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Abstract. Preference-based argumentation frameworks are instantiation of
Dung’s framework in which the defeat relation (in the sense of Dung) is computed
from an attack relation and a preference relation over the set of arguments. Valuebased argumentation framework is a preference-based argumentation framework
where the preference relation over arguments is derived from a preference relation over values they promote. We extend value-based argumentation framework
with collective defeats and arguments promoting values with various strengths. In
the extended framework, we define a function which computes the strength of a
collective defeat. We define desired properties for the proposed function. Surprisingly, we show that this function obeying the corresponding properties is Choquet
integral, a well-known aggregation function at work in multiple criteria decision.

1 Introduction
Argumentation is a reasoning framework which consists first in constructing the arguments, then identifying the acceptable ones and finally drawing conclusions. Dung has
proposed an abstract argumentation framework that is composed of a set of arguments
and a binary relation which is interpreted as a defeat relation between the arguments
[8]. Two basic properties are used: conflict-freeness and defense. These two concepts
define the output of an argumentation framework which is a set of sets of arguments
that can be accepted together.
Dung’s argumentation framework is said abstract as arguments and defeat relation
are abstract, i.e. their origin is not known. This had the advantage to see this framework
instantiated or extended in different ways. For example a noticeable extension consists
of combined defeats: Several arguments may interact and entail a stronger defeat than
each can do individually [21]. Dung’s framework has also been instantiated with preferences. It is commonly acknowledged that preferences play an important role to solve
conflicts between arguments. Preference-based argumentation frameworks are instantiation of Dung’s framework in which the defeat relation is derived from an attack relation
between arguments and a preference relation over the arguments [24, 1–3, 14, 12]. An
attack succeeds (thus called a defeat) if the attacked argument is not strictly preferred to
the attacking one. Different ways have been proposed to compute a preference relation
over the arguments. For example, the latter may promote different values which may
be decisions, point of views, actions, etc. From the audience’s preference relation over
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the values, one can derive a preference relation over the arguments. This framework is
called value-based argumentation framework [3].
Why should several arguments interact? The basic idea of the paper is that interaction may actually arise from synergy among values supported by arguments. Synergies
among values as felt by the audience are easier to elicit than directly interaction among
arguments. Hence we extend value-based argumentation framework with collective defeats with varied strengths. Consider the following example.
Example 1 (Humanitarian action in Africa). In a small village, there is no well so that
inhabitants have to go quite far away to get water. In order to help inhabitants, a humanitarian association decided to construct a well inside the village. Actually this action
has turned the population against the association for the following reasons:
– There was a local economy around the transportation of water from the remote
well. The construction of the well has turned this economy into bankruptcy. These
people become hostile to the association.
– As water became an easily accessible resource, people started to waste it. Yet in
an area that suffers from severe drought, water is a scarce resource and its waste
endangers the equilibrium of the whole area.
– The decision from the association has been seen as interference because local authority has not been sufficiently consulted.
There are several values involved here: V = {health, eco, env , pol }, where health, eco,
env and pol respectively stand for health, economy, environment and political stability.
We assume that the values in the previous list are ordered from the most preferred one
to the least preferred one. The following arguments can be defined:
– a: Construct the well to help the village solve the water problem. It promotes value
health.
– b: Do not construct the well in order to avoid turning local economy into bankruptcy.
It promotes value eco.
– c: Do not construct the well in order to avoid water waste. It promotes value env .
– d: Do not construct the well in order to avoid interference. The fact that the local
authority has not been sufficiently consulted might weaken a little bit its stability.
But this will by no mean deeply undermine political stability. Hence argument d
promotes only partly value pol .
Argument a is in conflict with any argument b, c and d. In this example, argument a
is stronger than any other argument b, c, d as it promotes the most important value.
Hence the single attacks of b, c and d on a are not sufficient to undermine a, whereas a
defeats any of the three arguments b, c, d. However, arguments b, c, d together promote
three values that (considered together) may be stronger than value health. Hence the
combined attack of b, c and d on a may convince the audience. In this paper, we propose
an argumentation framework which handles such considerations. The basic ingredient
will be the concept of capacity to represent the potential interaction among values.
The rest of the paper is structured as follows. In the next two sections we recall
Dung’s argumentation framework and its main instantiations/extensions. Subsection 3.2
is however novel. It extends collective argumentation framework (in which the defeat
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relation is defined between sets of arguments) with a varied strength defeat relation. In
Section 4 we extend value-based argumentation framework with collective and varied
strength defeat relations. The new framework is based on a function to model interaction among values. Surprisingly, we show that this function obeying some properties
is the Choquet integral, a well-known multiple criteria aggregation function. Lastly we
conclude.

2 Argumentation Theory
2.1 Dung’s Argumentation Framework
Argumentation is a reasoning model based on constructing arguments, determining
potential conflicts between arguments and selecting acceptable arguments. In Dung’s
framework, arguments are supposed to be given. Conflicts between arguments are represented by a binary defeat relation.
Definition 1. [8] An argumentation framework (AF) is a tuple A,  where A is a
finite set of arguments and ⊆ A × A is a binary defeat relation.
The outcome of Dung’s argumentation framework is sets of arguments, called extensions, that are robust against defeats. We say that A ⊆ A defends a if ∀b ∈ A s.t. b 
a, ∃c ∈ A such that c  b. We say that A ⊆ A is conflict-free if there are no a, b ∈ A
such that a  b. A subset A ⊆ A of arguments is an admissible extension iff it is
conflict-free and it defends all elements in A. Other acceptability semantics exist [8].
2.2 Preference-Based Argumentation Framework
Preference-based argumentation framework is an instantiation of Dung’s framework. It
is based on a binary attack relation between arguments and a preference relation over
the set of arguments.
Definition 2. [1] A preference-based argumentation framework (PAF) is a 3-tuple
A, ,  where A is a set of arguments, ⊆ A × A is a binary attack relation
and  is a preorder over A.
 is called a Boolean preference relation. A PAF A, ,  represents A,  iff
∀a, b ∈ A :

a  b iff (a  b and not(b

a)),

(1)

where b a is true if and only if b  a holds but a  b does not.
The extensions of a PAF are simply the extensions of the AF it represents.
Different ways have been proposed in the literature to compute the preference relation  over A. For example, a weight function w : A → [0, 1] can be defined. Then
∀a, b ∈ A : a  b iff w(a) ≥ w(b).
In some applications, the arguments need to be compared not on the basis of their internal structure but with respect to the viewpoints or decisions they promote [3]. This
may be due to the fact that the internal structure of the arguments is not available or
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because the values must be considered. This is particularly true in persuasion dialogs
when the preference over values induces the preference over arguments promoting the
values [3]. Thus, if two arguments are conflicting then the argument promoting a preferred value is accepted. Bench-Capon developed an argumentation framework which
models the above considerations [3]. Like Dung’s framework, he considers abstract arguments. Moreover, he considers (i) a set of values promoted by the arguments and (ii)
a set of audiences where an audience corresponds to a preference relation over values.
Definition 3. [3] A value-based argumentation framework is a five-tuple, VAF =
A, , V, val , Δ, where A is a finite set of arguments,  is an attack relation over
A × A, V is a nonempty set of values, val : A → 2V returns the set of values promoted
by each argument, and Δ is the set of possible audiences. An audience specific argumentation framework is a five-tuple, VAF δ = A, , V, val , δ , where δ ∈ Δ is an
audience and δ is a partial order over V.
In this paper we consider audience specific argumentation framework and denote it
A, , V, val , V . We suppose that an argument promotes at least one value. Different
ways have been proposed to compute a preference relation over A given V . We refer
the reader to [3, 14]. One may for instance use the following definition:
∀a, b ∈ A,

a

b

iff

∃v ∈ val (a) ∀v  ∈ val (b) v

V

v .

(2)

2.3 Argumentation Framework with Varied-Strength Defeats
Strength of defeat relations has been incorporated in argumentation framework in two
ways: a qualitative relative way by means of a partial preorder [19, 20] and a quantitative
way by means of a numerical function [9]. As far as the present paper is concerned, we
follow the second modeling.
Definition 4. [9] An argumentation framework with varied-strength defeats (AFV) is a
3-tuple A, , VDef  where A,  is a Dung’s argumentation framework and VDef
is a function defined from  to (0, 1].
For simplicity, we consider the interval (0, 1] but any bipolar linearly ordered scale
with top, bottom and neutral elements can be used as well. VDef (a, b) is the degree
of the statement “a defeats b” being true. Values 0, 12 and 1 for VDef (a, b) mean that
the validity of the previous statement is certainly false, unknown and certainly true
respectively. We say that a defeats b w.r.t. A, , VDef  iff a  b.
Extensions are also defined from the conflict-freeness and defense. Conflict-freeness
is defined as for A, . Defense is however extended to the valued case. When b 
a and c  b, the strength of defeats should play a role in the definition of the defense
since c is considered as a “serious” defender of a if the defeat of c on b is at least as
strong as the defeat of b on a. The set A ⊆ A defends a ∈ A w.r.t. A, , VDef  iff
for all b ∈ A such that b  a, there exists c ∈ A with [19]:
c  b and VDef (c, b) ≥ VDef (b, a).
Let us now describe an instantiation of this framework where the valued defeat relation
is derived from a valued preference relation P : A × A → [0, 1]. P (a, b) is the degree
of the statement “a is strictly preferred to b” being true.
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Definition 5. [13] A valued preference-based argumentation framework (VPAF)1 is a
3-tuple A, , P  where A is the set of arguments, ⊆ A × A is a binary attack
relation and P is a function defined from A × A to [0, 1].
A VPAF A, , P  represents an argumentation framework with varied-strength defeats A, , VDef  iff a  b if a  b and P (b, a) < 1, VDef (a, b) = 1 − P (b, a)
if a  b. Lastly, VDef (a, b) = 0 otherwise. An interesting case is when P is derived from a valuation function w over the arguments. A suitable expression of P is
P (a, b) = w(a) − w(b) if w(a) > w(b) and P (a, b) = 0 else [13]. This gives
a  b if a  b and [w(a) > 0 or w(b) < 1],
VDef (a, b) = min(1 + w(a) − w(b), 1) if a  b.

(3)
(4)

3 Arguing with Collective Defeat Relations
3.1 Collective Argumentation Framework
Dung’s framework has been extended with a defeat relation between sets of arguments.
Definition 6. [21] A collective argumentation framework is a pair A, ⇒ where A
is a set of arguments and ⇒⊆ 2A × 2A is the defeat relation, with, for A ⊆ A and
B ⊆ A, notation A ⇒ B means that the arguments in A jointly defeat B.
The authors of [21] argue that there is no need to define defeat of a subset of arguments
on another subset of arguments. In fact, they interpret A ⇒ B as A ⇒ {b} for every
b ∈ B. Hence it is sufficient to see ⇒ as a subset of 2A × A. This definition implicitly
means that if A ⇒ {b} for every b ∈ B then A ⇒ B. However this interpretation may
not be sufficient in many situations.
Example 2 (Example 1 cont.). a defeats b as the value promoted by a is more important
than that promoted by b. Likewise, a defeats arguments c and d. On the other hand,
one may conceive that a does not defeat the set of arguments {b, c, d} since the values
promoted by these arguments are collectively stronger than the value promoted by a.
The previous example indicates that defining defeats among subsets of arguments is important since the fact that a defeats b, c and d considered separately does not necessarily
imply that a defeats b, c and d as a whole.
We don’t define the meaning of A “jointly” defeats B at this stage. We borrowed
collective argumentation framework from [21] as it nicely models our needs. However
our interpretation of joint defeat differs from that proposed in [21], as we will see later.
In [21] A jointly defeats B is interpreted as “arguments in A do not separately defeat
arguments in B but considered together they do”.
1

Valued preference-based argumentation framework must not be confused with value-based
argumentation framework [3]. In the latter, arguments promote values which may be point of
views, decisions, opinions, etc. Then a preference relation over the set of arguments is derived
from a preference relation over the values. In the former, the preference relation over the set
of arguments is valued, i.e. it expresses preferences with varied strength, as we will see later.
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A set A of arguments is conflict-free if there is no subsets A , A ⊆ A such that
A ⇒ A . Let A, B, C ⊆ A. We say that C ⊆ A defends A ⊆ A if ∀B ⊆ A with
B ⇒ A we have C ⇒ B. The semantics of acceptability can be defined from the
concepts of conflict-freeness and defense as usual.
Relation ⇒ shall satisfy some monotonicity conditions: for all A, B ⊆ A


∀B  ⊆ B,

if A ⇒ B then A ⇒ B  .

(5)

Therefore we recover the interpretation of A ⇒ B given in [21]. However we do not
necessarily have that A ⇒ B if A ⇒ B  , ∀B  ⊆ B, B  = B.
3.2 Arguing with Collective Varied Defeats
In this section we extend the collective argumentation framework defined in the previous subsection with a varied defeat relation.
Definition 7. A collective argumentation framework with varied defeats is a triplet
A, ⇒, VDef  where A is a set of arguments and ⇒⊆ 2A × 2A is a defeat relation and
VDef is a function from ⇒ to (0, 1].
VDef (A, B) is the degree of credibility of statement “A defeats B”.
A set A of arguments is conflict-free if there is no A , A ⊆ A such that A ⇒ A .
We say that C ⊆ A defends A ⊆ A if for all B ⊆ A such that B ⇒ A, there exists
C  ⊆ C such that C  ⇒ B and VDef (C  , B) ≥ VDef (B, A). The semantics of
acceptability can be defined from the concepts of conflict-freeness and defense as usual.
VDef shall satisfy some monotonicity condition. For all A, B, A , B  ⊆ A
if A ⊆ A, B  ⊇ B, A ⇒ B and A ⇒ B  then VDef (A , B  ) ≤ VDef (A, B). (6)
Indeed the more arguments we add to A the stronger the defeat, and the more arguments
we add to B the weaker the defeat.

4 Extended Value-Based Argumentation Framework
In standard value-based argumentation framework arguments fully promote a subset of
values in V [3]. In many applications however, arguments support values with various
strengths. In Example 1, argument d promotes only partly value pol . Hence function
val is refined in the following way.
Definition 8. For a ∈ A, we define f : A × V → [0, 1] such that f (a, v) is the degree
to which argument a ∈ A supports value v ∈ V.
The aim of this section is to extend single defeats (i.e., an argument defeats an argument)
to collective defeats (i.e., a set of arguments defeats a set of arguments). These defeats
will hold with degrees that will be derived from f .
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4.1 Construction
The main question we face to define VDef is to what extent different arguments can
produce a stronger defeat than each argument can do individually. In some sense, they
have some complementarity among themselves. The key idea is that each argument
may support a different value and that the audience is much more convinced by a set of
relevant values than by only one of them.
Example 3 (Example 1 cont.). The audience may say that value health is more important than any other value eco, env or pol . Hence a defeats b, c, d and none of b, c, d
defeats a. On the other hand, arguments b, c, d promote three different values and, one
may conceive that b, c, d together defeat a.
In order to define VDef (A, B), we need to extend the boolean preference relation V
over V to a valued preference relation over 2V . We represent this preference relation by
a numerical function μ : 2V → IR+ . For V ⊆ V, μ(V ) is the strength of the preference
if all values in V are completely promoted and the remaining values are not promoted
at all. This set function, called a capacity, shall satisfy some properties [6].
Definition 9. A capacity on V is a set function μ : 2V → IR+ satisfying two properties:
– (monotonicity) μ(V ) ≤ μ(V  ) for all V, V  ⊆ V with V ⊆ V  ,
– (boundary condition) μ(∅) = 0 and μ(V) = 1.
The monotonicity condition will serve in the definition of a strength of defeats: the more
values a set of arguments supports, the stronger the defeat. The boundary condition
essentially says that the audience is not convinced by a set of arguments if they do not
support any value2 . Hence the values represent all possible stakes and points of view
the audience may believe in. Normalization condition μ(V) = 1 comes from the fact
that the strength of defeat is bounded by 1.
Note that capacity μ is a refinement of order V :
∀v, v  ∈ V, if v

V

v

then

∀V ⊆ V \ {v, v  }

μ(V ∪ {v}) > μ(V ∪ {v  }).

This property is similar to responsiveness defined by Roth [23] (see also [4]).
On the basis of the above definitions, we define an extended value-based argumentation framework in the following way:
Definition 10. An extended value-based argumentation framework is a five-tuple,
A, , V, f, μ, where A is a finite set of arguments, ⊆ A × A is an attack relation, V is a nonempty set of values, f is a function from A × V to [0, 1], and μ is a
capacity over V.
We are going to derive a collective argumentation framework with varied defeats A, ⇒
, VDef  (see Definition 7). We extend w and relations (3) and (4). To this end, we define
a valuation G : 2A → [0, 1] of subsets of arguments. More precisely, it evaluates the
2

Arguments in A are supposed to promote at least one value, but one may imagine other arguments promoting no value in V.

Representing Synergy among Arguments with Choquet Integral

309

strength of a set of arguments. This strength will be used to evaluate the degree of
defeat between two subsets of arguments. G(A) (with A ⊆ A) depends on the values
promoted by arguments in A (see function f ) and the strength of these values (see
function μ). First of all, extending (3), the defeat relation ⇒ is defined as follows:
A⇒B

if

(G(A) > 0 or G(B) < 1) and
[∀b ∈ B ∃a ∈ A a  b] and [∀a ∈ A ∃b ∈ B

a  b]

(7)

where Following (4), the intensity of the defeat is given by
VDef (A, B) = min(1 + G(A) − G(B), 1)

if A ⇒ B

(8)

According to these definitions, if A ⇒ B then VDef (A, B) > 0, as required by Definition 7. The next two subsections are devoted to the definition of the function G.
4.2 Computing G(A): Case When A Is a Singleton
Consider in this section the case where A = {a}. G({a}) depends only on the degree to
which values are supported by a (i.e. on {f (a, v)|v ∈ V}) as well as on the strength μ
of values. Hence there exists a function denoted by Fμ : IRV
+ → IR+ (to be determined)
such that:
(9)
G({a}) = Fμ ({f (a, v)|v ∈ V}).
We will use an axiomatic approach to get Fμ from a set of wished properties on Fμ .
– Properties of the Function Fµ We already justified monotonicity condition on the
capacity (see Definition 9). This condition can be extended to Fμ . If the degree to which
an argument supports a value increases, Fμ shall not decrease.
Increasingness (In): ∀x, y ∈ IRV , if xv ≤ yv ∀v ∈ V then Fμ (x) ≤ Fμ (y).
Element xv (resp. yv ) represents the degree to which an argument a (resp. another
argument b) promote values v in V. As argument b promotes every value at least as well
as a (xv ≤ yv for every v ∈ V), the valuation of b should not be lower. Fμ (x) ≤ Fμ (y)
derives from G({a}) ≤ G({b}).
In the previous subsection, we have interpreted μ(V ) as the strength of preference if
all values in V are completely promoted and the remaining ones are not. Formally, we
write:
Properly Weighted (PW): Fμ (1, · · · , 1, 0, · · · , 0) = μ(V ), ∀V ⊆ V.
     
v∈V

v∈V

From (PW), if μ is multiplied by a number then the resulting strength is also multiplied by the same factor: Fγμ (x) = γFμ (x) for any γ ∈ IR. As a capacity μ may be
provided by an expert, if another expert provides μ then one may combine μ and μ
with a linear transformation γμ + δμ (γ, δ ∈ IR). Then it is reasonable that the overall
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aggregation function equals the same linear transformation of the aggregation for the
two decision makers:
Linearity w.r.t. the Measure (LM): For all x ∈ IRV and γ, δ ∈ IR,
Fγμ+δμ (x) = γFμ (x) + δFμ (x) .

(10)

The numerical values of f (a, .) correspond to an interval scale in the sense of measurement theory [16]. An interval scale is given up to an affine transformation. Hence Fμ
shall be invariant under any affine transformation. However, as all degrees f (a, v) for
all v correspond to the same scale, the same transformation shall be applied to all values
in V. Starting from (PW), we impose this invariance property only on situation where
each value is either completely supported or not supported at all.
Stability for the admissible Positive Linear transformations (weak SPL):
For all V ⊂ V, α > 0, and β ∈ IR,
Fμ ((α + β), · · · , (α + β), β, · · · , β ) = αFμ (1, · · · , 1, 0, · · · , 0) + β.
     


   
v∈V

v∈V

v∈V

v∈V

This axiom is a weak version of the axiom (SPL) introduced by Marichal [18] : For all
x ∈ IRV , α > 0, and β ∈ IR, Fμ (αx + β) = αFμ (x) + β.
Example 4 (Example 1 cont.). The following values of μ are supposed given:
μ(∅) = 0
μ({env }) = 0.1
μ({eco, pol }) = 0.3
μ({health, eco, env, pol }) = 1

μ({health}) = 0.6
μ({pol }) = 0.05
μ({env , pol }) = 0.2

μ({eco}) = 0.2
μ({eco, env }) = 0.5
μ({eco, env , pol }) = 0.9

We note that there is a strong positive synergy among values eco, env, pol as
μ({eco, env , pol }) > μ({eco}) + μ({env }) + μ({pol }).
These three values together are more important than value health alone.
– Function Fµ vs Choquet Integral. Now that we have given properties of Fμ , we
show that this function is already at work in multiple criteria decision and known as
Choquet integral [6]. The Choquet integral is a generalization of the commonly used
weighted sum.
Definition 11. Let μ be a capacity on V, with |V| = n. Let x = (x1 , · · · , xn ) ∈ IRV .
The discrete Choquet integralof x with respect to μ is defined by
Cμ (x) = ni=1 (x(i) − x(i−1) )μ({(i), · · · , (n)}),
with x(0) = 0, and where (1), . . . , (n) indicate that the indices have been permuted so
that 0 ≤ x(1) ≤ · · · ≤ x(n) .
Example 5. Let us illustrate Def. 11 on x = (0, 0.6, 1, 0.1). The worse score of x is its
first component (i.e. (1) = 1), the second worse score of x is its last component (i.e.
(2) = 4), the third worse score of x is its second component (i.e. (3) = 2) and the best
score of x is its third component (i.e. (4) = 3). Hence Cμ (x) = (x1 −0)μ({1, 2, 3, 4})+
(x4 − x1 )μ({2, 3, 4}) + (x2 − x4 )μ({2, 3}) + (x3 − x2 )μ({3}).
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Besides, the Choquet integral can model typical human behavior such as the veto. This
operator is also able to model the importance of values and the interaction between
values. Conversely, the Choquet integral can be interpreted in terms of the importance
of values, the interaction between values, and veto [10, 11].
Proposition 1 ([17]). Fμ satisfies (LM), (In), (PW) and (weak SPL) if and only if
Fμ ≡ Cμ in IRV .
The proof of this proposition can be found in [17]. Proposition 1 shows that if one
agrees on properties (LM), (In), (PW) and (weak SPL), then he shall use the Choquet
integral w.r.t. μ, namely G({a}) = Cμ ({f (a, v)|v ∈ V}) (see (9)).
4.3 Computing G(A): Case Where A Is Composed of Several Arguments
When A is not reduced to a singleton, we generalize the construction given in Subsection 4.2. Function Fμ can still be used to compute G(A). We denote by xf,A (v) the
degree to which all arguments in A promote together value v, with xf,A ∈ [0, 1]V .
Hence (9) is generalized as follows:
G(A) = Fμ (xf,A ).

(11)

For v ∈ V, xf,A is derived from {f (a, v)|a ∈ A}. A maximum function could work:
xf,A (v) = maxa∈A f (a, v). However, for the same maximal number of the individual
f (a, v), this maximal number could be reinforced if f (a, v  ) is also large for another
value v  . A t-conorm3 denoted by ⊕ could be used to express this reinforcement property. Note that α ⊕ 0 = α for all α ∈ [0, 1]. Hence
∀v ∈ V

xf,A (v) = ⊕{f (a, v)|a ∈ A}

(12)

Example 6 (Example 3 continued). Assume the values of f are: f (a, health) = 1,
f (b, eco) = 1, f (c, env) = 1 and f (d, pol ) = .5. All other values of f (., .) are equal to
0. Let us compute the value of G for several subsets of arguments
G({a}) = Cμ (1, 0, 0, 0) = μ(health) = 0.6
G({b}) = Cμ (0, 1, 0, 0) = μ(eco) = 0.2
G({b, c}) = Cμ (0, 1, 1, 0) = μ({eco, env }) = 0.5
G({b, c, d}) = Cμ (0, 1, 1, 0.5) = 0.5 μ({eco, env }) + 0.5 μ({eco, env , pol }) = 0.7.
Let us now consider the following subsets of arguments
– Set {b, c} is conflict-free but does not defend itself. Indeed for the attack by a, we
have {a} ⇒ {b, c}, {b, c} ⇒ {a} but (see (8))
VDef ({b, c}, {a}) = 0.9 < VDef ({a}, {b, c}) = 1
3

A function ⊕ : [0, 1] × [0, 1] → [0, 1] is called a t-conorm (triangular conorm) if it satisfies
⊕(0, x) = x for all x ∈ [0, 1] (neutral element), ⊕(x, y) = ⊕(y, x) for all x, y ∈ [0, 1] (commutativity), ⊕(x, y) ≤ ⊕(u, v) for all 0 ≤ x ≤ u ≤ 1 and 0 ≤ y ≤ v ≤ 1 (monotonicity),
and ⊕(x, ⊕(y, z)) = ⊕(⊕(x, y), z) for all x, y, z ∈ [0, 1] (associativity) [15].
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– Set {a} is conflict-free but does not defend itself. Indeed for the attack by b, c, d,
we have {b, c, d} ⇒ {a}, {a} ⇒ {b, c, d} but (see (8))
VDef ({a}, {b, c, d}) = 0.9 < VDef ({b, c, d}, {a}) = 1
– Set {b, c, d} is conflict-free and defends itself. Indeed for the attack by a, we have
{a} ⇒ {b, c, d}, {b, c, d} ⇒ {a} and (see (8))
VDef ({b, c, d}, {a}) = 1 > VDef ({a}, {b, c, d}) = 0.9.
Hence {b, c, d} is the unique set of admissible arguments.
Assume now that argument d is removed from A, so A = {a, b, c}. In this case, {a} is
an extension as it defends itself from the attack of {b, c} (since {b, c} ⇒ {a}, {a} ⇒
{b, c} and VDef ({a}, {b, c}) = 1 > VDef ({b, c}, {a}) = 0.9). Thus a becomes
acceptable as b, c are not sufficiently strong compared to a.
4.4 Particular Case: No Interaction among Values
Let us see how relation (2) can be satisfied in our framework. Condition (2) considers
the case where f takes only values 0 or 1. Hence one can define val from f by: val (a) =
{v ∈ V , f (a, v) = 1} for every a ∈ A. Then by (PW), we have for every a ∈ A,
G({a}) = μ(val (a)). Intuitively one feels that relation (2) can be translated in terms of
capacity μ in the following way: for all V, V  ⊆ V
μ(V ) > μ(V  ) iff ∃v ∈ V ∀v  ∈ V 

μ({v}) > μ({v  }).

(13)

There is no possible cumulative effect (synergy) among the values in this case. This
condition is satisfied for instance when μ(V ) = maxv∈V μ({v}), which corresponds
to a possibility measure. The next result shows that under (13), collective defeats will
not bring added-value to single defeats.
Proposition 2. Assume that values are either completely promoted or not all by arguments. Assume furthermore that relation (13) holds. Under (8), we have
– ∀A, B ⊆ A, if A ⇒ B (i.e. VDef (A, B) > 0), then there exists a ∈ A such that
{a} ⇒ B (i.e. VDef ({a}, B) > 0);
– ∀A ⊆ A, b1 , . . . , bp ∈ A, if A ⇒ b1 (i.e. VDef (A, {b1 }) > 0), . . . , A ⇒ bp (i.e.
VDef (A, {bp }) > 0), then A ⇒ {b1 , . . . , bp } (i.e. VDef (A, {b1 , . . . , bp }) > 0).
The proof of this proposition is omitted due to the lack of space. This proposition shows
that our framework is general and can encompass the standard case of relation (2). More
precisely, condition (2) is translated into (13). Proposition 2 shows that under (13), there
exists an argument in the attacking set that defeat the attacked set, and if the attacking
set defeats each argument in a set, it defeats the set collectively. This corresponds well
to the idea behind (2).
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5 Conclusion
In some argument-based applications, arguments need to collectively interact. More
precisely, defeat relation is defined among sets of arguments. Moreover this relation has
varied strengths due to the fact that arguments promote some values (decision, point of
view, etc) with varied strengths. In this paper we developed an argumentation framework extending value-based argumentation framework [3] in order to cope with the
above considerations. The strength of defeat VDef (A, B) of a subset A of arguments
over another subset B depends of the values promoted by A and B. The synergy among
the values is encoded in a capacity μ defined on the set of values. As arguments may
promote only partly the values, the strength of all arguments in A collectively considered is obtained by using an aggregation function depending on capacity μ. We define
desired properties for the aggregation function. We show that this function obeying the
corresponding properties is Choquet integral.
Our framework may be applicable to model coalition-based problems where sets
of arguments correspond to coalitions [5]. For future work we intend to compare our
approach with the accrual of arguments proposed in [22]. We also intend to consider
other definitions of defense as suggested in [7]. Lastly, qualitative aggregation functions
such as the Sugeno integral will be also considered.
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