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ABSTRACT
Although the syntax and semantics of mainstream agent content
languages are based on those of predicate logic, the popularity of
the Java programming language, the availability of various free
Java-based agent development toolkits and the use of frame-based
ontology modelling languages have meant that many developers of
multi-agent systems are accustomed to conceptualising their problem domain in terms of classes and objects.
This paper examines the current practice of referring to objects
within FIPA SL expressions using functional terms, with particular
focus on how well this corresponds to the semantics of the language. After concluding that this use of functional terms is not
correct, an extension to the syntax for identifying reference expressions is proposed. This notation allows objects to be referenced in
terms of their attribute values in a well defined way, while requiring
minimal change to current patterns of use.

1.

INTRODUCTION

Agent communication languages (ACLs) such as the Knowledge
Query and Manipulation Language (KQML) [6] and the Foundation for Intelligent Physical Agents (FIPA) ACL [7] are based on
the idea that “communication can be best modelled as the exchange
of declarative statements” [9]. Under this paradigm, agents send,
receive and reply to requests for services and information, with
the intent of the message specified by a performative (such as ‘inform’ or ‘request’) describing the way in which an inner content
expression should be interpreted. The content is encoded using a
declarative knowledge representation language such as the Knowledge Interchange Format (KIF) [10] or the FIPA Semantic Language (SL) [8]. In addition, the outer ACL expression references
one or more ‘ontologies’ that define the terminology used to denote
domain-specific concepts within the message content, and are assumed to be publicly available or at least known to both the sender
and receiver agents.
The content languages traditionally used in agent communication, such as KIF and FIPA SL, are based on the formalism of predicate logic. In this style of knowledge representation, domain entities are denoted by terms: constant symbols or compound terms
formed from function symbols applied to tuples of terms (the latter are known as functional terms in FIPA SL). Elementary facts
are represented by atomic statements formed from predicate symbols applied to tuples of terms, and these can be combined into
compound statements using connectives such as ‘and’ and ‘or’ and
quantifiers such as ‘for all’ and ‘there exists’. The content language
defines some ‘built-in’ constants, functions and predicates, and any
others used in any given content expression are assumed to be defined in an ontology.
Although the syntax and semantics of mainstream content lan-

guages are based on those of predicate logic, the popularity of the
Java programming language, the availability of various free Javabased agent development toolkits and the use of frame-based ontology modelling languages have meant that many developers of
multi-agent systems are accustomed to conceptualising their problem domain in terms of classes and objects. This observation has
led the present authors to investigate the development of objectoriented content languages and tools to support their use in agent
platforms [2–5]. Others in the FIPA and Agentcities communities
have made use of existing constructs in the FIPA SL language to
encode references to objects.
This paper examines the current practice of referring to objects
within FIPA SL expressions using functional terms, with particular
focus on how well this corresponds to the semantics of the language. After concluding that this use of functional terms is not
correct, an extension to the syntax for identifying reference expressions is proposed. This notation allows objects to be referenced in
terms of their attribute values in a well defined way.
Although our proposal requires only a minor change in syntax
when describing objects, the implications are significant. The current approach in the FIPA and Agentcities communities for referencing objects in terms of their attributes is based on an ad-hoc convention in which the sender’s intended meaning of functional terms
does not correspond to their logical semantics. This violates a key
design principal of high-level agent communication languages such
as FIPA ACL: the meaning of messages should be able to be determined based solely on their content, without consideration of any
representational shortcuts that the sender may have chosen to make.
Our proposal provides a way to retain this fundamental feature of
inter-agent messaging while requiring minimal change to current
patterns of use.

2. REFERENCING OBJECTS IN FIPA SL
2.1 Using Functional Terms
The FIPA SL specification includes a brief section discussing
the syntax of functional terms, and one example presented represents an object as a functional term where the class name is used
as a function symbol. This usage has become fairly common in
the FIPA community. For example, Willmott et al. [12] make use
of a FIPA  message having the following statement as the
message content:
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This message has the typical form of an answer to a FIPA # 
 message, which might have looked like this:
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In this request the agent is asking to know the identity of any entity
that satisfies the    predicate.
In fact, due to some subtleties in FIPA SL’s semantics for the 
operator, statement 1 cannot be used to answer this query because
a statement equating an  expression with another term or identifying reference expression can never be satisfied1 . We will therefore rewrite statement 1 in the following form before analysing it
further:
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(3)

where & is the set membership predicate and the  expression is FIPA SL’s standard way of referring to the set of all objects
that satisfy the given predicate.
In this statement, the inner   expression is syntactically a functional term, and this use of a class name as a function symbol is in
accordance with the example in the FIPA SL specification. This
seems a plausible use of a functional term to represent a domain
object because it is likely that there is a unique car object in the intended problem domain with the given attribute values. However,
the semantics of functional terms also demand that the following
term should have a denotation because functions in standard predicate logic are total:

 
   %
    
  '(
 ! (
In this term, the registration number is the same as in the original
example, but the other attributes are all different. Presumably the
intention of the ontology used for this representation is that the registration number should be a primary key for cars, and so the two
  objects cannot both exist. However, the semantics of functional terms do not reflect this—both   terms above must have a
denotation.
As another example, consider the following functional term where
!  is the name of a class modelled in an ontology:

!    )!
Potentially there could be many !  objects that could be referenced by this expression, as there is no requirement on ontologies that classes’ attributes should individually or collectively comprise keys that uniquely identify objects. However, the semantics
of functional terms require that every occurrence of a term with the
same function symbol and arguments must denote the same entity.
½

This is due to the use of a Skolem constant in the definition of
satisfaction for statements containing  expressions. Thanks to
an anonymous reviewer for pointing out this problem.

The conclusion that this analysis brings us to is that functional
terms are not appropriate for referring to objects, except in the very
restricted situation where there exists a unique object for every possible assignment of values to each attribute.

2.2 An Ontology for Describing Objects
Botelho et al. [1] discuss an approach for bridging the gap between object-oriented and propositional representations. In particular, they define two symbols: a predicate    that can be
used to state that an entity is an instance of a given class, and a
function %  that takes an object and an attribute name as arguments and returns the value of that attribute for the given object.
This can be considered to be a simple ontology for describing objects (although it was not presented as such).
Botelho et al. use this ‘ontology’ in conjunction with the functional term representation of objects that we criticised above. However, their notation can also be used to avoid the need for this
type of functional term. For example, the following could be used
within an  message as a more meaningful alternative to
statement 3:
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2.3 Object-oriented definite descriptions
The notation above provides a way of referencing objects without using functional terms. However, it is, admittedly, rather verbose! In this paper we describe a possible extension to the syntax
for definite descriptions in FIPA SL that would allow the flawed
statement 3 to be rewritten as follows:
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The operators  ,  and  are used in FIPA SL to construct
“identifying reference expressions” (IREs)—expressions that refer
to an entity or set of entities in terms of properties that they satisfy (although the semantics allow for the possibility of there being
no objects satisfying those properties). The statement above uses a
proposed alternative syntax for an object-oriented IRE. In the following section the current forms of IREs in FIPA SL are described
along with an informal description of their semantics compared to
functional terms. Following this, a new object-oriented form of
IRE is proposed, together with a sketch of how it can be defined in
terms of an ontology for describing objects, such as that proposed
by Botelho et al.
Note that the statement above answers a #  (message 2)
that used one IRE (the  expression) by returning another, more
specific, IRE (the  expression). We do not consider this to be a
problem, and in fact this seems to be a normal pattern of interaction
in human conversation.

3.

IDENTIFYING REFERENCE
EXPRESSIONS

In principle, the ontologies known to two communicating agents
should allow the construction of terms that denote all entities in
their shared domain of discourse. However, it cannot be assumed
that both agents know the appropriate term to represent every entity
of interest2 . Therefore, it is necessary to provide a way for agents
to refer to entities by what is known about them, i.e. by describing them in terms of properties that they satisfy. This capability is
provided by FIPA SL’s identifying reference expressions (IRE).

3.1 Current Syntax and Semantics
In FIPA SL, the  operator can be used to bind a free variable
in a proposition, and the resulting expression is taken to be an alias
for the (supposedly unique) term that satisfies the proposition when
substituted for the bound variable. There are also operators 
and  that refer to some arbitrary, or (respectively) the set of all,
entities that satisfy a proposition.
The following is an example of an IRE, where we assume that
  is a predicate relating a person (the first argument) to
their biological father (the second argument):



  &&



This expression seems well defined at first glance, given that everyone has a unique father. However, this is based on the assumption
that the constant && denotes a person rather than (say) a rock, and
in an untyped logic this can’t be guaranteed simply from a syntactic
analysis of the expression. It is therefore possible that this expression does not have a denotation. In this situation, following the
work of Bertrand Russell [11], the expression is taken to be meaningless, as is any expression that contains it as a sub-expression.
A stronger demonstration of the potential meaninglessness of
IREs is given by the following example:



 

&&

Even if we assume that && denotes a person, it cannot be guaranteed that the expression has a denotation, because the  operator is intended to refer to a unique entity satisfying the proposition,
whereas Bob could have more than one child.
The possible lack of a denotation for an IRE (or at least one
formed using  or  ) is in contrast to the semantics of functional terms, which always have a (unique) denotation in standard
predicate logic. For example, it would be possible to include a
unary   function symbol in an ontology (allowing Bob’s father to be denoted by  &&), but a similar $ function
could only be used if the ontology were intended to model a society
that enforced a one-child policy.

3.2 Object-oriented IREs
Section 2.1 discussed how the semantics of functional terms mean
that (in most cases) they cannot be used to represent objects. In
particular, we need semantics that allow for the possibility that expressions that reference objects in terms of their attribute values
may be undefined. This is precisely the issue that the semantics
of IREs address (at least those using the  and  operators).
We therefore propose that instead of using functional terms to refer
to objects, FIPA SL should be extended to allow an  ,  or
 operator to be followed by a class name and a list of attributes
¾

In fact, it cannot be assumed that the two agents’ world models
have the same denotation for every term, but exploring this issue is
beyond the scope of this paper

(written using the SL parameter notation) and their associated values, in order to refer to the/any/all object(s) with the given attribute
values.
For example (adapting the functional term example from the
FIPA SL specification), a particular vehicle might be referred to
as follows (note that this example uses a different ontology from
the   example in Section 2.1):

 %
 $
  !$ ++
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   -, .  $
Note that there are two objects referred to in this example, and all
that is needed to convert this expression from its analogue in current
practice (where it would be represented as two nested functional
terms) into this form is the addition of two  symbols.
The semantics for this can be defined in terms of a translation
into a more complex expression using the existing SL syntax and
an ontology for describing objects such as the one described above:
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4. CONCLUSION
This paper has investigated the use of object-oriented ontologies
in conjunction with the use of logic-based content languages. In
particular, the current practice of referring to objects within FIPA
SL content expressions using functional terms was examined and
found not to correspond with the semantics of the language. An
extension to FIPA SL’s syntax for identifying reference expressions
was proposed, which allows objects to be described in terms of
their attribute values without the semantic problems associated with
current practice. This notation will allow FIPA agent developers
to refer to objects in a well defined way while requiring minimal
change to their current patterns of use.
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