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Abstract

Argumentation theory has become an important topic in the
field of Al. The basic idea is to construct arguments in favor
and against a statement, to select the “acceptable” ones and,
finally, to determine whether the statement can be accepted or
not. Dung’s elegant account of abstract argumentation (Dung
1995) may have caused some to believe that defining an argu-
mentation formalism is simply a matter of determining how
arguments and their defeat relation can be constructed from a
given knowledge base. Unfortunately, things are not that sim-
ple; many straightforward instantiations of Dung’s theory can
lead to very unintuitive results, as is discussed in this paper.

In order to avoid such anomalies, in this paper we are inter-

reasoning about arguments themselves in order to determine
the most acceptable of them.

One of the most abstract argumentation systems is Dung’s
one. It has been shown that several formalisms for non
monotonic reasoning can be expressed in terms of that ar-
gumentation system (Dung 1995). Since its original formu-
lation, Dung’s system has become very popular and differ-
ent instantiations of it have been defined. This may have
caused some to believe that defining an argumentation for-
malism is simply a matter of defining how arguments and
their defeat relation can be constructed from a knowledge
base. Unfortunately, things are not that simple. Some instan-
tiations of Dung’s system such as the Prakken and Sartor's

ested in defining some rules, calletionality postulatesor
axioms that govern the well definition of an argumentation
system. In particular, we define two important rationality pos-
tulates that any system should satisfy: teasistencand the
closenessf the results returned by that system. We then pro-
vide a relatively easy way in which these quality postulates
can be warranted by our argumentation system.

system (Prakken & Sartor 1997) can lead to very unintuitive
results. The same problem occurs also in systems which are
not based on the Dung’s system, such as (@a&Simari
2004).
In order to avoid such anomalies, the aim of this paper
is twofold: on the one hand, like in the field of belief
revision, where the well-known AGM-postulates serve as
. general properties a system for belief revision should ful-
Introduction fill, we are interested in defining sominciples (called
Argumentation has become an Artificial Intelligence key- hererationality postulatesor axiomg that any argumenta-
word for the last fifteen years, especially in sub-fields such tion system should fulfill. These postulates will govern the
as non monotonic reasoning, inconsistency-tolerant reason-well definition of an argumentation system and will ensure
ing, multiple-source information systems, natural language the correctness of its results. In this paper we focus par-
processing and human-machine interface also in connec- ticularly on two important postulates: theosenessand
tion with multi-agents systems (Amgoud & Cayrol 2002; the consistencyof the results that an argumentation sys-
Prakken & Sartor 1997; Rahwaet al. 2004; Gmez & tem may return. These postulates are violated in systems
Chedievar 2003). such as (Prakken & Sartor 1997; Governatral. 2004;
Argumentation is a promising model for reasoning. It Garda & Simari 2004). On the other hand, we study vari-
follows three steps: i) to construct arguments in favor and ous ways in which these postulates can be warranted in the
against a statement, ii) to select the “acceptable” ones and, argumentation system developed in (Amgatcl. 2004).
ﬁna”y, |||) to determine whether the statement can be ac- This paper is Organized as follows: in the second sec-
cepted or not. It may also be considered as a different tion we introduce an argumentation system which is an
method for handling uncertainty. The basic idea behind ar- jnstantiation of the Dung system. Through this system,
gumentation is that it should be possible to say more about e will jllustrate what is going wrong in most systems
the certainty of a particular fact than the certainty quantified gych as (Prakken & Sartor 1997; Governagtrial. 2004;
with a degree in [0, 1]. In particular, it should be possible to  Garda & Simari 2004). In the third section, we introduce
assess the reason why a fact holds, in the form of arguments, the two rationality postulates. In the fourth section, we pro-
and combine these arguments to evaluate the certainty. In- pose two possible solutions that warrant the satisfaction of
deed, the process of combination may be viewed as a kind of the postulates. Finally, the fifth section is devoted to some
concluding remarks and perspectives.

Note that for the lack of space, all the proofs can be found
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in a technical report written by the authors of this paper.

An abstract argumentation system

In what follows, we present an instantiation of the Dung'’s
system developed in (Amgouet al. 2004). For the sake of
simplicity, priorities are not handled here. We will assume
arguments to consist afeesof strict and defeasible rules.
This choice is somewhat arbitrary, it would be equally possi-
ble to define arguments &sts of strict anddefeasibleules,

and still obtaining the same basic problems and possible so-
lutions as is the case for arguments as trees. In what fol-
lows, £ is a set of literals ané is a subset of.. We assume
the availability of a function =", which works with literals,
such that-p = —-p and——p = p (where p is an atomic propo-
sition). S is a set of strict rules of the fory, ..., ¢, — ¥
(meaning that ifp4, ..., ¢, hold, thenwithout exceptiorit
holds that)) andD is a set of defeasible rules of the form
o1,...,0, = ¥ (Mmeaning that ify, ..., ¢, hold, then it
usuallyholds thaty) with ¢;, » elements ofZ. From a de-
feasible theory K, S, D), arguments can be built as follows:

Definition 1 (Argument). Let (K, S,D) be a defeasible
theory. Anarguments defined as follows:
Premises: if ¢ € K theng is an argument ) with:

e Conc(A) =¢

e StrictRules(A) =10

e DefRules(A) =0

e SubArgs(A) = {4}
Strict construction: if Ay, ..

., An (n > 0) are arguments

andS contains a strict rule€onc(A;), ..., Conc(A,) —

YthenA,, ... A, — ¢ (A)is an argument with:

e Conc(A) =1

e StrictRules(A) = StrictRules(4;) U ... U
StrictRules(A,) U {¢1,...,¢n — ¢}

e DefRules(A) = DefRules(A4;) U U
DefRules(A,)

e SubArgs(A) = SubArgs(A4;)U...USubArgs(A,)U
{A}

Defeasible construction:if A;,...,4, (n > 0)

are arguments andD contains a defeasible rule
Conc(A;),...,Conc(4,) = ¢ thenA;,... A, = ¢
(A) is an argument with:

e Conc(A) =

e StrictRules(A) = StrictRules(4;) U ... U
StrictRules(A4,)

e DefRules(A) = DefRules(A4;) U U
DefRules(A,) U{¢1,...,d, = ¥}

SubArgs(A) = SubArgs(A;)U...USubArgs(4,)U
A

An argumentA is strict iff DefRules(4) = 0. A denotes
the set of all arguments that can be built fr@fg, S, D).

Since the knowledge bases are generally inconsistent, the A : [d]

arguments may be conflicting. The first kind of conflicts
concerns the conclusions of the arguments. Indeed, two ar-
guments may conflict with each other if they support contra-
dictory conclusions.

Definition 2 (Rebutting). Let A, B € A. A rebutsB iff 3
A’ € SubArgs(A) with Conc(A’) = ¢ and 3 a non-strict
argumentB’ € SubArgs(B) with Conc(B’) = —1).

Two arguments may also conflict if one of them uses a
defeasible rule of which the applicability is disputed by the
other argument. In the following definition,| stands for
the objectivation operator (Pollock 1995), which converts a
meta-level expression into an object-level expression (in our
case: a literal).

Definition 3 (Undercutting). Let A, B € A. A un-
dercuts B iff 3 By,...,B, = 1 € SubArgs(B)
and 34’ € SubArgs(4) with Conc(A')
—[Conc(By), ..., Conc(By,) = ¥].

The two above relations are brought together in a unique
relation of “defeat”. Formally:
Definition 4 (Defeat). Let A and B be two argumentsA
defeatsB iff A rebutsB or A undercutsB.

The second step of an argumentation process consists of
computing theacceptablearguments. Dung has defined dif-
ferent acceptability semantics.

Definition 5 (Defence/conflict-free).Let S C A.

¢ S defendsan argumentd iff each argument that defeats
A is defeated by some argumentdn

e S is conflict-freeiff there exist no4;, A; in .S such that
A; defeatsA;.

Definition 6 (Acceptability semantics). Let.S be a conflict-

free set of arguments and Bt 24 — 24 be a function such

that F(S) = {A | Ais defended by}.

e Sisadmissiblgff S C F(S).

¢ Sis acompleteextension iffS = F(S).

e S is apreferredextension iffS is a maximal (w.r.t sef)
complete extension.

e Sis agroundeckxtension iff it is the smallest (w.r.t SE)
complete extension.

Note that there is only one grounded extension. It con-
tains all the arguments which are not defeated and also the
arguments which are defended directly or indirectly by non-
defeated arguments.

The last step of an argumentation process consists of de-
termining, among all the conclusions of the different argu-
ments, the “good” ones calledstified conclusions Let
Output denote this set of justified conclusions. One way
of definingOutput is to consider the conclusions which are
supported by at least one argument in each extension.

Definition 7 (Justified conclusions).Let (A, defeat) be an
argumentation system add,, . . ., £, } be its set of exten-
sions (under a given semanticfjutput = {¢|VE;,JA €
E; such thatConc(A) = v }.

Example 1. LetK = {a;d}, S = 0, D = {a = b;d =
-b}. The following arguments can be constructed:

Ay [a] As: [A1 = D]
A4 : [AQ = _‘b]
ArgumentA; defeatsA, and vice versa. However, the ar-
gumentsAd; and A, do not have any defeaters. Thus, they
belong to any extension. Consequentlgndb will be con-
sidered as justified conclusions.



Let us now consider the followinigterestingexample. Rationality postulates

Example 2 (Married John). LetK = {wr; go}, S = {b — Like any reasoning model, an argumentation-based system
—hw;m — hw} andD = {wr = m; go = b} with: wr = should satisfy some principles which guarantee the good
“John wears something that looks like a wedding ring, quality of the system. The aim of this section is to present
=*“John is married”, hw = “John has a wife”, go = “John and to discuss two important postulatesonsistencyand
often goes out until late with his friendsb, = “John is a closenessthat any argumentation-based system should sat-
bachelor”. The following arguments can be constructed: isfy in order to avoid the problems discussed in the previous

Aq: wr] Ay [Ag =0 section.

As ¢ [go] As : [As — hw] The idea of closeness is that the answer of an

As: [A = m] Ag: [Ay — —hw] argumentation-engine should be closed under strict rules.
The argumentd; defeats the argumemg and vice versa. That is, if we provide the engine with a strict rule— b

However, the argumentd;, A,, A3 and A4 do not have (“if a then it is alsounexceptionalljthe case that”), to-

any defeaters. Thus, they belong to the grounded extensiongether with various other rules, and our inference engine
{A1, As, A3, A4}. Consequently, the set of justified con- outputsa as justified conclusion, then it should also out-
clusions isDutput = {b; m;wr; go}. This means that John  putb as justified conclusion. Consequentlyshould also

is both married {n) and a bachelor &), even though from be supported by an acceptable argument. Before stating the

the content of the knowledge base (the strict rutes> hw postulate, let’s first define the closure of a set of formulas.

andb — —hw) it should be clear thab andm cannot hold Definition 8 (Closure of a set of formulas). Let F C L.

together. F is closediff for every rule¢y,..., ¢, — @ in S with
Example 2 shows clearly that counter-intuitive conclu- ¢4,...,¢, € F, it holds thaty € F.

sions may be inferred from a base using the above argu-
mentation system. As a consequence,dlosure under the

set of strict rulesof the set of conclusions may be incon-
sistent. In the above example, the closure under the strict

We say that an argumentation system satisfies closeness if
its set of justified conclusions, as well as the set of conclu-
sions supported by each extension are closed.

rules of {b;m; wr; go} is {b; m; wr; go; km; —~hm} which Postulate 1 (Closeness)Let (A, defeat) be an argumenta-
is directly inconsistent. One may argue that the grounded tion system built from a defeasible thedty, S, D). Output
extension is “indirectly” inconsistent. Moreover, the set of IS its set of justified conclusions, add, ..., E,, its exten-

conclusions may also be nolosed under the set of strict ~ Sions.(A, defeat) satisfiesclosenesdf:
rules For instancehw and—hw which are in the closure of 1. gutput is closed

the set of justified conclusions are not in the set itself. 2. VE;, {Conc(A)|A € E;} is closed.
The above example returns counter-intuitive results in our X ! .
reference formalism, as well as in (Governatiral. 2004). The second condition says that every extension should be

It should be noticed, however, that the problem is not limited €losed in the sense that an extension should contain all the
to these particular two systems. The following example, for arguments acceptable w.r.tit.

instance, is going wrong in (Prakken & Sartor 1997; Garc As closeness is an impor.tant. property, one should se_arch
& Simari 2004; Governatost al. 2004). for ways to alter or constrain his argumentation formalism

in such a way that its resulting extensions and conclusions
Example 3. Let K = {a;d; g}, S = {b,c,e, f — g} and Y g

satisfy closeness.
D={a=bb=>cd=ee= [} fy

The following arguments can be constructed: Another important property of an argumentation sys-

ﬁl [Z] ﬁf" [ﬁ‘* = tem is consistency It should not be the case that an
AQZ M AG' {AQ :?]] extension or the set of justified conclusions supports

3 76 opposite statements. This is of great importance since
Ay: [Ap = b] As: [Ag, As, Ag, A7 — —g] PP 9 b

it guarantees that the argumentation system deligafe

Ay, As. Ay, As, Ay and A» do not have any defeaters, thus ;::rr:ﬁlljtljasl;ons. Let’s first define the consistency of a set of
they belong to the grounded extension. Therefore, the propo- o _
sitionsa, b, ¢, d, e, f and g are considered justified. Notice ~ Definition 9 (Consistency of a set of formulas).Let ' C

Here, argumentds is defeated byds;. The argumentsi,

that although there exists a strict rulec, e, f — —g, —¢g L. F is consistentff =3¢, x € F such that) = —y.
is not a justified conclusion. This shows that the justified  An argumentation system satisfies consistency if its set of
conclusions are not closed strict rules. justified conclusions, and the different sets of conclusions

The problem with the above examples is that the consid- corresponding to each extension are consistent.

ered language is not expressive enough to capture all the dif- postulate 2 (Consistency).Let (A, defeat) be an argu-
ferent kinds of conflicts that may exist between arguments. mentation system built from a defeasible thefty S, D).

As a consequence of missing some conflicts, the conclusions gytput is its set of justified conclusions, at, . . ., E,, its

may becounter-intuitive In example 2, for instance, itis  extensions(A, defeat) satisfies consistency iff:

not possible to conclude at the same time that John is both
married and a bachelor. Since conclusions may be counter- ) )
intuitive, problems ofnconsistencyandnon-closureappear. 2. VE;, {Conc(A)|A € E;} is consistent.

1. Output is consistent



The consistency of the extensions is verified in our for- Cl,,(S) also contains the ruleshw — —m it is now pos-
malism since complete extensions should be conflict-free, sible to construct the following counterargumefiffgo] =
and thus cannot contain two arguments that rebut each otherb] — —hw] — —m]. Thus, the two arguments will not be

in the sense of definition 2. in the grounded extension. Consequentlyis no longer
a justified conclusion. Similarly, the two following con-
Possible Solutions flicting arguments can be constructedigo] = b] and

In this section we propose two possible solutions for ensur- [[[[wr] = m] — hw] — —b] (sincehw — b is now in
ing the closeness and the consistency of the argumentationClep(S))- Thus,bis not justified.
system proposed in the previous section. . In the above example, it can be seen g}, can gener-

A possible analysis of example 2 and example 3 is ate a rule (in this caseshw — —m) thatis needed to obtain
that some strict rules are missing. That is, if the rules an intuitive outcome. As a side effect],, also generates
~hw — —m and hw — -b (which are the contra-  many rules that are not actually needed to obtain the intu-

posed versions of the existing rules. — hw and itive outcome. An example of such a rulehis- —m, which
b — —hw) are added taS, then one can, for instance,  corresponds to applying transitivity on the rutes- —hw
construct a counterargument againét> go) = b: and—hw — —m. Worse yet(l,, may also generate rules

[(((— wr) = m) — hw) — —b]. The basic ideaisthento  \which are actuallyharmful for obtaining an intuitive out-
make explicit inS these implicit information by computing  come. An example of such a rule js—p — ¢. Rules

a closure of the sef. The question then becomes whether jike these, which are generated regardless of the content of
it is possible to define elosure operatoilCl onS suchthat s may give birth to self-defeating arguments, which may
the outcome makes sure that the argumentation system built prevent some “good” arguments from becoming acceptable.
on (K, Cl(S), D) satisfies closeness and consistency. This problem can be illustrated with the following example.

One way to define a closure operator given a set of Example 5. LetK = {asbic}, S = 0 andD = {a =
strict rules would be to convert the strict rules to material d;b = —d; ¢ = e}. This allows us to construct, among oth-
implications, calculate their closure under propositional €rs, the following argumentsd = [[a] = d], B = [[}] =

logic, and convert the result back to strict rules again. In —d], andC' = [[c] = e]. Intuitively, one may wish to have
what follows,- denotes classical inference. e justified,d and —d not justified. Unfortunately, this is not

the case because there now exiBts= [A, B — —e] which
defeatsC. Note thatD is a self-defeating argument. To
see why this is a legally constructed counterargument, first

Definition 10 (Propositional operator). LetS be a set of
strict rules andP C L. We define the following functions:

o Prop(S) ={¢1A.. . Npn DY | ¢1,...,0n — b € S} consider the fact that, under propositional logic, it holds
o Cnprop(P) ={¢ | PF 4} that d, ~d - —e. Therefore, there exists a rule of the form
o Rules(P) ={¢1,...,¢n = |1 N...Nb, DU € d,—d — =e. ltis this rule that is applied in argumernd

P to combineA and B to obtain—e. Thus,D defeatsC' and

The propositional closure of S s Cl,y(S) _ consequently, the argumefitis not acceptable andis not

Rules(Cnprop(Prop(S))). justified.

First of all, it can easily be seen thal,,, is indeed a clo- The above example clearly yields undesirable results,
sure operator. That is, it satisfies the following three proper- €ven if under the grounded extensions, the system satisfies
ties: both closeness and consistency. If Nixon is both a quaker

and a republican, then the issue of whether he is a pacifist

Property 1. LetS be a set of strict rules. or not should not influence a completely unrelated proposi-

1. S CClL,(S) tion (say, whether it will rain today). Indeed, in general it
2. ifS; € Sy thenCl,, (S1) C Clyp(S2), (S1,S82 € S) should not be the case that two arguments that rebut each
3. Clyp(Clyp(S)) = Clyp(S) other can keep an arbitrary argument from becoming ac-

ceptable. To solve this problem, one may think of ruling

out self-defeating arguments and not considering them when

guarantees that under grounded semantics the postulates,, ., ting the set of acceptable arguments. Unfortunately,
closeness (postulate 1) anq consistency (postule}te 2) a€his solution leads to the violate closeness. Let's take the
warranted for the argumentation system presented in the pre'following example:

vious section.
Theorem 1. Let (A, defeat) be an argumentation system Example 6. LetK = {a}, § = {¢,d — —[a = b]} and

built from (K, Cl,, (S), D). (A, defeat) satisfies closeness P = {a = bib= c;b = d}. _
and consistency under the grounded extension. Now consider the following arguments:

Furthermore, by using’l,,(S) instead of justS, one

To illustrate howC',,,, works, consider again example 2 Av: la] As i [Ar = d

PP ' 9 pie 2. Ay : [A] = D] As: [Az, Ay = —[a = b]]
Example 4 (Married John, continued). Let X = As: [Ay = (]
{wr;go}, S = {m — hw;b — -hw} andD = {wr = The argumentd; is self-defeating (self-undercutting) and
m;go = b}. Under (K, Cl,,(S), D) the following argu- thus ruled out. This means thdb, A3 and A, don't have

ment can be constructedwr] = m]. However, since any defeaters anymore, and are thus justified. This means



that the literalsc andd are also justified. Yet[a = b] is (K, Cl,(S), D), then counter-arguments againdt B and
not justified, which violates closeness. C doexist. For instanceD = [[[b] = €], [[¢] = f],[g] —

In the light of the above, one can observe that the ap- —d] defeatsA (because, f,g — —~d € Cl;,(S5)). The
proach of computing the closure of a set of strict rules re- counter-arguments against, B and C' make sure that, un-
quires a closure operator that generates at least those rulegier grounded semantics, neithére nor f is justified. At
that are needed to satisfy closeness and consistency, but ath® same time, however, it must be observed that the set
the same time does not generate rules which can be used tol4, B, C} is admissible. Even though defeatsA, A
build new arguments that may keep “good” arguments from also defeatd), and similar observations can also be made
becoming acceptable, and consequently keep their conclu- With respect toB and C.  And becausd A, B, C'} is ad-

sions from becoming justified. In other words, the closure
operator shouldn’t generate too little, but it shouldn’t gener-
ate too much either.

We are now about to define a second closure opera-
tor Cl,, that is a lot weaker than our first on€'l,,,).
Our discussion starts with the observation that a strict rule
(say ¢1,...,¢0, — 1), when translated to propositional
logic (¢1 A ... A ¢, D %) is equivalent to a disjunction
(=1 V...V 2o, V). Inthis disjunction, different literals
can be put in front (like-¢; in =¢1 V ...V =¢;_1 VY V
—¢it1 V...V, V —g;), which can again be translated to
a strictrule ¢1,...,¢;—1, U, dir1,. .., 0n — —¢;). This
leads to the following definition.

Definition 11 (Transposition). A strict rule s is atranspo-
Siti0n0f¢1, . (bn — ¢ iff s = gbl, . (]57;,1, _|1/J, ¢i+1, R
¢n — —¢; for some 1< i < n.

Based on the thus defined notion of transposition, we now
define our second closure operator.

Definition 12 (Transposition operator). LetS be a set of
strict rules.Cl,,(S) is a minimal set such that:

o S C (Cly(S), and

o if s € Cl,(S) andt is a transposition ofs thent €

Clip(S).

We say thas is closed under transpositiéifi Cl,,(S) = S.

One can easily check that transposition is a special in-
stance of contraposition. It is then easily verified that with
the Cl, operator, example 2 (Married John) is handled cor-
rectly. Note also that such an operator minimizes the number
of self-defeating arguments.

Lemma 1. Let (A, defeat) be an argumentation system
built from (IC, Cly,(S), D). (A, defeat) satisfies closeness
and consistency under grounded semantics.

Unfortunately, theC'l,, operator by itself is not enough

missible, there also exists a preferred extension (a superset
of {4, B, C}) with conclusionsd, e, f and alsog. This
means that this preferred extension does not satisfy close-
ness. Moreover, the closure under the strict rules of its con-
clusions is inconsistent.

So, while the closure of strict rules under transposi-
tion solves the issue of closeness and consistency under
grounded semantics, the problem is still open for preferred
semantics. For this, an alteration to the core formalism is
necessary, in particular to the notion of rebutting. The basic
idea is that strict arguments take precedence over defeasi-
ble ones. Moreover, if two arguments (let's sdyand B)
are both defeasible and the top ruleAfs strict and has a
consequent) and the top rule oB3 is defeasible and has a
consequent-¢ then A takes precedence ove. This gives
birth to a restricted notion of rebutting.

Definition 13 (Restricted rebut). An argumentA restric-
tively rebutsan argumentB iff Conc(A) = ¢ and B has a
subargument of the ford/, ..., B/, = —.

It can easily be seen that the notion of restricted rebut is
indeed a restricted version of “ordinary” rebut. That is, if
A rebuts B under the restricted definition (definition 13),
then A also rebutsB under the definition 2. The converse,
however, is not true; it does in general not hold tha#if
rebuts B, then A rebuts B under the restricted definition.
For instance[[— a] = b] rebuts[[[— ¢] = d] — -]
under the unrestricted definition, but not under the restricted
definition. LetR,.si-icteq dENOte the restricted rebut relation
and R,estricted dENote the unrestricted rebut relation.

Property 2. Let A, B € A. If A R estrictea B then A
Runrestricted B. The reverse does not always hold.

To see how the restricted rebut can help to solve the issue
of postulates, again consider the problem of example 7.
Example 8 (7, continued). Let X = {a;b;c;9}, S

to guarantee the closeness and consistency of an argumenta{d, e, f — =g} andD = {a = d;b = e;c = f}.

tion system for the other acceptability semantics (preferred

Now, again consider the following arguments:

semantics, stable semantics, complete semantics). This cand : [[a] = d]

be seen by examining the following example.

Example 7. LetK = {a;b;¢; g9}, S = {d,e, f — —g} and
D={a=d;b=e;c= f}.

Now, consider the following arguments:

A [l = d
B: [[b] = €]
C: [ =[]

One can easily check that withodt!,,, the arguments

A, B and C do not have any counter-arguments (which
makes them members of any Dung-style extension). How-
ever, if one would replace the defeasible the@déy S, D) by

B: [[b] = €]

C: ld= 7]

Under the restricted version of rebutting, it holds that
{4, B, C} is not an admissible set undét';,(S), D). For
instance, the argumeiifb] = ¢, [[c] = f], [g] — —d] (D)
now rebutsA but A does not rebutD, nor does any other
argumentin{ A, B, C'} defeatD. Thus{ A4, B, C'} is not ad-
missible in(Cl.,(S), D) under the restricted definition of
rebutting.

We will now show that if we consider the transposition
closureCly, and the “restricted rebutting” then the two pos-



tulates (closeness and consistency) are satisfied under anysystem should satisfy. These postulates govern the well def-
reasonable semantics. Before we do so, however, we shouldinition of an argumentation system and guarantee the safety
first make clear what we mean with “under any reasonable of its outputs. We have focused on two important postulates:
semantics”. Surely, we want at least grounded and preferred the closenessind theconsistencyf the results of a system.

semantics to be included. One way to achieve this is to con- These last are violated by several argumentation systems

sider the complete extensions. Dung has proved that every

such as (Prakken & Sartor 1997; Governattrial. 2004;

stable extension, preferred extension or grounded extensionGarda & Simari 2004). We then studied two ways in which

is also a complete extension (Dung 1995). Therefore, what
we are going to prove is that with the combination(af,

and restricted rebutting, the two postulates holdafoycom-
plete extension.

Theorem 2. Let (A, defeat) be an argumentation system
built on (1, Cl4,(S), D). Under restricted rebutting, every
complete extension ¢f4, defeat) is closed.

Now it's time for the main theorem of consistency.

Theorem 3. Let (A4, defeat) be an argumentation system
built on (1, Cl,,(S), D). Under restricted rebutting, every
complete extension ¢f4, defeat) is consistent.

So far, what has been proved is that every complete exten-
sion is closed and consistent (assuming restricted rebutting
and strict rules that are closed under transposition). The next
step is to prove that the setitput containing the justified
conclusions is also closed and consistent.

Theorem 4. Let (A, defeat) be an argumentation system
built on (1, C1,,(S), D). Under restricted rebutting, the set
Output is closed and consistent.

From Theorem 2 and Theorem 4, it is clear that the argu-
mentation system satisfies the closeness.

Corollary 1. Let (A, defeat) be an argumentation system
built on (K, Cl,,(S), D). Under restricted rebutting, the
system( A, defeat) satisfies closeness.

From Theorem 3 and Theorem 4, it is also clear that the
argumentation system satisfies consistency.

Corollary 2. Let (A, defeat) be an argumentation system
built on (IC, Cl4,(S), D). Under restricted rebutting, the
system(A, defeat) satisfies consistency.

The same results also hold if the propositional operator is
combined with the restricted rebutting, even if that operator
has some weak points as outlined above.

Theorem 5. Let (A4, defeat) be an argumentation system
built on (K, C1,,(S), D). Under restricted rebutting, the
systen( A, defeat) satisfies consistency and closeness.

Conclusion

Argumentation theory is seen as a foundation for reasoning
systems. Consequently, an increasing number of argumen-

these postulates are warranted for an instantiation of the
Dung system. In particular, we have proposed two clo-
sure operators that allow to make more explicit some im-
plicit information. These closure operators solve the prob-
lems encountered by the argumentation systems defined
in in (Prakken & Sartor 1997; Governatoet al. 2004;
Garda & Simari 2004).

An extension of this work would be to explore other ra-
tionality postulates, especially for reinstating arguments, i.e.
for defining the acceptable ones. Indeed, for some appli-
cations, the acceptability semantics defined in (Dung 1995)
are unfortunately not suitable and new semantics are needed.
One rationality postulate should guarantee that the new se-
mantics consider non defeated arguments as acceptable.
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