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ABSTRACT

In this paper we present a theory of referring. This theory is presented within the framework of
a general theory of speech acts and rationality advanced by Cohen and Levesque. Understanding
a speech act involves two tasks on the part of the hearer: recognition of the literal goal, and
recognition and satisfaction of identification constraints. We present a theory in which it is possible
to demonstrate that, if a referring expression is nttered nnder appropriate circuinstances, the literal
goal is achieved. Furthermore, the same theory can account for the fact that referring expressions
can be used under other circumstances to inform and make requests. This theory has application to
the design of a natural-language utterance planning system that formulates utterances to achieve

its goals.



1 Motivation and Preliminary Discussion

When two agents talk to each other, they had better both know what they are talking about. This,
we hasten to add, is not a condescending directive for nonexperts to keep quiet. It is rather a
general rationality constraint on the production of speech acts. Speech acts frequently mention
things: one may promise to return a book, request that a window be closed, assert that a certain
person is missing, and so on. But two rational agents can expect such speech acts to be successful
only if both know precisely what book, window, or person is being discussed. Thus, the problem

arises: how do speaker and hearer form an agreement as Lo which entities are being lalked aboul?

1.1 What is Referring?

Before we can present a theory of referring, it is necessary to specify what referring is. This is
a question that has occupied several generations of philosphers of language, nor is it likely that
anything close to a consensus will emerge in the forseeable future. For exainple, Donnellan [6] has
argued that using definite descriptions attributively does not constitute veferring at all, since in such
cases the speaker “does not have any particular object in mind.” For Searle [15], on the other hand,
there is no significant difference between the attribntive and the referential use, as far as referring
is concerned. It would be impractical for us to wait until the philosphical problen of reference is
resolved. Instead we select a philosoplical position that appears prowising as a foundation for onr
computational model. No harm is done as long as we remain aware of onr philosophical prejudices.

We therefore define referring from an intuitive standpoint as follows:

An agent is referring when lie has a. mental representation of what he believes to he
a particular object, and he intends the hearer to come to have a mental representation
of the same object, at least in part through the use of a noun plhrase that is intended

to be a linguistic representation of that object.

Note that, according to this definition, indefinite descriptions could function as referring expressions.

1.2 Internal and External Perspectives

In dealing with the problem of interpreting noun phrases, two perspectives may be distingnished.
One perspective is inlernal, the other eafernel with respect to the discourse. According to the
internal perspective, theorists seel: to provide constraints on the relations among noun phrases,
and they need not concern themselves with the question of determining what objects (if any)
correspond to these noun phrases. For example, a major Lheoretical task associated with the
internal perspective is determining constraints under which a pronoun or a definite description
may be anaphorically linked to other noun phrases. Within this framework, it makes littlc sense

to distinguish betweeen, say, “the student.” and “the average student,” as far as their potential for



binding pronouns is concerned. The question of whether there is a particular student in the real
world who is supposed to be identified by the hearer need not have much interest for a theorist
adopting the internal perspective. From the ezfernal perspective, on the other hand, the relation
(if there is any) between a particular object and a noun phrase is of prime importance.

The internal perspective is essential to understanding the syntax and semantics of natural
language. However, once we consider language as a wa,y for rational agents to achieve goals, the
external perspective becomes indispensable. After all, it makes a great deal of diflerence to an
agent who is attempting to achieve some goal through the use of languagé, to know whether the
hearer understands that he (the speaker) has a particular object in mind, and furthermore, whether
the hearer is able to identify it. Any system that combines linguistic and nonlinguistic actions, and
that is capable of cooperative beliavior, must be able to talk about objects. It must understand
when a noun phrase has a veferent in the real world and when it does not, when knowledge of the
referent is required and when it is not, when knowledge of the referent is presupposed and when it

should be actively sought.

1.3 Objectives of this Analysis

As a study in artificial intelligence, the ultimate goal of this research is the construction of an
intelligent agent that uses and understands natural language effectively. Of course, the cffective
planning and use of natural language sentences requives the effective planning and use of referring
expressions. In this paper we provide a competence theory of referring, i.e., we provide a theory
that states how a veferring expression is related to the beliefs and goals of the participants in a
discourse. As such it is a theory about agents — it constrains how they can be designed. but it
is not a design per se. In the KAMP utterance planning system [2], Appelt used axioms and a
_theorem prover to model the mental process of an agent planning utterances. The possibility of
constructing such a system hased on axioms of referring is an important motivation for this work.
Agents do not perform referring actions for their own sake. Referring is always subordinale to
some other goals the speaker may have concerning what the hearer should believe or do. Therefore,
a theory of reference has to be incorporated into a larger theory of speech acts and rational action.
Cohen and Levesque [5] have developed a speech act theory that is ideally suited to this enterprise.
A major objective of their research was to characterize illocutionary acts in terms ol what the
speaker and hearer mutually believe about each other’s mental states as a result of the action. We
adopt the same objective with respect to the act of referring.
Cohen and Levesque are able to demonstrate how an ntterance of a declarative sentence, for
example, can be taken as an assertion under one set of circuinstances, a promise under another set
of circumstances, or a request under still other circumstances. Similarly, we intend to show how

the utterance of a referring expression can be used to achieve different kinds of goals, depending



on its context of use.

In certain contexts, referring expressions have the effects of informing and requesting. Appelt
[2] observed that one way an utterance may satisfy multiple goals is by using a referring expression
to inform the thearer that some property holds of the intended referent. Thus, if a speaker points
to a tool on the table, and says “Use the wheelpuller to remove the flywheel,” the speaker can rely
upon the pointing action to enable the hearer to identify the referent of “(he wheelpuller,” while the
descriptive content of the referring expression serves to inform him that the tool is a wheelpuller.

Appelt’'s KAMP system was capable of planning referring expressions to satisfy multiple gba.ls.
However, according to the theory embodied in KAMP, the capability for referring expressions to
inform the hearer derived directly from the presupposition that the speaker believes his description
to be tnte of the referent. The analysis did not rest on Gricean intended recognition of intention, and
therefore, informing via a referring expression had fundamentally different effects from informing
via a declarative sentence — a distinction we now {eel is not well motivated empirically. In this
paper we intend to show that given the right theory of reference, the ability to inform using a
referring expression follows directly {rom it.

Colien [4] observes that in task oriented dialogues, hearers would respond to referring expressions
as though they were requests. They would search the area in front of them to determine what the
speaker was talking about, and confirm or deny their ability to find the referent even before the
speaker could finish his utterance. Cohen concludes thal referring is a specific instance of the
more general action of making a request, and this made the hypothesis of a separate category of
propositional acts of referring unnecessary. While we do not agree that all instances of Iv'el'erring are
actually instances of requesting, the possibility of nsing referring as requesting should follow from
a proper theory of reference. One of our objectives in this papers is to show that this conclusion
follows from a proper theory of reference as well.

A correct analysis of referring must also explain the role of the descriptive content of referring
expresstons. It is certainly possible for a hearer to figure out the correct referent even though the
speaker is wrong and his description is not true of the object he has in mind. A familiar example
is the case where the description “the man over there drinking a martini” is used while as a. matter
of fact the man is drinking water. A hearer may still be able to identify the right individual, and
therefore, the referring act may be successful even though the description was wrong.

Finally, one of onr objective in this paper is to eliminate what we call the standard name
assumplion. The simiplest way to haudle reference in langnage systems is to assmue that all objects
have standard names. If, for example, a screwdriver is one of the objects in the domain of discourse,
then under the standard name assunmiption, it is represented by some constant, say 57, which serves
as a standard name for the tool. If a speaker says “Tle screwdriver is broken,” referring to the
object nawmed 57, and the hearer believes “the object named 9, is broken,” then and only then is

the referring act successful. This is how referring has been implemented in most. natural language



systems, including Appelt’s KAMP [2].

There are, however, several difficulties with this approach. First, the assumption that all objects
have standard names is not plausible in complex situations where there are many objects, some
of which are not known to one of the agents. Second, the standard-name approach has some
epistemological consequences that are much too strong. For example, if a speaker has successfully
referred to the same object on two different occasions, then, under the standard-name assuniption,
it follows necessarily that the hearer knows it was the sanie object each time. But this is obviously
too strong a requirement for successful reference. Suppose that on two separate occasions a speaker
refers to a screwdriver, which the hearer picks up and uses for a particular task. Clearly, the referring
action is successful both times by any reasonable criterion, and the liearer’s knowledge that he has
actually mauipulated the very same object on hoth occasions is irrelevant. As will be shown later
on, in our model it is possible to discard the standard name assumption altogether.

QOur task, therefore, is to develop a theory of referring with five adequacy criteria in mind. In

particular, the theory should demoustrate:

1. How a suitably formulated version of the definition of referring given above follows from the

speaker’s nse of a noun plirase under the appropriate conditions.

2. How under the appropriate conditions, a referring expression has the same effect on the hearer

as informing him that the refereut satisfies the descriptive coutent of the referring expressiou.

3. How under the appropriate conditious, a referring expression has the same effect on the
Liearer as a request that he perform an action mutnally believed to be necessary for referent

identification.

-

4. How a referring act can succeed even though the hearer believes the description used is false

of the speaker’s intended referent.

W

. How the staudard name assumiption can be elhminated.

2 The Goals of Referring Acts

The view that the referring act is a planned ellort (o achieve certain goals by linguistic means
follows from the fact that referring is a specch aet: all speech acts are attempts to achieve certain
goals by linguistic means. However, referring acts differ significantly from illocutionary acts such

as asserting and requesting, along two different dimensions which we describe in turn.

Literal goals. In performing a speech act, a speaker may have many distinct goals. For example,
by saying “Tle Louse is on fire!”, a speaker may have the goals of informing the hearer that the

house is on fire, frightening the hearcr halfl to death, and making the hearer leave. Ounly the first
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goal, however, is what we call the literal goal.! Literal goals are the goals of Gricean communication
intentions, i.e., they are those goals that are intended to be achieved partly through recognition of
the intention to achieve them. Thanks to Austin, Grice, Searle, aud others, we have a fairly clear
notion of what the literal goals of illocutionary acts are. For example, the literal goal of a promise is
to let the hearer know that the speaker places himself under an obligation to do something. But it
is not as obvious what the literal goal of a referring act is. Using the definition of referring that we
have adopted, we take the literal goal of referring as making the hearer believe that it is mutually
believed by all participants that both speaker and hearer have respective mental representations of

the same object, and that a noun phrase is being used as a linguistic representation of that object.

Conditions of satisfaction. Illocutionary acts have propositional content, but referring actsl
do not. The propositional content of an illocutionary act determines what Searle [14] calls its
conditions of satisfaction: a request that the door be opened is satisfied if and only if someone
opens the door, and an assertion that the door is closed is satisfied (true) if and only if the door
is indeed closed. But since a referring act lacks propositional content, it is not obvious what its
conditions of satisfaction are.?

According to our theory of reference, the condition of satisfaction for a referring act is that
the hearer have “identified” the referent. What counts as “proper identification” changes {rom
discourse to discourse. For example, in “Replace this 300-ohm resistor,” the hearer is asked to
identify the referent in the sense of locating it in his visnal field. But in “Tell me what other
plays were written by the author of Hamlet,” visual identificatiou is clearly not required, although
the liearer is still expected to identi{ly the author of Hamlel in some other way. If the purpose of
the referring act is to establish mutual agreement as to which object is being talked about, then a
necessary condition for successful referring is that the hearer understand the ground rules governing
such concurrence. There is no simple way to state what such ground rules are, but they [ollow
from the propositional content of the illocutionary act itself, general knowledge about the discourse
situation and principles of rational hehavior. For example, it follows {rom a theory of action that, if
the speaker asks the hearer to pick up an object, the hearer can comply with the request only if he
can perceive the object that he is about to manipulate. This fact implies at least one constraint on
what the hearer must believe to have identified the referent: it must bhe something he can recognize
perceptually. Thesc ground rules, which change {from one utterance to another, must be arvived at

by analysis of what we call the pragmatic notion of referent identification.

"The term is taken from Kasher [9], by whom literal purposes are introduced. Our own use ol the Lerm, thongh,
is slightly different.

*Note that specifying Lthe conditions of satisfaction of a referring act is not the same as specifying its Niteral goal.
The literal goal of a specch acl and its conditions of satisfaction are usually distinct: I 1 tell yvon thal | wauni the
door closed and you understand me, the literal goal of myv request is achicved. But it is still up to you whether or

nol to satisfy my request.
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In summary, we have defined the literal goal and the conditions of satisfaction of referring
in terms of what the hearer is supposed to belicve and then do. The literel goal is to establish
mutual belief that a particular object is being talked about. The referring act is satisfied when
the hearer (1) knows the appropriate criteria for correct identification and (2) successfully satisfies

these criteria.

3 A Formal Model of Referring

We now present a formal model of referring which satisfies the objectives set forth in Section
1.3. This requires that we (1) define the concept of an individuating set, which is essential to onr
theory, (2) specily a formal language in which axioms relevant to referring can be stated, (3) state
the background assumptions of rationality upon which the theory rests, and (4) state axioms of

referring.

3.1 Individuating Sets

We propose a structure called an tndividuating set as the formal entity upon which our theory
of reference is based. Individuating sets are composed of intensional objects called intensional
object represeniations (IORs). A relationship of denotation can hold between each IOR and some
individual in the world. An individuating set for an agent 4 is a maximal set of IORs, all believed
by A4 to denote the same object. The set is mazimal in the sense that if any two IORs are
believed to be dencting the same object, they must belong to the same individuating set. The
IORs themselves are either perceptual IORSs, discourse IORs, or funclionel [ORs. Perceptual IORs
are mental representations of objects that result from perceptual acts (e.g., looking), and denote the
object perceived. Discourse IORs are mental representations of objects that result from referring
acts in discourse. Functional IORs are the values of functions whose arguments are also IORs. For
example, a function felher-of, may map JIORs denoting persons onto IORs denoting their fathers.

It is important to note that an individuating set is the result of an agent’s beliefs, not a mirror
ol what is actually the case. It is certainly possible to have an individuating set of tertus that do not
denote anything real (e.g., a child’s representation of Santa Claus). Moreover, an ageul may possess
two distinct individnating sets for one and the same object (e.g., Oedipus’s representatious of his
mother and his wife) or he may possess a single individuating set that, as a matter of fact, contains
two IORs denoting different objects (e.g., when an agent fails to distingnish between Reagan and
Regan). If all is well, and there actually is au object corresponding to all the terms in the set, we
say that the referent of the latter is that object. If all is not well, the individuating set has no
relcrent and the agent is simply mistaken or confused.

As we shall see, the individuating set makes it possible to state whal one agent wants another

to believe without stating the goal in terms of some common vocabulary of names. However,
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individuating sets are motivated independently by a number of considerations, of which we can
briefly mention only two. First, the concept of an individuating sets provides a solution to several
problems that are raised by the referential/attributive distinction [12,11,10]. Secoud, Memory
experiments [1,13] suggest that there are in fact structures in memory that encode the informmation

contained in what we call an individuating set.

3.2 Identification constraints

As noted earlier, “identification”, in the context of referring, is a pragmatic notion, not an epis-
temological one. Referent identification in conversation does not necessarly mean knowing who
(or what) the referent is. In general, the requirements for referent identification can be character-
ized in terms of constraints that apply to the relevant individuating sef. We call these constraints
identification constraints.

If a hearer is cooperative, he forms an individuating set corresponding to each referring expres-
sion that is used by the speaker. We shall see later on how this is done. In the meantime, let
I5 be the hearer’s individuating set that corresponds to the italicized referring expressions in the
following examples. Here is how different identification constraints can be expressed as coustraints

on the set I5:
Example 1 Take this chair to my ofiice.

In Example 1, the hearer should “identify” the chair in the sense of locating it in his visual field.
We can express this requirement as a constraint on IS5, namely, that it contain a perceptual TOR

resulting from a perceptual action taking place in the current or some future situation.

Example 2 A friend of mine has just wou $10,000 in a sweepstakes, but the fucky bastard will

probably gammble it all away.

Identification constraint: that 7.5 be “augmented” to include an IOR already introduced into the

discourse. “Identification™ here is simply making an anaphoric connectiou.
Example 3 The man whose fingerprints these are, whoever he is, must be insane.

Assume that the context of Example 3 is as follows. The speaker, investigating the gruesome murder
of Smith, has just found clear fingerprints on what he believes to be the murder weapon. The
speaker, of course, wishes to assert that whoever murdered poor Smith so brutally must be insane.
Hence the identification constraint is that 1.5 should contain the functional IOR corresponding to
the description “Smith’s murderer.” This example illustrates why we insist that identification as
the goal of the referring act is a pragmatic concept, rather than an epistemological one. Neither
speaker nor hearer in this case has any idea who murdered Smith, so they cannot identify hini in

any episteniological sense. Irom a pragmatic point of view, liowever, there is a clear dichotomy:



if the hearer makes the connection between “the man whose fingerprints these are” and “Smith’s

murderer,” he has identified the person the speaker is talking about. Otherwise he has not.
Example 4 I met an old friend of mine yesterday.

This is the case of the null set of ideutification constraints. IS contains a single discourse IOR
meaning sométhing like “whichever friend the speaker is talking about,” and this is sufficient for
pragmatic identification.

These examples show that the requiremnients for referent identification can be diverse indeed.

Nevertheless, they can all be represented as constraints on the IORs comprising individuating sets.

3.3 A Formal Language

If one is to state the axioms of a theory of veferring, then one needs a formal language in which to
state them. We present such a formal langnage here. Tle logic we use is a dynamic modal logic
of beliefs and goals whose semantics is very similar to Cohen’s and Levesque’s formal system [5].
We provide here a gloss of the various mocal operators, predicates, and functions reievant to the
theory of referring, and direct the reader desiving more information on tle logic and its semantics

to Cohen and Levesque’s article.

Modal Operators:
o Bel(4,P): agent 4 believes that P.
» MB(4,B,P): Aand B mutually believe P.
s Goal(A, P): agent A has goal P.

s After(E,P): after the occurrence of event £, P is true.

Predicates:
» Done(E): Event £ has just occurred.

o Holds(d,z): d is a predicate of oue argument, which is true of the individual a.

Terms and functions:
o Do(A,I): the event A’s performing an aclion of type E.
e ¢y;eq: the event ¢, followed lmmediately by the event es.

¢ p?: an event that terminales if and only if p is true (e.g., Done(p?; Do( Agent. Act)) means

that p was true immedialely prior to Agent’s doing Aet).



o {,: A shorthand notation for the time at which the utterance » occurred. It is assumed that

every situation has a discrete “time stamp.”

e cont(np): the descriptive content of np (2 noun phrase).

Individuating sets:

e The function A(a,?,cont(d)) maps agents, instances of time, and descriptive contents onto a
discourse IOR. This IOR represents for agent a whatever individual the utterer of 4 had in

mind when he used ¢ at time {. Note that ¢ may be either the speaker or the heaver.

e The function II(a,?,p) maps an agent, an instance of time, and a perceptual image onto a

perceptual IORs.
¢ The function 75(z) maps an IOR z onto the individuating set containing z.
» The function Ref(i) maps an individuating set ¢ onto its referent. That is:
if ¥z z € i D denote(z, z)

Ref(i) = { v

unde fined otherwise

¢ We shall use RefIS(z) as a simplified form of Ref(I5(z)).

3.4 Sincerity Helpfulness and Competence

There are a number of definitions and axioms, pertaining to a gencral theory of rational hehavior,
upon which rests both our theory of referring and Cohen and Levesque’s theory of speech acts.
Following Cohen and Levesque, we assume the following definitions of sincerity, helpfulness, and

competence.

Sincerity: A is sincere to I with respect to P if whenever A has the goal of B believing P, he

believes P himself. That is:
1 sincere( A, B, P) = (Goal(A,Bel{B, P))) D Bel(4, 7))
Helpfulness: A is helpful to B with respect to P if whenever /1 believes B’s goal is to get A to

bring about P, A adopts the goal P.

2 helpful(4, B, P} ¥ (Bel(4, Goal(B, Goal(4, P) D Goal(4, P))

Competence: A is competent with respect to P if, whenever A believes P, P is actually true.
!
3 competent(, P) e/ {Bel(A,P)D P)
We also assuimne a number of properties about goals, belief, and mutual helief, which are stated

in the appendix.
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3.5 Referring Goals and Their Satisfaction

A theory of natural language must contain {(among other things) a semantic component that assigns
possible semantic interpretations to utterances, and a theory of speech acts and rationality that
shows how uttering a sentence posessing certain features in the right circumstances is likely to
affect the participants’ mental states. We do not have much to say here about the semantic
component, except that we assume it provides an analysis of utterances similar to Kamp’s discourse
representation theory [8]. Such an analysis hypothesizes discourse entitites, and provides constraints
ou how noun phrases are related to each other. In particular, it identifies certain noun phrases as
potential referring expressions, which could be actual referring expressions if conditions oun the
mutual belief of the agents are satisfied in accordance with this theory of reference.

The following schema, which we call the referring schema is the cornerstone of our theory of
referring. This schema states what is true of the Learer’s beliefs about the speaker’s and hearer’s

beliefs as a result of using np as a referring expression.

4 Referring Schema:
MB(S, H, sentence(U) A constitnent-of( NP, U) A potential-vefexp(NP)) D
After(Do(S, Utter(S, U)),
Bel(H, MB(S, H,
Goal(S, Bel(H,
dz RellS(A(S, tu, cont(NFP))) ==z
Goal(S, Bel(H, Holds{cont(NP), ReflS(A(S, ., cont( N P11

The referring schema states that if the speaker and hearer mutually believe that U is a sentential
utterance and NP is both a constituent of U and a potential referring expression, then the speaker
has the goal that the hearer believe two things: (1} that the speaker has an individuating set
representing the individual corresponding to his utterance of NP, aud (2} that the speaker wants
the hearer to believe that the descriptive content of NP is true of the individual represented by his
individuating set.?

Moreover, if indeed it is mutually believed that the speaker has a particular object in mind when
lie uses thie noun plirase, it should also be mutually believed that the speaker intends the hearer to
have a vepresentation of that object. But in a typical Gricean fashion, once the hearer recognizes
this intention, he does have such a representation. For exawple, if 1 recognize vour intention that
I should have a vepresentation of whatever object you are talking about, then T do have such a
representation, namely “Whatever object you are talking about.” Thus we have what we call the

Activation Axiom:

a2 . . . . . .
“Somelimes reference may be successful cven though neither speaker nor hearer believe thal the description is true
of the referent (e.g. when irony is used}. However, in such cases, Lhe speaker is, in the sense hmplied by defiuition 1,

insincere.



b Activation Axiom:
MB(S, H, 3z RefIS(A(S,t,,cont(np))) =z) D
MB(S, H, RelIS(A(S, ty,cont(np))) = ReflIS(A(H,t,,cont(np)))})

Note that, if the consequent of (5) is satisfied, the speaker has succeeded in activating in the
hearer a mental representation of the object he {the speaker) has in mind, at least iu part throngh
the use of a noun phrase that is intended to be a linguistic representation of the same object. Since
this is the absolute minimum required for a felicitous referring act, we can define the act of referring
as the utterance of a noun phrase np by speaker § to hearer # at time 2,, with the goal being that

the following mutual belief must hold:
6 MB(S, H, 32 [RefIS(A(S,1,,cont(np))} = z A RefIS(A(H, 1, cont(np))) = z]

The goal of making (6) true is the literal goal of the referring act. For any relerring action, (6)
follows from the referring schema and the Activation Axiom provided that the hearer believes that
it is mutually believed that the speaker is sincere, and competent with respect to the propostion
that there is an individual represented by his individuating set.

Of course satisfaction of this literal goal is only the first step. Now the hearer is expected to
find out what the identification constraints are and whether the newly created individualing set
representing the refereut satisfies those constraints. It is impossible to say anything in general about
such consiraints because they depend ou the particular proposition that the speaker intends the
hearer to believe. Identifying constraints derive from a variety of sources, including the syntactic and
semantic properties ol the utterance, the discourse, or general world knowledge [3]. Once recognized,
however, they can be expressed in the logic as constraiuts on the relevant individuating set. For
example, if visual identification is requived, the identification constraint is that the individuating

set contains a perceptual IOR, which can be expressed as {ollows:
T 3(t >t Az 1M1, 2) € IS(A(MH 1, cont(np)))).

Statement (7) means that s individuating set must contain a perceptual IOR resulting from
a perceptual action occurring after the time of the utterance. 1I it is the case that (7) obtains,
jdentification is complete, and the referving act is successful. If not, then the hearer has to devise
an appropriate plan to bring about a situation in which (7) is true.

Of course, mere perception of the referent is not sufficient to satis{y the identification constraint.
The hearer must believe that the thing hie sees is the same as the object represented by the indi-
viduating set just introduced by the utterance. Although the exact process by which the hearer
goes about making this determination is beyoud the scope of this paper, it is safe to say thal the
cdescriptive content of the referring expression often plays an important role. Il the hearer helieves

that it is mutually believed that the speaker is sincere and competent with respect to his goals,
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and that he is sincere and competent with respect to the proposition that the referring description
holds of the referent, then it follows from the referring schema that the speaker and hearer mutually
believe that the description is true of the referent. This knowledge in turn is useful for identifying
the referent.

If the hearer does not believe the speaker is competent with respect to the veferring description
(perhaps lie believes that nothing satisfies the description), the identification constraints can still
be satisfied. Goodman [7] discusses iu detail a process by which identification can proceed in such
circuimstances.

Tlie appendix illustrates precisely how the recognition of the literal goal of a referring act and
the identification conditions follows from the referring schema, activation axiom, and Cohen and
Levesque’s schema for the effects of the utterance of an imperative sentence.

According to this analysis of referring, the satisfaction of the literal goal of referring does not
depend on the descriptive content of the referring expression. The descriptive content plays a role
only in the satisfaction of identification constraints, and because this can e carried out even if the
hearer does not believe the description, reference can succeed even if the spealker uses an “incorrect”

description.t

3.6 Referring as Informing and Requesting

Suppose that a speaker utters a referring expression with descriptive content d, a‘1‘1d that the hearer
is able to satisfy any relevant identification constraints independent of knowing the individuals of
which d may be true. If the hearer still assumes the speaker’s sincerity, and his competence with
respect to the propostion that d holds of the referent, then it follows from the Referring Schema

that the hearer believes that d holds of the referent. Thus, the conclusion that follows from (4) is

8 Bel(lI, MB(S, H,
Goal(5, Bel(H,
Goal(S, Bel(H, Holds(cont(NP), ReflIS(A(S, ty, cont(NP)))))N)),

which is precisely the belief that characterizes an informing action. An agent who is planning
utterances can exploit the independent satisfaction of identification constraints to inform the hearer
of properties of the referent through an appropriate choice of referring expression. In situations
in which identification constraints are minimal, one would predict that referring acts can subsume
informing acts very freely, and this does indeed seem to be the case, as evidenced by the equivalence
between “I met someone yesterday. He was an old friend from high school.” and “I met an old

friend from high school yesterday.”

"The descriptive content surely plays a role in recognizing that the noun phrase is a potential referring expression.
But as we have seen, once the noun phrase is taken as a polential referring expression, the descriptive content plays

no role in establishing that both speaker and hearer have mental representations of the same object.

13



This analysis of referring expressions also predicts situations in which a referring expression can
be taken as a request to perform an action associated with the satisfaction of the identification
constraints. As noted earlier (p. 4) Cohen argues that referring actions can be regarded as requests
that the hearer identify the referent. According to our analysis, reference in general does not
entail a request, because in situations iu which no identification constraints apply, or in which the
satisfaction of identification constraints follows from the speaker and hearer’s shared knowledge, the
hearer doesn’t have to do anything for the referring goal to be satisfied. However, in those situations
in which 1t is mutually believed that the satisfaction of the identification constraints necessarily
entails the performance of a particular action it follows from our analysis that the ntterance is in
fact a request to perform the identifying action. Suppose the speaker requests the hearer to replace
a certain object, and suppose that the conditions of sincerety, and compentence witl respect to the
existence of the referent are satisfied. Then the Referring Schema and the effects of the imperative

ntterance entail the following proposition:

9 Bel(H, MB(S, H,
Goal(S, Bel(H,
Goal(S, Goal(H, Done(Do(H, replace( A(S, Ly, cont(N PN

Now, if speaker and hearer mutually believe that in order for the liearer to get an object
replaced, he must look in a certain location L, then in any situation in which replacement has been
performed, it must be the case that an action of looking had been done. Therefore, the following
belief holds:

10 Bel(H, MB(S, H,
Goal(S, Bel(H,
Goal(S, Goal(Il, Done(Do(II, Look(1)))))))))

Note that 10 is precisely the belief that characterizes a request to perform the action required to
identify the referent visnally. In the task oriented domains examined by Colien, these assmuptions

obtain for the vast majority of the referring actions.

4 Conclusion

In this paper we have presented a formal model of referring. It has been shown thal referring,
like other speech acts, has a litere! gocl and criteria for success. Satisfaction of the literal goal
establishes mutual belief concerning the speaker’s intention to refer to a particular object. The
referring act succeeds when the object is identified correctly. '

An important feature of this analysis is that most of its parts are independently motivated. The

theory of speech acts and rationality was developed by Cohen and Levesque for reasons other than

L



accounting for referring actions; individila,ting sets are motivated independenly of this analysis, and
the referring schema can be justified independently of its role in showing how referring expressions
are used for requesting and informing.

Our model of referring itself depends essentially on two concepts: individuating sets, and iden-
tification consiraints. These concepts allow us to describe successful reference without requiring
that all objects have standard names or that agents should know these names. Using Cohen and
Levesque’s dynamic modal logic, we have formalized the referring goals and stated axioms that re-
late individuating sets to ntterances as well as to other actions performed by agents. Such axioms
could be utilized by language-processing systems for eitlier recognizing or planning speech acts that
involve referring expressions. Moreover, the incorporation a theory of referring into a general the-
ory of speech acts and rationality makes it possible to understand how referring and other speech
acts are related. In particular, we can explain how referring acts can be used to achieve multiple
goals — i.e., to refer and to provide information about a referent, or to refer and to request that

an identifying action be performed.
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Appendix

This appendix illustrates how the literal goal of referring and the identification constraints follow

from the axionis of reference and basic assumptions of the theory of speech acts and rationality.

Suppose S tells II under appropriate circimstances: “Please replace the 300-ohm resistor,” and let

Az.300Q2(2) be the descriptive content of the noun phrase “the 300 ohm resistor.” We show how

S’s referring goals are satisfied by showing how II’s belicfs and goals change after §'s utterance.

Elementary axioms. The following elementary propertics of goals, beliefs and mutual belief are

necessary for the derivation, and are assumed to he mutually belicved by the speaker and hearer.

11

Bel(A,Bel( 4, P)) D Bel(4, P)

12 Bel(A, P AQ) D (Bel(4, P) A Bel(4,Q))

13

(Bel(A, P D Q) A Bel(4, P)) O Bel(4,Q)

16



14 Goal(4,P AQ) D (Goal(A4, P) A Goal(4,Q))

15 Bel(4,Goal(4, P)) O Goal(4, P) |

16 (Goal(4, P(z)) A Bel(4,z = y)) D Goal(4, P(y))
17 (MB(S, H,P > Q) A MB(S, H, P)) D MB(S, H,Q)
18 After(E,P) D (Done(E) D P)

Because the propositional content of the request is needed to derive identification conditions,
we combine the Referring Schema with the axiom describing the effects of the utterance of an

imperative sentence given by Cohen and Levesque.

19 Referring within @ request:
MB(S, H, (dll preparatory conditions are satisfied)) D
After(Do(5, utter(S, “Please replace the 300-ohm resistor”)),
Bel{#f, MB(S, H, Goal($, Bel(H,
Jz ReflS(A(S, 1y, A2.300Q2R(2))) = 2) A
Goal(5,
Bel(H, Holds{Az.300Q B(2), RefIS(A(S, 1y, Ax.300QR(2)))) A
Goal(H, Done(Do(H, replace(RefIS(A(S,t,, Az 300QR(z)))NNNNN)

20 done(utter(S, “Please replace the 300-ohm resistor™) Assumption

Assuming that it is mutually believed that all preparatory conditions are satisfied we get:

21 Bel(H, MB(S, H, Goal(S, Bel(H,
Jz RefIS(A(S, 1y, Az 300Q R(2))) = 2)A
Goal(s,
Bel(l, Holds(Az.300Q R(x), RelIS(A(S, tu, Az.300Q.R(2)))) A
Goal(ll, Done{Do(J7, replace( RefIS(A(S, 1, Az.300Q.R(x)))))))))))) 20, 18, and 19

22 Bel(II . MB(S, H, Bel(S,
(3z RefIS(A(S, 1y, Ax.300QR(2))) = z) A
Goal(5,
Bel(lI, Holds(A2.300Q (2 ), RefIS(A(S, Ly, A2.300QR(2)))) A
Goal(H, Done(Do({ H, replace(RelIS(A(S, t,, Az 3002 R(2))))IN)INN)
21, 1(sincerity), 17, and 13

23 Bel(H, MB(S, H, ~
Bel(S, 3z RefIS(A(S, .., Ax.30000R(2))) = 5)))) 22,12,17, and 13
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24 Bel(H, MB(S, H,
Bel(S, Goal(S,
Bel(H, Holds(Az.300Q.R(z), RefIS(A(S, 1y, 22.300QR(2)))) A
Goal(H, Done(Do( H,replace(RefIS(A(S, 1y, Az.300QR(z)))))))))))
22,12,17, and 13.

25 Bel(H, MB(S, H, Goal(S,
Bel(H, Holds(Az.300Q R(z), RefIS(A(S, ty, Az.30002R(2)))) A
Goal(H, Done(Do( H, replace(ReflS(A(S,t,, Az.300QR(z)))))))))
24, 15, 17, and 13.

26 Bel(H, MB(S, H, Goal(S, Bel(H,
Holds{A2.300Q R(z), RefIS(A(S, 1y, Az.300QR(2))))))))
25, 14, 17, and 13.

27 Bel(H, MB(S, H, Goal(S, Goal(H,
Done(Do( H, replace(RefIS(A( S, ty, Az.300QR(2))))))))
25,14, 17, and 13.

28 Bel(H, MB(S, H, 3z RefIS(A(S,t,, Az.300QR(2))) = z))
. 23, 3(S’s competence), 17, and 13.

29 Bel(H, MB(S, H, RefIS(A(S, ., Az.300Q R())) = RefIS(A(H, tu, Az.3000 R(x)))))
28, 5( Activation Axiom), 17, 13.

Note that at this point, the literal goal of the referring act has been satisfied: if the hearer is right,
it is mutually believed that both spealker and hearer have a mental representation of the very sane

object.

30 Bel(H, MB(S, II, Goal(ll,
Done(Do( H,veplace(RelIS(A(S, t,, A2.300Q2(z)))))))))
27, 2(helpfulness), 17, and 13.

31 Bel(H,MB(S, U, Goal(H,
Done(Do(H, veplace(RefIS(A(H, 1., Az.300QR(2)))))))
30, 29, 16(substitution), 17, and 13.

Thus, H can assume that he is expected to replace the object determined by the newly created
individuating set. However, he still does not know which object it is. What is being presupposed,
at this point, is a theory of physical actions. Such a theory is likely to state that an executable
procedure for replacing anything requires that the agent perceives the object of the action. This

means that the individuating set must coutain a perceptual term:
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32 Va,¢(Do( A, replace(Ref(¢)))) = (323t Bel(A,11(A,1,2) € ¢)7;
Do( A, change(Ref(¢)))

Applying 32 to 31 we get 33:

33 Bel(H, MB(S, H, Goal(H,
Goal(H, Done(
(7323t Bel( H,1I(H,1, z) € RefIS(A(H, 1y, Az.300Q R(z)))));
Do(H, change(RefIS(A(H,1,, Az.300QR(x))))))) 32,31

Thus, the identification constraint on the individuating set is that it contain a perceptual term.
Since at this stage it does not, the hearer has to get one, i.e., perform1 a perceptual action, It
is tempting to say at this point that the hearer should ‘simply use the description “The 300-ohm
resistor” to locate the resistor and aquire the right perceptual term. However, this would be a
gross over simplification. Identification involves a host of assumptions about how accurate the
description is, how inaccuracies are corrected [7], how mutual belief about the properties of objects
in the scene is achieved, and so on. The actual satisfaction of identification constraints is an
extremely important area of research, and understanding it is crucial to both the planning and the
understanding of referring expressions. A discussion of these matters, however, is beyond the scope

of this paper.
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