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Résume :

L’hétérogénéité sémantique des ontologies est un obs-
tacle majeur a I’interopérabilité dans les systémes
multi-agents ouverts. Nous proposons dans cet article
un cadre formel pour que les agents débattent a par-
tir de terminologies hétérogénes. A cette intention,
nous proposons un cadre de représentation argumenta-
tif qui permet de gérer des descriptions conflictuelles.
Nous présentons également un modéle d’agents qui
expliquent les termes qu’ils utilisent et prennent en
compte les explications de leurs interlocuteurs. Fina-
lement, nous proposons un systeme dialectique per-
mettant aux agents de particper a un dialogue pour at-
teindre un accord sur une terminologie commune.

Mots-clés : Intelligence artificielle, Systeme Multi-
Agents, Dialogue, Argumentation, Ontologie, Logique
de Description

Abstract:

A fundamental interoperability problem is caused by
the semantic heterogeneity of agents’ontologies in
open multi-agent systems. In this paper, we propose
a formal framework for agents debating over heteroge-
neous terminologies. For this purpose, we propose an
argumentation-based representation framework to ma-
nage conflicting description. Moreover, we propose a
model for the reasoning of agents where they justify
the description to which they commit and take into ac-
count the description of their interlocutors. Finally, we
provide a dialectical system allowing agents to partici-
pate in a dialogue in order to reach an agreement over
heterogeneous ontologies.

Keywords: Artificial Intelligence, Multi-agent system,
Dialogue, Argumentation, Ontology, Description logic

1 Introduction

Argumentation is a promising approach for
(1) reasoning with inconsistent information,
(2) facilitating rational interaction, and (3)
resolving conflicts. In this paper, we aim
at using argumentative techniques in order

to provide a dialogical mechanism for the
agents to reach an agreement on their re-
presentations. For this purpose, we extend
the formal framework for inter-agents dia-
logue based upon the argumentative tech-
niques proposed by [9]. (1) We propose here
an argumentation-based representation fra-
mework, offering a way to manage contra-
dictory concept definitions and assertions. (2)
We propose a model of agent reasoning to put
forward some representations and take into
account the representations of their interlocu-
tors. (3) Finally, we provide a dialectical sys-
tem in which a protocol enables two agents
to reach an agreement about their representa-
tions.

Paper overview. Section 2 introduces the
example of dialogue that will illustrate our
framework. In Section 3, we provide the syn-
tax and the semantics of the description lo-
gic which is adopted in this paper. Section 4
presents the argumentation framework that
manages interaction between conflicting re-
presentations. In accordance with this back-
ground, Section 5 describes our agent model.
In Section 6, we define the formal area for
agents debate. Section 7 describes the pro-
tocol used to reach an agreement. Section 8
draws some conclusions and future works.

2 Natural language

[3] defines a dialogue as a coherent sequence

of moves from an initial situation to reach the
goal of participants. Before we start to for-

malize such dialogues, let us first discuss the
following natural language dialogue example



between a customer and a service provider :
1. customer : Do you know free software to view my

PDF ?

provider : acrobat is free software.

customer : Why is it free software ?

provider : acrobat is free becauseit is freeware.

customer : In my humble opinion, acrobat is not
free software.
provider : Why isit not free software?
7. customer : Snce acrobat is freeware, it is not free
software.
8. provider : OK, however xpdf is free software.
9. customer : Why is it free software ?
10. provider : xpdf is free software becauseit is open-
source.
11. customer : Why isit opensource?

12. provider : xpdf is opensource because it is copy-
| eft.

13. customer : OK, | will consider xpdf.

In this dialogue, two participants share the
concept “free”. the customer considers free
software as non-proprietary software. On the
other side, the service provider considers free
software as a zero price software. This dia-
logue reveals the conflict in the divergent de-
finitions of this concept and resolves it. As it
will be the case throughout the following, the
service provider considers that the definition
of the customer has priority and adjusts her
own representation to adopt this definition.
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3 Description Logic

In this section, we provide the syntax and the
semantics for the well-known ALC language
proposed by [2] and which is adopted in the
rest of the paper. The data model of a know-
ledge base (KBase, for short) can be expres-
sed by means of the Description Logic (DL,
for short) which has a precise semantic and
effective inference mechanisms. The syntax
of the representation adopted here is taken
from standard constructors proposed in the
DL literature.

In ALC concepts, denoted C', D, ... are in-
terpreted as unary predicates and primitive
roles, denoted R, S, ..., as binary predicates.

We call description a complex concept which
can be built using constructors. The syntax
of ALC is defined by the following BNF
definition : ¢ — T|L|C|=-C|C U D|C N
D|3R.C|VR.C. The semantics is defined by
an interpretation Z = (AZ,.7), where A7 is
the non-empty domain of the interpretation
and -Z stands for the interpretation function.

A KBase £ = (7,.A) contains a T-box 7
and an A-box A. The T-box includes a set
of concept definition (C' = D) where C'is
the concept name and D is a description gi-
ven in terms of the language constructors.
The A-box contains extensional assertions on
concepts and roles. For example, a (resp.
(a, b)) is an instance of the concept C' (resp.
the role R) iff o € C7 (resp. (a*, V%) € RY).
We call claims, the set of concept definitions
and assertions contained in the KBase. A no-
tion of subsumption between concepts is gi-
ven in terms of the interpretations.

Definition 1 (Subsumption) Let C,D be
two concepts. C' subsumes D (denoted
C 1 D) ifffor every interpretation Z its

holds that
T O D,

Below we will use ALC in our
argumentation-based  representation  fra-
mework.

4 Argumentation-based represen-
tation framework

The seminal work of [1] formalizes the ar-
gumentation reasoning within a framework
made of abstract arguments and a contradic-
tion relation to determine their acceptance.
Traditionally, the extensions of this frame-
work are built upon a background logic lan-
guage. We present in this section, an argu-
mentation framework built around the un-
derlying logic language ALC, where claims
(concept definitions and assertions) can be
conflicting and have different relevances de-
pending on the considered audience. The



KBase is a set of sentences in a common lan-
guage, denoted ALC, associated with a clas-
sical inference, denoted -, and shared by a set
of audiences (denoted U4 = {a;,...,a,}).
The audiences share a value-based KBase, i.e.
a set of claims promoting values :

Definition 2 Let U4 = {&;,...,a,} beaset

of audiences. The value-based KBase

AK = (K, V, promote) is defined by a triple

where :

- K =(T,A) isaKBasg, i.e. a finite set of
claimsin ALC;

—V is a non-empty finite set of values
{/017"'71}1‘/}; . .

— promote : K — V isa total mapping from
the claims to values.

We say that the claim ¢ relatesto thevalue v if

¢ promotesv. For every ¢ € K, promote(¢) €

V.

According to [4], both concrete and abstract
values constitute starting points to distinguish
different audiences. Values are arranged in
hierarchies. The relevance of an argument
is the value promoted by the most general
claims in its premise. Since audiences are
distinguished by their hierarchies of values,
the values have different priorities for dif-
ferent audiences. Each audience a; is asso-
ciated with an individual value-based KBase
which is a 4-tuple

AK; = (K, V, promote, <;) where :

- AK = (K, V,promote) is a value-based
KBase as previously defined ;

— &, Is the priority relation of the audience
a;, 1.e. a strict complete ordering relation on
V.

A priority relation is a transitive, irre-

flexive, asymmetric, and complete relation

on V. It stratifies the KBase into finite non-
overlapping sets. The priority level of a non-
empty KBase K C KC (written level;(K)) is
the most important value promoted by one
element in K. On one hand, a priority rela-
tion captures the value hierarchy of a particu-
lar audience. On the other hand, the KBase
contains claims shared by audiences. Argu-
ments, that are consequence relations bet-

ween a premise and a conclusion, are built on
this common KBase.

Definition 3 Let K be a KBase in ALC. An
argument isa pair A = (®, ¢), where ¢ isa
claimand ® C K isanon-empty set of claims
such that : @ is consistent and minimal (for
set inclusion), and ¢ + ¢. ® is the premise
of A, written & = premise(A), and ¢ is the
conclusion of A, written ¢ = conc(A).

In other words, the premise is a set of claims
from which the conclusion can be inferred. A’
is a sub-argument of A if the premise of A’
is included in the premise of A. A’ is a tri-
vial argument if the premise of A’ is a single-
ton (premise(A’) = {conc(A’)}). Since the
KBase K can be inconsistent, the set of argu-
ments (denoted .A(K)) may contain conflic-
ting arguments.

Definition 4 Let K bea KBasein ALC and
A= (D.¢). B = (U,1) € AK) two argu-
ments. A attacks B iff : 3¢, C &, VU, C ¥
suchthat 9y € £ &, F y and ¥, - —y.

Because each audience is associated with a
particular priority relation, audiences indivi-
dually evaluate the relevance of arguments.

Definition 5 Let AK; = (K, V, promote, <;)
be the value-based argumentation KBase of
the audience a; and let A = (P, ¢) € A(K)
be an argument. According to AK;, the rele-
vance of A (writtenrelevance;(A)) isthemost
important value promoted by one claimin the
premise ®.

In other words, the relevance of arguments
depends on the priority relation. A fixed or-
dering is simply assumed, revealing the or-
dering between claims. In the context of on-
tological arguments, we prefer the arguments
built upon the most general claims.

Since audiences individually evaluate argu-
ments’ relevance, an audience can ignore that



an argument attacks another. According to an
audience,an argument defeats another argu-
ment if they attack each other and the second
argument is not more relevant than the first
one:

Definition 6 Let AK; = (K, V, promote, <;
) be the value-based argumentation KBase
of the audience a; and A = (®,¢), B =
(U, ¢) € A(K) two arguments. A defeats B
for the audience a; (written defeats,(A, B))
iff Y&, C o, 0y C VU,

Gx € £, & F yadV, F —x) =
Smilarly, we say that a set S of arguments
defeats B if B is defeated by one argument in
S.

Considering each audience own viewpoint,
we define the subjective acceptance notion :

Definition 7 Let AK; = (K, V, promote, <;)
be the value-based KBase of the audience
a. Let A € A(K) be an argument and
S C A(K) a set of arguments. A is sub-
jectively acceptable by the audience a; with
respectto S iff

VB € A(K)

defeats; (B, A) =
defeats; (.S, B).

The following example illustrates our
argumentation-based  representation  fra-
mework.

Example 1 Let us consider the case presen-
ted in Section 2. The value-based KBase of
two different audiences a; and a, are repre-
sented in the figure 1 and in the figure 2. The
different claims ¢, (), . . ., ¢7o iInaKBasere-
late to the different values v+, . . . , v7. On one
side, the claims ¢4 (), ..., ¢g1(x) are in the
T-box. On the other side, ¢7; and ¢, are
in the A-box. The more general the claimis,
the higher the promoted value. According to
an audience, a value above another onein a
table has priority over it.

In order to decide if xpdf is free software, the
three following arguments must be conside-
red:
— A" = ([Copyleft(xpdf)|, Copyleft(xpdf)) ;
— A" = ([Copyleft(xpdf),
Opensource(x) - Copyleft(z)],
Opensource(xpdf)) ;
— A = ([Copyleft(xpdf),

Opensource(x) J Copyleft(x),

Free(x) J Opensource(z)], Free(xpdf)).
The trivial argument A” is a sub-argument of
A’, which isa sub-argument of A. In order to
decide if acrobat is a free software, The five
following arguments must be considered :

— B’ = ([Freeware(acrobat)],

Freeware(acrobat)) ;

— Bj = ([Freeware(acrobat),

Free(x) J Freeware(z))|, Free(acrobat)) ;
— B, = ([Freeware(acrobat),

Nonfree(x) 1 Freeware(x))],

Nonfree(acrobat)) ;

— B; = ([Freeware(acrobat),

Free(x) J Freeware(z),

Free(z) M Nonfree(z) = ],

—Nonfree(acrobat)) ;

— B, = ([Freeware(acrobat),

Nonfree(x) J Freeware(x),

Free(z) M Nonfree(z) = ],

—Free(acrobat)) ;

B’ is a sub-argument of B/ (resp. B)) which
is a sub-argument of B; (resp. Bs). B; and
B!, (resp. B} and B,) attack each other. The
relevance of B; and B/ is vs. The relevance
of B, and B, iSvs.

According to the first audience, B/, (resp. Bs)
defeats B, (resp. B}) but B; (resp. B}) does
not defeat B! (resp. Bs). Therefore, the set
{A" A, A, B', B}, By} issubjectively accep-
tablewrt A(K).

According to the second audience, B; (resp.
B}) defeats B, (resp. Bs) but B (resp. Bs)
does not defeat B, (resp. By). Therefore, the
set {A" A, A, B, B}, B} is subjectively ac-
ceptable wrt A(KC).

We have defined here the representation
framework to manage interactions between
conflicting claims. In the next section, we
present a model of agents which puts forward



Fic. 1 — The value-based KBase of the first audience

<4 Vi | Ky
vy | ¢1(x) : Soft(z) T Free(x) LI Nonfree(z) PN
vy | ¢o(x) : Nonfree(x) J Freeware(z) ,2.B4 By,
vs | ¢3(x) : Free(x) O Freeware(x) By / )
vy | ¢4(x) : Free(x) M Nonfree(z) = L By v /
s | &5(x) : Free(z) J Opensource(x) / ,/
vs | ¢e1(x) : Opensource(z) J Copyleft(x) '\ .
vy | @71 : Freeware(acrobat) \BL-~

¢7o : Copyleft(xpdf)

<9 Vs

FIG. l% — The value-based KBase of the second audience

Uy Qﬁf(x) : Soft(x) T Free(z) U Nonfree(z)

¢7o : Copyleft(xpdf)

claims and takes into account other claims co-
ming from their interlocutors.

5 Model of agents

In a multi-agent setting it is natural to as-
sume that all the agents do not use exactly the
same ontology. Since agents representations
can be common, complementary or contra-
dictory, agents have to exchange assumptions
and to argue. Our agents individually evaluate
the perceived commitments with respect to
the estimated reputation of the agents from
whom the information is obtained. As sug-
gested by [5], agents, which have their own
private representations, record their interlocu-
tors commitments. Moreover, agents indivi-
dually valuate their interlocutors reputation.
Therefore, an agent is defined as follows :

Definition 8 Theagent a; € U 4 isdefined by
a 6-tuple

aQ = <IC17 ‘Zia <y prormtem Uj#’tcséa -<’L>
where :

vs | ¢3(x) : Free(x) J Freeware(z) B, \1\\

vy | ¢o(x) : Nonfree(z) J Freeware(x) '\ K B,
vy | ¢a(x) - Free(x) I Nonfree(z) = L \ \ B,
U5 | @s(x) : Free(x) J Opensource(x) \ \

ve | Pe1(x) : Opensource(z) I Copyleft(x) N .

vr | ¢71 : Freeware(acrobat) ~ B/

— K; isa personal KBasg, i.e. a set of perso-
nal claimsin ALC;

— V; isa set of personal values;

— promote, : K; — V; maps from the perso-
nal claimsto the personal values;

— <, isthepriority relation, i.e. a strict com-
plete ordering relationon V; ;

— CS; is a commitment store, i.e. a set of
claimsin ALC. CS;(t) contains propositio-
nal commitments taken before or at time ¢,
where agent a; is the debtor and agent a;
the creditor ;

— <, Is the reputation relation, i.e. a strict
complete ordering relationon U 4.

The personal KBases are not necessarily dis-
joint. The commonsense claims are expli-
citly shared by all the agents. We call com-
mon KBase the set of commonsense claims
explicitly shared by the agents! : Ko, C
Na;ev, ;. Similarly, we call common values
the values explicitly shared by the agents :

1We qualify with Q4 a value obtained through an intersection
over U4



Vo, € Naewn,Vi- The common claims re-
late to the common values. For every ¢ €
Ka,, promote, (¢) = v € Vo,. The perso-
nal KBase can be complementary or contra-
dictory. Some claims can be shared without
the agents being aware of it. These simila-
rities between agents will be discovered du-
ring the dialogue. We call joint KBase the set
of claims distributed in the system : K5, =
Ua,ei5,/KCi. The agent’s own claims relate to
the agent’s own values. For every ¢ € K; —
Ka,,promote,(¢) = v e V; — Vq,.

An agent can evaluate her interlocutors com-
mitments either in accordance with a global
social order as proposed by [7], or in accor-
dance with a trust model. The different re-
putation relations, which are transitive, irre-
flexive, asymmetric, and complete relations
on Uy, preserve these properties. a; <; a; de-
notes that an agent a; trusts an agent a, more
than another agent a;. In order to take into ac-
count the claims notified in the commitment
stores, each agent is associated with the follo-
wing extended KBase :

Definition 9 The extended KBase of the

agent a; isthe value-based KBase

AK! = (K, V* promote!, <) where:

- Ki = K; U [U,; CSj| is the agent exten-
ded personal KBase composed of its perso-
nal KBase and the set of perceived commit-
ments; ‘

-Vr=V,u [U#i{v;.}] isthe agent extended
set of personal values composed of the set
of personal values and the reputation va-
lues associated with her interlocutors;

— promote; : K — V;* isthe extension of the
function promote, mapping claims in the
extended personal KBase to the extended
set of personal values. On the one hand,
personal claims relate to personal values.
On the other hand, claims in the commit-
ment store CS; relate to the reputation va-
lue v} ;

— < isthe agent extended priority relation,
i.e. an ordered relation on V;*.

Since the debate is a collaborative social pro-
cess, agents share common claims of prime
importance. That is the reason why we consi-
der that the common values have priority over
the other values.An agent a; may estimate
herself more competent than her interlocu-
tor a, and her personal values have priority
over vi, i.e. the reputation value of the agent
ay. In this case, the extended priority rela-
tion of the agent a; is constrained as follows :
Vo, € Vo, Vv € Vi — Vg, (Vi <5 v <5 v,).
The case where an agent estimates herself less
competent than her interlocutor is similar. In
both cases, we can easily demonstrate that
the extended priority relation is a strict com-
plete ordering relation. The one-agent notion
of conviction is then defined as follows :

Definition 10 Let a; € U4 be an agent asso-
ciated with the extended KBase

AK? = (Kf, V* promotel, <) and let ¢ €
ALC be a claim. The agent a; is convinced
by the claim ¢ iff ¢ is the conclusion of an
acceptable argument for the audience a; with
respect to A(KF). The set of acceptable ar-
guments for the audience a; with respect to
A(KY) is denoted by S;.

Let us know consider how claims are
produced. Agents utter messages to ex-
change their representations. The syntax
of messages is in conformance with the
common communication language, CL. A
message M, = (Sk, Hy, Ax) € CL has
an identifier M. It is uttered by a speaker
(S = speaker(M},)) and addressed to an hea-
rer (H,, = hearer(My)). A, = act(My), the
message speech act, is composed of a locution
and a content. The locution is one of the follo-
wing : question, request assert,
propose, refuse, reject,
unknow, concede, challenge,
withdraw. The content, also called as
sumption, is a claim or a set of claims in
ALC.

Speech acts have an argumentative seman-
tic, since commitments enrich the extended



KBase of the creditors, and a public seman-
tic, since commitments are justified by the ex-
tended KBase of the debtor. For example, Fi-
gure 3 shows the semantics associated with
the assertion of an assumption. An agent
can propose an hypothesis if she has an ar-
gument for it. The corresponding commit-
ments stores are updated. Obviously, claims
already known by an agent are not notified
in her commitments store. The speech act
propose has the same argumentative/public
semantics. reject(¢) and refuse(¢) are
both equivalent to assert(—¢). As we will
see in Section 7, these latter do not have the
same place in the sequence.

In a similar way, Figure 4 shows the seman-
tics associated with the concession of an as-
sumption. It is worth noting that the rational
conditions for the assertion of an assumption
and for the assertion its explicit negation are
not necessary mutually exclusive. These non-
deterministic situations make agents able to
make choices.

The others speech acts are used to manage
the sequence of moves (see Section 7). They
have no particular effects on commitments
stores, neither particular rational conditions
of utterance. We assume that the commit-
ments stores are cumulative, i.e. no commit-
ment can be retracted. This is the reason why
the speech act withdraw(h) has no effect
on the commitments stores.

The assumptions which are received must be
valuated. For this purpose, commitments will
be individually considered in accordance with
the speaker estimated reputation. The follo-
wing example illustrates this principle.

Example 2 Let us consider two agents, a
service provider (denoted prov) and a cus-
tomer (denoted cust). It is worth recalling
that the service provider considers that cus-
tomer’s claims make authority and adjust her
own representation to adopt these claims.
Snce a service provider considersthat custo-
mer’s claims are more relevant than her own
ones, her interlocutor reputation values have

priority over her personal values rOVva €
VQAVU = VIOTOV Vo, (U <<prov UguSt <<prov
v,,). Snce a customer considers that her own
claimsare more relevant than the service pro-
vider ones, her own values have priority over
her interlocutor reputation values : Vv, €
VQAva € ‘/cust - VQA (Ug?g\t/ <<::,US[ (% <<ZU$ /Uw).

The initial personal KBase  of
the service provider is the set
{¢1( ), 03(2)da (), §5(2), D1 (), 71, Pra}t

and the personal KBase of the customer is

the set {¢y(x), da(), Pa(x), dea(x)}. If the
customer uttersthe two following messages :
- M, =
— M, = (cust, prov, assert(

¢-(acrobat), ¢, (acrobat), ¢71)).
then the extended KBase of the service provi-
der isrepresented asin Table 2.

The extended KBase of the service provider
is composed of her personal claims and the
claims advanced by the customer. The exten-
ded set of personal valuesis composed of the
set of personal values and the reputation va-
lue of the customer. The common claim ¢, (z)
isrelated to the common value v, . The claims
in the commitment isrelated to the reputation
value of the customer.

By uttering the message M, the customer ad-
vances the trivial argument

Bs = ([—-Free(acrobat)], -Free(acrobat)).
Despite the service provider is convinced
by this assumption, she cannot concede it.
Indeed, this assumption is only supported
by a trivial argument in the commitment
stores. By uttering the message M, the
customer advances the non-trivial argument
B, bearing on the service provider own
claims. Therefore, this last one can concede
—Free(acrobat). The only free software she
can proposeis xpdf.

Now, if the service provider uttersthe two fol-
lowing messages :
— M3 = (prov, cust, assert(Free(xpdf))),
— M, = (prov, cust, assert(

s (xpdf), g1 (xpdf), ¢72)).

(cust, prov, assert(—Free(acrobat))),



FI1G. 3 — Semantics for asserting an assumption ¢ at time ¢
e MESSAGE : M; = (a;,a;,assert (o))

— ARGUMENTATIVE SEMANTICS :
JA € A(K}) conc(A) = ¢

— PUBLIC SEMANTICS :
For any agent ay, in the audience

if o ¢ A(K;) then CSF(t) = CSF(t — 1) U {¢}

F1G. 4 — Semantics for conceding an assumption ¢ at time ¢
e MESSAGE : M; = (a;,a;, concede(o))
— ARGUMENTATIVE SEMANTICS : 34 € A(K})conc(A) = ¢ with
(premise(A) # {¢} A premise(A)Z Uj; CS})
— PuBLIC SEMANTICS : For any agent a; in the audience
if p & A(K;) then CS¥(t) = CSF(t — 1) U {¢}

then the extended KBase of the custo-
mer becomes as represented in Table 2.
By uttering the message M;, the ser-
vice advanced the trivial argument A” =
([Free(xpdf)], Free(xpdf)). Despite this ar-
gument is acceptable, the customer cannot
concede Free(xpdf). By uttering the message
My, the service provider advances the non-
trivial argument A, bearing on the custo-
mer own claims. Therefore, Free(xpdf) can be
conceded.

We have presented here a model of agents
who exchange assumptions and argue. In the
next section, we provide a dialectical system
where debates take place.

6 Dialectical system

When a set of social and autonomous agents
argue, they reply to each other in order to
reach the goal of the interaction. We provide
a dialectical system, which is inspired by [9]
and adapted to the dialogue on representa-
tions. During exchanges, the speech acts are
not isolated but they respond each other. The
syntax of moves is in conformance with the
common moves language : ML defined as
follows : a move move, = (M, Ry, Py) €
ML has an identifier move,. It contains a
message M, as defined before. The moves are
messages with some attributes to control the

sequence. R, = reply(movey) is the identi-
fier of the move to which move, responds.
A move (move,) is either an initial move
(reply(move,) = nil) or a replying move
(reply(movey.) # nil). P, = protocol(movey)
is the name of the protocol which is used du-
ring the dialogue.

A dialectical system is composed of two
agents. In this formal area, two agents play
moves to check an initial assumption, i.e. the
topic.

Definition 11 Let

AKq, = (Ka,, Vo, promote, ) be a com-

mon value-based KBase and ¢, a claim

in ALC. The dialectical system on the to-
pic ¢y is a quintuple DS,,, (¢o, AKg,) =

(N, H, T, protocol, Z) where:

— N = {init,part} C U, is a set of two
agents called players : theinitiator and the
partner ;

— H isthe set of histories, i.e. the sequences
of well-formed moves s.t. the speaker of a
move is determined at each stage by a turn-
taking function and the moves agree with a
protocol ;

—T : H — N is the turn-taking function
determining the speaker of amove. If |h| =
2n then T'(h) = init else T'(h) = part;

— protocol : H — ), isthe function deter-
mining the moves which are allowed or not



TAB. 1 — The extended KBase of the service provider

<<;rov V;;ov ICSrov
v1 | ¢1(x) : Soft(x) I Free(x) L Nonfree(x) _
vaust | CScust = {—Free(acrobat), V3T TN
¢o(acrobat) : Nonfree(acrobat) 2 Freeware(acrobat) } / >DBBs)
vs | ¢3(x) : Free(x) J Freeware(x) B /) /
vy | ¢4(x) : Free(x) TTNonfree(z) = L By S
vs | ¢s(x) : Free(x) J Opensource(x) S Ay
vs | ¢e1(x) : Opensource(x) J Copylefi(z) S S
v7 | ¢, : Freeware(acrobat) \B.-7
$7o - Copyleft(xpdf)
TAB. 2 — The extended KBase of the customer
<<:ust cust ::Fust
v1 | ¢1(x) : Soft(x) I Free(x) L Nonfree(x)
vy | ¢o(x) : Nonfree(x) J Freeware(x)
vy | ¢4(x) : Free(z) M Nonfree(z) = L
ve | Pe2(x) : Free(x) J Copyleft(z) ,oT T T T ATy
voey | CSprov = {Free(xpdf), A 7
Free(xpdf) 3 Opensource(xpdf), ~ AL
Opensource(xpdf) O Copyleft(xpdf)}

to expand an history, where Q,, C ML is
the set of all well-formed moves;

— Z isthe set of dialogue, i.e. terminal histo-
ries.

In order to be well-formed, the initial move
IS a question about the topic from the initia-
tor to the partner and a replying move from a
player always references an earlier move ut-
tered by the other player. In this way, backtra-
cking are allowed. We call dialogue line the
sub-sequence of moves where all backtracks
are ignored. In order to avoid loops, assump-
tions redundancy is forbidden within asser-
tions. Obviously, all moves should contain the
same parameter protocol value.

We have bound here the area in which dia-
logues take place. We formalize in the next
section a particular protocol to reach a repre-
sentation agreement.

7 Protocol

When two agents have a dialogue, they colla-
borate to reconcile their representations. For

this purpose, we propose in this section a pro-
tocol. We formalize here the persuasion pro-
tocol presented in [6]. We extend and adapt
it for debating over ontologies. We consi-
der here a multi-response protocol which, un-
like a unique-response protocol, improves the
quality of the outcome but decreases the time
spent.

A protocol is determinated by a set of se-
guence rules (see Table 3). Each rule speci-
fies authorized replying moves. According to
the “Question/Answer” rule (srg,4), the hea-
rer of a question (question(¢)) is allowed
to respond with a confirmation (assert(¢)),
or with an invalidation (assert(—¢)), or
with a plea of ignorance (unknow(¢)). The
respond can resist or surrender to the pre-
vious speech act. For example, the “As-
sert/\Welcome” rule (written sr4,1/) specifies
authorized moves replying to the previous as-
sertions (assert(®)). Contrary to resisting
acts, surrendering acts close the dialogue line.

As pointed in Section 5, an assertion
and a proposition have the same argu-



TAB. 3 — Set of speech acts and their potential answers.

Sequences rules | Speech acts

Resisting replies

| Surrendering replies

SIg/a question(¢) | assert(¢) unknow(¢)
assert(—¢)
SfR/p request(¢(z)) | propose(o(a)) unknow(¢(x))
Sra/w assert(9) challenge(¢), ¢ € | concede(?)
refuse(¢),¢p € ¢
Sra/r assert(®) challenge(¢), ¢ € ® | concede(P)
reject(p),p €
Sfo/a challenge(¢) | assert(®), P F ¢ withdraw(¢)
S unknow(P) [ [
concede(D) 0 0
refuse(?) [ 0
withdraw(®) [0 0
mentative/public ~ semantics.  Moreover, 8 Conclusion

refuse(¢) and reject(¢p) are equivalent
to assert(—¢). However, these speech acts
do not have the same place in the sequence of
moves.

We consider here the requesting multi-
response persuasion protocol (denoted
RegMultiResPersProto) using the following
rules : srz/p, Sta/r, Sfc/a, and sry. Figure 5
shows a dialogue in the extensive form game
representation where nodes are game situa-
tions and edges are moves. If the partner has
no representation for the topic, she pleads
ignorance and closes the dialogue (see game
situation 2.15). The goal of the dialogue is
to reach an agreement over representations
by verbal means. The following example
illustrates such a dialogue.

Example 3 Let us consider again the dia-
logue presented in Section 2. Table 4 shows
how, using the protocol, the two agents play
the dialogue. This table details the different
moves corresponding to the claims of the na-
tural language dialogue. We can see that the
commitments stores are the results of moves.
At the beginning of the dialogue, ¢, istheonly
claims explicitly shared by the agents (K, ,).
During exchanges, the service provider
tects that she shares ¢, with the customer. At
the end of the dialogue, the set of claims ex-
plicitly shared increases.

In this paper, we have proposed a framework
for inter-agents dialogue to reach an agree-
ment, which formalizes a debate in which di-
vergent representations are discussed. For this
purpose, we have proposed an argumentation-
based representation framework which ma-
nages the conflicts between claims with dif-
ferent relevances for different audiences to
compute their acceptance. Moreover, we have
proposed a model for the reasoning of agents
where they justify the claims to which they
commit and take into account the claims
of their interlocutors. We provide a dialec-
tical system in which two agents partici-
pate in a dialogue to reach an agreement
about a conflict in representations. While this
work focuses on single dialogues between
two heterogeneous agents, future investiga-
tions must explore how this solution scales
to multi-agent systems where dialogues are
amongst multiple parties and sequenced. In
particular, we must explore how the shared
claims discovered and the result of dialogues
will impact on the ontologies and the reputa-
tion of agents in the following dialogues.
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TAB. 4 — Dialogue to reach an agreement. Natural language sentences are given in association
with their dialogue, then the new the commitment stores and the reached game situation (from
Fig 5) are given. moves

’C;ust - KQA Kgbgl‘ ’C;rov - ’CQ,«
b1
Keust CSprov Game situation CShat Korov
¢2(I)7¢4<T) @ 0ot @ @3(T)¢4(I)05(T)7
Pe2(T). Pe1(2), P11, Pr2-

Do you know free software to view my PDF ?
— move; = (cust, prov, request(Free(z)), nil, RegMultiResPersProto) —
0 [ prov [ 0 [ idem
acrobat is free software.
— move, = (prov, cust, propose(Free(acrobat)), move;, ReqMultiResPersProto) «—
idem ] Free(acrobat) [ 2.7 | 0 \ idem
Why isit free software”?
— moves = (cust, prov, challenge(Free(acrobat)), move,, ReqMultiResPersProto) —
idem ] Free(acrobat) [ 3.3V | 0 \ idem
acrobat is free because thisis freeware.
— move, = (prov, cust, assert(ps(acrobat), ¢-1), moves, ReqMultiResPersProto) —
idem [ Free(acrobat), ¢s(acrobat), ¢ [ 4,30 [ [ [ idem
In my humble opinion, acrobat is not free software.
— move; = (cust, prov, refuse(Free(acrobat)), move,, ReqMultiResPersProto) —
idem | Free(acrobat), ¢3(acrobat), ¢7; | 3.1Prov | —Free(acrobat) | idem
Why is it not free software?
— moveg = (prov, cust, challenge(—Free(acrobat)), move;, ReqMultiResPersProto) —
idem \ Free(acrobat), ¢3(acrobat), ¢7;. | 4.1° | —Free(acrobat). \ idem
Since acrobat is freeware, thisis not free software.
— move; = (assert(¢po(acrobat), ¢4 (acrobat), ¢71), moves, RegMultiResPersProto) —
idem \ Free(acrobat), ¢;(acrobat), ¢7;. | 5.2V | —Free(acrobat), ¢, (acrobat). | idem
OK, however xpdf is free software.
— moveg = (prov, cust, propose(Free(xpdf)), move;, ReqMultiResPersProto) «
idem Free(acrobat), ¢s(acrobat), ¢71, 220 —Free(acrobat), ¢, (acrobat). idem
Free(xpdf).

idem

Why isit free software™
— movey = (cust, prov, challenge(Free(xpdf)), moves, ReqMultiResPersProto) —
idem Free(acrobat), ¢3(acrobat), ¢71, 3.3prov —Free(acrobat), ¢, (acrobat). idem
Free(xpdf).
Xpdf is free software because it S opensource.

— move;, = (prov, cust, assert(Opensource(xpdf), ¢5(xpdf))), movey, ReqMultiResPersProto) «—
idem Free(acrobat), ¢s(acrobat), ¢71, 4.3% —Free(acrobat), ¢, (acrobat). idem
Free(xpdf), Opensource(xpdf), ¢s(xpdf).

isit opensource?

— move;; = (prov, cust, challenge(Opensource(xpdf)), move;q, ReqMultiResPersProto) —
idem Free(acrobat), ¢3(acrobat), ¢71, 5.5V —Free(acrobat), ¢, (acrobat). idem
Free(xpdf), Opensource(xpdf), ¢s(xpdf).
Xpdf s opensource because it is copyleft.

— move;s = (prov, cust, assert(pr(xpdf), ¢¢1 (xpdf)), move;;, RegqMultiResPersProto) «—
idem Free(acrobat), ¢s(acrobat), ¢r1, 6.2°% —Free(acrobat), ¢, (acrobat). idem
Free(xpdf), Opensource(xpdf), ¢5(xpdf),
Pr2(xpdf), @1 (xpdf).

OK, T will consider xpdf?

— move;3 = (prov, cust, concede(Free(xpdf)), moves, ReqMultiResPersProto) —

idem Free(acrobat), ¢;(acrobat), ¢71, 3.25 —Free(acrobat), ¢, (acrobat), idem

Free(xpdf), Opensource(xpdf), ¢5(xpdf),
dr2(xpdf), ge1 (xpdf).

<




FiIG. 5 — Dialogue in an extensive form game representation. For example, 2.2 denotes a
game situation where the exponent indicates that the initiator is the next move speaker. The

exponent of game-over situations are boxes (e.g. 3.259). To improve clarity, the games that follow
situations 5.2P*"*, 5.3 "and 6.2 are not represented. In order to enrich her representation

with a partner, an initiator begins a dialogue with a request in the game situation 0™,

withdraw(—¢g(a))
5.15
unknow(qbo ) crefuse(s, :2 ggﬁllenge(ﬂ% a )In /
Olnl{equeg(¢0( )i t / \5 2part
i assert(®,), ®; = —~go(a)
propose(aﬁo(a%) (a) yefuse(q/)l) U €Wy

challenge(o(3)]

bn%) wnhdraw(@o

art

/ o

|n|t

aS%rt(\Ijl) \Ifl |_ d) Wédraw(wl) 1/)1 S \Ijl
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