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Abstract. ACLs based on communicative acts specify domain-independent
information about communication and relegate domain-dependent infor-
mation to an unspecified content language. This is reasonable, but the
ACLs cover only a small fraction of the domain-independent information
possible. As a key element of modern ACLs, the set of communicative
acts needs to be as complete as possible to enable agents to communi-
cate the widest range of information with agreed-upon semantics. This
paper describes a new approach to broaden the semantic coverage of
agent communicative acts. It provides agents with the ability to express
more of the semantics of human languages and yields a more powerful
ACL. We first describe the main meaning categories and semantics for
an ACL, which we derive from prior work on speech-act classifications.
Next, we prove the resultant semantic coverage. Finally, we present some
example applications, which demonstrate that the approach can combine
the benefits of the FIPA ACL with Ballmer and Brennenstuhl’s speech
act classification, resulting in a more expressive and efficient ACL.

1 Introduction

As a critical element of multiagent systems and a key to the successful applica-
tion of agents in commerce and industry, modern agent communication languages
(ACLs), such as the FIPA ACL, provide a standardized set of performatives de-
noting types of communicative actions. Such ACLs have been designed as general
purpose languages to simplify the design of multiagent systems. However, recent
research shows that these ACLs do not support adequately all relevant types of
interactions. Serrano and Ossowski [1] report a need for new ad hoc sets of per-
formatives in certain contexts, which the FIPA ACL does not support. Singh [2]
points out that agents from different venders or even different research projects
cannot communicate with each other. In [3], Kinny shows that the FIPA ACL
has a confusing amalgam of different formal and informal specification techniques
whose net result is ambiguous, inconsistent, and underspecified communication.
He proposes a set of requirements and desiderata against which an ACL specifi-
cation can be judged, and briefly explores some of the shortcomings of the FIPA
ACL and its original design basis.

Early work on communicative act based ACLs, such as KQML and FIPA,
separated the communication problem into three layers—a message transport



layer providing the mechanics of a communication, a domain-independent layer
of communication semantics, and a domain-dependent content layer. The ACL
speech acts were intended to describe the domain-independent middle layer. The
problem is that the 22 communicative acts in the current FIPA ACL cover only
a small fraction of the domain-independent concepts that an agent might want
to express. For example, one agent can inform another of a domain concept
using the FIPA ACL, but cannot promise another something. If an agent wants
to make a promise, its only recourse is to express it in the content language, for
which there typically is no standardized support.

Therefore, a larger set of communicative acts would be desirable in an ACL
to improve understanding among’ agents. Recognizing that the ~4800 speech acts
in [7] would be desirable but impractical to use individually, we describe a feasible
approach to broaden the semantic coverage of ACLs by formalizing speech act
categories that subsumes the “4800, enabling the meanings of all the speech acts
to be conveyed. Different from [10], we focus on the standard messages used for
communication instead of designing a conversation protocol.

Specifically, Section 2 describes prior work on a comprehensive classifica-
tion of speech acts by Austin, Searle, and Ballmer and Brennenstuhl. The main
meaning categories and their semantics are given in section 3, where we use
FIPA’s formal semantic language to represent the semantics of our speech act
categories. This enables our approach to combine the benefits of the FIPA ACL
with a broader set of speech acts. Finally, section 4 proves the semantic cover-
age by comparing it with the FIPA ACL, and several example applications are
described in section 5.

2 Research Background

Current ACLs derive their language primitives from the linguistic theory of
speech acts, originally developed by Austin [4]. The most important part of his
work was to point out that human natural language can be viewed as actions and
people can perform things by saying. Austin also classified illocutionary acts as
verfictives, exercitives, commissives, behabitives, and expositives [4]. The classi-
fication has been criticized for overlapping categories, too much heterogeneity in
categories, ambiguous definitions of classes, and misfits between the classification
of verbs and the definition of categories (7,12, 11].

Austin’s work was extended by Searle [5, 13, 6, 12], who posited that an illocu-
tionary speech act forms the minimum meaningful unit of language. He classified
speech acts into five categories: assertives, directives, commissives, declaratives,
and expressives. Searle’s speech act theory focuses on the speaker. The success
of a speech act depends on the speaker’s ability to perform a speech act that
should be understandable and successful.

Ballmer and Brennenstuhl [7, 11] criticize six aspects of Searle’s classification:
clarity, definition of declaratives as a speech act type, principles used in the
classification, selection of illocutionary verbs from all verbs, vague definition of
the illocutionary point, and vagueness of the line between illocutionary force and



propositional content. They propose an alternative classification, which contains
both simple linguistic functions such as expression and appeal, and more complex
functions such as interaction and discourse. Models for alternative actions are
formed and verbs are classified according to the phases of the model.

Ballmer and Brennenstuhl’s classification has motivated us to rethink the
speech acts used in ACLs. Since the classification is based on an almost complete
domain (~4800 speech acts) and the authors claim they provide a “theoretically
justified” classification “based explicitly and systematically on linguistic data,”
we believe that to generate a speech act set for ACLs based on their classification
will be a powerful way to represent meaning. However, this classification is not
perfect: the classification for English is obtained by translating the verbs of a
German classification, the names of the categories are not systematically chosen,
and there is no formal semantic representation for the categories. However, most
of these problems can be fixed by rebuilding the categories. Thus, we endeavor
herein to derive a reasonable set of categories for agent communication from
their theory, and to give a formal semantics using more typical English names.

3 Semantic Description

This section describes the semantic categories for a relatively complete set of
speech activity verbs, derived from the classification in [7]. The categories reflect
an ontological and a conceptual structuring of linguistic behavior. The main
categories and their relationships are represented in Figure 1. The top node,
Speech Acts, represents the entire set of speech acts in human language and the
four major groups—Emotion Model, Enaction Model, Interaction Model, and
Dialogic Model—represent four basic functions of linguistic behavior.

The Emotion Model is the most speaker-oriented and focuses on representing
kinds of emotional states.

The Enaction Model is a function directed toward a hearer, by which a
speaker tries to control the understanding of the hearer.

The Interaction Model is a function involving speaker and hearer in mutual
verbal actions. This group includes three sub-categories to represent different
degrees of the mutual competition: (1) in the Struggle Model, the speaker tries
to get control over the hearer, or the speaker is more competitive in controlling
mutual verbal actions; (2)in contrast, the hearer is more competitive in the
Valuation Model; and (3) in the Institutional Model, the hearer and speaker are
equally competitive.

The Dialogic Model covers a kind of reciprocal cooperation where there is
a better-behaved and more rigidly organized verbal interaction. Its three sub-
categories focus on different types of the content and the organization: the Dis-
course Model focuses on the organization and types of discourse, the Text Model
focuses on the textual assimilation and processing of reality, i.e., the specific
knowledge involved, and the Theme Model focuses on the process of thematic
structuring and its results, in other words, the structure or organization of some
knowledge system.
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Fig. 1. Ontology of the Main Speech Act Categories

In the above ontology, the four basic models can be divided into unilateral
and multilateral models. The Emotion Model and Enaction Model are unilateral,
because they focus on a single speech action. The Interaction Mode! and Dialogic
Model are multilateral, because they consider the response from a hearer. The
Emotion Model and Interaction Model are more original and less constrained,
and the Enaction Model and Dialogic Model are more institutionalized and con-
trolled. Practically, these four basic models may be combined.

We next define several formal semantic model notations and then describe
the detailed semantics for the meaning categories.

3.1 Formal Semantic Model Notations

The semantic model used in representing the categories in this paper follows the
formal semantic language described for the FIPA ACL [8]. Components of the
formalism are

— p,p1, ... are closed formulas denoting propositions;
— ¢, are formula schemes, which stand for any closed proposition;
— 4,7 are schematic variables denoting agents.

The mental model of an agent is based on four primitive attitudes: belief
(what the agent knows or can know); desire (what the agent desires); intention
(an agent’s persistent goal that could lead to some actions); and uncertainty.
They are respectively formalized by operators B, D, I, and U:

B;p agent ¢ (implicitly) believes (that) p;

D;p agent ¢ desires that p currently holds;

I;p agent ¢ intends a persistent goal p;

— U;p agent i is uncertain about p, but thinks that p is more likely than —p;

We use the abbreviations:

— Bif;¢ = B;¢ V B;—¢, which means that agent i believes either ¢ or —|-¢.
— Uifi¢p = Ui V U;—¢, which means that either agent ¢ is uncertain about ¢
(¢ is more likely) or —¢ (—¢ is more likely).



To enable reasoning about action, we also introduce operators Feasible,
Done, and Agent:

— Feasible(a, p) means that an action a can take place and, if it does, then p
will be true.

— Done(a,p) means that when p is true, then action a takes place.

— Agent(i,a) means agent ¢ is the agent who performs action a.

Generally, the components of a speech act model involved in a planning
process should contain both the conditions that have to be satisfied for the act
to be planned and the reasons for which the act. is selected. The former is termed
FP (feasibility preconditions), and the latter RE (rational effect). We use the
same model here, represented as

<i,act (j,C) >
FP: ¢ (1)
RE : ¢2

where i is the sender or speaker, j the recipient or hearer, act is the name of the
speech act, C is the semantic content, and ¢; and ¢- are propositions.

3.2 Emotion Model

The Emotion Model focuses on representing the emotional states of a human or
agent. We assume there is a finite set of emotions, E, represented as

E={e;, e0e-} (2)

where e is an emotion in the set of positive emotions, which is characterized by
or displaying a kind of certainty, acceptance, or affirmation (about the content
involved), such as {happy,love,...}; eo is in the set of neutral emotions, which
does not show any tendency, such as {hesitate,...}; e_ is in the set of negative
emotions, which intends or expresses a kind of negation, refusal, or denial, such
as {angry, sad, afraid, ...}.

The Emotion Model is represented as follows:

<i, em (j,¢) >
FP : =B; (BjAgent(i,em(¢))) A D;i(B; Agent(i,em(9))) @3)
RE: B; Ageni(i,em(¢))

where em € E, and the semantic content ¢ can be empty. Here desire D is used
instead of the stronger notion I, since emotions are easy to show for humans.
This model represents that agent 7 sends a message to 7 that ¢ has emotion em
about ¢ or i is in the state of em when ¢ is empty. The FP shows that, when
agent i does not believe agent j knows that 7 is currently in emotion em about
¢, and ¢ desires that j knows it, then this message can be sent. The RE shows
that the desired result is that agent j believes that ¢ is in emotion em about ¢.



To simplify usage of this model, we can directly use e, eg, or e_ as commu-
nicative acts. In this case, we focus on the effect of the emotion speech act on the
content ¢. That is, for a positive effect, ¢ hopes j knows that ¢ has an intention
on ¢; for a negative one, ¢ hopes j knows that ¢ has a negative intention on
¢; for a neutral one, 7 shows its attitude is uncertain about ¢. Just like human
interactions, we do not have to know the precise value of an attitude. Instead, we
just need to know that something is viewed favorably, unfavorably, or neutrally.

However, detailed emotions are also desirable in some cases. To make this
usable, we generate a set of foundational meaning units from 155 emotion speech
acts listed in [7]. Table 1 gives the foundational meaning units of emotions that
combine the idea from [17,18], and they are organized with consideration of
positive, neutral, and negative values. In Table 1, each row represents a kind of

Table 1. Foundational Meaning Units of Emotional Speech Acts

+ 0 -
happy N/A  sad
love  N/A  hate
excited nervous angry

desire hesitate fear
N/A shocked N/A

meaning unit. In the first row, sad has the opposite meaning of happy. Hate has
the opposite meaning of love in the second row. Ezcited represents a positive
attitude to something with strong feeling, nervous represents a strong uncertain
feeling about something, and angry represents a strong negative feeling about
something. In the fourth row, desire shows a feeling to get something, hesitate
shows no intentions or some uncertainty, and fear shows a feeling to avoid
something. In the last row, shocked shows a neutral feeling about surprise.

3.3 Enaction Model

In the Enaction Model, the speaker more or less coercively attempts to get the
hearer to do something by expressing an idea, wish, intention, proposal, goal,
etc. There are many speech acts in this group. To organize them and simplify
the usage, we define the set of enactions as:

EN = {en4,en_} 4

Unlike the Emotion Model, which describes emotions, the Enaction Model
tries to make a hearer do something. Thus, there are no neutral enactions: if agent
i does not want j to do anything, ¢ does not have to send any message to j. en, is
an action in the set of positive enactions, such as {intend, desire, ask for, encourage, ...};
en_ is an action in the set of negative enactions, such as {warning, cancel, ...}.



The Enaction Model can be defined as:

<i, ent(j,4) >
FP: =B;p A D;¢ A B.i(Bj(ﬁ A-D;d) forengy (5)
—Bij—d A D A Bi(Bj-qu A =Dy —|¢) foren_
RE : Done(en+(¢))

where eny € EN. This model represents agent i sending a message to j to
ask j to do eny. on ¢. The FP shows that this message could be sent for en,
when ¢ does not believe that ¢ can do ¢ and it desires ¢, while ¢ believes that
j can do it, but j does not want to do it. FP is the same for en_, except ¢
is replaced by —¢. The expected result is that eny on ¢ is done. Practically, j
could just add the action to its action queue for a positive enaction (in this case,
Done(en,.(¢)) = Done(¢)), or delete it from its queue for a negative enaction.

3.4 Interaction Model

The Interaction Model is a function involving a speaker and a hearer mutually
interacting. We assume an interaction set IN and the communicative act set
Acts so that IN C Acts, and for some in € IN and act € Acts, Irule : in — act,
such that:

< i, in(4,(a, goal)) >
FP: Igoal A —=B;Done(a) A D;Done(a) A B;(Agent(j, a) A ~D;Done(a))6)
RE : Done(a) A (< j,act(s, (a/,goal — a) > V < j, succeed(s, goal) >)
V < j, fail(i, goal) >

where a,a’ are actions, and goal can be a plan or a sequence of actions. This
model represents agent ¢ sending a message to j to ask j to do action a for some
goal. The FP shows that ¢ intends to achieve the goal, so ¢ desires to do a but
cannot do it itself, and ¢ believes that j can do it. However, j does not desire to
do it. The expected result is § does a first, and then generates another message
back to i. This reply message follows the rule én — act. Generally, the message
has the form < j,act(i, (a’, goal — @) >, which means that after j has done a,
it generates another action a’ and reduces the goal. In some cases, for example
after j has done a and the goal is already achieved, then j sends back message
< 3, succeed(i, goal) >, which means the goal is achieved. Another extreme case
is that j finds out that the goal is impossible to be achieved, then it sends back
message < j, fail(i, goal) >, which means the goal is unachievable.

There are three subcategories of the interaction model representing different
degrees of the mutual competition: Struggle Model, Institutional Model, and
Valuation Model. In the Struggle Model, the speaker tries to get control over the
hearer, or the speaker is more competitive in controlling mutual verbal actions.
In this case, the rule in — act is decided by the speaker or sender i.

In the Institutional Model, the hearer and speaker are equally competitive.
For example, the establishment of a behavior in an institution equally affects the



upholders of and the participants in the institution, especially when entering
an institution and thereby adopting its norms, following its norms and rules,
violating them, and being pursued by the upholders of the institution. Thus, the
agents ¢ and 7 should have some common rule system defined in advance.

In the Valuation Model, the hearer is more competitive, so it decides which
communication act to use in its reply. That is, the rule in — act is decided by
agent j after its evaluation of the previous message. Details of the Valuation
Model -cover both positive and negative valuations of actions, persons, things,
and states of affairs.

3.5 Dialogic Model

The Dialogic Model covers a kind of reciprocal cooperation, and is a more regular
and constrained vérbal interaction. For this model, we at first assume a dialogic
speech act set DS and the communicative act set Acts so that DS C Acts, and
for some d € DS and act € Acts, Irule : d — act, such that

<4, d(j,¢) >
FP: Bi¢/\D.iBj¢ (7)
RE: Bj¢A < j,act(i,¢') >

For agent ¢ to send a message to j about ¢ in this model, agent 7 believes ¢,
and 7 desires j to believe it. The expected result is that j believes ¢ and 7 replies
to ¢ with another message about a new ¢, which is the reasoning result of agent
7, and the communicative act used in the message follows the rule d — act.

Corresponding to the three subcategories that focus on different types of
content and organization, we can define three types for ¢:

— The Discourse Model focuses on the organization and types of discourse, so ¢
points to some kind of type or organization that is predefined. For example,
according to the status of a discourse, it could be { beginning discourse, be-
ing in discourse, discourse-inconvenience, reconciliation of discourse, ending
discourse }; according to the attitude for some content, it could be { accept,
refuse, cancel }; according to the number of agents involved in the discourse,
it could be { discourse with several speakers, discourse with one speaker, ...
}; or a kind of irony, joke, etc.

— The Text Model focuses on the textual assimilation and processing of the
specific knowledge involved, i.e., ¢ describes some knowledge about perceiv-
ing reality, producing texts, systematically searching for data, etc.

— The Theme Model focuses on the process of thematic structuring and its
results, in other words, ¢ points to the structure or organization of some
knowledge system.

4 Proof of Semantic Coverage

The FIPA ACL has four primitive communicative acts, and its other commu-
nicative acts are composed of the primitive acts or are composed from primitive
messages by substitution or sequencing. [8] The four primitive acts are:



— The Assertive Inform:

<, inform(j, ¢) >
FP: Bip A~Bi(BifjpV Uif;$)
RE : BJ¢

— The Directive Request:

< i, request(j,a) >
FP : FP(a)[i\j] A B;Agent(j,a) A Bi~PG;Done(a)
RE : Done(a)

where FP(a) denotes the feasibility preconditions of a; FP(a)[i\j] denotes
the part of the F'Ps of a that are mental attitudes of 7; and PG; P means
that 7 has P as a persistent goal.

— Confirming an Uncertain Proposition (Confirm):

<14, confirm(j,¢) >
FP: Bi¢ A BiU;¢
RE: Bj¢

— Contradiction Knowledge (Disconfirm):

< i, disconfirm(j,¢) >
FP : Bi—¢ A B;(U;6 V B;j¢)
RE: Bj—¢

And among the 22 communicative acts of FIPA ACL, the composite ones
corresponding to the above four primitive acts are as in Figure 2:

— Inform: accept-proposal, agree, failure, inform-if, inform-ref, not-understood,
propagate, propose, proxy, reject-proposal, request-when, request-whenever,
subscribe

— Request: cfp(call for proposal), query-if, query-ref

— Confirm: N/A

— Disconfirm: cancel, refuse

It can be seen that the composite communicative acts relate to the primitive
ones unevenly. Most of the communicative acts are derived from inform, and
even the primitive acts, confirm and disconfirm, are special cases of inform,
which can be proved as follows.

Lemma 1. In the primitive communicative acts of FIPA ACL, confirm (<
i, confirm(j, ) >) is a special case of inform (< i,inform(j, $) >).
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Fig. 2. Relationship of FIPA Primitive and Composite Communicative Acts

Proof. Comparing the definitions of confirm and inform, we see they have the
same message body format and rational effect—RE. The only difference is the
feasibility preconditions—FP. We can then try to prove that FP of confirm is a
sufficient but not necessary condition of inform. That is, when the FP of confirm
is satisfied, the F'P of inform is also satisfied, or the satisfaction of FP of confirm
can trigger an inform message; alternatively, the FP of confirm is not necessary

for sending an inform.
FP of inform is:

Bio A ﬂBi(Bifjd) \% U'Lle;b)

Bip A—Bi((BjpV Bj=p) V (Uje V Uj—))

Bigp A (—\B«,‘Bj(ﬁ Vv -wB,»Bj—-'qS A\ —‘Bin¢ \% ﬁB,‘,Uj"d))
B¢ A (—B;B;j¢p Vv BiBj¢p Vv ~B;U;¢ V B;U;¢)

(Bigp A —~B;B;$) V (Bip A B;B;$) V (Bip A ~B;Uj¢) V (Bi¢ A B;U;$)10)

(8)

(9)

where equation (8) is derived from the definitions of Bif;p and Uif;p. We get
equation (9) since agent 7 not believing j believes ¢ usually means the same as

agent ¢ believing j does not believes ¢.



From equation (10), the last part B;¢ A B;U;¢ is exactly the FP of confirm.
When FP of confirm is satisfied, that is, when B;¢AB;U;¢ is true, then equation
(10) will also be true. However, FP of confirm is not a necessary condition, since
only if one of B;¢p A—~B; Bj¢, Bi¢pAB;B;¢ and B;¢pA—-B;U;¢ is satisfied, equation
(10) will also be satisfied.

Thus, confirm is a special case of inform.

Lemma 2. In the primitive communicative acts of the FIPA ACL, disconfirm
(< i, disconfirm(j, ¢) >) is a special case of inform (< i, inform(j, ~¢$) >).

Proof. Comparing the definitions of disconfirm and inform, we have

<1, inform(j,~¢) >
FP: Bi~¢ A=Bi(Bifj~¢V Uifj=¢) (11)
RE: B;—¢

Thus, we get the same rational effect format—RUFE. Let’s compare the feasi-
bility preconditions—FP, and similarly equation (11) can be changed to:

Bi—¢ A -B; (B’ifj -V Uifj ——141)

B;—~¢ A -Bi((Bj—¢ V Bjg) V (Uj—¢ v Ujé))

Bi—¢ A —IB,'(Bj—!(b v Bjd) \% Uj"1¢ \% U_,(,b)

Bi~¢ A=Bi((Uj¢ V B;j$) V (Bj~¢ V U;~¢))

B;—¢ A (—LBi(Ujd) \% Bjd)) A —IB,;(B]'*@ \Y Uj—!(f)))

= (Bim¢ A-Bi(U;o V Bj$)) V (Bi~¢ A~Bi(Bj~¢ VU;~¢))  (12)

From equation (12), the first part B;—¢A-B;i(U;¢V B;¢) is exactly the FP of
disconfirm. When FP of disconfirm is satisfied, that is, when B;—~¢ A -B;(U;¢V
B;¢) is true, then equation (12) will also be true, which will trigger message
< i, inform(j, ~¢) >. However, FP of disconfirm is not a necessary condition,
since if Bi~¢A—B;(B;j—¢VU;—¢) is satistied, equation (12) will also be satisfied.

Thus, we proved that FP of disconfirm is a sufficient but not necessary
condition to trigger message < i, inform(j,~¢) >. In other words, disconfirm
(< i, disconfirm(j, #) >) is a special case of inform (< i, inform(j, —~¢) >).

So far, we can conclude that there are actually two foundational commu-
nicative acts inform and reguest. If we can prove that our approach covers the
semantic meaning of these two communicative acts, then our approach covers
all the semantic meanings of the FIPA communicative acts, since the others can
be derived from these two by adding constraints.

However, we think inform is too general. Considering -B;(Bif;¢ Vv Uif;)
in FP of inform, it actually lists all the possibility of j’s knowledge about ¢,
such that: ¢ does not believe j believes ¢, or i does not believe § believes not ¢,
or i does not believe j is uncertain about @, or 7 does not believe j is uncertain
about not ¢. Since at least one of them will be true, ~B;(Bif;¢ V Uif;¢) will
always be true. So FP of inform can be simplified to B;¢, which is reasonable



because only if agent ¢ has the belief ¢ can it inform j about ¢. While, we still
think it should not ignore the desire to have j to believe ¢, no matter what 3
believes or does not believe j's knowledge about ¢, if ¢ does not have any desire
to have j believe ¢, why does ¢ want to send the message to 57

Based on the above analysis, we begin to prove that our approach covers
the semantic meaning of the two foundational communicative acts inform and
request.

Lemma 3. The Dialogic model covers the semantic meaning of FIPA’s i_nform.

Proof. According to our above analysis of inform, —~By(Bif;¢ VvV Uif;¢) did not
supply any of #’s opinion on j’s knowledge about ¢, and if i’s desire for j to know
about ¢ was also be ignored, we can then represent inform with more precise
semantic meaning as:

< i, inform(j,d) >
FP: Bi¢ AD;B;¢
RE: Bj¢

Then it has a format similar to the semantic representation of the dialogic
model, and the difference is in RE. For the dialogic model, we assume a dialogic
communicative act set DS and the communicative act set Acts that DS C Acts,
and for some d € DS and act € Acts, Irule : d — act, If d € DS is a terminal
symbol, that is, there is no rule from d to something else, then in this case,
< j,act(i,@’) > in RE can be ignored, so that we can get the same semantic
meaning of inform. Thus, we can use the dialogic model to represent the semantic
meaning of inform.

Lemma 4. The interaction model covers the semantic meaning of FIPA’s request.

Proof. Let’s first consider the definition of request, which is used to request a
receiver to perform some action. Usually it presumes feedback from the receiver.
FP of request involves three parts:

— FP(a)[i\j]: denotes the part of the FPs of action a that are mental attitudes
of agent <. We do not know exactly what the mental attitudes will be, however
they should satisfy the following conditions for sending out a request: agent
i should intend to have action a done—I;Done(a); and i can not do a by
itself.

— B;Agent(j,a): i believes that j is the only agent that can perform a.

— B;—PGjDone(a): this part (in page 36 of [8]) is also presented as —B;I; Done
(a) (in page 25 of [8]), which roughly points out a required condition: ¢ does
not believe j intents to do a.

The goal in the interaction model denotes a plan or a sequence of actions.
To get comparable format of the interaction model, we can let the goal involve



only one action, that is, let goal = Done(a). Then the interaction model can be
simplified to:

< i, in(j,a) >
FP : I;Done(a) A ~B;Done{a) A D;Done(a) A (13)
B;(Agent(j,a) A ~DjDone(a))
RE : Done(a)A < j, succeed(i, Done(a)) >

In the BDI model, intention is generated from desire. If we separate desires into
intentional desires () and non-intentional desires (NT), then we can represent
D;p to be I;pV NI; p, such that equation (13) becomes

I;Done(a) A ~B;Done(a) A D;Done(a) A B;(Agent(j,a) A ~D;Done(a))
= I;Done(a) A ~B;Done(a) A (I; Done(a) V NI; Done(a))
AB;(Agent(j,a) A ~DjDone(a))
= IL;Done(a) A ~B;Done(a) A B;(Agent(j, a) A ~D;jDone(a))
= I;Done(a) A ~B;Done(a) A B;Agent(j, a) A Bi~D;Done(a)
= I;Done(a) A ~B;Done(a) A B;Agent(j, a) A ~B;(I;Done(a) V NI; Done(a))
= (I;Done(a) A ~B;Done(a) A B;Agent(4, a) A ~B;I;Done(a)) V
(Z;Done(a) A ~B;Done(a) A B;Agent(j,a) A ~B; NI; Done(a)) (14)
The first part of equation (14) has a format similar to the FP of request:

— I;Done(a) A = B;Done(a) corresponds to the first part of FP for request,
which presents the detailed required conditions—agent 7 should intend to
have action a done and i cannot do a by itself.

— B;Agent(j,a) is the same as the second part of FP for request.

— —B;I;Done(a) is the same as the third part of FP for request. We did not
use symbol PG in our approach, since PG is very similar to I, and here this
part follows the format on page 25 of [8].

So far, we see that when FP of request is true, the equation (14) will also
be true, and message of interaction model will be triggered. However the FP of
request is not necessary for equation (14) to be satisfied.

Let’s continue to consider the RE of request, which is the same as the first
part of RE of interaction model. However, the second part is also reasonable for
request, since in most cases request implies feedback from the receiver.

Thus, request is a special case of interaction model, and the interaction model
covers the semantic meaning of request in the FIPA ACL.

In summary, our approach covers the semantic meaning of the two founda-
tional communicative acts, so it also covers all the semantic meanings of the
communicative acts in the FIPA ACL. Moreover, our approach also covers ad-
ditional semantic meanings. For example, our emotion model supplies a way
to communicate emotions, which the FIPA ACL does not. We believe it is im-
portant to cover emotions in agent communicative acts, and other researchers
[14-16] have already discovered that emotions influence human decision-making,
but this influence has traditionally been ignored.



5 Example Applications

This section provides several examples showing how these defined semantic cat-
egories can be used.

Example 1: Bob tells Sue that he loves her. Using the emotion model, the
sender is Bob, the receiver is Sue, and ¢ = Sue to yield the message on the left
below. The expected result will be that Sue has a belief that Bob is in love with
her. Since the FIPA ACL does not have a communicative act with a similar
meaning, the content must include the expression of emotion, as shown in the
message on the right.

(love (inform

:sender Bob :sender Bob

:receiver Sue :receiver Sue

:content (Sue)) :content (Bob loves Sue))

The left message separates domain independent from domain dependent in-
formation better and is less ambiguous.

Ezxample 2: Jack commands Bill to turn off the TV. Using the enaction model,
the message to be sent is

(command

:sender Jack

:receiver Bill

:content (turn off the TV))

The expected result will be that Bill turns off the TV. The communicative act
command implies a master-slave relationship between the sender and receiver.
The FIPA ACL does not have a similar communicative act, so all the information
must be put in the content, as in Example 1, although it is more ambiguous.

Ezample 3: Bob and Jack work together to open a case with ID 011. Bob gets
the key but it is broken. Jack is an expert in fixing keys, so Bob asks Jack to fix
the key.

According to the interaction model, the message sent to Jack will be

(interact

:sender Bob

:receiver Jack

:content (fix key) (open case 011))

The goal “open case 011” implies a sequence of actions, which are assumed
known to both sender and receiver in advance. Thus Jack tries to fix the key.
If Jack fixes the key successfully, he will send a reply to Bob that Bob can pick
up the key to open the case now, as shown in the message below on the left. If
Jack cannot fix the key, he will then tell Bob that the goal failed, as shown on
the right.



(interact (fail

:sender Jack :sender Jack
receiver Bob :receiver Bob
:content (pick-up key) :content (open case 011)

(open case 011 - fix key))

This model is especially useful for multiple agents working together on a
project.

Exzample 4: Bill wants to tell Bob about the structure of the subway system
in Boston, which includes the red line, orange line, green line, and blue line.
According to the dialogic model, the message sent to Bob would be

(structure

:sender Bill

:receiver Bob

:content (Subway in Boston: red line, orange line, green line, blue line)

The expected result will be that Bob records the structure information as one
of his beliefs. We can also use FIPA’s inform to represent the above message,
but the relationship of the subway system and those lines would have to be part
of the content.

6 Conclusion and Future Work

Comparing our approach to the FIPA ACL reveals that:

Better coverage: our approach covers more of human semantics.

Precise semantics: we adopt the same formalism as used by FIPA for our
four basic categories and subcategories.

Easy usage: An ACL must be easy to use, and the FIPA ACL has many
successful uses. Instead of replacing it, we substitute our speech acts and keep
its message structure. We organize the speech acts as an ontology with different
abstract levels, so that a user or agent can more easily navigate through them
to choose the desired ones.

Better understood: Easy usage requires that the ACL be well understood.
However, the original categories given by Ballmer and Brennenstuhl’s classifi-
cation are poor, because the classification is obtained by translating German
verbs and the names of the categories are not chosen systematically. We mod-
ified their classification by using typical English names, which should be more
understandable.

Efficiency: Efficiency is desirable for an ACL. As can be seen in the above
examples, our approach separates domain-independent from domain-dependent
information better, which can shorten the message sent while improving the
semantics.

In summary, our approach combines the benefits of the FIPA ACL and
Ballmer and Brennenstuhl’s speech act classification. It is more expressive in



representing a broader range of domain-independent communication semantics,
while remaining consistent with current approaches to ACLs. However, a better
communicative act set with reasonable size still needs work. Instead of just con-
sidering the categories, some frequently used speech acts also need to be found
to represent the categories.
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