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Abstract

Formal defeasible agumentation is currently the subjed of adive reseach. Formalisms of
defeasible agumentation are charaderized by a notion of defeasible agument. The
influence of arguments on which conclusions can be drawn distingushes formalisms of
defeasible agumentation from nonmonotonic logics. This influence occurs for two reasons:
by the structure of an argument, and by interadion with other arguments.

In the process of argumentation not all arguments are available & once At ead stage of
argumentation new arguments are taken into acourt. In defeasible agumentation, where
arguments can be defeaed by other arguments, this results in the possble dange of the
status of arguments, depending on which arguments have been considered. Existing
formali sms of defeasible agumentation do not provide aprocessview on argumentation, or
overlook the influence on this processof the defeaed arguments that have been taken into
acourt.

In this paper we ague that a model of the process of argumentation requires that the
arguments that are defeaed at some stage of argumentation cannot simply be ignored.
Otherwise, different stages of argumentation cannot be distingushed, and orders of
argumentation can disappea.

Keywords: defeasible agumentation, nonmonotonic logic

1 Introduction

Currently the formal study of defeasible agumentation gets much attention [BoToK 093,
Du93, Haved4, Li93, Po94, Pro93a, Pro3b, Vro3, Ved5. Formalisms of defeasible
argumentation can be distinguished from nonmonaonic logics in general. The principa
distinction is that a notion d defeasible argument is central. An argument is like a
proof: It represents the agumentation from premises to conclusion, including the
intermediate steps. Unlike proofs, however, defeasible aguments are nat strict, and can
beame defeated by other arguments.
There ae two main reasons to take aguments into acourt in defeasible agumentation.
First, the structure of an argument influences whether it is defeaed or not. Seand,
whether an argument is defeaed is influenced by other arguments.
» The structure of an argument
The quality of an argument is influenced by its gructure. For instance, an argument
with a number of week steps is worse than an argument with fewer wedk steps, and
an argument that uses more information is better than (or as good as) an argument
that uses less When ore only looks at conclusions and reasons (the dired



predecessors of a cnclusion in an argument) the influence of the structure of
arguments is overlooked. Therefore, it is natural to determine which arguments can
be based ona given set of information first, and then which conclusions are justified
by those aguments.

* Other arguments

By the interadion d arguments ome of the aguments taken into acourt are
undefeaed, ahers defeaed. For instance, arguments can impair other arguments,
resulting in the defea of the latter. Arguments can also reinforce eab cther, so that
they remain undefeaed. Because only undefeaed arguments justify their conclusions,
and the interadion d arguments influences which arguments are defeaed and which
undefeaed, arguments have to be @nsidered when ore determines the mnclusions
that follow from given information.
Not al formalisms mentioned use aguments for both reasons. Together these reasons
can be used to dstinguish formalisms of defeasible agumentation from others (see &so
sedion 6).
In the next sedion we explain why defeaed arguments canna be ignored at a stage in
the process of argumentation. In the sedions theredter we describe a formalism
appropriate for modeling the influence of defeaed arguments. After a brief comparison
with some other formalisms of defeasible agumentation, we end with the conclusion d
this paper.

2 How defeated arguments influence argumentation

An owerlooked asped of defeasible agumentation is the influence of the defeaed
arguments that have been taken into acount. A good example can be given in case of
accrual of arguments.l Arguments for a mnclusion acaue, if they reinforce eab ather,
and therefore together give better suppart to their conclusion than ontheir own.

We give an example. Suppcse we have the situation that there ae three aiguments,
denoted a1, 0, and 3, avail able to a reasoner. It can be the cae that the aguments a;
and a, are both ontheir own defeaed by [3, bu together remain undefeaed, and even
defed 3. So, we have the foll owing situation:

* The agument 3 defedsthe agument ay, if a; and B are the aguments considered.

» The agument 3 defedsthe agument ay, if a, and B are the aguments considered.

* The aguments a; and a, defea the agument 3, if ai, o, and 3 are the aguments
considered 2

1 The term is used by Pollock [Po91]. Even though Pollock finds it a natural suppasition that arguments
acaue, he surprisingly rejeds it. Verheij [Ve95] argues that arguments do acaue, and provides a formal
model for it. This paper extends that model.

2 The following retural language example is taken from Verheij [Ve94]. Asaume that John hes robbed
someone, so that he should be punished (0;). Nevertheless a judge deddes that he should not be
punished, because he is a first offender (B). Or, assuume that John has injured someone, and should
therefore be punished (a5). Again, the judge deddes he should not be punished, being afirst offender ().
Now assume John has robbed and injured someone & the same time, so that there ae two arguments for
punishing Hm (0, a5). In this case, the judge might dedde that John should be punished, even though te
isafirst offender (3).



There ae six orders in which the aguments can be taken into acount by a reasoner,
such asas, 0z, B or ay, B, a;. Infigure 1, the six orders are shown in ore diagram. Each
corner of the block represents a stage in the process of argumentation, and hes a label
representing which arguments have been considered then. The O represents that no
argument has been considered yet. An argument in bradkets is defeaed. Each arrow
denotes that an argument is being taken into acourt. For instance, the arow from a; to
B (a2) meansthat the agument a, becomes defeaed after B has been taken into acaourt.

0
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B (0 a d B (a2)
a; 0z (B)

Figure 1: Considering argumentsin dfferent orders

Now we mme to the influence of the defeaed arguments. If we would forget abou the
defeded arguments, as in ather work on cefeasible agumentation, we ae left with the
following (wrong) picture. Again, eat corner represents a stage of argumentation, bu
thistime only the undefeaed arguments at that stage ae denoted. Just asin the previous
figure, ead arrow means that one agument is being taken into acaourt.
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Figure 2: The wrong picture

This picture iswrong for two reasons.
» Different stages of argumentation have @llapsed into ore.

For instance 3, B (a1) and B (ay) can nolonger be distinguished.
* An ader of argumentation hes disappeaed.

There is no dred arrow from (3 to oy 0, becaise it has become unclea what it
means to go from (3 to a; a, by taking a single extra agument into acourt. In the
corred picture the intermediate stages 3 (a1) and 3 (a2) dissolve this problem.



We summarize the influence of defeaed arguments:

If the defeated arguments taken into account are overlooked, different stages of
argumentation cannot be distinguished, and orders of argumentation can disappear.

3 Arguments

We start with the formal definition d an argument. Our notion o an argument is related
to that of Lin and Shoham [LiSh89 and Vreeswijk [Vr91,Vr93], andis basicdly atree
of sentences in some language. Our approach to defeasible agumentation is
independent of the choice of alanguage. Therefore, we trea a language a a set without
any structure. A language does not even contain an element to denote negation a
contradiction. This is nat required, because in ou formalism contradiction is nat the
trigger for defea. We briefly come badk to thisin the next sedion3
Definition 3.1 A language is a set, whose dements are the sentences of the language.
An argument is like a proof, posgbly with condtions. An argument suppats its
conclusion (relative to its condtions), bu unlike aproof, an argument is defeasible. Any
argument can be defeaed by other arguments. Each argument has a conclusion and
conditions (possbly zero). An argument can contain arguments for its conclusion.
Arguments contain sentences, and have initial and final parts. A speda kind d
argument isarule.
Definition 3.2 Let L be alanguage. An argument in the language L is reaursively
defined as foll ows:
1. Any element sof L isan argument in L. In this case we define
Conc(s) =s
Conds(s) = Sents(s) = Initials(s) = Finas(s) ={s}
2. If Alisaset of argumentsin L, san element of L, ands [ SentgA],4then A - sis
an argument in L. In this case we define
Conc(A - 5)=s
Conds(A - s) = Condg[A]
Sents(A - s) ={s} 0 SentqA]
Initias(A - s) ={A - s} O InitialgA]
Finds(A - s)={s} O {B - s|[I: fisasurjedivefunctionfrom A onto B,
such that Oa: f(a) O Finas(a)}°
Conc(a) is the conclusion of a. An element of Conds(a), Sents(a), Initials(a), and
Finals(a) is a condition, a sentence, an initial argument, and a final argument of a,
respedively. The cmonclusion d an initial argument of a, other than the agument a
itself, is an intermediate conclusion of a. An argument in L is arule, if it has the
fomS - s, where SO L and s [J L. For eat argument a we define the set of
arguments Subs(a), whose dements are the subarguments of a:

Subs(a) = Initi [ Finals(a)]

3 Lin and Shoham [LiSh89], Vreeswijk [Vr91, V93] and Dung[Du93] do more or lessthe same. Lin and
Shoham use alanguege with negation, and Vreeswijk one with contradiction. Dung even goes a step
further, and uses completely unstructured arguments.

41ff: V — Wisafunction and U OV, then f[U] denotes the image of U under f.

S This means that the set B arises by repladng ead argument in the set A by one of its final arguments.



A proper subargument of an argument a is a subargument other than a. If a is a
subargument of 3, then 3 is a superargument of a. A subargument of an argument o
that isaruleisasubrule of a.
Notation If A isfinite i.e. A = {dy, Oy, ..., An}, We write as, Ay, ...,0, —» Sfor an
argument A - s={0ay, ay, ...,0} - S, if noconfusioncan arise.
Intuitively, if A - sis an argument (in some language L), the dements of A are the
arguments suppating the onclusion s. It may seam strange that also sentences are
considered to be aguments. An argument of the form s, where s is a sentence in the
language L, represents the degenerate (but in pradice most common) kind d argument
that a sentenceis put forward withou any arguments suppating it.
Some examples of arguments in the language L = {a, b,c, d} are{{ & - b} - c and
{{a - c {b} - c} - d.They are graphicdly represented in figure 3.

a —> ¢
a —b —c i|—>d
b —s ¢

Figure 3: Examples of arguments

The condtions of the agument {{a - c, {b} - ¢} -~ dare a ad b.It has d as its
conclusion. Some of itsinitial arguments are b, {a} - ¢ and the agument itself. Some
of itsfinal arguments are d, {c} - d,and {c, {b} - c} - d. Among its subarguments
are c and {b} - c.
The formal structure of our arguments differs from thase of Lin and Shoham [LiSh89
and Vreeswijk [Vr91, Vr93]. In these formalisms, ead condtion d an argument can
only be suppated by a single agument. Because of our belief that arguments can
acaue, in ou formalism condtions can be suppated by several arguments.® As aresullt,
we can make weakenings (and strengthenings) of an argument explicit. Intuitively, an
argument becmes wedker if less arguments suppat its conclusion and intermediate
conclusions. For instance, the agument {{b} - ¢} - disaweakening of the agument
{a - c {b} - ¢} - d.Thelatter contains {a} - ¢ and {b} - c to suppat the
intermediate conclusion ¢, while the former only contains{b} - c.

Definition 3.3 Let L be alanguage. For any argument a in the language L we

reaursively define aset of arguments Weaks(a):

1. Fora=s,sUL,
Wedks(s) ={s}.
2. Fora=A - s, AOArgs(L),sOL,
We&ks(A - s)={B - s|B O We&kgA] and Conc[B] = Conc[A]}
An element of Wea&ks(a) is a weakening of a. A wedening of a, other than a, is a
proper wegkening of a. If a isawegkening of 3, then 3 is astrengthening of a.

Wedenings are in genera not subarguments. For instance, {{a} -~ ¢} - disna a
subargument of {{ & - ¢, {b} - ¢} - d.

6 This is formally acomplished by making the aguments sippating a @nclusion a set of arguments,
instead of a sequence



Different arguments can have the same subrules. The agumentsin figure 4 al have the
subrules{a} - c, {b} - c, {c} - dand {d} - e. Thereis sme redundancy in the last
argument, because the aguments{{ a} - ¢} - dand {{b} - ¢} - dare weakenings
of the agument {{{ & - ¢, {b} - ¢} - d} - e In case one of the three aguments
suppating d is defeaed such redundancy can become meaningful.

a—>c—>di|_) a — ¢ —> d —
e

b —s ¢ —d b —s ¢ —> d —

a —> ¢ a —> ¢
b — ¢ b — ¢

Figure 4: Diff erent arguments with the same subrules

In ather formalisms different arguments with the same subrules are not distinguished.
For instance, the formal arguments of Pollock [Po87-Po94], Simari and Loui [SiL092,
Prakken [Pr93a, Pro3h], and Bondarenko et al. [BoToK093 are (more or lesg sets of
rules, so that the distinction is conceded. In the formalisms of Lin and Shoham
[LiSh89 and Vreeswijk [Vr91, Vr93], the aguments in figure 4 are not based onthe
same subrules, because the @ndtions of a rule ae asequence and nd a set. For
example, they trea ¢ - dandc, ¢ —» dasdifferent rules.

4 Defeaters

As sid before, in defeasible agumentation, arguments are defeasible. In our formalism,
all arguments are defeasible. Except for Dung [Du93, other authors have separate
classes of dtrict and defeasible aguments. Arguments remain undefeaed, if there is no
information that makes them defeaed. So, if one wants a dassof strict arguments, for
instance to model deductive agumentation, it can be defined, by not alowing
information that leads to the defea of the aguments in that class In ou formalism this
iseasy, because the defea of arguments isthe result of defea information that is explicit
and direct.
» Explicit defed information
Pollock's defeders [Po87-P0o94], Prakken's kinds of defea [Pr93a, Pro3h,
Vreeswijk's conclusive force [Vr91, Vr93], and Dung's attadks [Du93 are examples
of explicit defea information. Instead o hiding the information in a generd
procedure, for instance based on spedficity, explicit information determines which
arguments become defeged and which remain undfeaed. Explicit defea
information is required becaise no general procedure can be flexible enough to be
universally valid.
» Dired defea information
By dired defed information, we mean information spedfying condtions that diredly
imply the defea of one or more aguments. Poll ock's defeaers and Dung's attadks are
examples of dired defea information. Examples of indired defea information are



Prakken's kinds of defea and Vreeswijk's conclusive force In their formali sms defea
of arguments is triggered by a @nflict of arguments. If there is a cnflict, ore of the
arguments involved is sleded using the defea information. The seleded argument
becomes defeded, and the wrnflict is resolved. We think that indired defea
information is nat sufficient. An important kind d defea requiring dired defea
information is defea by an undercutting argument [Po97]. An undercutting argument
only defeas another argument, withou contradicting the anclusion.
In ou formalism the defea information is gedfied by explicit and dred defeaters. In
contrast with Poll ock's defeaers [Po87-P094], and Dung's attadks [Du93, ou defeders
can explicitly represent compound defeat: a set of arguments for a cmnclusion can defea
ancther set of arguments, instead of only a single agument ancther single agument.
This is needed for the adequate modeling of acaual of arguments [VeQ5]. A defeder
consists of two sets of arguments: The aguments in ore set become defeaed if the
arguments in the other set are undefeded.
Definition 4.4 Let L be alanguage. A defeater of L has the form A (B), where A and
B are sets of arguments of L, such that

1. All argumentsin A have the same @nclusion.
2. All argumentsin B have the same mnclusion.
3. No argument in A has a subargument or we&ening that is an element of B.

The agumentsin A are the activating arguments of the defeaer. The agumentsin B
areits defeated arguments. A O B istherange of the defeder.”
Notation A defeaer A (B) with finiterange, i.e. A ={ay, ay, ...,ax} and B = {1, B2,
cees B}, iswritten ag dz ... dp (B2 B2 --. Bm), iIf NOconfusion can arise.
The meaning of a defeder A (B) is that if the aguments in A are undefeaed, the
arguments in B must be defeaed. For instance the defeaer a (b — c) defeastherule b
- ¢, if the agument a is undefeaed. By the third requirement in the definition a
defeder cannat defea a subargument or strengthening of one of its adivating
arguments. For instance, if the agument a — b - cisadivating in adefeaer, it cannd
defeda the agument b — c. If the agument a - ¢ — dis adivating in a defeaer, it
canna defea the agument{a - ¢, b - ¢} - d.
As sid, ou defeders can represent compound @fea which is needed in case of acaual
of arguments. For instance the example in sedion 2 requires not only the regular
defeders 3 (1) and 3 (ay), bu also a defeder that represents compound @fed, namely

ay oz (B).

5 Argumentation stages

We ae adou to define an argumentation theory. It formally represents which arguments
are available to a reasoner, and when arguments can become defeaed. Our nation d an
argumentation theory is related to that of an argument system [Vr91, Vr93] and d an
argumentation framework [Du93. A theory consists of a language, arguments, and
defeders. The language of a theory spedfies the sentences that can be used in

7 Because aguments are their own subarguments and strengthenings, the sets A and B can have no
elements in common.



arguments. The aguments of atheory are the agumentsthat are avail able. The defeders
of atheory represent the situations in which arguments defea other arguments.
Definition 5.1 An argumentation theory isatriple (L, Args, Defs), where
1. L isalanguage,
2. Argsisaset of argumentsin L, closed uncer initial arguments,8 and
3. Defsisaset of defeaers of L, with their rangesin Args.®
For instance, atheory that represents the example in sedion 2 is defined as foll ows:
L ={&, &, a b},
Args={a;, & - a &, & - a b},
Defs={ (ay), B (a2), a1 a2 (B)}, wherea; =& - a a=a - a B =Dhb.
So we have two separate aguments a; and a, that suppat the conclusion a, and an
argument 3 that suppats b. The defeaers sy that a; and a, are on their own defeaed
by B, bu together defea (. We use this theory as an illustration d the coming
definitions. It is chosen, because it is a key example of acaua of arguments, and
therefore suitable to show the influence of defeaed arguments. It is however too simple
to ill ustrate dl aspeds of the definitions.
The next definitionisthat of an argumentation stage. It can represent the aguments that
at a cetan stage in the process of argumentation have been taken into acount, and
which o them are then defeaed. (Later we define agumentation stages that are
acceptable with resped to atheory. These ae the adua stages of argumentation that are
made possble by an argumentation theory.) Our definition d an argumentation stage is
related to the agumentation structures of Lin and Shoham, and Vreeswijk. They require
however that it is a set withou contradicting arguments (see the discusson d dired
defea information in sedion 4). Each of the requirements in ou definition corresponds
to asimple intuition onstages in argumentation. For instance, ore requirement is that an
argument can only be taken into acourt if al its initial arguments aready have been.
The range of an argumentation stage ansists of the aguments taken into acourt at that
stage.
Definition 5.2 Let (L, Args, Defs) be an argumentation theory. An argumentation
stage of (L, Args, Defs) has the form Z (T), where Z and T are subsets of Args,
such that:
1. Z isclosed uncer initial arguments.
2. No argument can be an element of both X and T.
3. No proper subargument of an element of = can be an element of T.
4. Not al proper wegkenings of an element of T that has proper wegkenings can
be dements of Z.
The aguments in Z are undefeated, and those in T defeated. The set = [0 T isthe
range of X (T).
Remark: defeaers and argumentation stages are the same in form.

8 The set of arguments is not closed under 'rule gplicaion’, as in other formalisms. Although the
arguments of an ided reasoner would be, thisisin general an urreasonable asumption.
9 The defeaers of a theory do not necessarily agreewith ead other. For instance, both o (8) and B (a)
can be defeaers of atheory. A classc example of such a situation is the Nixon diamond.



Some agumentation stages of the example theory are a a1 (B), & B (a1 02), and &y 01 &
a2 (B). Definition 5.2 is crucid: it refleds that there can be defeaed arguments taken
into acourt at a stage of argumentation.
Which arguments of a theory bemme defeaed and which na is determined by its
defeders. Arguments are normally undefeaed, bu can at some stage of argumentation
be defeaed because of relevant defeaers. A defeder is relevant at some agumentation
stage if all its arguments have been taken into acourt at that stage, or are parts of such
arguments. Formally, this means that its range is a subset of the final parts of the
arguments taken into acourt.
Definition 5.3 Let (L, Args, Defs) be an argumentation theory, A (B) a defeder in
Defs, and = (T) an argumentation stage of (Args, Defs). A (B) is relevant for <
(T),ifADBOFinagz OTJ.
S0, in the example theory, 3 (ay) is relevant for a (3 (a1 02), and al three defeders of
the theory are relevant for &y a1 & a5 (B).
This nation d relevance of defeaers has no analogue in ather formalisms. Normally, all
defeders are mnsidered relevant. We can do better, because our argumentation stages
represent which arguments are taken into acourt.
A defeder only justifies the defea of its defeaed arguments, if its adivating arguments
are parts of undefeded arguments, i.e, if they are subarguments of undefeaed
arguments. The defeder is then activated.
Definition 5.4 Let (L, Args, Defs) be an argumentation theory, A (B) a defeder in
Defs, and Z (T) an argumentation stage of (Args, Defs). A (B) is activated in X
(M), ifitisrelevantand A [0 Finalg[Z].
In the agumentation stage & B (ay 0,) the defeaer B (a,) is adivated. In the stage a a3
& 0 (B) al threedefeders are adivated.
Argumentation stages only represent adua stages of the process of argumentation, if
they are acceptable with resped to an argumentation theory. An argumentation stage is
accetable, if
» Thedefeda of ead o the defeaed argumentsisjustified.
The default is namely that an argument is not defeded. Defed is justified by
adivated defeders.

 If thedefea of an argument isjustified, it must adualy be defeaed.
Otherwise put, defeaersthat are adivated in the stage must be obeyed.
* Norelevant defeaer isunjustly ignored.

This requirement neeads yet ancther definition. Relevant defeaers must be

deactivated, for instance, becaise one of its adivating arguments is defeaed.
A defeder is deadivated, if two condtions hald. First, there must be ancther defeder
that justifies the defea of one of its adivating arguments. (It is of course even sufficient
that the defea of a subargument or a strengthening of one of the adivating argumentsis
justified.) However, a1 o, () and 3 (a1) do nd deadivate eab ather. Only the former
can Oeadivate the latter. The reason for thisis the accua of the aguments a; and a..
The defeaer a; a, (B) overrules B (ay), and therefore caana be deadivated by it. This
leads to the second condtion: adefedaer can orly be deadivated by a defeder it does not
overrule. Formally, thisis cagptured in the following definition.



Definition 5.5 Let (L, Args, Defs) be an argumentation theory, A (B) and I (4)
defeders in Defs, and £ (T) an argumentation stage of (Args, Defs). A (B)
deactivatesT” (4), if both arerelevant for Z (T), and the following hald:
1. Thereisan element of B that is a subargument or a strengthening of an element
of I'.
2. Alisnot asubset of A, or B isnot aproper subset of I'.
We can finaly define when an argumentation stage is acceptable with resped to an
argumentation theory.10 The requirements in the definition have dready been hriefly
explained just after definition 5.4.
Definition 5.6 Let (L, Args, Defs) be an argumentation theory, and =~ (T) an
argumentation stage of (L, Args, Defs). = (T) is acceptable with resped to (Args,
Defs), if the following hald:
1. If T OT, thereisan adivated A (B) [l Defs, such that T [J B.
2. If A (B) U Defsisadivated, then B O T.
3. If A (B) U Defsisrelevant, but not adivated, then there is an adivated I' (A) U
Defsthat deadivates A (B).
An acceptable agumentation stage of our example theory is 3 (a; a;). The stage a &
02 (B) is not acceptable, becaise the defea of B is nat justified, and kecause 3 (ay) is
not deadivated.
An extension of an argumentation theory is an acceptable stage of argumentation that
canna be mntinued. It must therefore be maximal with resped to set inclusion11
Definition 5.7 Let (L, Args, Defs) be an argumentation theory, and =~ (T) an
argumentation stage of (L, Args, Defs). Z (T) is an extension of (L, Args, Defs), if
the following hald:
1. 2 (T) isacceptable with resped to (L, Args, Defs), and
2. There is no argumentation stage %' (T'), acceptable with resped to (L, Args,
Defs), suchthat = [0 T isaproper subset of ' [ T'.
The uniquel2 extension o our example theory isa a3 & a; (B). Even though the
theory contains the defeaers 3 (a1), B (0>) that can defea a; and a, separately, they
remain undcefeaed by suppating ead ather. Thisisared case of the acecual of the
arguments a; and a,, as can be seen by looking at other acceptable agumentation
stages: 3 & (01) and B & (012).
Here a; and a, are on their own defeaed by . The aguments a; and o, only remain
undefeaed if they reinforced eat cther.

6 Other formalisms

In order to compare our formalism with athers, we end with an overview of some of its
charaderistics.

10 The way we define accetable defeasible agumentation stages is related to the way Dung defines his
admisgble sets of arguments [Du93], and Pollock his partial status assgnments [Po94]. However, these
do not represent stages in the processof argumentation.

11 pungs preferred extensions [Du93] and Pollock's gatus assgnments [Po94, p. 393 are defined
similarly.

12 A theory can have any number of extensions: zero, one, or several.



» The structure of arguments can influence which arguments are defeaed and which
arenct (sedion 1).

* Other arguments can influence which arguments are defeded and which are not
(sedionl).

» Theformalism isindependent of the choiceof alanguage (sedion 3).

» Defea istheresult of explicit defeat information (sedion 4).

» Defea information represents direct defeat (sedion 4). Defed is not triggered by a
conflict.

* Sagesin the processof argumentation are represented (sedion 5).
» Arguments can accrue (sedion 2, 3, 4, 5).
» Defeated arguments influence the processof argumentation (sedion 2, 4, 5).

Table 1 relates these dharaderistics to some other formalisms. An entry in the table is
crosxd if the formalism in that column has the charaderistic indicaed in the row.

BoToK093 Du93 Pr93a, HaVved94 LiSh89, Po87- Vr9l,
Pro3b Li93  Po94 Vr93

Structure of argument X X x X
Other arguments X X X X x
Language independent X x x
Explicit defea information X X X X
Direa defea information X
Argumentation stages x
Accrual of arguments X
Influence of defeaed x
arguments

Table 1: Formalisms of defeasible agumentation and their charaderistics

7 Conclusion

In this paper we have agued that the processof argumentation is better modeled if the
arguments that are defeaed at a cetain stage of argumentation are not ignored. Thisis
espedaly clea if severa arguments for a wnclusion acaue: They can at ealy stages of
argumentation ke taken into acount, bu be defeaed by other arguments, and later exert
their influence, and become undefeaed. We have provided a formalism that captures
these ideas. Key definitions are those of argumentation stages (definition 5.2), in which
the defeaed arguments are explicitly taken into acourt, and d relevance of defeders
(definition 5.3), which asaures that only defeaers are used that contain arguments
adually considered.
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