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Abstract This article presents a formal dialogue game for adjudicatlialogues. Exist-

ing Al & law models of legal dialogues and argumentationettetic models of persuasion
are extended with a neutral third party, to give a more réalécount of the adjudicator’s
role in legal procedures. The main feature of the model iw&idin into an argumentation
phase, where the adversaries plea their case and the adfrdias a largely mediating role,
and a decision phase, where the adjudicator decides theteiep the basis of the claims,
arguments and evidence put forward in the argumentatiosepfidne model allows for ex-
plicit decisions on admissibility of evidence and burderpadof by the adjudicator in the
argumentation phase. Adjudication is modelled as puttimgdrd arguments, in particular
undercutting and priority arguments, in the decision phda®e model reconciles logical
aspects of burden of proof induced by the defeasible natuaegoiments with dialogical

aspects of burden of proof as something that can be allobgtedplicit decisions on legal
grounds.

1 Introduction

This articlé studies the formal modelling of the role of third parties logedures for dis-
pute resolution. The procedural aspects of legal reasdrang been a main research topic
in Al & Law since researchers started to realise that legasaaing is bound not only by
the rules of logic and rational inference but also by thoséfand effective procedure.
This ‘procedural turn’ was initiated by two papers, Gord@893) and Hage et al. (1994),
and further pursued in e.g. (Bench-Capon; 1998; Prakkersandon; 1998; Lodder; 1999;
Hage; 2000; Vreeswijk; 2000; Leenes; 2001; Prakken; 2Q0GH#) also Brewka (2001). The
main focus of this area is the integration of logical moddl¢egal reasoning (especially
those using tools from nonmonotonic logic) with dialoguengamodels of argumentation.
The resulting models regulate the use of argumentativechpaets, such as making, dis-
puting and conceding claims and putting forward argumedtcaunterarguments, and they
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define the outcome of a dispute in terms of the effects of thpsech acts on the ‘informa-
tion state’ of the dispute. The main guiding idea is that afgedural justice, according to
which the quality of a legal decision not only depends onatstent but also on how it was
reached. This is partly inspired by the analogous idea ofqutoral rationality, defended
by e.g. Toulmin (1958); Rescher (1977) and Loui (1998) (witerestingly were in turn

inspired by the analogy with legal procedures).

Although all this work has been very valuable, further resleas needed. Most Al &
Law work so far has concentrated on two-party dialogues éetwiwo adversaries. If the
judge’s role is modelled at all, it is limited to some very pimactivities, such as regulating
turntaking (Bench-Capon; 1998; Bench-Capon et al.; 200@etermining the truth of the
parties’ claims by simply saying “true” or “false” (Hage ét;d994; Brewka; 2001). Yetin
actual legal procedures judges have a much more elabotatd he main aim of the present
paper is to show how procedural models of legal argument v@mngore realistic accounts
of the judge’s role in legal disputes. | will focus in partiauon aspects that are directly
relevant for the outcome of a dispute, viz. rulings on burdeproof and admissibility of
evidence, and the adjudication of the conflict in the juddi@al decision. Thus | hope to
clarify the relation between the logical and procedurakaspof legal reasoning.

More generally, this paper will contribute to the study aildgue in argumentation the-
ory. So far most studies of the dialogical aspects of legaswaing have, either explicitly
or implicitly, applied the model of so-called persuasioaldgue as developed in argumen-
tation theory (Mackenzie; 1979; Walton and Krabbe; 1995kRen; 2006). In persuasion
dialogues two self-interested parties aim to persuade ethenr that they are right and the
other is wrong. Although this is clearly what happens betwelaintiff and defendant in
a civil case and between prosecutor and accused in a cricaisal, the persuasion model
leaves no room for an adjudicator. In persuasion as modglledgumentation theory the
disagreeing parties are in full control of the outcome: étllo not want to admit that they
are wrong, they cannot be forced to do so. In legal procedbyesontrast, the outcome ulti-
mately depends on the adjudicator’s decision, so in legaigaures the disagreeing parties
should not persuade each other but the adjudicator. In atbets, legal procedure does not
fully fit the model of persuasion dialogue. Accordingly, caien of this paper is to add a
model of so-called adjudication dialogues to the study offal dialectics in argumentation
theory.

This paper is organised as follows. In Section 2 the chanatitess of adjudication pro-
cesses will be described in more detail, after which in sec8 the formal tools used in
this paper will be introduced, viz. formal dialectics, logifor defeasible argumentation and
my own framework for persuasion dialogues. Section 4, wkocims the heart of this pa-
per, extends and instantiates my persuasion frameworkHhcea-player dialogue game for
adjudication. This game is illustrated with some exampheSection 5 and more generally
discussed in the concluding Section 6.

2 Characteristics of adjudication

In this section the characteristics of adjudication praced will be discussed as far as they
are relevant for present purposes.



2.1 Overview

A typical adjudication process takes part between two adwrers who have a conflict of
opinion and a neutral third party who moderates and adjteticthe conflict. The adver-
saries and third party will below be callgthintiff, defendanandadjudicator, respectively.
Typically, a process consists of two partsargumentation phasm which the adversaries
plea their case before the adjudicator and respond to eaeh, @nd adecision phasén
which the adjudicator (whether judge or jury) decides theflat. In the argumentation
phase the adversaries make, dispute, concede and resiaes,cand provide arguments for
their claims or against arguments of the other adversany.adjudicator can have various
roles during the argumentation phase, such as monitorirgheh the adversaries obey the
procedural rules, defining the scope of the dispute by degidihat may and may not be
taken into account (such as whether evidence is admissé#ilegating the burden of proof
and regulating turntaking and termination.

Burden of proof is one of the central notions of legal procedin the literature it
has been argued that the burden of proof can be allocatedrimalising legal rules with
the proper knowledge representation techniques from naptoaic logic; see e.g. Sartor
(1995). Although this approach works under certain assiomgt it fails to capture that in
legal procedure the allocation of the burden of proof ismédtiely a matter of decision by
the adjudicator, and therefore cannot be determined bgadbfrm alone. Any full model
of reasoning under burden of proof should leave room for sledisions, and this is what |
shall do, by incorporating a special speech act for allocatbf the burden of proof.

Moreover, any full model of reasoning under burden of prdafidd take into account
the well-known distinction between the burden of produtémd the burden of persuasion;
see e.g. Strong (1992, pp. 425-6). In legal termshilnelen of productiorspecifies which
party has to offer evidence on an issue at different pointspnoceeding while thburden
of persuasiorspecifies which party loses on an issue if the evidence is\bath In the di-
alogue model presented in this paper the burden of produigticelevant when a statement
is disputed: it then specifies whether the party who madet#tteraent must support it with
an argument or whether the party who disputed it must proamargument why it does
not hold. Accordingly, in the present model the burden ofdpiation is to be allocated in
the argumentation phase by means of a special speech adiufiden of persuasion, on the
other hand, becomes relevant in the decision phase, whexjheicator assesses the argu-
ments presented by the parties. This assessment involeessirects: whether the argument
is strong enough to support the claim in the absence of ccangtementsifiternal validity)
and whether it survives the competition with its counteuangnts ialectical validity). In
the present model the adjudicator verifies the burden obipsisn in the decision phase by
moving arguments, including priority arguments.

Of course, adjudication procedures can vary considerdbintaking and termination
can be regulated in many different ways, retracting claiens e allowed or not, the adju-
dicator can be more or less free in assessing the evidengesoaon. Also, procedures can
differ on whether the adversaries are allowed to make stiepertaining to admissibility
of evidence, procedural correctness or burden of proof plingose of this paper is to model
a fairly typical but not too complicated procedure and tauo@ particular on rationality
aspects of procedures instead of on their contingent legpaas. This procedure will now
be illustrated with an example.



2.2 A motivating example

Our formal model of adjudication should capture dialogules the following one (which,

although imaginary, is in some elements based on Dutch laiw). It contains an initial

claim, decisions about the burden of production and adhii#giof evidence, arguments,
counterarguments and a priority argument. Referenceg#bieles will for convenience be
abbreviated as indexed letters

- Plaintiff: | claim that defendant owes me 500 euro.

- Defendant| dispute plaintiff’s claim.

- Plaintiff: Defendant owes me 500 euro bysince we concluded a valid sales contract, |
delivered but defendant did not pay.

- Defendant| concede that plaintiff delivered and | did not pay, but $mlite that we have
valid contract.

- Plaintiff: We have a valid contract by since this document is a contract signed by us.
- Defendant| dispute that this is my signature.

- Plaintiff: Why?

- Judge By r3 the party who invokes a signature under a document whichtiamavidavit
has the burden to prove that it is authentic when this is désphso plaintiff must prove that
this is defendant’s signature.

- Plaintiff: This is defendant’s signature since it looks just like thédsree signatures of
which we know they are defendant’s.

- Defendant But it does not look like this signature, which is also miBesides, another
reason why we have no contract is that | was insane when | ager, applies, which
makes Section, inapplicable.

Plaintiff: | dispute that you were insane.

DefendantMy insanity is proven by this court’s document, which deetame insane.

- Plaintiff: | dispute that this is a court's document.

- Judge Plaintiff, since the document looks like a court’s documpeés., like an avidavit, by
rs the burden is on you to prove that it is not.

- Plaintiff: This lab report proves that the document is forged.

Judge This report is inadmissible as evidencergysince | received it after the written ar-
gumentation phase.

Plaintiff: Nevermind, even if defendant was insane, this could notrimevk to me during
the negotiations, sn, does not apply bys.

DefendantWhy could my insanity not be known to you?

Plaintiff: Since you looked normal all the time.

Judge (deciding the disputd)am convinced by plaintiff’s evidence that defendantsi-
ture under the contract is authentic. Yet | cannot graninfifis claim since the fact that
defendant looked normal during the negotiations is ingefficto conclude that defendant’s
insanity could not be known to plaintiff: he might have knoivhe had checked the court's
register. Therefore | deny plaintiff his claim.

It is beyond the scope of this paper to give a precise accdait watural-language aspects
of such dialogues. To focus on the essence, the formal matéhrgely abstract from the
formalisation of the arguments, counterarguments andipriarguments. This is not a se-
rious limitation, since it is by now well-known in the litdtae on nonmonotonic logic how
these things can be formalised (see e.g. Prakken and S20(@2)(for an overview). Fur-
thermore, it is not my aim to account for the fact that ofteen@nts of arguments are left



implicit. 1 believe that this issue is far from trivial anddirefore deserves a separate study.
Accordingly, | will in this paper only allow fully explicit yuments.

2.3 Aspects to be modelled

I now list in more detail the activities to be modelled.
The adversaries’ acts

— Stating, disputing, retracting and conceding claims.
— Stating arguments and counterarguments.

The adjudicator’s acts

— Deciding about procedural correctness of moves (whictutes admissibility of evi-
dence).
— Deciding about the burden of production.
— Deciding about termination of a dispute.
— Deciding whether a party has met its burden of persuasias.ifi¥olves deciding about
the following issues:
— whether an argument is able to support its conclusion evémeimbsence of coun-
terarguments (internal validity);
— whether the argument survives competition with its cowartgrments (dialectical
validity).

Some of these acts will be modelled with special speech aizsr@lling moves legally
inadmissible, allocating the burden of production and teating the dialogue), while the
internal and dialectical assessment of arguments will beethed as specific ways to move
arguments.

3 An overview of the formal tools

In this section the formal tools used in this paper will beaduced.

3.1 Formal dialectics and dialogue games

Procedural Al & Law models have largely been based on a brahatgumentation theory
and philosophical logic called ‘formal dialectics’ (Harmhl1971; Mackenzie; 1979; Wal-
ton and Krabbe; 1995), which formalises rules for dialogueslving argumentation, in
particular persuasion dialogues. The main aim of dialoggéess is to define conventions
for coherent discourse, where an utterance in a dialogusgerded as coherent if it con-
tributes to the goal of the dialogue (Carlson; 1983). Thd gbadjudication dialogues can
be described as fair and effective dispute resolution.

Most work on formal dialectics takes a game-theoretic apgiao dialogues, where
speech acts are viewed as moves in a game and rules for whemnrtteves are allowed
are formulated as rules of the game. More specifically, fbdiedogue games havetapic
language k with a logic ., and acommunication languagecLwith a protocol P. The
protocol specifies the allowed moves at each point in a diedog dialogue system also has



effect rules which specify the effects of utterances on the particigasammitments, and
terminationandoutcome rules

Al & Law models have extended dialogue games for persuasitm tive possibility
of counterargument. While in the systems of formal diatecthe only way to challenge
an argument is by disputing its premises, in the Al & Law msdelparty can challenge
an argument even if s/he accepts all premises, viz. by gtaticounterargument. In other
words, while in the argumentation-theoretic models theaulythg logic is deductive, in the
Al & Law systems it is defeasible.

A formal underpinning for the latter is provided by the stusfyargument game
artificial intelligence, to which I now turn.

3.2 Logics for defeasible argumentation

The idea that legal reasoning is defeasible is generallged in Al & Law and is increas-
ingly accepted in legal philosophy (Peczenik; 1996; Ha@8;71 Sartor; 2005). Here | will
simply take this idea for granted. In formalising it, | wilke an argumentation approach,
since the dialectical flavour of this approach fits well witlotpcols for dialogue and pro-
cedure. Providing grounds and evidence will be modelledoastcucting arguments for a
claim, and attacking grounds and providing counterevidemitl be modelled as construct-
ing counterarguments. Three ways of attacking argumeritb@assumed, viz. attacking a
premise with an argument for its negatigmgmise attack attacking the conclusion with an
argument for its negationgbutting attack and attacking the support relation between the
premises and the conclusiaimdercutting attack The latter two attacks can also be targeted
at intermediate conclusions or inference steps of an argurRmally, adjudication will also
be modelled as constructing arguments, typically as coctstig priority argumentswhich
are arguments that break ties between conflicting arguments

Formal systems for defeasible argumentation, or argurtientsystems for short, have
been developed in the past twenty years in artificial irgeliice as models of common-sense
reasoning. (See Prakken and Vreeswijk (2002) for an ovweryiEhese systems formalise
defeasible reasoning as the construction and comparisargofments for and against cer-
tain conclusions. They define how arguments can be constrdicim a given body of in-
formation, how such arguments can be attacked by counteremgts, and how conflicting
arguments can be compared in terms of given criteria for @vispn. To all arguments that
can be constructed a so-called dialectical status is thetgreed. Typically this status is de-
fined in terms of three classes: the ‘winning’jostifiedarguments, the ‘losing’ asverruled
arguments, and the ‘ties’, i.e., thiefensiblearguments, which are involved in an irresolv-
able conflict. In this paper | will especially be interestedéetermining whether an argument
is justified, since the main aim of an adjudication procedsite decide whether a justified
argument exists for a claim.

Argumentation logics can be defined with fixpoint definitidn also in the dialectical
form of argument games (cf. Loui; 1998). Such games modedaddile reasoning as a
dispute between a proponent and opponent of a statemehtsIpaper the argument game
of Prakken and Sartor (1997) as modified by Prakken (200lépwiused. The game of
Prakken and Sartor (1997) is defined as follows. ReéfeatsB’ stand for ‘A attacksB and
is not worse tharB’ and note that two conflicting arguments defeat each othtrely are
equally strong or their relative strength is unknown. In ¢fa@ne proponent starts with an
argument that he wants to prove justified and then each ptayst either defeat the other
player’s previous argument or move a priority argument gtaps the previous argument



from defeating its target. Moreover, proponent is not alldwio repeat an argument in attack
on the same argument, since if opponent had a reply the first 8he will also have a reply
the next time. A player wins if the other player has run out @ves. The initial argument
is provably justified if the proponent has a winning strategthis game.

Note that under these rules the proponent will win only if digumentsstrictly defeat
opponent’s counterarguments, that is, only if he movesraegis that are not defeated by
their target. In other words, the proponent loses when tlideage is balanced, so he in
fact has the burden of persuasion for all his claims. Thissdu# agree with the fact that
in the law the burden of persuasion can be distributed overptrties. Accordingly, in
Prakken (2001a) | modified the argument game by making thpoment and opponent
roles relative to statements. Each player (plaintiff oredefant) now has proponent role for
the statements for which they have the burden of persuastutg they have opponent role
for statements for which the other player has the burden iduyasion. Assignments of the
burden of persuasion are simply modelled as additionaltitgpthe logic. It is this version
of the game that | will use in the present paper.

Clearly, the idea of argument games fits well with formaleidics. However, for present
purposes they also have an important limitation: they artcsin that, being proof theories
for logics, they operate on a fixed body of information fromiethconclusions are drawn.
By contrast, in argumentation dialogues the informatiomvbith the outcome of a dialogue
is determined is usually created dynamically during a djaé For this reason | showed in
Prakken (2005) how argument games can be embedded in diedygtems for persuasion.
The present task is to extend the (two-player) persuasiatehraf that paper to a (three-
player) model of adjudication. To this end the main elem@ftBrakken (2005) will be
summarised next.

3.3 A framework for two-player persuasion dialogue

In Prakken (2005) a framework for specifying two-party pexsion dialogues is presented,
which is then instantiated with some example protocolsoBahe main elements of the
instantiation used in this paper are summarised. Readersad of illustration may wish
wish to look ahead to Section 5.2, where the example of Se2tdis visualised.

A main motivation of the framework is to ensure focus of dgales while yet allowing
for freedom to move alternative replies and to postpondegpThis is achieved with two
main features of the framework.

The first is an explicit reply structure on the communicatimmguage. Each dialogue
move except the initial one replies to one earlier move indiatogue of the other party (its
targe?). Thus a dialogue can be regarded in two ways: as a sequefieeiing the order in
which the moves are made) and as a tree (reflecting the rdptjores between the moves).
Each replying move is either attackeror asurrender For instance, &laim pmove can
be attacked with ashy pmove and surrendered withcancede pnove; and avhy pmove
can be attacked with aargue Amove whereA is an argument with conclusiop, and
surrendered with getract pmove. Whersis a surrendering angl is an attacking reply to
g, we say that' is anattacking counterparof s.

The second idea is that at each stage of a dialogue, eaclyuatove has dialogical
status which is eitherin or out It is recursively defined as follows, exploiting the tree
structure of dialogues. A move is if it is surrendered or else if all its attacking replies
areout. (This implies that a move without repliesiig. And a move ioutif it has a reply
that isin. (Actually, this has to be refined to allow that some premidfesn argument are



conceded while others are disputed; see Prakken (2005héodetails). This allows the
definition of thecurrent winnerof a dialogue: a dialogue is (currently) won by the plaintiff
if its initial move isin while it is (currently) won by the defendant otherwise. Figgil and 2
in Section 5.2 illustrate the reply structure of dialogued the dialogical status of moves.

As for dialogue structure, the framework allows for all kénof variations. The instan-
tiation used here is very liberal in its structural aspeessentially, both players can speak
whenever they like, except that they cannot speak at the 8araeAlso, they may reply to
any earlier move of the other player instead of having toyréplthe last such move, and
they may move alternative replies to the same move, possigg in the same turn (a turn
is a sequence of moves of one player). Other protocols definBdakken (2005) impose
restrictions on these points; since dialogue structureti®uar present concern, they will not
be discussed here.

The framework largely abstracts from thegic languageand itslogic but arguments
are assumed to be trees of deductive and/or defeasiblemnties. Recall that in the present
paper the logic of Prakken (2001a) will be assumed. To kegstsimple, formal details
of language and logic will be omitted.

In Prakken (2005) dialogues are betweepraponent Pand opponent Oof a single
dialogue topic € L;. However, to allow for distributions of the burden of persioa over the
parties, in the present paper | adopt Prakken (2001a)®dii&tn between dialogue parties
(plaintiff (1) and defendantd)) and their dialectical roles towards particular statetmen
(proponent and opponent). The dialectical roles are spéddifia function that at each stage
of a dialogue assigns a (possibly empty) set of statemewetdo player for which they have
the burden of persuasion. Each such set is consistent andhdlsat if one player has the
burden of persuasion f@r, no other player has the burden of persuasion for eiphar—¢.

Now the protocol is based on the following ideas.

The communication languagel assumed in this paper is specified in Table 1. In this
table,¢ is fromL; and argument8 andB are well-formed arguments frorff.

[ Acts | Attacks | Surrenders ]
claim ¢ why ¢ concedep
why ¢ argue A(condA) = @) | retract¢
argue A why ¢ (¢ € prem(A)), | concedep
argue B (¢ € prem(A) or
¢ = condA))
concedep
retract ¢

Table 1 A communication language for persuasion

A protocol forL. is defined in terms of the notion ofthalogue, which in turn is defined
with the notion of anove

Definition 1 (Dialogues)

— The setM of movesis defined asN x {m,0} x L¢ x N, where the four elements of a
movem are denoted by, respectively:
— id(m), theidentifier of the move,
— pl(m), theplayerof the move,
— s(m), thespeech acperformed in the move,



— t(m), thetargetof the move.
— The set ofdialogues denoted b\M=®, is the set of all sequences,...,m,... fromM

such that

— eachi'" element in the sequence has identifier

— t(m) = 0iff m=nmy or for nos € Lcit holds thats(m) is a reply tosin L;

— If t(m) # O thent(m) =i for somem; precedingmin the sequence.
The set offinite dialoguesdenoted byM <>, is the set of all finite sequences that sat-
isfy these conditions. For any dialogde= my,...,m,,..., the sequencay,...,m is
denoted byd;, wheredy denotes the empty dialogue.

Whent(m) =id (') | say thatmreplies tom' in d and thatr is the target omin d. Abusing
notation | sometimes l&{m) denote a move instead of just its identifier. Wigém) is an
attacking (surrendering) reply s8nm') | also say thamis an attacking (surrendering) reply
tomn.

Protocolsare in Prakken (2005) defined as follows.

Definition 2 (Protocols) Aprotocolon M is a setP C M<* satisfying the condition that
wheneved is in P, so are all initial sequences ttdstarts with.
A partial functionPr : M<® — 22(M) is derived fromP as follows:

— Pr(d) = undefined whenevet ¢ P;
— Pr(d) = {m| d,me P} otherwise.

The elements oflom(Pr) (the domain ofPr) are called théegal finite dialoguesThe ele-
ments ofPr(d) are called the moves allowed aftérif d is a legal dialogue anBr(d) = 0,
thend is said to be germinateddialogue.

These protocol rules for move legality should not be cordusith the rules of legal proce-
dure that are checked by a judge. The protocol rules arenedtiales for any adjudication
dialogue while a judge only checks the contingent rules gfecic procedure, such as the
rules on admissibility of evidence. See Vreeswijk (200@)dalialogue protocol in which
the protocol rules can themselves be debated within the@obt

All protocols are further assumed to satisfy the followiragie conditions for all moves
m; and all legal finite dialogued.

If me Pr(d), then:

— Ry: pl(m) € T(d).2

— Ro: If t(m) # 0 thens(m) is a reply tos(t(m)) according td_c.

— Rs: If mreplies tom', thenpl(m) # pl(m).

— Ry: If there is am in d such that(m) = t(n) thens(m) # s(n).

— Rs: For anym' e d that surrenders tm), mis not an attacking counterpart of.

RuleR; says that the player of a move must be to move. RigjeR, formalise the idea of a
dialogue as a move-reply structure that allows for altévaaeplies. Ruldis says that once a
move is surrendered, it may not be attacked any more. Naot#hibse five protocol rules only
state necessary conditions for legality of moves. They eaodmpleted in many ways with
further conditions, for instance, to prevent circular dgales (Mackenzie; 1979; Walton and
Krabbe; 1995) but to focus on the essence such rules willfberidiscussed here. However,
two additional rules are assumed in this paper. The firstbatseach dialogue begins with
either a claim or an argument and the second constrains thimghon arguments.

2 T(d) denotes the player(s) whose turn it is to movein
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— Re: If d = dp thens(m) is of the formclaim ¢ or argue A
— Ry: If an argue Amove replies to aargue Bmove then
1. if Ais moved in proponent role then the player who moves it haaineady moved
Ain the same line of dialogue; and
2. if Adoes not defedB thenB replies to arargue Cmove such thaB defeatsLC and
Alis a priority argument that stofisfrom defeatingC.

In ruleR; a dialogue line is a single branch of the dialogue tree indbgethe reply relations
between moves. The purpose of this rule is to build the arguigeme of Prakken (2001a)
into the protocol.

Thecommitment rules of a dialogue system define the effects of a move on the players
propositional commitments. For instance, a claim makesgeplcommitted to its content
and a retraction terminates such commitment. In severlgli@a games commitments are
an important ingredient (see e.g. Walton and Krabbe (19%&))vever, in the present ap-
proach their role is largely performed by the reply struetom the communication language
and the notion of dialogical status. Therefore, they will be further discussed here.

As for turntaking it was noted above that both players can speak wheneverikey |
except that they cannot speak at the same tfaamination was in Definition 2 implicitly
defined as the situation where the player(s) to move cannke méegal move. In Section 4
this ‘mathematical’ definition of termination will be reccited with the nature of adjudica-
tion.

The link with the underlying argumentation logic is made énnts of a so-calledli-
alectical graph which records all the arguments stepwise constructechguhie dialogue,
as well as their defeat relations. The idea is that duringrayaesion dialogue this graph
is extended by stating arguments for claims, by stating ssarguments and by extending
arguments with arguments for their premises. The full déding can be found in Prakken
(2005). Figure 3 in Section 5.2 provides an illustration.

Ideally, the outcome of the dialogue and of the dialecticapt correspond in the fol-
lowing way. The initial move of a dialogue is just in case the ‘defended part’ of the
dialectical graph, that is, the set of arguments of which renise is disputed, makes an
argument for the initial claim justified. In Prakken (2006isiproven that this holds on two
conditions: that no surrenders are moved (since a playefaainstance, concede or retract
a claim even if he logically does not have to) and if the dial 'logically completed’, i.e.,
if no new relevant arguments can be moved in the dialogueowitstating new premises.

4 Adapting the dialogue system to adjudication

In this section the above framework for two-player persorasgialogues will be extended to
adjudication. A third player, the adjudicator, will be addsome new speech acts introduced
and the protocol, turntaking and termination rules will lbeted.

4.1 Overview

I first sketch how an adjudication dialogue according to & framework generally evolves.
Each dialogue starts with the argumentation phase and dogitsa claim of the plaintiff,

who takes proponent role with respect to this claim. Durlmgydispute about the claim the
adversaries together implicitly build an argument graptheamanner defined above. More
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precisely, when a claim is disputed, the adversaries camegxye arguments and counterar-
guments and can dispute their premises. Sometimes, disagnts are resolved peacefully
by conceding or retracting claims. The adversaries cantalso shift the burden of pro-
duction on the other adversary by replying to a disputing @fith disputing the opposite of
¢. When an adversary has ended his turn, the turn shifts tadjlneiaator. The adjudicator
first decides on the procedural correctness of the moves mdbe previous turn. Then he
can allocate the burden of production of propositions ttestehbeen disputed and finally
he decides whether to terminate the argumentation phaiee ialogue continues, then
the turn shifts to the current loser at the end of the adjtditaturn. In the decision phase
only the adjudicator can move and until termination he cdy orove arguments, includ-
ing counterarguments and priority arguments, to determimether the various burdens of
persuasion have been met. These burdens are assumed tebawiebemined by the judge
between the argumentation and decision phase and are givepu to the decision phase.
(The model could be extended with the means for the judgepress her reasons for these
allocations as arguments; this can be done by replacingtie ¢f Prakken (2001a) as the
underlying logic ofL.; with the one of Prakken and Sartor (2007), in which argumabesit
the burden of persuasion can be expressed.) When the depfsge terminates, the winner
is determined by the dialogical status of plaintiff’s malaig.

4.2 The new dialogue game

A dialogue now takes place between thpayers. The setPlayers= {1, d,a}, wherem
andd are theadversarieanda theadjudicator. The variablep ranges over all three players,
while the variablea ranges over the adversariesalf an adversary, themdenotes the other
adversary. Sar= 4 andd = Tt.

As for the thecommunication language the addition of an adjudicator requires some
new speech acts. Firstly, with respect to turntaking the idew is that after a turn of an
adversary the turn shifts to the adjudicator, who must dewitlether the moves made by
the speaker were legally admissible and whether theresonga make an explicit decision
about the burden of production. Therefore, the end of anradvies’ turn must now be
recognisable by the adjudicator so all turns must now enkl afiassspeech act. Secondly,
the adjudicator has the power to terminate a dialogue, whékan do with aerminate
speech act. These two speech acts do not reply to and canreglizs-to by other speech
acts. According to Definition 1 above their target therefertne dummy value O.

Next, from now on the speech aghy ¢ can also be used in attack ofxdoy —¢ move,
to express that the speaker claims that the burden of prioduicir the opposite o is on
the hearer (an idea taken from Prakken et al. (2005) anchatlgidue to Chris Reed). More
generally, the secongdhy move can dispute the ‘complement’ of the first disputatiom. T
capture this the notatior ¢ is introduced, which denotes the complemengofvhen¢ is
not a negation its complement-igp, otherwise, its complement deletes the negation sign.
So, for instance, the complementpfs —p and the complement efpis p.

Finally, new speech acts are needed for deciding about tleebuwf production and
about procedural correctness of a move, birder(¢, p) andillegal m. Hereburder(¢, p)
means that playep has the burden of production fgr andillegal m means that moven
violates the rules of legal procedure. (Recall that thesesrare not the same as the one
of the dialogue game.) Aillegal move can be made in reply to any other move while a
burder(¢, p) move can only be made in reply toadny ¢ move.

The resulting communication language is displayed in Fgir Next, the following
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[ Acts | Attacks [ Surrenders ]

claim ¢ why ¢ concedep
illegal m

why ¢ argue A(condA) = ¢) | retract¢
why — ¢
burder(—¢,a)
illegal m

argue A why ¢ (¢ € premA)), concedep
argue B (¢ € prem(A) or

¢ = condA))

illegal m

concedep illegal m

retract ¢ illegal m

illegal m

burder(@, p)

pass

terminate

Table 2 A communication language for adjudication dialogues

protocol rules are added to ruleR;-R;. They distinguish two phases of a dialogue: the
argumentation phasis the phase beforetarminatemove has been moved and ecision
phaseis the remaining phase.

— Rg: A terminate burdenandillegal move may only be moved by the adjudicator. In
the argumentation phase the adjudicator only méweden illegal, passandterminate
moves. In the decision phase the adjudicator only mavgseandterminatemoves.

— Ro: In the argumentation phase each of the adjudicator's mem@ies to a move from
the previous turn, except whétyp applies.

— Ryo: If the previous turn contains why — ¢ attackm on awhy ¢ moven’ and the
adjudicator does not ruiaillegal then he attacks eithem or m’ with aburdenmove.

— R11: Eachburdenmove assigns the burden of production to the speaker of the'mo
target.

— R12: A move with anillegal or burdenreply may not be replied-to any more.

— Ry3: After the firstterminatemove no move by an adversary is legal. After a second
terminatemove no move is legal.

— Ry4: If the current winner cannot become the current loser aea $aage, the adjudicator
can only move germinatemove.

RuleRg captures the differences between the argumentation anigdision phase. Ruléy
andRyg implement the idea that issues of move legality and burdgarafuction are dealt
with as soon as they arise. RiRg; ensures that the player to whom the burden of production
is allocated is the current loser, so that he has to suppertligputed statement with an
argument. Ruldr;, captures that decisions on move legality and the burdenazfymtion
are irreversible and undisputable. Rig; marks the shift from the argumentation to the
decision phase. Finallfg4 in fact captures that if the adversaries have peacefullylved
the dispute, the adjudicator cannot change the outcome asdohterminate the dispute.
This is so since the only way in which plaintiff, respectiyeliefendant can become the
permanent current winner is if defendant concedes, respBcplaintiff retracts the main
claim.

The newturntaking rules are as follows.
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— T1: plaintiff starts a dispute.

— T»: In the argumentation phase the turn only shifts afteassmove.

— T3: After apassmove by an adversary the turn shifts to the adjudicator.

— Ty4: After apassmove by the adjudicator the turn shifts to the current loser.
— Ts: In the decision phase it is always the adjudicator’s turn.

Termination was in Definition 2 implicitly defined as the situation whehe fplayer(s) to
move cannot make a legal move. However, in legal settingsputk is often arbitrarily
ended after a fixed number of turns or by the adjudicatorsrimntion. This is why the
locution terminatewas added td_; and two further protocol conditions were added that
only the third party can move this locution and that afterhrsacmove no other move is
legal.

Finally, the outcome rule says that the winner of a dispute is the current winner at
termination of the decision phase.

4.3 The adjudicator’s options in the decision phase

Technically speaking the decision phase does not fit thedwaork of this paper and Prakken
(2005) since it is a monologue and since the adjudicator eply to his own moves. (This
makes sense since sometimes a decision takes the form ofeanaihdebate, such as “in
general, in cases like thegeholds but in this case there is an exception”.) However, most
rules of our framework will also be assumed to hold for theiglen phase. To this end
the requirement of the general framework that players darepdy to their own moves is
dropped for the decision phase. Next, recall that the permdthe decision phase is to
decide the dispute. This involves deciding about a numbissoks. Let us see how the new
dialogue game enables the adjudicator to express thesgateci

— Deciding whether a non-disputed and non-attacked prerheeargument holds. If not,
the adjudicator moves a premise-attacking counterargtjrorerwise no response to
the premise is needed.

— Deciding whether an argument is internally valid, that iegther it is acceptable if not
attacked by counterarguments. If it is not, then the adatdicexpresses this by moving
an undercutting counterargument, otherwise the follovdegisions must be made.

— Deciding whether there is reason to move additional coamgements to internally
valid arguments.

— Deciding whether an argument is dialectically valid, ivehether it survives the com-
petition with its internally valid counterarguments. Thidypically decided by priority
arguments.

Note that all these decisions can be made by either remasilemg or moving an argument.

5 Examples

In this section the new dialogue game will be illustratedwgbme examples. As for no-
tation, the target of a move will be indicated in square betelandargue moves will be
displayed as ‘conclusiosincepremises’. Initially, | assume that the plaintiff has thedmsn
of persuasion for all statements made by any player; at tHegthis section | will briefly
consider a situation where defendant also has the burdegrsifigsion for some claims.
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5.1 Abstract examples

Let us first illustrate the working of the system with a few $ofic examples.

mq: claim p
TB: pass

The turn shifts to the adjudicator, whose only legal movestarrulerg illegal, to termi-
nate the dialogue or to pass. Initial claims are hardly élegal and it does not make much
sense to terminate a dialogue after the first move, so theliadjior passes. Since plaintiff
then trivially is the current winner since his initial movieas no replies, the turn shifts to
defendant.

a3: pass
&[] why p
Js: pass

The adjudicator must now decide about legalitygfHe implicitly rules it legal by moving
noillegal &, reply. Next the adjudicator must decide about the burdenadyzction forp.
Note that at this pointg is out so plaintiff is the current loser, which means that ‘by défau
the burden of production is on him. The adjudicator sees asar to place it on defen-
dant nor to terminate the dialogue, so he passes. Note tthafiehdant had not disputed but
concededy, movern would have been made in for ever, so if the adjudicator haetirtiie
concession legal, he would have been forced to terminatéigtegue by ruleRy4.

Qe pass

Plaintiff now has the choice to accept the default burdenrofipction and defeng with
an argument or to try to place the burden on defendant. Letsigae he accepts the default
burden of production.

T7[04): p Since q
Ti. pass
Og: pass

Now an interesting situation has arisen. Since at this pad#féndant is the current loser,
plaintiff has with 7 managed to shift the burden of proof on her in a certain sefse.
avoid losing in the end, defendant must do something. Shkl cisputers’s premise but
she could also move a counterargument agagistargument. In both cases the defendant
becomes the current winner so she has managed to shift thiserese of burden of proof
back to plaintiff. This type of proof burden is sometimedeadithetactical burden of proof
(see Prakken and Sartor (2006) for a more detailed discuasid references to the jurispru-
dential literature). In the context of a legal proceedinig the burden to do something that
makes oneself the likely winner of the proceeding if the Itgsy situation were the final
situation on the basis of which the proceeding is decidetenms of the present dialogue
game it is the burden to do something that makes oneself thentwinner. Note that the
tactical burden of proof is, unlike the burdens of produtémd persuasion, not a matter of
law or judicial decision but is induced by the dialogue ridesl the (nonmonotonic) logic.



15

Suppose defendant decides to dispate premise.

d1o[m]: why q
d11: pass

Let us now examine the two ways in which the burden of produatan become the subject
of explicit dispute. In our dialogue game the burden of patidun concerning a statement is
by default on the one who made that statement in that if thergitayer disputes it and the
judge remains silent, the first player is the current logeaur example this is the situation
afterag. There are two ways in which the burden of production for gestent (in our case
g) can be placed on the one who disputed it. The first is thatdhelecator directly after the
why pmove decides that the burden to preweis on defendant.

a12[d10]: burder(—q, d)
a13. Pass

Since a13 has maded, g out, defendant is the current loser. To become the curremt wi

ner she can move an undercutting or rebutting counterangutoet, or she can fulfill the

burden of production for-q by moving a premise attack ag with an argument forq.
Assume next that the adjudicator instead wants to wait aaedfg#aintiff accepts the

default burden of production far.

a1, pass

Suppose plaintiff instead tries to place the burden of pctidn on defendant.

m3[010): Why —q
Tha: pass

Then the adjudicator can still decide to shift the burdenetf@ddant with
a15[010): burder(—q, d)
after which defendant has the same options as eitgr

This example illustrates that if the burden of productiond@remise is placed on the party
that disputed it, that party can only fulfill it by moving a pnese-attacking counterargument.

5.2 The motivating example formalised

Let us next formalise the example of Section 2.2. For sintglithe passmoves are left
implicit.

R claimowe 500

&[m]: why owe 500

TB[d,]: owe 500sincecontract and delivered andpaid andrq
04| 18]: concedalelivered

Os[1B]: concede- paid
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J[78]: why contract

Again the turn shifts to plaintiff. Since he knows the gehewe of Dutch civil proce-
dure that the one who claims that a legal relation existstasave it, he again accepts the
default burden of production.

Ti[ds]): contractsincedocument and signed amgl
ds[1&]: whysigned

Now plaintiff tries to place the burden of producing evidertcat there is something wrong
with the signatures on defendant.

o[ dg]: why — signed

The adjudicator implicitly rulesg legal by moving ndllegal reply and is then forced by
rule Ryp to decide about the burden of production with respect tm&igby us’, since the
burden is now in dispute. If he wants to assign it to defentt@r he must reply tdg with
aburder(— signed by usd) move. But in agreement with Dutch civil procedure he instead
allocates the burden to plaintiff, which makes plaintifétburrent loser so the turn shifts
back to him.

010[T®): burder(signed m)

Note that the present formalism does not allow the adjudidat express his reasons why
the burden of production is on plaintiff. Such a possibitibuld be added but for simplicity
| will not pursue this here.

1[ds]: signedsincesimilar-to-3

Plaintiff has fulfilled his burden of production so the taefi burden of proof now auto-
matically shifts to defendant, who has to provide countielewce in the form of a rebutting
counterargument.

O12[m1): — signedsince— similar-to-1

Afer this rebuttal defendant also plays out her second kattacplaintiff’'s main argument,
backtracking tas:

013[1%]: — 2 sinceinsane andy

Th4[A13): whyinsane

d15[Th4]: insanesincecourt’s doc and declares insane
Th6[015]: whycourt's doc

At this point the adjudicator allocates the burden of praiducto plaintiff, since by Dutch
law something that looks like an avidavit is presumed to baadavit. This presumption
can only be overturned by counterevidence.

017[me): burder(— court’s doc )
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Plaintiff provides counterevidence by stating a premisaciitond; s.
mg[d15]: — court’'s docsincelab report and says that forged

The adjudicator now rules the lab report inadmissible,raiteich the turn shifts back to
plaintiff.

alg[ﬂlgk iIIegaI s
Plaintiff now backtracks t@;3, arguing that there is an exception to the exception.

Tbo[413]: — ra sincecould not know andy
&1[m®0]: Whycould not know

Th2[21): could not knowsincelooked normal
a3 terminate

The adjudicator terminates the argumentation phase ofitipeit® and enters the decision
phase, in which he must decide about the internal and diedéeglidity of the various ar-
guments. Recall that at this point it is simply assumed thathiurdens of persuasion are
known (the judge allocates these burdens between the angatiom and decision phase by
applying the relevant procedural rules).

The adjudicator first rules that plaintiff has met his burdépersuasion for ‘signed by
us’ by moving a priority argument agains,.

024[012]: TH1 > &12 Sinceconvinced byrg 1

This priority argument stopé;>’s argument from defeatingi1’s argument, so the latter
has been ruled dialectically valid. Next the adjudicatdesiplaintiff’s argument that he
could not know about defendant’s insanity internally inddly moving an undercutter.

0s5[TR2]: Th2 is not conclusivesincecheck register

Then the adjudicator terminates the decision phase, thplcitty ruling all remaining ar-
guments internally valid by moving no undercutters andngikhem dialectically valid by
moving no other counterarguments.

ag. terminate

Defendant is the current winner so the adjudicator has ihriaed that defendant wins
the dispute.

Figures 1, 2 and 3 display, respectively, the dialogue iftyrigpm (in two parts) and the
dialectical graph created during the dialogue. In Figuresid 2 a solid box means that a
move isin and a dotted box that it isutin the dialogue game. As explained in Section 3.3
above, the dialectical graph records all arguments that siepwise constructed during the
dialogue, as well as their defeat relations. In Figure 3 mldmx means that the argument
is justifiedand a dotted box that it iBverruledrelative to the set of all arguments contained
in the graph.

The dialectical graph in fact contains a winning strategydaintiff in the embedded
argument game on the basis of the statements made duringaibgue. Against both of
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&13: — Iy sinceinsanefy
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|

. TH: why - signed: 7.1 signedsincesimilarto3 rsge_Fig_u; Ei
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a10: burder(signedr)

a4 T > 012 Sinceconvinced

Fig. 1 A dialogue tree (part 1)
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1 See Figure 1
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&13: — Iz sinceinsanef,

: Tha! whyinsane:  Tho: —r4 sincecouldnotknowyy :

d15: insanesincecourt, decIare# 1: why couldnotknow|

o7: burder(— doc,m)

a9 illegal g as: undercutsinceregister

Fig. 2 A dialogue tree (part 2)

defendant’s attacks on his main argument he has a winningeitack and defendant can-
not construct other counterarguments without introducieqy premises. At first sight, this
would seem to be at odds with the outcome of the dialogue. Mexyelaintiff's argument
mmg was ruled illegal by the adjudicator so its premises mustisregarded in verifying cor-
respondence. The remaining graph instead displays a vgratiategy for defendant on the
basis of alldefendedstatements made during the dialogue, which agrees withuteame
of the dialogue.

Let us finally briefly illustrate distributions of the burdeh persuasion over the ad-
versaries. Assume that defendant has the burden of pesauasiher claim that there is
something wrong with the signatures of the contragt); In that case, plaintiff can repeat
his argumentm in attack ond, since in the embedded argument game the non-repetition
rule now holds for defendant as regares signed’. Assume the dialogue then proceeds as
above withds 3. If the adjudicator still assesses the argument for anchagaigned’ as he
did above, then in the decision phase he does not have to nverly argument against
412, since plaintiff is already winning this line of dispute.
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similarto3
signed  documentr;
contract delivered —paid r;
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. court declares N
. insane rg . similartol :
o © —signed -
. normal :
lab ’forged " couldnotknow r7 convinced
—court : —ry . 41 > 012
register

undercut

Fig. 3 A dialectical graph

6 Conclusion

The main purpose of this paper was to show how current diedbgnodels of legal pro-
cedure and persuasion dialogue can be extended to moded§udication dialogue with
a realistic role of the adjudicator. To this end, a formal eldaas been developed of an
artificial but fairly typical adjudication procedure, ugitools from argumentation theory
(dialogue games) and artificial intelligence (logics fofedesible argumentation). The main
feature of the model is a division into an argumentation phaere the adversaries plea
their case and the adjudicator has a largely mediating aole,a decision phase, where the
adjudicator decides the dispute on the basis of the thingfopuard in the argumentation
phase.

The model allows for decisions on legal-procedural cormess of dialogue utterances
in the argumentation phase, such as on admissibility ofeemid. The model also respects
the legal distinction between the burdens of productionmarduasion. It allows for explicit
decisions on the burden of production in the argumentati@se and leaves room for veri-
fying the burden of persuasion in the decision phase. Theehadso captures the notion of
tactical burden of proof, by way of the notion of dialogictdtsis of moves. If an adversary
succeeds in changing the dialogical status of the main otaimrgument his or her way,
then s/he thereby shifts the tactical burden on the othgepka change that status. Unlike
the burdens of production and persuasion, which are implogéalv or the adjudicator, the
tactical burden is automatically induced by the defeasiblerre of the underlying logic and
the dialectical nature of the dialogue game. Thus the maeminciles logical aspects of
burden of proof induced by the defeasible nature of argusneith dialogical aspects of
burden of proof as something that can be allocated by ekgidisions on legal grounds.

In future research it would be interesting to verify whetf@mal correspondence re-
sults can be proven similar to those for the two-player sefuprakken (2005) (see Sec-
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tion 3.3 above). Also, the present dialogue game can be éxtkim various ways. For in-
stance, disputes on move legality could be modelled anditlegidie game could be com-
bined with recent attempts to formalise disputes about tmdems of production (Prakken
et al.; 2005) and persuasion (Prakken and Sartor; 200 helpresent paper such procedural
disputes have not been modelled, in order to focus on howshendial features of adjudi-
cation can be formalised. However, extending the currerdehto allow for such disputes
seems straightforward.

To expand on this, note first that it would not be a good idedltavathe adversaries
to attack the adjudicator’s decisions on move legality dredliurden of production, since
this would not capture that these decisions really are phaed decisions and settle the
issue. (This does not prevent that the legal-procedurasrallow for appeal, but an appelate
procedure starts an entirely new dialogue instead of cointiythe current one.) What makes
more sense is to allow the adversaries to discuss procedsteds before the adjudicator
decides on them. In the above model the adjudicator simptjades that a certain move
is illegal or that one of the adversaries has the burden afymiion for a certain claim. In
an extended model the adjudicator could instead formulath a decision as a resolution
of a dispute between the parties on these issues. One waydel this, along the lines of
Prakken et al. (2005), is that the speech d&tgial m andburder(¢, p) are replaced by
the possibility to move argumentdlegal m since Pandbopr (¢, p) since P(wherebopr
stands for ‘burden of production’). Then all the above peotaules for arguments apply
tot thesearguemoves, so that the adversaries can discuss these procestued just like
any other issue, and the adjudicator can decide these igstdike any other issue. For
disputes about the burden of persuasion the same idea caalisz=d simply by replacing
the logic of Prakken (2001a) with the one of Prakken and $42007), since the latter
already allows for arguments of the fommrden(¢, p) since P(whereburden stands for
‘burden of persuasion’). Some further modifications to theqcol may be necessary, again
along the lines of Prakken et al. (2005), to ensure that swetalevel disputes are resolved
before the object level disputes are resumed: this mightdeadeparate argumentation and
decision phases at each level of dispute.

Finally, the reader may wonder what is the point of develggormal models of adju-
dication procedures. As said above in Section 3.1, the nmairo&dialogue systems is to
define and study conventions for coherent discourse, wineagljudication dialogues co-
herence can be defined as contributing to fair and effeclispeute resolution. The point
of this is partly analytical: by formalising and studyingdificial procedures, insight can be
obtained in their properties, in their relation with logithow differences in procedures can
be understood as variations on certain elements, and soutrthB also has a normative
point. Desirable properties can be formulated, i.e., priiggewhich make procedures fair
and/or effective, and procedures can be tested on whetightve these properties. Also,
the rules of a specific procedure can be used to assess tlitg qtiah adjudicator’s decision
from this point of view.
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