

In deliberate and focusing on the identification of
design patterns for collaborative applications, certain tools
were studied for the construction of these applications.
These tools are: GroupKit [17, GroupKit], NSCA
Habanero [5, Habanero], JSDT ("Java Shared Data
Toolkit") [JSDT], NSTP ("Notification Service Transfer
Protocol") [6, NSTP], GroCo ("Group Communications")
[25], MetaWeb [24], COAST ("COoperative Application
System Toolkit") [21], CBE ("Collaboratory Builder’s
Environment") [12], Artefact [3], Mushroom [10],
DistView [15], Ova [14], JETS ("Java-Enabled
Telecollaboration System") [22] and DAgora[23].

Moreover, we studied a number of collaborative
applications which have demonstrated a certain degree of
success. These include: Microsoft — NetMeeting
[NetMeeting], GMD BSCW ("Basic Support for
Cooperative Work") [BSCW], Instinctive Technology Inc.
eRooms [eRooms], Netopia Inc. Netopia Virtual Office
[Netopia], TeamWave Software Ltd. TeamWave
Workplace [TeamWave] and Lotus Notes [Notes].

After examining previous development tools and
applications, various common concepts were identified
that can be applied to the patterns definition. These
concepts are: sessions, users, roles, events, objects,
repositories, messages, views and broadcast. The
messages and events concepts can be specified within the
broadcast concept. Therefore, we can say that candidates
to design patterns include: sessions, users, roles,
broadcast, objects, repositories, and views. In addition to
these seven common features of the toolkits for the
congtruction of collaborative applications, two more can
be included: environments and floor control. Utilizing
these nine components, plus a broker pattern [Bush96],
we can construct a prototype pattern-based framework for



the development of collaborative applications named TOP
("Ten Objects Platform") [8].

These above-mentioned components are explained in
the following sections and are presented as patterns for the
design and development of collaborative applications.

2.1. Pattern 1: Session (or workgroup)

Context

By definition, in all collaborative applications work is
performed by user groups in work sessions. These
sessions can be both synchronous and asynchronous. It is
necessary, therefore, to manage these work groups,
checking users who enter and leave them.

Problem
How do we manage and coordinate workgroups in
collaborative applications?

Forces

- Users of the collaborative applications work in
groups.

- In many sSituations it is necessary to know which
users belong to which workgroups.

- It is sometimes necessary to know which workgroup
users are working at that specific moment, in order to
interact synchronoudly.

- Usersthat do not belong to the workgroup cannot see
or modify the data.

- New users can be defined as members of the group.

- Usersthat belong to the group can leave.

Solution

Maintain alist of all users belonging to the workgroup,
as well as a list of users currently working (connected) at
the moment. Request the name and password of each user
requesting to work with the shared data and validate it.

I mplementation

Each session should be furnished with a name,
description, a coordinator, and a user's list. A continuoudy
updated user’s list should be maintained. There should be
a method to check the status of specific sessions. Protocol
should exist requesting users to identify themselves as
either a member or coordinator of a session, as well as to
know if a user is currently connected (working). A
protocol should exist for a user to enter a session, and to
leaveit.

Examples

Conference systems such as Microsoft NetMeeting
allow several users to simultaneously share a group of
applications. Users can enter work sessions or |eave them.
Other users can be invited to participate in the work
session. Similar situations occur with the applications we

congtructed using GroupKit, JSDT, GroCo, MetaWeb,
COAST, CBE and Artefact.

Related Patterns
The abstract session pattern [16] allows a server object
to maintain each client’s status it serves.

2.2. Pattern 2: Repository

Context
In general, al collaborative applications need to store
and share data.

Problem

How to provide users with the necessary tools that will
furnish them with the ability to consistently retrieve
objects that have been created and saved by other
collaborative application users? How can users share data?

Forces

- Users produce data as a result of collaborative work.
Thus, they need to store that data.

- The possibility exists for al the users within the
group to share produced data.

- A user can recover, remove or modify an object that
belongs to the group.

- Sometimesit is necessary to organize the information
in several datarepositories.

- Certain applications need to deny access to data
among specific users or during specified time periods.

Solution

Provide information repositories that can be managed
from the applications. Furnish the necessary methods to
manage the data objects contained within these
repositories, in order for them to be shared among the
USers.

I mplementation

Each repository should have information identified by
its name, owner or creator, description, and state (whether
the information is available or if it is restricted). A
protocol should exist to store an instance of the repository,
to check if arepository exists, to offer a list of a session
repositories, to check if an object is available within the
repository, to close the repository, to open it, and to erase
it. Also, to delete an object that is inside the repository, to
place an object inside it, to recover an object, and to
provide alisting of the objectsit contains.

Examples

In some brainstorming systems a workgroup presents
a grouping of ideas or proposals. Once the presentation
phase of ideas ends, a voting in taken to choose the best
proposals. In this case the generated ideas can be



contained within a repository while the votes are
maintained separately in another. The "object’s repository”
idea exists in systems like NSTP, MetaWeb, COAST,
CBE, Artefact and Mushroom, and in some collaborative
applications like BSCW and eRooms.

Related Patterns

The shared repository pattern [11] is an architectural
pattern that defines a communication model for software
components based on shared memory.

2.3. Pattern 3. Object (or meta-object, or
information object)

Context

In order to provide data awareness it is necessary, in
most applications, to maintain information on each
produced object as the user creates it, the creation date and
time, the object type, some keywords to aid in searches,
and previous versions of the objects.

Problem

The group work process generates data that needs to
be managed. How do we manage information about this
data?

Forces

- During interaction the users of the group create new
objects or modify existing ones.

- In order to provide data awareness mechanisms each
object should maintain information about the user
who creates or modifiesit.

- If we want to implement a system with multiple
versions (for data awareness) it is necessary to store
copies of the erased or modified objects, as well as
pertinent information, of the user who erases or
modifiesit, as well asthe moment (date and time) it is
made.

- In order to satisfy object searches it is necessary to
store keywords from each object (e.g. keywords that
identify a specific image or a sound).

Solution

Provide an information object for each data object.
This object or meta-object should contain information
about the object’s creation date and time, it's owner or
creator, the object type, previous modifications, keywords,
and previous versions.

I mplementation

The meta-object should contain information with its
logical name (of the meta-object) and the related physical
object (the real data object), the object type, the owner or
creator, the last user who modified it, the creation and/or
last modification date and time, keywords, and previous

versions. It should also have methods to store an instance
of an object, to check if an object exists, to recover the
real name of an object, and to know an object type.

Examples

If we want to make queries on objects such as video,
images or sounds it is convenient to have additional
information in a meta-object with keywords that describe
the object. Furthermore, we may want to identify which
user created, when it was last modified or when it was
done (data awareness).

When sending "message” type objects to other users it
is necessary that the receiving user can identify the time it
was sent and which user sent it. If a user modifies or
erases an object created by another user, it is necessary to
register this action.

Such objects are present in systems like JSDT, NSTP,
COAST, CBE, Artefact, and Mushrooms.

2.4. Pattern 4: View

Context

In many collaborative applications it is necessary to
graphically display a repository’s data. Various kinds of
users can have different perspectives of the same data
Therefore, data repository has several views.

Problem

All users of the group should not necessarily be able to
see the same thing when they want to see the data. How
can we provide views of the repository data?

Forces

- All users need to see the data they generate, whether
as individual objects or as a whole that integrates all
the objects generated by all the users.

- Some data needs to be hidden from certain users.

- Some users require seeing data in a different way
(bigger, in ancther order, etc.).

- Users should be able to choose to see the same data in
another format (another view).

Solution

Several data views can be generated for each
repository. Users (or the application) select the view they
wish to use in order to show the data graphically.

I mplementation

The view object type should have information with its
name, its owner or creator, the repository (or repositories)
it belongs to, the view type (for example an HTML page,
an ordered list, or a SQL query), its description, the date
and time of it's last modification, the ordered objects list
(in case of an ordered list view), and the query (in case of
a SQL query view). It should have methods to store and to



delete an instance, to check if a view exists, to refresh an
order (in the case of an ordered list view), and to refresh
the view (in case the objects of the repository change).

Examples

In a chat application users receive messages in the
same order they were sent (orderly view). A course
lecturer may see and modify the grades of all the students
whom they are responsible for, but individual students see
only their own grades without the ability to modify them.
Systems such as COAST and Mushroom utilize the idea
of views.

Related Patterns

The observer pattern [7], aso caled publisher-
subscriber [4], defines a one-to-many dependence among
objects in such a way that when an object changes all their
dependencies are notified and updated automatically.

2.5. Pattern 5: Floor control

Context

Some objects require mutual exclusion, meaning they
can be used by only a single user at the same time. For
these objects a floor control policy should be implemented
defining the way in which the object is assigned to the
user who requestsit.

Problem

How to provide floor control on objects? What
assignment policy can be applied that decides which
control is granted to what user?

Forces

- Some objects restrict their use to a single user.

- If auser requests afloor control object, and the object
is free, the object is assigned and it is marked "in
use".

- If a user requests a floor control object and another
user is using this object, the new user is added to a
waiting list.

- When a user releases a floor control object and if that
object has a waiting list, the object is assigned to the
following user in the list, according to the current
assignment policy.

Solution

A floor control object type is associated to objects
with restricted access. This new object manages
information and coordinates the use of the restricted
object. When a user requests this object the floor control is
checked. Each floor control object has an assignment

policy.

I mplementation

The floor control object should have information with
its name, the repository within which it is stored, the user
who has the control, and the users on the waiting list. It
should also have methods in place to create and to erase a
floor control object, to check if a floor control object
exists, to return a list of floor control objects in a
repository, and to request and release the control.

Examples

Videoconferencing is possible when all the users see
the image of all the other users at the same time, but with
users speaking one at the time. It should have a specific
kind of "microphone" object that can be passed by means
of an assignment policy (as FIFO) among the users, which
affords a user with the ability to speak.

Related Patterns

Guillermo Licea and JesUs Favela describe in [13] a
similar floor control object detailing the different
assignment policiesin passing such a control.

2.6. Pattern 6: Broadcast

Context

It is common that during a work session users need to
send objects to one another. A user can send an object to
all users, to connected users, to a specified group of users,
or to a single user. An application can send events,
commands (RPC), or notifications to other users or even
to other applications.

Problem
How to send objects to other users within the
workgroup?

Forces

- Sometimes users require sending objects to other
users within the workgroup.

- Sometimes users require sending objects to users
connected only at that moment.

- Sometimes users require sending objects to al the
users within the group (connected and/or not
connected).

- Sometimes the system requires sending events,
commands, or notificationsto all connected users.

- Sometimes the system needs to send events or
notifications to all wusers, connected and not
connected.

Solution
A broadcast technique takes charge of sending objects
to users.



I mplementation

The broadcast object has two basic methods: to send
an object to all the users within the session or to send an
object to a user list. The same broadcast object can be
used by the system to send events to other users
applications.

Examples

When several people participate in a chat application,
and if a user sends a message, al users currently
connected in the session receive it. The "broadcast” ideais
present in systems such as GroupKit, Habanero, Metaweb
and COAST.

Related Patterns

The publisher-subscriber pattern [4], also caled
observer [7], maintains a synchronized state of
cooperating components. A publisher object notifies a
number of subscriber's objects about any change in its
State.

2.7. Pattern 7: User

Context

In a collaborative application several users make up a
workgroup. It is necessary to maintain certain personal
information for each user.

Problem
How to manage the information of the workgroup’s
users?

Forces

- When a user entersinto an application it is necessary
to check their name and password.

- To provide users awareness, it is necessary to
maintain certain information about each user so other
group members may identify them.

Solution

A user object has al the necessary personal
information for each of the users participating within the
application.

I mplementation

The user object contains the user's name, password,
full name, email, postal address, telephone number, photo,
comments, last connection date and time, last object
modified by them, and the role. It also has methods to
store an instance of the object, to check if a user exists, to
request alist of users and to erase users.

Examples
Many restricted applications request a user’s name and
password. To provide user awareness some applications

display the picture and the user’s full name. Most of the
systems mentioned at the beginning of this section use the
idea of "users".

2.8. Pattern 8: Role

Context
In many collaborative applications users have different
access rights to information.

Problem

Not all users have similar access rights to information.
There are redtricted data and operations. How do we
manage users’ access rights?

Forces

- Most collaborative applications have different types
of users (roles).

- Certain data are only available for specified users.

- Certain operations (erase, modify, recover, see) or
processes (backup, print, etc.) are restricted from
certain users.

- Some data views are restricted from certain users.

Solution

Assign roles to the users which define each user’s role:
their access rights over the objects of a repository, and
views.

I mplementation

The role object maintains information with its name,
the session to which it belongs, list of views it has access
to and repositories list describing the types of accessrights
for each one. Access rights are applied to repositories,
although it is possible to refine the kind of rights which
apply them to specified repository objects in a finer
granularity outline.

The role should implement methods to store an
instance, to erase an instance, to check if a role exists, to
check if an user has enough rights on a repository or view,
to add views and repositories with appropriate access
rights, and to request alist of rolesin certain sessions.

Examples

Within most collaborative text editors can be found
two types of roles, defined as readers and writers. Readers
cannot add text; they can only make comments on the text
written by writers. Another widely used role in
collaborative applications is the work session’s
coordinator. Different user’s roles can be defined in
GroupKit and CBE.

Related Patterns
Therole object pattern [2] defines an object which can
change itsrole dynamically. The persons and roles pattern



[20] allows users to participate inside a system with
different roles which they can change dynamicaly. The
documents and roles pattern [20] shows the relationships
between documents and people's roles within a system.

2.9. Pattern 9: Environment

Context

One collaborative application can have many work
sessions. Each session may have different users working
in separated repositories, which means that some groups
do not interfere with others. This alows the re-use of an
application so that severa groups may use it
simultaneously.

Problem

Several workgroups may work within the same
application without interfering with one another. How to
provide uniform access to collaborative applications,
identifying users among corresponding sessions?

Forces

- One application may support several work sessions
composed of different users working in multiple data
repositories.

- The work of a sesson member should not interfere
with the work of another session’s members.

- All users among different sessions should have a
uniform way to enter into a collaborative application.
The system should be able to identify which session
individual users may work.

Solution
The environment object has information on al work

sessions or different users' groups which are using the
collaborative application but working among various
repositories.

I mplementation

The environment maintains information with its name,
description, owner or creator, and work sessions list (each
sesson maintains its respective repositories list). The
environment has methods to store an instance, to check if
an environment exists, to erase an environment, and to
return alist with all the environments of the system. When
a user enters into an environment the environment checks
and enters the user into the corresponding session.

Examples

Several user groups may utilize the same chat
application. Other groups do not see the messages of a
particular group.

Related Patterns
The mediator pattern [7] defines an object which
encapsul ates the way in which a group of objects interact.

3. A Pattern System for Collaborative

Applications Design

The previous nine patterns define a pattern system for
the design of collaborative applications. The figure 1
describes the way in which these patterns are rel ated.

In the TOP platform, the environments define the
general context of the collaborative applications. They
allow several workgroups to share an application.
Through the sessions the environments manage multiple
user groups that are working with different data. The
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Figure 1. The pattern system of TOP



sessions can send messages or events to the users through
the broadcast. The sessions define mutual exclusion on
certain objects through the floor control. The information
of each session’ user is defined in user. Each user has
certain rights, or data access rights, which are defined
through roles. The shared information is composed by
objects. These objects are stored in data repositories and
they can be seen through views.

4. Discussion

This paper presents a pattern system for the design and
development of collaborative applications. The nine
patterns which compose the system are: environments,
sessions, users, roles, broadcast, floor control,
repositories, views and objects. Many of these patterns
can be clearly identified among many of the tools for the
development of collaborative applications, as well as
within most of the collaborative applications themselves.

The environment pattern allows for several user groups
simultaneously sharing an application without interfering
with others groups. This allows for transforming mono-
group applications into multi-group applications. The
environment and session patterns allow re-use of the
applications, as it is sufficient enough to create new
sessions for other groups to use the applications.

Some of the main features of collaborative
applications can be designed from these patterns. For
example: shared data (repository, objects, session),
communication among users (broadcast), coordination
(floor control, users, roles), group memory (repository,
objects), users (users), roles (roles), data awareness
(objects, repositories with versions), user awareness
(users, sessions), data views (views), work sessions
(session), access control (roles, sessions), floor control
mechanisms (floor control), notifications (broadcast),
events, and messages (broadcast).

These patterns were used in the TOP platform design.
TOP's pattern system illustrates how to solve most of the
problems posed when designing and building
collaborative applications. TOP's pattern system may also
be used for the design and development of distributed
systems.

The current TOP platform version is the result of
severa iterations, which is typical for pattern-based
framework development. Our experience suggests that the
pattern-based architecture of TOP makes the collaborative
systems development easier.
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