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Abstract

In this paper, we analyze why and how formal on-
tologies and probability theories should be com-
bined and give an example of such a combination
in a spatial system.

1 Introduction

In the field of artificial intelligence, ontologies are basically
defined as a set of concepts and relations among them follow-
ing certain axiomatic rules that can give further information
about the semantics of the concepts and their relations. On-
tologies can be formalized in different sorts of logic, such as
DL, FOL, modal logic or spatial-temporal logic, therefore,
they differ in their expressiveness, decidability, and tools for
representation and reasoning support [7].

Uncertainty theories, such as Bayes theory [2], Dempster-
Shafer theory [6] or fuzzy set theory [8], define how to deal
with uncertain, insecure or vague knowledge. They provide
a representation formalism for uncertain information (usually
expressed by a value between 0 and 1) and reasoning strate-
gies.

There are only few approaches that try to combine on-
tologies and probability theories: The ontology language
OWL! can be extended by uncertain values that are based
on Bayesian networks shown in [1], a first exploration in [3]
combines OWL ontologies and the Dempster-Shafer theory,
and the more expressive language SWRL? has been extended
to represent fuzzy degrees [5]. While the first two approaches
are introducing specific concepts, that are meant to represent
the uncertain values, on a pure semantic level, the latter ap-
proach adds a fuzzy value to each class membership in order
to represent the fuzziness of the type of an instance.

In this paper, however, we would like to concentrate on
more general aspects of the combination of both theories. We
will point out why they should be combined at all and what
exactly should or should not be uncertain in the ontology.

2 Need for Combination
Ontologies in philosophy represent what is in the world, and
in a more specific view in Al they represent what is in the
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domain of the application. In both cases, they are designed in
order to represent strict but not uncertain information. That
an ontology reflects things that can exist, their attributes, re-
lations and dependencies, i.e., a meta-description of all con-
cepts, directly implies that there cannot exist uncertain values,
as everything is known because it is well-defined.

But this seems to be a drawback for concrete applications:
Within a real world system, different sources for uncertain or
vague information influence an agent’s knowledge base. It
can refer to incomplete knowledge about the environment of
an agent, as it might not have enough sensori-motor-activity
modules to explore all of its surroundings - and even if the
agent had enough exploration facilities, the measurements
could be wrong or imprecise. If the system can interact with
other agents and gets information from foreign resources, this
data might be unreliable and doubtful (again uncertain). Re-
sults of future plans, forthcoming events, or expectations of
executable actions are not always predictable and therefore
uncertain as well. Further sources of errors can be caused by
wrong reasoning or ontological representation.

In general, however, an agent benefits from accessing an
ontology as background knowledge of its domain. It provides
a formal representation of the world, defines possible condi-
tions, and gives a clear specification of any relevant term. But
the agent also has to store uncertain information about its cur-
rent knowledge. This strong intersection between ontological
and uncertain parts indicates the combination of both theo-
ries.

3 Considerations for Combination

As we have seen, there are basically two layers that make
up an agent’s knowledge: strict and well-defined background
knowledge and imprecise knowledge of a situation. In case
of an ontology this reflects the distinction between the TBox
and the ABox. The TBox stores terminological knowledge,
i.e. the statements, namely concepts and relations, about the
domain. The ABox stores assertions, i.e. the facts, namely
instantiations of concepts and relations, about the domain.
Therefore, the probability values of imprecise knowledge
should only affect the ABox of an ontology and not the TBox.
This distinction is illustrated in Fig. 1. Although the TBox
layer has to define the way probabilities are instantiated and
the concepts and properties that might be uncertain, the TBox
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Figure 1: Relationship between certain concepts in the TBox
and uncertain instances in the ABox

does not include probabilities itself. Such probabilities in-
stead can indicate either uncertainties about a class member-
ship of an instantiation or uncertainties about relations be-
tween instances. Accordingly, the instance of a class can ad-
ditionally be specified with a probability (depending on the
probability theory used), as well as the instance of a property,
because it indicates either an attributes or a relation between
instances. The representation of such an additional value is
similar to the approach in [5].

4 Example

An example of an application using an ontology together with
uncertain knowledge is a spatial system that has to perceive
and recognize its surrounding entities, interact with its en-
vironment, reason about the current situation, and perform
its tasks. Certain knowledge about this environment is given
in the ontology of the agent about types of objects that can
occur, about physical conditions, about possible actions, or
about spatial relations between objects and their linguistic ex-
pressions. Imprecise knowledge can result from insufficient
object recognition processes or wrongly measured distances,
on the one side, and reasoning under uncertainties as in case
of natural language interaction, on the other.

In the example shown in Fig. 2 an agent has to perform
spatial tasks and interact with its natural environment. It has
to determine spatial relations between several entities (item
A, B, C, and a human user, that have to be recognized as
well), not only with respect to quantitative distances but also
qualitative, linguistic descriptions in order to interact with the
user. These natural language expressions can differ in many
respects, as described in [4], and can also suffer from uncer-
tainty: While the relations between the agent and the entities
from the perspective of the agent can be generated directly,
the relations between two entities are not as clear. Such re-
lations depend on the perspective, i.e. from the viewpoint of
the user or from an intrinsic front of the entity or with respect
to a third entity, and they depend on further attributes, i.e.
certain entity types cannot act as a reference to other entities
when they differ in size, function, or other characteristics (it
is more common to say that “a mouse is to the right or left
of a laptop” than “a laptop is to the right/left of a mouse”; in
some specific cases this might be more applicable, though).

Therefore generation and processing of such expressions
have to be analyzed with respect to object types, perspectives,
aims, or user specific knowledge, and uncertain information
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Figure 2: An agent in a spatial environment surrounded by
other entities, arrows indicate spatial relations

can occur in any of these factors.

5 Conclusion

A lot of investigations on the combination between ontolo-
gies and probabilities still has to be done. In this paper, we
have pointed out some of their general considerations, which
parts of the ontology might actually be uncertain, and why
this combination should be developed at all. Future work will
have to address implementation aspects with respect to (edit-
ing) tools and reasoning support for such ontologies.
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