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ABSTRACT

This paper proposes a formal framework which offers an external
representation of conversations between conversational agents.
Using this formalism alows us: (1) to represent the dynamics of
conversations between agents; (2) to analyze conversations; (3) to
help autonomous agents to take part in consistent conversations.
The proposed formalism, called “commitment and argument
network”, uses a combined approach based on commitments and
arguments. Commitments are used to capture the socia and the
public aspect of conversations. Arguments on the other side are
used to capture the reasoning aspect. We also propose a layered
communication model in which the formalism and the approach
take place.

Keywords
Conversational agents, communication model, commitment and
argument network.

1. INTRODUCTION

In the multi-agent domain, it is widely recognized that
communication between autonomous agents is a challenging
research area that involves severa disciplines: philosophy of
language, sociad psychology, artificid intelligence, logics,
mathematics, etc. In a multi-agent system, agents may need to
interact in order to negotiate, to solve conflicts of interest, to
cooperate, etc [15]. All these communication requirements cannot
be fulfilled by smply exchanging messages. Agents must be able
to take part in coherent conversations which result from the
performance of coordinated speech acts [27].

Three main approaches have been proposed to model
communication between software agents in general and to define
a semantics for agent communication languages (ACLS). These
approaches are: the mental approach, the socia approach, and the
argumentative approach.

In the mental approach, so-called agent’s menta structures (e.g.
beliefs, desires and intentions) are used to model conversations
and to define aformal semantics of speech acts. In the first system
that was based on these notions, speech acts were planned like
non-communicative actions [9]. It was used by [19] and [20] to
define aformal semantics of KQML. However, this semantics has

been criticized for not being verifiable because one cannot verify
whether the agents’ behavior matches their private mental states
[12] [3].

An aternative to the mental approach was proposed by [29] under
the name of social approach. In contrast to the mental approach,
this approach emphasizes the importance of conventions as well
as the public and social aspects of conversations. It is based on
social commitments that are thought of as social and deontic
notions. Social commitments are commitments towards the other
members of a community. They differ from the agent’s interna
psychological commitments which capture the persistence of
intentions as specified in the rationa interaction theory [8]. As a
socia notion, commitments are a base for a normative framework
that makes it possible to model the agents' behaviour. This notion
has been used to define a formal semantics that is verifiable [28]
[10].

Another approach, caled the argumentative approach, was
proposed by [2] as a method for modelling dialogue. It aso has
been used to define a semantics of some communicative acts [1]
and to define protocols [23] [25]. It is based upon an
argumentation system where the agents' reasoning capabilities are
often linked to their ability to argue. They are mainly based on the
agent’s ability to establish a link between different facts, to
determine if a fact is acceptable, to decide which arguments
support which facts, etc. The approach relies upon the formal
dialectics introduced by [18] and [21]. Didectica models are
rule-governed structures of organized conversations in which two
parties (in the simplest case) speak in turn in an orderly way.
Recently, researchers have begun to address the issues raised by
conversation policies. According to [22] two approaches can be
digtinguished: Commitment-based protocols and dialogue-game
based protocols. The first approach is based on social
commitments to specify the sequences of utterances. The second
one considers that protocols are captured wthin appropriate
structures that can be combined in different ways to form the
global structure of dialogue [11].

Despite al this research focused on modeling dialogue and
semantic issues, few researchers have addressed the issue of
representing the dynamics and the coherence of conversations.
The purpose of this paper is to propose a formal framework that
can represent agent actions likely to take place in a conversation.
These actions are interpreted in terms of creation and of
positioning on sociad commitments and arguments. The proposed
formalism allows us to model the dynamics of conversations and
offers an external representation of the conversational activity.
This notion of external representation [6] is very useful because it
provides conversationa agents with a common understanding of
the current state of the conversation and its advancement. An
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example of such an externa representation is the conversational
model proposed by [26]. Based on our formalism, a modd is
made avalable to the agents and they can access it
simultaneously. The formalism aso alows us to ensure
conversational consistency when considering the actions
performed by the agents. Caled "commitment and argument
network" (CAN) our formalism relies on an approach combining
commitments and arguments [3]. This approach has the advantage
of capturing both the social and public aspects of a conversation,
and the reasoning aspect required in order to take part in coherent
conversations. The formalism can clearly illustrate the creation
steps of new commitments and the positioning steps on these
commitments, as well as the argumentation and justification steps.
This formalism supposes that the conversational agents are able to
manipulate commitments and arguments. Therefore, the agents
architecture must take into account this aspect.

The layout of this paper is asfollows. In Section 2 we present our
vision of a communication model. In Section 3 we discuss a
model of socid commitments which is a pat of our
communication model, and we show how speech acts can be
interpreted as actions on these commitments. In Section 4 we
introduce the argumentation aspect and we illustrate the link
between commitments and arguments. The foundations of the
CAN formalism are presented in Section 5. We also give an
example of the anadysis of a didogue and we show how our
formalism can be used either to analyze a conversation or as a
means that allows agentsto take part in conversations. Finally, we
provide a mathematical proof to show that our formalism is able
to represent any coherent conversation.

2. ACOMMUNICATION MODEL

The model that we propose combines the three approaches
discussed in theintroduction. It is based on a hybrid approach that
we cal MSA (Mental-Socia-Argumentative). Indeed, if they are
taken individually, the three approaches introduced earlier do not
alow usto model all the aspects of conversations. For this reason,
we suggest to combine them in a unified approach. In addition,
the conversation is a cognitive and social activity which requires a
mechanism making it possible to reason on mental states, on what
other agents say (public aspects) and on the social aspects
(conventions, standards, obligations, etc). These three approaches
are thus not exclusive but rather complementary.

The MSA approach has the advantage of capturing
simultaneously the mental aspect that characterizes the agents
participating in a conversation, the social aspect that reflects the
context in which these agents communicate and the reasoning
aspect which is essential to be able to take part in coherent
conversations. The combination of commitments and arguments
seems essential to us because agents must be able to justify the
facts on which they are committed and to justify their actions on
commitments. This justification cannot be made if the agents do
not have the necessary argumentation mechanisms. In addition,
the combination of commitments and private mental states is
necessary because public commitments reflect these mental states.
Finally, the combination of argumentation and mental states is
significant because agents have to reason on their mental states
before committing in a conversation.

The model of communication is composed of three layers: the
conversation layer, the commitment/argument layer and the
cognitive layer. This stratification in layers is justified by the
abstraction levels. The conversation layer is directly observable
because it is composed of the speech acts that the agents perform.
These acts are not performed in an isolated way, but within a
particular conversation. The commitment/argument layer is used
to correctly manage the social commitments and the arguments
that are related to the conversation. These commitments and
arguments are not directly observable, but they should be deduced
from the speech acts performed by the agents. Finaly, the
cognitive layer is used to take into account the private mental
states of the agents, the socia relations and other elements that the
agents use in order to communicate. In this paper we propose a
formalism that is used to model the elements composing the
second layer.

In order to alow conversational agents to suitably use the
communication model, this model must be compatible with the
agent architecture. Thus, we propose an architecture of
conversational agent which is composed of three models: the
mental model, the social model and the reasoning model (Figure
1). The mental model includes beliefs, desires, goals, etc. The
social model captures the social concepts such as conventions,
roles, etc. Social commitments constitute a significant component
of thismodel. A social commitment is a participant public attitude
relative to a proposition. It defines a particular relationship
between a participant and a statement. The commitments that the



agent makes public when performing speech acts are different
from the private mental states, but these two elements are not
independent. Indeed, social commitments reflect mental states.
Thus, agents must use their reasoning capabilities to reason on
their mental states before producing or manipulating socia
commitments. The agent’s reasoning capabilities are represented
by the reasoning model via an argumentation system. The
conversational agent model is formed by general knowledge, such
as the knowledge on the conversation subject. This knowledge
will be used by the agent in order to build the common ground
that it must share with its partners. The notion of common ground
introduced by the philosophers of language Clark and Haviland
[7] indicates the set of knowledge, beliefs and presuppositions
which the agents believe that they share during their
conversations.

3. SOCIAL COMMITMENT
FORMULATION

A social commitment is a commitment made by an agent (called
the debtor), that some fact istrue. This commitment is directed to
a set of agents (called creditors) [4]. The commitment content is
characterized by time t, which is different from the utterance
time denoted t, and from the time associated with the commitment

and denoted tg. Time tg refers to the time during which the
commitment is in vigor. It can correspond to a fixed value or an

interval. When it is an interval, this time is denoted [t'& |, t3¢7 ].
When atemporal bound is instantiated, it takes a numerical value
which respects the time unit used by the agents. We denote a
social commitment as follows:
Definition 1. SC(id,, Agy, A*, ts,j , 1)
where id, is an integer identifying the commitment, Ag the
debtor, A* the set of the creditors (A*=A/{Ag,}, where A is the set
of participants), tg is the time associated with the commitment, |
its content and t; the time associated with the content j . To
simplify the notation, we suppose throughout this paper that
A={Ag;, Ag,}. For example, the utterance:
(Example 1)
U: "I met agent Ags on MSN one hour ago"
leads to the creation of the commitment:
$(idnv Agll Agzv t&:! Ma(Agl! Ag3r MS\I), tSC _1h)
The creation of such acommitment is an action denoted:
Create(Agy, tu, SC(idn, Agt, AQ2, t, Meet(Ags, Ags, MSN), te—
1h)).

In general an action ACT performed by an agent Ag: on a social
commitment SC is denoted:

Definition 2: Act(Agy, t,, SC(idn, AJ1, A, te, 1 1))

Example 1illustrates that there is a mapping between a speech act
and a socia commitment. Singh [28] and Colombetti [10] propose
a socia semantics of speech acts using such a mapping. In our
approach, we go beyond Singh’s and Colombetti’s models and
interpret a speech act as an action performed on a commitment in
order to model the dynamics of conversations. Thisinterpretation
can be denoted by :

Definition 3: SAik, Ay, AGz, b, U aa At(Agy, 1, SClidh, Agy,
Ao, ] 4 1) . .
where—qr means “is interpreted by definition as’, SA is the
abbreviation of "Speech Act", iy the identifier of the speech act
and Ad indicates the action performed by the debtor on the
commitment. The definiendum (SA(ix, AQ:1, A, t,, U)) is defined
by the definiens (Act(Ags, tu, SC(idh, AJ1, A, t, j, §))) asan

action performed on a socia commitment. The agent that
performs the speech act is the same agent that performs the action
Act. At can take one of four values. Create, Withdraw, Violate
and Fulfill. These four actions are the actions that the debtor can
apply to a commitment. This reflects only the debtor’s point of
view. However, we must also take into account the creditors when
modeling a conversation which is, by definition, a joint activity.
We thus propose modeling the creditors actions which do not
apply to the commitment, but to the contents of this commitment
This separation between the commitment and its content enables
us to remain compatible with the semantics of commitments, i.e.
the fact that only the debtor can handle its commitment. The
semantics associated with this types of actions is expressed in
terms of argumentation (see Section 4.2).
Hence, we must differentiate between the actions applied on a
commitment Act) and the actions performed on the content of a
commitment (Act-content). We denote an action applied o the
content of a commitment as follows:
Definition 4: Act-content(Agy, ty, SC(idn, Ag, A2, tej o 1))
wherei, ji {1, 2} and (k=i or k=j). Agent Agk can thus act on the
content of its own commitment (in this case we get k=i) or on the
content of the commitment of another agent (in this case we get
k=j).
In addition, the actions that can be carried out by the debtor on the
commitment content are different from the actions that can be
carried out by the creditor. The debtor can change the content of
its own commitment, can defend it if the debtor refuses it or
questions it. The creditor can refuse the content of another agent’s
commitment, accept it or question it.
Thus, a speech act leads either to an action on a commitment
when the spesker is the debtor, or to an action on a commitment
content when the speaker is the debtor or the creditor. When an
agent acts on the content of a commitment created by another
agent we refer to this as “taking a position on a commitment
content”. However, it should be noted that the same utterance can
lead both to taking a position on the content of an existing
commitment and to the creation of a new commitment. Generally,
a speech act leads to an action on a commitment and/or an action
on acommitment content. Formally:
Definition 5: SA(Agy, Ay, ty, U)f—ger

Act(Agy, tu, SC(id, Agi, Ao, t, | ,tj))

and/or

A Act-content(Ag, tu, SC(id, Agi, Ad, ts, J . 1))

wherei,j 1 {1, 2} and (k=i or k=j).

3.1 Thenaotion of state

A commitment can evolve and be transformed as a result of the
actions that the debtor performs on it (creation, withdrawal,
violation and fulfillment). Its content may also be transformed
following the actions that the debtor and the creditors apply to it
(change, acceptance, justification, etc.). Therefore, the agents act
on their own commitments and on the content of both these
commitments and other agents' commitments, which leads to their

transformation. Hence the notion of state, which makesit possible
to capture the evolution of commitments and their contents.

However, we must distinguish between the notion of the
commitment state [16] and the notion of the content state relative
to this commitment as we propose here. Indeed, whenever an

agent acts on its commitment, the commitment state is affected;
whereas when the agent acts on the content of a commitment, the
content state is transformed. Indeed, the notion of commitment



state alone does not reflect the conversation dynamics since it
only captures the debtor’s actions on its commitment. The two
states (the commitment state and the content state of the
commitment) reflect this dynamics. This notion is of great
importance since it alows us to keep a trace of the dialogue
evolution in so far as each speech act leads to an action performed
on acommitment or on its content.

Here are the states that we propose to use in our model. Once
created, a commitment will take the active state and its content the
submitted state This expresses the fact that the content is
presented for possible negotiation. A commitment can be in one
of four states: active fulfilled, cancelled, and violated.

A commitment content can take six states: submitted, changed,
refused, accepted, questioned and justified. These states and the
operations which trigger them depend on the commitment type.
Hence, the commitment state and the content state are two
parameters which characterize this commitment at any moment.
Thus, we need to revise the definition of a commitment
(Definition 1) by adding 3 new parameters. So, a socia
commitment isa 8-uple:

Definition 6: SC(idy, Agi, A2, te, S, Scontents J 1)

where S a vector presenting the various commitment states and
Sontent @ VeECtor presenting the various content states. Using
vectors as parameters for commitment and content states makes it
possible to keep track of all the transitions that reflect the
evolution of the commitments and their contents.

3.2 Classfication
In the literature [33] [16], several commitment types have been
proposed. Similarly to the classification suggested by [16] we

distinguish absolute commitments, conditional commitments and
commitment attempts.

321 Absolute commitments

Absolute commitments are commitments whose fulfillment does
not depend on any particular condition. Two types can be
distinguished: propositional  commitments and  action
commitments.

Propositional commitments

Propositional commitments are related to the state of the world.
They are generally, but not necessarily, expressed by assertives.
They can be directed towards the past, the present, or the future.
We denote a propositional commitment as follows:

Definition 7: PC(id,, Ag1, AQy, toe S, Scontents Py tp)

where pis the proposition on which Ag; commits.

Action commitments

Contrary to propositional commitments, action commitments (also
caled commitments to a course of action) are aways directed
towards the future and are related to actions that the debtor is
committed to carrying out. The fulfillment and the lack of
fulfillment of such commitments depend on the performance of
the underlying action and the specified delay. This type of
commitment is typically conveyed by promises. We denote an
action commitment as follows:

Definition 8: AC(idy, Ad1, AQ2 tao S, Scontents @, ta)

where a isthe action to be carried out.

3.2.2 Conditional commitments

Absolute commitments do not consider the conditions that may
restrain their fulfillment. However, in severa cases, agents need

to make commitments not in absolute terms but under given
conditions. Another commitment type is therefore required. These
commitments are said to be conditional. The structure of a
conditional commitment which must reflect the underlying
condition, is different from the structure of a social commitment
(Definition 6). We denote a conditional commitment as follows:
Definition 9: CC(id,, Ag1, Ay, teer S, Scontents (0, )P (g, )
where b stands for classica implication. This commitment
expresses the fact that if b is true (or carried out) at time t,, then
Ag; will be committed towards Ag, to making g or that gis true at
time t, The addition of the symbol P in the formulaenables usto
better illustrate the implication relation existing between the
condition and the action.

323 Commitment attempts

The commitments described so far directly concern the debtor
who commits either that a certain fact is true or that a certain
action will be carried out. For example, these commitments do not
allow us to explain the fact that an agent asks another one to be
committed to carrying out an action (by a speech act of a directive
type). To solve this problem, we propose the concept of
commitment attempt inspired by the notion of precommitment
proposed in [10]. We consider a commitment attempt as a request
made by a debtor to push a creditor to be committed. Thus, when
an agent Ag; requests another agent Ag, to do something, we say
that the first agent is trying to induce the other agent to make a
commitment. We denote a commitment attempt as follows:
Definition 10: CT(id,, Ay, Az, Tty S, Scontents | - 1)

wherej isthe content of the commitment attempt. A commitment
attempt is thought of as a type of social commitment because it
conveys content which is made public once the attempt is
performed. However, in our approach, there is a true commitment
only after the creditor agent reacts in response to the commitment
attempt. The debtor and the creditor of a commitment attempt can
act both on the attempt and on its content. On the one hand, the
creditor agent reserves the right to accept a commitment attempt
definitively, to accept it conditionally, to refuse it or to suspend it
by asking for a period of reflection. It can aso question the
content of a commitment attempt. On the other hand, the debtor
agent can cancel a commitment attempt. It can aso change the
content of a commitment attempt and defend it. Like a socia
commitment, a commitment attempt can be related to a
proposition, an action or a condition. The evolution of the states
of commitments and of their contents as well as the different rules
of manipulating the commitment attempts are detailed in[3].

4. ARGUMENTATION

In artificia intelligence, argumentation is used in two distinct
ways. to structure knowledge or to model dialectical reasoning.
The first approach aims at determining how utterances form
arguments and how arguments can be decomposed. This approach
has been used in Toulmin’s model [31]. On the other hand, the
second approach deals with argument construction. Models
suggested for example in [13] et [14] follow this approach. When
considering dialogue modeling, the second gproach seems to be
more relevant because agents must be able to produce arguments
supporting their propositions.



4.1 Formulation

An argumentation system essentially includes a logica language,
a definition of the argument concept, a definition of the attack
relation between arguments and finaly a definition of
acceptability. Several definitions were also proposed for the
argument concept. In our model, we adopt the following
definitions of [14]. Here G indicates a possibly inconsistent
knowledge base with no deductive closure. + Stands for classical
inference and® for logical equivalence.

Definition 11: Anargument isa pair (H, h) where his a formula
of L and H a sub-set of Gsuch that : i) H is consistent, ii) H + h
and iii) H is minimal, so no subset d H satisfying both i and ii
exists. H is called the support of the argument and h its
conclusion.

Definition 12: Let (H,, h,), (H,, h,) be two arguments.

(Hq, hy) attack (Hp, hy) iff $ hi Ho such that h © =hy. In other
words, an argument is attacked if and only if there exists an
argument for the negation of an element of its support.

We can now define the concept of acceptability [13]:

Definition 13: An argument (H, h) is acceptable for a set S of
arguments iff for any argument (H’, h'): if (H’, h") attacks (H, h)
then (H’, h') isattacked by S

Intuitively, an argument is acceptable if it is not attacked, if it
defends itself against al its attackers, or if it is defended by an
acceptable argument.

4.2 Linking commitments and arguments
Argumentation is based on the construction of arguments and
counter-arguments (arguments attacking other arguments), the
comparison of these various arguments and finally the selection of
the arguments that are considered to be acceptable. In our
approach, agents must reason on their own mental states in order
to build arguments in favor of their future commitments, as well
as on other agents commitments in order to be able to take
position with regard to the contents of these commitments. The
systems proposed in the literature, for example in [13] and [32],
do not take into account the arguments which can support actions
on commitments. It is these arguments which we define in this
section.

In fact, before committing to some fact h being true (i.e. before
cresting a commitment whose content is h), the speaker agent
must use its argumentation system to build an argument (H, h).
On the other side, the addressee agent must use its own
argumentation system to select the answer it will give (i.e. to
decide about the appropriate manipulation of the content of an
exiging commitment). For example, an agent Ag; accepts the
commitment content h proposed by another agent Ag, if its
argumentation system is compatible with h. i.e. if it is able to
build an argument which supports this content from its knowledge
base If Ag; has an argument (H', @h), then it refuses the
commitment content proposed by Ag. Now, if Ag: has an
argument neither for h, nor for @h, then it must ask for an
explanation. Surely, an argumentation system is essential to help
agents act on commitments and their contents. However,
reasoning on other mental and socia attitudes (beliefs, intentions,
conventions, etc.) should be taken into account in order to explain
the agents' decisions in a broader context than the aents
interactions [24]. We do not address thisissuein this paper.

Thus, we claim that an agent should always use its argumentation
system before creating a new commitment or positioning itself on
an existing commitment and on its content. Consequently, an

argument of an agent Ag; must support an action performed by
this agent on a given commitment and/or on its content. Formally
we denote:
Definition 14: Arg(Agk, H, Act(Agk, t, SC(id, Ag, Agj, t, S
Sontenwj ’ tj )))
Definition 15: Arg(Agy, H, Act-content(Agy, t, SC(id, Ag;, Ag;, ts,
S Sontenwj ’ E )))
such that H being the support of the argument and the agent
identifiers i, j, k verify: i, j, K {1, 2}, i*j and k=i or k=j). Inthe
first formula, H is the support of the action Act performed by
agent Agk on commitment SC. In the second formula, H is the
support of the action Act-content performed by agent Ag. Act-
content is an action on the content of the commitment SC.
The relation between H and the commitment content j isdefined
according to the value of Act and Act-content. For instance, for an
absolute or a conditional commitment we have:
Adl {Create, Discharge}p H + j
l.e. if Act takes the value “Create” or “Fulfill”, then H defendsj .
In the same way:
Acil {Withdraw} b H + @
Act-contenent] {Accept, Change, Defend}b H +
Act-content! {Refusg b H + @j
An agent can question a commitment content j if it has an
argument neither forj nor for &j . Formally we have:
$Hsuchthat H+ j or H+ @
For the other types of commitments, thisrelation is detailedin [3].
A speech act can lead to an action not only on acommitment as
explained in Section 3, but aso on an argument. An agent can
thus accept, refuse, defend or attack an argument. Thus we have:
Definition 16: SA\(ih Agi, Agj, tu U) déf
Act-arg(Ag, tu, Arg(Ags H, Act(Agm tu, SC(id, Ag, Ady, t, S,
S;ontentv ] vtj )))

Definition 17: SA(i;, Ag, Ag;, to, U)Fer

Act-arg(Ag;, t, Arg(Age, H, Act-content(Ag, t, SC(id, Ag,,

Agyvtsl:v S aorltentvj ' tJ )))
where : Act-arg | {Accept, Refuse, Defend or Attack}, i, j, k, m, X,
vyl {1, 2 anditj, xty, (k, m=i or k, m=j).

5. USNG THE CAN FORMALISM FOR
CONVERSATION REPRESENTATION

So far, we presented our framework of commitments and of the
relations between these commitments and arguments. Indeed, our
goal is to represent speech acts in a single approach based on
commitments and arguments. This approach aims at offering
software agents a flexible means to interact in a coherent way.
Thus, agents can participate in conversations by manipulating
commitments and by producing arguments. It is the agents
responsibility (and not the designers’ role ) to choose, in an
autonomous way, the actions to be performed by using their
argumentation systems.

In this section, we show how a conversation can be modeled using
the CAN formaism on the basis of this framework. In a
conversational  activity, agents manage commitments and
arguments whose chaining must be coherent. Our purpose is to
present the dynamics of conversations using our formalism. This
representation allows us to ensure conversational consistency in
terms of the actions performed by the agents on the commitments
and arguments. Indeed, this formalism has two objectives: it can
be used to analyze conversations, as well as a means to alow
agents to take part in coherent conversations.



5.1 Formal definition of a CAN

A commitment and argument network is a mathematical structure
which we define formally as follows:

Definition 18: A commitment and argument network is a 15-uple:
<A E X, I,W,S,F,D,P,a,b,dq,g h> where:

A: a finite and nonempty set of participants. A={Ag, ...,
Agn}
- E: afinite and nonempty set of social commitments. These
commitments can be absolute commitments (C), conditional
commitments (CC) or commitment attempts (CT) .E={SC,, ...,
So%

SCy: a distinguished element of E: the initial commitment.
This element allows us to define the subject of a conversation.

| : a finite and nonempty set of speech act indices (or
identifiers) which can be related to the creation and the
positioning actions and to the argumentation relations and to the
connection relations. 1={ o, ..., in}.

W a finite and nonempty set of both creation actions of
elements of E and positioning actions on elements of E, of W~ |
and of & ~ |. W={Create, Accept, Accept conditionally, Refuse,
Question, Change, Withdraw, Satisfy}

S: afinite and possibly empty set of argumentation relations.
S={ Defend, Attack}.

F: a finite and possibly empty set of connection relations
that can exist between elements of E or betwean elements of E and
dements of & “ |. F ={Satisfy, Not satisfy, Contradict, Explain,
etc}

D: a partial function relating a commitment to another
commitment using one argumentation relation characterized by
an identifier i of I.

DE E®&’I

P: a partial function relating a commitment to a pair made
up of an argumentation relation and an element of | using one
argumentation relation (characterized by an identifier i of ).

P:E &4 I®4" I

a: a partial function relating an agent (a participant) to a
commitment using a set of pairs made up of a creation or a
positioning action and an element of I.

a A m2V!

b: a partial function relating an agent to an argumentation
relation (characterized by an identifier i of 1) using a set of pairs
made up of acreation or positioning action and of an element of
I
b: A~ & 1@ 2W{Changet " |

d: a partial function relating an agent to a creation or a
positioning action (characterized by an identifier i of 1) using a
set of pairs made up of a positioning action and an element of |
dA W I® 2\I\I-{Create, Withdraw, Change} “ |

g: a partial function relating a commitment to a creation or
a positioning action (characterized by an identifier i of I) using
one argumentation relation.

GE W I®4& "I

g a partial function relating two commitments using a
connection relation (characterized by an identifier i of I).
gE E®F |

h: a partial function relating a commitment to an
argumentation relation using a connection relation (characterized
by an identifier i of I).

h:E” &  I®F "1

Let us now comment upon these sets and functions. In a
conversation, thesets A, E,W, S, F and | must be instantiated. For
example, in a given conversation we can have: A={Ag;, Agdy},
E={PC, PCi, PC2}, W={Create, Accept, Question}, S={ Defend}
etc.

The function D alows us to define the argumentation relation
which can exist between two commitment contents, i.e. a defense
or an attack relation. For example:
u&i, %l) = (Defend, Ik)

This means that the content of the commitment SC; (called source
of the defense relation) defends the content of the commitment
C; (called target of the defense relation). The index iy associated
with the defense relation is the identifier of the speech act whose
performance gives rise to this relation. Associating such an index
with argumentation relations and with various actions allows us to
distinguish a relation from another and an action from another of
the same type.
The function O alows us to define an argumentation relation on
another argumentation relation. For example:

O(sCi, Defend, i) = (Attack, ).
This relation points out that the content of the commitment SC;
attacks a defense relation characterized by the index ik. This
defense relation is defined using the function D. The attack
relation defined by the function O is characterized by the index i,.
The function a allows us to define a set of creation and
positioning actions (acceptance, refusal, etc.) performed by an
agent on a commitment content. For example:

a(Agy, SC)={(Accent, i)}

This reflects the acceptance of the content related to the
commitment SC;. This acceptance relation is characterized by the
index ik. Ag: belongs to the debtors set associated with this
commitment.
The function b alows an agent to take position by accepting,
accepting conditionally or refusing an argumentation relation. For
instance:

b(Ag,, Defend, i)={ (Refuse, i)}
This means that the agent Ag; refuses the defense relation which
is defined by the function D and characterized by theindex i. The
refusal relation is characterized by the index i,
The function d alows an agent to position itself relative to a
positioning action characterized by an index i by accepting it,
accepting it conditionaly, refusing it or questioning it. The
positioning action on which an agent can take positions can be
defined by the function a or the function b. For instance:

d(Ag:, Refuse, i )={ (Question, i)}
This example shows the case in which agent Ag; questions a
refusal action characterized by index ik. The question action is
characterized by theindex .
The function q alows us to define an argumentation relation
binding a commitment SC; to a creation or a positioning action.
The action is defined by the function a. For example:

q(SC;, Refuse, i)=(Defend, i)

This example highlights the case in which the content of the
commitment SC; defends the refusal action characterized by the
index i,. The refusal action is defined by the function a . The
index i characterizes the defense action.

The function g alows us to define the connection relation which
can exist between the contents of two commitments. For example:
o(SCi, SG) = (Contradict, iy).

This translates the fact that the content of the commitment SC;
contradicts the content of the commitment SG. If p is the content



of SC;, then the content of SC; is @p. This contradiction relation is
characterized by theindex iy.
The function h allows us to define a connection relation between
acommitment and an argumentation relation. For instance:

h( SG, Defend, iy) = (Contradict, i)).
This relation points out that the content of the commitment SCi
contradicts the defense relation characterized by the index i. The
connection relation thus defined is characterized by the index i,.

52 Example
In this section, we show how to represent a dialogue using the
CAN formalism. We use the conceptual graphs notation (CG)
proposed by Sowa [30] in order to describe the propositional
contents of commitments. Conceptual graphs are a system of logic
and a knowledge representation language consisting of concepts
and relations between these concepts. They are labeled graphs in
which concept nodes are connected by relation nodes. With their
direct mapping to natura language, CG serve as an intermediate
language for trandating computer-oriented formalisms to and
from natural languages. A concept is represented by a type (ex.
PERSON) and a referent (ex. john) and denoted [TY PE: Referent]
(ex. [PERSON: John]). A conceptual relation links two concepts
and is represented between brackets. When representing natural
language sentences, caserelations are usualy used. Examples are:
AGNT (agent), PTNT (patient), OBJ (object), CHRC
(characteristic), PTIM (point in time). The advantage of CG over
predicate calculus is that they can be used to represent the literal
meaning of utterances without ambiguities and in a logically
precise form.
Let us consider the following dialogue D1:
(Example 2: dialogue D1)
SA(io, Ags, {AQy}, tio, Ug): Thedisease M is not genetic.
SA(i1, A, {AGi}, ta, Uy ): Why?
SA(io, Agy, {AQy}, te, U, ): Because it does not appear at birth.
SA(iz, Ag, {Agl, tws, Uz ): A disease which does not appear at
birth can be genetic aswell.
SA(is AdL {AG}, tw, Ug): How?
SA(is, Agz, {Agi}, tus, Us ): It can be due to a genetic anomaly in
the DNA appearing at a certain age.
SA(ie, Ady, {AQ2}, tie, Ug ): Itistrue, you areright.
By its speech act identified by io, agent Ag; creates, as explained
in Section 3, a propositional commitment, i.e.:
SAio, Ad1, {A}, o, UO)l_déf

Create(Ags, tio, PCo(ido, Ag1, {AQ2}, toco, (active), (submitted),

o, 1)
wh%reugc)to is the initial commitment of the dialogue, too = tyo and
b is the propositional content which can be described by the
following CG:
@[[DISEASE : M]® (CHRC)® [GENETIC]]
In the CAN formalism this speech act results in the function:
a(Agy, PCo)={(Create, i)}

Thereafter, agent Ag performs the speech act identified byii and
takes position on the content of PC, by questioning it. Thus,
"questioned" becomes the current state of PCo. Hence, we have:
SA(i1, Az, {AGi}, tua, Us) [aer

Question(Agy, ty, PCo(ith, Ags, {AGa}, o, (active), (submitted,

questioned), po, txg)
In the CAN formalism this speech act results in the function:

a(Ag, PCo)={(Question, i)}

Then, agent Ag; defends the propositional content pg of its
commitment PCo by performing the speech act identified by i».

Hence, it creates another commitment PC,; whose content is p;.
Thus, "justified" becomes the current state of PC,. We have:
SAliz, A1, {AG} L2, Up) I_déf
Defend(Agy, t2, PCo(ido, Ag1, {AQ2}, oo, (active), (submitted,
questioned, justified), po, tpo))
UCreate(Agl, tio, PCy(idh, Agy, {AQ2}, ther, (inform, null, null),
(active), (submitted), py, tp1))
where t,; = ty and p, is described by the following CG:
P[[DISEASE: M]-~ (AGNT)- [APPEAR]® (PTIM)® [BIRTH]]
In argumentation terms, agent Ag; presents its argument (p., Po)
(see Section 4). Thus, we have:
Al’g(Ag]_, Prs Defen(KAglr two PCO(|d01 Aglr {A92}7 tpcO: (active),
(submitted, questioned, justified), o, tpo))
Thisis represented in the CAN formalism by the functions:
a(Agy, PC1)={(Create, i)}, D( PCy, PCo)=(Defend, i)
By the speech act identified by i3, agent Ag, refuses the Ag;’'s
argument. Then, it creates a new commitment PC, whose content
isp,. We have:
SA(is, ATy, {AG), ti, Us e
Refuse(Ag2, tus, Arg(Agi, pi, Defend(Agi, two, PCo(ids Agi,
{Ag3, theo, (active), (submitted, questioned, justified), po, ty)))
U Create(Ag, tus, PCy(ith, Agy, {Agy}, toca, (active), (submitted),

P2, to))
wh(ire toez = tp and the content p, is described by the following
CG™:

D[ D[[DISEASE *x]~ (AGNT)- [APPEAR]® (PTIM)® BIRTH]]
U[[*x]® (CHRC)® [GENETIC]]].
Thisisrepresented in the CAN formalism by the functions:

b(Ag, Defend, i2)={(Refuse, i3)}, a (Ag2, PC)={(Create, i3)}
Agent Ag;'s speech act identified by i, questions the content of
the commitment PC,. This allows us to transfer the content to the
“questioned” state:
Alis, AQ, {AG} tus, Us) e

Question(Ad:, tw, PGC(idy, Agy {Agyd, txo, (active),

(submitted, questioned), ps, t;))
In the CAN formalism, this results in the function:

a(Ag1, PC7)={(Question, i4)}

Then, agent Ag, defends the content of its commitment PC, by
performing the speech act identified by is. It then creates another
commitment PC; whose content is ps. Thus, “Justified” becomes
the current state of PC,. We have:
SA(is, A2, {AGi} tus, Us) |_déf

Defend(Agz,  tis, PCAid2, Ag, {Ag}, tpe,

(submitted, questioned, justified), p,, tp))

U Create(Ag, tus, PCa(its, Agz, {Agi}, tes, (active), (submitted),

Ps, ts))
where t,.3 = t3 and the content p; is described by the following
CG:

(active),

[ANOMALY-DNA : *x]-

(AGNT)- [CAUSE]® (PTNT)® [DISEASE: y]
[*x]= (AGNT)- [APPEAR]® (PTIM)® [AGE : @certain]
In argumentation terms, agent Ag presents its argument (ps, p2)-
Thus, we have:
Arg(Ag, ps, Defend(Ag,, tus, PCo(idy, A, {AGa}, toco, (active),
(submitted, questioned, justified), p,, ty2))

7o get this graph, we use the rule:

pb g ° @(pUda), with p = B("there is a disease that appears at
birth") and q = @("this disease is genetic").

Note that in the formula *x is a mark of coreference which
appearsin the referent part of a concept.



Inthe CAN formalism, this resultsin the following functions:
a(Agz, PCy)={(Create, is)}, D( SC3 PCy)=(Defend, is)
Agent Ag,’s speech act identified by ig reflects the Ag,'s
acceptance of both PC3's content and the argument defending it.

Thus, “Accepted” isthe fina state of ps. We have:

SAlis, Ag, {Ag}, tus, Us ) —ae
Accept(Agl, tuy, Arg(AQ, ps, Defend(Ags, ts, PCo(idy Ag,
{Ag1}, toeo,, (active), (submitted, questioned, justified), p,, 12)))
U Accept(Ady, tys, PCa(ith, Adz, {Ag1}, thes, (active), (submitted,
accepted), s, t3))

In the CAN formalism, thisis represented by the functions:
b(Agy, Defend, is)={(Accept, ig)}, a(Ag:, PCs)={(Accept, ig)}
To summarize, the dialogue D1 can be represented by the
following CAN: <A, E, PG, I, W, S, F, D, P,a, b,d q,g h>

such that:

A={Ag, Ag},

E={PC, PCy, PC;, PC3},

WE{ Create, Question, Refuse, Accept, },

S={Defend},
F =/,
|={io, ey IG}

a(Aq, PCo)={(Create, i0)}, a(Ag, PCo)={(Question, i1)}
a(Agy, PC)={(Create, i,)}, D( SCy, PCo)=(Defend, i)
b(Ag,, Defend, i,)={ (Refuse, i3)}, a(Agy, PC,)={(Create, i3)}
a(Ag, PC)={(Question, iy}, a(Ag, PCy)={(Create, is)}

O SCs, PCy)=(Defend, is), a (Agh, PCa)={ (Accept, ig)}
b(Ag,, Defend, is)={ (Accept, ig)}

Figure 2 shows the graphical representation of the network.
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Figure 2. The network associated with the dialogue D1

5.3 CAN: ameansof inter-agent

communication

So far, we have shown how the CAN formalism enables us to
illustrate the connectedness of speech acts performed by the
agents in a conversation. In the example of the previous section,
we started from a pre-established dialogue, we examined it and
we modeled it using a CAN. This highlights a process that enables
us to analyze a conversation using the CAN formalism. But the
formalism also offers a means that enables agents to take part in
consistent conversations.

Agents can jointly build the network that represents their
conversation as it progresses. This allows the agents:

1- Tomake sure at any time that the conversation is consistent;
2-  To determine which speech act to perform on the basisof the
current state of the conversation, and using an argumentation
system and other cognitive elements.

Consistency is ensured by the relationships existing between
different commitments, different argumentation relations and
different actions (creation, acceptance, fulfillment, etc.). A speech
act is consistent with the rest of the conversation if it leads to the
creation of a new commitment related to another commitment
through a connection or an argumentation relation, or if it makes
it possible to take position on a commitment, on an argumentation
relation or on an action. Moreover, the agent must know every
thing about the current state of the conversation in order to
determine its next speech act. For example, when an agent creates
a commitment and/or an argumentation relation, one of the other
agents may decide to act on what has been created by accepting it,
by refusing it or by questioning it, depending on its argumentation
system. Similarly, when an agent finds that its commitment,
argument or action is being questioned, it must creaste a
commitment in order to defend it. The network is built as the
conversation progresses. This process differs from the one used to
analyze a conversation. Therefore, agents use a dynamic process
in order to build the network while taking part in the conversation.
To illustrate this way of using the CAN formalism, we take the
example of Section 5.2 and demonstrate how agents build the
final network piece by piece. By doing that, agents are able to
continue conversing.
Agent Ag; decides to start a conversation (a dialogue) with
another agent Ag about a particular topic po that interests it (the
underlying mechanism related to this choice belongs to the
cognitive layer and thus is not considered here (Figure 1)). Hence,
Ag; creates apropositional commitment whose content ispy, i.e.:
a(Agy, PCo)={(Create, ig)}

This corresponds to the speech act identified by i,.
Then, agent Ag, decides to take position on the content of PC, by
questioning it since it does not have any argument in favor or
against it. As a matter of fact, Ag, wants to know which Ag,’'s
argument supports the content of PCo. Therefore, Agz performs
the action corresponding to the speech act identified by i;:

a(Adz, PCo)={(Question, i;)}
Now, Ag; must defend its proposition: it creates the commitment
PC; whose content defends the content of PC,. In doing so, this
agent performs the action corresponding to the speech act
identified by i,:

a(Agi, PC1)={(Create, i2)}, D( PC1, PCo)=(Defend, i2)
Ag, has an argument against the defense relation. It refuses it by
cregting the commitment PC,. It performs the action
corresponding to the speech act identified by i3
b(Ag, Defend, i,)={(Refuse, i3)}, a (Ag,, PC))={(Create, i3)}

Agent Ag; questions the content of PC, using its argumentation
system. By doing that, it performs the action corresponding to the
speech act identified by i4:

a(Agy, PC)={(Question, i,)}
The content of Ag’s commitment PC; being questioned. The
agent must try to defend it. Thus, it creates the commitment PC;
and performs the actions corresponding to the speech act
identified by is:

a(Agy, PC3)={(Create, is)}, D( SCs, PCy)=(Defend, is)
Thereafter, agent Ag; accepts the content of PC; and the
argumentation relation (Defend, k) that are compatible with its
argumentation system. It performs the actions corresponding to
the speech act identified by ig:
b(Aq., Defend, is)={(Accept, ie)}, a (Ag1, PCs)={(Accept, i)}



5.4 CAN and conversationsrepresentation

So far, we have shown how the CAN formalism allows us to
represent conversations by illustrating the connectedness of
speech acts performed by the agents. However, we did not show if
it can represent any coherent conversation. To do this we have to
provide a mathematical demonstration. The purpose is to show
that the formalism is a powerful means to support conversations
for conversational agents. First, we have to define what is a
conversation and what is a coherent conversation. For us, a
conversation is a sequence of utterances (i.e. a sequence of speech
acts). A coherent conversation is a conversation in which the
sequence of utterances is coherent. Each new utterance must be
coherent with one or more previous utterances. This coherence
between utterances is defined in terms of the relation existing
between these utterances (i.e. positioning relation, argumentation
relation or connection relation).

54.1 Notation

We denote D the set of coherent conversations and N the set of
commitment and argument networks. We denote a commitment
and argument network which is associated to a coherent
conversation C by CAN(C) with Cisan element of D and CAN(C)
an element of N.

542 Theorem

" CI D, $CAN(C) T N.

In other words, for any coherent conversation, there is always a
CAN which representsit.

Before demonstrating this theorem, we should initially show that
the CAN formalism covers al the eements describing a
conversation. We use for that purpose the following formal
presentation due to [17].

A conversation is a finite sequence of triples, each of which
consists of: a name Agil A awell-formed expression j ;I L, and a
performative verb vil V. The well-formed expressions represent
the participants statements. The sequence term highlights the
temporal order in which these expressions are used. The names
represent the participants in the conversation. The performative
verb indicates the type of the speech act performed by the use of
the expression.

Formally : C is a conversation iff : $ alanguagelL, $ a set A of
participants, $ a set V of performative verbs, $nl N," 1£i£n,
$Agl A $jil L, $vil V, $ pl P and C=((Ad. | 1. 91, P1).--, (Agi,
Jis G ), + (AGn, | o Gny o))

The CAN formalism allows us to represent these various
edlements. The language L is used to describe the commitment
content (for example predicate calculus or CG). The expressions
j i are thus represented by the commitment content j . The set of
the participants is the set A of the CAN formalism. The
performative verbs are captured by a modality M associated to
each commitment structure (this modality is discussed in detail in
[3]). The sequence of the triples is illustrated by the utterance
times indicated in each commitment structure. It aso illustrated
by the set | of speech act indices which we associate to the set of
the actions W and to the set of the argumentation relationsS (see
Definition 18). According to [17], a conversation can aso
highlight the goal of the accomplished actions. In the CAN
formalism thisisillustrated by the fact that it is possible to justify
not only a commitment content, but also an action on a
commitment, on another action or on an argumentation relation.

We also suppose that the various statements of a conversation can
be described by commitments and arguments. This assumption
can be justified if we refer to Singh’'s, Colombetti’s and Amgoud
et a.”swork on the semantics of ACLSs. It can also be justified by
our framework defined in sections 3 and 4.

54.3 Proof

We use a proof by contradiction. A conversation C can be
described in the simplest form as a sequence of utterances Uy,
..Uj, ..U Each utterance is associated to a participant Ag.
Assuming that: $ a coherent conversation C, 3 CAN(C). In other
words, let us assume that there is a coherent conversation C such
that no network can represent it. That implies the existence of an
utterance U; which one cannot represent in a network. Let C' and
C two subsets of C such that: C'E{U}EC"=C. Therefore the
utterance U; does not alow us to carry out one of the following
actions:

- To create anew commitment.

- To take position on a commitment of CAN(C').

- To take position on an action of CAN(C').

- To take position on an argumentation relation of CAN(C').

It remains only two possibilities to interpret U;:

1 To take position on a commitment, an action or an
argumentation relation which does not belong to CAN(C'). In this
case the resulting conversation is not coherent because it
highlights a positioning on an element which was not created. For
example, to question the content of a commitment which does not
exist (see our definition of coherence above).

2 U; cannot result in an element which can be supported by the
elements of CAN. This can be due to one of the two following
reasons:

- R1: The utterance U; cannot lead to the creation of a
commitment, a positioning action and/or an argumentation
relation. Thisisfalse by hypothesis.

- R2: The positioning action reflected by U; cannot be presented
by one of the functions of the CAN (i.e. the functions: D, P, a, b,
d q). This is false because it is possible to take position by
nesting, n times, a a positioning action, or on an argumentation
relation. The reason is that a positioning action of an unspecified
order Xis always represented by the Cartesian product: W' .

Let us show thislast issue by theillustration of Figure 3.

a(Agy, SC
|

|
|
|
(AncApaAg, ) 4 |
|

(Ag2c(Aar, ...a(Ag1, SCo)...)

Figure 3. lllustration of nested positioning actions

Let W={W, ..., Wm} we have:

a(Agy, SCo)=( Wo,t1) (by the definition of the function a)

dAgy, a(Agi, SCo))=d(Ags Wo,ty) =(Wy,ty) (by the definition of
the function d

dAg1,dAg, a(Agy, Co)))=d(Ady, Wi,ty) =(Wa,ts)



N

dAg2,dAg1, ...a(Ag1, SCo)...))=d(Adz, Wh-2,th-1) =(Wh1,tn).

In the same way, one can show that it is always possible to define
an argumentation relation on any argumentation relation created
previously, considering that an argumentation relation of any
order isrepresented by the Cartesian product: S” 1.

Therefore, the starting assumption is false. Thus, we proved that
any coherent conversation can be represented by a CAN
formalism. Intuitively, this CAN is unique since any speech act
can be interpreted in our approach in a unique way as an action
performed on acommitment or on an argument.

In section 5.1 we presented the CAN formalism structure, and we
illustrated its construction process through the Example 2of
section 5.2. In these two sections, we only highlighted the fact
that the CAN formalism can represent the coherence of the
conversations. However, in the theorem developed in this section,
we showed generally that the CAN formalism is able to represent
any coherent conversation, in particular by showing the falseness
of the reason R2. The theorem is thus not a "petitio principii"
since “nesting property” (see the reason R2) is not an assumption
in our proof. Our proof is rather a proof by construction because
we showed that we can build a CAN for any coherent
conversation.

This theoretical result is of a great utility, because it offers a
formal framework to represent different types of conversation, for
example according to the classification of [33].

6. CONCLUSION

In this paper, we proposed a formalism to represent the dynamics
of conversations. The formalism offers an external representation
of the conversational activity. In essence, the formalism has two
purposes: on the one hand it helps to analyze conversations, and
on the other hand it is a means of helping agents to take part in
consistent conversations. This formalism uses an approach based
on commitments and arguments to model conversations between
autonomous agents. Using this approach, we can capture both the
socia and public aspects of conversations as well as the reasoning
aspect. We also proposed a communication model and an
architecture for conversational agents that is compatible with this
approach and this formalism. As an extension to our work, we
intend to prove mathematically the existence of one and only one
CAN to represent a given coherent conversation (proof of
uniqueness). We aso intend to integrate our formaism in
dillogue games to provide more flexibility to agent
communication and to define a forma semantics for our
formalism.
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