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Abstract. In this paper we first give thregesideratafor tools in- attack there is a relation afefeat for an audiencerhich depends on
tended to support the construction of arguments in a domain involvthe values associated with the arguments, and the preferences over
ing practical reasoning. We then review the computational properthese values for the audience under consideration. Again formal def-
ties of frameworks supporting these requirements, and conclude thatitions are given in the next section.

these properties may present problems for some current approachesThis work assumes that an audience has a fixed preference
We then offer an alternative approach satisfying the three requireamongst values. There is an interesting remark of Searle’s, however,
ments, and indicate where this may be supported by computer toolsvhich challenges this assumption:

This answer [that an audience will have an order preference
over values], though acceptable as far as it goes, mistakenly
Since Avristotle’s work on the syllogism, much of the focus of work  implies that the preferences are givanior to practical reason-

on argument in Logic and Philosophy has been on quite small spe- ing, whereas, it seems to me, they are typically the product of
cific arguments, divorced from their context. In contrast, arguments Practical reasoning. And since ordered preferences are typically
tend to occur naturally in the context of a debate containing many products of practical reason, they cannot be treated as its uni-
such interrelated arguments. In this paper we will use “debate” to re- versal presupposition. [14, p. 253].

fer to a set of related arguments. Within such a debate participants

tend to commit not to statements considered individually but to col™ Other words, preferences may be used to justify or explain why a

herentpositions(sets of mutually supportive arguments). position is adopted, but should not be used to generate it. This is an

A basis for considering debates is provided by the work on Argu_enormously important remark: if the ordering of premises is part of

mentation Frameworks of Dung [7]. Here arguments are related b§}1e practical reasoning process, this is a phenomenon for which our

the single binary relatioattack whereby one argument attacks an- mOd?I shou_ld account. Addressing this will form part of the discus-
other. In Dung a position is represented by a “preferred extension’SION I section 3. ,

a maximal consistent set of arguments which can defend themselvesAlthough the Argumentation Frameworks of [7] and [3] do ad-
against any attack from other arguments in the framework. Formajiress the occurrence of_argumen_ts in the context of debates, the use
definitions are given in section 2. Dung’s framework has been fruit-0f them has tended to ignore this to some extent. Thus, although

fully used both theoretically, in the investigation of non-monotonic tN€ Status of an argument is determined by its context (e.g. member-

logics (e.g [5]) and in applications, such as the representation of bocgthip of some or all preferred extensions), demonstration of the status
ies of case law, e.g. [2] has tended to start from the argument in question and then proceed

In many areas of debate, however, including law, politics, ethicsthrough a serie_s of attacks and counter_attac_:ks. Such an approach can
and almost every topic relating to the advisability or justification of be seen as a dialogue game, as described in, e.g. [15] and [11]. This
action, it is necessary to consider the audiences represented by tHas Proved extremely fruitful for providing a basis for the investi-
participants to the debate. As argued by Perelman [12, 13], the adation of com_putatlonal complexny but there are two problems. First
ceptability of an argument depends not only its logical soundnesst,he Computatlona}l COf“_P|9XIty results Syggest t_hat such methods offer
but also on the audience to which it is addressed, and whether a givélly @ weak and inefficient way of proving particular arguments, and

audience is convinced will depend on the values and concerns of thifcond the resulting to and fro between participants is not a particu-
particular audience. Searle [14] makes a similar point: larly common occurrence in natural debate. As noted at the start of

this paper, participants in a debate tend to develop a fairly complex
Assume universally valid and accepted standards of rationality, position rather than throw out isolated arguments and challenges to
assume perfectly rational agents operating with perfect infor- them. Legal cases, for example, do not take the form of dialogues, but
mation, and you will find that rational disagreement will still  rather each side develops its position at some length before inviting
occur; because, for example, the rational agents are likely to questions and criticisms. These two problems may not be unrelated:
have different and inconsistent values and interests, each of it is at least possible that the inefficiency of the dialogue model is
which may be rationally acceptable. ([14], xv) what has led to the alternative style of presentation being more com-

T d h . ¢ audi ith differi | Jnon in natural discourse.
© accommodate the notion of audiences with differing values and ¢ ,, goal in this paper is to offer an alternative method for the

preferences amongst values, we havg extended Dung’s framework Unsideration of the status of arguments which draws heavily on the
[3]. In these Value Based Argumentation Frameworks (VAFs) all ar-

ated with | d'in additi he relati %?ct the participants in a debate are defending positions rather than
guments are assoclated with a value and in addition to the relation ingle arguments. Moreover, we will also be able to bring Searle’s

1 Dept. of Computer Science, University of Liverpool, Liverpool L69 7ZF, insight into our approach. In section 2 we will present the formal
United Kingdom email{ped,tb¢ @csc.liv.ac.uk definitions of [7] and [3] and discuss the known complexity results.
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Section 3 will then present our alternative approach to determining. A subsef? is a preferred extensiofor the audiencex if it is a

the status of arguments with Argumentation frameworks. Section 4 maximal admissible set with respectio

will make some concluding remarks. f. A subsetR is astable extensiofor the audiencey if R is admis-
sible with respect tex and for ally ¢ R there is some: € R

2 Standard and Value-Based Argument Systems which successiully attacks

In this section we present a comparison of the algorithmic and com©Ne significant point of comparison is the extent to which each ap-

plexity properties with respect to Dung's argument systems introproaCh admits feasible algorithmic processes. .For standard argument
duced in [7] and the development of these to account for value prefg,ystems, a number of results have been established for a range of nat-

erences proposed by Bench-Capon [3, 4]. We begin by presenting ttgal questions, these_being summarised_ in Table 2 below. Proofs of
definitions of a standard and value-based argument systems. the various classifications may be found in [6] (3-5) and [10] (6, 7)

L . . . . . Problem Decision Question Complexity
peﬂr_ut_lon 1 Anargument systeris a palrﬂ = (X, A),in wr_uchX' T ADM(H, 5) s S admissble? 5
is a finite set orgumentand A C X' x &’ is theattack relationship 2 | sTAB(H, S) IS S stable? P
for H. A pair (z,y) € Ais referred to asy is attacked by’ or ‘ 3 | PREFEXT(H,S) | Is S preferred® co-NP-complete.
attacksy’. For R, S subsets of arguments in the syst&ff{ X', A)), 4 | cA(H, ) Is = in apreferredS? NP-complete
we say that 5 | sTAB-EXIST(H) | HasH a stable extension?  NP-complete
) _ _ 6 | SA(H,x) Is z in everypreferredS? Hép)-complete
a. s € Sisattackedy Rifthere is some € R suchthatr, s) € A. 7 | COHERENT(H) | Preferrec=stable? 11" -complete

b. x € X is acceptable with respect 19 if for everyy € X that
attacksre there is some € S that attacksy.

c. S is conflict-freeif no argument inS' is attacked by any other Table 1. Decision Problems in Standard Argument Systems
argument inS.

d. A conflict-free sef is admissibleif every argument inS is ac-
ceptable with respect t6.

e. S is apreferred extensioif it is a maximal (with respect t@)
admissible set.

f. S is a stable extensioif S is conflict free and every argument
y & S is attacked bys.

0. H is coherentf every preferred extension ik is also a stable
extension.

In particular, we see that the two fundamental issues regarding the
degree to which an argument is acceptable — the probtenmamdsa
— are unlikely to have efficient algorithmic solutions. Similarly, re-
lated problems have been identified with proof-theoretic mechanisms
for establishing credulous acceptance, e.g. for the TPI-dispute mech-
anism proposed in [15], Dunne and Bench-Capon [11] show that this
defines a weak propositional proof system under which proofs that
An argumentz is credulously accepteil there issomepreferred ~ arguments are not credulously accepted may require exponentially

extension containing ity is sceptically accepteidiit is a member of ~many steps.
everypreferred extension. In contrast we have the following important property of VAFs and

audiences from [3].
Definition 2 A value-based argumentation framew@wWAF), is de-
fined by a triple(H(X,.A), V,n), whereH (X, A) is an argument
system) = {v1,v2,...,vx} a set ofk valuesandn : X — V
a mapping that associates a valyéx) € V with each argument
xz € X. Anaudienceq, for a VAF (H, V), n), is a total ordering of
the values). We say that; is preferred ta; in the audiencer, de-  op the surface, Fact 1 appears to offer a solution to the major in-
notedv; >a vj, if v; is ranked higher tham; in the total ordering  tractability issues associated with the standard framework. Such an
defined by~. interpretation would not, however, be justified: although it is possi-

ble to deal with questions about acceptance relativefirea audi-

Using VAFs, ideas analogous to those of admissible argument iy, .o there arise in turn questions relating to acceptance properties
standard argument systems are defined in the following way. NOtG itk respect toclassesof audience. Thus, the relative ordering of

that all these notions are now relative to some audience. different values promoted by distinct audiences results in arguments
Definition 3 Let (H(X, A),V,n) be a VAF andx an audience. falling _into one of three categories_: those that are in the preferred
extensionP(H,n, «) for some audiences but not alubjectively

a. Forarguments;, y in X, x is asuccessful attacbny (or x defeats  acceptabl§ those that are in the preferred extensi(#, n, o) for
y) with respect to the audienceif: (z,y) € A anditis notthe  everyaudience gbjectively acceptabjethose that do not belong to
case that)(y) >~ n(x). the preferred extensioR(H, n, «) for any choice of audienceirf-

b. An argument: is acceptable to the subsgtwith respect to an  defensiblg A further issue, that has no analogous context within the
audiencex if: for everyy € X that successfully attacks with standard setting, is the notion of whether the ordering of a pair of
respect tay, there is some € S that successfully atttackswith values iscritical with respect to an argument in the sense that one

Fact 1 For every audiencey, (H({X,.A)),V,n) has a unique non-
empty preferred extensio®,(H, n, o) which can be constructed by
an algorithm that take® (|X'| +|.A|) steps. Furthermor®(H, n, )

is a stable extension with respectdo

respect tax. choice admits an audience under whicks (subjectively) accepted

c. A subseR of X is conflict-free with respect to the audienesf: butx is not accepted relative tnyaudience under which this order
for each(z,y) € R x R, either(z,y) & Aorn(y) = n(z). is reversed.

d. AsubseR of X' is admissiblewith respect to the audienceif: R How difficult is it to determine to which category an argume af
is conflict free with respect ta and everyr € R is acceptable to  a given VAF,(H, V, n) belongs? This question, left unresolved in the
R with respect tax. preliminary studies of [3, 4], has recently been considered in [8]: the
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results proved demonstrate that computational intractability remainat least one audience. If it is, the position can be considered com-
an issue within the VAF framework. Specifically, [8] demonstrate plete. Although it may be possible to extend the position into one or
that deciding whether an argument is subjectively (respectively obmore preferred extensions, the arguments that it contains can all be
jectively) accepted is anp-complete (respectively cap—complete)  defended by adopting the stance of one of the audiences for which it
problem. At an even higher level, the problem of deciding if a valueis admissible. The user may then choose a value order from one of
pair ordering is critical for acceptance of an argumemtrns outto  these.

be bP—complete: a complexity class widely believed to‘barder” Suppose, however, that AG is not admissible. This means that the
than bothnp and conp. user must extend the position with elements of AN. The best mem-

In total, these classifications would appear to align VAF algo-bers of AN to include are those which attack arguments not in AG,
rithms within the same category as algorithms for the standard framebut do not attack arguments in AG. Any attacks on AG will impose
work, unless there is a given ordering on values. constraints on the value order required to make the extended position

In the light of such issues, [9] argue that algorithmic study of conflict free, and may even make it impossible to make the new set
VAFs, particularly with respect to debate and dialogue mechanismgonflict free at all. Thus initially attention should be paid to members
should focus on questions such as identifying audiences that are coaf AN which attack some attacker of an argument in AG, but do not
sistent with a giversetof arguments being acceptable, and with de- attack members of AG. Such arguments can be included, and the ex-
termining the precise points of contention that lead to some argutended positions tested for admissibility for some audience, stopping
ments being excluded from a given preferred extension. It turns ouf this is achieved.
that even if one starts from the basis of a given set of arguments and If no admissible set is found through inclusion of these, argu-
no knowledge of audience preferenaase may efficiently decide not ments attacking attackers of arguments in the position which also,
only if an audiencexistsfor which this set is a maximal consistent themselves, attack arguments in the position must be selected for in-
belief set, but also characterise the exact set of audiences for whiallusion. These arguments will constrain the value order, but may be
this is true. required to defeat some key attacker in AB.

This efficient algorithm relates nicely to the points made in the In this way, a position representing an admissible set may be
introduction: that the focus of interest should be the position, notachieved. Such a position will carry with it constraints on the order-
individual arguments, and that the ordering of values should emergimg of values, reflecting the phenomenon noted by Searle. Of course,
from the debate rather than being given at the outset. In particular wi¢ may prove impossible to develop such a set. In this case the set AG
note thatestingthe status of a set of arguments is very much cheapemust be revisited and one or more arguments removed from it.
thangeneratinga set of arguments with some desired property. Inthe This process, although systematic, is, of course, far from algorith-
next section we will see how this can be exploited. mic, but it does offer considerable potential for computer support.

Assistance may be given through:

3 Developing a Position e graphical editing tools to support the construction and mainte-
nance of the argument framework;

tools to support the process of generating arguments through the
use of argumentation schemes and critical questioning. The Par-
menides system [1] proves a prototype example of such a tool;
tools to determine whether a set is conflict free, admissible or

In this section we will suggest a way in which a person might develop,
a position. To provide some specific context we will think in terms
of developing a position regarding a legal case.

Firsta VAF must be developed. This can be done through an analy;
sis of legal texts - statutes, commentaries and cases - in the manner ofa preferred extension for some audience, and to return the con-

[2], and supplemented by brainstorming, perhaps making use of ar- girqints characterising the audiences concerned:

gumentation schemes and critical questions [16]. The intention herg ;s to identify the arguments which prevent the position having
is to be as inclusive as possible. Arguments should include factual iha desired status:

as well as value based arguments: a method for incorporating factugl
arguments in a VAF is given in [4].

Once the framework has been developed the arguments need towhile a good deal of skill and judgement will remain involved, we
be partitioned into one of three classes: AG, the arguments that thieel that the proposed approach represents a far more natural way to
user would wish to include in his position; AN, the arguments aboutconstruct the kind of arguments required in applications such as law
which the user is indifferent; and AB, the arguments that the usethan the dialogue based methods.
wishes to exclude. AG will contain arguments that represent true
conclusions, embody well established principles, express widely ac- .
ceptedratios of well known cases, and those that the user simply4 Concluding Remarks

finds intuitively appealing. AN will contain facts which are uncertain, |, this paper we noted thretesiderateof a system to construct tools

more dubious precedents, subject to interpretation or from different, support the construction of arguments in domains involving prac-
jurisdictions ancbbiter dicta AB will contain overruled precedents, 4 reasoning.

facts believed false and other arguments which are for one reason or

another unacceptable. a They should deal with sets of arguments rather than individual
AG must now be tested to demonstrate that it is conflict foeat arguments;

least one audiencéf it is not, there is a problem and the members of b They should handle the notion of audiences with different values;

AG must be re-examined and the source of conflict excluded. Let ug They should allow for ordering on values to emerge from the pro-

suppose, however, that we have an AG that is conflict free for one or cess rather than be given at the outset.

more audiences. Note that this will provide some initial constraints

of the value order that can be accepted. We then reviewed the computational properties of frameworks treat-
AG can now be tested to determine whether it is admissible foing [a] and [b] and noted that they do not favour complete automation

tools to identify arguments which will improve the position.

79



of the currently favoured dialogical approaches. In response to this
we suggested an alternative way of supporting argument construction
in which [c] is emphasised.
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