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Abstract. Argument-based formalisms are gaining popuarity as models of non
monaonic reasoning. Central in such formalismsis anation o argument. Arguments
are forma remnstructions of how a mnclusion is suppated. Generally, an argument
is defeasible. This means that an argument suppating a onclusion daes not aways
justify its conclusion: the agument can be defeaed. Whether a awnclusion suppated
by an argument is justified depends on the structure of the agument and onthe other
arguments avail able.

In this paper, we ague for four points that are refinements of how arguments and
defed have been used in argument-based normonatonic reasoning. First we ague that
an argument can be defeaed because it contains awedak sequence of steps; seaond that
arguments acaue, which means that arguments for a wnclusion reinforce eab cther;
third that defea can be compound which means that groups of arguments can defea
other groups of arguments; fourth that defeaed arguments must be distinguished from
not yet considered arguments. In related work these points are overlooked, or even
denied. We describe aformalism that incorporates them.

1 Introduction

Recantly, several formali sms for nonmonotonic reasoning have been proposed that are
argument-based. In this paper, we ague for the following points that have been
overlooked, or even denied.

1. An argument can be defeaed becaise it contains a wegk sequence of steps.

2. Arguments accrue, i.e., arguments for a amnclusion reinforce eab other.

3. Defed can be compound, i.e., groups of arguments can defea other groups of
arguments.

4. Defeated arguments must be distingu shed from not yet considered arguments.

In the next sedion, we discuss what distinguishes argument-based formalisms from

other formalisms for nonmonotonic reasoning. Sedion 3 contains the main points of

the paper. In sedion 4, a formalism is described that incorporates them. In the last

sedion, we summarizethe mnclusions of the paper.

2 Why argument-based?

Argument-based formalisms can be distinguished from nonmonotonic logics in
general by a notion of ‘argument’. An argument is a rewnstruction of how a
conclusion is supparted. Arguments can consist of several steps from their premises to
their conclusion. In this ®nse, arguments are similar to proofs. Unlike proofs,
however, arguments are not strict, but defeasible. Arguments can be defeaed by other
arguments. If an argument is defeaed, it does not justify its conclusion.



So, thereis a dose relation between the defea of arguments and the justification of
conclusions. This results in two main reasons to take the aguments into acourt to
find out which conclusions are judtified. First, the structure of the agument
determines whether it is defeaed or not. Second, whether an argument is defeaed is
determined by other avail able aguments.

The structure of an argument. An argument can be defeaed if it is not sufficiently
cogent to suppat its conclusion. The amgency of an argument is influenced by its
structure. For instance, an argument is more gent if it contains lesswe&k steps, and
if it contains more information to suppart its conclusion. When one only considers
conclusions and single agument steps, the influence of the structure of arguments is
overlooked.

Other arguments. An argument can be defeaed by other arguments. For instance
there can be a exception to the conclusion of an argument or to a step in an argument.
Arguments can attadk other arguments, resulting in the defea of the dtadked
arguments. Arguments can also reinforce eab other, so that they remain urdefeaed.
Asaresult, it is not sufficient to consider arguments in isolation.

Examples of argument-based formalisms are those described by Loui (1987, Pollock
(19871994, Nute (1988, Lin (1993, Vreewijk (1991, 1993, Dung (1993,
Prakken (1993, and Verheij (1995.

3 Thedefeat of arguments

In this sdion, we discussfour points concerning the defea of arguments that form the
crux of this paper.

3.1 Defeat by sequential weakening

In most argument-based formalisms, an argument can be defeaed in two ways. at the
conclusion (or an intermediate mnclusion) and at a step. Let's for instance mnsider
the agument that it will be asunry day since the weaher forecast says . If we look
out the window and seethat it israining, the cnclusion simply isfase. In this case we
say that the agument is defeaed at the conclusion. If we lean that we mistakenly
read the weaher forecat in yesterday’s paper, the agument step bresks down:
yesterday’s forecast does not say much about the weaher today. In this case we say
that the agument is defeaed at the step.

We think that there is a third way in which an argument can be defeded: at a
sequence of steps. The reason for thisis that an argument gets wedker at ead step. If
the chain of steps getstoolong, it bregks down.

An extreme example of thisis the Sorites paradox. The basis of the paradox is the
argument step that taking a grain of sand from a heg leaves you with a heg. In
principle, this argument step can be repeaed many times. This leals to a long
argument that supparts the conclusion that you are left with a hegp of sand. But some
refledion shows that in the end the agument becmes unacceptable: after taking away
the last grain of sand we ae cetainly not anymore left with a hegp. An explanation of
this paradox is that the more steps the agument contains the wedker it becomes, until
it does not anymore justify the amnclusion, and is defeaed.

We cdl this the sequential weakening of arguments. Only Vreeswijk’'s (1991
formalism allows for defea by sequential weegkening. This is however hidden in his
conclusive forcerelation, and left implicit.



3.2 Accrual of arguments

The following example is taken from Verheij (1994 1995. Asaume that John has
robbed someone, so that he should be punished (a,). Nevertheless a judge deddes
that he should not be punished, because heis afirst offender (). Or, assume that John
has injured someone, and should therefore be punished (a,). Again, the judge deddes
he should not be punished, being a first offender (B). Now asaume John hes robbed
and injured someone & the same time, so that there ae two arguments for punishing
him (a4, ay). In this case, the judge might dedde that John should be punished, even
though heisafirst offender (B).

This is an example of what Pollock (1997 has cdled the accrual of arguments.
The aguments a; and o, together give better suppart to the conclusion that John must
be punished than on their own. As a result, they can on their own be defeaed by the
argument 3, but together remain urdefeaed. We have the following situation:

¢ The agument (3 defeasthe agument a4, if a; and B are the aguments avail able.

¢ The agument (3 defeas the agument a,, if a, and 3 are the aguments avail able.

e The aguments a; and a, defed the agument 3, if aj, a, and B are the aguments
available.

Even though Pollock (1997 finds it a natural suppasition that arguments reinforce
ead other in such a way, he surprisingly rejeds it. We do not agreg and think that
arguments can acaue. Pollock’s main point against the acecual of arguments is the
following thought experiment. He asks to imagine alingustic community in which
speders tend to confirm ead other’s gatements, only when they are fabricaions. So,
in thiscommunity it is not true that arguments, based on speders’ testimonies, acaue.
Indeed, two equal testimonies reducetheir value to zero.

In our opinion, thisis not an argument against the acecual of argumentsin general,
but only an example that shows that defea information can be overruled by more
spedfic defea information. Normally, different arguments for a conclusion make the
conclusion more plausible. In exceptional situations, however, such as in Pollock’s
thought experiment, thisis not the case.

The idea to incorporate acecua of arguments in a formalism for defeasible
reasoning is inspired by the reseach on Reason-Based Logic (Hage, 1993 Hage and
Verheij, 1994 Verheij, 1994).

3.3 Compound defeat

In other formalisms, only single aguments defea singe aguments. We think however
that defea can be compound, which means that groups of arguments defea other
groups of arguments. We give two situations that involve wmpound defea. First,
defed by acauing arguments is compound. Second, skeptica defed is compound.

Defeat by accruing arguments. We have dready seen an example of defea by
acauing arguments in the previous sibsedion. In the example two arguments were on
their own defeaed by another, but could together defea the latter. In this case, a
group of arguments defeas another argument, and the defea is compound.

Skeptical defeat. The seaond reasson why we think that defea can be cmpound
involves our view on the distinction between skepticd and credulous reasoning. In
nonmonotonic reasoning it can be the cae that incompatible @nclusions are
supparted. Now, a skepticd reasoner withholds from drawing a conclusion, while a
credulous reasoner considers both conclusions as sparate posshiliti es.



Both options are reasonable, and al reasoning formalisms we know make a
choice they are dther skepticd or credulous. We propcse aformalism in which no
choiceis made and bah skepticd and credulous reasoning can be modeled. We can
do this becaise we think that skepticd reasoning involves compound defed: the
arguments with incompatible anclusions are together defeaed. In this case, a group
of argumentsis defeaed at once, and the defea is compound.

Vreeswijk’'s (1991 formalism suggests a restricted form of compound defea. Among
agroup o argumentsthat leadsto a contradiction one agument is defeded, if it is not
better (with resped to a given conclusive force relation) than the other arguments in
the oonflict. So, the group of undefeded arguments can be mnsidered to defea the
defeaed argument. Thisis however left implicit.

Our notion of compound defea should not be mnfused with Pollock’s (1994
notion of collective defed, that is only a variant of the choicefor skepticd reasoning.

3.4 Defeated vs. not yet consider ed arguments

Argumentation is a process Not al i nformation, in the form of arguments, is avail able
at once At ead stage of argumentation new arguments are taken into acwourt. If
arguments are defeasible, thisresultsin the possble dange of the status of arguments,
depending on which arguments have been considered.

An overlooked asped of argumentation is the influence of the defeaed arguments
that have been considered. A good example car be given in case of acaua of
arguments (sedion 3.2). Suppcse we have gain the situation that there ae three
arguments, denoted ay, a, and (3, available to a reasoner, and that the aguments o,
and o, are bath on their own defeaed by (3, but together remain urdefeaed, and even
defea .

There ae severa orders in which the aguments can be taken into acount by a
reasoner, such as first ay, then a,, and finaly (3 or first a5, then 3, and finaly ay. In
figure 1, these orders are shown in a diagram. Each node in the diagram represents an
argumentation stage and has a label representing which arguments are undefeaed at
that stage. The O represents that no argument has been considered yet. Each arrow
denotes that a new argument is taken into acount. For instance, if at stage a, the
argument [ is taken into acount, d, is defeaed, and only B is not. If a stage a, the
argument a; istaken into acount, both a, and o, are undefeaed.

Fig. 1. A first attempt

Figure 1 iswrong, for two reasons:
1. It doesnot properly represent all different stages of the argumentation process.



For instance, the stage that only 3 has been taken into acournt is represented by
the same node & the stage that both o, and 3 have been taken into acourt.
2. Orders of argumentation have disappeared.
For instance there is no arrow from 3 to o, oy, because it has becme unclea
what it means to go from stage 3 to stage a; o, by taking one extra agument into
acournt.
The picture is wrong because defeaed arguments are not distinguished from not yet
considered arguments. Figure 2 is the right picture. Each corner of the ‘block’ in the
picture ajain represents a stage in the agumentation process and has a label
representing which arguments have been considered at that stage. The aguments in
bradets are defeded. Again, eat arrow denotes that a new argument is taken into
acount. For instance, the arow from a, to B () means that the agument a,
bemmes defeaed after 3 has been taken into acurnt.

| 7~

B (ay) ag oz B (a2)

az oz (B)

Fig. 2. Theright picture

In this picture dl different stages of the agumentation process can be distinguished
and no orders of argumentation have disappeaed. The intermediate stages 3 (ay), B
(ay), and a; a5 (B) diswolve the problems.

In our formalism, argumentation stages are represented as in figure 2; they contain
not only the undefeaed, but aso the defeded arguments at the stage. Other
formalisms either do not trea argumentation as a sequence of stages, or negled the
influence of the defeaed arguments.

4 An appropriateformalism

In this ®dion, we describe aformalism that incorporates the main points of this
paper. We start with the formal definition of arguments that represent how
conclusions are supparted. Then we formaly define defeaters that represent when
arguments defea other arguments. In the last subsedion, we formally define
argumentation stages. They represent which arguments have been considered at a
stage of the agumentation process and which of them are defeaed at that stage.

4.1 Arguments

Our notion of an argument is related to that of Lin (1993 and Vreeswijk (1991,
1993, and is basicdly a tree of sentences in some languege. Our approach to
argumentation is independent of the choice of a language. Therefore, we tred a



language @ a set without any structure. A language does not even contain an element
to denote negation or contradiction.

Definition 1. A language is a set, whose dements are the sentences of the languege.

Lin (1993, Vreeswijk (1991 1993 and Dung (1993 do more or lessthe same. Lin
and Shoham use alanguege with negation, and Vreeswijk one with contradiction.
Dungeven goes a step further, and uses completely unstructured arguments.

The structure of an argument is like aproof. An argument supparts its conclusion
(relative to its premises), but unlike aproof, an argument is defeasible. Any argument
can be defeaed by other arguments. Each argument has a conclusion and premises.
An argument can contain arguments for its conclusion. Arguments contain sentences,
and haveinitial and final parts. A spedal kind of argument isarule.

Definition 2. Let L be alanguage. An argument in the language L is reaursively
defined as follows:
1. Any element sof L isan argument in L. In this case we define

Conc(s) =s

Prems(s) = Sents(s) = Initials(s) = Finals(s) = { s}
2. If Alisaset of argumentsin L, san element of L, and s SentgA],* then A - sis

an argument in L. In this case we define

Conc(A - g)=s

Prems(A - s) = PremgA]

Sents(A - ) ={s} O SentgA]

Initiads(A - s) ={A - s} O InitiagA]

Finds(A - s) ={s} O{B - s|: fisasurjedive function from A

onto B, such that Oa: f(a) O Finals(a)}

Conc(a) is the conclusion of a. An element of Prems(a), Sents(a), Initials(a), and
Finals(a) is a premise, a sentence, an initial argument, and a final argument of a,
respedively. The mnclusion of an initial argument of a, other than the agument o
itself, is an intermediate conclusion of a. An argument in L isarule, if it has the form
S - s,where SO L and s O L. For eat argument a we define the set of arguments
Subs(a), whose dements are the subarguments of a:

Subs(a) = Initia g Finals(a)]
A proper subargument of an argument o 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 a
that isaruleisasubruleof a.
Notation. If A is finite, i.e. A = {day, a,, ..., 0.}, we write a,, d, ..., d, - Sfor an
argument A - s={dy, Ay, ...,A} - S, if no confusion can arise.
Intuitively, if A - sisan argument (in some languege L), the dements of A are the
arguments supparting the mnclusion 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 of
argument that a sentenceis put forward without any arguments suppartingit.

Some examples of argumentsin thelanguege L ={a, b, ¢, d} are{{a} - b} - ¢
and{{a - c,{b} - c} - d. They aregraphicdly represented in figure 3.

11ff: V - Wisafunctionand U OV, then f[U] denctes the image of U under f.



a —c¢
a —b —c :|—>d
b — ¢

Fig. 3. Examples of arguments

The premises of the agument {{a} - ¢, {b} - ¢} -~ dare a &ad b. It has d as its
conclusion. Some of itsinitial argumentsare b, {a} - ¢ and the agument itself. Some
of itsfinal argumentsared, {c} - d, and{c, {b} - ¢} - d. Amongits subarguments
aecad{b} - c

The structure of our arguments differs from those of Lin (1993 and Vreeswijk
(1991, 1993. In these formalisms, the mnclusion of an argument (or an intermediate
conclusion) can only be suppated by a single agument. Because we think that
arguments acaue, in our formalism the same @nclusion can be supparted by several
arguments. As a result, we can make parallel strengthening (and weakening) of an
argument explicit. Intuitively, an argument bemmes gronger if more aguments
suppart its conclusion and intermediate mnclusions. For instance the agument {{ a}
- ¢, {b} - ¢} - disastrengthening of the agument {{ b} - ¢} - d. The former
contains {a} - ¢ and {b} - c to suppat the intermediate wnclusion c, while the
latter only contains{b} - c.
Definition 3. Let L be alanguege. For any argument a in the language L we
reaursively define aset of arguments Weaks(a):
1. Fora=s,slL,

Wedks(s) ={s}.
2. Fora=A - s, AOArgs(L),sOL,

We&ks(A - s) ={B - s|B O We&gA] and Conc[B] = Conc[A]}
An element of We&ks(a) is a weakening of a. A weskening of a, other than a, is a
proper weakening of a. If a isawedgkening of 3, then [ is a strengthening of a.

Wedkenings are in general not subarguments. For instance {{a} — ¢} - disnot a
subargument of {{ & - ¢, {b} - ¢} - d.

4.2 Defeaters

Arguments are defeasible. In our formalism, all arguments can be defeaed. Except for
Dung (1993, other authors have separate dasses of strict and defeasible aguments. In
our formalism, arguments remain urdefeaed, if there is no information that makes
them defeaed. So, if one wants a dass of strict arguments, for instance, to model
deductive agumentation, it can be defined, by not allowing information that leals to
the defea of the aguments in that class In our formalism this is graightforward,
becaise the defeda of arguments is the result of defea information that is explicit and
direct.

Explicit defeat information. Pollock’'s (19871994 defeders, Prakken's (1993
kinds of defed, Vreeswijk's (1991, 1993 conclusive force, and Dung s (1993 attadks
are examples of explicit defea information. Instead of hiding the information in a
genera procedure, for instance based on spedficity, explicit information determines
which arguments bemme defeaed and which remain urdefeaed. Explicit defea
information is required becaise no general procedure can be flexible enough to be
universally valid.



Direct defeat information. By dired defea information, we mean explicit defea
information diredly spedfying when arguments are defeaed. Pollock’s defeaers and
Dungs attacks are examples of dired defea information. Explicit defea information
is not always dired. Examples of indired defea information are Prakken’s kinds of
defed and Vreeswijk's conclusive force In their formalisms defea of arguments is
triggered by a @nflict of arguments. If there is a mnflict, one of the aguments
involved is €leded using the defea information. The seleded argument becomes
defeded, and the conflict is resolved. We think that indired defea information is not
sufficient. An important kind of defea requiring diredt defea information is defea by
an urdercutting argument (Pollock, 1987. An urdercutting argument only defeas
another argument, without contradicting the cnclusion.

In our formalism the defea information is edfied by explicit and dred defeaters. A
defeder consists of two sets of arguments. The aguments in one set become defeaed
if the agumentsin the other set are undefeded.

Definition 4. Let L be alanguage. A defeater of L hasthe form A (B), where A and B
are sets of arguments of L, such that no argument in A has a subargument or
wedgkening that is an element of B. The agumentsin A are the activating arguments of
the defeder. The agumentsin B are its defeated arguments. A [ B is the range of the
defeder.

Notation. A defeder A (B) with finite range, i.e. A = {dy, 0y, ...,0,} and B = {34, B>,
veey B}, isWritten oy a5 ... dp (B1 Bo ... Bm), if No confusion 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 - ¢) defeasthe rule
b - c, if the agument ais undefeaed. By the requirement in the definition a defeaer
cannot defea a subargument or strengthening of one of its own adivating arguments.
For instance, if the agument a -~ b — cis adivating a defeder, it cannot defea the
argument b - c. If the agument a - ¢ - d is adivating a defeaer, it cannot defea
the agument{a - ¢,b - ¢} - d.

In contrast with Pollock’s (19871994 defeders, and Dung's (1993 attadks, our
defeders can represent compound defea which occurs in cese of defed by acauing
arguments and in case of skepticd defea (sedion 3.3). The example of acauing
arguments in sedion 3.2 reguires not only the regular defeaers B (ay) and B (o), but
also a defeader that represents compound defea, namely a; o, (B). If a and B are
incompatible aguments, a aedulous reasoner can use the regular defeaers a () and
B (a), while askepticd reasoner can use the defeaer (o B) that represents compound
defea. Defeaers of the form (a4, a,), where a; and o, represent diff erent testimonies,
can be used to model Pollock’s (in our view mistaken) counterexample for the accual
of arguments (sedion 3.2).

Our defeders can aso represent defea by sequential wedkening (sedion 3.1). If
for instance the sequence of stepsa - b — ¢ makes an argument so week that it must
be defeaed, this can be represented by the defeder (a - b - ¢).

4.3 Argumentation stages

We ae aout to define an argumentation theory. It formally represents which
arguments are avail able to a reasoner, and when arguments can bemme defeaed. Our
notion of an argumentation theory isrelated to that of an argument system (Vreeswijk,
1991, 1993 and o an argumentation framework (Dung, 1993. A theory consists of a
language, arguments, and defeaers. The language of a theory spedfies the sentences



that can be used in arguments. The aguments of a theory are the aguments that are
avail able. The defeders of a theory represent the situations in which arguments defea
other arguments.

Definition 5. An argumentation theory isatriple (L, Args, Defs), where

1. Lisalanguage,

2. Argsisaset of argumentsin L, closed under initial arguments, and

3. Defsisaset of defeaers of L, with their rangesin Args.

For instance, atheory that represents the example of acauing argumentsin sedion 3.2
is defined as foll ows:

L ={a, &, a b},

Args={a, & - & &, & - a b},

Defs={f (ay), B (a2), az a2 (B)}, wherea; =& - 8, 0= — a B =b.

So we have two separate aguments o, and d, that suppart the onclusion a, and an
argument (3 that supparts b. The defeaers say that o, and a, are on their own defeaed
by B, but together defea (3. We use this theory as an illustration of the @ming
definitions. It is chosen, becaise it is a key example of acaua of arguments, and
therefore suitable to show some important aspeds of our formalism. It is however too
simpletoill ustrate dl aspeds of the definitions.

The next definition is that of an argumentation stage. It can represent the
arguments that at a catain stage in the processof argumentation have been taken into
acount, and which of them are then defeaed. (Later we define agumentation stages
that are acceptable with resped to a theory. These ae the adual stages of
argumentation that are made possble by an argumentation theory.) Each of the
requirements in our definition corresponds to a simple intuition on stages in
argumentation. For instance, one requirement is that an argument can only be taken
into acount if al its initiadl arguments arealy have been. The range of an
argumentation stage mnsists of the aguments taken into acourt at that stage.

Definition 6. Let (L, Args, Defs) be an argumentation theory. An argumentation
stage of (L, Args, Defs) has the form Z (T), where = and T are subsets of Args,
such that:

1. Zisclosed under initial arguments.

2. No argument can be an element of both >~ and T.

3. No proper subargument of an element of Z can be an element of T.

4. Not al proper wegenings of an element of T that has proper wegenings can

be dements of >.

The aguments in Z are undefeated, and those in T defeated. The set =~ O T isthe
range of = (T).

Remark: defeaers and argumentation stages are the samein form.

Some agumentation stages of the example theory are a a; (B), & B (a; 0,), and & q;
& 0z (B).

Our definition of an argumentation stage is related to the agumentation structures
of Lin and Vreeswijk. They require however that it is a set without contradicting
arguments and donot include defeaed arguments. Definition 6 is crucia for the point
made in sedion 3.4: the aguments that are defeaed at a stage ae distingushed from
the aguments not yet considered.

Which arguments of a theory becwme defeaed and which don’t is determined by
its defeaers. Arguments are normally undefeded, but can at some stage of
argumentation be defeaed becaise of relevant defeders. A defeder is relevant at



some agumentation stage if al its arguments have been taken into acount at that
stage, or are parts of such arguments. Formally, this means that its range is a subset of
the final parts of the aguments taken into acwunt.

Definition 7. Let (L, Args, Defs) be an argumentation theory, A (B) a defeaer in
Defs, and Z (T) an argumentation stage of (Args, Defs). A (B) is relevant for =
(M, IfAOBOFNAgZ OT].

So, in the example theory, B (a5,) isrelevant for & B (& 0,), and all threedefeaers of
the theory are relevant for a; a; & a5 (B).

This notion of relevance of defeaers has no analogue in other formalisms.
Normaly, all defeders are cnsidered relevant. We can do better, becaise our
argumentation stages explicitly represent which arguments are taken into acount,
including the defeaed arguments.

A defeaer only justifies the defea of its defeaed arguments, if its adivating
arguments are parts of the undefeaed arguments, i.e., if they are subarguments of the
undefeaed arguments. The defeaer is then activated.

Definition 8. Let (L, Args, Defs) be an argumentation theory, A (B) a defeaer in
Defs, and ~ (T) an argumentation stage of (Args, Defs). A (B) is activated in X
(T),ifitisrelevant and A O Final9%].

In the agumentation stage & B (& 0,) the defeaer B (a5,) is adivated. In the stage a
01 & 0, (B) al threedefeders are adivated.

Argumentation stages only represent adual stages of the processof argumentation,
if they are acceptable with resped to an argumentation theory. An argumentation
stageis acceptable, if
1. The defeat of each of its defeated argumentsis forced by an activated defeater.

2. If the defeat of an argument is forced by an activated defeater, it must actually be
defeated in the stage.
3. No relevant defeater is unjustly ignored.
The latter requirement requires yet another definition. Relevant defeders must be
deactivated, for instance, because one of its adivating arguments is defeaed. A
defeaer is deadivated, if two conditions hold. First, there must be another defeaer
that forces the defea of one of its adivating arguments. (It is even sufficient that the
defea of a subargument or a strengthening of one of the adivating arguments is
forced.) However, a; o, (B) and B (a,) do not deadivate eat other. Only the former
can deadivate the latter. The reason for thisis the aceua of the aguments a; and a,.
The defeder a; a, (B) overrules B (a,), and therefore cannot be deadivated by it. This
leads to the second condition:; a defeaer can only be deadivated by a defeder it does
not overrule. Formally, thisis cgptured in the foll owing definiti on.
Definition 9. Let (L, Args, Defs) be a argumentation theory, A (B) and " (&)
defeders in Defs, and ~ (T) an argumentation stage of (Args, Defs). A (B)
deactivatesT™ (A), if both are relevant for ~ (T), and the following Hold:
1. Thereisan element of B that is a subargument or a strengthening of an element
of I'.
2. If B isaproper subset of I', then A isnot a subset of A.
We can finally define when an argumentation stage is acceptable with resped to an
argumentation theory. The requirements in our definition have drealy been briefly
explained just after definition 8.



Definition 10. Let (L, Args, Defs) be an argumentation theory, and > (T) an

argumentation stage of (L, Args, Defs). 2 (T) is acceptable with resped to (Args,

Defs), if the following told:

1. If tOT, thereisan adivated A (B) O Defs, such that T O B.

2. If A (B) O Defsisadivated, thenB O T.

3. If A (B) O Defsisrelevant, but not adivated, then thereis an adivated I' (A) O
Defsthat deadivates A (B).

An accetable agumentation stage of our example theory is3 (&, a,). The stage a &
o, (B) is not acceptable, becaise the defea of 3 is not justified, and because 3 (a,) is
not deadivated. It can be thedked that the accetable agumentation stages of our
example theory correspond exadly to the stages represented in figure 2.

The way we define accetable defeasible agumentation stages is related to the
way Dung (1993 defines his admissble sets of arguments, and Pollock (1994 his
partial status assgnments. However, these do not represent stages in the process of
argumentation, but are merely convenient formal structures on the way to the
definition of extensions.

An extension of an argumentation theory is an acceptable stage of argumentation
that has no succeealing argumentation stage, i.e. there is no argumentation stage with
larger range. It must therefore be maximal with resped to set inclusion. Dungs (1993
preferred extensions and Pollock's (1994 p. 393 status assgnments are defined
similarly.

Definition 11. Let (L, Args, Defs) be an argumentation theory, and > (T) an

argumentation stage of (L, Args, Defs). 2 (T) is an extension of (L, Args, Defs), if

the following hold:

1. > (T) isacceptable with resped to (L, Args, Defs), and

2. Thereis no argumentation stage 2’ (T'), accetable with resped to (L, Args,
Defs), suchthat ~Z O T isaproper subsetof ' O T'.

As usual, a theory cen have any number of extensions. zero, one, or severa. The
unique extension of our example theory isa; 0, & a, (B). The example is ared case
of the accual of the aguments a; and o, as can be seen by looking at other
accetable agumentation stages. B a; (a,) and B & (0,). Here a; and a5 are on their
own defeaed by 3. The aguments a; and a, only remain urdefeaed if they reinforce
ead other.

5 Conclusions

This paper is an example of the agument-based approach to nonmonotonic reasoning.
We have indicated why thisisavaluable gpproac: First, becaise defed is determined
by the structure of arguments, and second, because defea is determined by other
avail able aguments.

The main points of this paper were the following. First, arguments can be defeaed
by sequential weakening. Second, arguments acaue. Third, defea can be compound.
Fourth, defeaed arguments must be distinguished from not yet considered arguments.

We have provided a formalism that cgptures these ideas. To this end, we used a
definition of arguments that makes parallel strengthening explicit, a definition of
defeders that can represent defea by sequential weakening and compound defed, and
a definition of argumentation stages that explicitly represent the defeaed arguments
that have been considered.



Acknowledgments

This reseach was partly financed by the Foundation for Knowledge-based Systems
(SKBYS) as part of the B3.A projed. SKBS is a foundation with the goal to improve
the level of expertise in the Netherlands in the field of knowledge-based systems and
to promote the transfer of knowledge in this field between uriversities and business
companies. | thank Jagp Hage, Arno Lodder and Gerard Vreeswijk for our stimulating
and lively arguments about argumentation.

References

1

13

14.

15.

16.

17.

Bondarenko, A., Toni, F. and Kowalski, R. A. (1993. An assumption-based framework for
non-monaonic reasoning. Logic programming and non-monotonic reasoning. Proceedings
of the second international workshop (eds. L. M. Pereira and A. Nerode), pp. 171-189, The
MIT Press Cambridge (Massachusetts).

Dung, P. M. (1993. On the accetability of arguments and its fundamenta role in
nonmonaonic reasoning, logic programming, and human’s cial and econamicd affairs.
Hage, J. and Verheij, B. (1994. Reason-Based Logic: alogic for reasoning with rules and
reasons. To appea in Law, Computers and Artificial Intelligence.

Lin, F. (1993. An argument-based approach to normonatonic reasoning. Computational
Intelligence, Vol. 9, No. 3, pp. 254-267.

Loui, R. P. (1987. Defea among arguments. a system of defeasible inference
Computational Intelligence, Vol. 3, No. 2, pp. 100-106.

Nute, D. (1988. Defeasible reasoning: a philosophicd analysis in Prolog. Aspects of
Artificial Intelligence (ed. James H. Fetzer), pp. 251-288 Kluwer Academic Publishers,
Dordredt.

Pollock, J. L. (1987). Defeasible reasoning. Cognitive Science 11, pp. 481-518

Pollock, J. L. (1991). Self-defeding arguments. Minds and Machines 1, pp. 367-392
Pollock, J. L. (1994. Justificaion and defed. Artificial Intelligence 67, pp. 377-407.

. Poole, D. (1988. A logicd framework for default reasoning. Artificial Intelligence 36, pp.

27-47.

. Prakken, H. (1993. A logicd framework for modelling legal argument. The Fourth

International Conference on Artificial Intelligence and Law. Proceedings of the
Conference, pp. 1-9. ACM, New York.

. Simari, G. R. and Loui, R. P. (1992. A mathematicd treament of defeasible reasoning and

its applicaions. Artificial Intelligence 53, pp. 125-157.

Touretzky, D. S., Horty, J. F., and Thomason, R. H. (1987). A clash d intuitions: the
current state of normonatonic multi ple inheritance systems. 1JCAI 87; Proceedings of the
Tenth International Joint Conference on Artificial Intelligence (ed. J. McDermott), pp.
476-482 Morgan Kaufmann Publishers, Los Altos (California).

Verheij, H. B. (1994. Reaon Based Logic and legal knowledge representation.
Proceedings of the Fourth National Conference on Law, Computers and Artificial
Intelligence (eds. I. Carr and A. Narayanan), pp. 154-165. University of Exeter.

Verheij, B. (1999. The influence of defeaed arguments in defeasible agumentation.
Accepted for the Second World Conference on the Fundamentals of Artificial Intelligence
(WOCFAI 95).

Vreeswijk, G. (1991). Abstrad argumentation systems: preliminary report. Proceedings of
the First World Conference on the Fundamentals of Artificial Intelligence (eds. D. M.
Gabbay and M. De Glas), pp. 501-510 Angkor, Paris.

Vreeswijk, G. (1993. Sudies in defeasible argumentation. G. A. W. Vreewijk,
Amsterdam.



