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Abstract. There are two main traditions in defining a semantics for agemmunication languages, based eithemmntal
attitudesor on social commitmentsThese traditions share speech acts as operators withnglidoas and effects, and agents
playing roles like speaker and hearer, but otherwise thigyam distinct ontologies. They refer not only to either kéland
intention or various notions of social commitment, but dlsalistinct speech acts and distinct kinds of dialogue. is plaper,
we propose a common ontology for both approaches basedldit mental attitudeattributed torole instancesPublic mental
attitudes avoid the unverifiability problem of private malrgtates, while reusing the logics and implementationgldeed for
FIPA compliant approaches. Moreover, a common ontologyoairaunication primitives allows for the construction of atge
which do not need separate reasoning modules to partidipati@logues with both mental attitudes and social commitisie
compliant agents. Moreover, a common ontology of commuigiagrimitives allows for the construction of agents paipating

in and combining the full range of dialogues covered by thaividual approaches without having to redefine the existing
protocols to cope with new dialog types. We illustrate hovextend the ontology to a semantics for agent communication a
how to define mappings from existing semantics to the new one.
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1. Introduction

Agents are components in modern software that can be addedytoamic and complex environment.
Agents can sense the state of the environment and alter ittmgaAgents are autonomous, in the sense
that they direct there own behavior, according to a set ofsgmaasks. Agents may be designed to achieve
goals and tasks of different stakeholders. Moreover, teatagn an environment can be heterogeneous in
the sense that they are built in different ways. But althoagénts may have different goals and may be
built in different ways, they can interact with other agdntthe surrounding environment. The interaction
mechanism is based on agent communication languagBecause an agent communication language
should make heterogeneous agents able to communicate,ish@meed for standardization of both the
agent communication languages and the languages for skpgethe content of the messages that are
communicated.

In this paper, theontology of agent communication languages is studied for standatidiz Agent
communication languages share the idea that agents comateiry performing speech acts (Austin,
1962; Searle, 1969), and that these actions can be modedekirad of planning operators with precondi-
tions and effects (Cohen and Perrault, 1979; Allen and BiyE080). Longer stretches of dialogue can
be explained by plans, that structure attempts of partitgoto reach their joint goals, e.g. (Lochbaum,
1998). However, many variations of agent communicationglages have been designed on these com-
mon speech act foundations, thus making the standardizefiort difficult.
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The partial ontology visualized in Figure 1 highlights thstithctions in terms of communication primi-
tives between two main traditions in agent communicatianth€ left of the agent are hisental attitudes
like beliefs and intentions, which are included in prectinds and effects of speech acts used in informa-
tion seeking dialogues based on speech acts suafoas) andrequest This side has been popularized by
the standardization efforts of the Foundation for IntelfigPhysical Agents (FIPA, 2002a). To the right of
the agent, we find the social semantics tradition, develagetireaction to FIPA (Singh, 2000). The agent
is related to his social commitments both as creditor andelsod which are adopted in the semantics
of speech acts used in negotiation or persuasion. Thoughkowds of dialogue rely on the terminology
of commitment, requesting an action in negotiation meansesioing else than defending a proposition in
persuasion after a challenge. In Section 5 we thereformgdigsh action commitment to give a semantics
of speech acts likeequestor proposein negotiation (Singh, 2000; Fornara and Colombetti, 2064
propositional commitment used for speech acts dkeertor challengein persuasion (Hamblin, 1970;
Walton and Krabbe, 1995).

Agent
Mental Attitudes Social Commitments
e | £
| | [ |
Belief Intenticn Action Progositional
Commitment Commitment

=) =

Feasibility preconditions
. challenge
Rational Effects

Fig. 1. Partial ontology oMental AttitudegFIPA) andSocial Commitmentsased approaches

The comparison given in Table 1, further discussed in Secltion related research, illustrates that
both traditions are distinct in most aspects. Not only theesp acts and dialogue types of the mental
attitudes and social commitment based approaches aneatligtiit they are based also on distinct kinds of
semantics, agent attitudes, and underlying assumpti@rsdguently, building a bridge between them to
create a common ontology is a challenging problem. Moreat/#lustrates that for combined dialogues
this problem has to be addressed. For example, considercéiatemn or persuasion dialogue that is in-
tertwined with information seeking dialogues, like reguesthe details of the object under negotiation.
The separation of the two traditions makes it difficult teenpiret the interaction among negotiation and
information seeking in such a mixed dialogue.

The approaches that bridge the two traditions are basedeintanpretation of the beliefs and intentions
in Figure 1. The idea that meaning cannot be private, butés-subjective or based on a common ground,
has been accepted for a long time in the philosophy of languHgjs has been discussed, for example, by
Lewis (1969) or Stalnaker (2002) from the analytic tradifisvho stress the importance of the common
ground. The crucial point is that a private semantics doésnake it possible for a language user to be
objectively wrong about an interpretation from a third jpergoint of view. In contrast to FIPA, beliefs
and intentions are not interpreted as private mental dégubut as a kind of public mental attitudes, for
example as grounded beliefs (Gaudou et al., 2006a) or assilse beliefs, or public opinions (Nickles
et al., 2006).
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Mental Attitudes (FIPA) Social Commitments
Attitudes beliefs, intentions propositional commitmemtstion commitments
Speech acts inform, request propose, assert, challenge
Semantics model theoretic semantics operational sersantic
Dialogue types information seeking negotiation, persarasi
Attitude cooperative competitive
Assumptions sincerity, cooperativity fear of social digagval or sanction

Table 1

Differences between approaches baset/ental AttitudegFIPA) andSocial Commitments

In this paper we build an ontology for public mental attitadie agent communication centered on the
concept ofrole. Communication in multi-agent systems is often associati¢ldl the roles agents play in
the social structure of the systems (Zambonelli et al., 26@8ber et al., 2003), but existing approaches to
the semantics of agent communication languages do notdéinto account, and thus far roles have not
been associated with public mental attitudes in agent camuation languages. Roughly, the basis of the
idea to build the ontology on roles is that we associate tsediad intentions with a role instance played
by an agent, and that these role-based mental attitudesalaugic character. The various alternatives for
public mental attitudes can be compared only when it is shiowm existing approaches can be mapped
onto them. In this paper we show how this can be done for ourrolebased semantics. In particular,
we answer the following four questions:

1. What is a role-based ontology for agent communicationtevd can it be extended to a semantic
language?

2. How can the agent communication language of FIPA be mapptdthe role-based language?

3. How can languages based on action commitments be mappethemole-based language?

4. How can languages based on propositional commitmentsaipgaea onto the role-based language?

In this paper, a mapping from one communication languag@dthar, means that for all expressions
in the first language, the semantic representation for tise linguage can be replaced by a semantic
representation in the representation format that is ndymesed for the second language. Ideally, this
mapping should respect the intended meaning of the sped¢shbat in some cases, we will see that
information may get lost in the process. Therefore we do imotfar a complete mapping, in the sense
that the original semantics is reflected completely in ole-bmsed semantics, but we aim to maintain the
spirit of the other language. The success criteria are thdiedogues in the original agent communication
languages can be given a corresponding meaning in our egledbanguage.

We explain the main challenges in these four questions béloe ontology of agent communication
answering the first question is a list of concept definitiond &elations among them to describe the
semantics of agent communication. As an illustrative eXdamip Figure 2 we visualize the speech act
inform.

This figure visualizes two agents playing respectively saé typer; andr, in a dialogue game, and
should be read as follows. Since agents can play the sameeedgal times, either simultaneously or
sequentially, a role instance is characterized by an agent role typer,, r» and a sessionof a dialogue
game type. The lefthand side visualizes agettottom) with role instancer; s (top), and the righthand
side visualizes agent (bottom) with role instancgrys (top). Thus, compared to most existing models,
we distinguish the private state from the public face, faheagent playing a role. We associate beliefs
(B) and intentions {) with the role instances too; these are the public mentaidés. The beliefs and
intentions of the role instance are constructed by thedioizbon or removal of beliefs and intentions by
the speech acts, according to the rules describing thegdialgame type, called constitutive rules. Since
the performance of a speech acts is public for those paatioipin a dialogue, also the changes are public.

Agentz in role r; informs agenyy in role r, that, and thereforeo becomes part of his public beliefs,
as specified by the feasibility preconditionisformin FIPA, under the assumption that this belief persists.
Moreover, the reason that he informs the other agent is thavdnts him to believer, and therefore
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Fig. 2. Private and public mental attitudes.

By, s¢ is part of public intentions of agentin role r;, according to the constitutive rules of the dialogue
game type. If agen (publicly) believes that agentis reliable, then his public beliefs will contaimtoo,
as visualized by in the top right square of the Figure 2.

The public beliefs and intentions of a dialogue participiara particular role may differ in interesting
ways from his private beliefs and intentions, but if the dgeme sincere, then they will privately belieye
too, as visualized by in both the left and bottom right squares of Figure 2. The &gsiexplained in more
detail in Section 3.1. The ontology has to clearly define then of a role, given the many interpretations
of roles in computer science and in other sciences, and itchdistinguish role from role instance, and
from the agent itself. The challenge in defining roles is tplax how mental attitudes can be attributed
to role instances, and how these mental attitudes can be podatie. As part of this problem, it has to be
clarified which mental attributes should be assigned to deeinstance and which to the agent. Finally,
the set of concepts has to be extended to a semantic languityall the constructs and variables needed
to describe a semantics of speech acts.

A challenge in defining the mapping from FIPA to our role-lthsemantic language to answer the
second question is to deal with the notion of preconditicor. €&ample, if an agent informs another
agent thatp, for example withinform(zrys, yras, ¢) in Figure 2, then in the original FIPA semantics,
agentz has a so called feasibility precondition, that he shouldaaly believe the propositiop. If not,

2 would be insincere. With public mental attitudes, howeitas notthe case that an agent must already
publicly believey in his roler;. To see why, assume that this precondition would hold. Wiereigents
meet there are no public attitudes besides the common kdgelassociated with the roles of the agents
being played. So in that case, an agent would not be able te araikform. Moreover, if the information
were believed by the roles and thus were already public, tthene would be no need for amform in the
first place. Clearly, the notion of precondition has to baterpreted in the context of public, role-based
semantics.

Another challenge of this mapping is that in FIPA notion lileliability, cooperativity and sincerity
are built into the conceptual system. We have to relax thesgepties if we want to integrate the social
commitment approach, and deal for example with non-codipertypes of dialogue like argumentation
or negotiation. Therefore, we have to make properties kkaility, cooperativity and sincerity explicit
in the formal language, to distinguish between differemiterts of use, and we have to explain how these
properties can be associated with the role instances. Tibeviiog formula explains the use of a reliability
concept. Detailed explanation of this rule is given in Sat8.1. Since all modal operators are indexed by
the same sessiof) we leave the session out of the rules.

Byro (Ipr, Byro @ A reliable(xri, ) — By, (RL16)
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An initial problem of the mapping from the social commitmeapiproach to answer the last questions
is that there is not a single social commitment approachrelage approaches based on action commit-
ment, and approaches based on propositional commitmemedver, the social commitment approaches
focusing on action commitments (Singh, 2000; Fornara aridr@loetti, 2004), are usually given an oper-
ational semantics. An additional challenge in how to useptisposed bridges between the two traditions
to compare them is that we need either to translate one agpiot the other, for all possible pairs of
alternatives, or to have a common framework of referencaebier, it is necessary to be able to compare
the individual speech acts which are not always defined fecipely the same purpose, to understand
which are more general or specific in one approach or the,ahdrto make the hidden assumptions of
the models explicit. Finally, we need to define not only cotnmeints but also their evolution and the rules
describing their evolution.

For extending our ontology into a semantic language we td&gieal language that is directly derived
from the FIPA semantic language SL (FIPA, 2002a), which werak with roles. We call this language
Role-SL. We extend it also with two rules to express that @iattitudes are public. We isolate a minimal
notion of role, needed for agent communication. This mihin@ion of role possesses what we call
the characteristic property of roles: the fact that we cambate mental attitudes to it. We take mental
attitudes of a role as our ontological primitive, and demgke from it. The ontological question is then
no longer “what is a role?”, but rather “what are role-basezhtal attitudes, and how do they evolve?”
To answer this question we consider why multiple sets of alaititudes are needed, for each role the
agent plays, instead of a single set for the agent itself. ¥fiael role-based mental attitudes, and explain
why they are public. We discuss how it builds upon the notibrote we developed in our earlier work
on normative multiagent systems (Boella and van der Tol®84R For the mapping from FIPA to the
role-based ontology we define translation schemes for Rpeach acts to Role-SL. For mapping of social
commitment based approaches to a role-based ontology wetsinilar approach, translating the states
of the operational semantics, to sets of public mentalaliis in Role-SL.

The paper is structured as follows. In Section 2 we introdugeaole-based ontology for agent commu-
nication, and we extend it to a semantic language. In Se8temd 4 we map respectively the FIPA agent
communication language and a social semantics (Fornar&€aluinbetti, 2004) into role-based seman-
tics. In Section 5 we deal in particular with the differen@tvibeen action commitments and propositional
commitments, and we show how we can account for persuasadogdies in our approach. In Section 6
we translate an instance of the propose interaction prbfomm FIPA and from social semantics into
our role model, to compare the two approaches. The papemnétitda discussion of related research and
conclusions.

2. Role-based ontology for agent communication

Whereas usually in agent communication only a semanticukageg is given to describe the meaning
of speech acts, we distinguish between an ontology and sleigaage. In Section 2.1 we define the
ontology we use in this paper, that is, the set of conceptstancklations among them. In Section 2.2 the
set of concepts is related to the semantic language SL usePBy extended with the distinction between
private mental attitudes of agents and public mental dituassociated with role instances, and extended
with rules reflecting that mental attitudes associated valbs are public.

2.1. The ontology

An agent can be part of multiple communication sessionseas#ime time. For example, consider an
agent who informs another agent that his web services carsdxt hy all other agents, informs a third
agent that his services can only be used by agents with theajgte certificates, requests from a fourth
agent a document, and informs a fifth agent that he does netdmaintention to obtain this document.
Intuitively, we can make another ‘copy’ of the agent for eaelsion, and we may refer to each ‘copy’ as
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arole playing agent or a role enacting agent (Dastani 2@0D3). In practice an agent may be required to
maintain a minimal consistency among these ‘copies’, bthtigypaper we do not consider this consistency
problem, because it depends on the application domain datigeiage.

For each role playing agent, we distinguish between theat@ibeliefs and intentions of the agent,
and the public beliefs and intentions attributed to the mance. For example, when a role playing
agent believes that the secret key of the safe used whemglayiole in the organization enrolling him is
“123456", then this belief is not known to everybody and #fere is not attributed to the role instance,
but is part of private mental attitudes of the agent.

The public beliefs and intentions attributed to the rol¢énse are known to everybody overhearing the
conversation and aware of the rules of the dialogue gamey ilgpeesent what the agent is publicly held
responsible for. If an agent does not adhere to his role bgxample refusing what he has said before,
then he can be sanctioned or blamed. Consequently, onceean stgrts lying, he has to continue the
dialogue consistently with these lies, independently sfraal beliefs. We consider beliefs and intentions
only, because knowledge may be considered as a strong kinelief, and goals have a very minor role
in the agent communication languages we consider in thisrpaph as the FIPA language.

Besides the uniqueness of the private mental attitudeshandariance of the public mental attitudes
according to the roles an agent is playing, there are vamthesr good reasons why one might want to
distinguish the mental attitudes of a role instance frormtiemtal attitudes of the agents themselves:

— If we wish to model that an agent is bluffing (telling somethime is not sure of) or lying (telling
something he believes is false), then we have to accountvergénces between the private mental
attitudes and the public ones;

— In a negotiation situation the agents only have the intentibreaching an agreement in common,
but they do not have to communicate truthful informationhait real preferences. For example, in a
negotiation a bid does not need to correspond to the actsivagion price of the agent.

— In persuasion, if the aim is to win a dispute, an agent can taaqmint of view “for the sake of
the argument”, in order to show its inconsistency or coumtigitive consequences, without actually
endorsing the view himself (Caminada (2004)).

— It is necessary to keep apart the motivations for playingla fmm the rules of the game which
affect the state of the roles. For example, an agent may bersinin the sense that he really acts as
expected from his role, for pure cooperativity or for therfeba sanction.

Since the mental attitudes of role instances are the foiomat our ontology, they have to be precisely
defined. In particular, we have to clearly distinguish thentakattitudes attributed to a role instance from
mental attitudes attributed to the agent playing the role mental attitudes attributed to a role instance
consist of two parts. First, they contain those public liglgd intentions following from uttering speech
acts. Second, the mental attitudes of a role consist of carynld beliefs about the attitudes of roles.
For example, a buyer in negotiation is expected to prefeetgwices. Moreover, agents in an organization
may be expected to be sincere, cooperative and reliable wdmmunicating with other agents in the
same organization. No other mental attitudes are attibtateole instances.

Moreover, we distinguish two kinds of mental attitudesilaiied to role instances as the result of speech
acts. For example, consider an agent informing another fuete"it is raining”. We can derive that the
agent publicly believes that it is raining, and that he hasphblic intention that the other agent believes
it is raining, because these mental attitudes are presagpolen making such an action. More precisely,
the agent’s belief that it is raining is presupposed, and#ief that the other agent will believe it is the
desired effect.

Definition 1 Mental attitudes of role instance®] consist of beliefs®) and intentions {), and are pre-
cisely:

1. Consequences of speech acts on the mental attitudes ofamyemhearing the uttering of the speech
act, representing what the agent is publicly held respdaditr, distinguishing between:
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(a) Presuppositions of the speech act; these are public metiialdes from which we can infer that
they held already before the speech act was uttered;

(b) Other public mental attitudes following from the speectsafibm these we cannot infer that
they held already before the speech act was uttered.

2. Common knowledge associated with the roles being playekeoggents.

We build our ontology on the concept of “mental attitudes @bk instance” in Definition 1, rather
than on the concept of role instance or role. However, thelogy has to clarify also what we mean by
role instance, given the many interpretations of roles imgater science and in other sciences. This is
a non-trivial problem, since there are numerous incomfgatiotions of role available in the literature
(Baldoni et al., 2007; Loebe, 2007; Masolo et al., 2005; rhamn, 2007). In this paper we are interested
in role instances mostly, where a role is a generic class atkanstance is associated with an agent
playing the role in a dialogue session.

Definition 2 The characteristic property of a role instance is that it laanel end of communication,
and contains mental attitudes representing the state oféisgion of interaction. It may or may not refer
to other properties of roles such as expertise needed to thlayole, powers associated with the role,
expectations associated with the role, and so on.

The starting point of the common ontology for agent commaio consists of the ontology of mental
attitudes approach to agent communication: agents, beli@Entions, utterances, speech act types, also
called performatives, and dialogue types. Then we make ®eisibns. The first decision is to include
sessions rather than leaving them out of the ontology. Wéddeave them out of the ontology, since
the rules of the game always refer to a single session ontiywando not consider cross-session rules.
Though leaving the sessions out of the ontology would siipplir ontology a little, it obscures the fact
that agents can play multiple sessions of the same dialygeesat the same time. In particular, we like to
compare the entities to which we attribute the private ardipmental attitudes. Since, at some moment
in time, a private mental attitude is attributed to an agant] a public mental attitude is attributed to an
agent playing a role in a session, we include the sessiom®iarttology too.

The second decision concerns the representation of digtstractions, in particular role types and
role instances, dialogue types and dialogue session oegamand speech act types and utterances. As
usual there are various ways to represent them in a coné¢eptwdel. We choose to represent them all
as first class citizens in our model to clarify the precisatrehs among them, and again to express that
mental attitudes are attributed to agents and role inssafideerefore, we extend the basic ontology with
dialogue sessions and roles to represent role instanchgheit public mental attitudes. We add several
relations between these concepts. A role instance is playeth agent in a session, a dialogue session
has a dialogue type, and agents and role instances areldesbyi their beliefs and intentions. Moreover,
utterances are made by role instances, directed towarmlggtlnces, and have a speech act type.

Moreover, we introduce rules defining the effects of speeth@n the mental attitudes of role instances.
We call them the constitutive rules or norms of the dialogamg played by the agents. The constitutive
rules describe a speech act in terms of the beliefs and iotenof agents, in the context of a dialogue
type. Therefore, a speech act may mean something else inrses$ another dialogue type. Finally, in
the ontology we do not consider the content of speech acts.

We have chosen to exclude various other concepts and reddtiom our ontology. For example, the
belief of an agent that it is raining, and the belief of anothgent that the first agent has this belief,
are related. These complex relations among beliefs andtiotes arenot represented in the ontology. To
detail such relations, a modal language is used in the mdedletk semantic languages describing the
mental attitudes. Moreover, also the content of the beheft intentions, and the constitutive norms are
described in a semantic language referring to beliefs aedtions.
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Definition 3 A role-based ontology for agent communication is a tuple
(A,RT,S,R,PL,DT,SDT,RDT,B,1,AD,SA,U, USA, URS, URA, CR, CRD, CRM)

where:

— Ais aset of agents, like andy.

— RTis a set of role types, like, r1, 79, ...

— Sis a set of sessions, like s1, s9, ...

— Ris aset of role instances, likeor j.

— PL: Ax RN x S — R is a role playing function, such that for each role instanicthere is
precisely one agent, role typer and sessios withi = PL(x,r, s). We also say thatgent(i) = x,
roletype(i) = r, andsession(i) = s.

— DT is a set of dialogue types, such as information seeking,tizgm and persuasion.

— 8DT : S+~ DT if afunction giving the dialogue type of a dialogue session.

— RDT C RT x DT if arelation describing the role types that can participétea dialogue session
of a dialogue type.

— B andI are sets of beliefs and intentions respectively, eithemdiidual agents or of role instances.
We writeM = B U I for the set of all mental attitudes.

— AD: AU R — BU s afunction associating mental attitudes with agents anie instances.

— SAis a set of speech act typesiform, request, propose, etc.

— U is a set of utterances or messages, i.e., instances ofngtarspeech act.

— USA : U — SA s a function associating an utterance with its speech gus.ty

— URS : U — Ris afunction associating an utterance with the role instean€the speaker.

— URA : U — 2% is a function associating an utterance with the (set of) ioltances of the ad-
dressees.

— CR s a set of constitutive rules of dialogue games.

— CRD : CR — SA x DT is a function that associates with each constitutive rulpeesh act and
dialogue type.

— CRM : CR — 2M is a function detailing which mental attitudes are affedbgda constitutive rule.

The ontology is visualized in Figure 3. For readability wedialso added the full names of the concepts,
and ways to read some of the relations. It is instructive tagare our ontology in Figure 3 with the one
in Figure 1. Besides the extension with roles and sessioaiave now only beliefs and intentions, and
no longer commitments. Moreover, the class of speech adigjure 3 and the individual speech acts in
Figure 1 represents that we have a single uniform way to geosi semantics for them, and therefore a
uniform way to formalize dialogue sessions of varying digie types.

Finally, we explain in which sense the mental attitudes ¢¢ mstances of the kind defined in Defi-
nition 3 are public. This is based on our notion of public cammication, defined as follows. Commu-
nication is public for every agent who overhears the speet$) and has the same prior knowledge of
roles and dialogue types. Consequently, for public comuoatian, the mental attitudes of role are pub-
lic. The public beliefs and intentions attributed to theeristances are known to everybody overhearing
the conversation according to the constitutive rules omsoiConstitutive rules explain how roles can be
autonomous, in the literal sense of the term: auto-nomesbhéhmavior of roles is described by their own
norms. The constitutive rules exist only since roles asrijgsns are collectively accepted by the agents.
Moreover, since the constitutive rules which change thieefsehnd intentions publicly attributed to roles
are accepted by all agents, the beliefs and intentionstiggudtom the application of a constitutive rule
after a speech act are public too. This issue of the congiruof social reality is discussed in (Boella and
van der Torre, 2006a).
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Fig. 3. The role-based ontology of communication.

Definition 4 Communication is public in a grouf C A, if and only if:

1. every agent inS hears the speech acts that are uttered, and has the sameddagmvbf roles and
dialogue types.

2. every agent irt' knows which role is played by the utterers of the speech acts.

3. every agent ir6 knows which beliefs are typically attributed to roles types

The constitutive rules may describe also the rules of theopob the role is defined for, or the roles agents
play in the social structure of the systems. See Sectioror 2 discussion.

2.2. The semantic language Role-SL

We now sketch how a BDI logic can be designed based on ouramytolvhich can be used as a
semantic language. In principle, we can use any existingatrent temporal predicate logic, but we have
to introduce the following two important extensions.

1. We have to introduce role instances, and therefore roldssassions. More precisely, we have to
replace the agent identifiers in the BDI logic by a superatasssisting of agents and role instances.
Another way to look at this, is that the set of agents in the RiQic is partitioned into agents and
role instances.

2. We have to make mental attitudes of role instances pubis is done by adding rules that state
that if a role instance has a belief or intention, then theothle instances will believe this.

The distinction between agents and role instances raisaguthstion how the agent and its role instances
are related. Since this issue is relevant for our mappinglABpeech acts to our Role-SL, where we
have to formalize FIPA property of sincerity. We discuss fksue in Section 3.1.
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There are various BDI logics which can be used, or we can desitgew language from scratch. Since
our aim in this paper is to show the generality of our ontoJagy show how to extend FIPA's specification
language (FIPA, 2002a) and its predecessor (Sadek, 199&k3 al., 1997; Sadek, 1999). However,
this language has some limitations, which have been disdusshe literature (Pitt and Mamdani, 1999;
Wooldridge, 2000). The three main problems are that thecltggbased on a rather complex relation
between desires, goals and intentions, that there is nacixm@presentation of a conditional or rule
(simulated by material implication according to (FIPA, 2@J), and that there is no explicit representation
of time. In particular, the absence of explicit time has tbasequence that there is no formal way to
reason about the persistence of mental attitudes over timexample which preconditions persist after
the speech act has been uttered. Though solutions to somnesef problems have been proposed (Herzig
and Longin, 2000), there is no commonly accepted standandalism, and we therefore continue to use
FIPA's SL. In this paper we are not concerned with these éitiuhs, our aim is to show only how to adapt
this language for our ontology.

2.2.1. Basis of the Semantic Language Formalism

In FIPA-SL, propositions about mental attitudes and astiare formalized in a first order modal logic
with identity. We follow the exposition in AnneA of (FIPA, 2002a) and refer to (Sadek, 1991) for details
of this logic. The components of the formalism used in oureR8L are as follows, where we extend the
set of agents with role instances. Since we use the variabled; to refer to role instances, we introduce
new variables and f to refer to the superclass of agents and role instances.

- p,q,...are taken to be closed formulas denoting propositions,

— ¢ andy are formula schemas, which stand for any closed proposition

— e, f € AU R are schematic variables denoting agents and role instamads
— E ¢ means thap is valid.

The mental model of an agent or role instance in SL or RolesShaised on the representation of
three primitive attitudes: belief, uncertainty and chofog to some extent, goal). They are respectively
formalized by the modal operato#3, U, and D. FIPA-SL uses the lettef’ for the latter, but to avoid
confusion with commitments later in this paper, we use tkierld). Formulas using these operators can
be read as follows:

— B.p: e (implicitly) believes (that)p,
— U.p: e is uncertain about but thinks thap is more likely than-p, and,
— D.p: e desires thap currently holds.

The logical model for the belief operatéin both SL and Role-SL is a KD45 Kripke structure (see, for
example, (Halpern and Moses, 1985)) with the fixed domaimncjple (see, for example, (Garson, 1984)).
To enable reasoning about action, the universe of discafrs#PA-SL involves, in addition to indi-
vidual objects and agents, sequences of events. To talk abmplex plans, events (or actions) can be

combined to fornaction expressionsoted as::

— a1; a9 IS a sequence in whicty, follows a;
— a1 | ag is a nondeterministic choice, in which eitherhappens o, but not both.

FIPA-SL introduces the operatoféasible, Done and Agent to enable reasoning about actions:

— Feasible(a,p) means that can take place and if it dogswill be true just after that,

— Done(a, p) means that has just taken place andwas true just before that,

— Agent(e,a) means that denotes the only subject (agent or role) that ever perfoimghé past,
present or future) the actions which appear in action espes,

— Single(a) means that denotes an action that is not a sequence. Any individuabmdsi Single.
The composite aat; b is notSingle. The composite act | b is Single iff both a andb are Single.

From belief, choice and events, the concept of persisteaitigaefined. An agent or role instane&asp
as a persistent goal,éfhasp as a goal and is self-committed toward this goal untibmes to believe that
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the goal is achieved or to believe that it is unachievablenition is defined as a persistent goal imposing
the agent to act. Formulas &~.p andI.p are intended to mean that hasp as a persistent goal” and
“e has the intention to bring abopt, respectively. The definition of entails that intention generates a
planning process. See Sadek (1992); Cohen and Levesque@) f0®%he details of a formal definition of
intention.

The FIPA documentation notes that there is no restrictiotherpossibility of embedding mental atti-
tude or action operators. For example, formila ;I y Done(a, B.p) informally means that agent or role
instancee believes that, probably, agent or role instarfcinks thatf has the intention that actianbe
done before whicl has to believe.

FIPA-SL also uses various abbreviations, including thim¥ahg ones:

1. Feasible(a) = Feasible(a,True)
Done(a) = Done(a, True)
Done(j,a) = Done(a) N Agent(j,a).
Possible(p) = (Ja)Feasible(a, p)
Bif.p = Bep V B

arwn

The mapping of our ontology on Role-SL is as follows:

— The set of agentd and role instance& are mapped to indexes of modal operators, and can be used
in the description of actions. The sets of roles tygdsand sessionS§ can be used in the description
of role instances using the functidfL. We write xrs for PL(z,, s).

— The set of dialogue typeBT and the functionSDT giving the dialogue type of a dialogue session
are represented by a special propositiinlogue(s, d), and similarly for the other relations. The
relation between roles and dialogue types can be used asstraioh if an agent plays a role in a
session, then the role must be allowed given the dialogue dfphe session. Similarly other kinds
of constraints can be expressed in Role-SL.

— The beliefsB and intentions/ as well as the functiodD : A U R — B U I associating mental
attitudes with agents and role instances are representethtisl formulas.

— Speech act utterancésare included in the set of actions.

— The constitutive rule€’R are represented by formulas of Role-SL.

— The function CRD associating a speech act type and dialogue type with eadtittore rule, is
represented by prefixing all rules with the relevant speetlype and dialogue type.

— The functionCRM : CR — 2M detailing which mental attitudes are affected by a corstéuule
is made explicit by the description of the mental attitudéim constitutive rule.

Moreover, the semantic model of FIPA-SL leads to the progef FIPA-SL in Table 2. In Role-SL,
we have to decide whether we accept the properties for tieeimstances only, or also for the agents.
Property 0, 1 and 2 are related to the logic of action and weetbiee accept it both for role instances as
for the agentse or f. Property 3, 4 and 5 are related to the pre and postconditibspeech acts, and
we therefore accept them only for role instandesnd j. The following three properties are of particular
interest for the role model.

— Each role has correct knowledge about its own mental staigmrticular, its beliefs about its in-
tentions are correct. These rules correspond to FIPAsZ206chema < B.y, (called Property
0 in Table 2, since it has no explicit name in FIPA) wheres starting by an operator formalizing a
mental attitude of agent or role instance

— Property 1 and 5 hold only under some conditions, and we fitver@add a conditiorp to the prop-
erties of FIPA-SL. For example, Property 5 holds only forsfbdity preconditions that persist. We
do not discuss these conditions in this paper, see the FleAndentation for details. Properties 3,
4 and 5 are discussed in Section 3, when we present the spetsdogether with their feasibility
preconditionsF' P and rational effect® F.
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Property 0| ((Belep) <> Iep) A ((Be—Iep) < —1ep) (RL1)

((BeBep) < Bep) A ((BemBep) <> = Bep) (RL2)
Property 1| ® A I.p — I.Done(act: | ... | actn) (RL3)
Property 2| I.Done(act) — BeFeasible(act) V I.B.Feasible(act)) | (RL4)
Property 3| I; Done(act) — I;RE(act) (RL5)
Property 4| B;((Done(act) A Agent(j,act)) — I;RE(act)) (RLS6)
Property 5| B;(® A Done(act) — FP(act)) (RL7)

Table 2

The properties of FIPA-SL

2.2.2. Extensions for public mental attitudes

In our model, we have to add axioms which are necessary dine teeparation of role instances from
agents. Adding axioms to a logical system raises the questiether the system is still consistent, and
even when the system remains consistent, whether the nemsdo not interfere with the existing
properties. This is the main logical issue in this paperptier issues are of a more conceptual nature. We
do not give a formal proof of the consistency of our systeraabise the full logical details of FIPA-SL and
therefore also Role-SL are beyond the scope of this papewndtely on the following intuitive argument.
The axioms which make mental attitudes public are the masleriging ones, since they imply properties
not found in FIPA: if a role instance believes some mentaiuale of a role instance, then also the other
role instances engaged in the same session will believ@st. fote that SL and therefore Role-SL only
models what holds after a speech act; there is no referertbe fmast (or, in general, reference to time).
Then, if we consider what can be derived from speech acts trdge properties can be interpreted in
FIPA too.It means that an agent has communicated all its beliefs, hatagents believe of other agents
only what has been communicated to th€@ansequently, since our model can be interpreted as a pecia
case in which agents immediately tell all they know to theeotigents, and FIPA is generally applicable,
so also to this special case, our axioms do not lead to instemgly. The remaining axioms are harmless,
since they only derive beliefs for particular kinds of foriami

The first two properties concern the public character of alesttitudes when they are attributed to
roles. Since the constitutive rulgsRk have as effect public mental attitudes, all inferences enbidsis
of speech acts are public. This motivates rules (RL8) and®jRéxpressing that each role instance has
complete knowledge about the other role instances’ bediefsintentions. For example, from left to right,
if an agenty in role r; in sessions has the belief that, expressed by, .p, then this implies that any
other agent playing any roler; in the same sessionbelieves this 5., s By,sp. Since properties always
refer to the same session, we leave out the session to iecreadability, and we writd3,,.,p implies
By, Byr,p, or that B;—p implies B; B;—p, wherei = zr; andj = yry. The reading from right to left
is analogous. If role instanag-» believes something about-;’s beliefs, then role instancer; actually
believes that. Note that ifr; = yrs, the rule coincides with Property 0 of FIPA-SL in Table 2 refileg
positive and negative introspection:

(Byrzp < Bayr, Byrzp) A (_‘Byrgp A me_‘Byrgp) (RL8)
(Iyrzp A Bmmlymp) A (= yroP <> By — yrzp) (RL9)

Another aspect of the fact that communication is publich& the agents are aware of the communi-
cation. So if a belief is associated with a role instancej ithis believed by all agents participating in the
same dialogue session. Under the same conditions as inghiews two rules, if an agentin role r5 in
sessiors has the public belief that, expressed by,,.,.p, then this implies that any other agenplaying
any roler; in the same sessianbelieves this privately, By, sp.

(Byrop A play(z,71) < ByByr,p) A (mByr,p A play(z,11) < By—By,p) (RL10)
(Lyrop A play(z,71) < Byplyr,p) A (—Iyr,p A play(z,r1) < By—lyr,p) (RL11)



G. Boella et al. / A Common Ontology of Agent Communicatiamguages 13

In FIPA the architecture used for the exchange of messaged art of the logical formalism, but it is
described in a separate document, FIPA (2002b). A speedd [t inside a message which is exchanged
between agents on an agent platform. We need the followilegtoulink the logical model with such a
message architecture and information about the roles ofteg€he actionsend() corresponds to (part
of) the FIPA message structure specification, with pararaejgeech act typedq € SA), sender{ € A),
receiver {; € A), content ), and conversation-ids(< S). Information about the roles that agents are
playing in the current sessiaris stored in relationPL.

Done(send(sa,z,y,p,s,...)) N PL(x,r1,s) N PL(y,r2,s) — Done(sa(xris,yres,p)) (RL12)

3. From FIPA to roles

For the role-based semantics for FIPA communicative acthawe to define the constitutive rules
CR of our dialogue game. Using Role-SL, the mapping from FIPAdies may seem straightforward,
since we have defined Role-SL as an extension of FIPA-SL. Bhstitutive rules are therefore simply
the instantiations of property (RL6) and (RL7) of FIPA. Haee we have to define the sincerity and
cooperativity assumption of FIPA, and we have to show thatrdsulting formalization using public
mental attitudes instead of private mental attitudes hagxpected behavior in the FIPA protocols.

In Section 3.1 we formalize the sincerity, cooperativityl anliability assumption in Role-SL, in Sec-
tion 3.2 we compare the formalization the FIPA speech adioile-SL with their formalization in FIPA-
SL, and finally in Section 3.3 we illustrate the formalizatioy an example.

3.1. The formalization of sincere cooperative agents, ahdroagent types

In this section we formalize sincerity, cooperativity amdiability in Role-SL. In the following Sec-
tion 3.2, we consider in more detail how these kinds of prisgerare modeled in FIPA-SL. Roughly,
sincerity is explicit in FIPA-SL, but cooperativity and iability are represented more implicitly.

FIPA assumesincerity, in the sense that an agent can makéérm speech act only when it believes
the content is true, and it requests or proposes somethiggubien it has the intention that it be achieved.
This roughly corresponds to the version of sincerity givgrsladek, inspirator of the FIPA approach.

“Sincerity An agenti cannot have the intention that an aggntomes to believe a propositign
without believingp herself or without having the intention to come to believéSiadek, 1999, p. 182)”

In our role-based model, we model a weaker kind of sincehityour model, sincerity means that the
public beliefs or intentions of the role instances are faitdd also to the agents themselves. This is a
common assumption in everyday life (Goffman, 1959). In deualization of role-based communication

in Figure 2, this kind of sincerity represents an implicativom the top level to the bottom level. We
model it in three steps. First, we have preconditions arecedf attached to speech acts. These generate
public beliefs about role instances, similar to the origsiacerity properties for agents in FIPA. Second,
we add an explicit property of sincerity, modeled by rule {RLand (RL14). Third, we assume that
whenever an agent is a FIPA agent, then it must be sinceraglitseése steps, an agent can be sincere in
one role, or in one session, and insincere in another. Asdefee do not explicitly represent the session
in the properties, so it is implicitly assumed that all refezes to role instances refer to the same session.

By Asincerdx, r, ) — By (RL13)
I..p Asincerdz,r, o) — I.p (RL14)

However, this does not imply that our model of Role-SL, thgetwith the sincerity assumption, coin-
cides with the FIPA model, since we do not have an implicati@nother way around. In other words, like
FIPA we model the implication of public mental attitudes &vds the private ones, but in the constitutive
rules of the game we refer only to public mental attitudes.dé/aot assume that private mental attitudes
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are made public, and therefore we do not assume that thegrmental attitudes can be reused to check
the preconditions of speech acts. In other words, the pdittons of speech acts are exclusively used to
infer the public mental attitudes attributed to role insesand not to plan speech acts. In FIPA, precon-
ditions are used to plan a speech act. Insincere speechractstapossible since the speaker must believe
the preconditions before executing a speech act. In ouioaphr instead, the private mental state of the
speaker is kept separate from the public mental attituddess sincerity is explicitly assumed. In this
way it is possible to perform a speech act where neither paitions are believed nor effects are intended
by the speaker.

Cooperativityis implicit in FIPA. Although there is no formal property inFFA-SL or in the speech
acts discussed in the next section, if agents are not caperéhere is no communication. It is assumed
that agents recognize the intentions of other agents, gntb thelp them in reaching their intentions.
Historically, the implicit assumption of cooperativity kes sense, because part of the FIPA framework
was developed originally for designing cooperative ndtiargguage dialogue systems (Sadek, 1999), on
the basis of the plan-based theory of speech acts, and a thkoational agents (Cohen and Perrault,
1979; Allen and Perrault, 1980; Lochbaum, 1998). Such ambres propose general principles for plan-
or intention recognition: based on the actions of the spe#hke hearer can try to recognize the underly-
ing intention or plan, and subsequently adjust her (cotipe)aresponse. The most obvious cooperative
principle is intention adoption:

“The minimal principle of cooperatioKor theintention adoption principlestates that agents must not
only react when they are addressed but, more than that, they adopt the interlocutor’s intention
whenever they recognize it, and if there have no objectiadtpt it.” (Sadek, 1999, p. 182)

However, when agent communication languages are used licagns on the internet, or for non-
cooperative interaction types like negotiation and delmateperativity can no longer be assumed as a gen-
eral principle. Only in specific circumstances it makes sgnsassume cooperativity, for example among
agents that are known or trusted.

In our role-based model, we can make implicit cooperatigggumptions explicit. In particular, a suc-
cessfulrequestmay add an intention to the intentions of the hearer, but ariign we have a rule such
as (RL15), that specifies that the hearer is cooperativep€ativity is a role-role relationship, which
depends on the social context in which an interaction talkesep

By, (I, Done(act) A cooperativéyrs, xr1, Done(act))) — I, Done(act) (RL15)

Besides sincerity and cooperativity, the FIPA documeoitatilso mentionseliability, though it neither
assumes nor formalizes reliability:

“Whether or not the receiver does, indeed, adopt belief engloposition will be a function of the
receiver’s trust in the sincerity and reliability of the gen” (FIPA, 2002a)

We explain the role of reliability in FIPA, using our modelmfie-based communication in Figure 2. The
constitutive rules of the communication game operate omtéetal states of the role instances. Because
of the feasibility precondition, aimform creates a propositiop in the beliefs of the speakearr;, and a
intention thatyr, will come to believep. Only if the hearer, believes that the speaker is reliable, rule
(RL16) will transfer the belief to the hearer’s beliefs:

Byro (Iyr, Byro o A reliable(zry, @) — Byr, (RL16)

In particular, we assume that all roles are assumed to lablelabout their own mental states; however,
this assumption does not extend to the private beliefs aftagbut remains confined to the beliefs of the
roles they play. In our framework, when a speaker says songe#ibout its own beliefs or intentions, the
belief that it believes what has said will be immediately edido the role of the hearer as a belief of the
speaker role, without implying that the agent playing tharberole believes it as well.

For more about issues of trust and reliability, we refer toD®mbe (2001); Liau (2003); Dastani et al.
(2004).
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(z, inform(y, ¢)) FPB.p A =By (Bif ;o V Uif )
RE:Byp 1)
(z, request (y, act)) FP:FP(act)[z \ y] A BeAgent(y,act) N =By I,Done(act)
RE: Done(act) 2
(z, agree(y, (x, act), )) = FP:B.a A =By (Bif ,a V Uif,a)
(z, inform(y, I Done({(z, act), ))) RE: Bya,
a = I;Done({z, act), ) 3)
(z, refuse(y, (x, act), ¢)) = FP:B.—feasible({x,act)) N By (Bj feasible({x,act))V
(z, disconfirm(y, feasible({(z, act)))); Uz feasible((x, act)) A Bya A =By (Bif ,a vV Uif ,)
(z, inform(y, A ~"Done({z,act)) A | RE: By(—feasible({x,act)) N By«)
—I.Done({z,act)))) a = ¢ A Done({z,act)) A =1, Done({z, act)) (4)
(x, propose(y, (x, act), )) = FP:B.a A =By (Bif ,a V Uif ,a)
(z, inform(y, IyDone({z, act), ¢) RE: Bya
— Iz Done({z,act), ¢))) a = IyDone({z, act), ) — Iz Done({(z,act), ) (5)
(z, accept proposal ({y,act), p)) = FP: By A =By (Bif ja Vv Uif ,«)
(z, inform(y, I Done({y, act), ¢))) RE: Bya
a = Iz Done({y, act), ¢) (6)
(z, reject proposal(y, (y,act), p, 1)) = FP: Bya A =By (Bif ja Vv Uif ,«)
(x, inform(y, 7 I Done({y, act), p) AN)) | RE:Bya
a = —Iz;Done({y,act), p) AN @)
Table 3

The definition of speech acts in FIPA-SL
3.2. The translation from FIPA to roles

FIPA-SL contains twenty-two speech acts. Most of them afnele in terms ofinform andrequest
The purpose of aimform act for the speaker is to get the hearer to believe some iafitom The purpose
of arequests to get the hearer to do some act. This requires that thé&espdaes not already believe that
the hearer has such an intention.

In this paper we consider seven speech acts. The FIPA defigitf speech acts in terms of feasibility
preconditions (FP) and rational effects (RE) are summdiiiz&able 3. The ones we have selected are the
most basic and often used ones, and we choose these taaidubtrith the translation and two protocols,
the request interaction protocol (FIPA, 2002c), and thepse interaction protocol. The request protocol
usegequestagreeandrefuse and the propose protocol uggepose accept proposahndreject proposal
The difference betweenraquestand aproposeis that arequestconcerns an action of the hearer, whereas
aproposeconcerns an action of the speaker.

Note that while in Table 3 the definitions are given on agemsdy, in Table 4 they are given on role
instances andj.

The definitions we use in Role-SL are given in Table 4, whiahlzsed on the following simplifica-
tions:

1. We have left out preconditions concerning uncertaineliglias represented by the modal operator
Uif in FIPA-SL, since they are not relevant for the general fpilec and in most uses of FIPA-SL
they are removed. For example, the feasibility precondlitibinform in the FIPA documentation is
Bip N =B;(Bif jp v Uif ), but we left out theUif o (and we wroteBif ;¢ in full). However, if
needed for some application, the extension with uncerteiiefs is straightforward.

2. Inrequestwe drop the felicity precondition from FIPA thathinks it feasible forj to performact.

3. We useDone(j, act) rather thanDone(act) as RE, which means thatgent(j, act) is a RE rather
than a FP.

4. Note that unlike the speech act definitions baseihfmmm, requestdoes not have a sincerity precon-
dition: B;I;Done(j,act). This does not matter, because agents are considered ttididerabout
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(1, inform(j, ¢)) FP:Bip A =Bi(Bjp V Bj—p)

RE:B;¢ (8)
(i, request (4, act)) FP:—B;I;Done(j, act)

RE: Done(j, act) 9)
(i, agree(j, act)) = FP:B;I; Done(i, act)\
(i, inform(j, I; Done(i, act))) —B;(BjI;Done(i, act) V B;j—I; Done(i, act))

RE: B;I; Done(i, act) (10)
(i, refuse(j, act)) = FP: B;—I; Done(i, act) A
(i, inform(j, —~I; Done(i, act))) —B;(Bj—I;Done(i, act) V BjI;Done(i, act))

RE: B;j—I; Done(i, act) (11)
(i, propose(j, act)) = FP: B;(I;Done(i, act) — I;Done(i, act))A
(i, inform(j, I; Done(i, act) — I; Done(i, act))) —Bi(B;(IjDone(i,act) — I;Done(i, act)) V

B;—(IjDone(i, act) — I;Done(i, act)))

RE: B;(IjDone(i, act) — I;Done(i, act)) (12)
(i, accept proposal(j,act)) = FP: B;I;Done(j, act)\
(2, inform(j, I; Done(j, act))) —B;(BjI;Done(j, act) V B;—I; Done(j, act))

RE: B;I; Done(j, act) (13)
(i, reject proposal(j, Done(j,act))) = FP: B;—1I; Done(3, act)A
(2, inform(j, ~I; Done(j, act))) —B;(B;—IiDone(j, act) V BjI; Done(j, act))

RE: Bj—I; Done(j, act) (14)

Table 4
The definition of speech acts in Role-SL

their own intentions (see RL16), so we can derive this comtitvhenever it is needed from the
rational effect.

5. We also drop the conditions under which requests or pedp@se agreed to be carried out. These
are better dealt with in Section 4 below, where we explairdd@mnal proposals, which are easier to
understand starting from the Social Commitments approach.

6. In the definition ofefusewe also leave out some additional idiosyncrasies of FIR&,the fact that
a refusal is expressed asl@confirm which is similar toinform.* In FIPA, the reason for encoding
refusal as annform lies in the fact that FIPA assumes that a refusal should bévatetl by the
infeasibility of the requested act, and that the agent whmatperform the requested act should
inform the requester about the reasons for the infeasibilit our perspective, this move is in line
with the fact that we dropped this feasibility requirementfi requestsin fact we have reinterpreted
refuse as the opposite of aagree

Despite the compact representation in Table 3 and 4, oftsre#sier to consider the instantiations of
FIPA properties as they appear in this Table 3. We therefstehe instantiations of the speech acts in
Table 5.

In the instantiation it must be noted that:

— The consequent of the instantiated rules starts always avighiblic mental attitude of a role: this
means that every role believes the effect of the rule. Ferrfason we leave out the belief modality
in the speech acts in instances of Property (RL6) and (RL7).

— & in precondition: these properties hold only if they pergidgime, as in FIPA.

— We assume reliability about the mental states of roles. Kamgle, for our interpretation of the
RFE of inform above in (CR19), we translated ti&F to an intention of the speaker. In that case,
we would end up withB; Done(agree(i, j, Done(i,act))) — I;B;I;(Done(i,act)). So it is the
communicative intention af, that;j will believe thati wants to do the action. Following Sadek et al.
(1997)), we can simplify this kind of; B;I;(...) -formula into/;..., if we assume that the hearer takes

The difference depends on the precondition of the heareghgicertain about the proposition or its negation.
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inform FP | Done(inform(i,j,¢)) — Big (CR17)
FP | Done(inform(i,j,¢)) — —Bi(Bje V Bi—yp) (CR18)
RE | Done(inform(i,j,¢)) — I; B (CR19)
request | FP | Done(request(i, j, Done(j, act))) — —B;I;Done(j, act) (CR20)
RE | Done(request(i, j, Done(j, act))) — I; Done(j, act) (CR21)
agree FP | Done(agree(i, j, Done(i, act))) — Bil; Done(i, act) (CR22)
FP | Done(agree(i,j, Done(i,act))) — —B; (B;jI;Done(i, act)V (CR23)
B;—I;Done(i, act))
RE | Done(agree(s, j, Done(i, act))) — I; Done(i, act) (CR24)
refuse FP | Done(refuse(i,j, Done(i, act))) — B;—I;Done(i, act) (CR25)
FP | Done(refuse(i, j, Done(i, act))) — —B; (Bj—I; Done(i, act)V (CR26)
B;I; Done(i, act))
RE | Done(refuse(, j, Done(i,act))) — —1; Done(i, act) (CR27)
propose | FP | Done(propose(i, j, Done(i, act))) — Bi(IjDone(i, act) — I;Done(i,act)) | (CR28)
FP | Done(propose(i, j, Done(i, act))) — (CR29)

—B;((BjljDone(i,act) — I;Done(i, act) V
B;—(IjDone(i, act) — I;Done(i, act))))
RE | Done(propose(i, j, Done(i, act))) — Bj(I;Done(i, act) — I;Done(i, act)) | (CR30)

accept FP | Done(accept proposal (i, j, Done(j, act))) — BiI;Done(j, act) (CR31)
proposal | FP | Done(accept proposal (i, j, Done(j, act))) — —B;i( BjI; Done(j, act) V (CR32)
B;—I;Done(j, act))

RE | Done(accept proposal(i, j, Done(j, act))) — I; Done(j, act) (CR33)
reject FP | Done(reject proposal (i, j, Done(j, act))) — Bi;—I; Done(j, act) (CR34)
proposal | FP | Done(reject proposal (s, j, Done(j, act))) — —B;i( Bj—I;Done(j, act) V (CR35)

B;I;Done(j, act))
RE | Done(reject proposal (i, j, Done(j, act))) — —I; Done(j, act) (CR36)
Table 5

Rules expressing preconditions and effects of speechratits iFIPA translation

the speaker to beeliable concerning reports about its own mental states. By rule @i derive
(CR24) above.
Analogously in rule (CR30), the effect offaoposeis directly believed by the addressgesince it
concerns a mental attitude of ralewho is thus considered reliable about it. Note the contratt
for example the effect adgree in (CR24). This effect is directly expressed by a publicmiien of the
speakel, which is, thus also believed by the heajeln contrast, the effect of propose is expressed
as a material implication between two intentions, sinceptesent the way FIPA-SL allows to model
conditional intentions. For this reason, the implicationstbe nested inside a belief operator.

— Moreover, the second precondition is usually canceled byritended effect if it is successful.

3.3. Example

We have made substantial changes to the FIPA semantics, atitevefore have to illustrate that our
mapping works. We illustrate it using an example.

To illustrate the rules, we give a example of a short negotiadbout household tasks, that we will use
to illustrates the distinction between the FIPA approadahthe social commitment approach.

x-1: Could you do the dishes?
y-1: Only if you put the garbage out.
x-2: OK.

The dialogue can be interpreted as follows. Initially, dgemakes aequestin role i = xrys. Then
y makes a counter proposal in rgle= yrys, but because there are no speech acts to represent counter
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proposals, we model this as an implicit refusal, followedabgonditional proposal from. Note that the
original FIPA definition ofproposedoes not allow conditional proposals, however, as showheémext
section, this is the interpretation of proposals given lgrad@ommitments approach. So in order to make
the two languages comparable we drop the condition thatgeetaf the proposed action is the speaker
and we allow to propose joint plans which are sequences wfrecby different agents. We discuss this
issue in more depth in Section 6.2.

In order to deal with composite actions, and actions exeldiyevarious agents, we have to make explicit
some rationality assumptions which are assumed in the Fl&dei(p. 38). Typically, such assumptions
depend on the agent planning architecture:

— A rationality constraint concerning the intention thateatlagents perform an action::ifwants that
actionact is done byj, theni has the intention thgt has the intention to dact:

I;Done(j, act)) — I;I;Done(j, act)) (RL37)

— Some FIPA axioms concern the execution of complex actiooisekample Property 1 in Table 2. In
a similar vein, we add two rules concerning the distributbtasks. Taking inspiration from (Cohen
and Levesque, 1990), we add a rule to express that if an agiends a joint action, then it intends
that each part is done at the right momentdf = acty; ...; act,,, where “;" is the sequence operator,
act is a joint action:

I;Done(act) — (Done(acty(i1); .. . ; actg(iy)) — I; Done(actyi1(7))) (RL38)
If acty11(j) andi # j, then by axiom RL37:
I;Done(act) — (Done(act(i1);. .. ;actg(ix)) — IiljDone(acty+1(j))) (RL39)

Each agent in the group wants that the others do their part.

In our example, we introduce a composite plan which is theeatmation ofj’s action of doing the
dishes and the action yof moving the garbage oukitchen(i, j) = dishes(j); garbage(i).

Example 1
x-1: Could you do the dishes? request (i, j, Done(j, dishes))
y-1: Only if you put the garbage out?refuse(j, i, Done(j, dishes))
propose (4, i, Done(kitchen(i, j)))
x-2: OK. accept proposal (i, j, Done(kitchen(i, j)))

We start with an empty set of facts about the mental attitiafes and . In Table 6 we depict the
evolution of the public mental states of agentandy in their roles; andj.

After turn x-1 we apply rules (CR20) and (CR21). So that it the public mental state ofthe
precondition of aequestnd its rational effect. Since the mental states are pultio) 7; Done(j, dishes)

(by RL37), we could also writé; I; Done(j, dishes))) we can derive that alspis aware of this intention
BjI;Done(j,dishes) (RL9) and from Proposition 0 (RL1) that alsois aware of his own intentions
B;I;Done(j,dishes).

If we assume persistence for the sincerity preconditiom, fan the mental attitudes which are not
immediately contradicted by later updates, rules (CR25R46) and (CR27) produce the next state of
affairs after the implicit refusal of y-1. The second predition from (CR26) is canceled by the success
of the effect. A proper representation of this kind of reasgrrequires an explicit notion of time and
persistence, and rules about changes as a result of actidrevants. See Boella et al. (2007) for an initial
attempt based on defeasible logic with temporal operators.

The implicit proposal of y-1 is interpreted using rules (@R2 (CR30). It adds a public belief gf
about a relation between the intentions eihd; of doing the kitchen work together.

Bj(I;Done(kitchen(i, j)) — I;Done(kitchen(i, j)))
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Role instance Role instancg
x-1: BELIEFS BELIEFS
request | —B;I;Done(j, dishes)
INTENTIONS INTENTIONS
Done(j, dishes)
y-1: BELIEFS BELIEFS
refuse
INTENTIONS INTENTIONS
Done(j, dishes) —I;Done(j, dishes)
y-1: BELIEFS BELIEFS
propose| I; Done(kitchen(i, 7)) — IjDone(kitchen(i,j)) | I; Done(kitchen(i,j)) — IjDone(kitchen(i,5))
INTENTIONS INTENTIONS
Done(j, dishes)
X-2: BELIEFS BELIEFS
accept | I;Done(kitchen(i,j)) — IjDone(kitchen(i, j)) | I;Done(kitchen(i,j)) — I;Done(kitchen(i,j))
proposal| I; Done(kitchen(i, j)) I; Done(kitchen(i,j))
I; Done(kitchen(i, j)) I; Done(kitchen(i,j))
I;Done(j, dishes)) I; Done(j, dishes)
Done(j, dishes) — I; Done(i, garbage) Done(j, dishes) — I; Done(i, garbage)
INTENTIONS INTENTIONS
Done(kitchen(i, j)) Done(kitchen(i,7))
Done(j, dishes)

Table 6
An example of dialogue interpretation in Role-SL. Note thédthen(i, j) = dishes(j); garbage(i)

Since this belief concerns the mental stateg,adnd every role is considered reliable about his own
mental states (CR30), then alspublicly adopts this belief:

B;(I;Done(kitchen(i, j)) — IjDone(kitchen(i, j)))
Note the implication here. The implication derives from faet that the proposal still needs to be
accepted by, beforej will really adopt the conditional intention.
Finally, after acceptance x-2 by rules (CR31) — (CR33) thtesif the public mental attitudes is updated.

Note that rule (CR33) implicitly implements rule (RL16) $w@t the intention of conditionally moving the
garbage is immediately public:

I; Done(kitchen(i, j))

At this point more information can be inferred than the oravjated by those rules.
First of all, bymodus ponengiven the intention of, it is possible to derive the intention ¢gfto do the
kitchen work:

I; Done(kitchen(i, j))

Moreover, it is possible to infer from the intention pbf doing the kitchen work that has the intention
to do his part of the plan, since it is the right moment (frore iRL38):

I;Done(j, dishes(j))

Moreover, from rule (RL37), we can infer that aftedoes the dished{one(j, dishes)), 7 will adopt
the intention of moving the garbage out:

Done(j,dishes) — I;Done(i, garbage)

Note that—I; Done(j, dishes), which persists from the refusal, is now overridden by the imderence
I;Done(yj, dishes).
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Fig. 4. Commitment State Automaton (Fornara and Colomt#2264).

Action Change

make empty —  C(unset,i,j,¢ | )

set C(unset,i,3,¢ | ¥) —  C(pending,i,j, ¢ | )

cancel C(—,i,5,¢|v) — Clcanceled,i,j, ¢ | 1)
Table 7

Commitment Change Rules, solid lines in Figure 4 (Fornaca@aolombetti, 2004).

The example shows the interplay between mental attituddfaw the public character of roles’ mental
attitudes is used to make inferences in the interpretationgss. Note that from the example nothing can
be inferred about the private mental states of ageraady. To make these inferences it is necessary to
assume explicitly the sincerity of both agents.

4. From commitments to roles

In this section we show how to define a social semantics in eleelrased model. We selected the
version of Fornara and Colombetti (2004), because it is eebdut in detail.

4.1. Social Commitment Semantics

The social commitment approach uses an operational sassanieaning that the semantics of the
speech acts of an agent communication language are expiEssbanges in the state a commitment can
be in. A social commitment is a relationship that gets eihbtl between two agents: ttebtor, i.e., the
agent who makes the commitment, ancreditor, i.e., the agent to which the commitment is made. The
commitment is to achieve or maintain some state of affaikpresssed by a proposition. In many appli-
cations, commitments are made under certain conditionstefbre, the conditions under which commit-
ments are made are also expressed. Representatignte, i, j, ¢ | 1) expresses a social commitment of
statusstate, between debtor and creditorj, to accomplish or maintaip, under condition that).

A commitment can have different statesiset(i.e., to be confirmed)yending(i.e., confirmed, but its
condition is not true)active (i.e., confirmed and its condition is trudllfilled (i.e., its content is true),
violated (i.e., the content is false even if the commitment was ajtimecanceled(e.g., the debtor does
not want to be committed to the action). This state can be fieddby speech acts of the participants or
by external events, like the execution of an action.

The state changes can be depicted in the form of a finite stéenaton (Figure 4). The effects of
external events and of speech acts on the status of a commigreerepresented in Table 7 and Table 8
respectively. Using these semantics, Fornara and Coldinaledine speech acts as given in Table 9. They
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Rule Label Event Status Change

1. done v(p) = Clactive,i,5,¢ | T) —  C(fulfilled,i,5,9 | T)
2. not done v(p) =0 Clactive,i,5,¢ | T) —  C(violated,i,j,¢0 | T)
3. condition v(y) =1 C(pending,i,j, o |¥) —  Clactive,i,j, o | T)
4, not condition  wv(y) :=0 C(pending,i,j, o |¥) —  C(canceled,i,j, ¢ | 1)
5. jump condition (%) :=1 C(unset,i,5,¢0 | T) —  C(active,i,j, ¢ | T)
6. jump done v(p) =1 C(pending,i,j,¢ | ¥) —  C(fulfilled,i,7,¢ | 1)
7. time out C(unset,i,7,¢ | ) —  C(canceled,i,j,¢ | V)

Table 8
Update Rules: dashed lines in Figure 4 (Fornara and Colamded4).

Precondition Definition

inform(i, j, P) := {Ci().make(s, j, P, T).set(pending)}

request(i, j, P, Q) := {C;().make(j,i, P,Q)}

promise(i, j, P, Q) := {Ci().make(i, j, P, Q).set(pending)}

3 Ci(unset,i,j, P | Q) | accept(i,j, Ci(unset,i,j, P | Q)) := {C;(unset, i, j, P | Q).set(pending)}
3 Ci(unset,i,j, P | Q) | reject(s, j, Ci(unset,i,j, P | Q)) := {Ci(unset, i, j, P | Q).set(cancelled)}

Table 9
Speech acts of Fornara and Colombetti

useunsetfor the state resulting frommquestandpendingfor conditional commitments, whose condition
is not yet true.

Our mapping is only partial. For example, we do not have tm®&drl here is no translation of the update
rules, because we model them by means of the logic, e.gg msidus poneni case of conditionals.

4.2. Translating Commitment States

In order to perform the translation, we adopt the followingthodology: first, we map each commit-
ment state to certain beliefs and intentions of the rolesoS& according to the constitutive ruleSK)
of the role model, a speech act directly changes those bl intentions in such a way to reflect the
commitment introduction or change of state.

In a social commitments semantics in general, the differdrstween propositional and action commit-
ment lies only in the type of their content: an action or a psson. Fornara and Colombetti (2004) do
not have a separate type of action in their language. Theynbndistinguish the kind of proposition:
an informative proposition , or a proposition that représendesired state of affairs. Therefore there is
no substantial difference between iaform and apromisein Table 9. By contrast, according to Walton
and Krabbe (1995), a propositional commitment can be seenkasl of action commitment to defend
it. In the mapping between social commitments and the roléaha new distinction emerges: rather than
having commitment stores, we model propositional commitisias beliefs of the role and action com-
mitments as intentions. How to capture the idea of a comnmitittedefend one’s position is discussed in
Section 5. In this section we focus on action commitment.only

Here, we represent conditional commitmefitstate, i, j, p | ¢) as a conditional intentiop, for exam-
ple, of rolei in casey is true: B;(¢ — I;(p)). Note that since the conditianis outside the intention oper-
ator, the whole implication is nested in a (public) beliettod role, as we did with the translation of FIPA.
We believe that conditional attitudes are better accoufteith a conditional logic, like Input/Output logic
(Makinson and van der Torre (2000)). As in Section 3, we diickIPA's solution for the sake of clarity,
while being aware of its limitations. Moreover, like in Siect3, we use a simplified notatiaDone(i, act)
to indicate that ageritis supposed to perform the actiant. The Done() construct turns an action into a
proposition, expressing a state of affairs.
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Given these preliminaries, the state translations arellasvi
— An unsetcommitment corresponds to a conditional intention belidvg the creditor.
C(unset, 1, j, Done(i,act) | q) = B;(q — I;I;Done(i, act)) (CR40)

In the antecedent of this rule, the commitment conditjobecomes a condition on the intention
assumed by the creditor. At this stage, no mental attitud#ributed to the debtor: it has not publicly
assumed any intention, but has only been publicly requested

— A commitment ispendingwhen it is a conditional intention of the creditor and the tdetof the
commitment conditionally wants to perform the action pded the associated conditignis true,
and the creditor has this as a belief:

C(pending, 1, j, Done(i,act) | q) = Bj(q — I;I;Done(i, act))\
Bi(q — I;Done(i,act)) A Bj(q — I;Done(i, act)) (CR41)

In the automaton of Figure 4, thmsetand pendingstates are disjoint. In the above formulation
however,pendingimplies unset So if it is necessary to mirror the exact definition, thesetstate
must be augmented, e.g.:

C(unset, i, j, Done(i,act) | q) = Bj(q — IjI;Done(i, act))A
(=Bi(q — IiDone(i,act)) V =B;(q — I;Done(i, act))) (CR40)

— A commitment isactivewhen it is both an intention of the debtor and of the creddad the pending
condition is true:

C(active, i, j, Done(j,act) | T) = I;Done(i, act) A I; Done(i, act) (CR42)

Note that to make a pending commitment active, it is sufficilkeat the conditiony is believed to be
true, since from

Bi(q A (¢ — I;Done(i,act)))

we can derivel;(Done(i, act)) with rule (RL1).

— Commitments areiolatedor fulfilled when they are intentions of the creditor and the contentef th
commitment is respectively true or false according to tHeetseof the creditor (abstracting here from
temporal issues):

C(fulfilled, i, j, Done(i,act) | T) = B;Done(i,act) A IjDone(i, act) (CR43)

C(violated, 1, j, Done(i,act) | T) = Bj—~Done(i,act) A IjDone(i, act) (CR44)

Since roles are public, fulfilment and violation are not defmnt on what the agents subjectively
believe about the truth value of the content of the commitiriaut on roles’ public beliefs.

— Finally, a commitment isanceledf the creditor does not want the intention to be achievedvarg,
regardless if the debtor still wants it:

C(canceled, i, j, Done(i,act) | ¢) = —I;Done(i, act) (CR45)
4.3. Translating Speech Acts

Given the definition of the commitment state in terms of thentakstates of the roles, we can provide
the following translation of the speech acts semantics défbyy Fornara and Colombetti (2004). In this
section, we deal only with speech acts introducing actianrodments, likerequest propose promise
acceptandreject while speech acts introducing propositional commitmesiish as assertions, are dis-
cussed in Section 5.

The translation of the speech act can be directly done ubmgranslation of commitments above and
applying it to the definition of speech acts in Fornara anc@dletti (2004). However, as in the case of
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promise | Done(promise(i, j, Done(i,act),q)) — (¢ — I;I;Done(i, act))A (CR46)
Bi(q — I;Done(i, act))A
Bj(q — I;Done(i, act))
request | Done(request(i,j, Done(j, act),q)) — (q—I;Ij Done(j, act)) (CRA4T7)
accept Done(accept(i, j, Done(i, act), q)) — (q¢ — IjI;Done(i, act)) — (CR48)

(Bi(q — IiDone(i, act))A
Bj(q — I;Done(i, act)))

reject Done(reject(i, j, Done(j, act),q)) — (¢ — IjI;Done(i, act)) — (CR49)
(Bi—I;Done(i, act) A Bj—I; Done(i, act))
propose | Done(propose(i, j, Done(j, p),q)) — (Done(i,q) — I;I;Done(j,p))A (CR50)

(Bi(s — IiDone(i, q))A
Bj(s — I;Done(i, q))
wheres = B;(Done(i,q) — I;(Done(j,p))) A B;j(Done(i, q) — I;(Done(j,p)))
Table 10
Speech acts and the translation of commitments

FIPA, we also provide the rules for translating speech adtsmental attitudes; they are summarized in
Table 10.
Even if the translation is straightforward, some consitienaare needed:

— First of all, in contrast with the FIPA translation, speecksaffect both the beliefs and intentions of
speaker and hearer and not only of the speaker. This repsdberfact that a commitment is seen as
a relationship, which is publicly established.

— Second, the interpretation pfomiseandacceptin Fornara and Colombetti (2004) needs some dis-
cussion. According to Guerini and Castelfranchi (2007)dbgnition above is too weak: gromise
needs to be explicitly accepted, and then kept. It is not ghdat; has indicated to preférto do the
action, and that andj believe that has an intention to do the action; what is missing'ssbelief,
as a result of the acceptance, thatill actually do it. Nevertheless, we think that the conali@l
nature of a promise, i.e., that it requires explicit accepta is well covered by the combination of
rules (CR46) and (CR48). Rule (CR46) covers only an initeato make a promise; the promise is
only complete when accepted, and fulfilled when successful.

— A requestintroduces an unset commitment with the receiver as delbéorio perform the requested
action (Rule CR40). It does not create any intention for thdressee until he has accepted it.

— Acceptandrejectchange the state of an existing unset commitmepetwlingandcanceledrespec-
tively. In order to account for this fact, we insert in theeogdent of the rules facceptandreject
the reference to the configuration of beliefs and intentibias represent an existing commitment.

— A proposeis a complex speech act composed gguestand a conditiongpromise it introduces an
unset commitment with the receiver as debtor and a pendimgretiment with the speaker as debtor.
Since gproposeis used in a negotiatiom, andp refer respectively to an action of the speaker and of
the receiver.

proposei, j, Done(j, p), Done(i, q)) =
requesti, j, Done(j, p), Done(i, q)); promis€i, j, Done(i, q), s) (CR51)
wheres = B;(Done(i,q) — IjDone(j,p)) A Bj(Done(i,q) — IjDone(j,p)), i.e.,pis a pending
commitment of the receiver.

4.4, Example

We now return to the running example, to illustrate some efdtails of our interpretation of the social
commitment approach. We now use notation ) for conditional commitments, as in the original. The
result is shown in Table 11.
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x-1: | request(i,j, Done(j, dishes) | T) C(unset, j,1, Done(j, dishes) | T)
y-1: | reject(j, i, Done(j, dishes) | T)
propose(3j, i, Done(i, garbage) | Done(j, dishes))

canceled, j,i, Done(j, dishes) | T)

(
(
(unset, i, j, Done(i, garbage) | Done(j, dishes))
(pending, j, i, Done(j, dishes) | o)

= C(pending, 1, j, Done(i, garbage) | Done(j, dishes))

el
el

Q Q|Q

q

X-2: | accept(i, j, Done(i, garbage) | Done(j, dishes)) pending, i, j, Done(i, garbage) | Done(j, dishes))

pending, j, i, Done(j, dishes) | T) (resolvingo)

Table 11
The running example, in the social commitments approach

x-1: Could you do the dishes?
y-1: Only if you put the garbage out
x-2: OK.

We start from statempty According to Fornara and Colombetti (2004), tleguestfrom x in role rq,
(xr1 = 17), creates an unset commitment waiting for acceptance. fowrole r, (yro = j) responds
with a conditional acceptance, which could be seen as a Kindumter proposal. However, there are two
issues for discussion.

First, arequestcan only be accepted or rejected, but not be adjusted by derqumoposal. So just like
in Section 3 we must interprgts response here as rejection, followed by a conditiongbgsal.

Second, in Fornara and Colombetti’s account, rendereden@R50), conditional proposals far| ¢
are seen as a combination afeguestfor ¢ with a conditionalpromiseto make sure thap.2 Thepromise
is again conditional on a statementvhich implies the conditional commitment | ¢» under discussion.
A promiseis in turn interpreted as combination oh@keand asetaction, resulting in th@endingstate.
So under this interpretationpomisedoes not need acceptafce

Our interpretation of the dialogue above, would be as indalil Remember that= zrq, j = yro for
some roles, 2. S0 we end up with the following set of commitments.

{C(pending, i, j, Done(i, garbage) | Done(j,dishes)), C(pending,j,i, Done(j,dishes) | T)}

This is a conditional commitment oto put the garbage out, providg¢dioes the dishes, and a commitment
of j to indeed do to the dishes, given the context of this othernsibment. Note that once we have
resolveds the conditional nature of the commitmentjofo do the dishes, is lost.

Using the translation rules, in particular (CR41), we get $ituation described in Table 12. Note that
due to the public nature of commitments, as defined in termistentions and beliefs, it is not necessary
to resort to the reliability rule like in Section 3.3. Corsidor example the case of theject which is
defined in terms of beliefs of both debtor and creditor.

2Thanks to the formalization of conditional proposal, it i®spible to write propose(j, i, Done(i, garbage) |
Done(j, dishes)); by contrast, in FIPA, we had to resort to the notion of joilatpto approximate the same notion, establishing
an equivalence betwegtitchen(i, j) anddishes(j); garbage(s).

3We believe this interpretation of proposals is concepyualistaken. First, proposals are concerned with action®tddme
by the speaker; requests deal with actions to be done by #remh&econd, implicit requests are better made explidihén
agent communication protocol. Third, promises do needpiaoee. Nevertheless we continue with Fornara and Coldiisbet
interpretation here for the sake of the argument
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Rolei Rolej
x-1: BELIEFS BELIEFS
request | T — I;(I;(Done(j, dishes)))
INTENTIONS INTENTIONS
I;(Done(j, dishes))
y-1: BELIEFS BELIEFS
reject T — I;(I;(Done(y, dishes)))
—1I;(Done(j, dishes)) —I;(Done(j, dishes))
INTENTIONS INTENTIONS
—I;(Done(y, dishes))
y-1: BELIEFS BELIEFS
propose| T — I;(I;(Done(j, dishes)))
—I;(Done(j, dishes)) —I;(Done(j, dishes))
Done(j, dishes) —
I;(I;(Done(i, garbage))))
s — Ij(Done(j, dishes)) s — Ij(Done(j, dishes))
wheres = Bj(Done(j, dishes) — I;(Done(i, garbage)))A
B;(Done(j, dishes) — I;(Done(i, garbage)))
INTENTIONS INTENTIONS
—I;(Done(j, dishes))
X-2: BELIEFS BELIEFS
accept | T — I;(I;(Done(j, dishes)))
s — Ij(Done(j, dishes)) s — Ij(Done(j, dishes))
Done(j, dishes) — I;(Done(i, garbage)) Done(j, dishes) — I;(Done(i, garbage))
s s
I;(Done(j, dishes)) I;(Done(j, dishes))
INTENTIONS INTENTIONS
Done(j, dishes)

Table 12
The running example in the translated social commitmenpsagezh

5. Persuasion dialogues in the social commitments approach

The purpose of this section is to extend social commitmepitagehes to persuasion dialogues to show
that our role-based semantics is general enough. A simitansion could be made for FIPA, but this
extension is more interesting, due to the ambiguity of tihe tsommitment.

We distinguish action commitments from propositional catmments, because an action commitment
is fulfilled when the hearer believes that the action is pentxl, whereas a propositional commitment is
fulfilled only when the hearer concedes to the propositiosing the role-based semantics, we will show
that propositional commitments are related to public bgli@nd action commitments to public intentions.

Consider for example the following two sentences:

(1) A promisesB to deliver the goods before Friday.
(2) A informs B that Al Gore would have been a better president than Bush.

The first sentence commits age#tto the delivery of goods before Friday and the second seatenc
commits agentd to defend the argument that Al Gore would have been a bettsidant than Bush. We
say that the first sentence leads teaation commitmenand the second sentence leads foapositional
commitmentResearchers in the social commitment approach to agentnaooioation (Castelfranchi,
1995; Singh, 2000; Fornara and Colombetti, 2004) focus enfdhmer, because they are interested in
task oriented dialogues and negotiation. Researcherseimrflumentation tradition on the other hand
(Hamblin, 1970; Walton and Krabbe, 1995), focus on thelatte
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“to assert a proposition may amount to becoming committesltisequently defending the proposi-
tion, if one is challenged to do so by another speaker” (Wadtod Krabbe, 1995).

Despite these differences, someone could argue that agg@nd an assertion have the same effect: they
create a commitment of the speaker, respectively an actiomritment or a propositional commitment.
This is coherent with the idea that the meaning of a speects aeffined in terms of the attitudes of the
speaker, without any effects on the hearer. But accordiriglible (2005), the meaning of a speech act
must also be defined in terms of the effects on the hearerrficyplar, an assertion that goes unchallenged
may count as a concession for the hearer. This corresporitie teilence means consent’ principle, al-
ready studied by Mackenzie (1979). Walton and Krabbe argatih case of a concession, the hearer
becomes weakly committed to the proposition: the hearerncatonger make the speaker defend the
proposition by challenging him, albeit the hearer does awtho defend the proposition himself if chal-
lenged. After an assertion the hearer can make a concesgibicity, or implicitly by not challenging the
assertion. So we reinforce Kibble’s claim that speech dstslave an effect on the attitudes of the hearer.
To show the feasibility of the semantics, we model persumadialogues loosely inspired by thHeP D
protocol of Walton and Krabbe (1995). We illustrate the apph by a dialogue that involves a mixture
of propositional and action commitments. Despite the dbffiees, action commitment and propositional
commitment have more than accidental similarities toos Higieds some argument, because

“... the word commitment and the corresponding verb comneitused in many different ways, and
there is no reason to suspect that there is a common coremgéarall of them." (Walton and Krabbe,
1995, p 13).

Our general intuition is that through making a commitmehé humber of future options becomes re-
stricted. For action commitment, this can be explained bgrreg to the well-known slogan that “inten-
tion is choice with commitment” (Cohen and Levesque, 19B@\ing the stability provided by commit-
ments makes sense when re-planning is costly, and whefmcexsaurces must to be reserved in advance,
e.g. time slots in an agenda (Bratman, 1987). The same hotdsofnmitments made to other agents.
For example, by agreeing to meet on Friday at noon, futur®mgto do other things on Friday become
restricted. Analogously, conceding to an action of ano#gemt means agreeing not to prevent him from
doing the action by making other conflicting commitmentst &cample, a concession to do an action
which requires a car, implies that the conceder will not bsectar for other purposes. The relation between
commitment and concession is similar to the one betweegatibn and permission.

If we view argumentation or persuasion as a kind of game irclvplayers make moves, a propositional
commitment can also be said to limit the future possible m@vplayer can make. In particular, whenever
an agent, thg@roponent makes an assertion, he is committed to uphold that praposiThis means
that all moves which would enable the other player, dpbponent to force the proponent to retract the
proposition, must be avoided. Here too, commitments mstre set of future options.

Social commitments are contrasted with the notion of comeiitt of Cohen and Levesque (1990) used
in the definition of intention, due to the interactional aeer of social commitments. Thus, at first sight,
our argument above seems to confuse the two levels. Howelien we equate social commitment with
either intention (for action commitment) or belief (for pasitional commitment) it must be noted that we
refer to public intentions and public beliefs, i.e., to thiedkof mental attitudes attributed to roles. In this
way, we capture both the traditional view of commitment asting options and the interactional nature
of social commitments.

Just like one needs a specific logic of practical reasoningxfain action commitment, we need a
specific persuasion protocol to explain propositional cament. Here we will take a simple persuasion
protocol. Although this protocol is simplified, we believeési sufficient to illustrate the notion of proposi-
tional commitment. The protocol is depicted in Figure 5. Tdea behind the protocol corresponds to the
following quote, which is often cited to relate propositcommitment to a kind of action commitment:

“SupposeX asserts thaP. Depending on contextX may then become committed to a number of
things, for example, holding tha®, defending thatP (if challenged), not denying thaP, giving
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agree

assert
e

assert ; assert*
retract

Fig. 5. A protocol for persuasion dialogues.

evidence thaP, arguing thatP, proving or establishing tha and so on" (Walton and Krabbe, 1995,
p23).

The protocol is defined as follows. For each instantiatiorthef protocol, there are participants in two
roles: theproponent(pr), and theopponent(op). By definition, the proponent is the agent who makes the
initial assertion. Proponent and opponent have differenddn of proof. Note that the agent who is the
opponent of some propositign may very well become the proponent of another proposiitater in the
dialogue. For this reason, it is crucial that we have an eitpipresentation of roles.

Following an assertion by the proponent, the opponent caporel by a challenge like a why-question,
which essentially requests the proponent to come up witlessmguments to support the assertion, or by
a rebutting argument. The opponent may also agree with testad proposition, or concede the asserted
proposition. Agreeing means not only relieving the proparieom the burden of proof, but also adapting
the burden of proof towards third parties. Conceding meahgstbat the opponent has given up the right to
challenge the proposition, and has relieved the proporfeahedurden of proof. Thus agreement implies
concession. Alternatively, we can say that not challengim@ans a concession. In this way we capture
Kibble’s (2005) idea that entitlement to a commitment cotmesdefault after an assertion.

In response to a challenge, the proponent must give sommargun support of the proposition, which
itself consists of one or more assertions, or retract thgiral assertion. Following the assertion in re-
sponse to a challenge, the opponent may either concededpesition, or challenge or concede any of
the assertions made by the proponent during the argumeunppos.

A why-challenge does not add any new material. But an opgoremalso challenge propositions by
so called rebutting arguments, that provide an indeperatgaiment for the opposite assertion. Rebutting
arguments can be handled as assertions by the opponenh trigger another instantiation of the same
protocol, with a role reversal. So for rebutting argumetits,burden of proof lies with the rebutter.

The dialogue ends either when the proponent has run out ofremgts to support his assertion; in this
case he is forced to retract the proposition, or when the mgichas run out of challenges; in this case he
is forced to concede. An agreement of the opponent, is eskgain assertion by the opponent. This end
condition corresponds to Walton and Krabbe’s win and logssraf PP persuasion dialogues (Walton
and Krabbe, 1995, p.152).

5.1. Propositional commitment

In our formalization of the persuasion protocol, propasiél commitments of the proponent are mod-
eled as public beliefs. Open challenges are modeled acmagiiated belief of the opponent. In the defi-
nition of the update rules in Table 13, the Before and Aftddfiéndicate respectively the condition nec-
essary for the utterance to have an effect on the publicfbelied the effect that results. They should not
be confused with the FP and RE conditions of FIPA.

In the translation, we use the principle that a concessidhis represented by the fact that the delitor
does not believe thatp. This makes it impossible for the debtor to raise furthedlehges.
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Before speech act After

—— assert(pr,op,p) Bprp

Bprp why(op,pr,p)  —Bopp

Bprp concede(op, pr,p) 7 Bop—p

Bprp agree(op, pr,p)  Bopp

Bprp, = Bopp Tetract(pr,op,p) —Bprp
Table 13

Updates rules in Persuasion protoquijs the proponent andp the opponent, fog,y € A ands € S.

As usual,i andj are the role instances associated with the two interactiegts.
A propositional commitmenPC' is active when the debtarbelieves the proposition, while nothing is
required of the creditof:

PC(active, i, j,p) = B;p (CR52)

A propositional commitmenfC is fulfilled when the creditor concedes the proposition, dretefore
cannot challenge it anymore:

PC(fulfilled,, j,p) = ~Bj—p (CR53)

A propositional commitmenf’C is violated when the debtor’s beliefs are in contradictidae to the
failure of defending some previous commitment.

PC(violated, i, j,p) = ~Bip A\ B;ip (CR54)

Note that a proper treatment of this issue requires a ddtaikechanism for dealing with temporal issues
which is missing in FIPA-SL. It is not clear whether a comutitil propositional commitment is different

from a propositional commitment about a conditional, and &lso unclear what it means for a propo-
sitional commitment to beinsetor pending Thus we do not define such states here, nor do we define
cancelation, which in addition requires to introduce time.

5.2. Speech acts

Given the definition of the commitment states in terms of tlemtal states of the roles, we can provide
the following translation of the speech acts semanticse@pacts affect both the beliefs and intentions of
speaker and hearer and not only of the speaker. This repsdaberfact that in social commitments agents
are publicly committed to the mental attitudes attributgdhe constitutive rules to the roles they play. No
cooperativity or sincerity assumptions are necessaryphyrast to FIPA.

In Table 14 we report the constitutive rules of the speech factpersuasion:

— An assertion introduces an active propositional commitroétihe speaker and, if it is not challenged,
it also introduces a concession of the hearer: CR55, CR56.

— Both implicit and explicit concessions are modeled as tleeabe of the belief to the contrary. This
is similar to weak commitment (Gaudou et al., 2006a, eq 1Z28):1CR56, CR59.

— Agreement simply means that the hearer becomes committe&toagreement implies concession:
CR60.

— Asserting an argument againstounts as a rebut-challenge. We simplify here for spacensahe
notion of argument: CR57

— A why-challenge asks arguments to support the assertiondiltates that the opponent is not yet
convinced: CR61.

— Not replying to a why challenge with a supporting argumeatirts as a retraction: CR62.

— Putting forward an argument in support of the original asseis a way to reply to a why challenge:
CR58.
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assert Done(assert(i, j,p)) — Bip (CR55)
Done(assert(i,j,p)) A (mDone(why(j,i,p)) V ~Done(rebut(j,,p))) — —B;j(—p) | (CR56)
Bjp A Done(assert(i, 3, (¢ — —p) A q)) — Done(rebut (i, j, p)) (CR57)
—B;p A Done(assert (s, j, (g — —p)) A q) — Done(support(i, j,p)) (CR58)
concede | Bjp A Done(concede(i, j, p)) — —Bi(—p) (CR59)
agree Bjp A Done(agree(s, j,p)) — Bi(p) (CR60)
why Bjp A Done(why(i,3,p)) — —Bip (CR61)
Done(why(i, j,p)) A ~Done(support(j,i,p)) — —B;(p) (CR62)
Table 14

Speech acts for persuasion

Replying to a rebut challenge with a counter argument is @sopulsory, but because the rebut chal-
lenge is performed by means of a set of assertions, thisdgadjraccounted for by rule CR58.

Once a concession has been introduced it prevents the agemtcbmmitting itself to the opposite
proposition, since this would lead to a contradictied;(—p) A B;p. S0 nowi cannot assertp nor chal-
lengep, since a challenge is performed by informing about an arguirfee —p. Avoiding a contradic-
tion explains also why an agent would challenge an asseifitve previously committed himself to the
contrary.

5.3. Example

In Table 15 we show the interpretation of the following d@le. For each turn, we report the beliefs
and intentions which are created and those which persist fihe previous turn.

Example 2

x-1:  Tomorrow the University is open. Done(assert(i, j, open))

x-2: Can you give the exams for me? Done(request(i, j, Done(j, give-exam)))

y-1: Isn'tit closed for the Olympic games?Done(assert(j, i, (games — —open) A games))
Done(rebut(j, i, open))

x-3:  Not for exams. Done(assert(i, j, (exam A games — open) A exam))
Done(rebut(i, j, (games — —open) A games))

y-2. |see. Done(agree(j, i, open))

y-3: OK Done(accept(j, i, Done(j, give-exam)))

y-4. [j gives the exam] Done(j, give-exam)

After i's assertion, ifj would not reply,j would be publicly considered to concede that the univeisity
open, by rule CR56:

=(Done(why(j,i,open)) V Done(rebut(j, i, open))) — —B;(—open)

Soj must reply by doing aebut challenge, after which will get stuck in the contradiction, if he does
not defendB;(open A —open), due to rule CR56:

—(Done(why(i, j, (games — —open) A games))V
Done(rebut(i, j, (games — —open) A games))) — —B;(open)

Sincei replies with a rebutting argumentwill implicitly concedes if he does not reply (CR56):

—(Done(why(j,i, (exam A games — open) A exam))V
Done(rebut(j, i, (exam A games — open) A exam))) — —Bj(—open)

However, in y-2, he agrees withand adopts his belief.
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Proponent Opponent;

x-1: assert BELIEFS BELIEFS

X-2: request open
INTENTIONS INTENTIONS
I; Done(j, give-exam)

y-1: assert BELIEFS BELIEFS

rebut (games — —open) A games)
—open

open
INTENTIONS INTENTIONS
Done(j, give-exam,)

x-3: assert BELIEFS BELIEFS

rebut (exam A games — open) A exam)

open —open
INTENTIONS INTENTIONS
Done(j, give-exam)

y-2: agree BELIEFS BELIEFS

y-3: accept open open
INTENTIONS INTENTIONS
Done(j, give-exam) Done(j, give-exam,)

y-4: give-exam| BELIEFS BELIEFS
Done(j, give-exam,) Done(j, give-exam,)

Table 15

The interpretation of the dialogue in Example 2.

6. Comparisons

In this section we give two examples of a comparison betwdPA Bnd social commitments using
our role semantics, to assess the feasibility of the roleas¢ins as an intermediate language. We want
to illustrate that no information gets lost in the translatfrom the social commitment approach to the
beliefs and intentions of roles.

6.1. Comparing Inform

We first consider the case afform. We show that by first translating a state described in terims o
commitments into public beliefs and intentions, and theplyapg a speech act as defined in Role SL,
we get the same results as when we first apply the social conanis version of a speech act, and then
translate the resulting state in public beliefs and intssti The general idea is shown in Figure 6.

Suppose we have a state with no commitments: statempty According to Fornara and Colombetti
(2004), the meaning of anformis the combination of enakeand asetof an unconditional commitment.
The result is:

C(pending,i,j, ¢ | T)

Because it concerns an unconditional commitment, there idifference between active and pending
commitments. So we use ‘jump condition’ rule number 5 (Sda€erld in Section 4). We also leave the
condition | T’ out of the notation. That produces:

C'(active, 1,7, )
Now we translate according to rule (CR42), which produces
Bip

So the translation of; becomeq B;¢}. That completes the first half of the diagram.
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RolesB andI —FIPA speech act — RolesB andIl
T T
trans trans

Social Commitments —SC speech act —  Social Commitments

S1 52

Fig. 6. Comparison diagram.

For the role translation, the empty state corresponds td af s® beliefs or intentions{}, Now, the
meaning of thenform speech act, is captured by rules (CR17) — (CR19). So, in teevevsion of FIPA,
s9 becomes

{Biyp,~B;i(Bjp V Bj=yp), I; Bjp}

Clearly, this is more detailed than the translation of theimocommitments approach. The FIPA ver-
sion contains presupposed information about what the spekes not know beforehand, and about hist
intentions. However, weansay that going from social commitments to roles, no inforamais lost.

The difference in the amount of detail between the appraadhecomes even more clear when we
compare the outcomes of the garbage example, discusseslexidiof Section 3 and Section 4. Here too
the social commitments approach is less elaborate.

But in addition to the different level of detail (feasibylipreconditions vs operational semantics), there
are also important conceptual differences in the way praisae modeled.

6.2. Propose Interaction Protocol

As a second example, we have chosen the Propose interantimeg of FIPA (2002a). This protocol
consists of proposefollowed by an acceptance or a refusal.

For a specific instantiation of the protocol, we compare gi@tbeliefs and intentions produced by the
translation of FIPA and social commitments into the rolsdzhsemantics to assess whether the intentions
concerning executable actions are the same in the two apgmea- the agents would act in a similar
fashion — and whether it is possible to find in FIPA the samemdments as in the social commitments
approach.

The main difficulty in mapping FIPA onto social commitmentgicerns the communicative gibpose
In social commitments approaches, it is viewed as a way totisg a joint plan: “If | dog, then you do
p". This can model auctions for example (Fornara and Colotiht2§04). Instead, the FIPA definition of
proposerefers to one action only.

Example 3

x-1: propose This bike costs only $50!
y-1: accept Allright.

x-2: give [ gives bike ]

y-2:  pay [ pays $50 ]

y-1':  reject No, that is too much.

We are inspired by the example in FIPA (2002a), which repititsaction of selling an item for a given
amount of money. Note that the action of selling is concevkds a joint action composed of giving the
item and paying the money, as in Section 38i(i, j) = give(i); pay(j).

We could say that an acceptpdoposeact forms a plan to be performed by both agents. Once the
intentions of both agents to perform the plan have been fdrthe plan is distributed between the agents
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Sender Receiverj
x-1: propose | BELIEFS BELIEFS
I;Done(sell(i, j)) — I;Done(sell(i, j))

I;Done(sell(i, j)) — I;Done(sell(i, 7))

INTENTIONS INTENTIONS
B;(I;Done(sell(i, j)) — I;Done(sell(, 5)))
y-1:accept | BELIEFS BELIEFS
I;Done(sell(i, j)) — I;Done(sell(i, j)) I;Done(sell(i, j)) — IsDone(sell(i, 7))
I;Done(sell(i, j)) I; Done(sell(i, 7))
I;Done(sell(, j))
I; Done(give()) I; Done(give(z))
Done(give(i)) — I;Done(pay(j)) Done(give(i)) — I;Done(pay(j))
Done(give(i)) — IjDone(pay(j))

INTENTIONS INTENTIONS
B;I; Done(sell(, 7))

Done(give())
X-2: give BELIEFS BELIEFS
I;Done(sell(i, j)) — I;Done(sell(i, 7)) I;Done(sell(i, 7)) — I; Done(sell(i, 7))
Done(give(i)) — IjDone(pay(j)) Done(give(i)) — IjDone(pay(j))
Done(give(i)) — I;Done(pay(j))
I;Done(give(1)) I; Done(give(i))
Done(give()) Done(give(z))
1, Done(pay(j)) 1; Done(pay(j))
Ii Done(pay(j))
INTENTIONS INTENTIONS
Done(pay(j))
y-2: pay BELIEFS BELIEFS
I;Done(sell(i, j)) — I;Done(sell(i, 7)) I;Done(sell(i, j)) — I;Done(sell(i, 7)))
Done(give(i)) — IjDone(pay(j)) Done(give(i)) — I;Done(pay(j))
Done(give(i)) — I;Done(I; Done(pay(j)))
1, Done(pay(7)) 1, Done(pay(j)
Done(pay(j)) Done(pay(j))
INTENTIONS INTENTIONS
y-1": reject | BELIEFS BELIEFS
I;Done(sell(i, j)) — I;Done(sell(i, j)) I;Done(sell(i, j)) — I;Done(sell(i, 7))
—I;Done(sell(i, j)) —I;Done(sell(i, 7))
INTENTIONS INTENTIONS

B;—1I;Done(sell(i, 7))

Table 16
Example 3 with FIPA.

according to rules RL38 and RL39 which we introduced in $&c8.3, and the intentions concerning
the steps of the plan are formed. By contrast, if the propissabt accepted, as in y5Ino intentions are
formed according to the plan. The remainder of the tramsiat straightforward: at each turn, the rules
for translating the semantics of FIPA and social commitsénito the role-based semantics are applied
(see Sections 3 and 4). Thanpdus ponenand the rules are applied. We assume here that beliefs and
intentions which are not affected by subsequent speeclpargist.

6.3. Example in FIPA
In FIPA (see Table 16), the proposal to selbposé:, j, Done(sell(i, j))is aninform that introduces

in the roles the belief that the preconditiofy Done(sell(i, j)) — I;Done(sell(i, j)) is true. We skip for
space reasons the other feasibility precondition, bute¢bder can easily check that it is true and consistent
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with the state of the dialogue. The rational effect is anntitm of the speaker, but since the speaker
is reliable (it has correct beliefs about its own mentalesthtafter the proposal, the receiver believes
I;Done(sell(i, j)) — IyDone(sell(i, j)) too.

The acceptance of the proposal pin FIPA is aninform that j has the intentior; Done(sell(i, j)).
Again, the receiver believes the content of Hezept proposakpeech act because an agent in a role is
reliable about its own mental states. Since the speakeavesli; Done(sell(i, j)) — I;Done(sell(i, j))
andI;Done(sell(i, 7)), it believes also to hav®one(sell(i, j)) as a intention (bynodus ponensand,
by rule (RL1), it actually has the intention to sell. Most iamantly, if an agent in a role has the in-
tention to make a joint plan, by the rule RL38, then it has titention to do its part at the right mo-
ment (the others know this) and the intention that the otlersheir part. The result of the distribu-
tion is: B;(Done(give(i)) — I;Done(pay(j))) A Bj(Done(give(i)) — IjDone(pay(j))). Thus, when
Done(give(i)) is true, we derive that bothand; mtendg to do its part:/; Done(pay( ). Subsequently,
this intention is carried out.

However, if the proposal is rejected, as in’y-this means thaj has no intention for the joint plan
sell(i, j): —I;Done(sell(i, j)). Consequently, no distribution of intentions is possilled no individual
intention togive is formed byi.

6.4. Example in Social Commitments

The translation from social commitments ACL semantics ®orthle-based semantics is accomplished
by applying the rules defined in the previous section (searEif7). Given the FIPAroposespeech act,
the corresponding speech act in social commitments AQLoigos€i, j, Done(give(i)), Done(pay(j))).

By applying the rule that translates this speech act in tleelvased ACL semantics, we get to the state
in which both: and j have the belief thaDone(give(i)) — I;1;Done(pay(j)) representing an un-
set commitment ofj. Moreover, a pending commitment byis represented by — I;Done(give(i)),
wheres = B;(Done(give(i)) — I;Done(pay(j))) N Bj(Done(give(i)) — IjDone(pay(j))).

Theaccept proposais modeled byuccept (7,1, C; (unset J, 1, Done(pay(j )) | Done(give(i))) in so-
cial commitments semantics. This speech act, whose préimnds true, results inj’s act of creating
the belief ofi that j believesDone(give(i)) — I;Done(pay(j)), thus making the condition true. The
application ofmodus ponenso the beliefs — IDone(gwe( 1))) and this new belief results in the in-
troduction of an active commitment whose debtor is tolé& Done(give(i)) A I;Done(give(i)) When
give(i) is executed, the commitment dfo do give(7) is fulfilled and the commitment of to dopay(j)
is active: its conditionDone(give(i)) is satisfied.

Thereject proposalcommunicative act in FIPA in social commitments semantmsesponds to the
speech acteject(j, i, C;(unset, j, i, Done(pay(j)) | Done(give(i))). The reject speech act attributes
to both: andj the belief thatj does not have the intentioPone(pay(i)), thus retainingi’s pending
commitment from becoming active and canceling the unsenutmment from;.

6.5. Comparison

What are the main differences between these approache&®? Ikabnd 17 show that, once translated
into the role-based semantics, the resulting intentiortkeofwo approaches coincide, with one significant
exception.

The difference can be observed in the first row. After pihg@poseact there is no equivalent in FIPA
of the belief — publicly attributed to the proponent — thahats the intention that the addressee forms a
conditional intention to pay the requested amount of mooethie sold item, where the condition consists
of the proponent giving the item. Such a belief can be fourtiénsocial commitments approach.

This difference is due to the definition of proposing in FIPAPA does not express the advantage of
the proposer in proposing the plan. For example, in thenggtlase, there is no clue of the reason why the
joint plan is proposed, namely to receive the specified moHRieig is left implicit in the definition of the
selling act. In social commitments approaches, recipyasiéxpressed explicitly by the fact thapepose
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Sender Receiverj

x-1: propose | BELIEFS BELIEFS
Done(give(i)) — I;IjDone(pay(j))
s — I;Done(give(7)) s — I;Done(give(1))
wheres = B;(Done(give(i)) — IjDone(pay(j)))A

B, (Done(give(i)) — I Done(pay(5))

INTENTIONS INTENTIONS

y-1:accept | BELIEFS BELIEFS
Done(give(i)) — LI (pay(5))
s — I;Done(give(i)) s — I;Done(give())
Done(give(i)) — I; Done(pay(j)) Done(give(i)) — IjDone(pay(j))
s s
I; Done(give(z)) I; Done(give(1))
INTENTIONS INTENTIONS
Done(give())

X-2: give BELIEFS BELIEFS
Done(give(i)) — I;1; Done(pay(j))
s — I;Done(give(z)) s — I;Done(give(1))
Done(give(i)) — IjDone(pay(j)) Done(give(i)) — IjDone(pay(j))
I; Done(give(7)) I;Done(give(1))
Done(give()) give(1)
I Done(pay(j)) [MP] I Done(pay(j))
INTENTIONS INTENTIONS

Done(pay(j))

y-2: pay BELIEFS BELIEFS
1; Done(pay(7)) 1, Done(pay(j)
Done(pay()) Done(pay())
INTENTIONS INTENTIONS

y-1": reject BELIEFS BELIEFS
Done(give(i)) — I;IjDone(pay(j))
s — I;Done(give(7)) s — I;Done(give())
~1; Done(pay(j)) ~1; Done(pay(j)
INTENTIONS INTENTIONS

Table 17

Example 3 with social commitments.

is composed of a condition@romisetogether with aequest(see also the model in (Yolum and Singh,
2002)). This provides a way to express any kind of arranggnesen non conventional ones. In social
commitments approaches, the subsequent acceptance gwsessphe existence of an unset commitment
having as debtor the participant to which the proposal wdsessed. However, FIPA&Ccept proposain

the second turn fills the gap: when the addressee displayatdm@ion to take part in the joint plan, the
distribution of the tasks of giving and paying takes pla@nagating the appropriate intentions for the two
roles.

7. Related work

Here we discuss the historical development of work on theasgics of agent communication lan-
guages, work on roles, as well as our own related work.

7.1. Agent communication languages

The linguistic and philosophical theory of speech acts hagiied a number of models of agent com-
munication languages. Most models of communicative aatsbeaclassified into two types, depending
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on whether they rely on mental attitudes or social commitmiecluding both action commitment and
propositional commitment.

7.1.1. Mental attitudes

The semantics of agent communication languages providedeblfoundation for Intelligent Physical
Agents (FIPA, 2002a), is paradigmatic of the models basechental attitudes. The FIPA standards and
the work at France Telecom on which it is based (Sadek, 1982tjd8 and Sadek, 1997; Sadek et al.,
1997), are based on earlier models for natural languaggpnetation (Cohen and Perrault, 1979; Allen
and Perrault, 1980). FIPA has concentrated most on cobaierdialogue types, like information seek-
ing. The sincerity condition assumed by FIPA makes sensadtrral language dialogue, because such
dialogue agents are designed to be cooperative. Howeeaggetheralization of the FIPA language to non-
cooperative settings has proven to be problematic. The c@idn of speech act theory (Searle, 1969),
with a general theory of planning and action, e.g. (Polld&d90), provides a general model of rational
interaction. Essentially, the speech acts are treatedyagthear action, which can be combined into plans
by means of their preconditions and intended effects. IAF#Bmmunicative acts are defined in terms of
the mental states of the agent who issues them. Mental staespresented according to the well known
Belief-Desire-Intention (BDI) framework (Bratman, 198Zphen and Levesque, 1990). The bridge be-
tween the communicative acts and the behavior of agentsvéded by the notions of rational effect (RE)
and feasibility preconditions (FP). The rational effecthie mental state that the speaker intends to bring
about in the hearer by issuing a communicative act, and dsslfdity preconditions encode the appropri-
ate mental states for issuing a communicative act. To gtegarommunication, the framework relies on
intention recognition on the part of the hearer.

Despite the fact that FIPA standards are well known, theyatget widely used in agent applications.
One of the reasons might be that it is counterintuitive toegalize the FIPA approach to non-cooperative
settings. By definition, the private mental states of ageatsot be inspected, and can therefore not be
verified (Pitt and Mamdani, 1999; Wooldridge, 2000). Suctapproach is not appropriate in situations
in which agents may be insincere or non-cooperative, asgunagntation or negotiation settings. More-
over, a typical agent application involves stake holderth wiverse or opposed interests. Typical agent
applications will therefore often involve non-cooperatisettings.

7.1.2. Social commitments: action commitment in negotiati

Agent communication languages based on social commitnueTdtitute an attempt to overcome the
mentalistic assumptions of FIPA by restricting the analysipublic communication (Castelfranchi, 1995;
Singh, 2000; Colombetti et al., 2004; Fornara and Colomt004; Bentahar et al., 2004). Communica-
tive acts are defined in terms of the social commitments theligy determine for speaker and the hearer.
According to Fornara and Colombetti (2004) commitment is6aial relationship between the speaker
and the hearer". The notion of social commitment does net tefintentionality; it is a primitive social
notion, developed for modeling mutual commitments in cacts and electronic commerce, for example.
A commitment in Fornara and Colombetti (2004) hadedtorandcreditor, i.e., respectively, the agent
who makes the commitment, and the agent to which the commitisemade. We could say that the
creditor is interested in the content of the commitment. $beal commitments approach has focussed
on non-cooperative types of dialogue, like negotiatiort,nmi on persuasion. Researchers working in the
tradition of Winograd and Flores (1986), such as Singh (200@ interested in cooperative dialogue and
negotiation. Hence they tend to investigate the action ciomemts, that typically result from directives
like requestandpropose

The social commitment approach also has a number of drawbackocial commitment describes the
status of an agreement about future action. Unlike intestias usually conceived, social commitments
do not have a causal relation to action. So the use of socmhidtments to model the effects of com-
munication relies on the notion of obligation to explain hoemmitments affect the behavior of the indi-
vidual agents. As it appears, commitments require enfoecémechanisms of obligations, like sanctions
(Pasquier et al., 2004). This makes sense for competitiveéoements, like argumentation dialogue or
negotiation, but it does not make sense in cooperative @amvients, like information seeking or inquiry,
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where a commitment can simply be interpreted as an expactdiven though social commitments may
be useful in the analysis and design of communication poigofor applications like electronic com-
merce, this does not mean that they provide an adequate sesnafrihe speech acts involvédhe social
semantics is an operational semantics, which translatsschpacts to transitions in a data-structure, the
commitment automata.

7.1.3. Social commitments: propositional commitment isyEsion

The argumentation tradition originating with Hamblin (09@and Walton and Krabbe (1995), focuses
on propositional commitments: “to assert a proposition ramount to becoming committed to subse-
quently defending the proposition, if one is challengeddesd by another speaker” (Walton and Krabbe,
1995). However, this kind of propositional commitment iad®d towards argumentation dialogue, with
assertive speech acts like ‘assert’ or ‘challenge’, fgilim be general enough for cooperative dialogues.

In many social semantics the distinction between the comanit to an action and the propositional
commitments of assertives becomes blurred. This is a prolblben dealing with argumentation and
persuasion dialogues where the notion of propositionalnsitment is basic. According to Bentahar et al.
(2004), the difference between an action commitment ancdpggitional commitment lies only in the
type of content, and both kinds of commitment are fulfilled mlated) if the content is true (false) in
the world, albeit the debtor cannot do anything to make agsitipnal commitment true, whereas he can
perform the action object of a commitment. At a closer analifee definition of fulfillment is not correct
for action commitment. According to these authors, a commeitt is fulfilled if (at the deadline time) its
content is true in the world. This objectivistic solutionta® weak: fulfillment does not only depend on
what is true in the world, but also on what is believed by thedlitor. Thus the creditor can still claim to
be entitled to the commitment, until he is convinced and théemce is shared by both agents. Moreover,
this view of fulfillment is not realistic for propositionabcmitment. For propositional commitments the
problem is made worse by the fact that their content is ndticésd to actions whose execution can be
monitored in the world. Consider, e.g., a commitment towafwe fact that Al Gore would have been
a better president than Bush. There is no way to fulfill sucly@othetical commitment, unless one of
the agents concedes on the basis of arguments. This is tkeafjease in persuasion and argumentation,
e.g., in a political debate or in a trial. An alternative o is to define that a propositional commitment
it fulfilled when the creditor also becomes committed to theppsition. But this is too strong, since
not all assertions and informs aim to make the hearer betle®, and viceversa, not all informs and
assertions aim to satisfy a goal of the creditor to know miation. For example, in information seeking,
the creditor wants to have reliable information but, in gpdie, he wants to win. In general, and in
contrast with action commitment, there is not always a toeavho has the goal to have some information.
In our approach, a propositional commitment is fulfilled whbe hearer concedes, and, thus, cannot
challenge the proposition anymore. Other possible go#ks,that the hearer must come to believe the
proposition, depend on particular types of dialogues ane tzeir own fulfilment conditions. Our role-
based semantics allows to associate different fulfillmemiddions to the roles that belong to different
dialogue games.

The social semantics approach — with the noticeable exarepfiKibble (2005) — generally only makes
the speaker committed to the propositional content of aertsgs. It do not express the notion of com-
municative intention: atnform makes mutually believed the intention of the speaker thattdressee
believes the proposition. Social semantics delegate tpribtcol level the coherence of a dialogue, by
dropping communicative intentions from the speech actl&€@ncerning concessions, inspired by Kibble
(2005), we argue that an assertion creates by default a €sinoeof the hearer, which can be in contra-
diction with his beliefs, unless he challenges the assertdhen the hearer challenges the assertion, the
contradiction is passed to the speaker, and forces a lietraaftthe speaker, if not challenged in turn; and
so on, until one of them does not have any arguments left téoparard, and concedes or retracts explic-

*We are aware of the difference between semantics in compaience, and in linguistics. In linguistics, a semanticsof
agent communication language would rather be called a pigsnbecause it mainly concerns the correct use of theseSae
the insightful discussion in Coleman et al. (2006).
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itly. Finally, considering the creation of a commitment agsult of an assertion, as social commitments
semantics does, is different from the traditional intetgtion, which sees propositional commitments as
a kind of action commitment to defend the proposition. ladtea commitment to defend, is typically
created by the challenge.

7.1.4. Bridges

Recently, some other papers went in the same direction efirig FIPA semantics, using public
mental states e.g., (Nickles et al., 2006; Verdicchio and@betti, 2006; Gaudou et al., 2006a). However,
these other solutions need to add to dialogue new thedrebcaepts which are not always completely
clear or diverge from existing work. In particular, Gauddale(2006a) use an explicit grounding operator,
which only partially overlaps with the tradition of groundi in theories of natural language dialogue.
Opinions (Nickles et al., 2006) are introduced specificétily modeling dialogue, but with no relation
with persuasion and argumentation. Finally, commitmemtgardicchio and Colombetti (2006) roughly
overlap with obligations. Moreover, these other approadketate to the well known FIPA semantics in
different degrees: Gaudou et al. (2006a) and Nickles e2@08) try to stay close to the original semantics,
as we do, while Verdicchio and Colombetti (2006) substitititentirely with a new semantics, which,
among other things, does not consider preconditions afre&ti

7.1.5. Other work in agent communication

In this paper we do not consider the construction of comnaiivie protocols out of individual speech
acts. There exist first principle methodologies, in whiah siemantics of a protocol is defined completely
in terms of the semantics of the individual speech acts.radidvely, larger protocols may be construed
from basic protocols consisting of speech acts that ndyusalong together. For examplgropose accept
andrejectform such a basic interaction protocol, see Section 4.

7.2. Roles

The distinguishing feature of our approach is that the jpuiblental attitudes attributed to agents dur-
ing the dialogue are associated with roles. he importana®le$ is recognized in multiagent systems
and their function ranges from attributing responsitafitito assigning powers to agents in organizations.
In this paper we exploit the notion of roles, as introducedgent-oriented software engineering, e.g.,
GAIA (Wooldridge et al., 2000), TROPOS (Bresciani et al.02) We distinguish interactive roles, such
as speaker, (over)hearer and addressee. Clearly, diffepestitutive rules apply to speaker and hearer.
Further, we could add rules so that the effects of implicknaevledgement differ between the addressee
of a message, and a mere overhearer (Gaudou et al., 2006l)s¥distinguish social roles, that belong
to a particular type of dialogue. E.g., in argumentatiom, ‘turden of proof’ is different for the proponent
or the opponent of a claim. Or consider the fact thedquesicannot be refused, if there is some authority
relation between speaker and addressee. In fact, suchti@metdp turns aequestinto an order. Note
that one agent can play different roles in different intécenxs with the same or different interlocutors. For
example, the buyer of a good may become a seller in a secarghtiion. Because social roles are associ-
ated with dialogue types, each with a specific set of dialagles, roles allow us to reason about assump-
tions in different kinds of dialogues. Thus, sincerity @abbke assumed in cooperative dialogues, such as
information exchange, but not in non-cooperative dialegseach as persuasion or negotiation. Ostensible
beliefs and the grounding operator can only distinguisrattive roles like speaker and addressee, and
the effect on different groups of agents.

7.2.1. Roles as prescriptions

Roles in a social institution are traditionally used to deti@e the obligations, permissions and institu-
tional powers of an agent. Roles prescribe which possitdedpacts are allowed for an agent, and pos-
sibly which acts must be used to respond. This idea is mostipent in the ISLANDER system (Esteva
et al., 2002), in which the roles of agents determine thefate with the environment. In our role model
(Boella and van der Torre, 2004) roles are always assoctatsdme kind of institution, see also e.g.
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Kagal and Finin (2005), which is described by constitutiies. In the case of dialogue, the institution is
represented by the type of dialogue game played by the ipentits.

In the role-based semantics introduced in this paper, theemavailable to the dialogue participants
are based on the mental attributes of the roles only, not@mtntal attitudes of the agent. Since an agent
enters in a dialogue only in a certain role, the communieaietions at his disposal, depend on the role.
Thus, agents participating in a dialogue in different ralas perform different kinds of communicative
actions. This is due to the fact that the communicative agtierformed depends on the constitutive rules
of the dialogue game: if an agent utters a sentence whichtisegognized as a communicative action
since the agent is not playing the right role, the commuivieatction is considered not to be performed.

A typical situation is represented by the Contract Net Rmat¢Smith, 1980) where the initiator role
and the participant role can perform different actions,, €&l for proposal and proposal respectively. The
initiator and participant role are already present in that@at Net Protocol. The distinguishing property
of our approach is that roles are not simply labels, but tlieyaasociated with instances representing the
state of the participant in the interaction. The state isa®gnted as a set of beliefs and intentions attributed
to the role enacting agent. Such a state is modified by the eonwative actions performed during the
dialogue according to the constitutive rules of the dialbbgame.

Each instance of a dialogue game is associated with ingavfcthe roles played by the agents; so
each agent is associated with a different state of the ictierain each dialogue he is participating in.
For example, an agent who is playing the role of participan& iContract Net negotiation, can at the
same time participate as initiator in another negotiatsubcontract part of the task. In each of his roles
the agent is associated with a set of beliefs and intentiepgesenting the situation of the conversation
thus far. Moreover, the price the agent as initiator can pag sub-contractor, depends on the price for
which it undertook the task, as participant. So all the ralesst be related to a common agent, who has to
direct the different negotiations according to his privaservation price and to the outcome of the other
interactions.

7.3. Roles as expectations

Agents can make predictions, and use these predictiontdicate their behavior with an agent, due
to the fact that the agent enacts a particular role. Thisigireel aspect is common in the social sciences,
made famous by the restaurant script (Schank and AbelsaiT) Ehd emphasized in agent theory by
Castelfranchi (1998). An example from human life, is thet féat the car of someone taking driving
lessons, is clearly marked with a sign, like ‘L’ or ‘E’. Thigya does not change the prescriptive status —
the traffic code applies just as much — but it signals to othigers to be careful and more considerate.

In our role-based semantics, expectations are based bdtteanental attitudes ascribed to the agent
and to the role. To play a role, an agent is expected tagdtthe beliefs and intentions of the role were
his own, and to keep them coherent, as he does for his own hadtitiades. An agent should adopt the
role’s intentions and carry them out according to the bgladfthe role. This holds despite the fact that the
model remains neutral with respect to the motivations tigahts may have when playing a role; agents
can adopt the mental attitudes attributed to their roles fasma of cooperation, or they can be publicly
committed to their roles. The roles’ attitudes represeratvthe agent is publicly held responsible for: if
the agent does not adhere to his role, he can be sanctionéahoedh

Expectations follow also from the objectives of the ageRts. agent communication languages, the
most convincing example has to do with bargaining. In prol®tike the Contract Net, listed above, there
are no constraints on the content of proposals. Howeveg|ybased on the apparent objectives of agents
when entering a conversation in a particular role, we cagriafhumber of preferences:

— the initiator wants to have some task achieved, otherwisedudd not send the call for proposals

— the initiator wants to give up as little as possible, in retfor the accomplishment of the task

— a participant may either want to achieve the task, or nohéitst case, he will send some offer. In
the last case he will send a reject, or fail to reply.
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— if a participant is interested, he will want as much as pdssibreturn for doing the task

From such preferences, we can infer some coherence cargldiothe content of proposals. For example,
it will be very unlikely that a participant will first offer tdo the task for 40, and later to do the task for
50, because the participant does not expect the initiatacdept the higher offer, after the lower offer was
declined. More about coherence conditions can be found Istituet al. (2004).

7.4. Our own earlier work

This journal paper is a revised and extended version of wamgrkshop and conference papers. Boella
et al. (2005, 2006b) discuss a role-based semantics, waitkeal with both mentalistic approaches and
social commitments. Of this work, Boella et al. (2005) isdgh®n our normative multi-agent systems
framework (Boella and van der Torre, 2006a,b), which déssriroles by means of the agent metaphor,
and is formalized in Input/Output logic (Makinson and vam d@erre, 2000). This work only addresses
part of the problem; it focuses on persuasion dialoguesliBet al. (2006a) provide a common role-
based semantics for both approaches, using a represarftatioat based on the FIPA semantic language.
We model additional categories of speech acts, like coniwessnd directives, which can be applied in
negotiation dialogues between cooperative agents.

8. Conclusions

Public mental attitudes have been proposed to bridge théemgeen the two main traditions in defin-
ing a semantics for agent communication languages,: mattitaides and social commitments. These tra-
ditions, even if they share the idea of speech acts as opesaith preconditions and effects, and agents
playing roles like speaker and hearer, rely on completedirdit ontologies. Not only does the mental
attitudes approach refer to concepts like belief, desirgtention and is the social commitment approach
based on the notion of commitment, but the two approachegefier to distinct speech acts, distinct types
of dialogue games, and so on. Public mental attitudes abeightoblems of mentalistic semantics, such
as the unverifiability of private mental states, and thegvallhe reuse of the logics and implementations
developed for FIPA compliant approaches. The distinctietwken private and public mental attitudes
allows us to model multiple communication sessions, as aebluffing and lying agents in persuasion
and negotiation.

We associate public beliefs and intentions, representimat the agent is publicly held responsible for,
with a role instance. If the agent does not adhere to his tioér he can be sanctioned or blamed. The
mental attitudes contain precisely the public beliefs antdritions which follow from speech acts being
uttered — requirements as well as consequences — togettecammonly held beliefs about the attitudes
of roles.

The existence of such public mental attitudes is the onlpgnty of role instances we require, and this
property therefore characterizes our notion of role in agemmunication. This characteristic also forms
the main distinction with most other role-based modelsciiypically allow private mental attitudes like
secrets for role-enacting-agents or agents-in-a-role too

The final constituent of our model is the set of constitutivkes which defines the effects of speech
acts on the mental attitudes of role instances, for dialagpes like information seeking, negotiation and
persuasion. Communication is public for every agent whatwars the speech acts, and has same prior
knowledge of roles. Consequently, for public communicgtibe mental attitudes of a role are public. The
challenge of agent communication languages whose semasti@sed on public mental attitudes, such
as our role-based semantics, is to define mappings fromrexisinguages to the new one. In this paper
we show how to map the two existing traditions to our roleellbgntology of public mental attitudes and
we show how it allows for a comparison.

The mapping from FIPA semantics to our role-based semaintesprets the feasibility precondi-
tion of FIPA as a kind of presupposition. For example, if aerag informs another agent that with
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inform(i, j, ), then in the original FIPA semantics, ageéshould already believe the propositignOth-
erwise,i would be insincere. With public mental attitudes, howeitds not the case that an agent must
already publicly believep. Instead, it is presupposed that the agent belieyesd therefore, the agent is
publicly held responsible for the fact thatholds. If ¢ does not hold, then the agent can be sanctioned
or blamed. Moreover, FIPA notions like reliability and siénidy are no longer implicitly built into the
formal system. By making such notions explicit for differ@ontexts of use, we can integrate the social
commitment approach, and deal both with cooperative anecnoperative types of dialogue.

The first mapping from the social commitment semantics fesugaction commitment&Singh, 2000;
Fornara and Colombetti, 2004), with an operational serosniife introduce six update rules mirroring the
commitment update rules of Fornara and Colombettiuasetcommitment corresponds to an intention
of the creditor, a commitment igendingwhen it is an intention of the creditor and the debtor of the
commitment conditionally wants to perform the action if #ssociated conditiofis true, and the creditor
has this as a belief, and so on. Then:

A promiseintroduces a pending commitment of the speaker;

A requestintroduces an unset commitment with the receiver as delx¢orthe agent of the requested
action;

Acceptandrejectchange the state of an existing unset commitmepetalingandcanceledespectively.

In order to account for this fact, we insert in the antecedaérihe rules for accept and reject the
reference to the configuration of beliefs and intentions rresent an existing commitment.

A proposeis a complex speech act composed bgguestand a conditionapromise it introduces an
unset commitment with the receiver as debtor and a pendimgrittment with the speaker as debtor.
Since aproposeis used in a negotiatior; andp refer respectively to an action of the speaker and
of the receiver.

The second mapping from the social commitment semantieséscorpropositional commitment§ve
distinguish propositional and action commitment by medtiseonotion of concession, inspired by Walton
and Krabbe (1995) and Kibble (2005). We map propositionairmiments to the roles’ beliefs, and action
commitments to their intentions. The constitutive rulea dfalogue game represent the effects that speech
acts have on the roles’ mental attitudes, and, thus, intiren commitments. Concessions are introduced
as the absence of a belief to the contrary, and prevent fudfalenges. This is analogous to action
commitments, which prevent future actions that requiresdume resources. We illustrate propositional
commitments by modeling a particular persuasion protaaspired by Walton and Krabbe. This protocol
endorses the ‘silence means consent’ principle. Sinceruhaeprinciple concessions of the hearer can
be made by default, i.e., by not challenging an assertiordemgonstrate that the semantics of speech acts
should not only be expressed in terms of the effects on tiiadds of the speaker, but also on those of the
hearer.

The research reported in this paper does have some linmsat@ne limitation is that we have chosen
to stay relatively close to the original FIPA-SL languagewse inherit some of its well known problems.
In Section 7 we have discussed various alternative repiagssm languages for agent communication to
overcome these problems. A limitation that our approachithnasmmon with many other approaches, is
the absence of explicit time variables in the represemtdéiaguage. This may become a problem, when
we are modeling the feasibility preconditions of a spee¢hfear example, amform only makes sense
when the hearer does not already know the information. 8m the utterance of anform act, we may
infer that the speaker believes the hearer does not knowfibreriation. But this is immediately overruled
by the rational effect of thaaform act. Similar problems exist for the retraction of claimsywasdiscussed
in Section 5. We believe that these problems may be overcgrttetuse of a defeasible logic with explicit
time variables. An initial proposal in this direction is negloly Boella et al. (2007).

The first issue for further research is the use of our rolethastology for descriptions of expected
behavior. To play a role, an agent is expected toaacif the beliefs and intentions of the role were his
own, and to keep them coherent, as he does for his own metitatias, see also (Goffman, 1959). An
agent should adopt to the intentions of its role, and camyntbut according to his role’s beliefs. The only
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thing agents have to do when communicating is to respecttas of the dialogue; otherwise they are out
of the game. Agents thus have to respect the cognitive coberef the roles they play or they get into a
contradictory position. We may adopt Pasquier and Chaalagli(2003) view that dialogue arises from the
need to maintain coherence of mental states: “two agentsemicate if an incoherence forces them to do
so. [...] Conversation might be seen [...] as a generic phareefor attempting to reduce incoherence". An
agent engaged in a dialogue tries to avoid contradictiooswith his private mental states, but with the
public image which his role constitutes. Here we do not atersihe coherence of the private mental states
of the agents, but the coherence of the mental attitudeseaflles. Referring only to the agents’ beliefs
would not be realistic, since there is no way to ensure tha@tidressee of anform act, for example,
accepts to believe a proposition. After all, agents arerautmus. This is one of the limitations of the
traditional mentalistic approach. We overcome it usingsukferring to public mental attitudes, but those
of the roles, rather than the agents’. According to GoffnE850), the pretense that roles and individual
agents are identical, is very common in everyday practidédnofigh we suspect that others have beliefs
and strategic goals different from the ones publicly exgedswe pretend not to see this. If we would, we
would have to accuse the other openly of insincerity, ofteéhaut proper evidence. The resulting conflict
would be unwanted for all participants.

The second issue for further research is a formalizatiom@hbtion of responsibility, and the way in
which the obligation to play a role consistently can be exédr The introduction of obligations requires
the reference to an explicit multi-agent normative systasidescribed in (Boella and van der Torre,
2004). Formalizing responsibility and enforcement staiith formalizing violations, which should be
based on explicit evidence. Consider again the exampleiaf,adho once he starts lying, has to continue
the dialogue consistently with what he said before, inddpatly of his real beliefs. To formalize the
consistent liar, we also have to define what it means that Henger is able to lie, for example due to
explicit evidence to the contrary.
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