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Abstract

In this paper we propose an approach used
to design an interoperable environment for
distributed and heterogeneous systems. To
overcome such constraints, we suggest to
develop software agent-oriented frameworks
which provide users with relevant and up-to-
date data from such systems. We present an
application of this approach to the SIGAL
project in which we are developing an inter-
operable environment for georeferenced digital
libraries.

1 Introduction

With the growing number of information technolo-
gies, modern organizations tend to be more and more
based on disconnected sets of operational systems, that
evolve in distributed and heterogeneous environments.
In this context and considering the increasing needs of
organizations, sharing informational resources has be-
come important. Furthermore, to remain competitive,
such organizations have to interconnect their systems
in order to provide users with relevant and up-to-date
data. The capability of interaction of multiple dis-
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tributed and heterogeneous systems is called Interop-
erability.

There exists a number of studies in the field of sys-
tems interoperability, in particular those conducted
by the Object Management Group (OMG) [OHE96].
OMG aims at applying object-oriented technology to
distributed contexts, by suggesting a communication
infrastructure called Common Object Request Broker
Architecture (CORBA). In fact, OMG’s objective is
to set up an object-oriented client/server architecture.
When several objects populate the same software en-
vironment, the authors in [CP95] propose to integrate
them within a framework. An object-oriented frame-
work is an organized environment for running a collec-
tion of objects. However, it is not easy for designers to
develop such frameworks and to monitor their evolu-
tion. Therefore, our work aims at providing guidelines
for designing frameworks [MM97a].

An interoperable environment has to make local
systems interoperate while remaining autonomous and
independent from each other. To this end, we propose
to introduce several specialized components called
software agents [Nwa96] which are the front-ends of
the interconnected systems and have the capabilities
to act on their behalf. Furthermore, software agents
can assist users in the accomplishment of their tasks,
collaborate with each other to jointly solve different
problems, and answer users’ needs. In order to en-
able these software agents to cooperate, we suggest to
gather them into teams which will build up software
agent-oriented frameworks [MM97b]. In this paper, we
present how software agent-oriented frameworks can
be used to set up an interoperable environment, which
will provide Intelligent Access to Heterogeneous and
Distributed Systems.

Our research on software agent-oriented framework



is applied to the SIGAL' project, in which we are de-
veloping an interoperable environment for Georefer-
enced Digital Libraries (GDL). A GDL is an informa-
tion base describing geodocumentary resources avail-
able in an organization. Currently, each GDL is char-
acterized by its own informational content, its own pre-
sentation formats, and its own processing functions.
Therefore, it is difficult to access concurrently several
GDLs in order to answer users’ needs. As a solu-
tion, we are developing an interoperable environment
of GDLs based on software agent-oriented frameworks
[MMO7a].

The paper is organized as follows. Section 1 pro-
poses an overview of interoperability issues. Section 2
presents the basic notions of software agents-oriented
frameworks. Section 3 provides a description of GDLs.
Section 4 presents the main characteristics of the SI-
GAL environment. Section 5 summarizes the points
brought out by our study.

2 A Software Agent-Oriented Frame-
work

Designing software agent-oriented frameworks is a re-
cursive activity that is applied in its turn to frame-
works, teams of agents, and software agents.

A software agent-oriented framework (Fig. 1) offers
a set of services that can be requested either by users
or by other frameworks [MM97b]. A framework is an
environment composed of a framework supervisor and
one or several teams of software agents. The services
provided by a framework are performed by different
agent teams set up by the framework. These teams
are composed of agents selected from a bank of soft-
ware agents. This bank contains several agents having
different functionalities which depend on the applica-
tion to be developed and on the characteristics of the
systems to be interconnected.

Teams of agents are structured in different ways ac-
cording to their responsibilities in the framework. A
team is also characterized by a team supervisor and a
set of roles that agents must fulfill according to their
capabilities [MM97a].

Services provided by a framework satisfy specific
users’ needs such as information search across dis-
tributed and heterogeneous systems. When a service
is invoked by a user, the framework’s supervisor agent
activates a realization scenario [MM97b], which speci-
fies the functional and structural characteristics of the

1t stands for ”Systeme d’Information Géographique et
Agent Logiciel” (Software Agent and Geographic Information
Systems). It is a project jointly undertaken by the Computer
Science Department and the Research Center on Geomatics at
Laval University.
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Figure 1: Representation of the Software Agent-
Oriented Framework Concept

teams of agents that will perform the various opera-
tions required to carry out the service.

A realization scenario is composed of the following
elements: software agents’ types and roles, schedul-
ing sequences indicating in which order agents should
perform their plans, the list of internal and/or exter-
nal information resources which provide knowledge re-
quired by the agents to achieve their operations, and
finally an evaluation procedure used to monitor the
operations of various agents.

3 An Overview of Georeferenced Digi-
tal Libraries

Within an organization that manages spatially ref-
erenced data, several types of documents are used
to describe the presence and the nature of these
data. Such documents include topographic maps,
cover maps, aerial photographs, satellite remote sens-
ing images, etc. Managing such documents is a com-
plex task; each one is characterized by its own scale,
content, quality, sources, and format. Hence, GDLs
can be very useful and helpful. GDLs can improve
knowledge of the nature of data, identify the responsi-
bility of ”who does what, when, and how”, and inform
about the physical location of the documents.

Currently, users are accustomed to use GDLs inde-
pendently from each other. Yet, a more complex task
is to combine different GDLs to fulfill their needs. This
new reality claims for new alternatives for GDLs inter-
operability.

If a person visits the several available GDLs, she
will easily notice that [PBLM97]:

1. the content of the GDLs differs from one to an-
other;

2. the data standards are different, if not absent;

3. different words are used to represent the same con-
cept and wvice versa,

4. the user interfaces always differ; etc.



All these differentiating elements would need that
users adapt to each GDL’s requirements and under-
stand their different information and structural char-
acteristics; which is an impossible task.

4 Presentation of the SIGAL environ-
ment

In this section, we describe the major characteristics
of the SIGAL environment, in terms of architecture,
frameworks, agents, and services. We also describe
the knowledge used by the SIGAL’s components and
an implementation of this environment.

4.1 SIGAL’s Architecture

Before elaborating the SIGAL environment, we exam-
ined several issues such as the distribution of GDLs,
their access rights, communication support channels
(local and/or wide-area networks) and similar stud-
ies in the field of information systems interoperability
[Hsu96, Ker97, PSS92].

Based on these considerations, we proposed an in-
teroperable multiframework architecture for the SIGAL
environment [MM97b]. This architecture (Fig. 2) is
characterized by the use of a client/server approach,
by the introduction of the technique of mirror sites, by
the proposition of three types of frameworks (server,
client, and local-source), and, finally, by the creation
of client frameworks by the server frameworks, when-
ever it is necessary.
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Figure 2: Multiframework Architecture of the SIGAL
Environment

By analogy to integration shells [BMCd97] or in-

formation agents [SDP196], the local-source frame-
works maintain the autonomy and the independence
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of the GDLs in the interoperable environment SI-
GAL. Therefore, local-source frameworks interface
with GDLs using communication networks, and pro-
cess the data requests sent by the client frameworks.

The server framework is the backbone of the SIGAL
environment; it monitors all the operations needed to
support the services offered to the users and to other
frameworks. To avoid overloading the server frame-
work, we suggested to duplicate it on mirror sites.
However, in such a situation, it is important to main-
tain the coherence of the common information between
the server frameworks.

When users need information from several dis-
tributed and heterogeneous GDLs (which means an
intelligent access to these GDLs), they invoke rele-
vant services from the server framework. The invo-
cation of such services initiates the creation of a client
framework on the user’s machine [MM97b]. The server
framework delegates operations to the client frame-
work and limits its involvement to the monitoring of
these operations. Once all operations are completed,
the client framework can either be deleted or stored
for later use.

Two categories of services are offered by the SIGAL
environment; i.e., the server frameworks [MM97b]:

1. User services correspond to user query process-
ing, that fulfill needs involving several GDLs. The
user formulates his information query indepen-
dently from the distribution and heterogeneity
constraints of the GDLs.

2. SIGAL services support insertion or deletion of a
GDL, as well as the modification of GDLs’ infor-
mational content.

Based on SIGAL’s architecture and on the ser-
vices offered by SIGAL environment, different types
of agents are identified [MM97b]:  Coordinator-
Agent, Domain-Agent, Help-Agent, Interaction-Agent,
Interface-Agent, Knowledge-Agent, Learning-Agent,
Resolution-Agent, and Scenario-Agent. In this paper,
we explain some of them.

1. Domain-Agent: it resolves knowledge disparities
among GDLs by using the common knowledge of
the Ontology Base.

2. Interface-Agent: it assists users in specifying their
needs by proposing a set of formulation patterns.

3. Knowledge-Agent: it knows the protocols through
which a GDL accepts requests and provides back
information. This agent also monitors informa-
tional updates occurring in the GDL.

4. Resolution-Agent: it processes user’s queries. The
resolution process may require the decomposition



of a query into sub-queries, each of which is sent
to the appropriate GDL.

4.2 SIGAL’s Frameworks

The SIGAL environment uses three types of frame-
works: server, client, and local-source. In what fol-
lows, we describe the local-source framework.

Each Local-source framework (Fig. 3) interfaces
with a GDL of the SIGAL environment. It is assigned
to a specific server framework in order to keep it in-
formed about the changes occurring in the informa-
tional content of the GDL. When such a change occurs,
the Domain-Agent of the server framework updates its
Ontology Base; these updates are then propagated to
the other mirror servers. This mechanism preserves
the coherence of the various copies of the Ontology
Base through the network. All update operations are
specified by update scenarios, that belong to SIGAL
services. A local-source framework also processes data
requests directed to its associated GDL.
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Figure 3: Local-source framework internal architecture

The local-source framework is made up of three
agents set in one team of agents (Coordinator, Interac-
tion, and Knowledge). The Coordinator-Agent sets the
other agents and monitors the operations performed
in the local-source framework. The Knowledge-Agent
interacts with the GDL in order to get the data re-
quested by the Resolution-Agents of the client frame-
work. This data is transmitted by the Interaction-
Agent, which allows the local-source framework to in-
teract with server and client frameworks.

4.3 SIGAL’s Ontology

When defining an ontology, we aim at resolving knowl-
edge disparities that may occur when heterogeneous
information sources must interact. By establishing an
ontology, we offer a common terminological basis for
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the various interconnected systems, hence reducing the
risks that users get inconsistent information.

In SIGAL, ontological disparities exist at different
levels. First, being generally developed in an indepen-
dent way, GDLs present disparities in the vocabulary
used to describe their data, which makes it difficult
for users to consult several GDLs simultaneously. Sec-
ond, current GDLs do not help users when formulat-
ing their requests. Moreover, a user has to express his
needs according to his own vocabulary and to his own
comprehension of the domain. Unfortunately, a user is
not always able to get the information he is searching
for, because GDLs cannot adapt to these terminolog-
ical differences (disparity between user’s ontology and
GDL’s ontology).

When defining the SIGAL’s ontology, we have used
the concept of meta-data [Hsu96], defined as data
which describes data of the analyzed domain. The de-
scription allows to specify the data structures, its do-
main values and its functional and semantic interpreta-
tions. We have developed a meta-data model (Fig. 4)
which provides a concise description of the informa-
tion manipulated by each GDL. This model is called
Ontology Base and is managed by the Domain-Agent
of the server framework.
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Figure 4: The Meta-Data Model of the SIGAL Envi-
ronment

The meta-data model is composed of meta-entities
and meta-associations. For example, the meta-
entity Entity describes all the existing entities in the
GDL data models. The meta-entity Rule identi-
fies semantic-equivalence links that exist between at-
tributes belonging to different GDLs. These equiva-
lence links are managed by the meta-association equi-
attr.



4.4 SIGAL’s User Query Processing

In an interoperable environment, a user’s query is usu-
ally decomposed into a set of sub-queries. Each one is
sent to the system which contains data required to sat-
isfy this query. The sub-queries and their syntactical
and semantical forms depend on the functional type of
systems to interoperate. Therefore, we propose the au-
tonomy and complementarity criteria, defining what is
the nature of the sub-queries to generate and how are
they related. These two criteria are defined as follows:

1. Autonomy criteria: local systems are independent
and do not need to cooperate. A sub-query, iden-
tical to the user query, is generated for every sys-
tem which is able to satisfy the query. Hence, the
sub-queries obtained from the query decomposi-
tion are semantically identical, but use different
concepts in their formulation.

2. Complementarity criteria: local systems are not
independent and need to exchange data. A sub-
query is generated for each system which con-
tains part of the information needed to satisfy
the query. Hence, the sub-queries are semanti-
cally different and use different concepts in their
formulation.

The SIGAL environment satisfies the autonomy crite-
ria.

In the SIGAL environment, a user query processing
is decomposed into four steps. The first step speci-
fies user’s needs by using the concepts of the ontology.
The next step identifies the needed GDLs according to
the autonomy criteria and provides with the adequate
sub-queries. The third step processes these sub-queries
by requesting data from their associated local-source
frameworks. The last step provides the user with an-
swers to his needs. All these steps particularly rely on
the knowledge of the Ontology Base, which considers
semantic disparities and implantation structures of the
concepts used by each GDL.

4.5 SIGAL’s Prototype

Our objective is to set up an interoperable environment
for GDLs. In order to reach this objective, we have
developed software agent-oriented frameworks and dis-
tributed them across a network. In order to manage
the evolution of these frameworks, we need communi-
cation protocols that enable us to specify messages and
data exchanges. Concerning messages, several proto-
cols are available such as Hypertext Transfer Protocol
(HTTP) and CORBA. For data exchanges, the mostly
used protocol is Microsoft’s Open Database Connec-
tivity (ODBC) driver. However, as a result of the rapid
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development of Internet and Intranet technologies, an-
other protocol has been suggested: the Java Database
Connectivity (JDBC) driver [PM96].

In the development of the SIGAL prototype, we
have used the Object Request Broker? (ORB) VisiBro-
ker for JAVA developed by Visigenic Company, JAVA
as a programming language (particularly, its applet
mechanisms), and the JDBC driver in order to connect
our several informational resources. We have imple-
mented the three types of frameworks which compose
a distributed system. Figure 5 illustrates the SIGAL
prototype. Currently, It is dedicated to the realization
of user services. The following are relevant aspects of
this prototype:

1. The client applet represents the client framework
and runs on the user’s computer. This applet,
which integrates the JDBC driver, is able to in-
voke the server framework services and to send
users’ queries to the local-source frameworks after
their specifications are obtained from the server
framework.

2. The server framework is developed on a Web site.
This framework uses the JDBC driver in order to
connect the Ontology Base.

3. The ORB VisiBroker for JAVA is used to estab-
lish communications between the client applets,
the server frameworks, and the local-source frame-
works.

4. Microsoft’s Access database system is used to
manage the Ontology Base.

User 1. Connecton o the server
2. Creation of the client framework Asener ramekorkon 2 Web i

4. Needed information for user
6. Creation of secondary teams

VisiBroker/JAVA

3. Access to the Ontology Base
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Figure 5: Prototype of the SIGAL Environment

2An ORB is a software that respects the conventions defined
by OMG for the development of an object-oriented distributed
system.



5 Summary

In this paper, we presented the major characteristics
of a software agent-oriented framework and its appli-
cation to the SIGAL project. A framework is made up
of teams of software agents, that are able to fulfill ser-
vices offered to users by the framework. These agent
teams can be set up in a unique framework or in several
frameworks leading in the latter case to the creation
of an interoperable multiframework environment.

A prototype for the SIGAL environment has been
developed and is still under improvement. The pro-
totype uses the JAVA language to specify framework
functionalities and the ORB VisiBroker for JAVA
to specify the behavior of the SIGAL environment’s
components (frameworks, teams, agents) during dis-
tributed operations.
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