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Abstract

Replication and distributed communication are usually
tightly coupled. This code tangling forbids their indepen-
dent reuse and adaptation. In this position paper the prob-
lems resulting from coupling replication with distributed
communication are discussed. In addition, a solution based
on separation of concerns is proposed. The abstractions for
each concern are presented as well as their composition.

1 Problem

Distributed multi-user interactive systems are an ex-
tremely relevant application area. Applications such as vir-
tual environments, distributed simulation, computer sup-
ported collaborative work (CSCW), multi-user games or
dungeons (MUDs), and multi-user object-oriented environ-
ments (MOOs) are becoming increasingly pervasive. The
MOOSCo project [10], Multi-user Object-Oriented envi-
ronments with Separation of Concerns, addresses the diffi-
culties in applying a component-based approach in a verti-
cal and integrated manner, from analysis to implementation,
to the design of this class of systems. In this project the
experience of two research groups, a software engineering
group and a distributed systems group, is being integrated.
In particular, the composition of middleware abstractions
and infrastructure communication protocols is being stud-
ied. This position paper discusses the problems associated
with the composition of replication with distributed com-
munication.

Replication and distributed communication are usually
tightly coupled since replication only makes sense in the
context of distributed applications. Almost accidentally,
replication is mixed with distributed communication since
the latter is usually used as the base of distributed applica-
tions construction. This situation results in the well-known

code tangling problem [7].
A possible solution for the code tangling problem is

based on the definition of distributed communication ab-
stractions that hide communication details and replication
is built on top of distributed communication. Defining good
abstractions for distributed communication may help reduc-
ing the dependency between the replication code and dis-
tributed communication code. However, even when using
good abstractions, there are decisions concerning commu-
nication that are scattered through out the replication code,
the replication code is biased by the distributed communica-
tion abstractions. Those decisions are about the creation and
destruction of communication channels, and when to use
those channels to propagate state updates to other replicas.
In other words the replication is tightly coupled with dis-
tributed communication in the context of a particular com-
position. So, if changes are needed to how replication and
distributed communication are composed then the replica-
tion code must also be changed.

Regardless of non orthogonality, it is necessary to find
completely independent solutions for both concerns, such
that it is possible to reuse, adapt and compose them inde-
pendently. This separation of non-orthogonal concerns is a
major open problem [1].

In synthesis, the following problems are addressed:

• What are the abstractions for replication and dis-
tributed communication that allows them to be inde-
pendently specified from each other?

• How to deal with inter-concern dependencies such that
their impact is controlled in order to keep independent
the definition and evolution of each concern.

2 Solution

The proposed solution is to treat both concerns at the
same level, instead of defining replication on top of dis-
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tributed communication. The approach considers replica-
tion as completely independent from distributed communi-
cation.

Abstractions for replication and distributed communica-
tion are defined in a way that each abstraction does not raise
any assumption about the other abstraction.

In order to deal with the inter-concern dependencies a
new abstraction is defined, a composition abstraction. This
composition abstraction deals with inter-concern dependen-
cies, keeping independent the concern’s specific parts. That
way, the whole, the composition, is more than the sum of
the parts, the composed concerns.

Concern abstraction independence allows them to be
easily reused and adapted. Each concern has several vari-
ations that should be used depending on the application
specific needs. For example, different distributed architec-
tures can be used for distributed communication: client-
server, are simpler to manage but may compromise system
scalability, peer-to-peer using multicast protocols are more
scalable but are more complex to manage. Both architec-
tures have their advantages and disadvantages. Applications
should be able to choose which is more suitable. For in-
stance, there are situations where despite potential scalabil-
ity problems, client-server architectures must be chosen due
to the lack of multicast support by the underlying network
like the internet. Regarding replication, different consis-
tency criteria are needed for different objects depending of
what is their replicated state, their update frequency or even
their semantics. Forcing the same consistency criteria for
all updates is too restrictive and may impose unnecessary
overhead on the system.

So, the proposed approach requires that each concern ab-
straction possesses the expressive power required to support
the different concerns variations. Moreover, in order to keep
concerns independent the composition abstraction should
also support the variations that are part of the composition
semantics. That way, non-orthogonal aspects of composi-
tion are confined to the composition abstraction and the im-
pact of their evolution is controlled in the right place.

In the rest of this paper abstractions for distributed com-
munication and replication are presented, Sections 3 and 4
respectively. In Section 5 it is also presented an abstraction
for their composition. It is shown the expressive power of
these abstractions, and how they support concern and con-
cern composition variations. Achieved results are discussed
in Section 6.

3 Distributed Communication

3.1 Variations

There is no single and optimal solution for the distributed
communication concern. Depending on the context, on the

application domain and on its requirements, different solu-
tions are possible. The chosen solution is the result of a
trade-off between the different possibilities. When treating
distributed communication there are two aspects that must
be addressed: communication protocol, and distributed ar-
chitecture. The solution for each one of these aspects should
consider different possibilities.

• Communication Protocol. The solution may choose
between different communication protocols. For in-
stance, multicast or ordered unicast. It may also
choose between the different qualities of service. For
instance, reliable and unreliable.

• Distributed Architecture. The solution may choose be-
tween different distributed architectures. For instance,
client-server or peer-to-peer.

3.2 Structure
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Figure 1. Distributed communication abstrac-
tion structure.

Figure 1 presents the structure proposed for the dis-
tributed communication concern. The abstraction has the
following participants:

• ChannelMember . It represents a particular applica-
tion that is associated with a channel to send messages
to and receive messages from the members that form a
communication channel.

• Channel . A Channel instance represents a chan-
nel endpoint over which messages can be sent to all
(or a subset) of the channel members and over which
messages sent to channel members can be received. It
is associated with a communication protocol,Net-
workProtocol , that is used for message delivery
with a particular quality of service.

• NetworkProtocol . It is responsible to send mes-
sages from one channel member to the remaining
channel members through the network according to a
particular quality of service.
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• Message . It represents the information exchanged
between channel members throughChannel in-
stances.

3.3 Collaborations

An application becomes aChannel Member by asso-
ciating itself with aChannel instance.

A Channel instance delivers messages to all the mem-
bers, all the members except the sender, or to a specific
member. It uses its network protocol to effectively send the
message.

An application leaves a channel by disassociating itself
from itsChannel instance.

3.4 Expressiveness

It is possible to specialize the proposed abstraction to
support the different variations.

3.4.1 Specialization for Communication Protocols.
To support different communication protocols and

qualities of serviceNetworkProtocol is specialized.
There are two main specializations,UnicastProto-
col andMulticastProtocol , that represent, respec-
tively, point-to-point and multicast communication proto-
cols. These classes can be further specialized to provide
different qualities of services. For instance,ReliableU-
nicast andReliableMulticast .

3.4.2 Specialization for Distributed Architectures .
To support different distributed architecturesChannel

is specialized.
MulticastChannel represents communication

channels for multicast architectures. Note that this ar-
chitecture requires a particular communication protocol,
multicast protocol. However, there is no commitment for a
particular quality of service.

ClientChannel and ServerChannel support
client-server architecures. In this distributed architec-
ture a communication channel is represented by an in-
stance of ServerChannel and several instances of
ClientChannel . All messages are send by a
ClientChannel instance to theServerChannel in-
stance which is responsible to deliver them. Note that this
distributed architecture requires a particular communication
protocol, unicast protocol.

3.5 Implementation with APPIA

3.5.1 Network Protocol refinementModern distribution
support frameworks refine theNetworkProtocolabstraction
to encompass the composition of several micro-protocols in

a single channel. Each micro-protocol provides one prop-
erty to messages that are sent using it. Most of the micro-
protocols rely on the properties provided by others to sat-
isfy their own property, defining relations of dependence
between them. The constraints imposed this way are named
intra-channel constraints.

Applications may use simultaneously several channels,
each supported by a possible independent network proto-
col. However, for some particular requirements it is possi-
ble to find dependencies between the properties expressed
in different channels. For example, consider an application
having concurrent messages flowing by several channels.
To avoid inconsistencies derived from the unreliability of
failure detectores, one might want to share the same failure
detector between them. These constraints are namedinter-
channel constraints.

Each valid combination of properties provide a different
Quality of Service (QoS). Channels are the instantiation of
one particular QoS.

3.5.2 Appia Appia1 is a communication architecture that
allows different communication channels, each with its own
QoS, to be integrated in a coherent multi-channel protocol
stack [9]. Appia recognizes the need to integrate channels,
allowing properties to be shared across several channels.
Most of the previous distributed communication models
such as thex-Kernel [6] and Ensemble [5] offer limited sup-
port for expression ofinter-channel constraints. The work
of CCTL [12] also uses different communications chan-
nels which are managed by a single control channel. The
work with Maestro [2] illustrates the difficulties of main-
taining consistent failure detection when channels with di-
verse characteristics are used concurrently. To satisfyinter-
channel requirements, Appia extends the abstraction pro-
vided by previous works.

The architecture ofAppiaallows the application designer
to specify the protocol stack that meets her/his QoS require-
ments through the composition of micro-protocols.Appia
addresses these problems by providing a stack composition
model that allows to expressinter-QoSrequirements.

Figure 2 shows howAppia can coordinate two differ-
ent objectsA andB with independent consistency require-
ments. Both channels share a common failure detector mod-
ule; this way, inconsistencies motivated by the unreliability
of failure detection are avoided.

Appia handles inter-QoS requirements in a clean way:
property sharing is achieved by allowing protocol instances
to be present in the required channels. The figure presents
two distinctAppiachannels, one for object (A) and another
for object (B), and behaving as such for the application pro-
grammer. Despite the flexibility of the model, developing
protocols forAppia is not harder than for previous protocol

1Appiawas started in the context of the previous project, TOPCOM.

3



Network
Failure Detection

Reliable
Compress

Stronger
consistency

Weaker
consistency

(A)
(B)

Figure 2. Two objects with different dis-
tributed consistency requirements in Appia

frameworks. Depending on protocol behaviour, participa-
tion of an instance in several channels can be transparent to
the implementation.

4 Replication

4.1 Variations

When developing application-specific solutions for
replication the following possibilities should be considered.

• Shared State. It should be possible to choose the
shared state on a per object basis. The shared state is
defined identifying the object’s attributes and actions
that should be shared.

• Consistency Protocols. Different consistency should
be allowed. Consistency criteria should be defined on
a per object basis. Moreover, it should be possible to
define consistency criteria that apply to several objects.

• Replica Life Cycle. Shared space life cycle may
change. In some situations a new shared space re-
ceives all the shared objects from the same shared
space member while, in other situations several mem-
bers contribute for providing the new member with the
shared space’s objects.

4.2 Structure

Figure 3 presents the structure of the proposed solution
for the replication concern. The abstraction has the follow-
ing participants:

• SharedSpaceMember . An application that is asso-
ciated with aSharedSpace instance.

ReplicaLyfeCyclePolicySharedState
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Figure 3. Replication abstraction structure.

• SharedSpace . Represents a members’s view for a
particular shared space. It is throughSharedSpace
instances that members may access shared objects that
exist in a shared space.

• SharedObject . An object shared in the context of
a shared space.

• SharedState . Represents the part of aShare-
dObject instance that is actually shared.

• IntraObjectConsistencyProtocol . Repre-
sents a consistency protocol that enforces some consis-
tency criteria on aSharedObject instance. It may
be applied to one or more shared attributes and actions
of the shared object.

• InterObjectConsistecyProtocol . Repre-
sents a consistency protocol that affects more than one
object. It is used to force some consistency criteria
between state updates of different objects. Each it ag-
gregates several intra-object consistency protocols.

• SpaceConsistencyProtocol . Represents a
consistency protocol that is used for maintaining con-
sistency between shared space members regarding
the number of existing shared objects. Moreover,
SharedSpace instances use theirSpaceConsis-
tencyProtocol to propagate shared objects cre-
ation and destruction to other shared space members
using a particular consistency criteria.

• ReplicaLyfeCyclePolicy . Represents a policy
to manage the creation and destruction of shared ob-
jects, whenever shared space members join and leave
a shared space. Each shared space consistency pro-
tocol delegates in aReplicaLyfeCyclePolicy
policy the handling of: the activation and deactivation
of shared objects; space membership changes; and de-
termining which member or members have the respon-
sibility of sending newcomers the information about
the existing shared objects.
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4.3 Collaborations

An application joins a shared space through a
SharedSpace instance. Other shared space members
will be informed that a new member has joined the space
through theirSpaceConsistencyProtocol instance.
Depending on the replica life cycle policy being used, the
new member will obtain object replicas from one or all of
the remaining members. Leaving a shared space will cause
all shared objects’s local replicas to be destroyed in the
member’sSharedSpace instance.

A member may add or remove objects from a shared
space. Adding and removing object from a shared space
causes replicas to be created or destroyed in the other space
members, respectively.

Every time a space member causes some state changes
on a particular object, the state update will be propagated
to other members using some consistency criteria. First
the state update will be handled by a particularIntraOb-
jectConsistencyProtocol . Next, the state update is
handled by the associatedInterObjectConsisten-
cyProtocol , so that some consistency criteria between
several objects can be enforced and also propagated to other
shared space members.2. At the other members, the state
update will first be handled by the inter-object consistency
protocol, then by the intra-object consistency protocol and
finally applied to the shared object replica.

4.4 Expressiveness

It is possible to specialize the proposed abstraction to
support the different variations.

4.4.1 Shared State Definition.
The abstraction for the replication concern allows for the

application shared state to be defined on a per object basis.
This allows a better control of what state changes must be
propagated to other space members.

4.4.2 Specialization for Consistency Protocols.
Different consistency protocols can be obtained by spe-

cializing classesIntraObjectConsistencyProto-
col andInterObjectConsistencyProtocol . For
instance, classDeadReckonProtocol , is a specializa-
tion of IntraObjectConsitencyProtocol that can
be used to reduce the number of state updates that are prop-
agated between space members. By using a state predic-
tion algorithm3 ClassCausalSpaceProtocol defines a

2The propagation of state updates to other space members depends of
the protocol implementation. In the presence of distribution the propa-
gation to remote members will be supported trough the composition with
distribution communication concern.

3DeadReckon algorithms are used in Multi-User Virtual Environments

inter-object consistency protocol that forces causal ordering
for state updates. It can be used to force the state updates of
a particular set of objects to be causally ordered.

4.4.3 Specialization for Replica Life Cycle Policy.
Different specializations ofReplicaLyfeCycle-

Policy can be defined to support different policies for
handling newcomers and shared object creation and de-
struction. For instance, classDistributedPolicy rep-
resents a policy where each member is responsible to send
newcomers the replicas of the objects they have created.
The classesMasterPolicy andSlavePolicy repre-
sent a policy where the responsibility of handling newcom-
ers belongs to a single member, the master. The remain-
ing members, the slaves, do not handle space membership
changes and when they join a space, they send replicas of
they objects to the master, and obtain the other member’s
replicas from the master.

4.5 Implementation
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Figure 4. Run time structure of consistency
protocols.

The implementation of consistency protocols was based
on the concept of protocols layers and protocol stacks that
can be found in several distributed communication plat-
forms. Each layer supports a particular consistency pro-
tocol and protocols are composed by layering them in pro-
tocol stacks. In some aspects the structure of consistency
protocols is very similar to the communication protocols
supported byAppia. There are however some differences
that try to take into account consistency protocols seman-
tics. For instance, when initializing a consistency protocol
stack, the layers determine if the state updates produced lo-
cally must be propagated through the protocol stack before
being applied locally or if they can be immediately applied.

to reduce state updates of objects positions that can be predicted using the
previous position and velocity of the object. Variations have been defined
that apply this algorithms to any kind of data [11].
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For instance, if there is a layer that must force some or-
dering or synchronization criteria to state updates then they
must be first propagated trough the stack; otherwise they
can be immediately applied avoiding unnecessary delays.
Also, the messages exchanged between protocol layers are
state updates that can be inspected by protocols, and not
simple opaque byte sequences like in communication plat-
forms. Object protocol layers have access to the objects
they are managing so that they take into account specific
object semantics when forcing some consistency criteria.

Figure 4 shows a possible run-time structure of a
SharedSpace instances and its consistency protocols.
Note thatReplicaLyfeCyclePolicy is in fact imple-
mented as a special space protocol layer that always exist in
a space control protocol,

5 Composition

5.1 Structure

InterObjectConcistencyProtocol
(from replication)

Channel
(from communication)

DistInterObjConsistencyProtocol

SpaceConsistencyProtocol
(from replication)

DistSpaceConsistencyProtocol

<<composes>> <<composes>>

Figure 5. Structure of the replication and dis-
tributed communication composition.

• DistInterObjectConsistencyProtocol .
Represents a specialization ofInterObject-
ConsistencyProtocol that uses aChannel
instance to receive and propagate state updates to
remote space members. It represents the composition
between inter-object consistency protocol and dis-
tributed communication. Note that this composition
must also be enforced for any ofInterObject-
ConsistencyProtocol specializations described
in section 4.4.2. The way the composition is supported
is implementation dependent. At this level it is only
important to identify what are the concern’s elements
that must be composed in order to obtain the intended
functionality, i.e., distributed replicated objects.

• DistSpaceConsistencyProtocol . A special-
ization ofSpaceConsistencyProtocol that im-
plements a distributed membership protocol for man-
aging space membership changes. Creation and de-
struction of replicas are propagated to remote mem-
bers trough theChannel instance(s) associated with
aDistSpaceConsistencyProtocol .

5.2 Collaborations

Space membership changes are received by each
space member, i.e,SharedSpace instance, through
their specialization of space consistency protocol, class
DistSpaceConsistencyProtocol . The space
membership changes are detected by listening to channel
membership changes on the associatedChannel instance.

Like in section 4.3DistInterObjectConsisten-
cyProtocol instances are used so that inter-object con-
sistency criteria for state updates may be enforced. After
processing the update each distributed inter-object proto-
col propagates the state updates to other members using
the associatedChannel instance to send the update infor-
mation to other space members. Remote members receive
state updates trough theChannel instances associated
with their DistInterObjectConsistencyProto-
col instances. The handling of state updates is then pro-
cessed as described in section 4.3.

5.3 Expressiveness

5.3.1 Support for Different Consistency Criteria .
Support for different consistency criteria is obtained

by specializations of bothIntraObjectConsisten-
cyProtocol and DistInterObjectConsisten-
cyProtocol classes, that enforce different consistency
criteria to object’s state updates. Also theChannel
instances used byDistInterObjectConsisten-
cyProtocol specializations must useNetworkPro-
tocol instances that allow those consistency criteria to be
supported over distributed communication. For instance,
if a certain object requires some consistency criteria that
forces ordered state updates, then it is necessary that the
network protocol used by theDistInterObjectCon-
sistencyProtocol ’s channel supports at least reliable
message delivery.

5.3.2 Different Distributed Architectures .
Different distributed architectures are obtained us-

ing different combinations ofChannel and Repli-
caLyfeCyclePolicy specializations. For instance,
a pure client-server architecture can be obtained by us-
ing ClientChannel and ServerChannel instances
combined withSlavePolicy andMasterPolicy in-
stances, respectively. The clients useClientChan-
nel instances associated withDistInterObjectCon-
sistencyProtocol and DistSpaceConsisten-
cyProtocol instances; andSlavePolicy associ-
ated with their DistSpaceConsistencyProtocol
instance. The server uses aServerChannel instance to
route network messages , i.e. state updates, between clients
and usesMasterPolicy for managing newcomers.

6



5.4 Implementation

The implementation of DistInterObjectCon-
sistencyProtocol and DistSpaceConsisten-
cyProtocol is supported by specializations of consis-
tency protocol layers, see section 4.5, that have an associ-
atedChannel instance. Figure 6 shows a shared space
instance runtime structure with its consistency protocol
stacks. It also uses theAppia implementation ofChan-
nel to perform distributed communication over different
network protocols and qualities of service. The result-
ing composition supports distributed replicated objects, and
it also maintains the support for the both concerns vari-
ations. Since the composition between distributed com-
munication and replication is well identified and isolated,
changing or extending that composition is made easier and
only affects the composition code and not the correspon-
dent concerns. For instance, decisions about associating dif-
ferent channels to different inter-object consistency proto-
cols, or sharing the same channel between different consis-
tency protocols, or even using more than one channel for the
same consistency protocol can be taken at the composition
level, by specializingDistInterObjectConsisten-
cyProtocol andDistSpaceConsistencyProto-
col appropriately.

Appia already gives support for different variations on
the composition.Appia’s ability to support inter-channel
constrains by allowing protocol instances to be shared be-
tween channel’s allows, for instance, to have one channel
per consistency protocol with different quality of service,
but also different channels that share the same network layer
and thus use the same communication address for message
transmission. Another example is the ability to, although
having a channel per consistency protocol, still support fail-
ure detection in a uniform way preventing in this way the
failure of a single channel to compromise replica consis-
tency maintenance. The failure detection would be sup-
ported by having a common protocol layer to all channels
that would perform failure detection globally to all chan-
nels.

There are, however, some dependencies that arise from
the composition of distributed communication with repli-
cation, namely from composing consistency protocols with
distributed communication. For instance, any consistency
protocols that enforces some ordering criteria needs that
the underlying distributed communication is at least reli-
able. In other situations, using reliable communication may
introduce unnecessary delays since the consistency proto-
cols can deal with state updates losses, as it is the case of
DeadReckon protocols. It is necessary to guarantee that the
distributed communication protocols provide the necessary
quality of service so that consistency protocols can be en-
forced. At present, althoughAppia can manage protocol
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Figure 6. Run time structure of composition
between replication and distributed commu-
nication concerns.

dependencies within its protocol stacks, there is no way of
enforcing the dependencies between consistency protocols
andAppia’s communication protocols.

6 Discussion

The work presented in this paper describes a solution for
supporting distributed replication that considers replication
and distributed communication as two separated concerns.
For each concern a solution is proposed that supports sev-
eral variations that are relevant for the domain of multi-user
virtual environments. Distributed replication is obtained by
composing solutions described for the replication and dis-
tributed communication concerns.

Despite being developed by two independent teams, the
implementations of the solutions for replication and dis-
tributed communication are very similar. Although the con-
cepts of protocol layer and protocol stack have been highly
used in distributed communication platforms, they have not
being used for supporting consistency protocols in the con-
text of replication, at least in a distributed communication
independent way.

Despite the similarities, there are however some differ-
ences due to semantics differences of consistency and com-
munication protocols. Typically, consistency protocolos are
at a higher level of abstraction than communication pro-
tocols. However, the mechanisms for supporting protocol
composition and protocol extensibility can be the same.

One of the goals of this paper is to discuss and to try to
understand if is possible for a platform likeAppia to sup-
port both consistency and distributed protocols. Although
Appia is focused on supporting communication protocols,
it is sufficient generic to allow specializations for other do-
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mains like consistency maintenance. One of the advantages
of using the same mechanisms for supporting both consis-
tency and communication protocols, is that it may simplify
the management of existing dependencies between particu-
lar consistency protocols and quality of service of the un-
derlying communication protocols. As stated before,Ap-
pia already supports dependencies between communication
protocol layers to be resolved.

A problem of using similar structures for defining con-
sistency and communication protocols is that it becomes
difficult to draw the line between what are consistency pro-
tocols and communication protocols. More precisely, can
inter-object consistency protocols be represented entirely at
communication level, or there are semantic differences that
force them to be treated differently?

It is well known that different ordering protocols can be
easily defined using platforms likeAppiaandAppiahas also
the advantage that supportsinter-channel constraints, i.e.,
the ability for the same protocol layer to be shared by differ-
ent channels, which can be used to support inter-object con-
sistency constrains. But using the same protocol stack for
composing consistency and communication protocols intro-
duces other kinds of dependencies. Consistency protocols
deal with state updates and may take advantages of the se-
mantics of those state updates to force some consistency
criteria. Communication protocols deal with byte sequence
messages that will be sent over the network. At some point
in the protocol stack it will be necessary to serialize state up-
dates to byte sequences so that they can be handled by com-
munication protocols. Instead of assembling consistency
and communication protocols on the same stack, one could
use a platform likeAppia to support the different protocol
stacks showed in figure 6: intra-object consistency proto-
col; inter-object consistency protocol; and communication
protocol. The open question is whether it is possible to use
the same structure to support semantically different proto-
cols or customized solutions must be used for each kind of
protocol due to the existent semantic differences. For in-
stance, although ordering criteria can be supported both at
the consistency and communication level, there are some
differences depending if order of network message deliver-
ing or state updates is being considered. The former must
be ensured only until the message is delivered to the appli-
cation, the latter must be ensured until the update is applied
to the application shared state, even in the presence of a
multi-threaded execution model.

The problem of using the same platform to support both,
consistency and communication protocols, consists in un-
derestimating if despite their semantic differences is still
possible to treat them identically. And more important, if
treating them identically does not violates the separation
of distributed communication and replication concerns, the
original goal of this work. Basically, it is necessary to un-

derstand if the abstractions of protocol layers and protocol
stacks can be used as a generic composition mechanism for
composing replication and distributed communication, at
least for the multiuser virtual environments domain where
the ability for supporting different consistency criteria and
communication quality of service is of great importance.

At the present moment the consistency and communi-
cation protocols are being considered separately and thus
implemented by different although similar mechanisms.
This approach allowed reasoning about communication
and replication at different levels of abstractions, and at
the same time allowed for the composition of those con-
cerns. Also, using different mechanisms allows for repli-
cation and communication optimizations to be treated sep-
arately. Furthermore, identifying the composition points al-
lows for optimizations to be performed at the composition
level [3, 8, 4]. The disadvantages are the management of
the dependencies between consistency and communication
protocols. This dependencies arise from non-orthogonality
of both types of protocols.
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