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Abstract: Argumentation theory is a promising reasoning model which is more and more used to solve various key
problems in artificial intelligence. Most of the developments in this domain are based on extended versions of
Dung argumentation frameworks (AFs). In this paper, we propose an argumentation model that extends Dung
AFs by two additional aspects : a necessity relation that represents a particular positive interaction between
arguments and a preference relation that allows to represent arguments that do not have the same strength.

1 MOTIVATION main drawback of this approach is that the new
proposed semantics do not guarantee admissibility.
In argumentation theory, handling preferences is mo- (Boella et al., 2010) introduces the so-called deduc-
tivated by the fact that in real contexts, arguments are tive supports and proposes a meta framework which
often different in strength. Regardless of the source ensures admissibility of extensions. (Brewka and
and nature of the information about preferences, in Woltran, 2010) proposes abstract dialectical frame-
Dung style model, a main concern in the different pro- Works (ADFs), a powerful generalization of Dung
posed approaches lies in solving possible conflicts be-AFs to formalize the concept of proof standards. The
tween preferences and attacks. Intuitively, the prob- acceptability semantics are redefined by adapting the
lematic case is that of critical attacks arising when Gelfond/Lifshitz reduct used in logic programs (LPs).
an argument attacks another one while the former (Nouioua and Risch, 2011) starts from the idea that
is less preferred than the second. Most of existing the exact meaning of the support is essential to deter-
approaches of preference-based argumentation likemine its possible interactions with the attack relation.
(Amgoud and Cayrol, 2002), (Bench-Capon, 2003) It considers the case wheaesupportsh means thaa
and (Modgil, 2009) suggest to merely remove the crit- is necessary fdn. This specialization allows to gener-
ical attacks. A main drawback of these approaches alize the acceptability semantics in a natural way that
is the possibility to tolerate extensions that are not ensures admissibility. The aim of this paper is to ex-
conflict-free with respect to the initial attack relations. tend Dung AFs to take into account both necessity and
To overcome this limit, the approach in (Amgoud and preference relations between arguments. To do so, a
Vesic, 2010) (Amgoud and Vesic, 2011), that we will first concern will be to understand how necessities and
call here the repairing-based approach, suggets to in-preferences should interact. Then, on the light of this
verse the direction of any critical attack. The under- understanding, the repairing-based approach will be
pining idea is to keep the incompatibility between the adapted to the case of AFs with necessities (AFNs).
arguments involved in the attack while respecting the  Section 2 represents a background that recalls the
explicit information about their preferences. main ideas of the preference-based AFs (we present
On the other hand, some works have been de-namely the repairing-based approach) as well as the
voted to extend Dung’s model in order to represent the argumentation frameworks with necessities (AFNS).
idea of support as a positive interaction between ar- In section 3 we present a hew method to construct
guments. (Cayrol and Lagasquie-Schiex, 2005) pro- a Dung meta AF from an AFN. We show in sec-
poses the bipolar argumentation frameworks (BAFs) tion 4 how to use this new method to generalize the
by adding an explicit support relation to Dung AFs. repairing-based approach to the case of preference-
In (Cayrol and Lagasquie-Schiex, 2010) methods to based AFNSs. In section 5, we conclude and discuss
turn BAFs into Dung meta AFs are proposed. A some perspectives of future work.
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2 BACKGROUND 2.2 AFs with Necessities

2.1 Preferences in Dung’s AFs : The The AFNs (Nouioua and Risch, 2011) extend Dung

. AFs by a support relation having the meaning of
Repairing-based Approach necessity. Let us present briefly their main ideas.

A Dung AF (Dung, 1995) is a paF = (A,R) where

A is a set of arguments arijlis a binary attack re-
lation overA. A setSC A attacks an argumeibtiff
there isa € Ssuch thata R h Sis conflict-freeiff
there is noa,b € Ssuch thaa R h The C-maximal
conflict-free subsets oA are callednaive extensions
(Bondarenko et al., 1997) and represent a first man-

ntehr tro const:ug?"?ets cr);arc]:tci:eptr;ab\ie %rgumernts. Mgri'zThe irreflexive and transitive nature &f excludes
other acceptability Semantics have been propose any risk to have a cycle of necessities. Indeed, such

Dung, 1995). We focus in this paper on one of them, .
Ehe s?able se)manticsS i astabFI)e %xtensioiff Sis cycles are undesirable because they correspond to a
kind of fallacy (begging the question). Notice that

Conwgt_:;ggﬁnhdg?eef\iS;ﬁ.;l based approach theone may easily generalize the following results to an
y repairing- PP arbitrary necessity relation, by just filtering out the

works presented in (Amgoud and Vesic, 2010) (Am- . Ve L
) ] extensions containing cycles of necessities. Let us
goud and Vesic, 2011) which renew and extend the now define the key notions of coherence and strong

initial approach proposed in (Amgoud and Cayrol, - - :
2002) for preference-based ARS in order to.overcome coherence used in redefining the extensions for AFNSs.

ahGO;I“mot”h limit Ofb.er‘tOS; of betx'.s“”g tapproadt‘ﬁst’ Definition 5. Let ' = (AR N) be an AFN and
Wr 'Cn t'S m?li ?cf)rSS' “Ty do 0 am e;< enﬁ‘li?ln?b ad SC A. Sis coherent iffSis closed undeN—1, i.e.
are not contlict-iree. 10 do so, the repairng-based , - gyh < A if b N athen be S. S is strongly

_approach INverses the direction of cr!t|cal a_ttacks coherent iff it is coherent and conflict-free (WRL
instead of removing them. Formally, this version of

preference-based AFs is defined as follows :

Definition 4. An AFN is a tuplel = (A/RN)
whereA is a set of argument$R is a binary attack
relation andN is a binary irreflexive and transitive
relation, called the necessity relation. For two argu-
mentsa,b € A, a N bmeans that is necessary for
b, i.e. ifbis accepted theamust have been accepted.

Let us now define the naive and stable extensions :

Definition 1. A preference-based AF (PAF) is a
tuple A = (AR >) where (A/R) is a Dung AF and
>C Ax Ais a preorder. The stable extensions’of
are the stable extensions of the repaired framework
(A Att) where Att = {(a,b)Ja R b and not(b >
a)}U{(b,a)laR band(b>a)}.

Definition 6. Let ' = (A/R N) be an AFN and
SC A. Sis a naive extension of iff Sis a C-
maximal strongly coherent subsetAf Sis a stable
extension ofl iff Sis strongly coherent anfva
A\ S) either SR aol(Ib e A\ S)suchthatb N &

A first couple of results that hold for AFNs are

In addition to repairing attacks, a second role of given by the following propositions 1 and 2 :

the preference relation is to compare subse. of

Proposition 1. Naive extensions of an AFN are

Definition 2. Let Sbe a set of objects ardC Sx S independent from the directions of attack links.

be a preorder. The democratic relatipgC 2° x 24
based o> is defined as follows YX1, X2 C A, X1 >4

Xo iff WX € Xo\ X1, 31 € X1 \ Xz such that x > o, Proposition 2. Any stable extension of an AFN is a

naive extension. The inverse is not true.

A rich PAF is a PAF equipped with a refinement

relation>4 used to select the best extensions. Example 1.Consider the AFN = (A,R,N) depicted

in figure 1-(1) (attacks are represented by continuous
arcs and necessities by dashed arcs). The strong co-
herent sets are{a}, {a,b}, {c} and{c,d}. Among
them{a,b} and{c,d} are the naive extensiongc,d}

is also stable becauge, {c,d} = {a,b} and we have
{c,d} R aanda N bbuta e A\ {c,d}. However,
{a,b} is not stable becauge\ {a,b} = {c,d} and we
have neithefa,b} R cnorx N cfor anyx € {c,d}.

Definition 3. A Rich PAF is a tupla = (A/R, >, >4)
where (AR, >) is a PAF and>4C 2% x 2° is the
democratic relation based on called a refinement
relation. LetW be the set of stable extensions of the
PAF (A/R, >). The refinement relatiokrq is used to
select the best elements ¥f: Max(W,>¢) = {Ww e

W] By € Wst. ' >q Y and not(y >4 ¥)}.
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Figure 1: (1) An AFN, (2) The corresponding meta AF.

3 AFNs AS META AFs

In this section we present a new approach to turn
any AFN into a meta Dung AF so that the usual
Dung acceptability semantics may be applied. A
similar approach has been proposed in (Cayrol
and Lagasquie-Schiex, 2010) for BAFs where the

Proposition 3. Let ' = (A/RN) be an AFN and
Fr = (A, Att) the corresponding meta AF. His a sta-
ble (resp. naive) extension bfthenE = {C;|la € S}
is a stable (resp. naive) extensionkpf. Inversely,
if E={Cq,...Cqla € ACy € A} is a stable (resp.
naive) extension ofr thenS= {a;,...an} is a stable
(resp. naive) extension of.

Example 1 (continued). The meta AF correspond-
ing to the AFNT of figure 1-(1) isFr = (A, Att) such
thatA = {C;,,Cy,Cc,Cy } with: C3 = {a}, Gy = {b,a},
Cc = {c}, Cy = {d,c} andAtt is depicted in figure
1-(2). Fr has two naive extensions {C4,Cy} and
{C¢,Cq} whose flattened form&a, b} and{c,d} are
the naive extensions df. Only {C;,Cq} is a stable

so-called coalitions of arguments are used as metaextension offr and it corresponds to the only stable

arguments. Intuitively, a coalition of arguments
is a C-maximal conflict-free subset of arguments
connected with the support relation. For example, the
system of figure 1-(1) has two coalitionga,b} and
{c,d}. Each of them is the unique element of a naive
and stable extension of the meta AF. But in the result
we expect, only{c,d} must be stable. To obtain
this result, we propose a new method to build new
coalitions of arguments that we call here clusters.
Intuitively, each argument gives rise to a cluster that
contains all arguments that are necessary for it.

Definition 7. Let = (A/R/N) be an AFN and an
argumenta € A. the cluster corresponding @ is
defined by Ca={a}uU{b|bN a}.

Unlike (Cayrol and Lagasquie-Schiex, 2010), the
definition of clusters takes into account the direction
of the necessity arcs and it is not required that a
cluster is conflict-freet. Then, a cluster attacks
another if the former contains at least an argument
that attacks (w.r.R) an argument of the second :

Definiton 8. Let ' = (A\RN) be an AFN.

The Dung meta AF corresponding td is

Fr = (A Att) where A is the set of the clus-
ters constructed from all the arguments &f

(A= {C4lac A}) andAtt is an attack relation defined
by : CL Att G, iff Ix e Cy,dy € Cy suchthat xRy

The traditional acceptability semantics are then
applied on the meta AF. The flattening of the re-
sulting extensions gives the extensions under the
same semantics of the original AFN. Proposition
3 formalizes this result for stable and naive semantics.

1Conflictual clusters lead to self attacked meta argu-
ments that do not belong to any extension.
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extension of : {c,d}.

4 PREFERENCES IN AFNs

We are now ready to analyze what happen when we
put together the necessity relation and the information
about preferences in a same framework. In particular
we will give a generalization of the repairing-based

approach to preference-based AFNs and for that
purpose we will use the Dung meta Framework

corresponding to an AFN that we discussed in the
previous section. A preference-based AFN is defined
simply by adding a preference relation to an AFN :

Definition 9. A preference-based AFN is defined by
> = (AR N,>) wherel' = (A/R)N) is an AFN and
>C Ax Ais a preference relation> is a (partial or
total) preorder over the elementsAf

Handling preferences within Dung AFs is based
on the idea that the very meaning of an attack hides
an implicit preference of the attacker over the attacked
argument. Additional information about explicit pref-
erences is then treated by solving the possible con-
flicts arising from these two kinds of preferences,
either by removing or inversing the critical attacks.
Now, the question is to know what kind of interactions
results from preferences and necessities and what are
the appropriate treatments to capture them. A first
idea that comes to mind is to see if the case of neces-
sities can be handled in a similar manner as attacks,
i.e., if a necessity relation hides a preference that may
contradict an explicit preference. The answer is neg-
ative because in general we can find cases where an
argument is necessary for an argumentvhile b is
considered as preferred éoand other cases whege
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is necessary fdap anda is preferred td. ing it to revise the preferences given initially as

To propose a method for handling preferences in input in the framework. This corresponds also to
AFNs, let us turn to the meaning of a necessity re- a kind of reparation but here, it is the preference
lation. To accept an argumeat we have to accept relation which is repaired using the information
all its necessary arguments. But since these necessargbout necessities and not vice versa as in the case of
arguments may be more or less preferred thathe attacks. Then, the revised preferences are used to re-
initial preference ofa becomes only a gross prefer- pair the attack relation (between the clusters) as usual.
ence and its effective preference will depend on the
preferences of all its necessary arguments. In otherExample 2. Considerz = (A,R N,>) where the
words, the effective preference of an argumeeniill AFN (AR N) is illustrated in figure 2-(1) and the
correspond to the set of the initial preferences of all its preference relation is defined by > b, c > d.
necessary arguments in addition to its proper initial
preference, i.e., the preferences of all the arguments @ (b) Cred () Cred—s ()
of the clusterC,. Then, the interaction between ne-
cessities and preferences will be captured by means l @

@ © J )

of a new preference relation induced from the initial
one and defined on sets of arguments. @ .

Figure 2: (1) A preference-based AFN, (2) The meta PAF
before repairing (3) The meta PAF after repairing.

4.1 Using a Meta PAF

From the previous analysis, the first idea is to turn a gq)1owina definition 10. we apply the following steps:
preference-based AFN into a meta PAF defined by the g : {acd JEPS

meta AF which corresponds to the AFN (without the 1. The set of clusters i& = {Ca = {a,€},Cp =

preference relation) in addition to a new preference  {b},Cc = {c,e},Cq = {d},Cc = {e}} and the

relation defined on the set of clusters. Differentmeth-  attack relationAtt is defined by : Gy Att G,

ods have been proposed in the literature for the use  Co Att G, Gy Att G, Gy Att G, Cy Att C,

of a preference relation on single objects to induce a  Cd Att Ge. Figure 2-(2) depicts the meta PAF be-

preference relation on sets of these objects. Among  fore the reparation oAtt. The democratic relation

them we can find the democratic and the elitist ~ >dC Ax Abased on> is defined by :Ca >¢ Ca,
relations. Unlike the elitist relation which privileges Ca >d Cp, Ca >d Ce, Cp >4 Cp, Cc >4 Ce, Cc >4
minimal sets (ifA C B then A > B) the democratic Cd, Cc 24 Ce, Cg >4 Cy, Ce =g Ce.

relation privileges the maximal sets ®C B then 2 The strict version>4 of the relation>g is de-

A > B). This represents an intuitive motivation for fined by : Ca >4 Cb, Ca >g Ces Cc >4 Cq,

our choice to use the democratic relation to compare ¢, -, Ce. Thus, the critical attacks a@ Att C,

our clusters, since our aim will be to compute (naive andCy Att C.. These attacks are then inversed and

and stable) extensions that are maximal sets verifying  we obtain the repaired attack relatibe f defined

some conditions. The following definition describes as follows : C, Def G,, C, Def G, C, Def G,

how to turn a preference-based AFN into a meta PAF. ¢ Def G, Cy Def G, Cyq Def Ge. The resulting
meta AF(A,Def) is depicted in figure 2-(3).

3. The naive (and stable) extensiongAfDef) are
{C’cl = {ave}acc = {Cve}ace = {6}} and {Cb =
{b},Cq = {d}}. We deduce then that the naive
and stable extensions &fare :{a,c,e}, {b,d}.

Definition 10. We turn any preference-based AFN
> = (A/RN,>) into the meta PAR\ = (A Att, >¢)
where (A Att) is the meta AF corresponding to
(A,RN) and >4C A x A is the democratic relation
based on> (i.e. VC1,Cp C A,Cp >¢ G iff WX €

Co\Ci,3Ix € C1\Cy such that x > xp). If Eis a Now, let us give some properties for the exten-
stable (naive) extension &t thenS= {a|C, € E} is sions of preference-based AFNs. The first result is
a stable (resp. naive) extensionsof that preference-based AFNs represent a proper gen-

eralization of both AFNs and PAFs. Indeed, when
It is worth noticing that preferences play com- the preference relation is reduced just to the reflexive
pletely different roles when interacting with attacks relation, the extensions of the preference-based AFN
and with necessities. Indeed, when the necessitycoincide with that of the corresponding AFN (propo-
relation is absent, preferences are directly used sition 4) and when the necessity relation is absent, we
to repair the attack relation. However when the obtain the same results of PAFs (proposition 5):
necessity relation is present we start first by us-

343



ICAART 2012 - International Conference on Agents and Artificial Intelligence

Proposition 4. LetZ = (A/R N, >) be a preference-
based AFN where>= {(a,a)la € A}. The stable
(resp. naive) extensions afcoincide with the stable
(resp. naive) extensions of the ARN= (A/R,N).

Definition 14. LetZ = (A/R N, >) be a preference-
based AFN. We define the corresponding meta
Rich-PAF byt = (A Att, >4,>) where (A, Att, >4)

is the corresponding meta PAF ands a refinement
relation (in the sense of definition 13).

Proposition 5. LetZ = (A/R N, >) be a preference-
based AFN wher&l = 0 then, the stable (resp. naive)
extensions ok coincide with the stable (resp. naive)
extensions of the PAR = (A/R, >).

Now, among the stable extensions of the meta
PAF, only the maximal ones w.r.t the refinement
relation> are chosen as extensionstof

Definition 15. LetZ = (A/R N, >) be a preference-
based AFN andt = (A Att,>q4,>) be the corre-
sponding meta Rich-PAF. The stable extensions of
> seen as a rich PAF (we will call them rich-stable
extensions) are the elements Max(W,>) (the
maximal elements d¥ with respect to-) whereW is

the set of flattened forms of the stable extensions of
the meta PAR\ = (A, Att, >q).

The results of propositions 1 and 2 continue
to hold for preference-based AFNs. Moreover, is
expressed in terms of the preference relation :

Proposition 6. LetZ = (A/R N, >) be a preference-
based AFN. Naive extensions &fare independent
from the preference relation and correspond to the
naive extensions of the simple AAN= (A,R,N).

Notice that we have not distinguished also the
rich-naive extensions ( i.e., the maximal naive exten-
sions w.r.t refinement relatior) because they simply
coincide with the rich-stable extensions.

The following interesting corollary determines in
some sense the role of preferences in an AFN.

Proposition 7. LetZ = (A/R N, >) be a preference-
based AFN. Any stable extension af is a naive
extension of.

Example 2 (continued). Let us take again the
preference-based AF of example 2. We have
Corollary 1. Adding or updating preferences in a seen that the corresponding meta PAF has two ex-
AFN affects the selection function of stable exten- tensions :{Ca,C;,Ce} and{C,,Cy}. It is not diffi-
sions among naive extensions that remain unchangedcult to check that the comparison between these two
extensions w.r.t to the refinement relatisrgives :
{Ca,Ce.Ce} & {Cb,Cq} and we have no{Cy,Cy} >
{Ca,C¢,Ce}. Thus the only stable extension of the
corresponding meta Rich-PAF is {C,,C;,Ce} and
{a,c, e} is then the unique rich-stable extensior>of

4.2 Using a Meta Rich-PAF

As pointed out in (Amgoud and Vesic, 2010) (Am-
goud and Vesic, 2011), a further role of the preference
relation consists in inducing a refinement relation to
compare sets of arguments. This allows to compare
the extensions obtained under a given semantics.5 DISCUSSION

Following the same principle, we associate to a

preference-based AFN a meta Rich-PAF which adds This paper has shown how to handle information
to the meta PAF defined in the previous section a about preferences in a kind of bipolar Dung style
refinement relation defined on sets of clusters. We framework where the support relation has the partic-

use the democratic relation based>en

Definition 13. Let Z = (A/R,N,>) be a preference-
based AFN andA = (A,Att,>4) be the corre-

ular meaning of necessity. The precise meaning of
the support relation allowed to specify how informa-
tion about preferences should be taken into account.
The main idea in this context was to distinguish in

sponding meta PAF. We define the refinement a sense two levels in representing preference. The

relation > C 22 x 22 as the democratic relation
based on>q, i.e., V&1,& C A&11>&, iff Voo €
&2\ &1,3c1 € &1\ &2 such that ¢ >q ¢y, (i.e c1 >¢

first level is the input level corresponding to the in-
put preference relation. The second level which is
the effective one, considers that the effective prefer-

¢z and no{cz >4 C1)). ence of an argument depends on the preferences of

all the arguments it requires, since accepting an ar-
Once the refinement relation is defined, it is easy gumentimposes to accept all its necessary arguments

to define the meta Rich-PAF corresponding to a regardless their quality. Based on this analysis, the

preference-based AFN as follows: paper proposed an extension of different results of the
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repairing-based approach to the case of AFNs. using value based argumentation framewodkgirnal
The ideas developed in this work remain valid in of Logic and Computatiqri3(3):429-448.

the context of Dung style argumentation frameworks Besnard, P. and Hunter, A. (200&lements of Argumenta-

where no assumption is made on the structure of ar- tion- The MIT Press, London, 2nd edition.

guments. However, an entire body of work on argu- Boélla, G., Gabbay, D., Torre, L. V. D., and Villata, S.

S (2010). Support in abstract argumentation3td In-
mentation is based on structured arguments and a va- ternational Conference on Computational Models of

riety of attack relations. This body includes abstract Argument pages 40-51.

argumentation systems (Vreeswijk, 1997), defeasible gongarenko, A., Dung, P., Kowalski, R., and Toni, F.
logic programming (Simari and Loui, 1992) (Gar- (1997). An abstract, argumentation-theoretic ap-
cia and Simari, 2004), defeasible logic (G. Governa- proach to default reasoningAtrtificial Intelligence
tori and Billington, 2004), logical-based argumenta- 93:63-101.

tion (Besnard and Hunter, 2008), logic-programming Brewka, G. and Woltran, S (2010). Abstract dialec'_[ical
based argumentation system (Prakken and Sartor, frameworks. Innternational Conference on the Prin-
1997) and recently the ASPIC system (Caminada and (Ckpll?i%f;%ne%wllgggil?epresemat'on and Reasoning
Amgoud, 2007), (Prakken, 2010), (Prakken, 2O:L:I')'éiiaminada, M. and Amgoud, L. (2007). On the evaluation
In all these approaches arguments are structured an of argumentation formalismsArtificial Intelligence
represent deductive or defeasible inferences. Thus 171:286-310.

the notion of support is already present in such ap- cayrol, C. and Lagasquie-Schiex, M. (2005). On the accept-
proaches as an internal mechanism in the argument it- ability of arguments in bipolar argumentation frame-
self. Itwould be interesting to study the possible links works. InEighth European Conference on Symbolic
between these kinds of supports and our necessity re- ~ and Quantitative Approaches to Reasoning with Un-
lation. We want in particular to check if our necessity certainty pages 378-389,

: : -~ 1. Cayrol, C. and Lagasquie-Schiex, M. (2010).-Coalitions of
relation can be seen as an abstraction of these kinds arguments: Aol for handling bipolar argumentation

of supports and if it is the case, to define methods al- frameworks.Int. J. Intell. Syst25(1):83-109.

lowing to see the argumentation approaches based orp g p. (1995). On the acceptability of arguments and
structured arguments as instantiations of AFNs. Also, its fundamental role in nonmonotonic reasoning, logic
working on arguments with structures may lead to re- programming and n-person gameAtrtificial Intelli-

vise some of the basic hypotheses of the presentwork. ~ gence 77(2):321-357.

For example, it may limit the cases where the in- G. Governatori, M. Maher, G. A. and Billington, D. (2004).
teraction between preferences and attacks is handled ~ Argumentation semantics for defeasible logiiur-
simply by inversing the directions of critical attacks. nal of Logic and Computatiori4:675-702.
Consequently, in presence of necessities, even if weGarcia: A. and Simari, G. (2004). Defeasible logic pro-

- . ramming: an argumentative approachheory and
keep the idea that the effective preference of an argu- gractice gf Logic grogrammingﬂf%%—ls& y

ment depends on the _preferences of a_ll their required Modgil, S. (2009). Reasoning about preferences in
arguments, the handling of the resulting attacks be- argumentation frameworks. Artificial Intelligence
tween clusters of arguments would require a revision 173:901-934.

that takes into account the structures of arguments. Nouioua, F. and Risch, V. (2011). Argumentation frame-
works with necessities. Ibth International Con-
ference on Scalable Uncertainty Management (SUM-
2011)
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