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ABSTRACT
This paper describes an object-oriented abstraction for the problem
of awareness management in Collaborative Virtual Environments
(CVEs). The described abstraction allows for different types of
awareness information and awareness management policies to be
used. It is also described how the defined abstraction was used
to support the awareness management policies of two demo CVEs
application.

1. INTRODUCTION
Awareness is a very important concept in CSCW systems. As

stated in [5] ”awareness is an understanding of the activities of oth-
ers, which provides a context for your own activity”. Collaborative
Virtual Environments (CVEs) are networked virtual environments
used to support collaborative work. Users are represented graphi-
cally within the environment and can perceive other users actions
through their graphical representation. In these systems, aware-
ness information is all the information about existing objects and
users within the system. This information includes users and ob-
jects graphical representation, the sounds produced by users, and
users actions. These systems also have the characteristic of aim-
ing to support a large number of simultaneous users in the order
of tens of thousands. In the presence of a large number of users
the amount of information that must be processed by each user can
be overwhelming. As such, it is usually necessary to manage the
amount of information that must be processed by each user. This
is called awareness management. The goal of awareness manage-
ment is to allow each user to only process the information that is
relevant for him. Some of the existing systems use awareness man-
agement as a mechanism for reducing network bandwidth and in-
creasing the system’s scalability, while others use awareness man-
agement to promote user collaboration by using it to scope user
interaction. The work described in this paper was done in the con-
text of the MOOSCo (Multi-user Object-Oriented Virtual Environ-
ments with Separation of Concerns) project. MOOSCo proposes a
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software engineering separation of concerns approach for the de-
velopment of Multi-user Virtual Environments. For each of the
different aspects of these systems, different concerns are identified.
The system functionality is obtained by composition of the solu-
tions defined for each of the concerns. In this paper is described
an object-oriented abstraction for the awareness management con-
cern. Further details about the MOOSCo approach can be found in
[1, 2]. The rest of this paper is structured as follows. Next section
describes the related work. Afterwards, we present the awareness
management abstraction. The Implementation section describes
two demo applications and their use of the abstraction to support
different awareness management policies. The paper finishes with
conclusions and future work.

2. RELATED WORK
Awareness management is a very important issue in CVEs. It

is used as a mechanism of regulating the amount of information
each user must process. Awareness management helps collabora-
tion between users, by suppressing all the awareness information
about users and objects that are not relevant for the current users’
collaborative task. Awareness management also has an important
role in the scalability of this kind of systems. By limiting the
amount of information that must be processed by each user, aware-
ness management can be a very effective mechanism for reducing
resource usage, like network bandwidth and computer processing
power. Given the importance of awareness management, differ-
ent policies have been used depending of the systems requirements
and goals. In RING [6] users are only aware of the objects they
can see. This policy is adequate for environments that contain sev-
eral visual barriers such as walls and doors, but it performs badly
in densely populated open space environments. SPLINE [3] parti-
tions the environment in spatial regions called locales. Each user is
aware of all the objects in the current locale and in the immediate
neighbours. The partitioning of the environment is a very flexi-
ble mechanism for structuring the virtual environment. In SPLINE
each locale defines its own independent coordinate system. The
virtual environment results from the connection of several locales.
Each connection between two locales defines a 3D transformation
that describes the relations between the locale’s coordinate systems,
which allows the creation of non-Euclidean environments. This ap-
proach also eases the extension of the environments, since it is only
a matter of defining new locales and connecting them to the exist-
ing ones. Finally, the locales approach also provides an effective
mechanism for controlling awareness. Allowing the awareness of
the adjacent locales gives users the notion of spatial continuity, in-



creasing at the same time the system scalability. Unfortunately,
SPLINE only provides this built-in policy. There are some situa-
tions where different policies could be more useful. For instance,
in some situations one could be interested only in the current lo-
cale, and in other situations, in the current locale and perhaps a
small subset of the adjacent locales. NPSNET [9] divides the en-
vironment in fixed size regions called cells and each user defines
an area of interest trough an aura. Users are only aware of those
cells, which their aura intersects with. The size and shape of the
cells were chosen taking into account the target application do-
main, military simulation. The goal of awareness management in
this system is to improve system scalability and to support a large
number of simultaneous users. MASSIVE-1 supports the spatial
model of interaction [4]. In this model users defined auras and in-
teraction between two users can only happen when the user’s auras
intersect. The model also uses the concepts of focus and nimbus
to compute the awareness level that a user can have of another user
or object. The focus represents an observing object’s interest in
a particular medium. The nimbus represents an observed object’s
projection in a particular medium. The awareness level that an ob-
ject A has of an object B in a particular medium M is a function
of A’s focus and B’s nimbus in M. In MASSIVE-2 [8] the spatial
model of interaction was extended with the third-party objects con-
cept that represents objects that can affect other objects and users
awareness levels by changing their values of aura, focus and nim-
bus. The spatial model of interaction is perhaps one of the most
complex and flexible awareness management model. It is suitable
for controlling user interaction in large-scale virtual environments.
However, the model is too much focused on the spatial aspect of
this systems, making it difficult to manage awareness using seman-
tic or organisation considerations. In MASSIVE-3 [7] an extension
to the SPLINE model was adopted. In this extension the environ-
ment is also divided into locales and the locales can be connected
through boundaries. Each locale can have several aspects each rep-
resenting a certain type of awareness information. The awareness
management is performed, by selecting the locales and correspon-
dent aspects that are relevant to a particular user. The system allows
the programmer to select, or even adapt, the policy for selecting the
relevant locales and aspects. Since locale’s aspects can be arbitrar-
ily defined it is possible to support awareness management taking
into account organisational associations between the objects of an
environment. Due to the existence of different application require-
ments it is necessary to support different awareness management
policies.

All the mentioned systems only offer support for a particular
policy or family of policies. Only MASSIVE-3 allows some de-
gree of adaptation, by letting the programmers to choose the policy
for selecting the relevant locales for a particular user. However,
the adaptation is confined to a particular kind of awareness pol-
icy, based on locales and aspects. It is not possible to use different
policies. This problem is normally due to the lack of proper de-
sign abstractions that are, not only, able to solve the problem at
hand, in this case awareness management, but also able to support
the several variations that exist for the problem solution. To cope
with this problem, this paper presents an object-oriented awareness
management abstraction that is flexible enough to support differ-
ent awareness management policies. Instead of trying to provide
a one-size-fits-all solution for awareness management, the defined
abstraction allows for different policies to be defined, and for pro-
grammers to choose which is the most appropriate policy for the
application being developed.

3. AWARENESS MANAGEMENT ABSTRAC-
TION

This section describes an object-oriented abstraction for aware-
ness management in CVEs. The goal of the proposed abstraction is
not to define a generic model for awareness management that can
be used for all the kinds of CVEs systems. Instead the abstraction
aims to provide a common framework upon which different solu-
tions for awareness management can be built. To be able to achieve
this goal it is necessary that the abstraction is flexible enough to
capture the several variations that exist in solutions for the prob-
lem of awareness management. The description of the Awareness
Management abstraction is divided in four sections. Firstly, there
is a general description of the problem that must be solved. Sec-
ondly, different variations that any flexible solution for awareness
management should support are described. Afterwards, it is de-
scribed the solution, i.e. the proposed object-oriented abstraction
for awareness management. The solution presentation consists of:
a description of the structure and the elements that are part of the
solution; a description of how those elements collaborate to solve
the problem at hand; and a description of how the abstraction sup-
ports the variations that were identified.

3.1 Problem
One of the issues to consider for awareness management is: what

type of information must be considered for awareness management
purposes? For instance, the sound produced by a certain user A
can be used as awareness information. In this case a user B will be
aware of A when he hears him. The geometric appearance of ob-
jects and users can also be considered as awareness information. A
user becomes aware of objects and users from the moment he/she
sees them. Even the user actions can be used as awareness infor-
mation. For example, an user A my be able to see an user B but
be unable to understand the actions he/she is executing due to the
distance between them. After approaching user B, user A may then
be aware of the actions user B is executing. Once the information
used for awareness management is defined, it is necessary to define
how the users declare their interest in certain types of information.
Although there might exist different types of awareness informa-
tion, a certain user may, at a certain moment, only be interested in
a particular type. Once the awareness information and mechanisms
by which the users express their interest are defined, it is necessary
to guarantee that each user only receives the information that is rel-
evant for him. There are several policies to manage who should
receive a certain type of information. For instance, the proximity
to the information source may be a way to define who may receive
it. Moreover, the existence of visual barriers may be used to deter-
mine who shouldn’t receive certain visual information. Whatever
the management policy chosen, it is important that users understand
the management policy being used so they can behave in order to
control the awareness they have from the remaining users and ob-
jects.

3.2 Variations
A solution for Awareness Management must support the follow-

ing variations:
Awareness Information Definition. It is necessary to allow the

definition of different types of awareness information in accordance
with the application’s requirements. The choice of awareness infor-
mation can be determined by the applications functional require-
ments, e.g., collaboration, or by non-functional requirements, e.g.,
the system ability to support a large number of simultaneous users.

Different Awareness Management Policies. Different aware-
ness management policies represent different ways of managing the



awareness information that should be received by each user. Each
application should be able to choose which awareness management
policies are the most appropriate, and should also be able to define
their own awareness management policies, that take into account
the applications specific requirements.

3.3 Solution
The main characteristic of the proposed solution for the aware-

ness management concern, is the separation between the elements
that are subject of awareness management, awareness information
sources and entities interested in consuming that information, and
the policy responsible for managing the information that is con-
sumed by each of the interested parties. This separation allows
changing the management policy used, independently from the aware-
ness information and the behaviour associated with handling that
information. This separation also allows the use of different types
of awareness information, independently of the awareness manage-
ment policy used.

3.3.1 Structure and Participants

AwarenessPolicy
addInterestExpression()
removeInterestExpression()
addScopeExpression()
removeScopeExpression()
ownerhsipRequested()
ownershipRelased()

InterestExpression
getParty()

0..*

0..*

0..*

+manages

0..*

InterestSpace
addScope()
removeScope()
getScopes()
addInterestedParty()
removeInterestedParty()
requestOwnership()
releaseOwnership()

11 11

ScopeExpression
getScope()

0..*

0..*

0..*

+manages

0..*

InterestedParty
scopesInvited()
scopesExpell()
getExp()

0..*

0..*
+manages
0..*

0..*

11 11

Scope
join()
leave()
getExp()

0..*

0..*

0..*

+contains

0..*

11 11

0..*

0..*

+joins/leaves

0..*

0..*

Figure 1: Class diagram of theAwareness Managementabstrac-
tion structure.

The abstraction Awareness Management has the following par-
ticipants:

• Scope.Represents a source of awareness information, more
precisely the scope of a certain type of information, for in-
stance the audio scope of an user.

• ScopeExpression.Represents expressions that describe a cer-
tain information scope. Each Scope has a scope expression
associated that describes the type and the scope of the infor-
mation it represents.

• InterestedParty.Represents an entity interested in a certain
type of awareness information. It must be associated with a
scope to have access to that information. The association and
dissociation of interested parties to scopes is managed by the
awareness management policy.

• InterestExpression.Represents the interest of an interested
party in a certain type of awareness information.

• InterestSpace.Represents a space that contains several scopes
for the same type of awareness information. Interested par-
ties are registered in interested spaces indicating their inter-
ested expressions. An interested space can also play the role
of a scope. In this way it is possible to define hierarchical in-
terested spaces that use different awareness policies at each
hierarchical level. The awareness management of the whole
structure results from the awareness management of its con-
stituent parts.

• AwarenessPolicy.Represents an awareness management pol-
icy. A policy is responsible for determining which interest
expressions match scope expressions. Every time a match
is detected, the policy informs the correspondent interested
party that is should be associated with the scope. When the
match ceases the policy informs the interested party to dis-
sociate itself from the scope. Normally, the scope and inter-
est expressions are dependent of the awareness management
policy used. However, the interested parties and the informa-
tion scopes are independent of the expressions being used.
The association between interested parties and scopes, and
interest expressions and scope expressions are created be-
fore registering the scopes and interested parties in a interest
space. The choice of which interest expressions and scope
expressions to use depends of the interest space’ awareness
policy.

3.3.2 Collaborations
The Awareness Management abstraction defines three types of

collaborations: (1) register/unregister scopes in a interest space; (2)
register/unregister interested parties in a interest spaces; and (3) as-
sociation/dissociation of interested parties with scopes. A scope
is registered in an interest space through itsaddScope opera-
tion. An InterestSpace obtains the scope expression from the
scope, operationgetExp , and registers it in the awareness man-
agement policy. To unregister a scope from an interest space it is
necessary to invoke itsremoveScope operation. This operation
will remove the correspondent scope expression from the space’s
awareness management policy. As a consequence, all the interested
parties associated with this scope will be dissociated from it. For
an interested party to be registered in a certain interest space it is
necessary to invoke the operationaddInterestedParty in the
correspondingInterestSpace instance. Afterwards, theIn-
terestSpace obtains the interest expression from the interested
party, operationgetExp , and registers it in its awareness man-
agement policy,addInterestExpression operation, so that
it can manage the intersections with the existent scope expressions.
An interested party unregisters from an interest space invoking the
removeInteresteParty operation on it. Afterwards, the in-
terest space invokes theremoveInterestExpression oper-
ation in the awareness management policy to unregister the corre-
spondent interest expression. As a consequence the interested party
is informed to dissociate itself from all the scopes it was associated
with.

Figure 2 shows the collaboration diagram for the association be-
tween anInterestedParty and one or moreScopes . The
awareness management policy is responsible for detecting matches
between interest expressions and scope expressions. The collabo-
ration is initiated by the awareness management policy every time
an interested party or scope is registered/unregistered from an in-
terest space, or, as shown in Figure 2, when it detects a match be-
tween an interest expression and one or more scope expressions
(1,2,3). The way matches are detected is policy’s implementation
specific. Every time one or more matches are detected, the pol-



aPolicy : 
AwarenessPolicy

p1 : Interested
Party

iExp1 : Interest
Expression

sExp1 : Scope
Expression

s1 : 
Scope

s3 : 
Scope

sExp2 : Scope
Expression

sExp3 : Scope
Expression

s2 : 
Scope

8: join( )

9: join( )
7: scopesInvited( s1,s3)

1: intersect sExp1
2: intersect sExp2
3: intersect sExp3

6: getParty( )

4: getScope( )
5: getScope( )

Figure 2: Collaboration diagram for the association between
an InterestedParty and one or moreScopes .

icy informs theInterestedParty associated to the interest ex-
pression, to associate itself to the respective, operationscopeIn-
vited (4,5,6,7). TheInterestedParty associates itself with
theScopes invoking the operation join in each relevantScope ,
(8,9). The behavior of the association betweenInterested-
Party and aScope depends of their implementation. The disso-
ciation between anInterestedParty and aScope is handled
in a similar way to the association. Figure 3 shows the collabo-
ration’s diagram for the dissociation between anInterested-
Party and one or moreScopes . In this case the policy identifies
that one moreScopes are no longer relevant for theInterest-
edParty and informs it to dissociate itself from then.

aPolicy : 
AwarenessPolicy

p1 : Interested
Party

pExp1 : Interest
Expression

sExp1 : Scope
Expression

s1 : 
Scope

s2 : 
Scope

sExp2 : Scope
Expression

sExp3 : Scope
Expression

s3 : 
Scope

7: scopesExpell( s1,s2)

1: intersect sExp1
2: intersect sExp2
3: intersect sExp3

6: getParty( )

4: getScope( )

5: getScope( )

9: leave( )
8: leave( )

Figure 3: Collaboration diagram for the dissociation between
an InterestedParty and one or moreScopes .

There is another type of collaboration that is a particular case of
an association/dissociation of an interested party to a scope, and
that occurs when this scope is also an interest space, i.e. a sub-
interest space. Figure 4 shows the collaboration’s diagram for the
association of an interested party with a sub-interest space. The fig-
ure represents a interest space,space2 , nested inside the interest
space,space1 , and an interested partyp1 , registered in the space
space1 . The awareness management policy ofspace1 informs
the interested party to associate itself to the subspacespace2 , op-
erationscopesInvited (1).

The interested party associates itself with the space in the same
way it associates itself with aScope through thejoin operation,
(2). The result of the association between an interested party and
a sub-interest space is similar to the registration of an interested
party in an interest space, i.e. the interest space will manage its
associations with the existent scopes. The only difference is that

p1 : InterestedParty

space1 : 
InterestSpace

space1Policy : 
AwarenessPolicy

space2 : 
InterestSpace

space2Policy : 
AwarenessPolicy

scope1 : 
Scope

iExp1 : Interest
Expression

8: addInterestedParty( p1)

2: join( )

3: getExp( )7: leave( )5: ownershipRequested(iExp1 )

contains

4: requestOwnership( iExp1)

contains

1: scopesInvited( space2)
6: scopesExpell( scope1) 9: addInterestExpression(iExp1)

Figure 4: Collaboration diagram for the association between
an InterestedParty and a sub-interest space.

a sub-space may request ownership of the interested party. In the
case shown in Figure 4, the sub space requests the ownership by
invoking the operationrequestOwnership in the parent space,
(4). As a consequence, the interested party is dissociated from ev-
ery scopes managed by the parent space, except from the sub-space,
(5,6,7). Finally, after obtaining the ownership, the interested party
is registered in the nested spacespace2 , so that the correspondent
awareness management policy may manage what scopes from the
nested scope should the interested party be associated with, (8,9).

p1 : Interested
Party

space1 : 
InterestSpace

space1Policy : 
AwarenessPolicy

space2 : 
InterestSpace

space2Policy : 
AwarenessPolicy

scope1 : 
Scope

iExp1 : Interest
Expression

4: removeInterestedParty(p1 )

scope2 : 
Scope

2: leave( )

3: getExp( )11: join( )

6: scopesExpell( scope2)

7: leave( )

9: ownershipReleased(iExp1 )

8: releaseOwnership(iExp1)

1: scopesExpell( space2)
10: scopesInvited( scope1)

5: removeInterestExpression(iExp1)

Figure 5: Collaboration diagram for the dissociation between
an InterestedParty and a sub-interest space

The dissociation between an interested party and a sub-interest
space is similar to the association. The only difference is that when
the interested party is dissociated from the sub-interest space, the
space releases the ownership of the interested party. This will allow
it to associate itself to the scopes of the parent space. Moreover, the
interested party is dissociated from all the scopes of the subspace.
Figure 5 shows the collaboration diagram for the dissociation be-
tween an interested party and a sub-interest space.

3.3.3 Expressiveness
The abstraction Awareness Management supports different aware-

ness management policies independently of the type of awareness
information. The classesInterestedParty andScope repre-



sents, respectively, the parties interested in consuming awareness
information and the sources of awareness information. Different
types of awareness information are represented by different spe-
cialisations of these classes. The classAwarenessPolicy rep-
resents an awareness management policy.

The separation between the awareness management policy and
the types of awareness information is obtained though the classes
InterestExpression and ScopeExpression . For each
particular policy, these classes describe the interests of a particu-
lar InterestedParty and of a particularScope . The solution
also allows for hierarchical organization of interested spaces. Each
interested space in the hierarchy has its own awareness manage-
ment policy. The resulting awareness management policy results
from the composition of all the policies of all the interest spaces in
the hierarchy.

4. IMPLEMENTATION
TheAwareness Managementabstraction described in this paper

was implemented in JavaTM as an object oriented micro-framework.
This micro-framework is part of a larger framework called MOOSCo
that supports the development of CVEs. The MOOSCo frame-
work was developed using a separation of concerns approach. For
each concern an abstraction was defined and implemented. The
support for CVES was obtained composing each of the concern’s
implementations. At the present moment, there are abstractions
for replication, awareness management, distributed communication
and object interaction. By supporting different sets of concern’s
compositions it is possible to support CVE’s with different capabil-
ities, enabling in this way incremental development. For instance
scoped interaction is obtained by composing awareness manage-
ment with object interaction. Adding replication and distributed
communication a distributed and replicated virtual environment is
obtained. Partial replication of the environment is obtained com-
posing replication and awareness management. Depending how the
MOOSCo framework is instantiated (which composition the pro-
grammer chooses) the functionality of the CVEs will be different.
One of our goals is to promote incremental development by allow-
ing programmers to change the instantiated composition, starting
from the simpler ones and moving incrementally to the more com-
plex ones.

In the remainder of this section we will present two applications
developed using the MOOSCo framework that focus on awareness
management.

4.1 Conference Table
This application consists of 3D chat distributed virtual environ-

ment. Users can move within a 3D environment and can interact
with each other by text-based communication. This application was
developed to demonstrate a particular usage of awareness manage-
ment that uses nested interest spaces. In the environment there is a
conference table, around which users can sit. The table functional-
ity only deals with managing the number of available sits, allowing
users (or software agents) to sit at the table only if there is a free sit.
Awareness management is used to control the interaction between
the users sat at the table and the remaining users of the environment.
Users at the table cannot interact (chat with) users outside the table.
However, depending of the awareness configuration, users outside
the table may or may not ”hear” what the users in table are saying.

To implement the awareness management for this application,
specializations ofInterested Party andScope were used:
Interaction Interested Party andInteraction Scope .
These specializations define awareness information as the interac-
tion between users and objects (the act of sending messages be-

Figure 6: Two bots and a user interacting while sitting on a
conference table.

tween users, or objects). A user can only receive messages from
another user if he has joined the user’s interaction scope. Each user
defines an interaction interested party indicating that they want ob-
jects to interact with him; and an interaction scope indicating it is
willing to interact with other users and objects. These specializa-
tions are in fact one of the concerns’ compositions supported by the
MOOSCo framework: the composition between the object interac-
tion concern, that deals with interaction between objects, and the
awareness management concern. This composition allows to sup-
port scoped interaction between objects controlled by a particular
awareness management policy that determines when users should
join others users interaction scopes.

To be able to scope the interaction between the users at the table,
the ability of theAwareness Managementabstraction to support
nested interest spaces, two interest spaces were used. One space
represents the environment itself, and the other represents the con-
ference table and is nested inside the first one. As described before,
the nested interest space plays the role of scope in the parent inter-
est space, in this case, the conference table’s scope.

Each one of the interest spaces uses an awareness policy to man-
age the associations/dissociations of the registered interested par-
ties and scopes. For the environment’s interest space, an aura based
awareness policy was used. This policy definesInterestEx-
pressions andScopeExpressions as auras centred at each
user’s position. When anInterestExpression of a user A
intersects aScopeExpression of a user B, user A joins user
B’s scope. When users approach the table and enter the table’s aura
their interest expression joins the table’s scope, and is inserted in
the table’s interest space. For the table’s interest space a simple
awareness policy was used that associates every registered interest
party to every registered scope. This enables users to hear other
users sat at the table. To enable the users to hear the new user, the
user’s scope is also inserted in the table’s interest space. In this
way all users sat at the table (whose aura is inside the table’s aura)
can hear each other. Enabling or disabling users outside the ta-
ble to ear or talk with users at the table, is accomplished using the



”take ownership” functionality described in3.3.2. If the table’s in-
terest space is configured to take the ownership of each registered
interested party, then when a user joins the table’s scope leaves the
scopes of all users outside the table, and hence ceases to hear them.
If the table’s interest space is also configured to take the ownership
of each registered scope, then the interested parties of the users out-
side the table will be forced to leave the scopes of the users at the
table, and hence will not be able to hear them.

4.2 Distributed Art/Life
Distributed Art/Life is MOOSCo’s adaptation of a previous stan-

dalone application. The original application was developed to demon-
strate emergent behaviour theories on aggregate moving. The ap-
plication’s main goal is to simulate a world inhabited by living crea-
tures. Each creature reacts to its environments according to a set of
predefined behaviours. These creatures may have one of two roles:
predators or preys. The latter tend to aggregate in flocks, whereas
predators will predominantly act alone. Theboidsmodel, used in
Art/Life, was first defined by [10, 11]. This model tries to de-
scribe a population’s behaviour through the individual behaviours
of its elements. It was developed to describe the coordinated group
movement of flocking birds, schools of fish or herds. To achieve the
desired emergent behaviour it relies on each individual’s perception
of its surroundings.

Figure 7: Two species, simulated by different users and un-
aware of each other

The Distributed Art/Life application supports a distributed sim-
ulation of theboids model in a 3D virtual environment. In this
application each participant can simulate one or moreboids. Each
participant also replicates the other participant’sboids. As a result
its boidsperceive the other participant’sboidsallowing the emer-
gent behaviour to develop.

This is a very interesting subject for awareness management as
one can affect the population’s emergent behaviour by using aware-
ness management to control the perception that individuals have of
each other. For this application two different specialization ofIn-
terested Party andScope were used:

• InteractionInterestedParty andInteraction-
Scope . Are used to scope interaction betweenboids in a
similar manner as described before, aboid can only inter-
act with anotherboid if its InteractionInterested-
Party has joined the otherboid’s InteractionScope .

• ReplicationInterestedParty andReplication-
Scope . Are used in conjunction with replication to sup-
port partial replication. Each participant of the distributed

simulation has aReplicationInterestedParty and
boids are associated toReplicationScopes . When a
participant’sReplicationInterestedParty joins a
ReplicationScope all theboidsassociated to that scope
are replicated in the participant’s machine.

In addition to the above specializations two awareness manage-
ment policies were used/defined:

• aura based policy. This policy is the same awareness policy
used in theConference Tableapplication.

• flock based policy. This policy definesScopeExpres-
sions as a string that identifies a flock that a scope be-
longs to and definesInterestedExpression as a set
of flocks an interested party is interested in. An interested
party joins a scope when the scope’s flock is one of the flocks
described in its interested expression.

By using different combinations of the specializations described
above the resulting awareness management has different effects in
theboidspopulation behaviour:

• InteractionInterestedParty andInteraction-
Scope with aura based policy. In this case the interaction
betweenboids is scoped. Eachboid can only interact with
theboidswhose scope’s aura intersect its interest aura. In this
case the size of the auras will influence the level of flocking.
If auras are two small onlyboids that are sufficiently near
each other will flock. If auras are big enough then the effect
of awareness management may not be felt and all theboids
will flock.

• InteractionInterestedParty andInteraction-
Scope with flock based policy. In this case eachboid will
only flock withboidswhose scope have the same flock iden-
tification. Eachboid’s interest expression contains only a
flock identification, theboid’s flock. With the exception of
predators that are interested in allboidsof all flocks which
means they can pursuit anyboid since they are aware of all
of them. In this way there will be as many different flocks as
the flocks IDs defined.

• ReplicationInterestedParty andReplication-
Scope with flock based policy. In this case the awareness
management is being used to support partial replication.Boids
are organized in flocks that represent differentReplica-
tionScope . Each participant defines aReplication-
InterestedParty with an interest expression containing
the identification of the flock it is interested in (typically, the
flocks for which he is simulating someboids). In this sit-
uation each participant only replicates theboids belonging
to the flocks he is interested in. Here the flock organization
could be used to separateboids into species (a flock would
represent a species). The problem with this combination is
that since there is no scoped interaction, if a participant sim-
ulatesboidsfrom different flocks (species) then allboidswill
eventually be aware of each other which will cause them to
flock together.

• BothInterestedParty andScope specializations with
flock based policy. This case uses both scoped interaction
and partial replication, allowing distributed simulation of dif-
ferent flocks and at the same time allowing each participant
to only replicate theboidsbelonging to the flocks he is inter-
ested in.



5. CONCLUSIONS
In this paper an object-oriented abstraction for awareness man-

agement was proposed. This abstraction was developed under a
separation of concerns approach for the developing of Collabo-
rative Virtual Environments. In this approach, abstractions were
defined for each of the different concerns of these systems. The
abstraction described in this paper provides a generic solution for
the problem of awareness management. It allows different types of
awareness information and awareness management policies to be
used. At the present, abstractions were also defined for object in-
teraction, distributed communication and replication concerns [2,
1]. There is a JavaTM implementation of the defined abstractions
and their compositions. In this system the awareness management
abstraction was composed with the object interaction abstraction
to support scoped interaction and with replication and distributed
communication abstractions to support partial replication of the vir-
tual environment.

This paper also described two demo applications that showed
how the defined abstraction implementation can be used to define
different awareness management policies and can be used to man-
age different types of awareness information. It was also shown
how the same application can easily use different awareness poli-
cies.

Besides the awareness management policies described in this pa-
per, other policies, like the ones found in systems like SPLINE [3]or
MASSIVE-3 [7] can be define using the described abstraction. At
the present moment only the SPLINE’s locale-based policy and
a grid based policy similar to the one in NPSNET [9] are imple-
mented.

As future work other abstractions will be defined that support
solutions for other concerns like persistence and authentication.
There is much to be gained by identifying those abstractions. In
the case of CVEs systems the definition of proper abstractions will
allow to describe and extend the existent knowledge base, allowing
at the same time to reuse and reason about the existent solutions
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