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Abstract

Abstract argumentation systems are formalisms for defeasible reasoning where some components remain un-
specified, the structure of arguments being the main abstraction. In this work, we use an extended argumentation
framework where two kinds of defeat relation are present, in order to define two basic semantic notions: a fix-
point operator and an argument extension based in the concppigressive defeat path§hese mechanisms
constitute a credulous approach to characterize sets of possible accepted arguments.
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1 INTRODUCTION

In formal systems of defeasible argumentation, arguments for and against a proposition are produced
and evaluated to verify the acceptability of that proposition. The main idea in these systems is that
any proposition will be accepted as true if there exists an argument that supports it, and this argument
is acceptable according to an analysis between it and its counterarguments. This analysis requires
a process of comparison of conflicting arguments, in order to decide which one is preferable. After
this dialectical analysis over the set of arguments in the system, some of them adtéptableor
justifiedarguments, while others not. Argumentation is widely used in nonmonotonic reasoning [3]
and it is suitable to model dialogues between intelligent agents [1, 8].

Abstract argumentation systems [12, 2, 5] are formalisms for argumentation, where some compo-
nents remains unspecified, usually the structure of arguments. In this kind of systems, the emphasis
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is put on semantic notions, basically the task of finding the set of accepted arguments. Most of them
are based on a single abstract notion ca#iédck relation and several argument extensions are de-
fined as sets of possible accepted arguments. However, the task of comparing arguments to establish
a preference is not always successful. Finding a preferred argument is essential to determine a defeat
relation. In the next section, we present an abstract framework for argumentation where conflicts and
preference between arguments are considered. This structure is the basis for the modelization of well
formed argumentation lines.

2 ABSTRACT ARGUMENTATION FRAMEWORK

Our argumentation framework is formed by four elements: a set of arguments, and three basic rela-
tions between arguments.

Definition 1 An abstract argumentation framework (AF) is a quartetR, C, C, R), where AR is
a finite set of arguments; is the subargument relatiorC is a symmetric and anti-reflexive binary
conflict relation between arguments,C ARx AR, andR is a preference relation among arguments.

In this framework, arguments are abstract entities [2] that will be denoted using calligraphic up-
percase letters. The symboldenotes subargument relatiad: = B means A is a subargument of
B”. Any argumentA is considered a superargument and a subargument of itself. Any subargument
B C A such that3 # A is said to be a non-trivial subargument, denoted by symbdrhe following
notation will be also used: given an argumehthen. A~ will represent a subargument @, and. A"
will represent a superargumentdf When no confusion may arise, subscript index will be used for
distinguishing different subarguments or superargumeni. of

The conflict relation between two argumenptandB denotes the fact that these arguments cannot
be accepted simultaneously since they contradict each other. For example, two argdraects
that support complementary conclusidrend—/ cannot be accepted together. The set of all pairs of
arguments in conflict o® is denoted byC. Given a set of arguments, an argumend € S is said
to be in conflict inS if there is an argumens € S such that A, B) € C. The setConf(A) is the
set of all arguments’ € AR such that.4, X) € C. A common sense property states that conflict
relations are propagated to superarguments. That(ig,,iB) € C, then(A, B") € C, (4", B) € C,
and(A", BY) € C, for any superargument™® of A andB* of B. This is callecconflict inheritance

The constraints imposed by the conflict relation lead to several sets of possible accepted argu-
ments. For example, iR = {A,B} and (A, B) € C, then{A} is a set of possible accepted
arguments, and so {§3}. Therefore, some way of deciding among all the possible outcomes must be
devised. In order to accomplish this task, the relakbis introduced in the framework and it will be
used to evaluate arguments, modelling a preference criterion based on a measure of strength.

Definition 2 Given a set of argumentd R, anargument comparison criterid is a binary relation
on AR. If ARB but notBR.A thenA is preferred to3, denotedA - B. If ARB and BR.A then A
and B are arguments with equal relative preference, denateet B. If neither ARB or BR.A then
A and B are incomparable arguments, denotddx 5.

As the comparison criterion is treated abstractly, we do not assume any propdRy lmit

monotonicity as explained later. Any concrete framework may establish additional rationality re-
quirements for decision making.
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Example 1 ® = (AR,C,C,R) where AR = {A, B,C,D,&}, C = {{A,B}, {B,C}, {C,D}},
{C,E}}rand A = B,B = C, £ = C andC = D. is an AF according to definition 1.

For two argumentsd andB in AR, such that the paitA, B) belongs toC the relationR is con-
sidered. If a concrete preference is madex{ B or B > A), then a defeat relation is established. Itis
said that the preferred argument ipper defeateof the non-preferred argument. If the arguments
areindifferentaccording toR, then they have theamerelative conclusive force. For example, if the
preference criterion establishes that smaller arguments are preferred, then two arguments of the same
size are indifferent. On the other hand, arguments mand@mparable For example, if the prefer-
ence criterion states that argumehis preferred td3 whenever the premises gf are included in the
premises of3, then arguments with disjoint sets of premises are incomparable. This situation must be
understood as a natural behaviour. When two conflictive arguments are indifferent or incomparable
according taR, the conflict between these two arguments remains unresolved.

When two conflictive arguments are indistinguishable or incomparable, the conflict between these
two arguments remains unresolved. Due to this situation and to the fact that the conflict relation is a
symmetric relation, each of the argumentblisckingthe other one and it is said that both of them are
blocking defeaterf9, 11]. An argumens is said to be aefeaterof an argumentd if 5 is a blocking
or a proper defeater ol. In example 1, argumemd is a proper defeater of argumefif whileC is a
blocking defeater oD and vice versap is a blocking defeater af.

Abstract frameworks can be depicted as graphs, with different types of arcs. We use the arc
( - ) to denote the subargument relation. An arrow() is used to denote proper defeaters and
a double-pointed arrow &— ) connects blocking defeaters. In figure 1, a simple framework is
shown. Argumenf is a subargument ofl. ArgumentB is a proper defeater ¢f andD is a blocking
defeater of3 and viceversa.

A A AB
cA/ \AD

Figure 1: Defeat graph

Some authors leave the preference criteria unspecified, even when it is one of the most important
components in the system. However, in many cases it is sufficient to establish a set of properties that
the criteria must exhibit. A very reasonable one states that an argument is as strong as its weakest
subargument [12]. We formalize this idea in the next definition.

Definition 3 (Monotonic preference relation) A preference relatioR is said to be monotonic if,
givenA = B, thenA = C, for any argumens3 C C.

We will assume from now on that the criterid included in® is monotonic. This is important
because any argumedt defeated by another argumefitshould also be defeated by another argu-
mentB7. In figure 1, argumenB defeatsC, but it should also be a defeater df becausé is its
subargument. A defeat arc frobhto .4 may be drawn in the graph, although redundant.

lwhen describing elements @f, we write {4, B} as an abbreviation fof(A, B), (B, .A)}, for any argumentst and
Bin AR.
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3 FIXPOINT SEMANTIC FOR EXTENDED DEFEAT

Arguments can be classified asceptedcarguments onon-acceptear rejectedarguments according

to their context in the framework. Any set of accepted arguments should not contain arguments in
conflict. A set of arguments' is said to beconflict freeif for all A,B € S then(A,B) ¢ C. In
example 1 the s€tA, C} is a conflict free set.

Given a set of arguments, two kinds of arguments are easily identified as accepted arguments:
first, those arguments not involved in any conflictdn second, those arguments actually involved
in a conflict, but preferred to the arguments that are in conflict with them, according to relation
Both kinds of special arguments are calldefeater freearguments. An argument is defeater-free
in a setS if no argument inS' is a defeater ofA. Defeater-free arguments must be accepted, since
no (preferred) contradictory information is provided in the framework. Note that this classification is
relative to the set in which the argument is included. The semanticsiates that when an argument
A is accepted, any argument @onf(.4) should be rejected. The following definition captures a
subset of arguments that should be rejected in the framework.

Definition 4 Let S be a set of arguments iRAR,C, C,R). An argument4d € S is said to be

suppressed iy’ if one of the following cases hold: (a) there is a defeater-free argunfiemmt S such

that B is a proper defeater ofd, or (b) there is a blocking defeatés of A in S, and there is no other
argumentC (C # A) in S such thatC is a defeater of5.

The first case is clear since any argument involved in a conflict must be suppressed when its
counterpart in this conflict is accepted (has no defeater). The second case reflects the situation in
which two arguments are taking part of an unsolved conflict and from the point of view of one of
them (A) its opponent is not attacked by a third argument. The argurdesiiould be suppressed
since the threat o8 cannot be avoided, despite other attacks4orNote that if.A is only defeated by
B then both arguments should be suppressed because the blocking condition is symmetrical.

Given a setS of arguments it is as easy to identify obviously suppressed arguments as it is to
identify inevitably accepted ones. The following functiti: 24% — 247 characterizes the set of
arguments not directly suppressed in a givensset

T(S)={A: Aec SandA is not suppressed ifi}

Itis easy to see that § is a conflict-free set of arguments, thén= T (.S). However, the converse
iS not true, as shown in the next example:

Example 2 Let (AR,C, C,R) be an AF, wheredR = {A,B,C,D} andC = {{A, B}, {B,C},
{C,D}, {D, A}} and for all arguments¥ and ), X < ). No argument inAR is a defeater-free
argument, therefor& (AR) = AR.

By definition, Y (S) includes some (or all) of the argumentsin|In the sefl'(S) some arguments
may now be classified atefeater-freearguments, since its defeaters are suppressed argumets in
It is then possible to repeatedly apply functitnto the set of arguments in the framework. This
process may continue until a fixpoint is reached.

Definition 5 Y" is defined asY? is AR, andY("*1) = T o T, The set of arguments*, k > 0 such
that Y* = Y**! is denotedr.
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Example 3 Let ®, = (AR,C,C,R) be an AF wheredR = {A, B,C, D}, C = {{A, B}, {B,C},
{C,D}} and A = B, B < C andC = D. In this framework,Y! = {A,D,C}, becauses is a
suppressed argument, a&is a blocking defeater not defeated by a third argumeifit = {A,C}
becauseD is defeated by which is now defeater-free iffi*. Becausél? = T3 thenTv = {A,C}.

Trivially, no argument is suppressed1ty. An argument il which is not in conflict with any
other argument in the same set is an accepted argument. The set of accepted arguiiénss in
denotedY“*. Therefore, ifY is a conflict-free set (as in example 3, but not in example 2), then any
argument in('“ is anacceptedargument.

The previously defined conflict inheritance leads to a common sense property of argumentation
frameworks. For any argument, if A € Y“* thenB € T«* for all B C A. Supposed; C A is not
in T¥. ThenA, is a suppressed argument, because one of the conditions of definition 4 holds in some
T¢ i > 0. Butif A, is suppressed iif¢ then alsaA is suppressed iff* because they share defeaters
(because of conflict inheritance) and therefore is also suppressed. The reader is referred to [7] for the
role of subarguments in well structured argumentation, using the framework of definition 1.

In the framework of example 2, no arguments should be accepted as it is not possible to establish
a concrete preference. Hef&Y is not a conflict-free set. This is related to the presence of some
special arguments involved in a cicle of defeaters, a common situation cdi#day. Any argument
involved in a fallacy is usually callethllacious The most important premise in defeasible argu-
mentation is that an argument must &eceptedonly when none of its defeaters are. However, no
fallacious argument can exhibit this property, because at least one of its defeaters is also a fallacious
argument. Therefore, any argument of this kind should not be accepted. An AF is said to contain a
fallacy if Y is not a conflict-free set of arguments.

4 DEFEAT PATHS

In [2], several semantic notions are defined. Other forms of clasifying argumenis-@ged or
rejected can be found in [5, 6]. From a procedural point of view, when evaluating the acceptance of
an argument, a set of conflict-related arguments are considered. An important structure of this process
is captured in the following definition.

Definition 6 (Defeat path) A defeat path\ of an argumentation frameworkA R, C, C, R) is a finite
sequence of argumerntd,, A,, ..., A,] such thatargument;, , is a defeater of argumem; for any
0 < ¢ < n. The number of arguments in the path is dendtgd A defeat path for an argument is
any defeat path starting witbi.

A defeat path is a sequence of defeating arguments. The length of the defeat path is important
for acceptance purposes, because an argumeatdgfeated by an argumet may be reinstated by
another argumerd. In this case, it is said that argumehtefends4 againsts. If the length of a
defeat path for argumemt is odd, then the last argument in the sequence is playswypportingor
defenderrole. If the length is even, then the last argument is playinghgerfering or attackerrole
[10, 4].

The notion of defeat path is very simple and only requires that any argument in the sequence must
defeat the previous one. Under this unique constraint, which is the basis of argumentation processes,
it is possible to obtain some controversial structures, as shown in the next examples.

2Because any non-fallacious defeater has been previously suppressed.
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Example 4 Let® = (AR, C, C, R) an argumentation framework whereR = {A, B,C A", Ay~ },
C={{A,7,B},{B,C},{A>",C},{A,",C}...}andB = A,C - B, Ay =< C, A C.

By conflict inheritance, if.A;~, B) € C then also(A, B) € C. The same is true fofA, C), due
the inclusion of(A; ~,C) in C.

The sequencg, = [ A, B,C, A] is a defeat path inb, becauses is a proper defeater of4, C is
a proper defeater of3 and.4 andC are blocking defeaters of each other. The argumdrdppears
twice in the sequence, as the first and last argument. Note that in order to analyze the acceptance of
A, itis necessary to analyze the acceptance of every argumeytinciuding.A. This is a circular
defeat path forA.

The sequenck, = [A, B,C, A, | is also a defeat path, becaugk ~ andC are blocking defeaters
of each other. Note that even when no argument is repeated in the sequence, the subasgtiment
was already taken into account in the path, as argumBns its defeater. This sequence may be
considered another circular defeat path fot.

The sequenck; = [A, B,C, A, | is a defeat path inb, becaused, ™ andC are blocking defeaters
of each other. In this case, a subargumetit™ of A appears in the defeat path fod. However, this
is not a controversial situation, asgl,~ was not involved in any previous conflict in the sequence.
ArgumentB is defeatingA just becausé.A; , B) € C, and is not related tod, . Defeat path\; is
correctly structured.

The initial idea of restricting the inclusion of arguments previously considered in the sequence
is not enough. Even more, example 4 shows that forbidding the inclusion of subarguments is not
accurate, because valid argumentation lines (as pgtlare thrown apart. Two main problematic
situations must be taken into accoudirect andindirect reinsertion of arguments. In the first case,
an argument appears again in the sequence as a defeater of a new argument. In the second case, ar
argument s reinserted by including a superargument in the sequence. Both situations are controversial
and some well-formed structure must be devised.

5 PROGRESSIVE DEFEAT PATHS

In this section, we present the concept of progressive defeat paths, a notion retetegiditable argu-
mentation lineslefined for a particulary concrete system in [4]. First, we formalize the consequences
of removing an argument from a set of arguments. This is needed because it is important to identify
the set of arguments available for use in evolving defeat paths.

SupposeS is a set of available arguments used to construct a defeat\pdttan argumentA4 in
S'is going to be discarded in that process (i. e., its information content is not taken into account), then
every argument that include$ as a subargument should be discarded tooSUs a set of arguments
and.A an argument irf. The operator2 is defined ass 2 A4 = S — Sp(.A) whereSp(A) is the set
of all superarguments oAl.

As stated before, conflict relations are propagated through superargumegtsand B are in
conflict, thenA™t andB are also conflictive arguments. On the other hand, whenever two arguments
are in conflict, it is always possible to identify conflictive subarguments. This notion can be extended
to defeat relations. Letl andBB be two arguments such théis a defeater ofd. Then both arguments
are in conflict and4 # B. By conflict inheritance, there may exist a subargumént- A such that
(B, A;) € C. Itis clear, asR is monotonic, that4; # B, and thereforés is also a defeater ofl,.

Thus, for any pair of conflictive argumentsi, 3) there is always a pair of conflictive arguments
(C,D) whereC C A andD C B. Note that possibly or D are trivial subarguments, that is the
reason for the existence of the pair to be assured.
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Definition 7 (Core conflict) Let. 4 and B be two arguments such th#tis a defeater ofd. A core
conflictof A and B is a pair of arguments.A;, B) where (i).A; C A, (ii) B is a defeater of4; and
(iii) there is no other argumen#; C A; such thatA; is defeated by5.

The core conflict is the underlying cause of a conflict relation between two arguments, due to the
inheritance property. Observe that the core conflict is not necessarily unique.

It is possible to identify the real disputed subargument, which is causing other arguments to fall in
conflict. In figure 1, argumerit defeats4 because it is defeating one of its subarguméntshe core
conflict of A andB is C. In this case the defeat arc between the superarguments may not be drawn.

Definition 8 (Disputed subargument) Let A and 5 be two arguments such th& is a defeater of
A. A subargument{; C A is said to be adisputed subargument .A with respect tas if A; is a core
conflict of 4 and B.

The notion ofdisputed subargumens very important in the construction of defeat paths in di-
alectical processes. Suppose argunieig a defeater of argumet. It is possible to construct a
defeat path\ = [ A, B]. If there is a defeater df, sayC, then| A, B, C] is also a defeat path. However,

C should not be a disputed argument4fwith respect ta3, as circularity is introduced in the path.
Even more( should not be an argument that:/udes that disputed argument, because that path can
always be extended by addithagain.

The set of arguments available to be used in the construction of a defeat path is formalized in the
following definition.

Definition 9 (Defeat domain) Let® = (AR, C, C,R) be an AF and let = [A4;, A,,..., A,] be a
defeat path ind. The functionD()) is defined as

e D'(\) = AR

e D¥()\) = D¥1()\) 2 B,, whereB, is the disputed subargument @, _, with respect ta4;, in
the sequence, with< k < n.

The defeat domain discards controversial arguments for a given path. The fuRéighdenotes
the set of arguments that can be used to extend the defeat pasitagée;, i. e., to defeat the argument
Ay.. Choosing an argument from* ()\) avoids the introduction of previous disputed arguments in the
sequence. Itis important to remark that if an argument including a previous disputed subargument is
reintroduced in the defeat path, it is always possible to reintroduce its original defeater.

Therefore, in order to avoid controversial situations, any argunderdf a defeat path\ should
be in D'~1()\). Selecting an argument outside this set implies the repetition of previously disputed
information. The following definition characterizes well structured sequences of arguments, called
progressive defeat paths

Definition 10 (Progressive defeat path)Let(AR, C, C, R) be an argumentation framework. A pro-
gressive defeat path is defined recursively in the following way:

e [A] is a progressive defeat path, for aod € AR.

o If \=[Ay, As,..., A,],n > 1is aprogressive defeat path, then for any defedief .A,, such
thatB € D"(\), N = [Ay, Ao, ..., A, B] is a progressive defeat path.
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Figure 2: Controversial Situation

Progressive defeat paths are free of circular situations and guarantees progressive argumentation
(in the sense of using always new arguments), as desired on every dialectical process. Note that it
is possible to include a subargument of previous arguments in the sequence, as long as it is not a
disputed subargument.

In figure 2 a controversial abstract framework is shown. For space reasons we do not provide
the formal specification, although it can be deduced from the graph. There are seven arguments
Ay, Ay, A7 B, B~,C,C™. There exists an infinite defeat pdth,, B, C, A., B, C..] which is not pro-
gressive. Lets construct a progressive defeat pdthr argumentA4;. We start withA = [A4,]. The
pool of arguments used to select a defeaterofis D'(\) = {As, A", B,B7,C,C"}. The only
defeater belonging t&'!()\) is B, with disputed subargumept™, so we add it to\. Now \ = [A;, B]
and the pool of available argumentsii8(\) = {B,B~,C,C”}, whereA~ and its superarguments
were removedC € D?()) is a defeater of3 so we add it to the path and now= [A;, B,C]. The
potential defeater arguments are nowii(\) = {C,C”}. As there are no defeaters®@fin D3()),
then the path can not be extended. Thus, the resulting sequénd® C| is a progressive defeat path.

6 EXTENSIONS BASED ON PROGRESSIVE PATHS

In Dung’s approach [2] several semantic notions are defined as argument extensions. The set of
accepted arguments is characterized using the concegtoefptability An argumentd € AR is
acceptablewith respect to a set of argumenssif and only if every argumeni3 attacking.A is
attacked by an argument 5. It is also said that' is defendingA against its attackers, and this is

a central notion on argumentation. A detf arguments is @omplete extensioif R defends every
argument ink. A set of argument&' is agrounded extensiomand only if it is the least (with respect

to set inclusion) complete extension. The grounded extension is also the least fixpoint of a simple
monotonic function:

Fup(S) ={A: Ais acceptable wrt}.

The framework of figure 2 may be completed with inherited defeat relations. For example, an
arc fromB to A; can be drawn, as shown in figure 3 (argument positions are relocated in order to
simplify the graph). A cycle is produced involving argumeitsC and.A,. According to a skeptical
point of view, the grounded extension of the completed framework is the empty set, and no argument
is accepted. Dung’s extensions may be applied to this framework, considering proper defeat as the
classic attack relation. In this case, there are no stable nor preferred extensions due to the cycle.
However, as a non-conflictive relation is present, a new premise must be stated: if an argument is
accepted, then all of its subarguments are accepted. Therefore, any extension including, for example,
argument4; should also include argumest.

When considering subarguments, new semantic extensions can be introduced in order to capture
sets of possible accepted arguments.

We will focus here in the impact of progressive defeat paths in the acceptance of arguments.
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Figure 3: Completed framework

Definition 11 (Dialectical space)Let(AR, C, C, R) be an AF. The dialectical space of an argument
A € AR isthe setSP, = {\|\ is a defeat path ford}.

The dialectical space for a given argument is formed by all of the defeat paths for that argument.

Example 5 In the simple argumentation framework of figure&P, = {[A, B],[A,C,D,&]} and

Figure 4: Simple framework

The dialectical space may be infinite, if cycles are present. In figure 2 every argument has an
infinite set of defeat paths. Consider the pg#hC, .4,]. Because of the cyclél3,C, A, B] is also a
defeat path. Therefore, defeat paths of any lenght may be constructed. In fact, every dialectical space
in this framework is infinite.

Cycles of defeaters are very common in argumentation, usually cillledies The status of
fallacious arguments cannot be determined, although they are not considered accepted as they are
controversial in the framework. In many cases, using skeptical semantic concepts [2], an argument
that is not taking part of a cycle cannot be accepted due to a fallacy. This is the case of argyment
in figure 2. A credulous semantic may be defined using progressive defeat paths.

Several definitions are needed. We consider only progressive argumentation in order to evaluate
the acceptance of an argument. Maximality of paths is important because all possible arguments must
be taken into account.

Definition 12 (Progressive dialectical spacel.et A be an argument. The progressive reduction of
SP,, denotedSP%, is the set of all maximal progressive defeat paths.for

A notion of acceptability analogous to [2] may be defined, using a progressive dialectical space.
As usual, an argumem is said to be defended by a set of argumeni$ every defeater ofA4 is
defeated by an element 6f The defense ofd by S occurs in a pathh = [Ay, ..., A,] if A=A,

1 < < n and the defender argumedt,, isin S.

Definition 13 (Defense)Given an argument, a setP of defeat paths and a set of argumeistsA

is said to be acceptable with respectfan P if for every defeateBB of A, S defends4 againstB in
at least one element @?.

1374



If Ais defended againd} in at least one defeat path i then argumeni is no longer a threat
for A, no matter what is the situation in other defeat paths. In the framework of figure 4, argdment
is defended by{ £} in the defeat pathA4, C, D, £] and therefor€ is acceptable with respect{gd’} in
P ={[A,C,D,¢&]}. This fact cannot be changed adding new defeater®fakrgumentA, however,
is not acceptable ISP, because it cannot be defended.i B).

Definition 14 (Grounded extension)Let P be a set of defeat paths. The grounded extensian isf
the least fixpoint of the functiofip(S) = {A : A is acceptable wrtS in P}.

The grounded extension for a set of defeat paths is analogous to the Dung’s grounded extension
for basic argumentation frameworks. In the framework of figur§ 2 = {[A;, B,C]}. In this set,
F(0) = {C}, F({C}) = {C, A} andF({C, A;}) = {C, A; }. Then, the grounded extension&P~
is{C, A}.

Definition 15 (Warranted extension) Let® = (AR, C, C, R) be an argumentation framework. A
set of argument$ C AR is said to be a warranted extension, if every argum&hin .S belongs to
the grounded extension 6fPX. Every argument of is said to be warranted .

In the framework of figure 2{A,, A=, B~,C" } is the warranted extension, as all of those argu-
ments are in the grounded extension of its own progressive dialectical space.

The two main semantic concepts presented in this framework are related. Both notions classify
non-fallacious arguments as accepted ones. The warranted extension is, however, more credulous
than the fixpoint semantic as it is considering only pruned argumentation lines (progressive defeat
paths) to evaluate the acceptance of an argument. Arguments affected by a fallacy are not accepted
in T¥. Consider the framework of example 3. Hefe = (), while the warranted extension is
{A, A", B7,C}.

On the other hand, the characteristic functiogy defined in [2] adopts a skeptical position with
respect to our semantic notions. Although under this operator the framework of 3 has no accepted
arguments, it is based in classic attack relations. This leads to mutual defeaters when two arguments
are attacking each other.

The fixpoint semantic defined here results more credulous than the Dung’s grounded extension,
as it can be noted in example 3, where according to Dung the grounded extension (the least fixpoint
of F,r) is the empty set. In our framework, if the relatidh does not lead to incomparable or
indistinguishable arguments, then the final result is the basic argumentation framework free of cycles,
as there are only proper defeaters corresponding to the attack relation of Dung. In this case, both
fixpoint operators are equivalent.

The following proposition confirm the credulous profile of the warranted extension based on pro-
gressive argumentation.

Proposition 1 Let®=(AR, C, C,R) be an argumentation framework. Every conflict-free argument
in T“(AR) is included in the warranted extension &f

Proof: Let.4 be an argument ilf™ = T"*! = T*(AR) that is not in conflict with any other
argument in that set. Then every defeatetbfn @ (if any) is a suppresed argument i*—!, that
is, every defeater is defeated by a defeater-free argumentin. Therefore,4 in T" is defended by
arguments if(”~!. Due to the fact thail is monotonic, any argument that became free of defeaters
in T* is free of defeaters in(/, for all 5 > k, and therefore every defender &f is an accepted
argument. These defenders are all§®* and thenA is in the grounded extension of that set.

1375



Moreover, if the abstract argumentation framework is free of cycles (as in example 4), then every
non-accepted argument is suppressed. Th&sa$ a coherent set of arguments, and the warranted
extension by itself. The concept of well-founded frameworks presented in [2] is suitable to be applied
to our framework.

Definition 16 An argumentation frameworkAR, C, C, R) is well-founded if there exists no infinite
defeat path.

In well-founded argumentation frameworks the two semantic concepts presented in this paper
coincide, as stated in the next proposition.

Proposition 2 Let®=(AR, C, C, R) be a well-founded argumentation framework. TABN AR) is
the warranted extension @f.

Proof: If ® is well-founded, then no cycles are present, and every dialectial space of an argument
is finite. Even more, there are only proper defeaters, as blocking defeaters always produce infinite
paths due to symmetry. Let be an argument ip. Suppose there is a defeat pathor A such that

A is not progressive. Then an argumedt in A is the superargument of another argumefitin the
sequence; < j. As A, defeats4; and A; C A; then A, is also a defeater of4,. Then there

is a subsequence of argumends, ., ..., A;, A;11 which is a cycle of defeaters, and thénis not

well founded, contradicting the premise. Therefore, every defeat pathl fisr progressive, that is,

SP, = SPH.

We will show that if an argumend is in T¢ then it is in the grounded extension8f,. The converse

is omitted for space reasons. Supposés in Y. Thend became a defeater-free argumenfifi, for

somek > 0. Its defeaters were suppressed argument¥fin', that is, they are defeated by defeater-
free (d.f.) argumentsif*~1. Let D be this set of d.f. arguments ¥f 1, itis clear that every element

of D is part of a defeat path il6P,. As every defeater o4 is defeated by an argument i, then

A is acceptable with respect tb in SP,. All the elements itD are defeater-free arguments !

and (following the previous analysis fot) therefore acceptable wit®=2. Any d.f. argument ifr*—2

is acceptable wrfr*—3, and so on. Defeater-free argumentsi are acceptable with respect to the
empty set, so they are in warranted extension. As all of its defenders are in the warranted extension,
then d.f. arguments of! are also in that extension. The same is true for d.f. argument¥in
T3,...X*%, soAis in the warranted extension d.

The warranted extension is a credulous alternative for accepting arguments when controversial sit-
uations (cycles) are present. The equivalence condition stated in proposition 2 shows that if the
framework is free of controversy, then the warranted extension is as credulous as the semantic based
on suppressed arguments.

7 CONCLUSIONS

Abstract argumentation systems are formalisms for argumentation, where some components remains
unspecified, usually the structure of arguments. In the dialectical process carried out to identify
accepted arguments in the system, some controversial situations may be found, related to the reintro-
duction of arguments in this process, causing a circularity that must be treated in order to avoid an
infinite analysis process. Some systems apply a single restriction to argumentation lines: no previ-
ously considered argument is reintroduced in the process. In this work, an abstract framework with
conflicts and preference criteria is used to define two semantic notions. First, the classic fixpoint

1376



semantic for extended defeat relations. Second, an argument extension based on the concept of pro-
gressive defeat paths, where superarguments of previously disputed arguments are discarded. These
mechanisms constitute a credulous approach to characterize sets of possible accepted arguments.
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