| mproving the I nteroperability in Multi-agent Systems

Corchado J. M. and Cuesta P.

Artificial Intelli gent Reseach Group
Department of Languages and Computing Systems
University of Vigo, Campus As Lagoas 32004 Ourense, Spain
Email { corchado, pcuestal @uvigo.es
TIf.: +34 988387010Fax.: +34 988387001

Abstract. During the design and development of multi-agent systems, all
aspeds related to interoperability among ead of the individua agents, that
form part of the distributed system, require speda attention. This paper shows
how communicaion agents fadlitate the interoperability between the
comporents of multi-agent systems. These aents are in charge of the
communication hetween ather agents. They increment the flexibility of
distributed systems and fadlit ate the incorporation o new agents into such
systems. A multi-agent advisory system is an example of an architedure of this
type and it is presented in this paper.

1 Introduction

This paper presents a multi-agent system architedure that fadlitate the
communication and co-operation d heterogeneous comporents. Multi-agent systems
represent a new way of analysing, designing and implementing complex software
systems. These systems are composed of several interading agents. Models of
interadions are m-operation, co-ordination and regatiation. The flexibility and high
level nature of these interadions provide the power of this paradigm.

An agent is a mmputer system, situated in some environment, which is cagpable of
flexible aitonomous adion in order to med its design objedives [1]. An autonomous
agent is a system situated within, and a part of, an environment that senses that
environment and ads on it over time in pursuit of its own agenda and so as to effed
what it sensesin the future [2].

The term agent is used to denote a @mputer systems that enjoys the following
properties[1, 3]:

»  Autonomy; agents operate without the dired intervention of humans (or other
agents) and have mntrol over their own adions and internal state. In a stronger
sense, they are systems capable of learning from experience

»  Social ability; agents interad with other agents in order to complete their own
problem solving and to help athers with their adivities.



* Readivity; agents perceve their environment and respond to changes that
occur in it. Agents recave sensory inputs from the environment and they can
perform adionsin order to change the environment in some way.

e Pro-adiveness agents are &le to exhibit oppatunistic, goal-direded
behaviour, and take the initi ative where gpropriate.

The presence of these four propertiesin a software entity provides the power of the
agent paradigm and distingu shes agent systems from others oftware paradigms.

In addition to having these properties, agents could be modell ed using concepts that
are more usualy applied to humans. Shoham describes agents as entiti es with mental
states such as believes, cgpabiliti es, choice axd commitments. These states determine
the adions that the ayents perform and which can be dfeded by the information that
they recave[4].

Since multi-agent systems could be compaosed of agents implemented in diff erent
programming languages and which could be running in different exeaution
environment, it is necessry to define medhanisms that guaranty the alequate
communication among the agents of the system in order to achieved the required
functionality.

This paper shows how fadlit ators (communication agents) can be used in multi-
agent systems to guaranty the interoperability between their components. Fadlit ators
contain information about the rest of the agents of the system, including their location,
low level communication protocol, and the KQML performative [5] subset used by the
system.

Fadlitators have been used for the implementation of a multi-agent Advisory
System (MAAS). The am of this g/stem is to advise the students of the computing
science degree of the University of Vigo about the optional subjeds that they should
enrolled.

Following, the paper describes the multi-agent system creaed in the framework of
this investigation and discusses the role of the agent in charged of the cmmunication
among other agents.

2 Multi-agent Advisory System

The multi-agent system includes an advisory agent which uses a cae-based reasoning
(CBR) system [6] to help students to seled the most suitable subjeds by taking into
consideration their background and previous experiences. Identifying and seleding the
subjeds that may be more interesting or more useful for a student is a complex task.
The Spanish educational system allows gudents enrolled in a university degree to
seled a number of “optional” subjeds. The “optional” subjedas must complement the
compulsory subjeds and give the students the oppatunity to spedalise in a particular



area Although there ae students that know what they want to study in order to
adhieve their acalemic goals, many of them have problems to seled the most suitable
subjeds. All students must enrol within all the cmpulsory subjeds during the first
yea; the following yeas they can enrol in subjeds which they want and in the order
that they desire.

The achitedure of the Multi-agent advisory system has been influenced by the
architedure of the Projed Monitoring Intelli gent Agent (PMIA) system [7]. The dm
of the PMIA was to develop an architedure that fadlit ates the design, implementation
and communicaion of heterogeneous autonomous dedicaed agents. The intention of
the authors of the PMIA system was to study the learning abiliti es of autonomous
agents that incorporated either symbdic or connedionist problem solving
medanisms.

The PMIA system [8] was composed of several advisory agents, which are cgable
of alocaing the most appropriate acaemic member of the staff to supervise an
undergraduate or postgraduate projed. The alvisory agents employ case based
reasoning and artificial neural networks (ANN) medanisms. These ayents identify an
appropriate supervisor for a student and aso suppat projed management by
scheduling students/ledurers meding. This gructure dlowed the study and
comparison of artificial neural networks and case based reasoning systems and
showed how they could be used to increase the aitonomy of Agents. This g/stem
design was influenced by the agent architedure proposed by the Knowledge Sharing
Effort, used KQML and was implemented using HTML, Perl and Visual C++. The
simplicity, effedivenessand flexibility of this model have encouraged us to use this
architedure to build our application.

The Multi-agent advisory system (MAAYS) includes personal agents (or asdstants)
asciated to students and ledurers, an advising agent which uses a cae-based
ressoning system [6] to provide alvice to students, an information agent and a
network of fadlit ators or contad agents that fadlit ate the interadion between agents
and with the users. This g/stem design is also influenced by the agent architedure
proposed by the Knowledge Sharing Effort [5], using the Knowledge, Query and
Manipulation Language (KQML) for agent communication.

2.1 Componentsof the MAAS system

MAAS is composed of the following elements. Teader agent generators, Teader
agents (or assstants), Student agent generators, Student agents (or asdstants),
Fadlit ators, an Advisory agent, and an Information agent. Figure 1 presents a diagram
of the Multi-agent Advisory System.

Facilitators:

The agents that form part of this g/stem use fadlit ators to enable the cmmunicaion
among them. This g/stem follows the standards of the Agent Communicdion
Language (ACL) in order to exchange information, about their needs and cgpabiliti es,



with their locd fadlitator. These fadlit ators are in charge of searching for the most
adequate path to send the information to ather fadlit ators, these fadlit ators passthis
information to the agents within their domain, and that are caable of satisfying the
request. Each agent includes a router cgpable of sending and receving messages using
KQML, identifying a set of performatives (words) and satisfying a protocol. These
routers are independent processes, so the mmmunicdion of agents is asynchronous.
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Fig. 1: Architedure of the MAAS.

Teacher Agents:
Each ledurer is asciated to a Teadher Agent (or assstant). The Teader Agent

knows which subjeds are taken by the ledurer associated to it. The ggent obtains this
information by interrogating the ledurer. This information is gored in the virtual
knowledge base of the ggent (VKB). The ledurer can modify this information at any
time sending the agent new information about the subjeds that he/she is responsible
for. They have been implemented using Java and are platform independent. Ledurers
interac with their agents via Java gplets and agents contad the lecurer by the email
system.

Student Agents:
Given that there ae Teader Agents, equally, there ae Student Agents (or asdstants)

asciated with students. Student Agents work in a similar way as Teader Agents,
such that eat Student Agent is dedicated to a particular student. The Student Agent
leans about the badkground, aress of interest, and acalemic adivities of the student.
Thisinformation is gored in the virtual knowledge base of the ayent (VKB), together
with the alvises provided by the Advisory Agent or the Teader Agent. They have



been implemented using Java and are platform independent. Students interad with
their agents viaWeb pages and agents contad them badk by the email system. When a
ledurer or student requires a personal agent; it is creaed and assciated to him/her.

Teacher and Student agent generators:

Ledurers and students may contad the Teader or the Student agent generators using
aweb browser and request it to creae anew personal agent; after which the Teader
or the Student agent generators generate anew teader agent or a new student agent
and send it to the teader's or student’s computer system. The Teader and Student
Agent Generators are only aduators that automate the process of setting up the
Teader and Student asgstants.

Information Agent:

The task asdgned to the information agent isto oktain information about the ledurers,
students and to subjeds and store it in a central database. This agent recdves
information related to their badground, persona interest, courses that they have
attended, etc. This information is gored and retrieved from the database when the
Advisory agents nedd it. The information agent can only access the database; this
constraint makesiit easier to maintain a mnsistent database.

Advisory Agent:
This agent uses a cae-based reasoning system [9] to help the students to seled the

most suitable optional subjeds. This agent refreshes its case-base dter the exam
period, when new students arrive or when a student needs to update his/her
information. When a student makes a request for advice, the mntad agents sleds the
appropriate alvisory agent and it sends bad to the student the alvice The alvisory
agents can accessthe information of the central database via the information agent.

2.2 Case-based Reasoning System

A Case-based reasoning system is compaosed of 4 dfferent stages: retrieval, reuse,
review and retain. The cae based reasoning system obtains data from a case-base that
contains information about the student’s badground and acalemic records. A CBR
system is a gyclicd problem solving reasoning mechanism in which the four steps
mentioned above ae run sequentialy [9, 10].

In this case, during the retrieval stages the badkground and acalemic record o the
student asking for advice ae compared with the caes gored in the cae base. K-
neaest neighbour algorithms are used to seled the most similar cases. The cases,
which are most similar to the new case, are seleded. The Euclidean distance between
the retrieved cases and the problem case is used to refine the initial seledion of cases
and a number of subjeds are initially recommended, during the reuse step. This initial
adviceis reviewed before it is ®nt badk to the student. During the review stage the
badkground of the student and his’her personal aptitudes are mmpared with feaures
of the recommended subjeds sich as. degree of complexity, orientation (pradicd,
theoreticd or both), reguirement of knowledge of foreign langueges, neel for
programming skill s, knowledge of different hardware (PC, Workstation, Madkintosh),



etc. The outcome of the review processis the set of subjeds that are recommended to
the student.

Leaning is achieved when the student is evaluated after attending the recommended
subjeds. The marks obtained in the subjeds sow the students performance ad
ultimately the dfediveness of the alvising mecdhanism. The outcome is used to
eliminate or modify cases and to prune the cae base. If the CBR does not have caes
that match the charaderistics of a particular student; the advisory agent communicates
it to a predefined ledurer who studies the case and advises the student.

2.3 Seguence of Operation

Ledurers and students can contad their correspondent teadier or student agent
generator and apply for a personal agent. The communicaion between ledurers and
students with the teader or student agent generator is caried out via Java gplets.
Ledurers who are teading one or more subjeds introduce information about the
subjeds that they are teading Viatheir asociated assstant. Thisinformation is gored
in a cetralised database and recmvered by the alvisory agents when required. The
students introduce dso information related to their badground, areas of interest and
acalemic adievements. They introduce this information to the database via their
student asdstants. Both Ledurers and Students communicae with their asdstant
agents via Java Applets.

When a student is interested in advice it is communicaed to his’her persona
student assstant. The student asgstant sends a request for adviceto the arresponding
advisory agent and this agent sends badk the alvice The fadlitators (contad agents)
asciated to eat student agent establish the ommunicaion between the agents. If
the Advisory agent is not capable of providing a reasonable answer, becaise there ae
either contradictory or not sufficient cases in its case-base, the alvising agents
communicates with a predefined ledurer (ead group of students has assgned a tutor
ledurer), and the ledurer will study the individual case and send the alvice to the
student. Student and lecturers can also contad ead other to arrange meding between
them using the mechanisms provided by the multi -agent system.

2.4 Agents Communication
Several communicaion paths can be stabili sed between agents:

e Sudent < Student assistant
The students contad, via Java gplets, their Student Agents when they require
advice Then the ayents reply with the alvice

e Sudent assistant = Facilitator = Advisory Agent
The Student Agent sends a message to the Advisory Agent asking for advice
via the fadlit ator, and the Advisory Agent replies with the alvice, also viathe
fadlit ator.



*  Teacher assistant < Lecturer
The Teader Agent informs the ledurer that the Advisory Agent can not
provide alvise, then the ledurer studies the particular case and provides the
advice to his’her corresponding personal agent. The ledurers communicate
with their agents using Java gplets.

e Sudent assistant = Facilitator - Teacher assistant
The Teader Agent sends the alvice (provided by the ledurer) to the Student
Agent.

The language used, in the MAA'S system, for the communication between agentsis
the KQML [5, 11]. This language is based in a transport model of point-to-point
message passng.

3 Communication between agents using facilitators

There ae many different types of multi-agent system architedure [7]. Each of the
Architedures described in the literature models the MAS from a different point of
view depending on the badground of the reseachers working in the projed, the
problem to solve and the type of todls used to develop the system. In our case the
MAS has been built foll owing threesteps:

* Defining the tasks to perform by the system.

e Grouping together and conceptualising as Agents the dements and tasks
with strong relationships.

*  Defininga ommunication mecdanism between agents.

To guaranty a successul communication model it was intended to creae asimple
medhanism that fadlit ates the dimination and incorporation of agents to the system.
Fadlit ators were used to control the information flow in the multi-agent advisory
system because they can fadlit ate the communicaion between agents even if they are
heterogeneous. Fadlit ators maintain information about the other agents that form part
of the system. This information is basicdly the aldressin which to locate them, what
type of agents are, what information can receve and send (and how) and the state of
the agent (adive, inadive or waiting for response).

In the present system agents have been implemented in Java, C and C++ and all of
them are installed on a PC, except the information agent, which functions within a
UNIX workstation and interads with an ORACLE database. The use of fadlit ators
has allowed the interoperability of components implemented in different computing
languages and ingtalled in different computer architedures. Java gplets alows the
communication between the @mponents of the systems and the users. Since
fadlit ators and agents use apredefined subset of KQML performatives it is also easy
to incorporate new components in the system. If such new component are
implemented using a different software or hardware achitedure than the achitedure
of the eisting agents, the design of a new fadlitator, which is ceapable of



communicating with the dready existing fadlit ators and with the new components,
shall be required. Then if new components need to be incorporated into the system it
can easly be done.

Student and Ledurer asdstants are associated to two fadlit ators to guaranty areliable
service becaise these cmmponents are spread in severa networks with heave
information traffic.

4 Conclusion

This architecure fadlitates the anstruction of distributed systems and makes it
possble to crede succesful multi-agent systems in a relatively simple manner. The
systems built following this model are dso flexible in the sense that they cen
automaticdly increase or dearease the number of agents that compase the system. This
model of interadion also fadlitates the communicaion and co-operation between
heterogeneous components of multi-agent systems. As sown in this paper, fadlit ators
offer the posshility of integrating components with different charaderistics
(implementation languages and exeaution environments).
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