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1 Introduction

A dialogue agent is one that can interact and communicate with other agents,
in a coherent manner, not just with one-shot messages, but with a sequence of
related messages all on the same topic or in service of an overall goal. Following
the basic insights of speech act theory, these communications are seen not just
as transmitting information but as actions which change the state of the world.
Most of these changes will be to the mental states of the agents involved in the
conversation, as well as the state or context of the dialogue. As such, speech act
theory allows an agent theorist or designer to place agent communication within
the same general framework as agent action. In general, though, communicative
action requires a more expressive logic of action than is required for something
like the single-agent blocks world, familiar in classical Al planning. For one
thing, there are multiple agents, and there is also a possibility of simultaneous
and fallible action.

In studying speech acts, the focus is on pragmatics rather than semantics
— that is, how language is used by agents, not what the messages themselves
mean in terms of truth-conditions in a model (see [66] for a good introduction
to issues in natural language pragmatics). As with other aspects of pragmatics
such as implicature and presupposition, an important concern is what can be
inferred (perhaps only provisionally or with a certain likelihood) as a result
of the performance of a speech act. While much of speech act work has been
analyzing interaction in natural language, speech acts are also a convenient
level of analysis for artificial communication languages. While the rules for
interpreting whether a particular act has been performed will be different for
an artificial language (presumably simpler, with less concern about vague and
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ambiguous utterances), the range of actions that agents will wish to perform
will still be roughly the same (although perhaps not as many fine gradations
will be necessary for simpler agents).

In this chapter, we consider the role of speech acts in allowing an agent to
participate in a dialogue with another agent. The bulk of the paper will be a
review of some of the most important work on speech acts and its implication
for dialogue agents. In Section 2, we review the foundational work on speech
act theory, stemming from work in the philosophy of language. In Section 3,
we consider work in Artificial Intelligence aimed at providing computational
accounts of speech acts, primarily accounts that could be used by agents to
engage in communication — both performing and interpreting such acts. In
most of that work, the emphasis is on the performance or recognition of single
utterances. We therefore turn, in Section 4, to work on expanding speech act
theory to also include other aspects of dialogue. In Section 5, we consider
some work in which the agent communication language itself is formulated in
terms of speech act concepts. Such languages make identification of speech
acts somewhat easier, but still contain many of the same issues as languages in
which speech acts have a less transparent relation to surface form. In Section 6,
we reconsider some of the issues confronting speech act theory, in light of the
presented work. Finally, in Section 7, we begin to sketch a particular theory
of speech acts (that presented in [95], pointing out some of the extra elements
required beyond a BDI-theory of agency.

2 Foundational Philosophical Speech Act Work

Work on speech acts begins with philosophers of language interested in issues in
natural language pragmatics. In particular, difficulties with the primary view of
the meanings of sentences as merely truth-functions. Pragmatics (as opposed to
semantics) concentrates on utferances (the performance) rather than sentences
(the objects produced), and also is generally concerned with other aspects of
the context of production and interpretation.

2.1 Austin

Austin observed that utterances are not just descriptions of states of affairs, but
are used to do things [16]. Under felicitous circumstances, utterances can change
the mental and interactional state of the participants. Speaking is acting, and
in speaking the speakers are performing speech acts. There are multiple types
of action performed in speaking, and Austin distinguished several. Locution-
ary acts are the act of saying something, including a phonetic act — producing
certain noises, a phatic act — producing words belonging to a vocabulary in a
constructions conforming to a grammar, and a rhetic act — using the product of
the phatic act with a particular sense and reference.



Hllocutionary acts are those acts performed n saying something, for example,
asking or answering a question, giving some information, etc. Most of the
subsequent work on speech acts has been on illocutionary acts. Illocutionary
acts are taken to be composed of an illocutionary force, which specifies the type
of action (e.g., requesting, suggesting, warning, apologizing, informing), and a
propositional content which specifies the details of the action (e.g., what it is that
the hearer is being requested to do). Illocutionary acts are not always directly
deducible from the locutionary acts which generate them. Indirect speech acts
are those in which the act performed is other than what would be expected from
a compositional account of the content. Austin gives a bridge example in which
an utterance of “I bid three clubs” is used to inform a partner that the speaker
has no diamonds. As this example illustrates, utterances can be used to achieve
multiple functions. In this case the direct (conventional) bid act is performed,
as well as the indirect inform.

Perlocutionary acts are those which are performed by saying something —
actions which achieve effects which are special to the particular situation of
utterance rather than the conventional nature of the communication. Examples
include persuasion, surprise, and deterrence. Although a speaker might intend
these, it generally takes more than just the utterance to achieve them.

Austin spent much of his effort on performatives, in which the utterance itself
creates a result. Frzplicit performatives are those utterances in which the result
is described in the utterance. In English, the word “hereby” often accompanies
performative utterances. Not all speech act verbs can be used performatively,
however, e.g., we don’t have the conventional form in English, “I insult you.” As
others (e.g., [32]) have noticed, some such declarations would be self-defeating,
such as “lie”. Austin considers the relation of performative utterances and other
pragmatic phenomena such as implicature and presupposition, in which other
facts can be derived, but not through the monotonic entailments of ordinary
logic.

Austin classifies the illocutionary acts into several categories, based primar-
ily on illocutionary force: verdictives, exercitives, commissives, expositives, and
behavitives. Verdictives, which are basically giving a (perhaps preliminary or
tentative) verdict about something. FEzercitives exercise a right, such as ap-
pointing, or nominating. Commissives commit the speaker to do something.
Behavatives all have something to do with attitudes and social behavior, such
as apologizing and congratulating. Fzpositives have to do with how an utterance
fits into a conversation or argument, such as clarifying or postulating.

2.2 Searle

Searle extends and refines Austin’s work on illocutionary acts. He observes that
Austin’s decomposition of speech acts into illocutionary force and propositional
content shows up in the different kinds of negation that can be performed in a
sentence [87]. For example, the sentence “I promise to come” has two negations:



a propositional negation, “I promise not to come”, in which the illocutionary act
is the same (promise), but in which the content is negated, and “I do not promise
to come”, in which the propositional content is the same, but the illocutionary
act 1s no longer a promise, but a refusal to make a promise. Searle further
decomposes the propositional content of an act as a combination of predicating
and reference acts. Neither of these stand alone but are performed only in
concert with illocutionary acts.

Probably the most important contribution was an attempt to provide nec-
essary and sufficient conditions for the performance of illocutionary acts. He
presented these as constitutive rules (like the rules which define the games of
football or chess) of various sorts. Normal input-output conditions concern the
conditions of intelligible speaking and understanding, including knowing the
conventions of languages, paying attention, etc. Propositional content condi-
tions describe restrictions on the content, e.g., for a promise the content must
be a future action. Preparatory conditions involve the constraints on the world
that make the speech act useful. Sincerity conditions involve alignment of the
speaker’s actual attitudes (belief, desire, etc.) with the attitudes expressed by
the act. Essential conditions involve the speaker’s intentions in performing the
act — what she was trying to do. Searle also adds a condition based on Grice’s
notion of non-natural meaning [45], that the effect of the act is in part produced
by the hearer’s recognition that the utterance is intended to produce this effect
by means of the recognition of the intention.

Searle also improves Austin’s classification of types of illocutionary acts men-
tioned above [88]. Austin’s classification is fairly haphazard, based more on
similarity of illocutionary verbs than the acts themselves. Searle points out
that there is no necessary correspondence between illocutionary acts, and the
illocutionary verbs that a particular language chooses to describe these acts.
Searle proposes an alternate taxonomy based on the purposes of the acts. To do
this, Searle presents an analysis of several dimensions along which speech acts
can vary, as outlined below:

1. The point (purpose) of the act. These correspond to the essential con-
ditions described above, such as attempting to get the hearer to do some-
thing (request), represent the world (statement), or commit (promise).
The point is the main, although not only component of illocutionary force.
The force also includes other notions such as strength of the point, and
the other dimensions.

2. Direction of fit between words and the world. Statements try to fit
word to the way the world is, whereas commitments and requests try to
fit the (future state of the) world to the way the words are. Searle uses an
example (credited to [14]) of a list of groceries, and differences in how it
might be constructed and used. If it is a shopping list given by a spouse,
it is used by the shopper to fit the world (the groceries purchased) to the
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words (the list). If, on the other hand, it is made by an observer of the
shopper, indicating what was actually bought, it would be a fit of word
to the world. Although identical lists might be produced, the difference
is critical for repairing mistakes. In the case of word to world fit, if the
shopper really bought pork chops rather than bacon, the observer can
simply cross off “bacon” and write “pork chops” on his list. The shopper,
however, must go back to the store and exchange his purchases, to repair
an error.

Expressed psychological state Different acts will express different men-
tal attitudes on the part of the speaker. An assertion expresses a belief,
while a request expresses a desire for the addressee to act. This dimen-
sion relates most closely to Searle’s sincerity condition — a speaker might
not actually have these attitudes, but is nonetheless expressing them in
performing the speech acts.

. Strength of point This is related to the above — attitudes can generally

be held with varying degrees of strength. Thus one can have a tentative
or firm belief, and could suggest, request, or command.

Status of the participants The social relationship of the speakers may
also play a role in the strength of the force. Thus a general can order a
private, but a private may only suggest or request. These differences and
the next also relate to Searle’s preparatory conditions.

Interest of the participants This would distinguish boasts from laments,
or promises from threats. While Searle separates this from condition (3),
we can see this as relation to (expressed or assumed) desires of the speaker
and addressee.

Relations to the rest of the discourse This is how discourse relations
such as answer or deduce can be distinguished from other statements.

Propositional content Aspects of the propositional content that play a
role in illocutionary force, e.g., that a promise or request can only involve
future action, while a statement could be about the past. These corre-
spond to Searle’s propositional content conditions, though they are also
closely related to dimension (2).

Speech Acts vs. general acts Some things must be performed as speech
acts, whereas others might be performed by speech acts or other kinds of
action. Examples include “classify”, “estimate” and “diagnose”.

Extra-linguistic institutions This includes features of the social and
institutional context, going beyond language. Thus, only individuals with
a certain position within an institution can marry people or bid three no-
trump. Searle says that (perhaps contra-Austin) not all acts need such



an institutional position, claiming that one need only obey the rules of
language to make a statement or promise. However, if one considers more
general agents, one could say that even for these actions, an institutional
position is required: though merely as an agent within society. It is dif-
ficult to know what exactly Searle means by “the rules of language”, but
clearly syntactic and semantic well-formedness 1s not sufficient to perform
a promise — there must be some notion of the language producer having
undertaken a commitment.

11. performativeness Whether there is an illocutionary verb that has a per-
formative use. “boast” and “threaten”, for example, do not.

12. style of performance This distinguishes announcing from confiding.

Searle uses these features, mainly (1), (2), and (3) to produce a more con-
sistent speech act taxonomy. Searle’s categories include: representatives, which
commit the speaker to the truth of an expressed proposition, directives, which
involve getting the hearer to do something, commaissives, which involve commit-
ting the speaker to some course of action, expressives, which convey a psycholog-
ical state of the speaker, and declarations, which bring about the correspondence
of the world to the word.

Searle’s speech act theory was later formalized within a possible worlds se-
mantics, and unified with a Tarskian tradition, along with Vanderveken [90,

103, 104].

3 Al Models of Speech Acts

A difficulty with the early philosophical work on speech acts was that there did
not yet exist very formal accounts of action and mental states that could be used
to design more precise definitions for speech acts. Moreover, such definitions
can be rather difficult to test in the abstract, without observing what is really
at stake in actual communication episodes. With the rapid progress in the
1970s on reasoning about actions and plans, it became possible to give a more
operational account of speech acts, in terms of Al planning operators.

Bruce was the first to try to account for Speech Act theory in terms of Al
work on actions and plans [20]. He defined natural language generation as social
action, where a social action is one which i1s defined in terms of beliefs, wants,
and intentions. He also presented Social Action Paradigms which showed how
speech acts could be combined to form larger discourse goals. He showed how
acts such as Inform or Request could be used in achieving intentions to change
states of belief.



3.1 Allen, Cohen, and Perrault

Probably the most influential AI work on speech acts to date has been the work
at University of Toronto by Allen, Cohen, and Perrault. Cohen and Perrault
[38] tackled the problem of language production, defining speech acts as plan
operators which affect the beliefs of the speaker and hearer.

In setting up the program they set forth some important goals for work on
speech acts. They write that any account of speech acts should answer the
following questions:

e Under what circumstances can an observer believe that a speaker has
sincerely and successfully performed a particular speech act in producing
an utterance for a hearer?

e What changes does the successful performance of a speech act make to the
speaker’s model of the hearer, and to the hearer’s model of the speaker?

e How is the meaning (sense/reference) of an utterance z related to the acts
that can be performed in uttering z?

They also suggest that a theory of speech acts based on plans should specify
the following:

e A planning system: a formal language for describing states of the world, a
language for describing operators, a set of plan construction inferences, a
specification of legal plan structures. Semantics for the formal languages
should also be given.

e Definitions of speech acts as operators in the planning system. What are
their effects?” When are they applicable? How can they be realized in
words?

Cohen and Perrault’s models of mental states consist of two types of struc-
tures: beliefs and wants. Beliefs are modal operators which take two arguments:
an agent who is the believer, and a proposition which is believed. They also
follow Hintikka [57], augmenting the belief structure to include quantified propo-
sitions. Thus an agent can believe that something has a value without knowing
what that value is, or an agent can believe another agent knows whether a
proposition is true, without the first agent knowing if it’s true or not. Wants
are different modal operators which can nest with beliefs. Wanis model the
goals of agents.

Perrault and Cohen then proceeded to make a first stab at satisfying these
issues. The planning system they use is a modified version of STRIPS [43].
They maintain STRIPS’s method of dealing with the frame problem: assuming
that nothing can change the world except the explicit changes mentioned by
the effects of an operator. They describe two different types of preconditions,



o (JOHN)

want.pr

JOHN WANT o (JOHN)
effect
CAUSE-TO-WANT(S,JOHN, o (JOHN))
cando.pr

JOHN BELIEVE SWANT o (JOHN)
effect
REQUEST(S,JOHN, o (JOHN))

Figure 1: Cohen & Perrault (79) Plan for Request

both of which must hold for the action to succeed. cando preconditions indi-
cate propositions which must be true for the operator to be applicable. Want
preconditions are meant to cover sincerity conditions. In order to successfully
perform an action, the agent (speaker) must want to do that action. They
model the speech acts REQUEST and INFORM, within their planning system,
including various forms of questions as requests for information (or to inform),
and consider the relations of requests to informs of desires.

Figure 1 shows a slightly simplified example of the kinds of plan structures
that an agent might build in deciding to issue a request, given the desire for
some action to be performed. Here, one agent, S, wants anther agent, John, to
perform some action «. S realizes that if John has a desire to perform «, then
John may perform it. Now, S must find and perform some action that will have
as an effect that John wants to perform «. Here, an assumption of cooperativity
is required, such that if John realizes that S wants him to do «, John himself
will want to do «, as well. And it is assumed that the direct effect of the request
is a belief that S wants John to perform «. The upshot is that S can perform
this request and then rely on John’s rational processes of perception, reasoning,
and deliberation to intend and perform «.

This model has a wide range of applicability in cooperative situations, and
has also been used to explain why an answer follows a question (i.e., if « is the
performance of some speech act).

Allen and Perrault [8] use essentially the same formalism as Cohen and Per-
rault, but for a slightly different purpose. They investigate the role of plan in-



REQUEST (speaker,hearer,act)
body: MB(hearer, speaker,
speaker WANT hearer DO act)
effect: hearer WANT hearer DO act

SURFACE-REQUEST (speaker,hearer,act)
effect: MB(hearer, speaker,
speaker WANT hearer DO act)

Figure 2: Allen (83) Speech Act Operators

ference and recognition in a cooperative setting. They show how the techniques
of recognizing another agent’s plans is important in interpreting utterances. For
one thing, it can allow one to recognize an indirect speech act in a coherent and
relevant manner. For example, Uttering (1) as a request for the information
about when the train leaves.

(1) Do you know when the Windsor train leaves?

To do this, they bring in a level of surface speech acts, roughly comparable
to Austin’s locutionary act, which corresponds to the surface form, whereas the
illocutionary act corresponds to the speaker’s actual intention. Illocutionary
acts are realized by surface speech acts, with an additional requirement that
the hearer must recognize the speaker’s intent. The planning system is again,
basically a STRIPS system. There are preconditions and effects, and a body,
which 1s a specification of the operator at a more detailed level, for instance
decomposing an illocutionary act into a surface speech act.

The same logic was also used to provide an account of cooperative responses,
where a hearer can deduce the speaker’s plan and provide help even when it
was not requested. For instance, providing the next step in a deduced plan, or
detecting obstacles in the speaker’s plan that may be unknown to the speaker,
and providing help.

This work was later expanded and improved in [3], where the speech act
operators in Figure 2 were proposed.

While the Allen and Perrault model nicely handled the role of plan and
intention recognition in recognizing indirect speech acts, it was not particularly
helpful in relating the role of various aspects of the surface form. In fact, some
linguists have proposed that indirect speech acts like (1) are really conventional.
Hinkelman elegantly combined both linguistic and plan-based information [56,
55] to yield the best hypothesis for a current utterance. This was done by using
linguistic cues to produce partial speech act templates, while plan inference
was used to rule out certain possibilities and choose among those that were
remaining.



3.2 Non-monotonic Theories of Speech Acts

Perrault [77] takes as a starting point the problem that the utterance itself
is insufficient to determine the effects of a speech act. All effects of utterance
actions are based in part on the prior context, including the mental states of the
agents, as well as what was actually uttered. However, formalizing the precise
conditions which must hold is a tricky endeavor, because of the many possible
contingencies. Thus an axiom stating the effects of an utterance in declarative
mood must take account of the possibilities of lies, failed lies, and irony as well
as standard information-giving acts. Perrault’s approach is to state the effects
in terms of Default Logic [80], so that the simple, most common effects can be
derived directly, unless there is some defeater. He has a simple axiomatization
of belief, intention and action, along with some normal default rules, including
a Belief Transfer rule which says that if one agent believes that another agent
believes something the first agent will come to believe it too, and a Declarative
rule, which states that if an agent said a declarative utterance, then it believes
the propositional content of that utterance. This simple schema allows Perrault
to derive expected consequences for the performance of a declarative utterance
in different contexts.

Although the formalization is simple and elegant, it still contains a number
of serious difficulties. Foremost is the lack of a serious treatment of belief re-
vision. Although intuitively, speech acts are used to change beliefs; Perrault’s
framework can only handle the case of new beliefs being added. As well as
not allowing the kind of discourses in which one agent would try to change the
beliefs of another, the logic also has the strange property that one agent can
convince itself of anything it has no prior beliefs about merely by making an
utterance to that effect in the presence of another agent! The logic also does not
lend itself to a computational implementation, since one would need a complete,
inductive proof scheme to make all of the necessary deductions.

Appelt and Konolige [15] reformulate Perrault’s theory in terms of Hierar-
chic Autoepistemic Logic [59]. This reformulation has the advantages of im-
plementability and the ability to order the defaults to overcome the problems
that Perrault had with normal default logic, but it also loses the simplicity of
Perrault’s framework. It is hard to see whether Appelt and Konolige are trying
to describe something from the point of view of an ideal observer or from a
participant in the conversation. In formulating their theory, they also resort to
some unintuitive devices such as the beliefs of an utterance.

McRoy and Hirst use a uniform abductive approach for the production and
recognition of speech acts, given aspects of the context as well as an (assumed)
identification of surface form [75]. This approach lets them reason about mis-
takes in the interpretation process in a manner that is also amenable for rea-
soning about cancellable presuppositions and implicatures.

10



3.3 Dynamic Logic Approaches

One of the problems with work based on STRIPS is that it does not provide
a fine enough characterization of time and change. Some researchers have thus
moved to other logics of action which provide more powerful representational
abilities, as well as a clearer semantics. The most explicit of these so far are
based on variants of dynamic logic [53].

3.3.1 Cohen and Levesque

Cohen and Levesque have been attempting to solve a number of problems re-
lating to formal characterizations of speech acts, through the use of a detailed
logic of action and mental attitudes. [33] lays out the framework of the basic
theory of rational action. It is based on a dynamic modal logic with a possible
worlds semantics. They give axiomatizations for modal operators of beliefs and
goals, and then derive intentions as persistent goals, those to which an agent is
committed to either bring about or realize are unachievable.

Cohen and Levesque [34] use this logic to show how the effects of illocution-
ary acts can be derived from general principles of rational cooperative interac-
tion. They claim, contrary to [90], that communicative acts are not primitive.
They define what it means for an agent to be sincere and helpful, and give
characterizations of imperatives and requests. They claim that recognizing the
illocutionary force of an utterance is not necessary, that all that is important
is that the hearer do what the speaker want, not that he recognize which act
the speaker performed as a part of this process. They thus appear to be claim-
ing that illocutionary acts should be seen as descriptive models of action, not
as resources for agents. They conclude with a description of how Searle and
Vanderveken’s conditions on acts can be derived from their rational agent logic.

[32] extends the framework to handle Performatives. They define all illo-
cutionary acts as attempts. Performatives like “I request you to ...” are acts
which have a request component and an assertion component, and the assertion
component is made true merely by the attempt, not the success of the action.
Thus request is a performative verb, while frighten is not (because it requires a
successful attempt and the success is beyond the control of the speaker), and lie
i1s paradoxical when used performatively, because the explicit mention defeats
the aim.

3.3.2 Sadek

Sadek uses a similar logic of rational action [82] as the basis for semantics of
speech acts [81, 83]. The basic logic differs from that of Cohen and Levesque
in that possible worlds are seen as time points, not whole sequences of time
points. Also, Sadek aims not only at a logic that can act as a meta-theory
of the rational action of agents, but one that could be used by agents them-
selves in reasoning to accomplish their desires and intentions. The logic also

11



(i, REQUEST(j,a))

FP: FP(a) [i\j1 A K(i,Agent(j,a)) A—K(i,PG(j,Done(a)))
PE: Done(a)

Figure 3: Sadek (91) Speech Act Operator

allows planning acts to occur as a result of simple reasoning about the agent’s
own mental state, without any extra-logical procedures. This rational agent
architecture and application to communicative acts has been implemented as
the basis for the dialogue management components of the AGS spoken dialogue
system [84, 19].

Sadek’s communicative actions are formulated in terms of their feasibility
preconditions, and intended perlocutionary effects. Each of these can lead to
further planning (i.e., reasoning). The intended perlocutionary effects of an act
are not (always) the actual effects of the performed action, but more the goal for
which the action is planned. Some of these goals will also require other actions
before being satisfied. In some ways, thus, these acts are dialogue acts rather
than just simple speech acts. An example of Sadek’s formalization of agent i
requesting agent j to perform action a is shown in Figure 3.

3.3.3 Discussion

While the approaches of Cohen and Levesque, and Sadek have the great benefit
of clarity and semantic precision, they still contain some features which make
them difficult to use as a general basis for modeling the use of speech acts.
For one thing, the model of belief and other attitudes is based on a model
logic that incorporates omniscience of logical consequence. While this might be
acceptable in a metalogic, it is clearly not sufficient for an agent of limited means.
Bretier and Sadek [19] get around this by using an incomplete forward chaining
reasoner which is able to handle the important inferences relating to dialogue
act planning. While this is adequate for the simple kinds of interaction used
in the AGS system — querying a knowledge base about potential information
servers, it remains to be seen if this method is powerful enough for more general
interactions, such as more general collaborative problem solving.

Another difficulty i1s that the notion of time and sequence of events is not
rich enough to model dialogue situations. The model of action inherited from

1FP(a) [i\j] means that all the feasibility conditions on the requested action a are included,
where i and j are switched and only i’s mental state is kept. PG means persistent goal. See
[81] for precise details.

12



dynamic logic allows only sequences of events. It also relies on predicates like
done(a), which means that action a was the last thing that happened. These
together preclude adding temporally overlapping actions, since there would no
longer be a clean action to serve as a transition from one world (or state) to the
next.

A final difficulty is that the logic, being based on a notion of belief, goals,
choice, and derived intention, is not adequate to model the whole range of
speech acts. One thing that is missing is a notion of obligation or commitment
to another, that is the main ingredient of commissives, for instance. Cohen and
Levesque’s commitment operator is more like a goal or intention than social
commitment.

4 Extending Speech Acts to Dialogue

The most interesting use of speech acts and pragmatics generally, is not the
analysis of particular utterances, but the way that utterances are combined in
a coherent interaction to further some other purposes. Here language is often
intertwined with other kinds of action. While engaging in dialogue was always
the aim of most of the speech act work, much of the early emphasis, particularly
in the computational work was on the interpretation of isolated sentences (in
context). Here we describe some work that extends the analysis towards dealing
with dialogue phenomena.

4.1 Dialogue Function as Action

Litman and Allen extend Allen and Perrault’s work to include dialogues rather
than just single utterances, and to have a hierarchy of plans rather than just a
single plan [68, 69]. They describe two different types of plans: domain plans
and discourse plans. Domain plans are those used to perform a cooperative task,
while discourse plans, such as clarification and correction, are task-independent
plans which are concerned with using the discourse to further the goals of plans
higher up in the intentional structure. They also use a notion of meta-plan to
describe plans (including discourse plans) which have other plans as parameters.
Using these notions, Litman and Allen are able to account for a larger range
of utterances than previous plan-based approaches, including sub-dialogues to
clarify or correct deficiencies in a plan under discussion.

Carberry and Lambert [25, 64, 63], make a further distinction, adding prob-
lem solving plans to the discourse and domain plans of Litman and Allen. Prob-
lem solving plans are ways of building up actual domain plans, and are usually
achieved by way of discourse plans.

Cohen and Levesque extend the work described in Section 3.3.1, above, into
a theory of joint intention and multi-agent action. [35] presents an analysis of
why confirmations appear in task-oriented dialogue. Using their theory of joint
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intentions developed in [65], they state that the participants in one of these
task-oriented dialogues have a joint intention that the task be completed. It is
part of the definition of joint intention that if one party believes the object of
intention to be already achieved or to be unachievable, that party must strive
to make the belief mutual. It is this goal of mutual belief which drives the agent
to communicate a confirmation. Although this is perhaps the first attempt in
the computational literature which is explicitly concerned with a plan-based
account of the generation of confirmations, it is noticeably lacking in several
respects. It has no mention of how the intention to make something mutually
believed turns into an intention to perform a confirmation. There is also some
distance still from the logic to actual utterances. It is also not explained just
what would count as a confirmation, and how one might recognize one.

4.2 Multiple Levels of Interactions

Several researchers have attempted to model the different kinds of phenomena
in dialogue with different strata of action. Realizing that there is a range of
action phenomena in dialogue, including but not limited to the sentence-level
actions that have been concentrated on in speech act work, they extend the
model to include multiple strata, even within the discourse act set. We consider
some of those here.

One of the influential early classifications comes from the analysis of class-
room dialogues [93], later modified in [39] and [94]. This was a system of 4
ranks?, from smallest to largest: act, move, exchange, transaction. Moves are
speech acts used toward particular purposes in dialogue. Exchanges are a set of
acts, including some by each speaker, such as a question, answer, and feedback
unit. Transactions are whole subdialogues including multiple exchanges aimed
toward achieving a particular task.

Several researchers have followed up on this line of work, calling the exchange
structure instead a dialogue game, e.g., [T1, 60, 26, 1]. This has a better paral-
lelism with the idea of moves, and generally the distinction between moves and
acts is dropped. Agents generally plan at the level of games, and then execute
moves to further those games along the path they desire.

Novick, realizing that the traditional speech acts are insufficient for model-
ing dialogue control, introduces several levels of what he calls meta-locutionary
acts, to contrast with Austin’s locutionary, illocutionary, and perlocutionary
acts. The meta-locutionary acts include levels for turn-taking, repair of mu-
tual models, reference/information, and attention. Agents used plans at each
of these levels to collaborate on a task.

Traum and Hinkelman introduced a scheme which incorporates some features
of these other approaches. Rather than being based on ranks, this included four

2according to the terminology of [51], ranks are hierarchical, such that an item in one rank

can be built up of constituents at a lower level, like phrase and sentence in linguistics. Levels,
on the other hand, cover different types of phenomena.
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Discourse Level Act Type Sample Acts

Sub UU Turn-taking take-turn, keep-turn,
release-turn, assign-turn

Uu Grounding Initiate, Continue, Ack, Repair,
ReqRepair, ReqAck, Cancel
DU Core Speech Acts Inform, YNQ, Check, Eval

Suggest, Request, Accept, Reject,

Multiple DUs Argumentation Elaborate, Summarize, Clarify
Q&A Convince Find-Plan

Table 1: Traum & Hinkelman (92) Conversation Act Types

levels of acts, including turn-taking acts to coordinate who is speaking, ground-
g acts to coordinate the flow of mutual understanding, the traditional core
speech acts, and argumentation acts, to handle higher-level coherence. These
levels are summarized in Table 1. One difference from the other dialogue act
taxonomies is that here, following [30], even the traditional speech acts are seen
as multi-agent actions, since they require participation by both agents (by per-
formance of grounding acts), before they have their full effects, such as a mutual
belief or an established obligation.

Bunt [23, 24] describes several kinds of dialogue acts. Dialogue acts are
seen as functions which update the dialogue context. Context is also divided
into several types, including linguistic — the surrounding utterances in the di-
alogue, semantic — the underlying task and domain, physical — the location of
the participants and the interaction in space and time, social — the type of
situation and roles the participants play with respect to each other, including
rights and obligations, and cognitive — the mental states of the participants.
Each of these types has both global and local aspects — the former are roughly
constant throughout the dialogue, while the latter can change, through the per-
formance of dialogue acts, among other things. Bunt then divides dialogue acts
into task-oriented acts and dialogue control acts. All acts affect the linguistic
and cognitive context, but the former also changes the semantic context, while
dialogue control acts affect the social or physical context. Bunt only consid-
ers those task-oriented acts involved in information-seeking dialogues, namely
information seeking, and information providing acts [22].

On the other hand, Bunt considers a wide range of classes of dialogue control
acts. Following [13], there are several types of feedback acts. Bunt considers
perception and interpretation acts, which correspond to the grounding acts of
[101], but also evaluation acts, including acceptance and agreement, and dis-
patch acts, such as the fulfillment of a request, which appear at the argumenta-
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Communicative Expressive Evocative

Act type function function

Statement belief belief judgment
Question desire for information the desired information
Request desire for X X

Table 2: Allwood (95) Functions of Some Communicative Acts

tion level. Bunt notes, (see also [29]) that giving positive feedback at one level
implies problems at a higher level, while giving negative feedback at one level
implies success at lower levels. Bunt also has classes of social obligations man-
agement acts, which place or relieve pressure on one party to do something, and
a range of interaction management acts, including acts for turn-management,
own communication management, time management, contact management, and
discourse structuring.

While all of these functions certainly occur in dialogue, it is sometimes dif-
ficult to see what the principles are for clustering them. In fact, Bunt’s own
classification of some of these types changes, e.g., from [23] to [24]. For instance,
Bunt’s contact management function could easily be seen as the lowest level of
feedback, as in [13, 28], while own communication management (the production
of speech repairs) is not necessarily closely related to interaction, while feed-
back clearly zs. Likewise, a variety of acts introduce and dispose of obligations
[99, 10].

Allwood has also written extensively about Communicative Acts, generaliz-
ing speech acts to cover other, non-verbal actions that work in a similar manner
[9, 11]. Allwood rejects many of the distinctions in Austin’s speech act the-
ory, preferring, like [34], to reason directly from utterance form and context to
function and effect.

Allwood distinguishes two kinds of effects of speech acts: expressive, which
serve to indicate things about the speaker or previous state of the world, and
evocative, which tend to (or are aimed at) bring about changes in the hearer
or the world. Most utterances will have both of these kinds of effects. Table 2
shows some of the acts with the main expressive and evocative functions.

In addition, each utterance will be associated with a number of obligations,
both for the sender and the receiver [10]. The sender related obligations are
generally like the sincerity conditions of Searle’s speech act theory [87]. For
example, if an agent sends a request for information, that agent is obliged to
actually wonder what the answer is, need the information, and believe that the
receiver can provide it. The receiver related obligations are similar to those
described in [95] and in Section 7.2.2; below — mainly to evaluate the utterance
and report on the evaluation. Allwood considers several types of feedback, based
on four basic hierarchical communicative functions [13]: contact: whether the
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interlocutor is willing and able to continue the interaction, perception: whether
the interlocutor is willing and able to perceive the message, understanding:
whether the interlocutor is willing and able to understand the message, and
attitudinal reaction - covering responses to the message such as acceptance or
rejection.

The communicative function is not restricted to the content (termed main
message), but also covers other aspects such as speech management (or own
communication management) [12], and interactive communication management.

5 Speech Act Based Agent Communication Lan-
guages

Speech acts, as the abstract level of how utterances change the interactional
state, are thus a good level of description for describing any agent communica-
tion, not just communication in natural language. As such, some researchers
have also decided that a language based on speech acts would, by itself, be a
good agent communication language. Thus the sometimes difficult process of
speech act interpretation is bypassed, as the agents directly identify the speech
act they are performing as a part of the message itself. Some researchers study-
ing pragmatic aspects of natural language processing (e.g., [26, 76, 106]) have
used this method as a way of testing their systems without having to do natural
language interpretation. Several schemes based on speech acts have also been
proposed, however, as agent communication languages in their own right, e.g.

[92].

5.1 KQML

A recent proposal for a universal agent communication language is the Knowl-
edge Query and Manipulation Language (KQML) [50, 62]. This was devised
over several years by a committee of researchers from different groups inter-
ested in having heterogeneous agents communicate in a flexible manner. Some
of the requirements for an agent communication language and how KQML at-
tempts to meet these needs are described in [72]. The underlying agency model
is one of knowledge-based agents that manipulate knowledge bases, but can
send queries and answers to other agents, or broker services to other providers.
The main idea of this language is based on Austin’s performatives. Each mes-
sage sent or received is a performative, with an identifier stating which kind
of action it is, as well as other parameters identifying aspects of the content,
such as what language and ontology is being used. Agents can then pass mes-
sages around without actually having to understand any details of the content
language. KQML is also purposely underspecified in terms of the range of per-
formatives allowed: in order to be KQML compliant, an agent must only be able
to send and receive messages of the required syntax, and if it does use any of the
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reserved performatives, they have to have the same meaning. Designers are free
to add extra performatives or not implement some of the reserved set. Some of
the performatives are very familiar, such as ask-if and tell, whereas others are
concerned more with the way messages are sent (all at once or one by one in a
stream), or the way other agents can act as intermediaries for messages.

While KQML has been used in a number of groups as an agent communica-
tion language [44], there are still some problems with the specification. First it
is lacking a precise semantics, which may cause divergences in the way performa-
tives are used by different agents/groups. A first step towards this is provided
by [61], but this only covers a few performatives. Cohen and Levesque [37]
point out some further problems, in particular, vagueness of some performa-
tives, mis-identified performatives (achieve and broker instead of request), and
missing some performatives, including especially commissives. While KQML is
flexible enough so that agents could avoid using the mis-identified performatives
while adding the missing ones, it is disappointing that some of the basic building
blocks of communication are left out.

5.2 Speech Acts as an Interface Language for Computer-
mediated Collaboration

Some researchers have also advocated a limited interface based on speech acts
even for human-human communication. There are generally two reasons for
this: first, the computer mediator is doing more than just passing messages; it
is also trying to do some analysis or updating of state, and thus the designers
want to restrict the flexibility of communication to what the interface can handle
(e.g., [17]). Another reason is to actually force explicitness, under the theory
that this will make cooperation more productive [108].

5.8 Discussion

A number of issues arise in the attempt to bypass language interpretation and
determine the speech act type directly from surface features of the message, by
having agents explicitly signal the speech act type. As Sadock notes [85], the
enterprise of speech act theory can be described as explicating the connections

in (2).

—

(2) FORM grammar CONTENT pragmatics EFFECT

Thus, researchers are trying to trivialize the left relation by having agents
communicate with forms precisely correlated with contents. While such limited
languages can certainly reduce the ambiguity and vagueness of interpretation,
it 1s arguable whether they can cut out such things as indirect speech acts and
perlocutionary effects. Thus, even though a certain form is given a precise se-
mantics in terms of it’s direct effect, given that agents know something about
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how other agents operate, they could use particular forms for ulterior purposes.
Other agents could even recognize such behavior, and novel conventions of inter-
pretation can spring up (e.g., according to the theories of [67]). Such is almost
undoubtedly the case in the computer-mediated circumstances, where humans
have a limited channel in which to express all of their communicative and social
desires. The only thing that might stop it in the case of artificial agents is the
limitations of the agents themselves.

6 Speech Act Theory Reconsidered

Given the above discussion, there are a number of issues that arise in evaluating
how best to view language as action, and whether speech act theory is a useful
way to view the communication of agents. The most basic question is whether
speech acts should be afforded some sort of ontological status as an intermedi-
ary between performances (e.g., language utterances) and effects (e.g., changes
in mental state). In spite of their initial attractiveness, some have questioned
the utility of this intermediary, because of a number of factors, especially the
fact that there is (still) no small commonly agreed upon set of acts that can
circumscribe the range of communicative interaction. Another difficult issue is
the multifunctionality of utterances. As described above, a single utterance can
introduce a number of different kinds of change. If one were to introduce a
different act for each bundle of changes, there would be a large number of acts
indeed! One can get around this by adopting a multi-stratal approach of hier-
archical and/or orthogonal acts, such as those described above, but still, even
within a particular stratum, a single utterance may perform multiple functions.
E.g., someone might be simultaneously informing about the current state while
suggesting a future course of action.

Another issue is whether speech acts are to be viewed objectively — as things
that actually happened, according to some specified occurrence constraints, or
as subjective entities, corresponding to a particular agent’s views of what has
been performed. Related to this is the question of what conditions beyond just
the intention to perform an act are required to have the act actually be achieved.
In other words, what distinguishes an attempt from successful performance of
the act.

While such a level as speech acts might not be strictly necessary, they are
still useful for agents in planning communication. It may be easier for agents
to plan and recognize concrete bundles of function than trying to move directly
from utterance features to context change. This is true even if agents do not
even have the same precise ontology of action, or if it is not always possible to
discriminate which action has been performed.
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7 Speech Acts in a Multi-Agent Action Theory

One of the main stumbling blocks for adequately formalizing speech acts is that
it requires a very complex expressive logic of action and interaction. Speech acts
always have at least two participating agents, and thus require a multi-agent
logic. Moreover, in the most general case, action can proceed synchronously with
other action (e.g., speech by the other agent). In addition, providing conditions
and effects on performance of actions requires sophisticated reasoning about
the mental states of agents. We sketch aspects of such a theory, using the
conversation acts of [101, 95].

7.1 Reasoning about Multi-agent Action

A speech act theory which can account for conversations must include at least
the following extensions to classical planning (e.g. STRIPS):

e temporal reasoning, including reasoning about overlapping and simulta-
neous actions

e uncertainty: attempted actions may fail to achieve their desired results,
unexpected results may follow

e multiple agents, each with individual mental states
e cooperation among agents

e real-time resource-bounded reasoning

integration of planning and acting

There is a large amount of research dedicated to addressing these problems,
much more than can be summarized here. [97] explores some of the complex-
ities involved in reasoning and acting in a richer environment. The annual
European workshops on Modeling Autonomous Agents in a Multi-Agent World
(MAAMAW) (reprinted in e.g., [40, 41, 107]) contain a variety of approaches to
these problems.

7.2 Social Attitudes

One of the key features of speech acts as opposed to physical actions is that
their main effects are on the mental and interactional states of agents, rather
than on the state of some external domain. The attitudes of belief, desire, and
intention are familiar to agency theories, (see for example chapters [79]s in this
volume) but for a comprehensive theory of speech acts we must also go beyond
these and consider social attitudes, which require component parts on the behalf
of multiple agents. A big issue for these attitudes is whether they are basic or
can be composed from more primitive individual attitudes such as belief and
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intention. While the holding of individual attitudes can certainly be deduced
from holding of social attitudes, we will treat Mutual Belief and Obligations as
basic, while proposing a compositional definition of executing a joint plan.

7.2.1 Mutual Belief and Grounding

Mutual belief is one commonly assumed social attitude. Most of the theories of
speech acts as plans described above have as some of the main effects of speech
acts the addition of some new mutual beliefs. Mutual beliefs are also taken to
be some of the prerequisites for felicitous utterance of speech acts. But just
what are mutual beliefs? This section reviews some of the proposals for how to
represent the properties of mutual beliefs in terms of simpler beliefs, and how
one could acquire new mutual beliefs. As with belief and knowledge, there have
been a variety of names for a cluster of related concepts, including “mutual
knowledge”, “common knowledge”, “mutual belief”, and “shared information”.
In the discussion below, we generally use the term used by the author under
discussion, but treat these terms as synonymously meaning mutual belief, in
which what is mutually believed by a group of agents is not necessarily actually
true.

Formulations of Mutual Belief

While people agree for the most part about the intuitions underlying the phe-
nomenon of mutual belief, there have been a variety of different ways proposed
of modeling it. Barwise [18] compares model theories for three different formu-
lations.

Schiffer uses what Barwise calls “the dterate approach” [18, p. 202]. He
defines mutual knowledge between two agents A and S of a proposition p, K& 4p
as [86, p- 30] KspANKApANKsKAp NKAKsp ANKsKAKsp NKAKsKapN---
It is thus an infinite conjunction of nested beliefs. This approach has since
been adopted by many others; including Allen [3] and Perrault, who provides
an elegant default logic theory of how to obtain each of these beliefs given prior
knowledge and a conversational setting [77].

Barwise credits Harman with the fized-point approach. Harman formulates
mutual knowledge as “knowledge of a self-referential fact: A group of people
have mutual knowledge of p if each knows p and we know this, where this refers
to the whole fact known” [54, p. 422]. As Barwise points out, the fixed-point
approach is strictly stronger than the iterate approach, because it includes as
well the information that the common knowledge is itself common knowledge.
It also replaces an infinite conjunction with a self-referential one.

The final approach discussed by Barwise is the shared-sittuation approach.
He credits 1t to Lewis. Lewis formulates rules for common knowledge as follows

[67, p. 56]:
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Let us say that it 1s common knowledge in a population P that
X if and only if some state of affairs A holds such that:

1. Everyone in P has reason to believe that A holds.

2. A indicates to everyone in P that everyone in P has reason to
believe that A holds.

3. A indicates to everyone in P that X.

This schema 1s also used by Clark and Marshall, and is apparently the one which
Barwise himself endorses.

[31] uses a belief spaces approach to model belief. Each space contains a set of
propositions believed by an agent. Nested belief is represented by nested spaces.
There is a space for the system’s beliefs (SB) which can contain a space for the
system’s beliefs about the user’s beliefs (SBUB) which in turn can contain a
space for the system’s beliefs about the user’s beliefs about the system’s beliefs
(SBUBSB). If Cohen were to adopt the iterated approach directly, it would
require an infinity of belief spaces. Instead, he takes the space one deeper than
the deepest which contains any non-mutual beliefs, and points it to its parent
space, thus creating a loop, where each even nesting is the same as every other
even nesting. Now each of the nested beliefs in the iterated approach can be
generated or seen to be present in his belief spaces, by iterating through the
loop. This approach shares some features with the fixed-point approach (the
self-referentiality) and it allows quick determination of whether mutual belief
exists (by searching for a loop), unlike the iterated approach, but it is in fact not
as strong as the fixed-point approach because the higher-order implications of
the fixed-point approach, such as mutual belief about the mutual belief, cannot
be represented.

A slight modification is to add a separate kind of space, a mutual belief space
to represent mutual beliefs. This 1s the approach taken by Bruce and Newman
[21]. The Rhetorical knowledge representation system [7] also uses a mutual
belief space, but disallows nested beliefs within a mutual belief space, giving
essentially the power of Cohen’s system. This also seems to be the approach

used by Maida [70].

How can Mutual Belief be Achieved?

While it is still somewhat controversial how best to formally model mutual be-
lief, an interesting question is how such mutual belief gets established among
interacting agents. While it has long been known that is impossible to guaran-
tee the establishment of mutual knowledge in an environment where message
transmission could fail [52], most formulations of speech acts have gone to the
other extreme, and assumed mutual belief after the performance of any utter-
ance within a shared situation (e.g., as the effect of a single agent speech act).
However, examining actual conversation reveals that there is a process of feed-
back that accompanies initial utterances, and, in task-oriented spoken language,
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it is generally only after some sort of acknowledgment that an assumption of
mutual belief is made. Furthermore, lack of understanding can be signaled with
some sort of repair or request for repair. In cases in which the original speaker
does not receive any feedback, one can observe requests for acknowledgment or
repetitions and refashionings of the original contribution in an attempt to elicit
some kind of feedback.

While the assumption of mutual belief resulting directly from a single utter-
ance can be seen simply as an idealization (like modeling belief with a modal
logic such as S5, with the resulting properties of logical omniscience), it is one
with unfortunate consequences if used as the basis for models of speech acts
and inter-agent communication. The consequences are twofold: first, a reasoner
will make incorrect predictions about the mental state at particular times, and
more importantly, the agent will be unable to recognize the relevance of or ne-
cessity for performing the feedback acts which actually establish the mutual
understanding.

Clark and Shaefer refer to the process of reaching mutual belief (or common
ground) as grounding [30]. They present a descriptive model, in terms of pre-
sentation and acceptance phases that allow them to track the augmentation of
common ground as the conversation proceeds. Their model is not well-suited for
an on-line agent involved in dialogue, however, since it requires examination of
subsequent spans of text in order to determine the boundaries of these phases.

In [98, 95], we developed a computational account of the grounding process.
This account was based on speech act theory, using actions to introduce, ac-
knowledge, and repair material. Traditional speech acts, such as inform, and
request are now seen as multi-agent actions, which require participation by both
parties to have their full effects (such as the mutual belief that one speaker
wanted the other speaker to believe something).We introduced a level of dia-
logue structure called discourse units (DUs), at which these core speech acts are
completed. These DUs are built up by single-utterance grounding acts. Recog-
nizing the fact that multiple types of action occur in conversation, we extended
speech act theory to the multi-level conversation act theory, described in [101].
As well as the grounding and core speech acts, there are also levels to model
turn-taking behavior and higher order coherence of dialogue. A finite automa-
ton was used to track the state of a DU, given a sequence of grounding acts in
conversation. This model could also be used to predict possible subsequent acts
as well as determine which act(s) must be performed in order to have a grounded
DU (which would thus realize the effects of the constituent core speech acts).

7.2.2 Obligations

We claim that Obligations are necessary for modeling many social situations
including natural language conversation. For example, they are necessary for
capturing the effects of some speech acts, such as requests [99]. Obligations
represent what an agent should do, according to some set of norms; its formal
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source of obligation obliged action

S1 Accept or Promise A S1 achieve A

S; Request A S, address Request:
accept or reject A

S1 YNQ whether P Ss Answer-if P

S; WHQ P(x) So Inform-ref x

utterance not understood or incorrect repair utterance

S1 Initiate DU S, acknowledge DU

Request Repair of P Repair P

Request Acknowledgment of P acknowledge P

Table 3: Traum & Allen (94) Sample Obligation Rules

aspects are examined using Deontic Logic (e.g., [105, 73]). Generally, obligation
is defined in terms of a modal operator often called permissible. An action is
obligatory if 1t is not permissible not to do it. An action is forbidden if it is not
permissible.

Just because an action is obligatory with respect to a set of rules R does
not mean that the agent will perform the action. So we do not adopt the model
suggested by [91] in which agents’ behavior cannot violate the defined social
laws. If an obligation is not satisfied, then this means that one of the rules
must have been broken. We assume that agents generally plan their actions
to violate as few rules as possible, and so obligated actions will usually occur.
But when they directly conflict with the agent’s personal goals, the agent may
choose to violate them (and perhaps suffer the consequences of not meeting
its obligations). Obligations are quite different from and cannot be reduced to
intentions and goals. In particular, an agent may be obliged to do an action that
is contrary to its goals (for example, consider a child who has to apologize for
hitting her younger brother). [42] use obligations in a similar way, noting also
that authority (such as a pre-existing hierarchical relationship) can be important
in the ability to force obligations on others.

In [99] we argued that obligations play an important role in accounting for
many of the interactions in dialog. For example, Table 3 shows the obligations
resulting from the performance of speech acts. Obligations do not replace the
plan-based model of speech acts (e.g., [38, 8]) but augment it. The resulting
model more readily accounts for discourse behavior in adversarial situations and
other situations where it is implausible that the agents adopt each others’ goals.
The obligations encode learned social norms, and guide each agent’s behavior
without the need for intention recognition or the use of shared plans at the
discourse level. While such complex intention recognition may be required in
some interactions, it is not needed to handle the typical interactions of everyday
discourse.
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The deliberation process in a social situation must take obligations into ac-
count, in addition to goals and intentions. In forming new intentions, sometimes
an agent will choose to pursue its obligations rather than its goals. It is impor-
tant for the agent to reason about both of these notions, so that this choice can
be made explicit (either in the agent design or by the agent itself). There is also
an illuminating relationship between this deliberation process and the notion of
initiative in dialogue. Following the initiative of the other can be seen as an
obligation-driven process, while leading the conversation will be goal-driven.

There 1s another related concept that also occurs as the result of many
speech acts: a commitment to certain facts being true [10]. These relate to
the sincerity conditions postulated by Searle. Thus when an agent makes a
claim, the agent is committed to the truth of that claim. Unlike the obligations
considered above, there is no direct connection between this and future actions.
The agent is obliged to keep these commitments to others accurate, but, if the
agent comes to believe these are not accurate, there is no special preference for
making them true — an equally valid approach is to just inform the other agent
that the reported facts no longer hold, assuming the question 1is still of interest.
This is to be contrasted with the kind of commitment to (or intending that)
future states that is related to intention, and requires some action when the
agent believes the state will not hold.

7.2.3 Coordinated Activity, Shared Plans and Joint Intention

Another common social attitude is that of Joint intention [35] or shared plan
[47]. These concepts are used to model the propensity of a collaborative team
to act. The intuition here is that it is more than just a collection of individual
intentions and beliefs that is responsible for the coordinated teamwork activity.
Although most agree that some sort of collective intentional attitude is useful
in formalizing an account of cooperative behavior, it is still fairly controversial
what the properties of such an attitude should be and how this collective in-
tention is related to the individual intentions of the participants. Important
questions include: how do shared intentions guide individual action, and how
can individual beliefs and intentions come together to form shared intentions?
This section reviews some proposals for such attitudes.

Lewis [67] defined a Convention as a situation in which there is some reg-
ularity R in behavior in a population, and everyone conforms to R, everyone
expects everyone else to conform to R, and everyone prefers to conform to R,
given that everyone else will. A typical example is which side of the road to
drive on. In England and Japan it is the left side, in America and Furope, the
right. It doesn’t really matter to the drivers which side to drive on, as long
as everyone agrees. Coordinated activity is thus seen as individual intention in
a state of mutual knowledge about norms. Knowledge of conventions serve to
make it in the mutual self-interest of each of the members of the population to
follow along.
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Grosz and Sidner [47] take basically the same viewpoint. They extend Pol-
lack’s definition of a Simple Plan [78], to that of a SharedPlan, which is formal-
1zed as a set of mutual beliefs about the executability of actions and the inten-
tions of particular agents to perform parts of that action. They also present
some conversational default rules based on cooperativeness to use communica-
tion to add to the shared beliefs. The shared plan formalism is further developed
in [48, 49].

Searle [89] starts with the intuition that collective intention is not just a sum-
mation of individual intentions. He wants to distinguish between just following a
convention and actual cooperative activity. He postulates that we-intentions are
a primitive form of intentionality, not reducible to individual intentions. There
is still a problem of how we-intentions can produce the individual intentions
necessary for an individual to act.

Cohen and Levesque present their own theory, not in terms of individual
intentions (which also aren’t primitive in their theory) but in terms of mutual
belief and weak mutual goals [65, 36]. Their formulation says that the individ-
uals each have the goals to perform the action until they believe that either it
has been accomplished or becomes impossible. Also in the event of it becoming
completed or impossible, the agents must strive to make this belief mutual. This
framework is also used to explain certain types of communicative behavior such
as confirmations as described above.

In [95], we developed a similar notion, that of agents executing a multi-agent
plan. This is an extension of the notion of executing a plan described in [100].
A group of agents {A;} is executing a multi-agent plan MP iff:

1. Each A; is executing a single-agent plan MP;, which has as its actions A;’s
actions from MP, and as its constraints the constraints of MP, as well as
the occurrence of all actions by other agents (thus A; will be committed
to the occurrence of the actions of others).

2. Each A; 1s obliged to the other agents to perform her own actions as part
of the multi-agent plan.

This formulation has several differences from the other works mentioned.
First, no mutual belief is stipulated as a necessary component of the multi-
agent plan execution. While mutual beliefs may sometimes be important for
collaboration, and particularly for decisions about adopting plans and repair-
ing plan executions, they are not strictly necessary for this kind of teamwork.
In this framework, it is the personal commitment to the occurrence of the ac-
tions of others, and the obligations to those others (as well as the personal
intention to perform the action) that forms the glue binding the collaborating
team together. While any agent may break the team at any time by dropping
these commitments and intentions, the obligations will remain until the agent
is released, and it is this which motivates such actions as letting another know
that an action has been performed or 1s deemed 1impossible. Even with notions

26



of mutual belief of intentions (as in the SharedPlan formalism of [47, 48]), or
commitment to inform an agent if an action is performed or impossible (as in
the joint intentions of [35]), it is hard to see, in practice, what keeps an agent
adhering to these commitments when its personal goals diverge.

7.3 Defining Speech Acts

Given the rich logic of mental state and action partially developed above, how
can we use this to give precise definitions of speech acts? There are actually sev-
eral important components for speech acts. One is the essential characteristics
of what s and isn’t a particular act. Another important criteria is how one can
recognize whether such an act has been performed. Since speech acts have as
part of their defining characteristics (both enabling conditions and effects) as-
pects of the mental states of communicating agents, a particular observer (even
a participant) may not have access to all the necessary information, and so may
not be able to tell (with certainty) whether a particular act has occurred, or
whether a particular bit of dialogue is the performance of a particular kind of
act. A third component is the use of speech acts in planning — how can agents
plan to use speech acts to accomplish their (non-linguistic) goals, and how are
these plans related to actual behavior and the realization of such acts? We
consider each of these in turn for some of the speech act types of [101], shown
in Table 1.

The turn-taking acts can be easily described using an interval temporal logic,
such as that of [2, 4, 5]. Of interest are periods of each speaker’s speech and
silence, and the turn, itself. Events such as starting, continuing and stopping
speaking, as well as other features such as prosody and expectations will be
interpreted as turn-taking acts and serve to delimit individual turns. Even these
simple acts would be difficult with a simple dynamic logic, since overlapping
intervals of the two agents speaking must be considered.

Since, according to the theory of [101], all core speech acts must be grounded
to have their full effect, 1t will be instructive to first look at the grounding acts.
We use the formulation of executing a multi-agent plan described in Section 7.2.3
to formally model the grounding process described earlier in that section. Agents
involved in a task oriented dialogue are assumed to be executing a specializa-
tion of the abstract plan recipe shown in Figure 4. This abstract recipe will
be called CR (for Communication Recipe). Our claim is that successful exe-
cution of (a specialization of) this recipe will result in the (mutually assumed)
mutual belief between the two agents that INITTATOR(CR) has communicated
CONTENT(CR) to RESPONDER(CR). Agents engaged in conversation can be
modeled as executing multi-agent plans that are specializations of this recipe.
We will call any plan which has as its recipe a specialization of CR a conversation
plan.

The acts of presenting and acknowledging the content are broken into some
indeterminate number of conceptual sub-acts, about at the granularity of the
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Actions(CR) = {present; | present; = Present(Agentl;, Content;, Recipientl;, t1;)}
U{ack; | ack; = Ack(Agent2;, Content;, Recipient2;, t2;)}

Constraints(CR) = {
Temporal constraints Vi(Before(t1;, t21)),
Agent constraints Vi(Agentl; = Recipient2; = INITTATOR(CR),
Agent2; = Recipientl; = RESPONDER(CR)),
Object Constraints CONTENT(CR) = U;Content; }

Figure 4: Traum (94) Plan Recipe for Communication (Recipe CR)

propositions in [58]. The only constraints on performance of these is that for a
particular piece of the content, the presentation must come before the acknowl-
edgment, and both must occur to achieve mutual belief. Constraints on exactly
what types of executions can present and acknowledge the above contents will
be determined by conventions of the particular language used and the commu-
nicative contexts. For any given execution, some parts of the content will be
expressed explicitly as part of the compositional conventional meaning of the
utterance, and others will be presented i1mplicitly by conventions of situated
meaning and Gricean implicatures. In [95], the grounding acts from [98] were
given formal specifications as executions related to conversation plans. As well
as the components for executing a multi-agent plan, additional definitions are
given in a situation logic for actions of starting, continuing, completing, and
repairing the execution of a plan.

The content of the grounding actions described above will include the speech
act type (illocutionary force) of the actions as well as the contents of core speech
acts. Thus, the performance of each core speech act could also be decomposed
as the performance of a conversation plan, with appropriate constraints on the
contents. All core speech acts thus include the effects in (3). In addition, some
of the other effects are shown in Table 4. Here, Committed is meant to be a
social commitment to a state of affairs, rather than the individual commitment

of [33].
(3) MB(A,B,occurs(act)) A MB(A B,holds(effect(act))).

The actual effects of interest will generally come from reasoning about the
reasoning and deliberation of other agents, such as B coming to believe ¢, or
even B coming to believe that A believes B, given that A commits herself to its
truth.

The definitions of the argumentation acts will be sequences of core speech
acts, with constraints on the timing and content. E.g., that the answer actually
provides information asked for by the question.
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act effects

Promise(A, B, Act) Obliged(A, B, Act)

Accept(A, B, Act) Committed(A, B, Cando(A, Act))

Request(A, B, Act) Obliged(B, A, Do(A, Accept(Act) V Reject(Act)))
Committed(A, B, Believe(A, Cando(B, Act)))
Committed(A, B, Desire(A, Do(B, Act)))

YNQ(A, B, ¢) Committed(A, B, ~Knowif(A, ¢))
Committed(A, B, Desire(A, Knowif(A, ¢)))

Assert(A, B, ¢) Committed(A, B, ¢)

Table 4: Sample Speech Act Effects

7.4 Planning Speech Acts

Definitions of speech acts only capture part of the reasoning necessary for plan-
ning speech acts and utterances. No matter how exhaustive the list of effects,
agents may still care not about the direct effects, but the extended perlocu-
tionary effects springing from the performance of the act in context. Likewise,
agents may choose to perform acts which have only a certain probability of pro-
ducing the effect desired. Acts can also be planned at different levels — one may
plan a whole argumentation act (or dialogue game), or merely a single speech
act.

Because of the on-line, interactive nature of dialogue, it is generally not very
useful to plan very far in advance. Often, an agent can not predict the future
actions of others with very much accuracy. Thus it usually only pays to plan only
a few utterances in advance, while reacting to the actions of others in a manner
5o as to move towards achievement of the agent’s goals. Some kinds of dialogues,
such as arguments or negotiations may require more involved planning, while
often casual conversation can be completely unplanned except for the very next
utterance.

7.5 Recognizing Speech Acts

An agent will combine features of an input utterance with aspects of the current
context (including the mental states of agents, as well as the visual field and
the set of previous utterances) to decide what acts have been performed.

One big question for recognizing speech acts is whether one should be trying
just to recognize the acts themselves or the intentions (e.g., plans) that moti-
vated the other agent to produce the act. Often, as in the case of indirect speech
acts, one cannot easily separate these questions — one may come to decide that
an agent has performed a request by deciding that the agent wanted one to
do something. Still, intentions and performed actions can sometimes diverge,
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e.g., an agent can mistakenly or unintentionally perform an action, which may
carry with it all of the responsibilities and other effects as if it were intended.
Likewise, intentions which were not (fully) realizes will not carry the burden of
imposing obligations and social commitments.

Sometimes, especially when agents are cooperative, deducing the intention is
actually more important /useful than what was actually done. Moreover, deduc-
ing why an agent performed the act can lead to helpful behavior (or avoidance
of traps in a competitive dialogue).

The question arises, however, as to how much of the plan it is necessary to
infer. McRoy, for instance, challenges the utility of the deep intention recog-
nition in [8], claiming instead that considering the possible actions and their
immediate effects (including expectations set up for future utterances) is suffi-
cient, especially when combined with a facility to repair erroneous conclusions
[74, 75].

While recognizing the intentions and plans of a speaker can play a useful role
in act interpretation, and may in fact be crucial to an agent’s actual success in
some domains, one must also remember the on-line nature of dialogue in this case
as well. More prominence should be placed on interpreting the act itself, and
performing this interpretation in real time. Since the speaker is easily accessible
by the interpreting agent, if there are difficulties understanding either the act
itself, or the motivations, the agent can query to find out what was meant or
why it was said, through the grounding process.

8 Conclusions

In summary, we believe that speech acts are a good link between the mental
states of agents and purposeful communication. While a comprehensive the-
ory of speech acts will strain most contemporary theories of rational agency,
requiring a very expressive theory of action and mental state, it also provides a
good testbed for a theory of agency in a multi-agent world. While many of the
specific concerns of natural language speech act work, such as the interpreta-
tion of ambiguous utterances, may be alleviated by using more restricted agent
communication languages, many of the same issues will arise for cooperative
systems that must infer intentions of others.
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