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ABSTRACT

In this paper we address an often overlooked problem in defeasible argumentation: how do we
deal with arguments that are on their own defeated, but together remain undefeated? Pollock
(1991) finds this accrual of arguments a natural supposition, but then surprisingly denies its
existence. We think that arguments do accrue. To handle the accrual of arguments, we
introduce compound @fea of arguments. We call the defeat of arguments compound, if groups
of arguments can be defeated by other groups of arguments. The formalism presented in this
paper is based on this notion of compound defeat. It adequately handles the accrual of
arguments.

1 INTRODUCTION

Recantly the formal study of defeasible agumentation has got much attention. Formali sms of
defeasible agumentation are often dstinguished from nomrmonaonic logics in general. The
principal distinction is that a notion o argument is central. In defeasible agumentation
arguments can become defeaed by other arguments.

The main new element of the formalism in this paper is the compound defeat of arguments. By
compound dfead we mean that groups of arguments can be defeded by other groups of
arguments, instead o only single aguments by single aguments. We think that the interadion
of arguments is not modeled adequately by a binary defed relation onarguments. For instance,
it can be the cae that two arguments a; and a, are bath on their own defeaed by B, bu
together remain undefeaed, and even defed . So, we can have the foll owing situation:

» The agument 3 defedsthe agument a4, if a; and B are the aguments avail able.

» The agument 3 defedsthe agument a., if a, and B are the aguments avail able.

e The aguments a; and a, defea the agument B, if o, o, and B are the aguments avail able.
This defed information essentially involves three arguments. It is an example of what Poll ock
(1997 cdls the accrual of arguments.2 Even though Pollock finds it a natural suppdsiti on that
arguments reinforce eab aher in such away, he surprisingly rejeds it. We do nd agree and
think that arguments can acaue. In sedion 5, we ame bad to Pollock's argument against this
principle of acaual.

Defeasible agumentation has been formally studied by Pollock (19871994, Lin and Shoham
(1989, Vreeswijk (1991, 1993 Simari and Loui (1992, Prakken (1993, b), Dung (1993, and
Bondarenko et al. (1993. These formalisms canna adequately ded with the accua of
arguments. We present a formali sm based oncompound dfed that can.

The idea to incorporate compound dfed in a formalism for defeasible agumentation is
inspired by the reseach onReason-Based Logic (Hage, 1993 Hage and Verheij, 1994 Verheij,
1994. In Reason-Based Logic, arestricted form of compound @fea occurs. Rules can lead to

1 The following natural language example is taken from Verheij (1994. Assume that John tes robbed someone, so
that he shoud be punished (a,). Nevertheless a judge deddes that he shoud na be purished, becaise he is a first
offender (). Or, assume that John tes injured someone, and shoud therefore be punished (a,). Again, the judge
deddes he shoud na be purished, being afirst offender (). Now assume John tes robbed and injured someone &
the same time, so that there ae two arguments for punishing him (a4, a,). In this case, the judge might dedde that
Johnshoud be purished, even though heis afirst offender (B).

2 pollock (1991) speaks of the accual of reasons.
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reasons for and against a cnclusion. Explicit information on haev the reasons are weighed
leads to a onclusion. In this way, the group d reasons for a conclusion can defea the group d
reasons against a wnclusion (and the other way round.

In the next two sedions we describe the basic dements of our formalism: arguments and
defeders. Then we define defeasible agumentation theories and their extensions. In the last
sedion we mme bad to the main pdnts of the formalism: compound dfed and acaual of
arguments.

2 ARGUMENTS

We start with the formal definition o an argument. Our nation d an argument is related to that
of Lin and Shoham (1989 and Vreeswijk (1991, 1993 and is basicdly atree of sentencesin
some language. Our approadh to defeasible agumentation is independent of the dchoice of a
language. Therefore, we trea a language & a set withou any structure. A language does not
even cortain an element to denote negation a contradiction. This is nat required, becaise in
our formalism contradiction is not the trigger for defea. We briefly come bad to this in the
next sedion3

Definition 2.1 A language is a set, whase dements are the sentences of the language.

An argument is like aproof, possbly with condtions. An argument suppats its conclusion
(relative to its condtions), but 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 andfinal parts. A spedal kind d argument isarule.
Definition 2.2 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
Conds(s) = Sents(s) = Initials(s) = Finals(s) = { s}
2. If Aisaset of argumentsin L, san element of L, and s 0 Sent[A],* then A - sisan
argument in L. In this case we define
Conc(A - g)=s
Conds(A - s) = Condg[A]
Sents(A - s) ={s} O SentgA]
InitialsS(A - s) ={A - s} O InitidgA]
Finds(A - s)={s} O{B - s|[f: fisasurjedive functionfrom A ornto B,
such that Ca: f(a) O Finals(a)}®
Conc(a) isthe 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
conclusion d an initial argument of a, other than the agument a itself, is an intermediate
conclusion of a. An argument in L isarule, if it hastheform S - s, where SO L ands [
L. For ea argument o we define the set of arguments Subs(a), whose dements are the
subarguments of a:

Subs(a) = InitialgFinals(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 isa
ruleisasubrule of a.

3 Lin and Shoham (1989, Vreeswijk (1991, 1993 and Dung (1993 do more or |essthe same. Lin and Shoham use a
language with negation, and Vreeswijk one with contradiction. Dung even goes a step further, and uses completely
unstructured arguments.

41ff:V - Wisafunctionand U O V, then f{U] denctes the image of U under f.
5 This means that the set B arises by repladng ea argument in the set A by one of its final arguments.
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Notation 2.3 If A is finite, i.e. A = {ay, dy, ..., Oy}, wWe write Ay, da, ..., 0, » S for an
argument A — s={dy, Ay, ...,a} — S, if noconfusioncan arise.
Intuitively, if A - sisan argument (in some language L), the dements of A are the aguments
suppating the conclusion s. It may seem strange that also sentences are @nsidered to be
arguments. An argument of the form s, where sis a sentence in the language L, represents the
degenerate (but in pradice most common) kind d argument that a sentence is put forward
withou any arguments suppating it.
Some examples of argumentsinthelanguagelL ={a, b,c,d} are:c, 0 - a {a - b,{{a -
b} ¢, {-a - b,0->1c¢c - d {a - c {b} - c} - d. They are graphicdly
represented in figure 1.

¢ —>a —> b
:|—>d

—> a —> cC

a —> b a —> ¢
:|—>d

a—>b —c b —> ¢

Figure 1. Examples of arguments

The ondtions of the agument {{ a} — ¢, {b} - ¢} — dare aand b.It hasd asits conclusion.
The agument ¢, a sentence, is its own conclusion and condtion. The agument 0 — ahasa &
its conclusion, and nocondtion. Some initial argumentsof {{ - a& - b,0 - ¢} - dare
- ¢, { - a - bandthe agument itself. Some of itsfinal argumentsared, {b,c} — d,and{b,
0 - ¢} - d.Some subarguments of the agument {{ &} - ¢, {b} - ¢} - dare c aad{c, {b}
- c} - d.
The formal structure of our arguments differs from those of Lin and Shoham (1989, Vreeswijk
(1991, 1993 In these formalisms, ead condtion d an argument can ony 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 a result, we can make weakenings (and
strengthenings) of an argument explicit. Intuitively, an argument becomes wedker if less
arguments suppart its conclusion and intermediate amnclusions. For instance, the agument {{ b}
- ¢} - disaweakening of the agument {{ & - c,{b} - ¢} - d.Thelatter contains{a} -
c and{b} - cto suppat the intermediate anclusion ¢, while the former only contains {b} -
C.

Definition 2.4 Let L be alanguage. For any argument a in the language L we reaursively

define aset of arguments Weaks(a):

1. Fora=s,sUL,

We&s(s) ={s}.
2. Fora=A - s, AOArgs(L),sOL,
We&ks(A - s) ={B - s|B 0 We&kgA] and Conc[B] = Conc[A]}
An element of Wea&ks(a) is a weakening of a. A wed&ening of a, ather than a, is a proper
wedkening of a. If a isaweégening of 3, then 3 is a strengthening of a.
The wedkenings of the agument {{ &} - ¢, {b} - ¢} - dare{{a} - ¢} - d,{{b} - ¢} -
d, and the agument itself. Weakenings are in general not subarguments. For instance {{ a} —
c} - disnotasubargumentof {{ a} - ¢,{b} - ¢} - d.

If an argument a is a wed&ening of an argument [3, the subrules of a are dso subrules of 3. For
instance, the subrules{a} - cand{c} - dd {{a} - c} - dare dso subrulesof {{ a} - c,

6 This is formally acomplished by making the aguments ippating a mnclusion a set of arguments, instead of a
sequence
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{b} - ¢} - d.Thisargument shoud na be mnfused with {{a, b} - ¢} - d. The latter has
therule{a, b} - c asasubrule, the former hasn't. Therule{a, b} — cisnot a strengthening of
therulesa - cand b - c.

Different arguments can have the same subrules. The aguments {{{ & - ¢} - d,{{ b} - ¢}
-4 -eff{a -c{b -c -d -ead{{{a -c} -~d{{b -c - d{{a -c
{b} - ¢} - d} - e(seefigure 2) have the same subrules, namely {a} - ¢, {b} - ¢, {c} - d
and{d} - e The first argument is a proper wedkening of the second. The second is a proper
weégkening of the third. The third argument has no proper strengthening with the same subrules.
It uses its aubrules as effedively as possble. There is Ime redundancy in the agument,
becaise the aguments {{ a} - ¢} - dand{{ b} - ¢} - d are wedenings of the agument

{{ad-c{b-c-d-e

a—>C—>d:|_> a —c¢c —d
e

b —c¢c —d b —>c¢c —> d

a —> ¢ a —> ¢C
}dﬁe }d
b — ¢ b — ¢

Figure 2. Different arguments with the same subrules

In other formalisms different arguments with the same subrules are not distinguished. For
instance, the formal arguments of Pollock (19871994, Simari and Loui (1992, Prakken
(1993, b), and Bondarenko et al. (1993 are (more or lesg sets of rules, so that the distinction
is conceded. In the formalisms of Lin and Shoham (1989 and Vreeswijk (1991, 1993 the
arguments in figure 2 are not based onthe same subrules, becaise the ondtions of arule ae a
sequence, and nd aset. For example, they trea ¢ » dandc, ¢ — dasdifferent rules.

3 DEFEATERS

As sid before, in defeasible agumentation, arguments are defeasible. In ou formalism, all

arguments are defeasible. Except for Dung (1993, other authors have separate dasses of strict

and defeasible aguments. Arguments remain undefeaed, if there is no information that makes

them defeded. So, if one wants a dass of strict arguments, for instance, to model deductive

argumentation, it can be defined, by not alowing information that leads to the defea of the

arguments in that class In ou formalism this is easy, becaise the defea of arguments is the

result of defea information that is explicit and direct.

» Explicit defed information
Pollock's (19871999 defeders, Prakken's (1993, b) kinds of defea, Vreeswijk's (1991,
1993 conclusive force and Dung's (1993 attadks are examples of explicit defea
information. Instead of hiding the information in a general procedure, for instance based on
spedficity, explicit information determines which arguments become defeaed and which
remain uncefeaed. Explicit defed informationis required becaise no genera procedure can
be flexible enouwgh to be universally valid.

» Dired defea information
By dired defea information, we mean information spedfying condtions that direaly imply
the defea of one or more aguments. Poll ock's defeaders and Dung's attadks are exampl es of
direa defea information. Examples of indired defea information are Prakken's kinds of
defea and Vreeswijk's conclusive force In their formalisms defea of argumentsis triggered
by a conflict of arguments. If there is a @nflict, ore of the aguments involved is sleded
using the defed information. The seleded argument becomes defeaed, and the coriflict is
resolved. We think that indired defea information is not sufficient. An important kind o
defea requiring dired defea information is defea by an undercutting argument (Poll ock,
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1987. An uncercutting argument only defeds ancother argument, withou contradicting the
conclusion.

In ou formalism the defea informationis gedfied by explicit and dred defeaters. In contrast
with Pollock's (19871999 defeders, and Dung's (1993 attadks, our defeaers can explicitly
represent compound dfed, because they consist of sets of arguments for a @wnclusion. A
defeder represents that a set of arguments is defeded if some other set of arguments is
undefeded.

Definition 3.1 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 anclusion.

2. All argumentsin B have the same mnclusion.

3. No argument in A has a subargument or wegkening 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 isthe range of the defeaer.”

Notation 3.2 A defeaer A[B] with finiterange, i.e. A ={ay, 0y, ...,0a,} and B = {4, B2, ...,

Bm}, iIswritten ay, Ay, ...,0n[B1, B2 .., Bm], If NOConfusion can arise.
The meaning of adefeaer A[B] isthat if the agumentsin A are undefeaed, the agumentsin B
must be defeaed. For instance, the defeaer afb - ] defeastheruleb - ¢, if the agument a
isundefeaed. By the third requirement in the definition a defeaer canna defea a subargument
or strengthening of one of its adivating arguments. For instance, if the agumenta - b - cis
adivating in a defeaer, it canna defea the agument b — c. If the agumenta - ¢ - dis
adivating in adefeaer, it canna defea the agument{a - ¢, b - ¢} - d.
Defeders can represent compound @fed: a set of arguments for a conclusion defeas another
set of arguments. For instance the example in the introduction requires not only regular
defeders, namely B[a4] and B[a,], bu also a defeaer that represents compound dfed, namely
oy, az[B].

4 THEORIESAND EXTENSIONS

We ae aou to define a defeasible argumentation theory. It formally represents which
arguments can be made, and when arguments becme defeaed. Our nation o a defeasible
argumentation theory is related to that of an argument system (Vreeswijk, 1991,1993 and d
an argumentation framework (Dung, 1993. A theory consists of a language, arguments, and
defeders. The language of a theory spedfies the sentences that can be used in arguments. The
arguments of atheory are the aguments that are avail able. The defeaers of a theory represent
the situations in which arguments defea other arguments.

Definition 4.1 A (defeasible argumentation) theory isatriple (L, Args, D), where

1. L isalanguage,

2. Argsisaset of argumentsin L, closed uncer initial arguments,® and

3. Disaset of defeaersof L, with their rangesin Args.®

For instance, atheory that represents the example in the introduction is defined as foll ows: 10
L ={a, & a b},
Args={a, & - & &, & - a b},
D= {B[O(l], B[az], aq, Gz[B]},WhereGJ_: d - a0 = - q B =b.

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

8 The set of arguments is not closed uncer 'rule goplicaion, asin ather formalisms. Although the aguments of an
ided reasoner would be, thisisin genera an urressonable assumption.

9 The defeaers of a theory do nd necessily agree with ead cther. For instance, both a[B] and B[a] can be
defeders of atheory. A classc example of such asituationisthe Nixon damond

10 A natural 1anguage interpretation can be foundin nate 1.
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So we have two separate aguments o, and d, that suppat the conclusion a, and an argument 3
that suppats b. The defedaers sy that a; and a, are on their own defeaed by (3, bu together
they defea (3. We use this theory as an illustration o the mming definitions. It is chosen,
becaise it is a key example of acaual of arguments. It is however too simple to ill ustrate dl
aspeds of the definiti ons.

The main question concerning a theory is to determine the status of its arguments. which
arguments remain undsfeaed and which beame defeaed? An intuitive first requirement for
any reasonable set of undefeded (grounced) arguments is that it is closed under initial
arguments. Any reasonable set of undefeaed arguments is therefore adefeasible argumentation
structure.11

Definition 4.2 Let (L, Args, D) be a defeasible agumentation theory. A (defeasible
argumentation) structure of (L, Args, D) is a subset =~ of arguments of (L, Args, D), such
that all i nitial arguments of an argument in Z are dsoin Z.

Some defeasible agumentation structures of the example theory are {3} and{ay, ay, &, a,, B}.

Which arguments of atheory are defeaed and which undsfeaed is determined by its defeders.
We @saume that arguments are normally undefeaed, bu can become defeaed because of
defeders. A defeder only justifies the defea of its defeaed arguments, if its adivating
arguments are used in undfeaed arguments, i.e., if they are subarguments of undefeaed
arguments. The defeder isthen activated.

Definition 4.3 Let (L, Args, D) be adefeasible agumentation theory, A[B] a defeaer in D,
and ¥ a defeasible agumentation structure of (L, Args, D). A[B] is activated in Z, if A O
SubgZ].
In the defeasible agumentation structure { B} the defeaers B[a,] and B[a;] are adivated. In the
structure { &, 01, &, 0>, B} al threedefeaers are adivated.

An accetable set of undefeaed arguments must have two intuiti ve properties:

» Arguments canna be undefeaed if their defea isjustified.
» Defeaers canna beignored urjustly.

The first of these properties becomes formally: Arguments of which the defea isjustified by an
adivated defeder cannat be mntained in an accetable defeasible agumentation structure. The
seoond kecmes: If a defeder is not adivated in an accetable defeasible agumentation
structure, it must be deactivated.

A defeder is deadivated, if two condtions hod. First, there must be ancother defeaer that
justifies 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 justified. So, it seams that
o1, ay[B] and B[a,] deadivate eab aher. Thisis nat the cae, becaise of the accua of the
arguments a; and d,. The defeder ay, ay[B] overrules B[a,]. Therefore, the defeaer Blay]
canna deadivate ag, ay[p]. This leads to the seand condtion: a defeaer can ony be
deadivated by a defeder it does not overrule.

Definition 4.4 Let (L, Args, D) be adefeasible agumentation theory, A[B] and I[4]

defeaersin D, and X a defeasible agumentation structure of (L, Args, D). A[B] overrules

ra]inz,ifAOAandBOT.

Definition 4.5 Let (L, Args, D) be adefeasible agumentation theory, A[B] and [4]

defedersin D, and X a defeasible agumentation structure of (L, Args, D). A[B] deactivates

I'[4], if the following had:

1. Thereisan element of B that is a subargument or a strengthening of an element of T.

2. T'[A] does not overrule A[B].

11 Our definition o a defeasible agumentation structure is related to those of Lin and Shoham and Vreeswijk. They
require however that it is a set withou contradicting arguments (seethe discusson o dired defea information in
sedion 3).
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We can finaly define accetable sets of undefeaed arguments.12 The requirements in the
definiti on correspondto the two intuitive properties explained above.

Definition 4.6 Let (L, Args, D) be adefeasible agumentation theory, and Z a defeasible
argumentation structure of (L, Args, D). Z is acceptable with resped to (L, Args, D), if the
following hold:

1. If A[B] O Disadivated,then>~ n B =[1.

2. If A[B] O D isnct adivated, then thereis an adivated '[A"] O D that deadivates A[B].

An accetable defeasible agumentation structure of our example theory is {ay, az}. The
structure { B} isnot acceptable, because ay, a,[] isnot deadivated.

We can nowv define an extension d a theory as an accetable defeasible agumentation
structure that is maximal with resped to set inclusion 13
Definition 4.7 Let (L, Args, D) be a defeasible agumentation theory. An accetable
defeasible agumentation structure Z of (L, Args, D) is an extension of the theory, if
1. Zisaccetable.
2. Thereisnoaccetable defeasible agumentation structure X', such that = 0 Z'.

The uniquel4 extension d our example theory is the one we wanted: {a;, a,}. Even though the
theory contains the defeaers B[a,], B[a;] that can defea a; and a, separately, they remain
undefeaed by suppating eat aher. Thisisared case of the acecual of the aguments a, and
0>, as can be seen by looking at the foll owing restricted theory that ladks a:

L ={a, &, a b},

Args={a, & - a b},

D ={pB[a4]},wherea; =& - a, and =h.
Now a; is defeaed by 3, and the extension d this theory is {B}. The agument a; does only
remain uncefeaed if it isreinforced by a..

5 CONCLUSION

We onclude with a discusdon o the main pdnts of this paper: Defea can be compoundand
arguments can acaue.

» Defea can be coompound.

We know of no aher formalism for defeasible agumentation that models compound dfed.
Restricted compound @fea occursin Vreeswijk's (1991, 1993 formalism.15 It might be agued
that compound dfea can be modeled by any formalism that has a language with conjunction.
In ou opinion that is a wrong approach, because it obscures what is going on. Accruing
arguments are separate arguments for a conclusion instead o one composite argument for that
conclusion. Combining the aguments a — ¢ and b - ¢ must be distinguished from the
argumenta, b - c.

» Arguments can acaue.

The reason that we have incorporated compound d@fea in ou formalism is the accua of
arguments. Accrual of arguments occurs in ou formalism in two closely related ways. In
strengthenings of an argument, and in defeaers that are adivated by groups of arguments for a
conclusion. We think it is obvious that arguments can acaue. Pollock's (1991 main pdnt
against the acecua of arguments is the following thought experiment. He asks to imagine a

12 Acceptable defeasible agumentation structures are related to Dung's (1993 admissble sets of arguments and
Pollock's (1994 partial status assgnments.

13 pung's (1993 preferred extensions and Poll ock's (1994 p. 393 status assgnments are defined simil arly.
14 A theory can have any number of extensions: zero, one, or several.

15 Thisis not obvious, because defed isindired in Vreeswijk's formalism. Among agroup d arguments that leads to
a ontradiction ore agument is defeaed, if it is not better (with resped to a given conclusive forcerelation) than the
other arguments in the cnflict. So, the group d undefeaed arguments can be @mnsidered to defea the defeaed
argument.
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linguistic community in which speaerstendto confirm ead ather's datements, oy when they
are fabrications. So, in this community it is not true that arguments, based on spedkers
testimonies, acaue. Indeed, two equal testimonies reduce their value to zero. In ou opinion,
this is nat an argument against the accual of arguments in general, bu only an example that
shows that defea information can be overruled. Normally, diff erent arguments for a amnclusion
make the anclusion more plausible. In exceptional situations, however, such as in Pollock's
thowght experiment, this is not the cae. Defeaers of the form [ay, ay], where a; and a»
represent diff erent testimonies, can model Poll ock's example.
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