On the existence and multiplicity of extensions in dialectical argumentation

Bart Verheij

Department o f Metajuridica

Universiteit Maastricht 1

Abstract

In the present paper, the existence and multiplicity problems of extensions are addressed. T he focus is on extension of the stable type. T he main result o f the paper is an elegant characterizatio n of the existence and multiplicity of extensions in ter ms o f the notion of dialectical justification, a close cousin of the notion o f ad missibility. T he characterization is given in the context of the particular logic for dialectical argumentation

D EF L OG . T he results are of direct relevance for several well-established models of defeasible reasoning (like default lo gic, logic programming and argumentation frameworks), since elsewhere dialectical ar gumentatio n has been sho wn to have close formal connections with these models.

1 INTRODUCTION

When a theor yis interpreted in the context of lo gics for d e feasible reasoning, e.g., in ter ms of the theor y´s extensions, it occurs for many such logics that there exist theories that cannot be interpreted at all or that have more than one inte r pretation.

For instance, in Reiter´s (1980) well-kno wn logic for d e fault reaso ning, a theor y´s extensions can be thought of as its interpretations. T he simplest theor y witho ut extension consists of only the default true : Ø p

/ p. A basic example of a theory with more than one extension co nsists of the facts p and q and the defaults p: r / r and q : Ø r / Ø r.

For a good understanding of defeasible reasoning, it is natural to investigate under what circumstances theories are (so to speak) defeasiblyinterpretable, in the sense of having an extension, and under what circumstances their defeasible interpretation is ambiguous, in the sense o f having more than one extension.

Several properties of theories have been discussed that guarantee the existence of extensio ns. For instance,

in the co ntext of his default logic, Reiter (1980) defined nor mal theories, that co uld be sho wn to have at least one extensio n. Etheringto n (1987) defined ordered theories and sho wed that ordered, semi-nor mal theories always have an exte n sion (cf. also Papadimitrio u and

Sideri 1994). More results and references are for instance given b y Gabbay et al. (1994) and Brewka et al. (1997).

In the present paper, the notorious extension existence and extension multiplicityproblems are addressed in the co n text of a specific for mof defeasible reasoning, viz. dialect i cal argumentatio n. In dialectical argumentation, statements are not only adduced as reasons for other statements, but also as reasons against.

As a result o f this possibility of s i multaneo usly supporting and attacking statements, there can be statements that are justified (e.g. since there is a justif y ing reaso n for the statement) and statements that are defeated (e.g. since there is a defeating reaso n against the statement). Chesñevar et al. (2000) and

Prakken and Vreeswijk (to appear) give overviews o f models of dialectical argumentation. For mal models o f dialectical argumentatio n are closelyrelated to other nonmonotonic lo gics, as has especiallybeen sho wn b y

Dung (1995) and Bondarenko et al. (1997). As a result, it co mes as no surprise that the existence and multiplicity problems also arise in the co ntext of dialectical argumentatio n. Dung (1995) and

Bondarenko et al. (1997) give several relevant results in this respect ( for different possible kinds of extensio ns).

In the present paper, the focus is on extensions of the stable type (cf. Gelfo nd and Lifschitz´s (1988) stable models of lo gic programming, Dung´s (1995) stable extensio ns of ar gumentatio n frameworks, and

Bondarenko et al. ´s (1997) stable extensions of assumptio n-based frame wor ks). T he notion of dialectical justification is introduced and is sho wn to playa central role in the solution of the exte n sion existence and multiplicity problems. T he main results of the paper are characterizations of the existence of an e x tension and of the number of extensions in ter ms o f dialectical justification. B ya meta-analysis , it is sho wn that the notion o f dialectical justification is vital in the

1 bart.verheij@metajur.unimaas.nl,

http://www. metajur. unimaas.nl/~bart/ characterization of the existence and the multiplicityo f

extensions.

T he results are proven for a particular for malizatio n

of dialectical argumentation, viz. D EF L OG (Verheij

2000a, b). T he systemis related to mywork o n

auto mated argument assi s tance (e.g., Verheij 1999).

D EF L OG is for mallyclo selyrelated to Dung´s (1995)

and Bondarenko et al. ´s (1997) formalizations. For

Dung´s (1995) argumentatio n frameworks, the

connectio n is for mally established in sectio n 4 belo w.

With respect to the logical language, D EF L OG differs

fro mDung´s (1995) and Bondarenko et al. ´s (1997)

for malizations in that it allo ws the explicit expression in

the logical object language of support and attack and of

the defeat of a statement. As a result, support and attack

become subject to dispute. T he defeat of a statement is

as a variant o f negatio n, called dialectical negation . In

contrast, Dung (1995) (who does not discuss support)

uses a fixed, undisputable attack relation. Bondarenko

et al. (1997) use a fixed, undisputable set o f rules of

inference to express support. T heyuse a do main-

dependent mapping of sentences to their contraries that

alreadyhints at the explicit expressio n of defeat in the

logical object language.

Bythe alread ymentioned close for mal relations

between well-established models of defeasible

reasoning (like default logic, logic programming and

argumentation framewor ks) and models of dialectical

argumentation, the results proven for D EF L O G are of

direct relevance for these models.

2 DIALECTICAL

ARGUMENTATION

T he context of the present work is dialectical argu-

mentation. Here follo ws a brief introduction along the

lines o f my recent work o n that topic (Verheij 1999,

2000a, b).

In dialectical argumentation, statements can not

onlysu p port other statements, but also attack them. For

instance, as a reason to support that Peter shot George,

the statement can be made that so me witness, sayA,

states that Peter shot George:

express the defeat of a statement, the latter is a binar y

connective that is used to express that one statement

supports another. When j and y are sentences, then ´ j

( j ´s so -called dialectical negation ) expresses that the

statement that j is defeated, and ( j _ y ) that the

stat e ment that j supports the statement that y . Attack,

denoted as

< , is defined in terms of these two

connectives: j < y is defined as j _ ´ y , and expresses

that the statement that j attacks the statement that y , or

equivalently that the stat e ment that j supports that the

statement that y is defeated. When p, q, r and s are

elementar ysentences, then p _ (q _ r), p _ ´ (q _ ´ r)

and (p _ q) _ (p _ ´ (r _ s)) are some e x a mples of

sentences. (For convenience, outer brackets are

omitted.)

T he central definition of D EF L OG is its notion of the

dialectical interpretation of a theory. For mally,

D EF L OG ´s dialectical interpretations of theories are a

variant o f Reiter ´s (1980) extensio ns of default theories,

Gelfond and Lifschitz´s (1988) stable models o f logic

programming, Dung´s (1995) stable extensions of

argumentation framewor ks, and Bondarenko et al. ´s

(1997) stable extensio ns of assu mption-based

framewor ks. 1

A theor yis anyset of sentences, and when it is

dialecticallyinterpreted, all se n tences in the theor yare

evaluated, either as justified or as defeated. (T his is in

contrast with the interpretation of the o ries in standard

logic, where all sentences in an interpreted theor yare

assigned the same positive value, namely true, e.g., b y

giving a model of the theor y.)

A n assignment of the values justified or defeated to

the sentences in a theor ygives rise to a dialectical

interpretation of the theor y, when two properties obtain.

1 In section 4 , a for mal co nnection with Dung´s

(1995) work is discussed. More relations between the

for malisms mentioned are e.g. discussed b yDung

(1995) and in the extended manuscript on which the

present is based (Verheij 2000a). T o guide intuition, the

follo wing maybe useful. A default p : q / r (as in

Reiter´s 1980) would in D EF L OG be translated to two

conditionals, viz. p _ r and Ø q _ ´ (p _ r). T he second

says that the for mer is defeated in case of Ø q. T his

corresponds to the intuition underlying the default that r

follo ws fro mp as long as q can consistently be

assumed. (Note ho wever that the properties of ordinary

negation Ø are not part of D EF L OG proper.) A rule in

logic programming p