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Belie! repars can be interpreted de o or de dicto, and we inves-
tigate the disambiguation of beliel reports as they appear in dis-
coure pnd narrative. In eadier work, representations for de re and
de dicto bellel repors wete presented, and the distinction be-
fween de re and de dicto belief reports was made solely on the
Basis of tholr representalions, This analysis is suffictent anly when
beltef reponts are considered in iselation. We need to consider more
compitcated boelfel structures, in addition to those presented sar-
fiee, in pedor fo sufficlently represent de re and de dicto belief re-
ports ag they appear in discourse and narative, Further, we cannot
meaningfully apply one, bt not the other, of the concepts de re
and de dicto to these more complicated belief structures, We ar-
giee that the concepls de reand de dicto do not apply 1o an sgent’s
copcepliual representation of her beliefs, but that they apply to the
utterance of a bellef report on s specific eocasion, A cognitive agent
interpiets a beliel report such as “5 beffeves that N is F." or =5
safd, W ots B dwhiere 5 and N are names or descriptions, and F s
an adfecitve) die dicto if she interprets it from N's perspective, and
she interprets i de reif she interpeets it from her own pesspective

[, IMTRODCTIONN

The branch of antificial intelligence (Al)and computer sci-
ence known as “knowledge representation” is concerned
with how to represent “knowledge of the application en-
vieenment ., . and knowledge of the intended audience
inacomputer system {(¢f. [5, p. 121, In this paper, we report
on current research that we are doing on the logical foun-
dations ol belief representation. The ultimate goal is the
construction of an Al system that can reason about the cog-
nitive states of intelligent agents. These agents include peo-
ple (e.g., the system’s users), other Al systems (e.g., inter-
acting ones), and itself (ci. [7, p. 9] The cognitive states
include goals, desires, hopes, and knowledge, in addition
to beliefs, Currently, we are concerned only with beliefs,
partly because belief plays a central logical and psycho-
logical role in the network of cognitive states, partly be-
cause itis in many ways simpler to analyze than other cog-
nitive states, and partly 1o be able to build on the large
philosophical and computational literature about belief.
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A. The Nature of Belief Representation

The sort of Al system that is of concern here s to be a
reasoning system whose database contains information
about the world and about various cognitive agents. In or-
der lor the system to learn more about these agents {and
the world}—to expand its “knowledge’ base—it should
contain information about their beliefs and be able 1o rea-
son about them, Such a database constitutes the beliefs of
the system about these agents and about their beliefs,

Since each of the agents Is in fact such a system ltsell,
each has beliefs about the beliefs of the others. Thus our
system must be able to represent {i.e,, have beliefs about)
beliefs about beliefs and to reason about these. Such beliefs
are called nested beliefs,

A belief-representation system must also be sensitive to
the intensionadity of belief and to the associated phenom-
enon of referential opacity. The intensionality of beliel puts
constraints on the system’s deduction mechanism, For in-
stance, given the system’s beliefs that an agent A believes
some proposition pand that p is logically equivalent to an-
other proposition g, the system should not infer that A be-
lieves g, in the absence of further information.

Maoreover, an agent can have inconsistent beliefs about
an abject. For instance, A might believe bath that the Eve-
ning Staris a planet and that the Morning Star is not a planet,
even though the Morning 5tar s the Evening Star. This can
happen as long as A does not believe that the Morning Star
is the Evening Star. In this case, A's “knowledge base” con-
tains twao items, one for the Morning Star, one for the Eve-
ning Star. Such items are intensional objects, and our Al
system must be able to deal with them.

Finally, if the system is to be considered as a cognitive
agent, and especially if it is to be used as a tool in under-
standing our belief-representation mechanisms, it ought to
interpret ordinary statements about belief, expressed in
igrammatical} natural language, the way humans do. Thus
wewould wanl the system to make reasonable or plausible
interpretations of users’ belief reports—based on such
things as subject matter and prior beliefs (including beliefs
about the user and the user’s beliefs)—and to modify its
initial representation as more information is received.

Itis important to represent beliefs in a knowledge rep-
resentation and reasoning system for several reasons. First,
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beliefs, as well as other cognitive attitudes (such as knowi-
edge), can play an evidentiary role. That is, one’s own be
liefs, as well as the beliefs of others, can be used as evidence
of premises for coming to believe propositions. As an ex-
ample, to decide whether | should believe p, | might reasan
as follows:

John believes q.

| believe what Jahn believes,

| believe that p is logically equivalent to q.
Therelore, | should believe p.

Thusifan Al systemis going to be able to increase and refine
its database—its “beliefs""—it ought to be able 1o represent
and reason about its own beliefs as well as those of its users.

Second, actions that are the results of conscious planning
are the end results of chains of reasaning that include be-
liets. An Al system (perhaps an intelligent robot) that would
be capable of performing actions, or even a system that
wauld be capable of recommending actions to its users,
would thus need to be able to represent and reason about
beliefs,

When a belief is a cause of a person's actions, we are not
only interested in what the person believes, but also in how
the person believes it That is, we are not anly interested
inathird-person characterization of the agent’s beliefs, but
also in the agent’s own characterization of those beliefs,
Thedistinction between these two ways of reporting beliefs
is captured by means of a distinction between de re and de
dicto belief representations. Thus an Al system that is ca-
pable of explaining or recommending behavior must be
able to distinguish between these two kinds of belief re-
ports by having two distinet means of representing them,
We describe these two kinds of belief reports in more de-
tail, below,

B. SNePs

As our knowledge representation and reasoning system,
we use SNePS, the Semantic Metwark Processing System
[10], [11]. A semantic netwaork consists of labeled nodes and
labeled directed arcs. SNeP$S networks are propositional
semantic networks in which the following conditions haold:

1) each node represents a unique concept;

2} each concept represented in the network is repre-
sented by a node;

3) each concept represented in the network js repre-
sented by a unique node;

4} arcs represent nonconceptual, binary, structural re-
lations between nodes;

3 the knowledge represented about each concept is
represented by the structure of the entire network
connected to the node representing the concept.

As an example of a SNePS network, consider the network
depicted in Fig. 1. Node m2 represents the propasition that
m3 is named ‘John’; node mé represents the propaosition
that m7 is named ‘Lucy'; and node m10 represents the prop-
osition that the person named ‘john’ believes that the per-
son named ‘Lucy’ is rich. Nodes with a LEX arc to a node
labeled with an English expression indicate that they are
expressed in English by that label (for more details, see
Maida and Shapiro [6] and Shapiro and Rapaport [11)).
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Fig. 1. 5MePS network for the solated de re beliel report
“lohn believes of Lucy that she is rich,”

Following Maida and Shapiro [6], nodes represent anly
intensions and not extensions. That is, they represent men-
tal entities, and not “objects in the world.” Further, if we
view SNeP5as a system for modeling the mind of acopnitive
agent, then all represented concepts are in the mind of the
cognitive agent. For the sake of clarity, we have named this
cognitive agent, "Cassie’ (for Cognitive Agent of the SNePs
System—an Intelligent Entity). Thus when Cassie fepre.
sents the beliets of someone else, what |3 representad i
Cassie’s representation of the beliefs of the other person,
not the other person’s actual beliefs.

C. Belief Spaces

The concept of befief spaces is central to the work pre-
sented here. A cognitive agent's belief space consists of the
propositions the agent belleves and the concepts that these
propositions are about. For example, if Cassie believes that
lahn believes that Lucy is rich, then that John believes thai
Lucy is rich is a belief that appears in Cassie’s belief space,
andthat Lucy is rich is a belief that appears in Cassie’s model
of John's belief space. Since we represent the mind of a sin-
gle agent—in our case Cassie—any other belief space that
we represent includes those beliefs that Cassie believes are
held by the other agent; it does not represent the other
agent's actual beliefs. We will sometimes call Cassie’s belief
space the ‘op-level belief space,” and we will call the belief
space of an agent who appears in Cassie’s belief space a
‘nested belief space,’

We represent belief spaces as follows: Cassie's belief
space includes all beliefs represented by nodes that are
either non-dominated (i.e., no arcs point to them) or that
are tagged by an explicit ‘asserted’ flag. The belief space of
2n agent 5 who appears in Cassie’s belief space includes
the beliefs that are OBJECT cases of AGENT-ACT. -ORJECT
propositions with S asthe AGENT case and Cassie’s con cept
of ‘believe’ as the ACT case. Thus, in Fig. 2, Cassie’s belief
space includes the beliefs represented by nodes m2 (that
m3 is named ‘john’), m8 (that m3 believes that m7 i< named
‘Lucy’), and m11 {that m3 believes that m7 is rich). The belief
space of the agent represented by node m3 includes both
of the beliefs represented by nodes mé (that m7 is named
‘Lucy’) and m10 (that m7 is rich). In Fig. 1, Cassie’s belief
space includes the beliefs represented by nodes m2 (that
m3is named ‘John’), mé (that m7 is named ‘Lucy’), and m10
{that m3 believes that m7 is rich). The belief space of the
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agent represented by node m3 only includes the belief rep-
resented by m9 (that m7 is rich).

As mentioned above, an individual's belief space also in-
cludes the concepts about which the individual has beliefs.
Itwill be useful to identify those concepts that an individual
has “direct’” beliefs about. If node m is pointed to by an arc
emanating from a node representing a belief in 5's belief
space, then we say that § has a direct belief about the con-
cepl represented by node m. In Fig. 2, for example, Cassie
has direct beliefs about the concepls represented by nodes
ml(Jahn’), m3 Jahn), m4 (the act of believingl, m6 (that m7
is named ‘Lucy’), and m10 (that m7 is rich), since they are
pointed to by nodes m2, m8, or m11, nodes that represent
beliefs. We will say that an agent's beliefs and the concepts
that the agent has direct beliefs about appeardirectly in the
agent’s belief space. Thus in Fig. 2, Cassie’s beliefs, rep.
resented by nodes m2, mi, and m11, and the concepts Cas-
sie has direct beliefs about, represented by nodes m1, m3,
md, mb, and m10, appear directly in Cassie's beliof space.
Note that a nede can appear directly in more than one belief
space. For example, if Cassie believes that John believes
that Lucy is rich (as in Fig. 2, node m11), then that Lucy is
rich im0} 1s a beliel that appears directly ina nested belief
space, and it is an object of a belief that appears directly in
the top-level belief space,

0 Names and Descriptions

MNames and descriptions of individuals are central to our
analysis of belief reports. We are aware of important dil-
{erences between names and descriptions, but for our pre-
sent purposes, they can be treated alike, as characteriza-
tions of individuals. Let N, 5, and W be characterizations
te., names or descriptions) of individuals. We represent
the concept of the individual who Cassie believes is named
'5,"if there is ane, by: (S Cassie), Similarly, (N 5 Cassie)
Is the concept of the individual who Cassie believes that (s
Cassle} believes is named "N, and (W N § Cassie) is the
concept of the individual who Cassie believes that (§ Cas.
sie) believes that (N 5 Cassiel believes is named W, and
soon, recursively. (N 5 Cassie) exists in the network,
then {5 Cassie) believes that (W § Cassie} is named *N':
henca, (W £ Casslel appears directly in {5 Cassiel's beliei
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Fig. 2. 5MNeP5 network for the isolated de dicto belief re-
port “lohn believes that Lucyis rich,” The box indicates that
m11 and mB have AGENT ares to m3 and ACT ares to md,
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space. Similarly, if (S Cassie) exists in the network, then
Cassie believes that(S Cassie)isnamed ‘S';andso(5 Cas-
sie} appears directly in Cassie's belief space. Thus for an
individual to appear directly in 5's belief space, il is suffj-
cient for there to be some characterization ‘N’ such that the
belief that the individual is named (or described by} ‘N’ ap-
pears in 5's belief space.

If (5 Cassie) exists in the netwark, then both, one, or
neither of (N 5 Cassiel and (N Cassie) may exist in the
network, and, if both of them do, they may ar may not rep-
resent cancepts of the same individual, However, to sim-
plify matters, we will assume that at most one individual
named or described by ‘N’ can appear in any single belief
space. Further, we restrict our attention to belief reports
suchas“Sbelievesthat Nis F" or “Ssaid, ‘Nis F*  * inwhich
"N refers to a concept that appears direct lyiniS Cassie)'s
and/or Cassie’s belief spaces, but not in some other nested
belief space,

E. The De Re/ De Dicto Distinction

We are now ready to explain the distinction between de
re and dedicto belief reports. Let us begin with an example:
Suppose that Ralph sees the person whom he knows ta be
the janitor stealing some government documents, and sup.
pase that, unknown to Ralph, the janitor has just won the
lottery. Then we can express Ralph’s belief through the de
dicto report, “Ralph believes that the janitor is a spy,” and
through the de re report “Ralph balieves of the lottery win-
ner that he is a spy.” If asked, Ralph would assent to the
propasition "The janitor is a spy’; but he merely believes of
the man who we know to be the lottery winner that he is
a spy—Ralph would not assent to The lattery winner is a
spy.’ The difference between the de re and de dicto reports
of Ralph’s belief is the characterization we choose in order
to reéfer to the janitor,

In general, the difference between a de dicto and a de re
report of 5%s belief that N is F lies in the characterization of
N that appears in the report. If the characterization is one
with which we agree, then the report is de re. If it is one
with which 5 agrees, then the report is de dicto. § would
nat necessarily agree with the characterization of N that
appears in a de re report, and we would not necassarily
agree with the characterization of N that appears in a de
dicto report. InFigs. 1and 2, this is captured by the absence
or presence of node mé in (S Cassie)'s belief space.

De dicto belief reports contain “referentially opagque’ but
“propositionally transparent” contexts, while de re belief
reports contain “referentially transparent” but “proposi-
tionally opaque” contexts [3]. A context is referentially
apaque if substitution of co-referential expressions into the
context does not preserve truth value, and it is referentially
transparent, otherwise. Consider the example just given:
even though ‘the janitor’ and ‘the lottery winner’ are co-
referential expressions, the second cannot be substituted
for the first in the de dicto report “Ralph believes that the
Janitor is a spy,” to yield the de dicto report “Ralph believes
that the lottery winner is a spy,” since Ralph does not know
that the janiter won the lottery, Therefore, the de dicta re-
port is referentially opaque. However, if the lottery winner
is named ‘Fred,” then ‘Fred’ can be substituted for ‘the |ot-
terywinner’in the de re report “Ralph believes of the lottery

1407




winner that he is a spy,” ta yield the de re report “Ralph
believes of Fred that heis a spy."” Therefore, the de re report
is referentially transparent.

On the other hand, a belief context is propositionally
transparent if it conveys the propositional content of the
beliefof which it is a report, and if the helieverwaould assent
to the report. It is propasitionally opague, otherwise. Re-
turning to our example, “Ralph believes that the janitor is
a spy,” is propositionally transparent, but the de re report
involving the characterization "the lottery winner’ is prop-
ositionally opaque,

f. Belief Repaorts and the Representation of Belief

In this paper, we are specifically concerned with the rep-
resentation of beliefs that Cassie acquires through her un-
derstanding of belief reports, and with the expression of
her beliels through belief reports. Such reports are ex-
pressed insentences, However, aur representations of Cas-
sle’s understanding of beliel reports are, {ollowing Maida
and Shapiro |6], representations of beliefs, rather than of
sentences. In this, we are closer in spirit to Schank and Rie-
per [12], who represent “conceptualizations,”” than we are
to Woods [13], who is concerned with representing the
meaning of sentences.

Moreover, we consider belief reports that appear within
the context of narrative and discourse, and not simply in
isolation. In Section 11, we show that an agent’s under.
standing of a belief report depends upan her prior beliefs,
and that her expression of a belief depends not only on the
belief she is expressing, but on other beliefs as well, Thus
in order to represent the beliefs that an agent acquires or
expresses through a belief report, we cannot consider just
the belief that is being acquired or expressed; we must also
consider some of the agent’s other belieis. These other be-
liefs, inturn, were formed or broughtinto focus as the agent
understood the previous utterances of the narrative or dis-
COourse.

. Farlier Research

In earlier work, Rapaport and Shapiro presented com-
putational analyses of de re and de dicta belief reports [8],
[9]. A belief report canonically expressed in the form “5 be-
lieves that N is F*' (where "N’ is a characterization, and *F’
is an adjective) was interpreted de dicto, i.e., ‘N’ referred
to (N 5 Cassie), and was represented by the network in
Fig. 2. A belief report canonically expressed in the form 5
believes of N that sthe is £ was interpreted de re, i.e., ‘W'
referredto{N Cassie), and was represented by the network
in Fig. 1." The difference between Figs. 1and 2 is that in Fig.
2,itis(5 Cassie)who believes that the person sthe believes
is F is named (or described by) 'N," and in Fig. 1, it is Cassie
herself who believes this.

The networks depicted in Figs. 1and 2 were the only rep-
resentations presented in the earlier analysis, and 3 belief
report could be identified as de re or de dicto on the basis
of which of these representations the report was generated

"Rapaport and Shapiro used canonical language so that their
analysis of the representation of belief reports was clear; they rec-
ognized that belief reports appearing in ordinary language need
1o be disambiguated on other grounds. We address the disam-
biguation of belief reports in Section IV, below,
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from or inta which the report was parsed. Thus unambig-
uous representations were provided for the two possible
interpretations of belief reports. in this paper, weargue that
this analysis of de re and de dicto beliel reports is sufficient
onlyin the artificial case when belief reports are considered
in isolation. When they are considered within the context
of narrative and discourse, and not justin isolation, we need
to consider more complicated belief structures, in addition
to those depicted in Figs. 1and 2. Further, we cannot mean-
ingfully apply one but not the other of the concepts de re
and de dicto 1o these more complicated netwaorks, We do
not suggest that the concepts de re and de dicto lose their
meaning when beliei reporis are considered within the
context of narrative or discourse, Rather, we shall argue that
de re and de dicta are not attributes of representations, as
they were understood to be in the earlier analysis, but are
ways ol understanding and expressing belief reports on spe-
cific occasions.

I, CHOOSING CHARACTERIZATIONS

In this section, we show that it is possible (or an agent
to express a de re beliel report from a belief that she ac-
quired through a de dicta belief repart, and vice versa, even
though the representation of the belief itself remains un-
changed, Aswe shall see, this can occur because an agent's
understanding or expression of a beliel report depends not
anly on the belief acquired or expressed, but upon other
beliefs as well,

As mentioned above, we represent Cassie’s beliefs about
other’s beliefs; we do not represent the actual beliefs of any
other agent. Within this framewaork, a de dicto belief report
of Cassie’s belief that {John  Cassie) believes that Lucy is
rich contains a characterization of Lucy that Cassie believes
(lohn Cassielwould agree with, but not that Cassie hersel(
necessarily agrees with. A de re report of such a belief con-
tains a characterization of Lucy that Cassie agrees with, but
not that Cassie necessarily believes {John Cassie) would
agree with.

Thus the difference between a de re and a de dicto belief
repart 1s 1o be found in Cassie’s characterizations of in-
dividuals, and her representations of others' characteriza-
tions of individuals.

A belief is represented in a propositional semantic net-
work such as SNeP5 by a node with certain kinds of arcs
pointing to other nodes. Typically, some of these nodes ex-
isted in the network prior to the acquisition of the belief,
For example, if Cassie acquires a belief that John believes
that Lucy is rich, Cassie’s belief is represented by a node
which relates the nodes representing John, the act of be-
lieving, and the proposition that Lucy is rich; the node rep-
resenting this proposition itself relates the nodes repre-
senting Lucy and the property of being rich. There is a
constraint in SNeP3S that new concepts are formed only if
they were not previously represented in the network (this
follows from SNePS principle 3). Thus any of the concepts
in Cassie’s belief space may have existed in the network
prior to the acquisition of the belief, or they may have been
formed as a result of the acquisition of the belief,

Aconcept is represented in 5MePS by a single node (this
follows from SNePS principles 1, 2, and 3). However, there
i5 no limit to the number of beliefs Cassie can acquire about
a concept, For many of the uses Cassie makes of a concept,
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she must access some knowledge or belief she has abaut
that concept; i.e., she must think something about it. Con-
sider Cassie’s belief that John believes that Lucy is rich.
When Cassie accesses this belief (for use in generation or
inference, for example), she might think abouw lohn and
Lucy in some way, apart from their roles in this beliei. For
example, on one occasion, she may think of John as some-
one named ‘john,” and on another accasion she may think
of John as her favorite user. In other words, when Cassie
accesses this belief, she may access other beliefs about john
and Lucy than the belief itself. Amang these could be a be-
lied that Lucy is named ‘Lucy," ar a belief that John believes
that Lucy |s named ‘| ucy.”

The comprehension and use of language forces an agent
ta think of individuals fn specilic ways. Suppose Cassie
hears an utterance of

{1} John believes that Lucy is rich

and her understanding ol it is such that Tohn' and ‘Lucy’
refer to concepts that are already represented in the net-
work, Then, through the characterization ‘Lucy’ in the re-
port, Cassie identifies the concept of Lucy, call it concept;
she accesses some proposition that conceptl is named
‘Lucy.” i she believes this proposition, then she has ac.
cessed her own belief about concept. On the other hand,
il she believes that this proposition is believed by John, then
she has accessed a beliel of John's about concepti: she
thinks about conceptt in a way that (she believes) John
would think of concept1. Thus it is important that the con-
cept of an individual be distinct from the individual’s
name—hence our use of the PROPER-NAME-OBJECT case
frame,

Suppase, on the other hand, that Cassie’s understanding
of [1)is such that ‘Lucy’ does nof refer 1o a concept that is
already represented in the network. Then she forms a new
concept 1o which ‘Lucy’ refers, along with the proposition
that this concept is named ‘Lucy.' Cassie may believe this
propaosition, or she may believe that John believes this
propasition. In any case, she has acquired a concept of an
individual, and a belief (perhaps a belief about a belief)
about that individual, through her understanding of the ut-
terance of (1),

Mow consider the generationofa reportof Cassie’s belief
that John believes tha Lucy is rich, Among other things,
Cassie must choose a name or description to express her
concept of Lucy. Suppose she chooses the name ‘Lucy.! In
order to do this, she must access a proposition that Lucy
is named ‘Lucy.’ If she believes this proposition, then she
accesses one of her own beliefs about how Lucy can be
characterized. If she believes that John believes this prop-
osition, then she accesses one of her belisfs about how John
believes Lucy can be characterized.

Thus when Cassie hears an utterance of (1), the proper
name ‘Lucy’ not only enables her to identify or form a con-
cept, but also forces her to access orfarma belief (or a belief
of a belief) about the concept: she is forced to think of the
concept in some way, apart from the information asserted
by the utterance. Further, when Cassie generates a report
such as (1), in arder to generate the proper name ‘Lucy,’ she
musl access a belief (or a belief of a belief) that someane
can be characterized as ‘Lucy”; she is forced to think of that
individual in some way, apart from the information she is
asserting by making the utterance.

WILBE AND RAFAPORT: [3F RE AND OF DICTO BELIEF REPORTS

How does this relate to the de re/ de dicto distinction? i
the characterization of Lucy in an utterance is the name
‘Lucy,’ then Cassie agrees with this characterization of Lu cy
if she herself believes that Lucy has the name ‘Lucy.’ Cassie
believes that John would agree with this characterization
if she believes that John believes that Lucy has the name
‘Lucy.” Thus Cassie interprets ar expresses an ulterance of
(1) de re if she accesses or forms her own belief that Lucy
is named “Lucy,” in order to interpret or express the utter-
ance, and she interprets or expresses it de dicto if she ac-
cesses or forms her belief that John believes that Lucy is
narmed ‘Lucy,’in ordertointerpret or express the utterance.,

The fact that we cannot identify twa distinet, unambig-
uaus representations for de re and de dicto belief reports
can be understood within the tollowing framework, Sup-
posethat Cassie hearsan utterance af (1), andthen onalater
occasion, she decides to express a repart of her under-
standing of (1.7 Depending upon many factors, including
her purpose in making the report, Cassie may choose any
of her beliefs that characterize Luey (including beliefs about
beliefs about Lucy) in order to generate a noun phrase o
express her concept of Lucy, This belief may be quite dif-
ferent from the belief she accessed or formed |n order 1o
identify Lucy in understanding (1}, She may have accessed
her own belief that Lucy can be characterized by Loy whien
she understood (1), and she may choose one af her beliefs
about how John characterizes Lucy when she later gen-
erates a report of the belief,

Infact, in the interim between hearing (1} and CxXpressing
a report of her understanding of (1), Cassie may have ac-
quired additional beliefs or may have revised her beliels
about Lucy. In the next section, we turn to a consideration
of these issues,

. Reeresenting Bevier REPORTS 1M COMNTEXT

Consider the following example. Suppose that Cassie s
reading a story that contains the sentence “lohn said, ‘Lucy
is rich’,”” and that Cassie does not know whe ‘Lucy’ refers
to (perhaps no individual named ‘Lucy’ has been intro-
duced inta the narrative thus far), Cassie decides that *Lucy’
refers 1o an individual who John believes is named ‘Lucy,’
and she interprets the belief report de dicto (see Fig.2). Mote
thatthe representation involves (Lucy John Cassie), Later
in the story, a person named ‘Lucy” is directly introduced
and Cassie believes that she is {Lucy John Cassie). Fur-
ther, Cassie finds out that this individual s the town beg-
gar, and does not believe that (John Cassie) knows this.
The representation of the original belief (m11) together
with these new beliefs (m6 asserted, and m13) is depicted
in Fig. 3.

But at this stage, we can no longer apply just one of the
concepts de re and de dicto to the representation of Cas-
sie’s belief that John believes that Lucy is rich (m11, in Fig.
3). Cassie can now express that belief in three different ways:
“John believes [de dicto] that Lucy is rich,” “john believes
lde re] of Lucy that she is rich,” and “John believes [de re]
of the town beggar that she is rich.” The first is de dicto
because (John Cassia) would agree with the characteriza-

“We assume for now that Cassie automatically believes every-
thing she is tald,
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Fig. 3. The beliel represented by node m11 can be ex.
pressed through a de e ceport of through a de dicto report,

ton of md it contains, and the other two are de re because
Cassie would agree with both of the characterizations of m7
that appear in these sentences, Further, m11 could be the
representation of a belief report that was interpreted de re,
such as "John believes of the town beggar that she is rich,”
ar the representation of a belief report that was interpreted
de dicto, as is the case in our example,

Further, although the original belief report was refer-
entially opaque, “John believes that Lucy is rich” can be
referentially transparent, even though it involves exactly
the same characterization ol {bucy John Cassie) as the
one that appeared in the original belief report; ‘The town
beggar’ can be substituted for “Lucy’ to yield the de re re-
port "John believes of the town beggar that she is rich.”

Propasitions m11, m2, and m13 of Fig. 3 comprise a rep-
resentation that is just like Fig. 1, except that the charac-
terization of m7 is ‘the town beggar’ rather than 'Lucy.’
Propositions m11, m2, and mb of Fig. 3 also comprise a rep-
resentation that is the same as Fig. 1, and propositions m11,
m2, and mt of Fig. 3 comprise a representation that is the
same as Fig. 2. Within Fig. 3, we can find Instances of the
de re and de dicto representations that were identified in
the original analysis.

The next important point is that a belief report of m11
cannot be expressed from m11 alone, but must be ex-
pressed from a combination of m11, m2, and one of mé, ma,
or mi3, Similarly, Cassie's interpretation was not repre-
sented by m11 alone, but by m11, m2, and mé. We must
distinguish between structural {or definitional) information
and assertional information [13). Proposition m11 is strue-
turally defined by the nodes it dominates, i.e., nodes m3,
m4,m10, m7, and m9. Node m11, by itself, simply represents
the proposition that some individual, m3, believes that some
other individual, m7, is rich. In order to express the prop-
osition representing m11, part of the assertional informa-
tion represented by nodes m2, mé, m13, and m8 must be
accessed; i.e., characterizations for m3 and m7? must be cho-
sen. Similarly, in order to represent Cassie's interpretation
of the repart “John said, ‘Lucy is rich’,” it was necessary to
build m11, and to build (or access} m2 and m8, propasitions
that represent assertional information about m3 and m7.

The structural definition of m11does not change as Cassie
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acquires additional beliefs about m7 and about {john Cas-
siel’s beliefs about m7. MNade m11, by itself, has nothing to
do with whether Fig. 3 is the representation of Cassie’s
interpretation of a de re or a de dicto belief report. This de-
pends upon whether the characterization of m7 that ap-
pearsin the belief report is Cassie’s or (John  Cassie)'s. Nor
does node m11, by itself, have anything to do with whether
Lassie exprasses the belief de re or de dicto. This depends
upon whether the characterization for m7 is chosen from
Cassie’s or {John  Cassie)'s belief space.

In the earlier analysis of isofated belief reports, two dis-
tinct, unambiguous representations for de re and de dicto
belief reports could be identilied because the only cases
that were considered were those in which only one of Cas-
sie and (John  Cassie) has a characterization for the indi-
vidualwho (John Cassie) believesis rich. In each case, there
was only one candidate for the characterization of this in-
dividual:in Fig. 2, the characterization appears only in {John
Cassie)'s belief space; in Fig. 1, it appears only in Cassie’s
belief space.

Using intensional representations, the set of nodes that
exist in the network depends nol only upon what beliefs
Cassie has, but also on the order in which she acquires them,
This property is called order dependency [6, p. 249]. In the
above example, Cassie came to believe directly of (Lucy
John Cassiel that she is named 'Lucy,” and that she is the
town begpar. Suppose, however, that Cassie already had
aconcept of a person named 'Lucy’ wha was the town bep-
gar, and suppose that upon reading “John said, ‘Lucy is
rich’,” she decides that ‘Lucy’ refers to an individual who
lohn believes is named ‘Lucy,’ who is a different individual
from {Lucy Cassie) (perhaps she reasons that John would
not think that the town beggar is rich). Thus Cassle forms
a new concept, (Lucy John Cassie), as the individual 1o
whom ‘Lucy’ refers, and about whom Cassie believes only
that (John Cassie) believes that she is rich and is named
"Lucy.’ The network representing this beliel structure is de-
picted in Fig. 4. Notice that only a de dicto belief report can
be generated from this representation.

MNow suppase that Cassie later comes to believe that {Lucy
lohn Cassie}and (Lucy Cassie) are concepts of the same
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Fig. 4. The belief represented by node m15 can be ex-
pressed through a de dicto report only. The box indicates
that m12 and m15 have ACENT arcs to m3 and ACT arcs to-
.
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Fig. 5. The beliel represented by nede m15 can be ex-
pressed through a de re repon or through a die dicto report,
mib represents Cassie’s belief that {Lucy  John  Cassie) is
{bucy  Cassie),
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individual, but nent that (John  Cassie) believes that {Lucy
John  Cassie] is the town beggar, The resulting belief struc-
ture s depicted in Fig, 5. Node m6 represents Cassie's be-
lef that (Lucy John  Cassie) is (the same individual as)
(Lucy Cassie). Cassie can express the belief represented
by node mi5 through the de dicto report “John believes
that Lucy is rich,” because (John  Cassie) would agree with
the characterization of m11 that it contains. She can also
express it through the de re report “John believes of Lucy
that she is rich” in virtue of her belief (represented by node
arle) that John Lucy  Cassie) and (Lucy Cassie) are con-
ceptsofthesame individual. Since Cassie believesthat (John
Lucy Cassie}is{Lucy Cassie), anything she believes about
one of these concepts she believes about the other, in par-
ticular the belief that this individual is named ‘Lucy.’ There-
fore, Cassie agrees with the characterization of m11 in this
report. And, as in the first version of this example, although
the ariginal belief report was referentially opaque, “John
believes that Lucy is rich” can be referentially transparent,
even though it involves exactly the same characterization
of (Lucy John Cassie)as the one that appeared in the orig-
inal belief report: ‘The town beggar’ can be substituted for
‘Lucy” to yield the de re report “John believes of the town
beggar that she is rich."”

There are many other belief structures that include es-
sentially the same beliefs that are included in the two ver-
sions of the example just given. Each reflects a different his-
tory of belief acquisition. In any of these cases, the rep-
resentation of (John Cassiel's helief that {Lucy John
Cassie) is rich cannot be considered only de dicto and not
de re. We shall not attempt to enumerate the various pos-
sibilities: the de re/ de dicto distinction lies in which belisf
spaceisthe origin ortarget of the characterization included
ina belief report, whatever the structure of Cassie’s beliefs,

IV. THe UNDERSTANDING OF BeLier REPORTS

We can summarize our results so far as follows. Under
aur revised analysis, a de re belief report is a report ‘from
the agent's perspective,’ and a de dicto belief report is a
report from (5 agent)'s perspective.” That is, given a belief
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report of the form, S believes that N is £, or ane of the
form, “'S said, ‘N is F'," the agent interprets the report de
reifshe interprets it from her own perspective: ‘N’ is taken
to refer to a person named ‘N* who appears directly in the
agent's belief space. The agent interprets the report de dicto
if she interprets it from (5 agent)'s perspective: ‘N’ is taken
to refer to a person named ‘N who appears directly in (5
agent)'s belief space. On the other hand, given a belief of
Sabout N, the belief is expressed dereif it is expressed from
the agent’s perspective: the characterization of N is chosen
from the agent's belief space. The belief is expressed de
dictoif itis expressed from (S agent)'s perspective: the char-
acterization of N is chosen from (5 agent)’'s belief space,
Clearly, de re and de dicto are not properties of sentences,
since the same sentence can be a de re or a de dicto belief
report, given different belief structures. Nor are they prop-
erties of the representation of a belief; a belief is a rela-
tionship among concepts, and does not include charac-
terizations of the individuals it relates, Rather, they apply
to the witerance of a beliefl report on a specific oecasion:
the distinction lies in the belief space {rom which a char-
acterization is chosen.

Aknowledge representation system for representing be-
liefs must be sensitive to all of the issues discussed here,
In particular, when understanding (parsing) and expressing
(generating) belief reports, the system must be able to (den-
tity belief spaces in which to look for characterizations of
individuals. This is what gives rise to the de re/ de dicto dis-
tinction. Which belief space is chosen in order to under-
stand a bellef report depends upon a number of consid-
erations. Among them are the following:

i} The agent's prior beliefs about the individuals in-
volved. In particular, we suggest that an agent’s interpre-
tation of the report is strongly influenced by whether or not
there is a person named 'N* in the agent’s belief space, and,
if there is, whether or not the agent believes that § knows
who the agent’s N is.

i} The agent's beliefs about the writer’s or speaker's in-
tentions in reparting the belief. If the agent believes that
the writer intends to interpret the report from the agent's
point of view, then the agent will favor a de re interpre-
tation. If the report is in the third person (either in narrative
or discourse), then this is often a signal that the report
should be interpreted dere, On the other hand, if the a pent
believes that the writer or speaker intends the agent to in-
terpret the report from 5's point of view, then the agent will
tavor a de dicto interpretation. If the report appears in §'s
direct speech (again, either in narrative or discourse), then
this is often a signal that the report should be interpreted
de dicto. The example given in the next section illustrates
the influence this can have on an agent’s interpretation of
belief reports.

iii} The subject matter of the belief repart. For example,
the agent may reject a de re interpretation of the report if
the agent believes that it is very unlikely that S would have
this belief about (N agent),

iv) Other features of the context in which it is expressed.
For example, if an individual named ‘N’ who appears di-
rectly in the agent’s belief space is a focal character at the
point in the narrative or discourse in which the report ap-
pears, thenthe agent may favorade re reading. On the other
hand, if an individual mamed ‘N’ who appears in 5% belief
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space is currently focal, then the agent may favor a de dicto
reading.

V. An ExampLe

We now present an example from a narrative, The Od-
yssey, which clearly illustrates the de re/ de dicto distine-
tion, Further, it illustrates how prior beliefs about the in-
dividuals involved, and the intentions of the authaor,
influence a reader’s understanding of belief reports. Fi-
nally, it alse shows that the problem that faces us when dis-
ambiguating beliel reports, i.e., deciding whether 'Odys-
seus,” for example, refers to an individual in the agent’s
belief space ortoan individual in the believer's belief space,
canalso face uswhen secking the referents of noun phrases
that do not occur in belief reports.

In Books 13 and 14 of The Odyssey, Odysseus has re-
turned to Ithaka, and must keep his presence there un-
known. To this end, the goddess Athena disguises him as
a begpar, and sends him to stay with his swineherd, Eu-
maios. When Odysseus and Eumaios meet, Eumaios does
not realize that he is speaking with his lost lord, Odysseus,
Instead, he believes he is speaking with a beggar whom he
has never met. Eumaios discusses his lost lord with Odys-
seus, extolling his riches and honor, On the other hand, he
acknowledges Odysseus’s presumed poverty, and in re-
sponse to Odysseus’s offer of news about Odysseus, Fu-
maios accuses him of lying to get favors from Penclope,

From Eumaios’s point of view, Odysseus and the beggar
are different people. From the reader's point of view, they
are one and the same person. If the reader expresses de
dicto Eumalos’s belief that Odysseus is poor, she will refer
to Cdysseus as ‘the beggar.' However, if the reader ex-
presses de dicto Eumaios's belief that Odysseus is rich, she
will refer to Odysseus as ‘Odysseus.’ From Eumaios’s point
of view, these beliefs are about different individuals, and
‘the beggar’ and ‘Odysseus’ refer 1o different individuals,

Caonsider what Eumaios says to Odysseus in Book 14 when
they first meet (Eumaios has just saved Odysseus from a
pack of dogs): “You might have got a ripping, man . .. As
though | had not trouble enough already, given me by the
gods, my master gone, true king that he was™ ([4, p. 2481
our italics), Clearly, Eumaios does not believe that he is re-
ferring to the same person as “You' and ‘he.’ However, sup-
pose that the reader expresses de re Eumaios's beliefs that
Odysseus is poor and that Odysseus is rich: in both cases,
she can refer 1o Odysseus as ‘Odysseus.’ The representa-
tion of Eumaios’s contradictory beliefs, that Odysseus is
rich and that he is poor, should involve two separate in-
tensions: (Odysseus Eumaios reader), and (the-beggar
Eumaios reader). Having these separate intensions allows
the reader to look at Odysseus from Eumaios's point of view
and, therefore, allows the reader to express Eumaios’s be-
liefs de dicto and 1o interpret belief reports that charac-
terize Odysseus as, for example, ‘the beggar’ or ‘you,” de
dicto, More generally, it allows the reader to determine the
referents of noun phrases from Eumaios’s point of view.
However, the representation must still allow the reader to
express Eumaios’s beliefs, and to interpret belief reports,
de re, and to determine the referents of noun phrases from
her own point of view. Therefore, it must include the in-
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farmation that, from the reader’s point of view, (Odysseus
Eumaios reader) and (the-beggar Eumaios reader) are
concepts of the same individual, and that ‘Odysseus’ refers
to this individual. Fig. 6 is an appropriate SMePS represer-
tation of this situation, where m21 and m22 represent Cas-
sie’s beliefs that (the-beggar Eumaios Cassie), (Odysseus
Eumaios Cassie), and (Odysseus Cassie) are all concepts
of the same person,
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Fig. 6. m21 and m22 represent Cassie's beliefs that (Odys-
seus Fumaios Cassie), the-beggar Eumalos Cassie), and
(Odysseus Cassie) are concepts of the same person, The
box indicates that m17, m20, m10, and m13 have AGENT arcs
to mb and ACT arcs to m7.

Oncethe reader has acquired the beliefs about Odysseus
and about Eumaios’s beliefs about Odysseus that are de-
picted in Fig. 6, how will she interpret a future report of a
belief Eumaios has about Odysseus? As discussed in the
previous section, this depends upon many factors. One that
figures quite heavily in this example is the type of narrative
in which the report occurs. Throughaut Book 14, when the
narrator speaks in the third persan, he refers to Odysseus
with noun phrases that are cansistent with the reader’s view
of Odysseus as the hero, rather than with noun phrases that
are consistent with Eumaios’s view of him as a beggar, even
though Odysseus is disguised as a beggar at this point in
the narrative. And, as would be expected, in direct speech,
Eumaios uses noun phrases to refer to the person with
whom he is speaking that are consistent with how he char-
acterizes Odysseus at that point in the narrative, i.e., as a
beggar. The author signals through the use of third-persan
narrative that the referents of noun phrases should be
sought within the reader’s belisf space, and he signals
through the use of direct speech that the referents of noun
phrases should be sought within Eumaios’s belief space.

The implication of this for the interpretation and rep-
resentation of belief reports is that reparts of Fumaias’s be-
liefs about the person with whom he is speaking that occur
within third-person narrative should be interpreted de re,
and, at this point in the narrative, their representations
should involve (Odysseus reader). Reports of Eumaios's
beliefs about the person with whom he is speaking that oc-
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cur within Eumaios’s direct speech should be interpreted
de dicta, and, at this point in the narrative, their represen-
tations should involve {the-beggar Odysseus reader).
Third-person belief reports are reports from the author to
the reader about Eumaios's beliefs, and first-person belief
reparts are intended to be interpreted as direct statements
of Fumaios’s beliefs. This is consistent with our revised
analysis of de re and de dicto belief reports.

VI, ComMciusion

We presented an analysis of the representation of de re
and de dicto beliel reports that appear within the context
of narrative and discourse, and not simply in isolation, We
argued that there were not two distinct, unambiguous rep-
resentations of dere and de dicto beliel reports when belief
reports are considered in context, Under our analysis, de
reand de dicto are ways of interpreting and expressing be-
lief reports on particular occasions: a de re belief report is
areport from the agent's perspective, and a de dicto belief
repon is a report from (5 agent)’s perspective,

We discussed the factors that influence an agent’s dis-
ambiguation of belief reports that occur in ordinary lan-
guage, and included an example that illustrates the dis-
ambiguation of bellef reports based on the writer's
intentions, We also Hlustrated through this example that
characterizations that do not appear within a belief report
are subject 1o the same ambiguity as characterizations that
appear within belief reports,
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