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Abstract: Given a default theory, we first show that the justified extensions of this theory characterize the maximal
conflict-free sets of the corresponding abstract argumentation framework such as defined by Dung. We then
show how to specialize justified extensions in order to represent admissible (and hence preferred and stable)
extensions inside default theories. Relying on the correspondance of justified extensiarangitfer sets on
one hand, on the semi-monotonic character of justified extensions on the other hand, we then show that any
admissible (or preferred) set of arguments of the initial argumentation framework can be directly computed
from thet-answer sets of the equivalent logic program. Eventually, this allows us to consider the addition of
integrity constraints with whom the admissible sets are filtered from eaokwer set.

in (Amgoud and Besnard, , We propose the ba-
1 INTRODUCTION Amgoud and B d, 2009 propose the b
sis for a reassessment of abstract argumentation un-
Since abstract argumentation frameworks have beender logic. Although out of the scope of this paper, but
introduced by Phan Minh Dung in his seminal pa- from the same point of view, our work intends to base
per (Dung, 1995), several authors have consideredthe ability for a better understanding on how known
the links with default theories and answer set pro- results on preferences, cumulativity, or other logical
gramming (Dung, 1995), (Bondarenko et al., 1997), properties could be applied to argumentation frame-
(Nieves et al., 2008), (Egly et al., 2010). The whole Wworks. Eventually, we expect to catch interesting and
of these works proceeds from a common approach powerful methods of computation of arguments from
which has successfully stressed, both in defaults anda direct translation of argumentation frameworks into
logic programs, the major role played by the idea of logic programming. The last section of the current
two conflicting informations. In this respect, abstract paper is a step into this direction. Our paper is orga-
argumentation sheds a clear light on how nonmono- hized as follows: we first show that maximal conflict-
tonicity is at work inside these formalisms. With- free sets of arguments correspond strictly to justified
out denying this fact, we propose however to return extensions of a default theory (tukaszewicz, 1988),
to the opposite and, in our opinion, barely explored anq hence to theanswer sets (iota-answer sets) of a
question, that is: what default theories and logic pro- logic program (Gebser et al., 2009). We propose then
grams can tell us about abstract argumentation frame-a characterization of the admissible sets of arguments
works? Because abstract argumentation frameworksof any abstract argumentation framework obtained
appear formally to be a fragment of defaults, we es- from a default theoryia an additional constraint on
pecially would like to investigate how one of the most justified extensions of this theory. Relying on the bi-

basic concepts of argumentation frameworks — ad- jection of justified extensions withranswer sets, we
missible sets — is related to the same idea in defaultthen show that any admissible set of arguments of the

theories. Our motivations are manifold. We expect initial argumentation framework can be characterized
to clear up in a more precise way the links among via thei1-answer sets of the equivalent logic program.

these various formalisms: especially, while the ques- It becomes then possible to add to any such program
tion whether the definition of arguments should gen- @ set of integrity constraints that filters the admissi-

erally rely on logical criterions is controversial (e.g. ble sets of arguments from itsanswer sets. Sinae
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answer sets inherit semi-monotonicity (from justified

Sis an admissible set such that each argument that

extensions), this clearly emphasizes their central role S defends is inS. A preferred extensions then a

in a possible incremental treatment of arguments with
logic programs. In the second section below, we re-

C-maximal admissible subset &R Eventually,S
is astable extensioiff Sis conflict free and attacks

call some basic notions about abstract argumentationeach argument that is not

frameworks (Dung, 1995) and default theories (Re-
iter, 1980). After reminding (after (Dung, 1995)) how

to extract an argumentation framework from an equiv-
alentinitial default theory, we propose in the third sec-

tion the converse translation, that is how to express an

argumentation framework as a default theory. In the

fourth section we establish a mapping between max-

imal conflict-free sets of arguments and justified ex-
tensions, which allows to further characterize admis-

Example 1. Consider the following argument frame-
work AF1, in which the arrows represent the attack
relation over the argumengsb, c, d, e, f, g:

—
a—b-—c

d—-¢€

{|

g

sible sets of arguments (and hence preferred exten-

sions) as a special kind of justified extensions. The
fifth section extends this characterization tanswer

The admissible sets ared, {a}, {c}, {d}, {a,c},
{a,d}, {d,f}, {a,d,f}. The preferred extensions

sets and describes the computation of admissible sets; o {a,cl, {a.d.f}. The unique stable extension

with help of integrity constraints.
In the following, we will denote atomic elements

is {a,d,f}. Remind that, whatever the kind of
extension being under consideration (admissible,

lowing a widespread tradition, greek letters are also

conflict-free set, being here one amokg,c,e},

used in definitions and theorems related to defaults (5 ¢ f}, {a,c,g}, {ad,f}, {ad,g}, {b.d, f},
and answer sets. We will use some of the standard(p g g1, {b,e}.

operations of set theoryJ(for union,\ for set differ-
ence,x for cartesian product,Zor the power set of
S). The symbolsT and_L denote the usual truth val-
ues, and-, V, A the usual connectors of propositional
logic.

2 PRELIMINARIES

Let us now briefly remind some of the principal
notions about default reasoning (Reiter, 1980). A
defaultis an expression of the forrfﬁ% whereaq,
Bi, 1 <i < n, andy are closed first-order sentences
with a being called the prerequisit§; the justifi-
cations, andy the conclusion. Considering a set of
defaults D, the functionsPREREQ@D), JUST(D),
and CONSD) refer respectively to all prerequisites,

We briefly recall some basic definitions, first on justifications, and consequences of the default®.of

argumentation frameworks, then on default theories.
Logic programs will be considered in a further
section.

An argumentation frameworls a pair (AR attacks
whereARis a set andattacks is a relation oveAR,
i.e. attacks C ARx AR Each element oAR is
called anargumentanda attacks bmeans that there
is an attack froma to b. Accordingly a is said to
be anattackerof b (thusa is a counterargumentor
b). By extension, a se8 C AR attacksan argument
a € AR iff some argument irS attacksa. On the
contrary,S defends #f for eachb € AR if b attacks a
then S attacks b In this casea is also said to be
acceptable with respect to. SThe attacks relation
induces a kind of coherence with different degrees
among arguments. Firsg§ C AR is conflict freeiff
there are naandbin Ssuch that attacks b Further,
Sis saidadmissibleiff Sis conflict free and defends
all its elements.Sis called acomplete extensioiff
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A default theonA is a pair(W, D) whereW is a set of
closed first-order sentences, dhds a set of defaults.
Intuitively, the consequence of a default holds if its
prerequisite holds and nothing can prevent the justi-
fication to hold (i.e. the negation of the justification
does not hold). The main consequence of this idea is
captured by the notion adxtension The following
characterizations of R- and J-extensions (respectively
due to (Reiter, 1980) and (Lukaszewicz, 1988)) are
given here after (Risch, 1996). Consider (W, D).

A subsetD’ of D is grounded in Wiff for all d € D/,
there is a finite sequencdp,...dx of elements

of D' such that (1) PREREQ{dy}) € Th(W),

(2) for 1 < i < k- 1,PRERE®{di;1}) €
Th(W) U CONS{do,...di}), anddx = d. Then,

let D’ be any subset d; E = Th(WUCONSD')) is:

(1) aJ-extensiorof A iff D’ is a maximal grounded
subset oD such that for alB € JUST(D'), -8 ¢ E;

(2) aR-extensiorof A iff it is a J-extension, and for
each defaultl € D\ D/,d = “&-Fn eithera ¢ E or
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—-B;i € E for somef;. WhenE = Th(W U CONSD")) ered in standard default reasoning. Hence, in order
is an extension (either J- or R-), the &¥tis called to ensure a standard behaviour, the empty attacker
the set ofgenerating defaults of Eand is denoted is indeed the least element needed in the set of justi-
by GD(E,A). Note that J-extensions have interesting fications of the defaults resulting from our translation.
properties: they always exist, they denote consistant
sets (in the standard case), and R-extensions are @&xample 2.(continued) Consider again the argument
special case easily characterized among J-extensionsframework AF1 given above. The corresponding
Moreover, they are semi-monotonic i.e. adding new default theory is given byAsr = (0,Dar) with
defaults to a default theory does not remove the ppe = {I, H%*C,%,%7%9,¥,%}
previous J-extensions of this theory. Note that in the
sequel, since there is no need for the full expressive Note that, where translating aAF to a default
power of first-order logic, we restrict ourselves to theory generates a number of defaults equal the
propositional default theories. number of arguments iF, the translation in the
other direction, that is from a default theory to an
AF, generates many more (generaly infinitely many)

3 TRANSLATING ARGUMENTS arguments. This complexification is mainly due
to the fact that we move from full propositional

INTO DEFAULTS AND logics (on the side of defaults) to the simple flat
CONVERSELY fragment of propositional atoms, negated or not,

with no operation of deductive closure (on the side

Following (Dung, 1995), let us remind how a default ©Of AF). Let us still point out that, as in the logical

theory can be expressed as an abstract argumentatiogPproaches of argumentation (cf. - (Besnard and
framework. ConsideA = (W,D) a default theory ~ Hunter, 2008)), the standard translations defined here

and A = {B1,...,Bn} € JUST(D). A sentence\ leads to define the arguments with a structure under
is said to be adefeasible consequence Afand A the form (supportconclusion. Eventually, note that
(Dung, 1995) if there is a sequenga,...ey) with the notion ofdefeasible consequendefined above

en = A such that, for eacls,0 < i < n, either (1) allows precisely to express the arguments under this
e €W or (2) g is a logical consequence of the form by sort of removing the prerequisites from the
preceding members in the sequence, org3} the initial default theory. This stresses indeed the fact that

conclusiony of a default®BL-Bn \whose prerequisite going from default theories to argument frameworks
Y is an abstraction process (which, as noticed, is

o is a preceding member in the sequence and Whoselntractable in its full generality) while going from
justifications ; belongs toA. A is said to be a Y y going

support forA with respect toA. The theoryA is argument frameworks to default theories imadular

then interpreted as an argumentation framework gﬁggiﬂg?et%v::rgsamfarggn;zg uI?I: gcsafglrjltjm(ggtesagn d
(AR, attackg) as follows: (1)ARy = {(A,A) | A C y 9 ’

; : i for each default, as many justifications as attackers
JUST(D), A is a support foA with respect ta\}; ' o
@) (K )\))’ attacks, ?X, N) iff A € /\’[.) Conv}ersely plus one for the empty attacker). Now, what remains

let us introduce now a simple translation from any to do rega(d|ng this translation is 1o ensure that
abstract argumentation framework into the langage of any adm|ss_|ble set of arguments get an equwalent
default theories. We first define a so-callstiackers  'cPresentation as some sort of default extension.
function fromAR to 2°R such that for every, b in

AR Attackerga) = {T}U{-b|b attacks & In
other word, when an argument ifAR attacks is
attacked by no argument, the function associates it
with the “empty” attackefT, otherwise it associates it
with the set of its standard attackers logicaly negated.
gn)t/h:rr]g?nr?;ntatlon frameworldF = (AR attacks arg(A) — {(AA) € ARy | ¥B € ABUA I}: (2)

preted modularly as a default theory F ,

- _ T Attackerga) flat(A’) = {A | 3(A,A) € A}, Let A be a default
Onr = (0,Dar) with Dap = { ——2——[ac AR} theory. Then (lemma 42 and theorem 43 of (Dung,
Note that, while a default with a set of justifications 1995)): (1) GivenE any R-extension of\, arg(E)
restricted toT will participate in the generation of i 5 stable extension ofARy, attacks); (2) Given

a consistantextension, the same default but with an E’ any stable extension ofAR,attacks), flat(E’)
empty s_,et of justifications may lead to Brtonsistant _is an R-extension of\. In order to consider into
set. This represents a degenerated case never consid-

As shown in (Dung, 1995), there is an exact
correspondence between the R-extensions of a
default theory and the stable extensions of an
abstract argumentation theory. Considera first-
order theory, andd C AR\ a set of arguments
obtained from a default theorA. Define (1)
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defaults the case of other types of extensions used inCorollary 2. Let A = (W,D) be a default theory
abstract argumentation frameworks, we establish theand (AR, attackg ) the corresponding argumentation

following corollary which characterizes the existence
of arguments irARx regarding a default theody.

Corollary 1. Let A = (W,D) be a default the-
ory and (ARy,attackg) the corresponding argu-
mentation framework. Then: (I\,A) € ARy iff
there exists DC D, D’ grounded in W such that
A = JUST(D') and A € Th(W U CONSD')); (2)
flat(AR\) = U Th(WUCONSD)).
/ =2D
D’groeuznded

4 A J-EXTENSION BASED
APPROACH OF ADMISSIBLE
EXTENSIONS

framework. Let i be any conflict-freeC-maximal
subset of AR Then flafEx) is a J-extension aA.

Corollary 3. Let A = (W,D) be a default theory
and(ARy, attacks) the corresponding argumentation
framework. Let E be any J-extension &f Then
AR\(GD(E,4)) is a conflict-freeC-maximal subset
of ARh.

The question is now to filter J-extensions in or-
der to represent admissible extensions in default logic.
We do it thank to the following characterization theo-
rem:

Theorem 2. Let A = (W,D) be a default theory
and (ARy,attacks) the corresponding argumenta-
tion framework. Let{Djjcn} be any enumeration
of the grounded subsets of D and) = Th(W U
CONSD;)) for any ie N. For any D C D, AR\(D’)

Let us consider in deeper way how to get arguments is an admissible set dARy, attacks ) iff

of AR, from a default theoryA. Our idea is to map

an bset of applied defaults to a subset of argu-
= e i W guéii) there is j€ N such that DC Dj and EDj) is a

ments as accurately as possible in the most possibl

general way, and hence to relate eventually extensions
(iii) for any k€ N, (3B € JUST(ID’),—-B € E(Dx)) =

of ARy with extensions ofA. Note that Corollary 1
stresses the crucial role played by the subsel iof
the constitution of any argume(,A) of ARa, since
for any such argument there exi§$C D such that

A =JUST(D') andA € Th(WUCONSD')). The last
setis precisely of the form taken by the different kinds
of extensions ol (with possibly different constraints
on it). In other words, we expect to relate different
types of subsets ARy with some type of extension
of Avia JUST(D') (for the supports of the arguments)
andTh(W UCONSD’)) (for the consequences of the
samearguments). To achieve this goal however, the
operatorarg defined earlier is too sloppy. Hence we

(i) there is i€ N such that D= D;
J-extension

(3ye E(D’),~y € JUST(Dy))

What is shown here is that in order for a subset
of a J-extension to correspond to an admissible set,
one has to check that if any negation of a justification
used to derive this subset can be found in one of
the grounded subsets &f (i.e. some argument is
attacked) then some formula of this grounded subset
will be found negated among the initial justifications
(i.e. the argument is defended). In other words, in
order to compute any admissible set inside a default
theory (and hence any preferred extension when
consideringC-maximal subsets), it is sufficient to

introduce a more accurate operator, directly defined filter inside the J-extensions. The most interesting

on a subset of defaults:

Definition 1. Given a default theornj = (W, D), and
D' C D, let AR(D') = {(A,A) € ARy | A € ThW U
CONSD'))}

Obviously,ARx(D) = ARy. We can now come to

consequence of this result comes from the one-to-one
correspondence between J-extensions aadswer
sets, which is the matter of the following section.

Note that in the case where the consequence
(3y € E(D'),~y € JUST(Dy)) of the implication of

the characterization of conflict-free sets of arguments (iii) is always true, we characterize stable extensions,

via a subseD’ of defaults:

Theorem 1. Given a default theonA = (W,D),
let D' C D, D’ grounded in W and E= Th(W U
CONSD’)). Then AR(D’) is conflict-free iff V3 €
JUST(D'),-B ¢ E.

The two following corollaries show that J-

which indeed correspond directly to the R-extensions
via the characterization considered earlier.

5 LINKWITH 1-ANSWER SETS

extensions correspond to conflict-free maximal sub- Put into the context of answer set programming, J-
sets of arguments. More precisely, from the definition extensions have been shown by (Delgrande et al.,
of J-extensions and theorem 1, we getimmediately: 2003) to correspond to some way of relaxing answer
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sets. This idea was further fully developed in (Gebser AR+ (). For any M’ C M, ARy (M) is an admis-
etal., 2009) who defines theanswer sets of a logical  sible set of AR(N) iff there is i, 1 <i <k, such
program as the exact counterpart of the J-extensionsthatn’ C M; and(vr’ € NM")(3r e N\ ') (body (r')N
of the corresponding default theory. Following (Geb- headr) # 0= head’) nbody (r) # 0).

ser et al., 2009), remind that a normal logic program

is a finite set of rules of the form Example 3.(continued) Back té\F1, we get the fol-
Po < P1,..-, Pm, not P, not o) IOWIng Ioglc progranﬂAFl:

_ rl: a « r®: e « notdnotg
where eaclp; is anatom For a ruler, headr) and r2: b « notanotc B: f <« note
body(r) denote the usual corresponding partsr pf - ¢ « notd 7: g « notf

while body" (r) andbody  (r) denote respectively the r4
positive part and the negative partloddy(r). This
definition are extended from a rule to a progréim
e.g. head) = {headr) | r € M}. Eventually, note
that an empty head is similar to, while an empty

El?:d&/ lljsoj)'/rf' ('II_? )r iog. Egc%r%gar:i? SrJngﬁwl:eg :Sa_a andXs that respectively correspond to the following

: e . two conflict-freeC-maximal subsets oARq (Mar1):
unigueC-minimal model, denoted b&n(I), that is ARq(M1) = {({}.), ({not d}.c), ({not d. not g} &)}
the smallest set of atoms closed under the rulds.of .

Lot Cni (1) — CnM®) — Criheadr) «. ~ ARn(Ms) = {({}.a).({notc},d), ({not },9)}, with
body"(r) | r € M). Consideringl a logic pro- Ma={r’,r",r°}, Ms = {r=r%,r'}. Applying corol-
gram and X a set of atoms,X is an t-answer lary 5., JLis easi 10 check that whiléinot.f},0)
set of M if X = Cn™(MN’) for some maximal HonT=AR(F) TaliaekS={ tnot=dATot’ Jfre)l from

ARq(M1) (that is body (r°) N headr’) # 0)
M’ € N such that (1)body"(N’) € Cn™(M’) and 1 y A . ’
2) _body*(l'l’) Acnt (M) = 0 " The t-answer  AR1(M1) does not defends itself from this attack
sets of a progranil correspond to the justified ghatllflheadﬂlzﬂ(EJOQy‘(ér) zog.t:]'h{st;]neans that ¢
extensions of the default theory given by the fol- Rill1) is ot admissible an at the argumen

; - ({not d,not g},e) has to be removed in order to get
lowing known modular translation: each ruke {({},a).({not d},c)} as an admissible subset of

. 7+ (r):=|body”

of M yields a default A2 r(mre)éc(‘rt;wy Ol (where AR (Mar1). Similar checks apply to all theanswer

| S|={a]| not ac S}), andW = 0. Given’ C I, sets found here.

let (1) ARq(M") = {(body (r),headr)) | r € M},

(2) flaty (M’) = {headr) | r € M’} Given any argu-  Let us now define the counterpart of an admis-
mentation frameworlAF = (AR attacks, from the sible set of arguments inside a logic program:
translation defined earlier we get a default theory pefinition 2. Letl be a logic program and X be a set
Dar = (0,Daf). Inturn, from the modular translation  of atoms. X is called aadmissible answer set bFiff
defined just above, this default theory yields a logic there is’ € M such that X= flaty (M) and ARy (M)
program Mar with an empty positive body (i.e. s an admissible set of ARM).

7+ — —
?oordgvg:y)gf C_g) tﬁgergrg)’(i'gg'_lgrgﬁ) _sﬁr:h ?Rgt Following (Gebser et al., 2009), we can augment
ARy(D') — AR (GF,) andflat(ARy(D')) fflat ) our framework with integrity constraints whose pur-
As a consequence of corollaries 2 and 3 V\Te thén getpose here will be to ﬂ!ter_ inside thganswer set_s the .
immediately: subsets that are admissible. Remind that an integrity

' _ constraint is a rule with an empty head, that is

_C_orollary 4. Letl be a program with an empty pos- < PL,..., Pm,NOt P, ..., NOL P
itive body and AR(IN) the corresponding argumen-
tation framework. For anyl’ C M, AR (') is a C-
maximal conflict-free subset of ART) iff head )
is al-answer set of1.

d < notc

Eight 1-answer sets are generated, namly =
{a,c;e}, Xo={a,c,f}, Xs={ac,g}, X4 ={ad,f},
Xs = {a,d;g}, X6 = {b,d,f}, X; = {b,d,g},
Xg = {b,e}. For instance, consider especiay

After (Gebser et al., 2009), we consider a constraint

satisfied with respecto a seX of atoms if for any rule

r of M, body" (c) Z X orbody (c)NX # 0. In order to

eliminate inta-answer sets the subsets that would not
From theorem 2 we get directly: correspond to admissible setsAiRq (1) for a given

Corollary 5. LetlT be a program with an empty pos- Programrl obtained from an abstract argumentation

itive body and AR() the corresponding argumen-  framework, let

tation framework. Let X...,Xx be a collection of CI_IAd: {+ headr’),body (r) |
all ther-answer sets dfl and ARy (M1),...,ARq (M) , .
the corresponding conflict-free maximal subsets of r,r" € M, headr) € body (1)}
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Remark:Just as we label every rule of a program are also concerned with a detailed comparison with
with a unique natural number, we find convenient to the computation methods proposed in (Nieves et al.,
label every constraint from the two rules that yield 2008) and (Egly et al., 2010). Finally, note that an-
it in a program, i.e. in the sequel will denote other direction under way concerns the possibility to
+ headr'),body (r!) whenheadr') € body (r!). extend the bipolar approach of abstract argumentation
Definition 3. Let[ be a logic program¢A¢ be a set frameworks in order to provide them with the same
of integrity constraints and X be a set of atoms. X is €XPressive power as normal logic programs.
admissible with respect o4 iff X is a subset of an
1-answer set of such that every € c;%is satisfied
with respect to X.

Theorem 3. LetI be a logic program and X be a set
of atoms. Then X is an admissible answer sefllaff

X is admissible with respect t}°.
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that no grounding is necessary _for the logic programs extensions as stable modeRPLP, 8(4):527-543.
obtained from our transformation Of argumentation Reiter, R. (1980). A logic for default reasoningtificial
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2005) or the semi-stable (Caminada, 2006) seman-

tics. Of course, and regarding complexity issues, we
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