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Abstract. One of the most prevalent approaches among distributed architectures is
Multi-Agent Systems. The agents have characteristics such as autonomy, reason-
ing, reactivity, social abilities and pro-activity which make them appropriate for
developing distributed systems based on highly dynamic scenarios. Nevertheless,
the development of a multi-agent system can be an extensive and delicate process.
During this process, it is convenient to utilize Agent-Oriented Software Engineer-
ing (AOSE) tools. Such tools facilitate and improve the engineering process,
achieving models that are more detailed and closer to the multi-agent systems im-
plementation. This paper presents the analysis and design of a Flexible and User
Services Oriented Multi-agent Architecture (FUSION@). This is a new architec-
ture that integrates intelligent agents with a service-oriented approach to facilitate
and optimize the development of highly dynamic distributed systems.

Keywords: Distributed Architectures, Multi-Agent Systems, Service-Oriented
Architectures, Agent-Oriented Software Engineering, Ontology Design.

1 Introduction

The development of dynamic and distributed software usually requires creating
increasingly complex and flexible applications. In some cases, applications require
similar functionalities already implemented into other systems which are not al-
ways compatible. At this point, developers can face this problem through two op-
tions: re-use functionalities already implemented into other systems; or re-deploy
the capabilities required. While the first option is more adequate in the long-run,
the second one is the most chosen by developers. However, the latter is a poorly
scalable and flexible model with reduced response to change, in which applica-
tions are designed from the outset as independent software islands.
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For these reasons, it is necessary to develop new functional architectures capa-
ble of providing adaptable and compatible frameworks. A functional architecture
defines the physical and logical structure of the components that make up a
system, as well as the interactions between those components. There are Service-
Oriented Architectures (SOA) [1] and agent frameworks and platforms which pro-
vide tools for developing distributed systems and Multi-Agent Systems (MAS)
[2]. However, these tools do not solve by themselves which the development of
current systems needs. Therefore, it is necessary to develop innovative solutions
that integrate different approaches to create flexible and adaptable systems.

One of the most prevalent alternatives in distributed architectures is agent and
multi-agent systems which can help to distribute resources and reduce the central
unit tasks [3]. There are several agent frameworks and platforms, such as OAA
[4], RETSINA [5] and JADE [6], which provide a wide range of tools for develop-
ing distributed multi-agent systems. An agent-based architecture provides more
flexible ways to move functions to where actions are needed, thus obtaining better
responses at execution time, autonomy, services continuity, and superior levels of
flexibility and scalability than centralized architectures [2]. Additionally, the pro-
gramming effort is reduced because it is only necessary to specify global objec-
tives so that agents cooperate in solving problems and reaching specific goals,
thus giving the systems the ability to generate knowledge and experience. Unfor-
tunately, the difficulty in developing a multi-agent architecture is higher because
there are no specialized programming tools to develop agents [7].

Furthermore, the development of a distributed MAS can be an extensive and
delicate process. During this process, it is convenient to utilize Agent-Oriented
Software Engineering (AOSE) tools. Among this tools, it can be emphasized the
Gaia methodology [8] and the SysML modeling language [9]. Such tools facilitate
and improve the engineering process, thus achieving models that are more detailed
and closer to the MAS implementation. In addition, the use of ontologies provides
a powerful tool for knowledge sharing, re-use and interoperability [10].

In the next section, the specific problem description that essentially motivated
the development of FUSION @ is presented. Section 3 describes the main charac-
teristics of this architecture and explains some of its components, making an em-
phasis on the analysis and design process of this development. Finally, section 4
presents the results and conclusions obtained.

2 Problem Description

Distributed architectures like SOA or MAS consider integration and performance
aspects that must be taken into account when functionalities are created outside
the system. Distributed architectures are aimed at the interoperability between
different systems, distribution of resources, and the lack of dependency of pro-
gramming languages [1]. Functionalities are linked by means of standard commu-
nication protocols that must be used by applications in order to share resources in
the network [3]. The compatibility and management of messages between func-
tionalities is an important and complex element in any of these approaches.
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Among the existing agent frameworks and platforms we have OAA, RETSINA
and JADE. Nevertheless, integration is not always achieved because of the incom-
patibility among them. The integration and interoperability of agents and multi-
agent systems with SOA and Web Services approaches has been recently explored
[3]. Some developments are centered on communication between these models,
while others are centered on the integration of distributed services into the struc-
ture of the agents. Bonino da Silva er al. (2007) propose merging multi-agent
techniques with semantic Web Services to enable dynamic, context-aware service
composition. Ricci et al. (2007) have developed a Java-based framework to create
SOA and Web Services compliant applications, which are modeled as agents.

When designing MAS it is necessary to utilize an AOSE process. There are sev-
eral AOSE methodologies, languages and tools, such as Gaia, Tropos, MESSAGE,
AUML, SysML, etc. Although many of them have important limitations and there
are not specialized development tools, the use of AOSE tools vastly facilitates the
development of MAS. In the development presented in this paper, it has been cho-
sen the Gaia [8] and the System Modeling Language (SysML) [9] tools, because
their integration allows obtaining models that are very closer to the systems imple-
mentation in a relatively fast and efficient way. Gaia is a simple and very general
methodology focused on the analysis and design of MAS. The Gaia methodology is
aimed at analyzing the system and designing its structure from a roles collection
called organization. In Gaia the system is not detailed enough to carry out a direct
implementation, but the aim is reducing the abstraction level to the point in which it
can be applied traditional development techniques. After finalizing the Gaia analy-
sis and design stages it is achieved a too high abstraction level. However, this can
be an advantage for developers because there is not a dependency with a particular
implementation solution. In the other hand, SysML is a robust language focused on
the systems engineering and based on UML (Unified Modeling Language) [9]. Al-
though this language is not considered to be only among the AOSE tools, it pro-
vides many characteristics that make it adequate for the design and representation
of complex MAS, even taking the place of languages as AUML.

Besides using AOSE tools, it can be very useful for the analysis of systems and
architectures to create ontologies that represent the entities involved on them. An
ontology can be defined as an explicit specification of conceptualization [10]. This
means that an ontology can represent the description of entities and relationships
that an agent realizes [13]. There are many languages that allow encoding a certain
ontology. The DARPA Agent Markup Language (DAML) was mainly developed
for creating machine-readable representations of the Web, thus building what is
known as the Semantic Web [14]. DAML syntax is based on the Resource De-
scription Framework (RDF), a W3C recommendation for representing metadata
on the web. Furthermore, the RDF Schema (RDFS) is a language created for de-
fining ontological entities by means of RDF. However, as RDFS was not expres-
sive enough for some purposes, the DAML project finally adopted the Ontology
Inference Layer (OIL), which provides a fast reasoning support. Nevertheless,
OIL has some restrictions that make it not suitable for some applications [10].
This way, DAML+OIL led to the Web Ontology Language (OWL), with several
versions available: OWL Lite, OWL DL (Description Logic) and OWL Full.
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The analysis and design process of FUSION@ using Gaia and SysML is pre-
sented in the following section. In addition, an ontology of the architecture has
been built to model the entities implied on FUSION@ and to enhance the possi-
bilities of sharing the knowledge involved on them.

3 Analysis and Design of FUSION @

This section is focused on describing the analysis and design process conducted
during the development of FUSION@, an architecture aimed at developing intel-
ligent highly dynamic environments that integrates intelligent agents and a ser-
vice-oriented philosophy. Thus, the main objective of this paper is to describe this
process, not the architecture itself, mainly because the research on FUSION@ is
still under development and its description has already been published [15]. The
architecture proposes several features capable of being executed in dynamic and
distributed environments. These features can be implemented in devices with lim-
ited storage and processing capabilities.

Multi-agent architectures and frameworks such as OAA [4], RETSINA [5] and
JADE [6] define agent-based structures to resolve distributed computational prob-
lems and facilitate user interactions. However, the communication capabilities are
limited, not allowing easy integration with services and applications. On the other
hand, SOA-based architectures usually do not provide intelligent computational
and interactive mechanisms. FUSION@ combines both paradigms, trying to take
advantage of their strengths and avoid their weaknesses. FUSION@ sets on top of
existing agent frameworks by adding new layers to integrate a service-oriented
approach and facilitate the distribution and management of resources. Therefore,
the FUSION@ framework has been modeled following the SOA model, but add-
ing the applications block which represents the interaction with users. FUSION @
defines four basic blocks: Applications, Agent Platform, Services and Communica-
tion Protocol. These blocks provide all the functionalities of the architecture [15].

One of the advantages of FUSION@ is that the users can access the system
through distributed applications, which run on different types of devices and inter-
faces (e.g. computers, cell phones, PDAs). All requests and responses are handled
by the agents in the platform. The agents analyze all requests and invoke the spe-
cified services either locally or remotely. Services process the requests and exe-
cute the specified tasks. Then, services send back a response with the result of the
specific task. Moreover, the platform makes use of deliberative BDI (Belief, De-
sire, Intention) agents to select the optimal option to perform a task, so users do
not need to find and specify the service to be invoked by the application. These
features have been introduced in FUSION @ to create a secure communication be-
tween applications and services. There are different kinds of agents in the archi-
tecture, each one with specific roles, capabilities and characteristics. Thus, there
are pre-defined agents which provide the basic functionalities of the architecture.
These pre-defined agents come from the sequential stages followed using the Gaia
methodology and the SysML language.

On the Gaia analysis stage it is defined the Roles Model and the Interaction
Model from the characteristics and requirements of the system. This way, it is
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defined the roles that collaborate in the system, as well as the protocols and activi-
ties that must carry out each of the roles. The Gaia high-level stage includes the
Agent Model, the Services Model and the Acquaintance Model. The Agent Model
allows determining what agents should implement the roles defined before. The
Acquaintance Model lets the designer realize the relationships existing among the
agents to be implemented. Fig. 1 shows two Gaia analysis and design models of
FUSION@. Fig. 1a depicts the Role Model for the Role Administrator, while Fig.
1b shows the Interaction Model of the processing of a service request on which
three roles are involved: Application Communicator, Administrator and Service
Communicator. From the Acquaintance Model we obtain the pre-defined agents:
Admin, Directory, CommApp, CommServ, Interface, Security and Supervisor [15].

Role: Administrator .
Process Service Request

Description :
Decides which service must be called by taking into account
the QoS and user preferences .

Application

Communicator Service Request

‘ Administrator

The Application Communicator asks the Administrator
for processing a service request

Protocols and Activities : ﬂ
Deliver Service Result , Process Service Invocation , Select

Service, Check Service , Find Alternative Service , Update

Service QoS, Check Agent

Service Invocation

Process Service Invocation

Service

Administrator Service Invocation

Permissions :
Change:
Services Locations , Services QoS

Communicator

After selecting the best service, the Administrator asks
the Service Communicator for invoking such service.

Service Response

Responsibilities : ﬂ
Liveness:
ADMINISTRATOR = ( (Select Service - Process Service

Deliver Service Result

Invocation - [Find Alternative Service - Update Service QoS ] - Applicati
Deliver Service Result ) | (Check Service - [Find Alternative Administrator Cogmﬁf\igor Service Response
Service] - Update Service QoS ) | Check Agent )

Safety:
Maintain the Supervisor alive

The Administrator delivers the service response to the

Application Communicator so this can check its format Service Result

(a) Administrator’s Roles Model (b) Interaction Model of the processing of a service request

Fig. 1 Administrator’s Roles Model and the Interaction Model for a service request
processing

After the analysis and high-level design phases of the Gaia methodology, de-
signers may go on analyzing the results and carry out a low-level design by means
of SysML. This stage provides the Blocks Definition Diagrams, the Sequence Di-
agrams, the Interaction Diagrams and the State Diagrams. Each Blocks Definition
Diagram represents an agent on the system, describing its capacities and services
that must implement, as can be seen in Fig. 2 for the Admin Agent. Sequence Dia-
grams and Interaction Diagrams represent interactions among agents, the first over
the time and the latter emphasizing the associations existing among them. Fig. 3
shows the State Diagram of the Admin Agent. Thus, Fig. 3 describes the possible
states on which the Admin Agent can be and what events make the agent to jump
from one state to another. As can be seen, this information is very useful for the
developers who have to finally encode the agents.
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<< Service >>
DeliverServiceResponse

<< Agent >>
Admin
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Description

Forwards the service
response coming from the
CommServ to the
CommApp.

AgentList directoryAgents

AgentList supervisorAgents
AgentList commAppAgents
AgentList commServAgents

<< Service >>
ProcessServiceRequesf

t

<< Capability >>
SelectService

Input
Service whatService
QoS requestedQoS

Output
Service newService
QoS newQoS

Description

Selects an adecquate
service based on the
requested QoS .

Description

Processes a service
request coming from the
CommApp, calling a service
on the CommServ.

<< Roles >>
SelectService
FindAlternativeService << Capability >>
CheckAgent FindAlternativeService
CheckService Input
UpdateServi S
[PetEEEiEee Service oldService

) QoS requestedQoS
<< Services >>
ProcessServiceRequest [ | output
DeliverServiceResponse Service newService

QoS newQoS
I Description

<< Capabilities >>

|

Finds an alternative
service that matches
functionalities and QoS
requirements .

Fig. 2 Admin Agent’s SysML Block Definition Diagram

/ Process Service Request

Accepting
Service Requests

/ Check Agent

/ Deliver Service Result

Processing
Service Request

Checking Agent

/Find Alternative Service

/ Unavailable Service

Finding
Alternative Service

/ Update Service QoS

/ Done

Checking
Service

Updating
Service QoS

/ Service QoS Updated

Fig. 3 Admin Agent’s State Diagram

After analyzing and designing the architecture, it is possible to describe its
components by means of a certain ontological language. To describe the compo-
nents of FUSION@, the OWL language has been chosen, making use of the
RDF/XML rendering. This choice has been motivated by the fact that OWL is es-
pecially designed for being used on the Web and can utilize the RDF and XML
standards. This will be very useful for an architecture that joins Web services and
intelligent agents, so it is intended to manage knowledge about itself in the future.
This is a fragment of the resulting ontology':

! For the whole ontology of FUSION@, please contact with BISITE at http://bisite.usal.es
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<owl:Class rdf:about="#adminAgent”>
<owl:equivalentClass>
<owl:Class>
<owl:intersectionOf
rdf :parseType="Collection”>
<rdf:Description rdf:about=“#agent”/>
<rdf:Description
rdf :about="#administrator” />
</owl:intersectionOf>
</owl:Class>
</owl:equivalentClass>
</owl:Class>

FUSION@ is an open architecture that allows developers to modify the structure
of the agents described before. Developers can add new agent types or extend the
existing ones to conform to their projects needs. However, most of the agents’
functionalities should be modeled as services, releasing them from tasks that could
be performed by services. All information related to services is stored into a dy-
namic directory which the platform uses to invoke them. Services are requested by
users through applications, but all requests are managed by the platform. This pro-
vides more control and security when requesting a service because the agents can
control and validate all messages sent to the services and applications. Developers
are free to use any programming language, although they must follow the commu-
nication protocol based on transactions of XML (SOAP) messages.

4 Results and Conclusions

As a conclusion we can say that although FUSION@ is still under development,
preliminary results demonstrate that it is adequate for building complex systems
and exploiting composite services [15]. FUSION@ has laid the groundwork to
boost and optimize the development of future projects and systems that combine
the flexibility of a SOA approach with the intelligence provided by agents. The
distributed approach of FUSION @ optimizes usability and performance because it
can be obtained lighter agents by modeling the systems’ functionalities as inde-
pendent services and applications outside of the agents’ structure, thus these may
be used in other developments.

Thanks to the employment of AOSE tools such Gaia and SysML, the analysis
and design stages of the development of FUSION@ have made it possible to
achieve a model close to its implementation. This have implied a shorter devel-
opment time, allowing designers to focus on obtaining a well-designed distributed
and dynamic architecture, rather than on encoding and debugging tasks. Further-
more, the ontology of FUSION@ will allow managing knowledge about the enti-
ties involved on it and make it possible to exchange information about agents
themselves through local and remote services linked to the architecture. Our ex-
perience in the design and development of multi-agent systems has demonstrated
us that the use of AOSE tools not only reduces the development time, but also im-
proves the quality of the final system, as well as its scalability and reliability.
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