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Abstract

In the negotiation literature we find two relatively dis-
tinct types of negotiation. The two types are known asinte-
grative negotiationsand distributive negotiations. Integra-
tive negotiations are those where all sides are looking for
solutions that are ”good” for everyone while distributive
negotiations are those where each party tries to maximize
his gain. In this paper we are interested in argumentation-
based integrative negotiations. More precisely we present
a study characterizing the outcomes of such negotiations.
For this reason, we aggregate the argumentation systems
that the agents use in order to negotiate. The aggregate
argumentation system represents the negotiation theory of
the agents as a group and corresponds to the ”ideal” situa-
tion of having access to complete information or negotiating
through a mediator. We show that the aggregation operator
we use is very suitable for capturing the essence of integra-
tive negotiation as the outcomes of the aggregate theory we
obtain have many appealing properties (e.g. they are Pareto
optimal solutions).

1 Introduction

Negotiation is an important issue in multi-agent systems
(MAS) field. Different approaches to automated negotia-
tion have been investigated in MAS [7], includinggame-
theoreticapproaches [10],heuristic-basedapproaches [7],
andargumentation-basedapproaches (see e.g. [9])

In the ”classical” negotiation literature we find two rel-
atively distinct types of negotiation. The two types are
known asintegrative negotiationsand distributive negoti-
ations[6]. Integrative negotiations are those where all sides
are looking for a solution that allows everyone to walk away
feeling like they won something. Distributive negotiations,
on the other hand, are typically those where one party gets
what he wants while the other party gives something up.

In this paper we are interested inargumentation-based

integrative negotiations. More precisely, we consider nego-
tiations that takes place between two (or more) agents on a
setO of offers (or outcomes), whose structure is not known.
The offers may concern one or several issues. However the
way that issues are fixed or combined during the negotiation
is a matter of strategy and it is out of the scope of this pa-
per. The goal of the negotiation is to find among elements
of O, an offer that satisfies more or less the preferences of
both agents. Each agent is supposed to have anegotiation
theoryrepresented in an abstract way. A negotiation theory
consists of a setA of arguments whose structure and origin
are not known, a function specifying for each possible offer
(or outcome) inO, the arguments ofA that support it, a non
specified conflict relation among the arguments, and finally
a preference relation between the arguments. The status of
each argument is defined using Dung’s acceptability seman-
tics [5].

Our aim is to characterize the outcomes of such negotia-
tions. In order to have the complete picture of the different
possible outcomes we may obtain in such a framework, we
study the ”ideal” situation which assumes complete infor-
mation between the negotiating agents. This could be also
correspond to the situation where amediatorreceives the
arguments of all the involved agents and tries to find the
best compromise for them. For this reason, we propose a
characterization of the outcomes which is based on the ag-
gregation of the individual negotiation theories and which
generates a single theory that contains the arguments that
the agents have as a group. This allows a reasoning mech-
anism to identify the outcomes that are ”good” for all the
negotiating agents.

Thus, more concretely, we assume that each agent has
a negotiation theory and an argumentation-based reasoning
mechanism as they are originally proposed in [2] and fur-
ther extended in [3]. Then we propose an aggregation of the
negotiation theories in order to study the possible outcomes.
Theaggregation operatorwe are using combines in a sim-
ple and intuitive way the preferences of the different agents.
More specifically, the preference relation of the aggregate
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theory compares only those pairs of arguments for which
the agents’ preferences agree (i.e. they have the same pref-
erence or they are indifferent), and regards as incomparable
the ones on which they disagree (i.e. they have opposite
preferences).

It turns out that the outcomes of the aggregate theory
have interesting properties. More precisely, under the pre-
ferred extensions semantics, the retained arguments (and
therefore the offers they support) are not ”dominated” by
any other argument wrt the aggregate preference relation.
These arguments are exactly thePareto optimalarguments.
That means that the outcomes (i.e. the agreed offers) of
the negotiation are Pareto optimal solutions for the agents.
More interestingly, there are arguments that belong to the
stable extensions of the aggregate theory but do not belong
to any of the stable extensions of the individual theories.
Therefore, that means that it is beneficial for the agents to
negotiate, since this may reveal further outcomes that are of
mutual interest.

The rest of the paper is organized as follows. The
next section introduces the argumentation system used
by the agents for negotiating. Then, we present the
aggregate system and its formal properties. Finally,
we conclude with some remarks and perspectives. For
space reasons the proofs of the presented theoretical
results can be found in www.math-info.univ-paris5.fr/∼
moraitis/webpapers/IAT08-proofs

2 The Argumentation System

The negotiation theories of the agents are represented as
preference-based argumentation theories and are used in the
negotiation process by an argumentation system introduced
in [2] and further developed in [3]. It is based on two dis-
joint sets of arguments, one for supportingbeliefsand one
that supportsoffersor options. Here we concentrate on the
analysis of argument structures supporting offers, and ig-
nore completely arguments that refer to beliefs. Neverthe-
less, it should be noted that the results we present here carry
over to the general case, with slight modifications.

In order this work to be self-contented we present here
the basic elements of the negotiation theories. In what
follows, L will denote a logical language, and≡ is an
equivalence relation associated with it. FromL, a setO =
{o1, . . . , on} of n offersis identified, such that@oi, oj ∈ O
such thatoi ≡ oj . This means that the offers are distinct.
Different argumentscan be built fromL for supporting
elements ofO. The setA will contain all those arguments.
By argument, we mean areasonfor supporting an offer.
The structure and origin of the arguments are assumed
to be unknown. LetF be a function that returns for a
given offero ∈ O, the arguments in favor of it. Thus,A =⋃

i=1,...,n F(oi). There are two relations among arguments:

1. A conflict relation, denoted byR, that is based
on the logical links between arguments. This relation
is assumed to beweakly complete, that is irreflexive,
symmetricandcompletein the sense that any two distinct
arguments are related byR. In fact, for two arguments
a, b ∈ A, (a, b) ∈ R means thata andb are conflicting.

The arguments of the setA are therefore pairwise con-
flicting, representing situations where each agent has to de-
cide in favor ofoneoutcome i.e. the best for him and aban-
don the others. These situations are abundant in integrative
negotiation where agents must at each time be able to decide
about what they must defend and what they must abandon in
order to reach a compromise. Therefore, the arguments that
support the different possible alternative offers they may do
are essentially pairwise conflicting. Arguments supporting
the same offer are also considered as conflicting. The reason
behind this idea is the requirement that the system should
return at each time the most powerful argument among the
several ones that support the offer under consideration.
2. A preference relation, denoted byº, capturing the idea
that some arguments are stronger than others. Indeed, for
two argumentsa, b ∈ A, (a, b) ∈º means thata is at least
as good asb. At some places, we will also writea º b.
In what follows, the relationº is assumed to be a partial
pre-ordering (that isreflexiveand transitive). The relation
Â denotes the strict partial order associated withº. It is
defined as follows:(a, b) ∈Â iff (a, b) ∈º and(b, a) /∈º.

The formal definition of a weakly complete relation is a
follows.

Definition 1 (Weakly complete relation). LetR⊆A×A.
The relationR is weakly completeiff R = {(x, y)| x, y ∈ A
andx 6= y}.

Before we proceed, let us start by stating some useful
properties of the preference relationº, that will be used
throughout the paper.

Property 1. Leta, b ∈ A such thata º b andb º a. Then,
the following hold.

1. If a º c, for somec ∈ A, thenb º c.

2. If c º a, for somec ∈ A, thenc º b.

3. If a 6º c and c 6º a for somec ∈ A, thenb 6º c and
c 6º b.

The preference relation and the conflict relation are com-
bined into a unique relation between arguments, denoted by
Def and calleddefeatrelation, as in [1].

Definition 2 (Defeat relation). LetA be a set of arguments,
º a pre-order onA, anda, b ∈ A. a Def b iff:

• aR b, and
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• not (b º a)

Note that when the preference relationº is empty, i.e.
all the arguments are incomparable, then the relationDef
coincides withR. Moreover, in the case of weakly com-
plete systems, the relationDef is exclusively induced by
the preference relationº. Namely,Def can be defined in
terms ofº asDef = ((º)C)−1, whereSC is the comple-
ment of a binary relationS, andS−1 its inverse, defined as
SC = {(x, y)|(x, y) 6∈ S}, andS−1 = {(x, y)|(y, x) ∈ S}.
While, in principle, this seems to suggest that the conflict
relation is not needed in the framework, it remains for two
reasons. Firstly, it more clearly illustrates the link between
the preference relation and theDef relation. Secondly, the
conflict relation plays a central role in the case where be-
liefs are included in the language (the conflict relation is
not complete in that case), and therefore is an important in-
gredient of the complete framework.

The following result states some useful properties of the
relationDef that follow from the above definition. These
properties highlight the impact of the preference relation on
Def. The table below summarizes these properties.

a b a −→ b a ←→ b
a º b and a Â b not(a º b) and

b º a not(b º a)

Property 2. Leta, b ∈ A.

• (a, b) ∈ Def and(b, a) ∈ Def iff a 6º b andb 6º a.

• (a, b) ∈ Def and(b, a) /∈ Def iff a Â b.

• (a, b) /∈ Def and(b, a) /∈ Def iff a º b andb º a.

Notice that indifference obliterates the conflict relation.
Indeed, if two argumentsa, b are indifferent, then(a, b) 6∈
Def and(b, a) 6∈ Def. Hence, in a sense, the conflict rela-
tion applies only to arguments that are of different strength
or incomparable.

An argumentation system fornegotiationis defined as
follows:

Definition 3 (Argumentation system). An argumentation
systemis a tupleT = 〈O,A,º, Def〉, whereO is a set of
offers,A is a set of arguments that support these offers,º
a pre-order onA, andDef is a defeat relation defined form
the weakly complete relation onA andº, as described in
Definition 2.

To simplify the notation, we may omit setO and the pref-
erence relation from the definition of an argumentation sys-
tem, and denote it simply byT = 〈A, Def〉. We use the
two notations interchangeably. When the simplified nota-
tion T = 〈A, Def〉 is used, we refer toº as the underlying
preference relation ofDef.

Note that to each argumentation system is associated
a directed graph whose nodes are the different arguments
ofA and the arcs represent the defeats, i.e. elements ofDef.

Among all the arguments, it is important to know which
arguments to keep for making decisions. In [5], different
acceptability semantics have been proposed. The basic idea
behind these semantics is the following: for a rational agent,
an argumentai is acceptable if he can defendai against all
attacks. All the arguments acceptable for a rational agent
will be gathered in a so-calledextension. An extension must
satisfy a consistency requirement and must defend all its
elements.

Definition 4 (Conflict-free, Defence [5]). Let T =
〈A, Def〉 be a argumentation system, andB ⊆ A.

• B is conflict-free iff there @ ai, aj ∈ B such that
(ai, aj) ∈ Def.

• B defendsan argumentai iff ∀ aj ∈ A, if (aj , ai) ∈
Def, then∃ak ∈ B such that(ak, aj) ∈ Def.

Definition 5 (Acceptability semantics [5]). Let T =
〈A, Def〉 be a argumentation system,B ⊆ A a conflict-free
set of arguments, andT : 2A → 2A a function such that
T (B) = {a | B defendsa}.
• B is acompleteextension ofT iff B = T (B).

• B is an admissibleextension ofT iff it defends any
element inB.

• B is apreferredextension ofT iff B is a maximal (w.r.t
set⊆) admissible extension.

• B is a stableextension ofT iff B is a preferred exten-
sion that defeats any argument inA\B.

• B is a groundedextension ofT iff it is the smallest
(w.r.t set⊆) complete extension.

The status of arguments is defined in terms of the accept-
ability semantics.

Definition 6 (Argument status). Let T = 〈A, Def〉 be a
argumentation system, andE1, . . . , Ex its extensions under
a given semantics. Leta ∈ A.

• a is skeptically acceptedin T iff a ∈ Ei=1,...,x, ∀Ei 6=
∅.

• a is credulously acceptedin T iff ∃Ei such thata ∈ Ei.

• a is rejectedin T iff @Ei such thata ∈ Ei.

A argumentation systems favors offers (or options) that
are supported by the either credulous or skeptical argu-
ments. These offers are the ”outcomes” of the system.
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Definition 7 (Outcome of argumentation system).The
outcomeof a argumentation systemT = (O,A, Def)
is Outcome(T ) = {oi ∈ O such that∃a ∈
F(oi) anda is skeptically or credoulously accepted}.

Since the outcome of the system is determined solely by
their supporting arguments, we can restrict our analysis to
the properties of the arguments of the system.

3 Aggregating Argumentation Systems

Throughout this section, we assume two agents with the
argumentation systemsT1 = 〈O,A,º1, Def1〉 andT2 =
〈O,A,º2, Def2〉, respectively. We capture the aggregation
of two such argumentation systems in a new argumentation
systemUT1,T2 = 〈O,A,º, Def〉, whose defeat relation is
theunionof the defeat relations of the individual systems.

Definition 8 (Aggregate Argumentation System). Let
T1 = 〈O,A,º1, Def1〉 andT2 = 〈O,A,º2, Def2〉 be the
argumentation systems of two agents. Theaggregate argu-
mentation systemor simplyaggregate systemof T1, T2 is
UT1,T2 = 〈O,A, º, Def1 ∪ Def2〉.

To complete the picture of the aggregate argumentation
system, we characterize the preference relationº, underly-
ing the defeat relationDef1 ∪ Def2, in terms of the indi-
vidual preference relationsº1 andº2. It turns out that the
union of the defeat relations of the individual systems corre-
sponds exactly to the defeat relation induced by the intersec-
tion (i.e. common preferences) of the individual preference
relationsº1 andº2. We believe that this a suitable way
to take into account the interests of the negotiating agents,
which is a main point in the integrative negotiation, and cor-
responds to a cooperative approach to mutual problem solv-
ing. In order to present compactly this result, the following
definition is needed.

Definition 9. Let º be a preference relation onA. We
denote byDef (º) theDef relation induced byº and the
weakly complete relation onA.

Theorem 1. Let T1 = 〈A, Def1〉 andT2 = 〈A, Def2〉 be
argumentation systems, whereDef1 and Def2 are defined
on the preference relationsº1 andº2 respectively. Then
Def1 ∪ Def2 = Def (º1 ∩ º2).

Consequently, the union aggregation of theoriesT1 and
T2 above isUT1,T2 = 〈O,A, º1 ∩ º2, Def1 ∪ Def2〉.
Note that the sets of optionsO is the same for both agents
and the aggregate system. Following our convention, we
denote omitO and the preference relations, and denote the
individual theories byT1 = 〈A, Def1〉, T2 = 〈A, Def2〉,
and their aggregate theory byUT1,T2 = 〈A, Def1 ∪ Def2〉.

The following example illustrates the features of the
union aggregation.

Def

2

b

ba

Def

ba

1Def

a

Figure 1. Individual theories and aggregate
theory of agents with contradictory prefer-
ences, where Def = Def1 ∪ Def2

.

Example 1. LetA = {a, b} be a set of arguments common
to agentsα and β, having the defeat relationsDef1={(a,
b)} andDef2={(b, a)} respectively. Following Definition2
and Property2, we conclude that for agentα it must be the
case thata Â b, whereas for agentβ it holds thatb Â a.
We therefore observe that the two agents have conflicting
preferences, asα strictly prefersa to b, whereasβ strictly
prefersb to a. By applyingunion to Def1 and Def2, we
obtain the relationDef1 ∪ Def2={(a, b), (b, a)}. The situ-
ation is depicted graphically in figure 1. Following again
Definition2 and Property2, we conclude that argumentsa
and b are now incomparable for agentsα andβ, if we re-
gard them as a group. This means that these agents will be
unable to express a common preference on argumentsa and
b, and this captures perfectly the current situation, namely
that the two agents have contradictory preferences on these
arguments.

Consider the argumentation systems of agentsα and
β, on the set of argumentsA = {a, b, c}, and defeat re-
lations Def1={(a, c), (b, c)} and Def2={(a, c), (b, c)} re-
spectively. It must be the case that for both agents,a Â
c and b Â c. We also conclude that for both agents,
a º b and b º a, because(a, b), (b, a) 6∈ Def1 and
(a, b), (b, a) 6∈ Def2. In other words, agentsα andβ strictly
prefer a to c and b to c and are indifferent betweena and
b. It is easy to see that this is exactly the result we ob-
tain by the union aggregation ofDef1 and Def2, namely
Def1 ∪ Def2={(a, c), (b, c)}.

4 Properties of Aggregate Systems

In this section we present the formal properties of the
aggregate system defined in the previous section.

Although the defeat relation of the aggregate system
needs not to be transitive in general, there are cases where
subparts of this relation have this property. One such case
is that ofunidirectional chainsthat are defined formally be-
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low. As it will become apparent in the following, transitiv-
ity imposes a strong structure with significant implications.
This is an important difference between the defeat relations
that are investigated in this work and the attacking relations
of the abstract framework of Dung, that lack specific struc-
ture.

Definition 10. A unidirectional chainof a binary relation
R on a setA is a sequencea1, a2, . . . , an of elements ofA
such that(ai, ai+1) ∈ R and(ai+1, ai) 6∈ R, for 1 ≤ i ≤ n.

Based on the above definition, we obtain the following
result.

Theorem 2. Every unidirectional chain ofUT1,T2 = 〈A,
Def1 ∪ Def2〉 is transitive.

The next theorem shows that the admissible arguments
coincide with theself-defendingones. The notion ofself-
defending argumentis formally defined as follows.

Definition 11. Let T = 〈A, Def〉 be a argumentation sys-
tem and leta ∈ A. Thena is self-defendingin T if ∀a′ ∈ A
such that(a′, a) ∈ Def, it holds that(a, a′) ∈ Def.

Formally, the correspondence between admissible and
self-defending arguments is as follows.

Theorem 3. Let T1 = 〈A, Def1〉 andT2 = 〈A, Def2〉 be
argumentation systems,UT1,T2 = 〈A, Def1 ∪ Def2〉, E a
preferred extension ofUT1,T2 , anda ∈ A. Thena ∈ E iff a
is self-defending inUT1,T2 .

The following theorem shows that aggregate argumenta-
tion systems arecoherent(i.e. each preferred extension is
also stable), which is an important property for argumenta-
tion systems.

Theorem 4. Let T1 = 〈A, Def1〉 andT2 = 〈A, Def2〉 be
argumentation systems andUT1,T2 = 〈A, Def1 ∪ Def2〉.
Every preferred extension ofUT1,T2 is a stable extension of
UT1,T2 .

Similarly to the credulously accepted arguments of an
aggregate system, the skeptically accepted ones can be char-
acterized concisely by their properties. Indeed, these argu-
ments are exactly those that have no defeaters. These ar-
guments have in-degree 0 in the graph associated with this
system. (Recall that the in-degree of a node in a directed
graph is the number of arcs that have this node as sink in
the graph). Ifa is argument of an argumentation systemT ,
its in-degree inT is denoted byinT (a).

Theorem 5. Let T1 = 〈A, Def1〉 andT2 = 〈A, Def2〉 be
argumentation systems,UT1,T2 = 〈A, Def1 ∪ Def2〉, and
a ∈ A a skeptically accepted argument ofUT1,T2 . Then
inUT1,T2 (a) = 0.

dc

ba

Figure 2. Aggregate Agent Theory.

The following example recapitulates the previous analy-
sis.

Example 2. Let UT1,T2 = 〈A, Def1 ∪ Def2〉 be an
aggregate argumentation system, withA = {a, b, c, d},
Def1 = {(a, c), (a, d), (b, c), (b, d), (c, d)} and Def2 =
{(a, c), (a, d), (b, a), (b, c), (b, d), (c, d)}. SystemUT1,T2 is
presented in figure 2. The only node that is self-defending is
b, soUT1,T2 has a stable extension that containsb. More-
over,in(b) = 0, and thereforeb is also a skeptical conclu-
sion. If the element(b, a) is removed fromDef2, both nodes
a andb become self-defending in systemUT1,T2 , and both of
them have in-degree 0. In fact,UT1,T2 has one stable exten-
sion that contains both, therefore they are both skeptically
accepted.

Finally assume the initialDef2 relation, and suppose
that (a, b) is added toDef1. Then, again both ofa and b
are self-defending inUT1,T2 , therefore they must belong to
some extension of the theory. Furthermore, none of them
has now in-degree 0, so none is skeptically accepted. In-
deed,UT1,T2 has two different extensions, namelyE1 = {a}
andE2 = {b}, and no skeptically accepted arguments.

It is important to notice the computational implications
of the properties of the credulously and skeptically accepted
arguments. Checking whether an argumenta is a credu-
lous conclusion of an aggregate systemT is equivalent to
checking whether it is self-defending, a computation that
can be performed in polynomial time. Similarly, to check
whether an argument is a skeptical conclusion, it suffices
to verify that it has no defeaters, a computation that is also
polynomial. Contrast, this polynomial time algorithms with
the intractability results known for general argumentation
frameworks.

Another property of the extensions of aggregate argu-
mentation systems is that every member of such an exten-
sion is incomparable to any other element of any other such
extension. Formally this is stated as follows.

Theorem 6. Let T1 = 〈A, Def1〉 and T2 = 〈A, Def2〉
be argumentation systems,E1, . . . Ek be the extensions of
the systemUT1,T2 = 〈A, Def1 ∪ Def2〉, anda, b ∈ A be
two arguments such thata, b ∈ ∪k

i=1Ei and¬∃Ei such that

5



a, b ∈ Ei, for 1 ≤ i ≤ k. Then(a, b) ∈ Def1 ∪ Def2 and
(b, a) ∈ Def1 ∪ Def2.

To complete the picture of the structures arising in ag-
gregate argumentation systems, we prove that the stable ex-
tensions of these systems are disjoint. Combined with the
previous result, this basically means that incomparability
partitions the set of self-defending arguments into different
extensions.

Theorem 7. If T1 = 〈A, Def1〉 andT2 = 〈A, Def2〉 are
argumentation systems, the stable extensions of the system
UT1,T2 = 〈A, Def1 ∪ Def2〉 are disjoint.

From the above it follows immediately thatUT1,T2 has a
skeptical conclusion iff it has exactly one stable extension.

Theorem 8. Let T1 = 〈A, Def1〉 andT2 = 〈A, Def2〉 be
argumentation systems, andE the unique stable extension
of UT1,T2 = 〈A, Def1 ∪ Def2〉. Then,E is a grounded
extension ofUT1,T2 .

Our analysis to this point has revealed some of the
properties enjoyed by the aggregate argumentation systems.
Moreover, these properties form the basis for studying the
relation between the individual theories and the aggregate
system constructed by taking the union of the defeat rela-
tions.

The first result on the relation between the individual
and the aggregate argumentation systems, states that the set
of skeptically accepted arguments of the individual systems
coincides with the skeptically accepted arguments of the ag-
gregate system.

Theorem 9. Let T1 = 〈A, Def1〉 andT2 = 〈A, Def2〉 be
argumentation systems andUT1,T2 = 〈A, Def1 ∪ Def2〉
with stable extensionsET1

i , ET2
j , EUT1,T2

k respectively, and
1 ≤ i ≤ m, 1 ≤ j ≤ p, 1 ≤ k ≤ q. Then
∩m

i=1ET1
i

⋂∩p
j=1ET2

j = ∩q
k=1EUT1,T2

k .

The relation between the credulous conclusions of the in-
dividual and aggregate argumentation systems is more com-
plicated. One relation that holds between the two sets is that
the common credulous conclusions of the individual theo-
ries are also credulous conclusions of the aggregate system.

Theorem 10. Let T1 = 〈A, Def1〉 and T2 = 〈A, Def2〉
be argumentation systems andUT1,T2 = 〈A, Def1 ∪ Def2〉
with preferred extensionsET1

i , ET2
j , EUT1,T2

k respectively,
and 1 ≤ i ≤ m, 1 ≤ j ≤ p, 1 ≤ k ≤ q. Then
∪m

i=1ET1
i

⋂∪p
j=1ET2

j ⊆ ∪q
k=1EUT1,T2

k .

The observations that are presented in the following re-
veal that the link between the credulous conclusions of the
individual and the aggregate argumentation systems is not
as strong as the one between skeptical conclusions. First ob-
serve that the converse of the above theorem does not hold,

i.e. ∪q
k=1EUT1,T2

k ⊆ ∪m
i=1ET1

i

⋂∪p
j=1ET2

j is not necessar-
ily true. AssumeT1 = 〈A, Def1〉 andT2 = 〈A, Def2〉,
and letA = {a, b}, Def1 = {(a, b)}, Def2 = {(b, a)}.
Then,UT1,T2 has two stable extensions with∪2

k=1EUT1,T2

k

= {a, b}, whereasET1 ∩ ET2 = ∅.
Moreover, observe that the relation

∪m
i=1ET1

i

⋃∪p
j=1ET2

j ⊆ ∪q
k=1EUT1,T2

k does not necessarily
hold. Consider for instance the argumentation systemsT1,
T2 built from A = {a, b} and the relationsDef1 = ∅, and
Def2 = {(a, b)}. Then,∪m

i=1ET1
i

⋃∪p
j=1ET2

j = {a, b},
whereas∪q

k=1EUT1,T2

k = {a}.
More interestingly, it is not necessarily true that

∪q
k=1EUT1,T2

k ⊆ ∪m
i=1ET1

i

⋃∪p
j=1ET2

j . To see this con-
sider the argumentation systemsT1, T2 built from A =
{a, b, c} and the relationsDef1 = {(c, a), (c, b), (a, b)},
andDef2 = {(b, a), (b, c), (a, c)}. Then,UT1,T2 has three
stable extensions with∪3

k=1EUT1,T2

k = {a, b, c}, whereas
ET1∪ET2 = {b, c}. Note that{a} is an extension ofUT1,T2 ,
despite the fact thata does not belong to any of the stable
extensions of the systems of the individual agents.

This discrepancy between the conclusions drawn from
the individual theories and the aggregate theory becomes
more interesting in the light of the following results. It
states that the credulous conclusions of the aggregate the-
ory are in a direct correspondence with thePareto optimal
arguments of the theory.

A general definition of Pareto optimality in the context of
argumentation making with multiple criteria, can be given
through the notion ofdominance. Briefly speaking, a so-
lution dominatesanother solution if it is better or equally
good in all criteria and strictly better in at least one crite-
rion. A solutionS is calledPareto optimal, if there is no
other solution that dominatesS. In our framework, Pareto
optimality is defined as follows.

Definition 12. LetT1 = 〈A, Def1〉 andT2 = 〈A, Def2〉 be
argumentation systems, whereDef1 and Def2 are defined
on the preference relationsº1 andº2 respectively. An ar-
gumentsa ∈ A is Pareto optimal wrtT1 andT2 if there is
no other argumenta′ ∈ A such thata′ º1 a anda′ Â2 a
or a′ º2 a anda′ Â1 a.

Theorem 11. Let T1 = 〈A, Def1〉 and T2 = 〈A, Def2〉
be argumentation systems andUT1,T2 = 〈A, Def1 ∪ Def2〉
with preferred extensionsEUT1,T2

i with 1 ≤ i ≤ k. Then
a ∈ ∪k

i=1EUT1,T2

i iff a is a Pareto optimal argument wrtT1

andT2.

The following example illustrates the notion of Pareto
optimality in the context of argumentation systems.

Example 3. Let T1 = 〈A, Def1〉 andT2 = 〈A, Def2〉 be
argumentation systems, whereA = {a, b, c, d} and Def1,
Def2, defined on the underlying pre-ordersº1 and º2,
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which are the following:
a º1 b a º1 c a º1 d b º1 c b º1 d c º1 d
d º2 c d º2 a d º2 b c º2 a c º2 b a º2 b
The argumentation systemsT1 andT2 have the extensions
ET1 = {a} and ET2 = {d}, respectively. The extension
of their aggregation isEUT1,T2 = {a, d, c}. Note that
the elements ofEUT1,T2 are Pareto optimal arguments, and
c ∈ EUT1,T2 − (ET1 ∪ ET2). To explain the intuitive mean-
ing of Pareto optimality in the context of argumentation sys-
tems, we consider argumenta, and assume that both agents
agree ona (and therefore on the outcome supported bya).
Then, there is no other argument inA on which they could
both agree andboth improve wrt their preferences. For in-
stance, if they both abandona in favor ofd, then the agent
with the preference relationº2 improves, but the agent with
º2 is worse off. Finally, argumentb is not Pareto opti-
mal, since instead of agreeing onb, both agents can agree
on a and thereofboth improve their preferences, given that
a º1 b anda º2 b.

5 Conclusions and Related Work

This paper proposed a characterization of the outcomes
of argumentation-based integrative negotiations. For this
reason we considered the ”ideal” situation where agents
have complete information or negotiate through a media-
tor. In order to capture this situation we proposed the ag-
gregation of individual negotiation theories, represented as
preference-based argumentation theories, and we investi-
gated the properties of theunion aggregation of such ar-
gumentation systems. In a nutshell, this method merges to-
gether the individual argumentation systems by taking as its
underlying preference relation the intersection of the indi-
vidual preference relations. Our study of this aggregation
operator revealed that it has many desirable theoretical and
computational features and therefore it is very suitable for
capturing the essence of the integrative negotiation where
the key issue is to look for solutions that are ”good” for all
agents.

Among the presented results, we want to emphasize the
fact that the outcomes of the aggregate theory correspond to
Pareto optimal solutions wrt the preferences of the individ-
ual systems. We also showed that these outcomes, under
standard semantics for argumentation, have strong struc-
tural properties. For instance, the arguments that belong to
the extensions are self-defending, while the skeptical con-
clusions are exactly those arguments that have no defeaters.
These properties translate directly to polynomial time algo-
rithms for credulous and skeptical reasoning. This could be
very useful in the situations where the negotiation is made
throughmediatorwho receives the arguments of the nego-
tiating parts and tries to find a compromise for them. In the
current paper we considered the case of bilateral negotia-

tions by aggregating two agents’ theories. The same results
apply in the case of several agents as well.

Integrative negotiation has already been studied in the
context of multi-agent systems (see e.g. [12, 8]). How-
ever, to our knowledge it is the first time that a theoretical
investigation of the characteristics of the outcomes of an
argumentation-based integrative negotiation framework has
been done.

The outcomes found on the basis of the aggregate the-
ory and corresponding to the ”ideal” situation, can also be
used as a baseline for the evaluation of different integrative
negotiation protocols and strategies in the cases where the
negotiation takes place in a distributed manner. This is an
issue for our future work. Moreover, we will investigate the
implications of the ideas presented in [4, 11] for the aggre-
gation of classical Dung’s argumentation systems.
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