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Abstract

The complexity and richness of geospatial data and the
difficulty of their representation create specific problems
for geographic information systems interoperability. This
paper proposes the creation of software components from
ontologies as a way to share knowledge and data. These
software components are derived from ontologies using an
object-oriented mapping. The translation of ontologies
into active information system components leads to
ontology-driven geographic information systems. The
combined use of diverse ontologies and multiple
inheritance leads to a discussion of implementation issues,
such as the use of Ontolingua as an ontology editor, and
CORBA, and Java as object platforms.

1. Introduction

Since AristotleÕs theory of substances (objects, things
and persons) and accidents (qualities, events and processes)
ontology has been used as the foundation for theories and
models of the world. Ontology use in Artificial
Intelligence (AI) was introduced in [1]. Current research on
ontology use can be found throughout the computer
science community, in areas such as computational
linguistics and database theory. It covers fields ranging
from knowledge engineering, information integration, and
object-oriented analysis to applications in medicine,
mechanical engineering, and Geographic Information
Systems.

A Geographic Information System (GIS) is a
"computer-based information system that enables capture,
modeling, manipulation, retrieval, analysis and
presentation of geographically referenced data" [2]. The
need to share geographic information is well documented
[3-5]. In the past, exchanging geographic information was
as simple as sending paper maps or raw data tapes through
the mail. Today, there is a huge amount of data gathered
about the Earth, computers throughout the world are

connected, and the use of GIS has become widespread.
Although spatial information systems have been
characterized as an integration tool, GIS interoperability is
far from being accomplished [6]. Research on
interoperability is motivated by the ever-increasing
heterogeneity of the computer world. Research on
integration of databases can be tracked back to the mid 80s
[7] and now interoperability is turning into an integration
science [8]. Heterogeneity research in GIS is not an
exception, but the complexity and richness of geographic
data and the difficulty of its representation raise specific
issues for interoperability. We suggest here that
sophisticated structures like ontologies are good candidates
for representing and abstracting geographic data.

The use of ontology in information system building is
thoroughly discussed in [9] and specifically in GIS
building in [10, 11]. Ontology playing a software
specification role was suggested as early as 1991 in [12].
Also in 1991, Nunes [13] pointed out that the first step to
build a next generation GIS would be the building of a
systematic collection and specification of geographic
entities, their properties and relations.  But philosophers
and software engineers have different point of views about
ontologies. Ontology as an engineering artifact describes a
certain reality with a specific vocabulary using a set of
assumptions regarding the intended meaning of the
vocabulary words. A particular system of categories that
reflects a specific view of the world is the philosophical
meaning of ontology [9]. Smith [14] notes that since
ontology for a philosopher is the science of being, of
what is, it is inappropriate to talk of a plurality of
ontologies as engineers do. To solve this problem Smith
suggests a terminological distinction between referent or
reality-based ontology (R-ontology) and elicited or
epistemological ontology (E-ontology). R-ontology is a
theory about how the whole universe is organized and
corresponds to the philosopher point of view. An E-
ontology fits the purposes of software engineers and
information scientists and is defined as a theory about how
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a given individual, group, language or science
conceptualizes a given domain.

The contribution of this paper is to show how the use
of ontologies in GIS development can enable knowledge
sharing and information integration beyond all the
advantages presented in [10, 11]. The proposed approach
provides dynamic and flexible information exchange and
allows partial integration of information when
completeness is impossible. The remainder of this paper
is organized as follows. Section 2 gives an overview of
knowledge sharing tools and a foundation for Ontology-
Driven Geographic Information Systems. Section 3
introduces characteristics of knowledge and data sharing in
GIS, describes the general structure of an ODGIS. Section
4 discusses implementation issues relating to translation
of ontologies, object platform, and databases. Section 5
presents conclusions and future work.

2. Related work

Knowledge acquisition and representation are the
foundation of AI systems. The cost of building knowledge
bases from scratch is high. Neches et al. [15] suggest that
it is difficult to lower this cost and it is better to focus
research on sharing the acquired knowledge. Sharing is the
only way to build qualitative bigger knowledge-based
systems because we can rely on previous labor and
experience. In this section we review work about tools
that support research on ontology building [16], how
information systems can be build using ontologies [9],
and importance of ontology use for GIS [10, 14].

2.1. Ontology and knowledge sharing

Gruber [16] addresses the problem of portability for
ontologies. Ontologies should be expressed in some
common formalism in order to be shared. The adopted
approach is to translate an ontology specified in a
standard, system-independent form into specific computer
language representations.

The language to specify the ontologies is called
Ontolingua. The syntax and semantics of Ontolingua
definitions are based on Knowledge Interchange Format
(KIF). KIF is a monotonic first-order predicate calculus
with a simple syntax and support for reasoning about
relations. The Ontolingua Server [17] extended Ontolingua
by providing explicit support for building ontological
modules and making an explicit separation between an
ontologyÕs presentation and representation. The
Ontolingua Server allows multiple users to collaborate in
ontology construction in a shared section. It also accepts
queries from remote applications. The translation strategy
implemented by Ontolingua allows the use of ontology in
the development and production phases of a system. The

use of an ontology, translated into an active information
system component leads to Ontology-Driven Information
Systems (ODIS) [9] and, in the specific case of GIS, leads
to what we call Ontology-Driven Geographic Information
Systems (ODGIS).

2.2. A foundation for ODGIS

Geographical entities are such complex objects that
only sophisticated structures such as ontologies can
represent or abstract them. [11] present the reasons for
building an ontology of geographic kinds. This will
enable the understanding of how different information
communities exchange geographic information. The study
of the ontology of geographic kinds highlights certain
characteristic types of distortions that are involved in our
cognitive relations to geographic phenomena. Geographic
information systems need to manipulate representations of
geographic entities, and ontological study of the
corresponding entity types, especially those at the basic
level, will provide default characteristics for such systems.
Entity types present in ontologies can be use to improve
the way data is exchanged either in the semantic or the
representation aspects. Furthermore, the ontology of the
geographic space, of the geographic objects and of the
phenomena of the geographic space is different from other
ontologies because topology and part-whole relations play
a major role in the geographic domain. Topology is
important because geographic objects prototypically can
be connected or contiguous, scattered or separated, closed
or open. A theory of part and whole, or mereology, is
important because geographic objects are typically
complex and have constituent parts [11]. [18] introduces
mereotopology, an alliance of topological methods with
the ontological theory of part and whole.

Frank [10] thinks that the use of ontologies will
contribute to better information systems by avoiding
problems that arise due to the lack of consistency. This is
pointed out by Kuhn [19] that asks for spatial information
theories that look toward GIS users instead of focusing on
implementation issues. Ontology use can also help GIS
move beyond the map metaphor that sees the geographic
world as layers of independent information that can be put
over one another. The several inadequacies of the map
metaphor are pointed out in [20]. Nunes [13] says that
GIS must evolve from the first conceptualizations of
geographic space that were mediated by maps. A map is
already a representation of the geographic world. Ontology
use can help to implement the real GIS that works with a
model of the world instead of being just automated maps
[21]. Using ontologies to build GIS applications can help
data integration and avoid problems such as inconsistency
between ad-hoc ontologies built into the system.
However, there is a gap between ontologies and software
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components. To allow transfer of knowledge from
ontologists (the specialists in the area of the application)
to software engineers it is necessary to focus on the
consistent part of an ontology instead of highlighting
differences between ontologies. It is also necessary to
exclude the historical and philosophical point of view.
Both the engineering and the cognitive views of the world
are necessary to produce the small theories that account for
the behavior of certain parts of reality. The first is
necessary to integrate engineering knowledge into the
system and the second to make it understandable to the
user at the interface [10]. Ontology plays an essential role
in the construction of GIS, since it allows the
establishment of correspondences and interrelations among
the different domains of spatial entities and relations [11].

Another important point is the definition of who the
producers and consumers of ontologies and of ontology-
driven information systems are. The concept of the
geospatial information community (GIC) as a group of
users that share a digital geographic information language
and spatial feature definitions was introduced in [3]. [22]
revised this concept considering a GIC as "a group of
spatial data producers and users who share an ontology of
real world phenomena". Guarino [9] agrees considering an
ontology as a particular knowledge base that describes
facts always true for a community of users. This revised
GIC concept is fundamental for ODGIS.

3. Data and knowledge sharing in GIS

The issue of exchanging data and knowledge among
GIS users is different from other information systems.
The location component in present in geographic
information is the basic difference. If we consider a
hierarchy of information communities and the
correspondent ontologies, reuse of data is done more
horizontally and reuse of knowledge is done vertically and
horizontally. It is more likely that a GIC needs data of
neighboring community than from a distant one.
Knowledge sharing is more likely to occur over this
vertical axis, through the action of user associations that
can gather information and specify high-level ontologies.
This kind of knowledge is easily transferable to
information communities all over this vertical axis.
ODGIS provide data and knowledge exchange allowing
upward and downward navigation through a hierarchy of
classes derived from ontologies.

3.1. Ontology-Driven GIS

ODGIS are built using software components derived
from diverse ontologies. These software components are
classes that can be used to develop new applications.
Being ontology-derived, these classes embed knowledge

extracted from ontologies. We present here how the
system is built and how it is used. The system
architecture for an ODGIS is shown elsewhere [23].

Representing geographic entities, either man made
features or natural differentiations on the surface of the
earth, is a complex task. As Smith [11] argues, they are
not merely located in space, they are tied intrinsically to
space. For instance, boundaries that seem simple can in
fact be very complex; an example is the contrast between
country boundaries, which can be somewhat fuzzy, and
land parcel limits whose boundaries are crisp. A user that
develops an application can make use of the accumulated
knowledge of experts that have specified an ontology of
boundaries instead of dealing with these complex issues.
The same is true for ontologies that deal with geometric
representations, land parcels, environmental studies. Users
can create new ontologies using the existing ones as a
source. The user can specialize an ontology by
substituting some of its members or can extend it through
the inclusion of new members or relations.

Once the ontologies are specified they can be translated
into software components. These components can be seen
as frameworks or interfaces. Classes should be provided to
perform the activities specified in the ontology. The
framework can be used in the conceptual phase of the
system. The classes and the framework are necessary to
develop applications. The framework comprises the whole
ontology and its component parts. The application
developer can combine classes from diverse ontologies and
create new classes that represent the user needs. This way,
a class that represents a land parcel for a specific city can
be built from Land parcel component specified in Urban
ontology, from polygon specified in Geometry ontology
and from crisp boundary specified in Boundary ontology.
So the real class is land parcel of city A, but it plays
many roles that together give the class its unique
characteristic.

The application developer can derive new classes, more
specific to the application, called user classes, which are
different from more generic ontology classes. The user
classes belong to the level of the application ontology.
Ontology classes belong to the level of top-level, domain,
or task ontologies[9]. Ontology classes are deferred classes
and user classes are effective classes [24] (Figure 1).
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Knowledge and data sharing is accomplished through
the use of classes or roles that belong to common
ontologies or through conversion of instances of classes
up and down in the ontology hierarchy.

We propose here two types of ontology integration.
First, before the generation of the translated components,
new ontologies can be composed through derivation of
existing ontologies or through the insertion of existing
ontology references into new ontologies. The second
option is to combine the translated components using
multiple inheritance to create new classes. The new class
plays many roles that correspond to classes used as
parents.

4. Implementation issues

We are suggesting here specific tools for
implementation. We know that these tools are not the
only solutions but we believe that evolution of ontology-
driven information systems will use similar tools or an
evolution of these same tools.

We use here the structural dimension suggested by [9]
when analyzing the impact of ontology on information
systems basic components: application programs,
databases and user interfaces. On the ODGIS approach the
application program will rely on classes derived from
ontologies. These classes can be as complex as an entire
ontology or as simple as a single ontology component.
The application developer is able to browse the ontology
that is the origin of these classes. The ontology browser
has multiple functions. First, during ontology
specification many users can compose an ontology at the
same time in a collaborative process. After the ontology
has been completed, it is used as an index of geographic
entities that are available to the users. These entries in the
ontologies point to features stored in spatial databases.

We give here a brief description of an ODGIS
architecture. The main components of the architecture are
the ontologies, the container, the data warehouses, and the

user interface. The architecture includes a coordinator that
integrates all other components. The coordinator is also in
charge of finding services on the network, and redirecting
them to the components. These services can include an
ontology-based search engine for geographic information,
a query language server, or a framework that can function
as a user interface with other embedded services. Such a
system deals with instances of classes called objects.
These objects are extracted from geographic databases and
carry data and operations. One of the most suitable
options for implementing interoperable objects or
components [25] that need to share both code and data
across a heterogeneous network is the use the
programming language Java  [26].

There are two options for implementing Java objects
from ontologies. First the objects can be generated from
ontologies specified in an ontology editor such as
Ontolingua, which has the ability to create CORBA IDL
headers from ontology components. A CORBA IDL
header is a skeleton of ontologies and its components,
which should be complemented by implementation code
written in Java. The second option is to generate Java
interfaces from an ontology editor that has this capability.
Since Ontolingua is not able to do this, it is necessary to
develop an ontology editor to do this kind of work or
implement an extension to Ontolingua enabling the
translation of ontologies into Java interfaces.

Ontolingua offers a flexible manipulation of
ontologies that allows inclusion of entire ontologies or of
only some references.  A CORBA Interface Definition
Language (IDL) [27] header file can be generated by
Ontolingua. A CORBA IDL is a skeleton of ontologies
and their components that should be complemented by
implementation code written in Java [28]. The resulting
components are geographic objects. The model for
implementing the geographic many-roled objects is
suggested in [29]. These objects can be extracted from an
object-oriented database that implements roles, such as
DOOR [30].

5. Conclusions and future work

This paper proposed the creation of software
components from ontologies as a way to share knowledge
and information in GIS. These software components were
derived from ontologies using an object-oriented mapping.
The translation of a geospatial ontology into an active
information system component leads to ontology-driven
geographic information systems (ODGIS).

The mapping of multiple ontologies to the system
classes was done through object-oriented techniques using
multiple inheritance. This kind of mapping allows partial
integration of information where completeness was
impossible. Objects with multiple roles helped the user to
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avoid the data overload. The extraction of certain roles of
selected classes leads to integration of information as
Wiederhold [31] pointed out, because we did not combine
sources, but selected results derived from them. This paper
has demonstrated that ODGIS can play an important role
in enabling information and knowledge sharing.

A further study should examine how to incorporate
approaches that allow composition of preexisting
independently developed ontologies as [32], where a
context algebra is proposed to compose diverse
ontologies, and the OBSERVER system [33-35], where
ontologies are matched using synonym, hyponym and
hypernym.

This is an early work and the translation of
sophisticated structures like ontologies into classes is a
delicate operation. Although systems like Ontolingua [17]
suggests that such a mapping can be the answer, further
study is necessary to clarify this matter.
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