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Chapter 1

In tro duction

A rational agert can expressclaims and judgments, aiming at reaching a de-
cision, a conclusion, or informing, cornvincing, negotiating with other agerts.
Pertinent information may be insu cien t or contrastedly there may be too
much relevant but partially incoherert information. And, in caseof multi-agent
interaction, con icts of interest are inevitable. So, agerts can be assistedby ar-
gumertation, a processbasedon the exchangeand the valuation of interacting
argumerts which support opinions, claims, proposals,decisions,: : :

Argumentation hasbecomean Arti cial Intelligence keyword for the last f-
teenyears,especially in sub- elds such asnonmonotonic reasoning,inconsistency-
tolerant reasoning, multiple-source information systems,natural languagepro-
cessingand human-macdine interface also in connection with multi-agents sys-
tems. There are sewral introductory survey or collections of papers available
on these Al researt trends [71, 45, 69].

In [5], the ASPIC consortium has preseried an overview of existing argu-
merntation models for inference,decision, dialogue and nally for learning. It is
clearfrom that overviewthat the issuesof inferenceand decisionhave, for a long
time, beenconsideredastwo distinct problemsand beenstudied separately As
a result of this, seweral models have beenproposedfor ead problem. The basic
idea behind inferenceis to draw conclusionsfrom a set of premisses,in other
words, to determine whether a given conclusioncan be regardedasjustied on
the basisof the existing information. The decision problem consistsof de ning
a pre-ordering on a set of possiblechoicesor alternativ es,on the basis of avail-
able information. Indeed, an alternativ e cannot be true or false, but it can be
preferred to the other alternativ esin the current state of the world.

In [4] a rst argumentation-based model has been proposed for inference
and decision. Two important features of that model can be outlined. The rst
oneis its genenlity comparedto existing argumertation systemsdeveloped for
inference purposes. Indeed, the new ASPIC model is de ned on a unspeci ed
logical language. The only requiremert is that strict and defeasiblerules should
be distinguished. The secondimportant feature of the ASPIC model is the fact
that both inferenceand decisionare captured and analyzed. In [2] Amgoud has



argued that inferenceis part of a decisionproblem. The basic idea is to infer
from all the available information, the formulaswhich are\correctly" supported,
then to classifythe di erent decisionson the basisof theseformulas. Moreover,
the proposedframework is generalenoughto capture di erent kinds of decision
problems sud asdecisionunder uncertainty, multiple criteria decisionand rule-
baseddecision.

The acceptability semartics usedin ASPIC are exactly the onesde ned by
Dung in [33]. In [4] di erent proofs of acceptability have beenproposed.

When de ning the ASPIC-formalism, we discovered some very interesting
problems and undesirable results. One may think that this problem is proper
to ASPIC model, unfortunately not. Se\eral existing systemssuc as Prakken
and Sartor's system [68], the argumert-theoretic version of Nute's Defeasible
Logic [42] and Garcia and Simari's system [38] su er from the same problem.
In order to avoid such anomalies,in [21] Caminada and Amgoud have proposed
dierent principles (what they call rationality postulates or axioms) that any
argumertation systemshould ful ll. These postulates will govern the well de -
nition of an argumertation systemand will ensurethe correctnessof its results.
Three important postulates have been de ned: the closenessand the consis-
tency of the results that an argumertation system may return, and also the
phenomenonof non-contamination. These postulates are violated in systems
such as[68, 42, 3§]. In [21], Caminada and Amgoud have also proposeddi er-
ent solutions in which these postulates can be warranted in the ASPIC model.
In [6], all theseresults have beenreported in detalil.

The aim of this deliverable D2.6 is to report the solution chosento be im-
plemerted by ASPIC consortium.

Concerningdialogue,in this documert we proposea formal model of dialogue
instantiating the generalformal framework for dialoguespresened in Section4
of ASPIC DeliverableD2.1 [5]. The model clearly shavs how the argumertation
framework de ned in the rst part for inference and decision can be used in
dialogues. Within the framework of [5] a formal model of persuasionis de ned
and then combined with a model of negotiation dialogue and a partial designof
dialogical agerts. Then two possibleroutes to implementation of the proposed
dialogue models are discussed.

The documert is organizedin three main chapters. Chapter 2 preseris a
general argumertation framework for inference. Chapter 3 extends the rst
argumertation framework to deal with decision-making. Chapter 4 is dewvoted
to models of dialogue. The deliverable endswith a short Conclusionin Chapter
5.



Chapter 2

A general argumen tation
system for inference

2.1 Argumen tation pro cess

Argumentation is a reasoningmodel which follows the v e following steps:
1. Constructing arguments (in favor of / against a \statement") from bases.
2. De ning the strengths of those argumerts.
3. Determining the dierent conicts betweenthe argumerts.
4. Evaluating the acceptability of the di erent argumerts.
5. Concluding or de ning the justi e d conclusions

Indeed, argumerntation systemsare built around an underlying logical language
L and an assaiated notion of logical consequencede ning the notion of ar-
gumert. The argumert construction is a monotonic process: new knowledge
cannot rule out an argumert but only givesrise to new argumerts which may
interact with the rst argumert. Sincethe knowledge basesmay be inconsis-
tent, the argumerts may be conicting too. Consequetly, it is important to
determine among all the available argumerts, the oneswhich will be justi e d.
In [33], an argumertation systemis de ned as follows:

De nition 1 (Argumen tation system) An argumertation system (AF) is
a pair hA, Defi. A is a setargumentsand Def A A is a defasibility
relation. We say that an argument A defets an argumentB i (A;B) 2 Def
(or A Def B).

Among all the conicting argumerts, it is important to know which are the
argumerts which will be kept for inferring conclusionsand for making decisions.
In [33], di erent sematrtics for the notion of acceptability have been proposed.
Let's recall them here.



De nition 2 (Conict-free, Defence) LetB A.

A setB is conict-free i there exist no A;, A; in B suchthat A; Def
Aj.

A setB defendsan argumentA; i for eachargumentA; 2 A, if A; Def
Aj, then there exists A in B suchthat Ay Def A;.

De nition 3 (Acceptabilit y semantics) LetB bea conict-fr ee setof argu-
ments, and let F: 24 7! 2% be a function suchthat F (B) = fA j B defendsAg.

B is admissiblei B F(B).
B is a completeextensioni B = F(B).

B is a grounded extensioni it is the minimal (w.r.t. set-inclusion) com-
plete extension.

B is a preferred extensioni it is a maximal (w.r.t. set-inclusion) com-
plete extension.

B is a stable extensioni it is a preferred extensionthat defets all argu-
mentsin AnB.

tics.

Note that there is only one grounded extension. It contains all the argumens
which are not defeatedand also the argumerts which are defendeddirectly or
indirectly by non-defeatedargumerts. Moreover, the following results can be
shown:

Lemma 1 Let hA;Defi be any argumentation frameworkand B A. If B is
admissible,then B F(B).

Lemma 2 Let hA;Defi be any argumentation frameworkand B A. If B is
admissible, then F (B) is also admissible.

So far, we have de ned the acceptability of sets of argumerts. In what
follows, we proposedi erent status of a single argumert.

De nition 4 (Status of an argumen t) Let hA;Defi be an argumentation

Let A be an argument.

A is skeptically acceptedunder a given semanticsi A belongsto all the
extensionsunder the semantics.

A is credulously acceptedunder a given semanticsi A belongsto at least
one extension under the semantics.



A is rejected under a given semanticsi A does not belongto any exten-
sion under the semantics.

The last step of an argumertation processconsistsof determining, among
all the conclusionsof the di erent argumerts, the \good" onescalled justi e d
conclusions Let Output denote this set of justied conclusions. One way of
de ning Output is to considerthe conclusionswhich are supported by at least
one argumert in eac extension.

Denition 5 (Justied conclusions) LethA, Defi bean argumentation sys-

Output = f j8E;j;9A 2 E; suchthat CondA) = g wher CondA) stands for
the conclusion of the argumentA.

2.2 Logical language

In what follows, L will denote a logical languageclosedunder negation. More-
over, we assumethe availability of a function \ ", which works with L, such
that = i =: and = i = . Let K be a knowledge base
containing formulas of L.

De nition 6 (Consisten t set) LetP L. Pisconsisteni @ , 2 P
suchthat = , otherwiseit is said inconsistert.

We distinguish betweenstrict rules which will enableto de ne conclusive infer-
encesand defasible rules which will enableto de ne defasible inferences.

De nition 7 (Strict and defeasible rules) Let 1, :::, ., be elements
of L.
A strict rule is of theform 4, ..., ! meaning that if 1;:::; 5 hold,
then without exceptionit holds that
A defeasiblerule is of the form 1, ..., ) meaning that if 1;:::; n
hold, then it usually holds that
1;::7; n will be called the anteceden of the rule and its consequeh. S

will denote the set of all strict rules and R will denote the set of all defaasible
rules.

De nition 8 (T ransp osition) A strict rule s is a transposition of 1, :::, q
! i S= 1, i 1.0 4 i+1..h n! i jforsomel i n.

Based on the thus de ned notion of transposition, we now de ne a closure
operator for the set S.

De nition 9 (T ransp osition operator) LetS bea setof strict rules. Cly, (S)
is a minimal set suchthat:

S Clyp(S), and
If s2 Clyp(S) and t is a transposition of s thent 2 Cly, (S).



We say that S is closedunder transposition i Cly (S) = S.
De nition 10 (Theory) A theory T is a tuple (Cly (S), Ri.

De nition 11 (Closure of a set of form ulas) Let P K. The closure of
P under the set S of strict rules, denoted Cls(P), is the smallest set such that:

P Cls(P).
if ;00 n! 2 Sand i;:::; n2Cls(P)then 2 Cls(P).
If P = Cls(P), then P is said closed

2.3 The notion of argument

The basic idea behind an argumert, called here epistemiq is the fact that a
given premise is justied on the basis of the available knowledgein K. Sud
argumerts have a deductive form.

In what follows, for a given argument, the function PREMeturns all the
formulas of K (called premiseg usedto build the argumert, PROReturns all
the propositions usedin that argumert, CON@turns its conclusion, SUBeturns
all its sub-argumerts and nally the function DefRules returns all the defeasible
rules of the argumert.

De nition 12 (Epistemic Argumen t) An epistemic argumentA is:

if 2 K with:
PREWA) = f g,
PROR) = f g,
CON@) = ,
SURBA) =,
DefRules(A) = ;.

Ag;ii Ap ! if A1;:::;An are epistemic arguments such that there
exists a strict rule CON@\1);:::; CON@\,) ! in Clyp (S).

PREWA) = PREK) [ :::[ PREW,),

PROR\) = PRORA1) [ :::[ PROAL) [ f g,

CON@) = ,

SUBA) = SURBA,) [ :::[ SUBA,)[ fAQ.

DefRules(A) = DefRules(A;) [ :::[ DefRules(Ay).

Al An ) if Ag;:::;An are epistemic arguments such that there
exists a defasible rule CON@\;);:::; CON@) )

PREWA) = PREW1) [ :::[ PREW,),

PROR) = PRORAL) [ :::[ PRORAR)[ f g,

CON@) = ,

SUBA) = SURBA,) [ :::[ SUBA,)[ fAg,

DefRules(A) = DefRules(A1) [ :::[ DefRules(An)[ fA1;::An) @



Let A¢ be the set of all epistemic arguments.

De nition 13 (Top rule) Let A be an argument. The top rule of the argu-
ment A, denotal TopRule(A), is the last rule used to build it.

Let usillustrate the above de nitions on the following example.

Example 1 LetK =;,S=1fl @a! dgandR = fa) b;d) :bg. The
following argumentscan be built:

A [t 4]

Ay [ d]

Asz:[A1) b

Az [A2) b

Let us consideranother example.

Example 2 LetK = fa;dg, S=; andR = fa) b;d) :bg. The following
argumentscan be built:

Ai: [q]

Az [d]
As:[A1) b
Az [A2) b

De nition 14 (Strict vs. defeasible argumen t) Let A be an epistemic ar-
gument. A is strict i DefRules(A) = ;, otherwise A is said defeasible

2.4 Comparing argumen ts

In [7, 68], it hasbeenarguedthat argumerts may haveforcesof various strengths.
Theseforceswill play at least two roles:

1. they allow an agert to comparedi erent argumerts in order to selectthe
“best' ones.

2. they are useful for determining the acceptablearguments amongthe con-
icting ones.

In what follows  will denote any preferencerelation between epistemic argu-
ments. For two argumerts A and B, A B meansthat A is at least as "good'
asB. denotesthe strict ordering assaiated with . A B meansthat A is
strictly preferred over B.
Throughout the documert, we supposethat there exists a basic ordering
on the set of argumerts. This basic ordering captures the idea that strict
argumerts are preferred to the defeasibleones.



De nition 15 (Basic ordering) LetA, B betwo arguments.A Bi As
strict and B is defasible.

The basic ordering can be re ned by other principles. In the literature there
are two well-known principles for comparing pairs of epistemic argumerts: the
last link principle de ned in [68] for legal applications, and the weakest link
principle de ned in [7] and applied in the caseof handling inconsistency in
knowledgebases.

2.4.1 Last link principle

The basic idea behind this principle is to prefer an argumert A over another
argumert B if the last defeasiblerule(s) usedin B is lesspreferredthan the last
defeasiblerule(s) in A. This principle takesit for granted the fact that there
exists a partial pre-ordering >, (r for rules) on the setR of defeasiblerules. For
two defeasiblerules R, R%, R >, R®meansthat R is preferredto R

Before de ning this principle, let us rst start by introducing formally the
concept of \last defeasiblerule”. Note that an argumert may have seeral
defeasiblerules. Those rules are returned by a function LastDefRules de ned
as follows:

De nition 16 (Last defeasible rules) Let A be an argument.
LastDefRules (A) = ; i DefRules(A) = ;.

If A= A, 15, Ap) , then LastDefRules (A) = fCON@1), :::,
CON@\n) ) g, otherwiselLastDefRules (A) = LastDefRules (A1) [ :::
[ LastDefRules (An).

The above de nition is then usedto compare pairs of argumerts as follows:

De nition 17 (Last link principle) LetA, B 2 A.. A is preferred to be B,
denot@l A B,i 9R 2 LastDefRules (B) suchthat 8 R?2 LastDefRules (A),
R> R.

Let us illustrate this de nition by the following example.

Example 2 { continued: LetK = fa;dg, S=; andR = fa) b;d) : bg.
Supmsethata) b>, d) : b In this case,the argument[[a] ) b] is preferred
to the argument|[[d]) : h.

2.4.2 Weakest link principle

The idea behind the weakest link principle is to prefer an argumert A over an
argumert B if the lessentrenched belief of A is preferredto the lesserntrenched
belief of B. In this case,both the knowledgebaseK and the setR of defeasible
rules are supposedto be equipped with a partial pre-ordering > (resp. >;).
For two elemeris K and K%of K K > K ?meansthat K is preferredto K °,



De nition 18 (W eakest link principle) Let A, B 2 Aq. A is preferred to
B, denotal by A B, i:

8K 2 PREIA); 9K °2 PREB) suchthat K > K © and
8R 2 DefRules(A); 9R°2 DefRules(B) suchthat R > RC.

Consider again the above example.

Example 2 { continued: LetK = fa;dgand R = fa) b;d) : bg. Supmse
thata) b>,d) :hb If a> d thenthe argument[[a] ) b] is preferred
to the argument [[d] ) : b]. However,if d >« a then the two arguments are
incomparable.

2.5 The conicts between argumen ts

Since the information may be inconsistert, the argumerts may be con icting.
Indeed, argumerts supporting beliefs may be con icting.

Two kinds of con icts betweenargumerts canbe distinguished. The rst one
correspondsto the casewhere one argumert usesa defeasiblerule of which the
applicability is disputed by the other argumert. In the following de nition, d.e
standsfor the objectivation operator [65], which converts a meta-level expression
into an object-level expression.

De nition 19 (Undercutting) Let A and B be argumentsin Ae. A under-
cuts Bi 9B%2 SUBB) of the form B:::;B%)  and 9 A%2 SUBA) with
CON@9 = :d CON®BYY;:::;CONBY) e

The secondkind of conicts correspondsto the casewhere two argumens
support contradictory conclusions.

De nition 20 (Rebutting) Let A and B be arguments. A rebuts B i 9 A°
2 SUBA) with CON@9 = and 9 B°2 SURBB) with CON@?) =

Example 3 LetK = faj;tg, S=fa! bg, R =1fb) c;t) :b;:b) dg. The
argument[[[t]) :b]) d]rebuts|[[[a]! b]) c]. The reverseis also true.

Prop erty 1 The relation Rebut is symmetrical.

The de nition of rebut capturesthe idea of \Assumption attack" de ned in the
deliverableD2.2. In that deliverable,a setof assumptionshasbeendistinguished
from K. Howewer, we arguethat thoseassumptionscan be modeledasdefeasible
rules with an empty anteceden. So, in what follows \Assumption attack" will

not be considered.

De nition 21 (Restricted rebutting) Let A and B be arguments. A re-
strictiv ely rebuts B on (A%B9 i 9 A°2 SURBA) with CON@Y% = and 9 B°
2 SUBB) of the form B¢:::;B)

Note that the restricted version of rebut is a re nement of this last.



Prop erty 2 Restricted rebut ) Rebut. The reverseis not alwaystrue.
Note 1 In what follows, we will keep the restricted version of rebutting.

The two relations: undercut and restricted rebutting are brought together in a
unigue de nition of \defeat" asfollows:

De nition 22 (Defeating) Let A and B be argumentsof A.. We saythat A
defeatsB i

1. A restrictively rebuts B on (A% B9 and not (B® A9, or
2. A undercut B.

2.6 The acceptabilit y of argumen ts

Onceall the basic conceptsintro duced, we are now ready to de ne an argumen-
tation framework for inferring from inconsistert knowledge bases.

De nition 23 (Argumen tation framew ork) Let T be a theory. An argu-
mentation framework (AF) built on T is a pair <A, defeat> s.t;

A is the set of argumentsgivenin De nition 12,
defeat is the relation givenin De nition 22.

Among all the conicting argumerts, it is important to know which are the
argumerts which will be kept for inferring conclusions,in other terms one should
de ne the acceptable argumenrts. In what follows, we will use the dierent
semanticsfor the notion of acceptability that have beenproposedby Dung [33],
and recalledin section2.1.

semairtics of the argumentation system<A,, defat>.

Prop erty 3 An argumentationframework< A, defeat> hasa unique grounded
extensionwhich may be empty. It may havedi er ent stable, preferred and com-
plete extensions.

In [22], it has beenshawn that eath argumert which is in an extension, has all
its sub-argumerts in that extension.

its di er ent extensionsunder a given semantics. 8 A 2 E;, then Suh(A) E;,
8E;.

Another interesting property concernsthe consistencyof the results returned
by this system. This is of great importance sinceit shaws clearly that the above
systemreturns safe conclusions.

10



Prop osition 2 Let <A,, defeat> be an argumentation system built from a

given semantics. 8 E;, the setf CondA) j A 2 E;g is consistent.

The above result shows also that the rationalit y postulate about direct consis-
tency de ned in [2]1] is sats ed by this argumertation system.

Prop osition 3 Let <A,, defeat> be an argumentation system built from a
given semantics. 8E;, f CondA)jA 2 E;g = Cls(f CondA)jA 2 E;Q).

The above result shows that the rationalit y postulate about closednesss
satis ed by the argumentation framework de ned in this chapter. The idea of
closednesss that the answer of an argumentation-engine should be closedunder
strict rules. That is, if we provide the enginewith astrict rule a! b (\if athen
it is also unexeptionally the casethat b"), together with various other rules,
and our inference engine outputs a as justi ed conclusion, then it should also
output b asjustied conclusion. Consequetly, b should also be supported by
an acceptableargumert.

Prop osition 4 Let <A,, defeat> be an argumentation system built from a

given semantics. 8E;, the set Cls(f CondA)jA 2 E;g) is consistent.

The argumerntation framework proposedhere satis es the third rationalit y
postulate which is about indirect consistency

2.7 The consequence relation

Once the acceptable arguments de ned, conclusionsmay be inferred from a
knowledgebase.

De nition 24 (Inferring) Let T be a theory, AF = <A,, defeat> be an ar-

gumentation framework and E its set of extensionsunder a given semantics.
is inferred from T, denoted by T | ,i 8E;i2E 9A 2 E; suchthat

CON@) =

Output(AF) =f T j g.

An important result is that the set of all conclusionsinferred from T is consis-
tent.

Prop osition 5 Let <A, defeat be an argumentation system built from a

given semantics. Output (AF ) is consistent.

The setof inferencesmadefrom a baseusing the proposedargumertation frame-
work is closedunder strict rules. Formally:
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Prop osition 6 Let <A,, defeat> be an argumentation system built from a

given semantics. Output (AF ) = Cls(Output(AF)).

Finally, it isto show that the closureunder strict rules of the setof inferences
is also consisten.

Prop osition 7 Let <A,, defeat- be an argumentation system built from a

given semantics. The set Cls (Output (AF )) is consistent.

2.8 Procedural form

The credulous and the skeptical acceptability of an argument under a given
semartics have been de ned in section 2.1. The problem which consists in
decidingif an argumert is credulously (resp. skeptically) acceptedunder a given
semairtics is called the credulous (resp. the skeptical) acceptanceproblem. In
this chapter, we are interested in giving \pro ofs" of the acceptability.

As indicated in [24], in everyday life, a \pro of" often takesthe form of a set
of piecesof information, sud that these piecesof information, taken together,
can prove the fact, in somesense.The proof can include the way in which the
piecesof information have to be articulated in order to actually prove the fact,
but not always: the idea is then that, given the piecesof information, it is not
too dicult to reconstruct a proof. One interesting aspect of such proofs is
that they provide a kind of \explanation" asto why a given fact is believed to
be true. In this respect, \good" proofs are usually conciseand avoid irrelevant
information.

Considering our acceptanceproblems, we would like to be able to explain
why a given argumert is accepted. If we consider the credulous acceptance
problem for the preferred semarics, a proof that an argumert a is accepted
could simply be an admissible set that contains a. However, this will probably
not be informativ e enough as an explanation; it is usually interesting to know
why the set is admissible: against which other argumerts it defendsitself, and
how. In other words, a more satisfactory proof should exhibit the admissible
setaswell asall its attackers, and how the admissible set defendsitself against
these attackers.

This implies that a proof of acceptancefor a given argumert a should at
least separateits argumerts in two classes:the onesthat arein favor of a in this
proof (the elemernts of the admissiblesetin the caseof the credulousacceptance
problem under the preferred semartics); and the onesthat are\against" ain this
proof (the attackers of the admissibleset). A proof can be given a more re ned
structure if we take a concisenesgequiremert into accourt: in this case,the
only argumerts in favor of a that it contains should be there for a good reason,
that is, becausethey directly, or indirectly, defenda or another defenderof a.
Similarly, the only argumerts against a in the proof should be the attackers of
a or their defenders.
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Argument gamesbetweena proponert (PRO) and an opponert (OPP) can
be interpreted as constructing proofs of acceptancethat have the dialectical
structure underlined above: the proponert starts with the argument to be
\proved", and attempts to defend that argumernt against any attack coming
from the opponert. The precise rules of the argumert game depend on the
semairtics to be captured.

[79] outlines argument games(called Two Party Immediate response Dis-
putes, or TPI -disputes) which have beenformalized by [34]. Argument games
have also beenformalized in [44], where a generalframework is proposedwhich
enablesto de ne argumert gamesfor winning positionsin argumertation frame-
works.

Following the formal approach of [44], but with slightly di erent de nitions,

a general framework for argument gameshas been proposedin [24]. In sec-
tion 2.8.1,we presert this framework, which is a particular dialogue system (see
DeliverableD2.1, section4.2). The two argumernt gamesfor the credulousaccep-
tance problem under the preferred semartics which were introducedin [23, 24]
are preseried in section 2.8.2, and the argumert gamefor the skeptical accep-
tance problem introduced in [32] is presened in section 2.8.3. An argumert
gamefor the acceptanceproblem under the grounded semartics is preseried in
section2.8.4. Finally, somealgorithms computing the previous argumernt games
are preserted in section 2.8.5.

2.8.1 A general framew ork for argument games

The common elemers of dialogue systemshave been presened in Deliverable
D2.1, section4.2. An argument game (or dialectical proof theory, asde ned in
[24]), is a particular dialogue system, whose elemeris are instantiated on the
following way:

Dialogue goal: To prove the credulous or the skeptical acceptability of an
argumert under a given semartics.

Participan ts are two, the proponert (PRO) and the opponert (OPP). The
participants are also called the players The role of PRO is to defend
the argument under consideration against any attack; the role of OPP
is to outline these attacks. The set of commitments assaiated to ead
participant is empty?.

Context: An argumertation system<A;Def>, xed and nite.
Topic language: The participants play argumerts of A.

Comm unication language: A movein A isapair [P; X ]whereP 2 fPRO; OPPg
and X 2 A. A dialogue is a courtable sequenceof moves.

1Each participan t is implicity committed to the arguments he or she plays, but in order
to make the framework as simple as possible, we chooseto let the set of commitmen ts always
empty.
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Proto col: A legal-movefunction de nes, at ewery step in the dialogue, what
movescan be usedto cortin ue the dialogue. The playersplay in turn and
PRO plays rst. The dialogue is terminated when the set of arguments
returned by the legal-move function is empty.

E ect rules: None since the set of commitments of a participant is always
empty.

Outcome rules: Winning criteria are de ned in order to determine if the ar-
gument under consideration is successfullydefended with an argumert
game.

Each participant has a strategy depending on the acceptanceproblem to
solve. This strategy is represerted in the legal-move function.

We de ne now argumert gamesmore formally, inspired by [44, 24, 32]. To
this end, we will rst de ne the notion of a dialoguetype (involving the formal
de nition of a move and a legal-move function), then of a dialogue about an
argumert and nally of two winning criteria. All thesede nitions are set for a
basic argumentation framework (seesection 2.1).

De nition 25 (Dialogue type) Let <A;Def> be an argumentation frame-
work.

A movein A is a pair [P;X] where P 2 fPRO;OPPg and X 2 A. For a
move = [P;X], weusepl( ) to denoteP and arg( ) to denoteX. The set of
movesin A is denoted by M . M denotesthe set of nite sequenesof moves.

A dialoguetype is a tuple <A;Def; > whee :M ! 24 is a function
called legal-move function.

De nition 26 (Dialogue about an argument) Let <A;Def; > be a dia-
loguetype. A dialoguedin <A;Def; > (or -dialoguefor short) is a countable
seguene o 1::: of movesin A suchthat:

1. pl( o) = PRO
2. pl( i) & pl( i+1)
3.arg( i+1)2 (o::: i)
We say that d is about argumentarg( o).

Remind that whenthe set of argumerts returned by the legal-move function
is empty, the dialogue cannot be contin ued.

Although [44] allow any con ict-free set of argumerts to appear in a move,
we restrict a move to contain one argumert only: actually, it is possible to
ched easily whether a particular argumert can be advanced whereasallowing
\arbitrary" con ict-free setsmay leadto di culties or ine ciencies in deciding
if a particular subsetcould be used. We have dropped [44]'s requiremert that
arg( j+1) must attack arg( ;) because,in order to have sequettial argumen
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gamesof credulousacceptancewith respect to the preferred semartics, we need
to let OPP try all possibleattacks against any of PRO's argumerts, but only
oneat atime.

Let us now introduce somenotations. Let d = ¢ 1::: ;i bea nite -
dialogue:

i is denoted by last(d);
(0::: i) isdenotedby (d);
PRO(d) will denotethe set of argumerts advancedby PRO during d.

The extension of d with a move in A suchthat o ;::: § isa -
dialogue is denoted by the juxtap osition d: .

We consider two winning criteria: a given dialogue about an argument X
can be won, or there can be a winning strategy for x, that is a way for PRO to
defendx againstall attacks of OPP. To give this secondcriterion, the following
de nition is needed: the sequencey is a pre x of the sequencex or x is an
extension of y if and only if there exists a sequencez such that x is obtained by
the concatenationof y and z, x = y:z.

De nition 27 (Winning criteria) Given a dialoguetype <A;Def; > :

Dialogue won [44]: A -dialogued is won by PRO if and only if d is nite,
cannot be continued (that is (d) = ;), and pl(last(d)) = PRO.

Winning strategy [24]: A -winning strategy for an argument x is a non-
empty nite setS of nite -dialoguesatbout x won by PRO suchthat: 8d 2
S;8d° pre x of d suchthat last(d®) is played by PRO, 8y 2 (d%;9d%2 S
suchthat d%is an extension of the juxtaposition d%[OPP;y].

In other words, a -winning strategy must show that any -dialogue about
x where PRO plays the last move can be extendedin a -dialogue won by PRO
whatever the responseof OPP to this last move.

The de nition of a dialogue which is won is usedto de ne sequettial argu-
ment gamesfor the credulous acceptanceof an argumert under the preferred
semairtics (section 2.8.2.1), and for the skeptical acceptanceof an argumert
under the preferred semarics (section 2.8.3). Winning strategies are usedin
section 2.8.2.2to de ne tree-like argumernt gamesfor the credulousacceptance
of an argumert under the preferred semartics: the dialoguesthat composethe
strategy correspond to paths in the tree from the root to leavesof the tree.

2.8.2 Credulous reasoning under the preferred semantics

We rst introduce someadditional notations.

Notation 1 Let <A;Def> be an argumentation framework. Given an argu-
ment a2 A, we denote:
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by R* (a) = fb2 A j aDef bg the set of the successor®f a,
by R (a) = fb2 A j bDef ag the set of the predecessor®f a, and
byR (a) thesetR*(a)[ R (a).

Moreover, given a setS A of argumentsand " 2 f+; ;g , R (S) =
a2s R ().
Finally, Re (<A;Def>) = fx 2 A j xD efxg is the set of argumentsthat
attack themselveqor self-attacking argumerts). This setwill be denotel by Re
for short.

The credulousacceptanceproblem is to decideif a givenargumert x belongs
to at least one preferred extension. As already mertioned, a proof that x is
credulously acceptedexhibits an admissible set of arguments that contains x;
the proof must also exhibit attackers of this set, and the structure of the proof
must show how the set defendsitself against these attackers.

According to [23, 24], the dialoguesintro ducedin the previous sectionenable
usto distinguish argumerts that defendx from thosethat attack it: the former,
as well as x itself, are labelled \PR O" in the dialogue, whereasthe latter are
labelled \OPP ". The two proof theories that we presert below are basedon
dialoguessud that for every attacker, that is, for every move [OPP; z], there is
always a precedingmove [PRO;y] in the sequencesudc that z attacksy. This
PRO-argumert y justi es/explains the presenceof z in the proof. Similarly,
every defenderin a proof, that is, every move of the form [PRO;y], must be
immediately precededin the dialogue by an attacker against which it defends,
that is a move [OPP; x] suc that y attacks x.

Another restriction can be put on the movesthat can appear in a proof
of credulous acceptance: let d be a nite -dialogue. R (PRO(d)) cortains
the arguments which attack or which are attacked by an argument advanced
by PRO during d. If d is to be a proof of acceptance,then PRO attempts to
build an admissible set of argumerts, so PRO cannot chooseany argumert in
R (PRO(d)) for pursuing the dialogue d, nor any self-attacking argumert. In
the sequel,POSS(d) denotesthe set of argumerts which may be chosenby PRO
for extending an already con ict-free set PRO(d):

POSSd) = An(PRO(d)[ R (PRO(d)) [ Re):
Note that it is uselessfor OPP to advance an argumert which is attacked by
PRO(d).
2.8.2.1 Linear argument games

The following legal-move function leadsto a dialectical proof theory in which
OPP is not obliged to respond to the last argument advancedby PRO. Hence,
the argument gamesobtained are linear.

De nition 28 (Legal-mo ve function 1) [23] Given an argumentation frame-
work <A;Def>,let ;:M | 2* bedened by:
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if d is a dialogue of odd length (next moveis by OPP),
1(d) = R (PRO(d)) nR* (PRO(d));

if d is a dialogue of evenlength (next moveis by PRO),

1(d) = R (arg(last(d))) \ POSYd):

Combining a dialogue type <A;Def; ;> and the rst winning criterion
(dialogue won, cf. Def. 27), we obtain ;-proofs:

De nition 29 ( ;-pro of for an argumen t) [23] A 1-proof for the argument
X is a j-dialogue about x won by PRO.

The following result establishesthat the ;-proof theory is sound, and com-
plete for nite argumertation framework.

Prop erty 4 [23] If d is a -proof for the argument x, then PRO(d) is an
admissibleset containing Xx.

If the argumentx is in a preferred extensionof the argumentation framework
<A;Def>, andif A is nite, then there existsa 1-proof for x.
2.8.2.2 Tree-lik e argumen t games

It is also conveniert to presern proofsin a more traditional way, on a tree-like
form, where at eat stage of the proof, the advanced argumert attacks the
previous one. Such proofs are obtained using the following legal-move function.

De nition 30 (Legal-mo ve function ) [23] Given an argumentationframe-
work <A;Def>,let ,:M | 2* bede ned by:

if d is a dialogue of odd length (next moveis by OPP),
2(d) = R (arg(last(d))) nR™ (PRO(d));

if d is a dialogue of evenlength (next moveis by PRO),

2(d) = 1(d) = R (arg(last(d))) \ POSS(@):

2 is arestriction of ; since,accordingto ., OPP must advancean argu-
ment which attacks the argument advancedby PRO in the previous move.
Combining a dialoguetype <A;Def; ,> and the secondwinning criterion
(winning strategy, Def. 27), we obtain ,-proofs:

De nition 31 ( 2-pro of for an argumen [23] A ,-proof for the argument
X is a 2-winning strategy S for x suchthat , s(PRO(d)) is con ict-fr ee.

The ,-proof theory is proved sound and complete for the credulousaccep-
tance problem, according to the following result.
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Prop erty 5 [23] There existsa ;-proof for the argumentx if and only if there
existsa ,-proof for x.

An advantage of a ,-proof overa 1-proofisthat onecanimmediately see,
with a ,-proof, which argumert is attacked by the argument advancedby OPP
in a move (the argumert of the immediately precedingmove).

2.8.3 Skeptical reasoning under the preferred semantics

The skeptical acceptanceproblem under the preferred semartics, which consists
in determining if a givenargumert is in every extensionof a givenargumertation
system, is studied in [32]. We presert here the results of [32)].

2.8.3.1 Skeptical reasoning as credulous meta-reasoning

Determining if an argumert is in every extensionof an argumertation framework
canbeeasily(but not e cien tly) answeredif we canenumerate all the extensions
of the system: we considera rst extensionE; and test if x 2 E;. If it is, this
suggeststhat x may indeedbe in every extension(as opposedto the casewhere
X 2 E;). We then considera secondextensionE: it may happenthat x 2 E,,
so the existenceof E, a priori casts a doubt over the fact that x is in every
extension. However, if it turns out that x 2 E», this reinforcesthe possibility
that x may be in every extension. Continuing the process,eat extension E
starts, with its sole existence, by being an argumert suggestingthat x may
not be in every extension, to become,if it turns out that x 2 E, an argumernt
reinforcing the possibility that x is in every extension. Of course,enumerating
all the extensionswill generally not be e cien t. We study in the remainder of
this section how we can re ne this approad, by enumerating smaller sets that
can be interpreted as\meta"-arguments for or against the possibility that x is
in every extension.

Sinceevery argumertation systemhasat least one (preferred) extension, an
argumert X must be in at least one extension in order to be in all of them,
sox must be in at least one admissible set. Now, supposewe have found one
admissibleset P that contains x; sowe know that x is in at least one extension
E P. What could prevert x from being in every extension? If there is
an extension E° sudh that x 2 E®, then P 6 E° sothere must be a con ict
betweenP and E°(otherwise, sinceP and E °defendthemselves,P [ E°would be
admissible,which is not possiblesince Eis maximally admissibleand P 6 E°).
Thus if x is not in every extension, there must be someadmissible set P° that
attacks P and such that PP is not in any extensionthat cortains x (take for
instance P°= E9). In a sense,P can be seenas a \meta"-argument suggesting
that x may well be in every extension of the system; whereasP ° can be seen
as a counter-argument: it suggeststhat, since there is an admissible set that
contradicts P, there may be some maximal admissible set of argumerts that
does not contain x. This \meta" counter-argument is in turn cortradicted if
there is someadmissible set of argumerts P ®that contains both P°and x.
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In order to formalise this approad, let us intro ducethe following de nitions
and notations:

De nition 32 (Def -attac ks) [32] Let <A;Def> be an argumentation sys-
tem. Let x 2 A and S;S° A. x Def-attacks S if there existsy 2 S such
that xD efy. S Def -attacks x if there existsy 2 S suchthat yDefx. Finally,
S Def -attacks SPif there existsx 2 S suchthat x Def -attacks S.

Notation 2 Given an argumentation system<A;Def>, Adm(<A;Def>) de-
notes the collection of admissiblesetsof <A;Def>.

Let us de ne arelation Defy on the admissible subsetsof someargumernta-
tion system<A;Def>:

De nition 33 (Defy-attac ks) [32] Let <A;Def> be an argumentation sys-
tem. Let X;Y 2 Adm(<A;Def>). Then XDefyY (or X Defy-attacks Y)
if:

1. x2 Y nX and X Def-attacks Y; or

2.x2XnY and X Y.

In casel., Y suggeststhat x may be in every extension: it is at least in
all the extensionsthat cortain Y; but X suggeststhat there may in fact be
someextensionsthat do not contain x: thosethat contain X cannot contain Y
becauseX Def-attacksY.

In case?2., Y suggeststhat x may not be in every extension, sinceit is
admissibleand doesnot contain x; but X showsthat Y can be extendedto an
admissible set that doescontain x.

Note that X Defy-attacks Y is not equivalent to X Def-attacks Y. The
latter meansthat thereis (x;y) 2 X Y sud that xD efy.

It may be sucient to restrict Defyx to someadmissible setsof <A;Def>
only. To this end, we de ne the set Ay asfollows:

De nition 34 [32] Let <A;Def> be an argumentation system. Let x 2 A.
Then Ay = ARRO [ AOPP "where:

APRO s the set of the admissiblesetsof <A;Def> that contain x;

AQPP s the setof the admiggiblesetsX of <A;Def > that do not contain x and
are of theform X = ,, Y, wher theY 2 Y are parts of A minimal
suchthat Y is an admissibleset of <A;Def> and Y Def -attacks some
elementof AFRO.

We are now able to expressthe problem of skeptical acceptanceof an ar-
gumert x in terms of admissibility, or credulous acceptance,in a \meta"-
argumertation framework. Such a framework has for \meta“"-arguments the
admissible sets of A, and Defy is its \meta"-defeat relation. Our rst result
is that if there is a \meta"-admissible setin favor of a given argumert x, then
X is in every extension of the theory:
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Prop osition 8 [32] An argumentx of an argumentation framework< A; D ef >
is in everypreferred extensionof <A; Def > if there existP 2 Adm(<A;Def>)
and P 2 Adm(< Ax;Defyx >) suchthatx 2 P and P 2 P.

Our next result shows that the approadc is complete. It guaranteesthat if
wecan nd anadmissiblesetP of <A;Def> that contains x, and an admissible
setof < A,;Defyx > that contains P, then x is in every extension. However,
this result alone would not guarantee the completenessof the approad: if we
nd P, but then cannot nd P, isit that x is not in every preferred extension
of <A;Def>, or could it bethat we just picked the wrong P? The proposition
below shows that any P can be part of a meta-proof for x, if x is in every
extension:

Prop osition 9 [32] If an argumentx of an argumentation framework< A; D ef >
is in every preferred extensionof <A;Def >, then:

1. for everyP 2 Adm(<A;Def>) suchthat x 2 P there existsP 2 Adm(<
Ay;Defy >) suchthat P 2 P;

2. there exist P 2 Adm(<A;Def>) and P 2 Adm(< Ay;Defyx >) suchthat
X2PandP 2 P.

2.8.3.2 Argumen t game

Since we have characterized the skeptical acceptanceproblem as a credulous
acceptanceproblem in a meta-argumertation framework, any dialectical proof
theory designedfor the credulous acceptanceproblem can be usedto solve
the skeptical acceptanceproblem. We will illustrate this below with a linear
argumert game.

Note that we will have to considerthe credulous acceptability of a set of
argumerts under the preferred semariics, which consistsin deciding if a set
of argumerts is included in at least one preferred extension. So we extend
the de nition of a dialogue in order to de ne a proof theory for the credulous
acceptanceof a set of argumerts.

De nition 35 (Dialogue about a set of argumen ts) Let <A;Def; > be
a dialogue type. A dialogued in <A;Def; > (or -dialogue for short) for a
nite setS= faj;ay;:::;apng A isaocountablesqgquene o, o,::: o, 1 2:::
of movesin A suchthat:

1. pl( o) =PROandarg( o,)= a,forl k n
2. pl( 1)= OPP andpl( ;)6 plI( j+1), fori 1
oarg( i+1)2 (o,::f 0, 1150 0)

We say that d is about S.
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In a dialogueabout a set of argumerts, the rst n movesare played by PRO
to put forward the elemerns of the set, and the subsequeh moves are played
alternatively by OPP and PRO. Note that a dialogue about an argumert x is
equivalert to a dialogue about the set of argumerts f xg.

De nition 36 ( i-pro of for a set of argumen ts) Given a dialogue type
<A;Def; 1>, a i-proof for a setof argumentsS A is a i-dialogue alout
S won by PRO.

The following proposition ensuresthe soundnessand completenessof the
above proof theory for set-credulousacceptance.

Prop osition 10 [32] Let<A;Def; ;> be a dialoguetype where <A;Def> is
an argument systemsuchthat A is nite. LetS A be a conict-fr ee set. If
dis a i-proof for S, then PRO(d) is an admissible set containing S. If S is
included in a preferred extensionof <A;Def > then there existsa 1-proof for
S.

Let us now describe informally how this type of dialogue can be usedas a
proof theory for the skeptical acceptanceproblem. Supposethat we want to
prove that someargumert x of an argumertation system<A;Def> isin every
extensionof <A;Def>. All we needto doisto nd an admissibleset P that
contains x, and then nd a dialogue for f Pg won by PRO with respect to the
argumertation system< Ay;Ryx >.

In orderto nd the initial admissibleset P that contains x, Proposition 10
saysthat we canlook for a ;-dialogued for fxgwon by PROw.rt. <A;Def>:
we canthen take P = PRO(d). In order to establishthat x is in every extension
of the theory, we then start a dialogue with the move [PRO; P], where PRO
denotesthe player that tries to establish the acceptability of P in the meta-
graph. In fact, a more detailed dialogue can start with the move [PRO;d],
showing not only P but the ertire dialoguethat establishedthe admissibility of
P.

In order to cortin uethe meta-dialogue,we needa move of the form [OP P; d4],
where OPP denotesthe player who tries to establishthat P is not credulously
acceptedin the meta-argumertation framework, and where d; must be a dia-
loguein <A;Def> for an argumert that D ef -attacks P.

PRO must then put forward a dialogue for PRO(d;) [ fxg won by PRO,
thereby shawing that the admissible set found by OPP in the preceding move
can be \returned" in favor of PRO.

This type of meta-dialogueis best illustrated on an example.

Example 4 Consider the following system:

b
L?l_!j' C—g -~ e = f
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A meta-dialogue proving that d is in every extensionof the theory is depicted be-
low (note that the movesof the dialoguesin <A;Def> arein columns, wheras
the movesof the meta-dialoguein < Ax; Ry > arein line):

2 3
2 3
EPRO; [PRO; d] % [OPP;[PRO; b]] 4PRO; [PRO;d]
[OPP; (] [PRO:; b]
[PRO; a]

PRO's rst move shows
that f a;dg is admissible

OPP then plays an ad- | PRO concludes by prov-
missible set fbg that at- | ing that fb;dg is admissi-
tacksf a;dg blein <A;Def>

2.8.4 Skeptical reasoning under the grounded semantics

An argumert game for the grounded semartics was described in Section 2.5
of [13]. We here briey outline a reformulation of this argumert gamein the
presert framework.

De nition 37 (Legal-mo ve function 4) Givenan argumentation framework
<A;Def>,let g:M | 2% bedened by:

if d is a dialogue of odd length (next moveis by OPP),
g(d) = R (arg(last(d)));
if d is a dialogue of evenlength (next moveis by PRO),

¢(d) = R (arg(last(d))) n(R™ (arg(last(d))) [ PRO(d)):

De nition 38 ( g-pro of for an argument) A g-proof for an argument x
isa g-winning strategy S for x.

Soundnessand completeness(Proposition 2.1 in [13]) can be proved as a
straightforw ard generalisationof proofsfor speci ¢ systemsin [68] and [8]. Such
a generalisedproof can be found in [20].

2.8.5 Algorithms

In this section, we presen an algorithm which seardesfor a proof of the cred-
ulous acceptability under the preferred semariics of an argumert. This al-
gorithm, rst introduced in [24], relies upon the ;-proof theory preserted in
Section 2.8.2. We extend this algorithm to seart for a proof of the credulous
acceptability under the preferred semartics of a set of argumerts. An algorithm
searding for a proof of the skeptical acceptability under the preferred seman-
tics of an argumert would rely upon the two previous algorithms. We nally

presert an algorithm which searhesfor a proof of the acceptability of a set of
argumerts under the grounded sematrtics.
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2.8.5.1 Credulous reasoning under the preferred semantics

Becausethe 1-proof theory is sound and complete with respect to credulous
acceptanceof an argumert under the preferred semartics (seeSection2.8.2.1),
we can restate the credulousacceptanceproblem of an argumert as follows:

Given an argumertation framework <A;Def>, and an argumernt
a2 A,istherea 1-proof for a?

The algorithm that we presert below, rst introducedin [24], searhesfor a
1-proof for a. It builds a proof from left to right, thereby progressingbackwards
in the graph of the defeat relation. The algorithm recursively enumerates all
attackers, that is, predecessorspof argumens put forward by PRO: they are
OPP's argumerts in the proof being built. For each of OPP's argumert that
is not already attacked by PRO, the algorithm choosesone of its predecessors
as defenderof the argumert that hasjust beenattacked: it is put forward by
PRO.

The choicesmade by the algorithm when looking for defendersmay lead to
an unsuccessfuline of defence.In this case,the algorithm must look for another
line of defence:the algorithm comesbadk to an earlier stage and tries another
choice of defenceif any is left; when no other choice is left, it shows that no

1-proof can be found for the original argumert a. Not everything is forgotten
after such a backtrack: PRO can remenber which lines of defencehave been
lost beforethe badktrack, in order not to loosetime again with lines of defence
bound to be lost. The fact that sudc lines of defencecan never be won by PRO
is shawvn by [24], Theorem 4.1.

We are now ready to presert our credulousquery answering algorithm. We
will do so from the point of view of PRO: its primary goal is to construct an
admissible set \around" a given argumert a. Supposethat, at a given stage,
a -dialogue d about a has beenbuilt, and that it is OPP's turn to make a
move; we know that PRO(d) is con ict-free. At that point, OPP must choosean
attacker of the argumerts contained in PRO(d), which is not already attacked by
PRO(d), that is, an elemer x of 3(d) = R (PRO(d)) nR* (PRO(d)). If none
exists, then PRO haswon the dialogue. Howewer, if such an x is put forward by
OPP, then PRO must nd an attacker y of x. There are somerestrictions: y
must be in POSSd) = An(PRO(d)[ R (PRO(d))[ Re ), and y must not lead
to a line of defencetried without successearlier. Let O denote, at any stage,
the argumerts that have not yet beenput forward by PRO, and cannot/m ust
not be put forward by PRO (they will be \Out" of the set of arguments built
by PRO): O must cortain R (PRO(d)) [ Re, and the argumerts that have
already lead to someunsuccessfuline of defence.

Our algorithm can be expressedas a function CredQA4,. which, givena 1-
dialogue d and a set O disjoint from PRO(d), returns a ;-dialogue d° won by
PRO and extending d, such that PRO(d9\ O = ;, if such a d®exists; and returns
? if no such d° exists. The function CredQA,. is called by the main function
CredQAwhich rst chedsthat a 2 Re, where a is the argumert on query: if
this is the case,CredQA, is calledwith O= Re [ R (a), and d = [PRO;al].
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Function 1 CredQ#(Def;d;O)

Parameters: abinary relation Def, a 1-dialogued, and a set O disjoint from
PRO(d)

Result: a ;-dialogued®won by PRO extending d, such that PRO(d9)\ O = ;,
if sucdh a d® exists; ? if no suc d° exists

1: if thereisx 2 R (PRO(d)) nR* (PRO(d)) such that R (x) O then

2. return (?);

3: if thereisx 2 R (PRO(d)) nR* (PRO(d)) such that R (x) 6 O then

4. 'y someelemen of R (x) nO;

5 res CredQA. (Def;d;[OPP;x]:[PRO;y];O[ R (Y));

6

7

8:

if res6 ? then return (res);
else return (CredQA. (Def;d;O[ fyg);
else return (d);

Function 2 CredQADef;a)

Parameters: a binary relation Def, an argumert a

Result: a ;-proof for a if a is credulously accepted;? otherwise
1. if a2 Re then return (?);

2: else return (CredQA. (Def;[PRO;a];Re [ R (a)));

The algorithm for the credulous reasoning for an argumert can be easily
extendedto seard for a proof of the credulousacceptability under the preferred
semartics of a set of argumerts. This algorithm is expressedas the function
CredQAset This function rst chedks if the setto be tested is con ict-free; if
this is the case,a dialogue d putting forward the argumerts of the set is built,
and then CredQA.. is calledwith O = Re [ R (S) and d.

Function 3 CredQAse(Def;S)

Parameters: a binary relation Def, a set of argumerts S

Result: a i-proof for S if S is credulously accepted;? otherwise
1. if thereis x;y 2 S such that xD efy then return (?);

2: else

3. let d be an empty dialogue;
4 O

5. while S6 ; do

6: X  someargumert of S;
7 d d[PRO;Xx];

8: O O[R (x)

9 S Snfxg;

10.  return (CredQAy (Def;d;Re [ O));
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2.8.5.2 Skeptical reasoning under the grounded semantics

We can restate the skeptical acceptanceproblem under the grounded semartics
as follows:

Given an argumertation framework <A;Def>, and an argument
a2 A, istherea g-proof for a?

The algorithm that we presert below searhesfor a g-proof for a. In other
words, it tries to build a g-winning strategy S for a, that is, a set of g-
dialogues about a won by PRO sud that: 8d 2 S, 8d° pre x of d such that
pl(last(d9) = PRO, 8x 2 4(d9), that is, 8x which attacks arg(last(d%), 9d°°2 S
suc that d®is an extension of d%[OPP; x].

Wedene a 4-winning strategy for a dialogued asa setS of g-dialogues
won by PRO that extend d and such that: 8d°2 S, 8d%pre x of d®and extension
of d, such that pl(last(d®y) = PRO, 8x 2 4(d%, 9d°%2 S sudch that d°®is an
extension of d°°[OPP; x].

Given an argumert a, a g-winning strategy for the dialogue [PRO; a] is
obviously a 4-winning strategy for a. Moreover, a g-winning strategy for a
dialogue d is fdg if d is won by PRO; otherwise, if the last move of d is by

fXx1;::Xng, di = d[OPP;x;]. If one of these dialogueshas no g-winning
strategy, then there is no g-winning strategy for d; this happensif noy 2
g(d) = R (x) n(R*(x) [ PRO(dy)) is such that d:[OPP;x]:[PRO;y] has a
g-winning strategy. Otherwise, a 4-winning strategy for d is the union of the
g-winning strategiesfor the dialoguesds;:::;dy. A g-winning strategy for a
dialogue d; is in fact a 4-winning strategy for a dialogue d° = d;:[PRO;y] =
d:[OPP;x[:[PRO;y], with y 2 ¢(d;).

Our algorithm relies upon these properties. It is expressedas a function
called GroundedQA. which, given a g-dialogue d, the last move of which is
by PRO, returns a 4-winning strategy S for d, if one exists; and returns ? if
no such S exists. The function GroundedQA. is called by the main function
GroundedQAwith d = [PRO; a].

Testing if a set of argumerts is included in the grounded extension can be
simply done by testing if ead argumert of the setis included in the grounded
extension. This is what function GroundedQAsetdoes.
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Function 4 GroundedQA. (D ef;d)
Parameters: abinary relation Def, a 4-dialogued, the last move of which is
by PRO
Result: a g-winning strategy for d, if such a winning strategy exists; ? oth-
erwise.
1: X R (arg(last(d)));
2. if X =; then return fdg;

3. else

4 S

5. failure ?;

6: while X 6 ; and: failure do

7 X  someelemen of X ;

8 Y R (xX)n(R*(x)[ PRO(d));
9: success ?;

10: while Y 6 ; and: succesdo
11: y someelemen of Y;

12: res GroundedQA. (Def;d:[OPP; x]:[PRO;Vy]);
13: if res=? then Y Y nfyg;
14; else success >;

15: if succesghen

16: S S| res

17: X X nfxg;

18: else failure  >;

19: if failure then return ?;
20: elsereturn S;

Function 5 GroundedQfDef;a)
Parameters: a binary relation Def, an argumert a

Result: a 4-proof for a if a belongsto the grounded extension;; otherwise
1: return (GroundedQA. (Def;[PRO; a)));
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Function 6 GroundedQAsefDef; X)

Parameters: a binary relation Def, a set of argumerts X
Result: asetS that cortains a g-proof for ead argumert of X, if such a set
exists; ? otherwise
S 1
failure ?;
while X 6 ; and: failure do
a someelemern of X;
res GroundedQfDef;a);
if res= ? then failure >;
else
S SJ fresg;
X X nfag;
if failure then return ?;
. elsereturn  S;

© O NOD R WDNR

=
B9
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Chapter 3

A general argumen tation
system for decision making

3.1 Intro duction

In the previous chapter, we have preseried a generalargumentation framework
for inferring from inconsistert knowledge bases. That framework satis es the
rationalit y postulatesintroducedin [21], this meansthat it delivers safeconclu-
sions. Moreover, the framework handlesonetype of argumerts, called epistemic
argumerts. In this section, we will extend that framwork in order to make de-
cisions. For that purpose,in addition to the epistemic argumerts, we will shov
that two other types of argumerts are considered: recommendedargumerts
and decisionargumerts. Indeed, epistemic argumerts support beliefs, whereas
recommendedand decision argumerts support decisions. The three types of
argumerts may conict with ead other exactly in the two ways described in

the previous chapter. However, in order to avoid in kind of wishful thinking,

epistemic argumerts take precedenceover recommendedand decisionones. An

argumertation framework for decisionmaking takesthen asinput three kinds of
argumerts, aswell asthe dierent conict which may exist betweenthem, and
returns the acceptableonesusing the acceptability semartics of Dung. Oncethe
acceptableargumerts are known, decisionswill be compared using a principle
on the basisof the quality of their supporting argumerts.

3.2 Logical language and the dieren t bases

In what followswe will considerthe samelanguageasin Chapter 1 but with some
re nements. L denotesa logical language closed under negation. We assume
that formulas of L are built on two kinds of variables: decision variables DV
and non-decision variables N DV such that DV \ NDV = ;. In what follows,
the function VARWwill return for an element  of L the set of all its variables.
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Thus, from L, the four following setswill be distinguished:
1. D will contain all the possibledecisions such that 8 d 2 D, VARd) DV.

2. K will represen the knowledge about the ervironment of an agent suc
that 8 2 K,VAR) NDV.

3. G" will gather the gaals of an agert, i.e what an agent wants to achieve,
such that 8 g2 G, VARg) DV.

4. G will gather the rejections of an agert, i.e what an agert wants to avoid,
such that 8g2 G , VARg) DV.

The set S of strict rules (resp. R of defeasiblerules) contains three forms of
strict (resp. defeasiblerules) rules:

1y -+-s n! (resp. 1,..., n) )where8 i-1.,, ,VAR i), VAR )
N DV. Theserules are usedto infer a belief from a set of premises. S;
denotesthe set of suc rules.

1y -+, n ! d(resp. 1,..., n) d)where8 j-;.n, VAR i) NDV
and d 2 D. Sud rules are mainly usedin rule-baseddecisionmaking and
they mean\if it is the casethat 1, ..., n, then the decisiond should
(resp. may) be taken". S, denotesthe set of such rules.

1y «-.» n,d! g(esp. 1,..., n,d) 0) where8 i-1.n, VAR )
NDV,d2 D,g2 G (resp. G ). Theserules are encourtered in decision
under uncertainty as well asin multiple criteria decision making. They
meanthat \if 1, ..., n hold, then the decisiond will (resp. may) lead
to the satisfaction of the goal g". S; denotesthe set of sud rules.

It isclearthat S= S;[ S, [ Ss.

Example 5 Let us consider the well-known exampleabout taking an umbrella
or not, knowing that the sky is cloudy. The di er ent basesare: K = fcg, D =
fu:ug, Gt = f. w, :lg, G = fw, Ig, with: |: to be overlaaded, r: it rains,
w: being wet, u: taking an umbrella, c: the sky is cloudy. Let us suppse the
following strict rules: S = fc! r,u! I,:u! :Lu! twr;t:u!l w,
cr! :wg. We suppsethat R = ;.

Note 2 In the alove example,the positive gaals are the negation of the negative
ones. However, in practice this is not alwaysthe case. The sameremark holds
for decisions. In a decision making problem, one does not alwaystry to decide
between d and : d. Consider, for instance, the case of an agentwho wantsto go
somewhee for holidays and hesitates between the three following destinations:
Toulouse(d;), Utrecht (d,) and Liverpool (dy).

De nition 39 (Theory) A theory T is atuple (D, K, G, G ), Clyp(S1) [
S;[ Ss, Ri.

1Here the semicolon plays the role of a conjunction.
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3.3 The arguments

Two categoriesof argumerts will bede ned: epistemicargumerts for supporting
keliefs (seeDe nition 12) and non-epistemicargumerts for supporting decisions.
Among non-epistemic argumerts, one may distinguish between recommending
argumerts and decision argumerts. The ideais that a given decision may be
justi ed in two ways:

1. it is recommendedin a given situation (in the caseof rule-basel decision),
or

2. it satises / violates some goals of the decision maker (in the case of
decisionunder uncertainty and in multiple criteria decision[3, 11]).

3.3.1 Recommending argumen ts

In rule-based decision making, one generally speci es when a decision can be
applied. Sud rules are captured in this framework in terms of strict or defeasible
rules of the form q;::: ! d(resp. 1;::: o) d)ywith 4;::: 5 2 Kand
d 2 D. Theserules meanthat if the situation 1;::: , holdsthen one\should"

takethe decisiond (resp. \can" takethe decisiond). Recommendingargumerts
are thus basedon epistemic onesand have a deductive form. Formally:

De nition 40 (Recommending Argumen t) A recommendingargumentis

exists a strict rule CON@1);:::;CON@\,) ! d,
PREWA) = PREWA;) [ :::[ PREW,),

PROR) = PRORA1) [ :::[ PRORAL) [ fdg,
CON@\) = d,

SUBA) = SURBA,) [ :::[ SUBA,)[ fAg,
DefRules(A) = DefRules(A;) [ :::[ DefRules(An).

Ag;iitAp ) dif Agpiii; A are epistemic arguments,d 2 D and there
exists a defaasible rule CON@\);:::; CON@,)) d,

PREKA) = PREWA,) [ :::[ PREM\,),

PROR) = PRORA) [ :::[ PRORA,) [ fdg,

CON@) = d,

SUBA) = SURBA) [ :::[ SUBAn)[ fAg,

DefRules(A) = DefRules(A1)[ :::[ DefRules(An)[f CON@1);:::;CONG\) )
dg.

A; stands for the set of all recommende& arguments. If A is a recommendel
argumentwith CON@\) = d, then d is called a recommendeddecision.

Note 3 Note that the recommendel decision appears in the top rule of the ar-
gument. Moreover, the argumentis basel only on beliefs.
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Prop erty 6 Let A 2 A,. 8A%2 SURA) suchthat A 8 A% ACis an epistemic
argument.

Let us illustrate this category of argumerts through the following example.

Example 6 LetK = fage> 189, D = fv;:vgand Gt = G = ;. LetalsoS
= fage>= 18! v;age< 18! vg, R = ;, with v standsfor \to vote".

In this case,one can construct the following argumentfor v: [[age >= 18]!
v].

3.3.2 Decision argumen ts

In decisionunder uncertainty (resp. in multiple criteria decision), the preferred
decisionsare generally the ones which \highly" satisfy the goals/preferences
(resp. the criteria). As shown in [3, 11], a decisionis related to the goals by
meansof rules of the form 4;::: ,;d! g (resp. 1;::: n;d) @) meaning
that in the casewhere i;::: , are true, if the decisiond is taken then this
leadsto the satisfaction of the goal g.

In what follows, for a given decision argument, the functions GOALS and
GOALS will return respectively the goals and the rejections satis ed by the
decisionsupported by that argumert.

De nition 41 (Decision Argumen t) A decisionargumentis

Az And! gif Ag;iii An are epistemic argumentsand there exits a
strict rule CON@\1), :::, CON@\,), d! gsuchthatd2 D andg2 G
(resp.g2 G ).

PRERA) = PREWA,) [ :::[ PREM,),

PRO@) = PROfA.) [ :::[ PRORA) [ fgg,

GOALS(A) = fgg (resp. GOALS(A) = fgg),

CON@\) = d,

SUBA) = SURBA1) [ :::[ SUBAn)[ fAg.

DefRules(A) = DefRules(A;) [ :::[ DefRules(Ay).

Ag;itAn;d) gif Agjiii A are epistemic arguments and there exits
a defasible rule CON@\1), :::, CON@), d) g suchthatd 2 D and
g2 G (resp.g2 G ).

PREWA) = PREK) [ :::[ PREW,),

PRO@\) = PRORA1) [ :::[ PRO) [ fgg,

GOALYA) = fgg (resp. GOALS(A) = fgg),

CON@\) = d,

SURBA) = SURA;) [ :::[ SUBA,)[ fAg.

dg.

Let Ay be the set of all decision arguments.
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Note 4 Note that the decision and the satis ed gaal appear in the top rule of
the argument. Moreover, the argumentis baseal only on heliefs. A decision will
have as many decision argumentsas it satis es gals.

Example 5 { contin ued: From the theory T given in example5, the two
epistemic argumentsA; and A, are built:

A1 [C]
Az [Ar! 1]

In addition to the alove arguments, the following decision argumentscan also
be built:

As:u!l 1]
Ag:[ul w]
As: [u! 1]

Ag: [A;ul 1w

As for recommendingargumerts, the subargumeris of a decisionargumert are
epistemic. Formally:

Prop erty 7 Let A 2 Ay. 8A°2 SURBA) suchthat A 6 A% ACis an epistemic
argument.

In [9], it has beenargued that argumerts are preserted in a bipolar way since
argumerts in favor of (or PRO) a conclusioncan be consideredas positive and
argumerts against (CON) the conclusionas negative ones. In somesensethis is
true sincethe two kinds of argumerts have di erent and opposite roles. Indeed,
the positive argumerts will strengthen their conclusions,whereasthe negative
oneswill weaken them.

In an inferenceproblem, onetries to decidewhat to believe: or: ? In this
particular case,it is easyto guessthat an argument against is an argumert
in favor of : . Moreover, theseargumerts are con icting. Thus, for eac of the
two conclusionsonly one set of argumerts is considered:the arguments in favor
of it. The decisionis then made on the basisof the quality of those argumerts.

In a decision making problem, things seemdi erent sincein this casethe
decision maker wants to decide betweendi erent alternativ es(what we call in
this documert decisions): di, :::, dy. For instance, considerthe caseof Peter
and Mary who discussabout the place of their next holidays. They have three
alternativ es: Toulouse,Utrecht and Liverpool. Here eac alternativ e cannot be
true or false, but it can be more/less preferred to the other alternatives. In
order to make this preferenceordering, Mary and Peter compute the argumerts
in favor of and argumerts against eadh alternativ e, then the alternativ es are
comparedon the basisof those argumerts. For instance, the alternativ e which
haslessargumerts againstit may be preferred. Note that in this case,for eat
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alternativ e the pair <argumerts in favor of, argumerts against> is considered
in the reasoning. It is alsoclearin this case,that an argumert against Toulouse
is not necessarilyan argumert in favor of Utrecht or Liverpool. For example,
an argumernt against Toulouseis the fact that it is too warm. This argument
is unfortunately againsteven Utrecht. Moreover, the argumerts in favor of and
against a given decisionare not necessarilycon icting to.

Let us de ne two functions which return respectively for a given decision the
argumerts which are in favor of it and the argumerts againstit. Intuitiv ely, an
argumert is in favor of a decisionif that decisionleadsto the satisfaction of a
positive goal. The argumerts which recommenddecisionsare also in favor of
that decision.

De nition 42 (Argumen ts PRO) Letd2 D andB A, [ Ag.

ArgPR@;B) = fA 2 BjCON@) = dand (GOALS(A) 6 ;; or d2 PROR))g:

An argumert is against a decisionif the decisionleadsto the satisfaction of a
negative goal. Hence,argumens PRO a decisionstressthe positive consejuen@s
of the decision, while argumerts CON are only focusing on the negative ones.

De nition 43 (Argumen ts CON) Letd2 D andB Ag.
ArgCORY; B) = fA 2 BJCON@) = dand GOALS(A) 6 ;g:

Note 5 The notions of strict/defe asible/inconsistent (recommending/decision)
argument are de ned exactly in the sameway as for epistemic arguments.

3.4 Comparing argumen ts

In what follows  will denote any preferencerelation betweenargumerts. For
two argumerts A and B, A B meansthat A is at least as ‘good' asB.
denotesthe strict ordering assaiated with . A B meansthat A is strictly
preferred over B.

Throughout the documen, we supposethat there exists a basic ordering

on the set of argumerts. This basic ordering captures the idea that strict
argumerts are preferred to the defeasibleones. Moreover, epistemic argumerts
always take precedenceover argumerts for decisions. The reasonis that a deci-
sion cannot be well supported if the beliefson which it is basedare not justi ed.
Finally, since recommendingargumerts are built from laws and obligations, it
is natural to prefer a recommendingargumert to a decisionone.

De nition 44 (Basic ordering) Let A, B betwo arguments.A B i:
A is strict and B is defasible, or

A is an epistemic argumentand B is a non-epistemic argument, or
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A be a recommendingargumentand B a decision one.

Recommendingargumerts are compared exctaly in the sameway as epis-
temic argumerts, i.e two recommendingargumerts are compared using either
the last link principle or the weakest link principle de ned respectively in [68]
and [7].

Unlik e epistemic (and recommending)argumerts, argumerts in favor of and
argumerts against decisionsinvolve both gals and bkeliefs Thus, the force
of such arguments depends not only on the quality of beliefs used in these
argumerts, but also on the importance of the satis ed (resp. violated) goals.

This meansthat the knowledge baseK is supposedto be equipped with a
partial pre-ordering >y, and the two basesof goals G" and rejections G are
equipped with a partial ordering > 4. Indeed, for two goalsg: and g, 91 >4 02
meansthat the goal g; is more important for the agert than the goal g;.

Intuitiv ely, a decisionis "good' if, according to the most certain beliefs, it
satis es an important goal. A decisionis wealer if it involvesbeliefswith a low
certainty, or if it only satis es a goal with low importance. In other terms, the
force of an argument represerts to what extent the decision maker is certain
that the decisionwill satisfy its most important goals.

This suggeststhe use of a conjunctive combination of the certainty and the
priorit y of the most important satis ed (resp. violated) goal.

De nition 45 (Decision argumen ts) Let A, B be two decision arguments.
A Bi:

1. GOAY(A) >4 GOAB), and

2. 8K 2 PREKA); 9K °2 PREWB) suchthat K >y K9 and

3. 8R 2 DefRules(A); 9R°2 DefRules(B) suchthat R >, RO

In [4], dierent other principles for comparing decision argumerts have been
suggested.

3.5 Acceptabilit y of argumen ts
In what follows, let A = A¢ [ Ar [ Agq. The argumertation framework which
will be usedfor making decisionsis as follows:

De nition 46 (Argumen tation framew ork) Let T be a theory. An argu-
mentation framework (AF) built on T is a pair <A, defeat s.t:

A:Ae[Ar[Ad’

defeatis the relation givenin De nition 22 by replacingA. by A and the
preferenae relation betwesn argumentsby the new one.

To compute the acceptableargumerts, any semartics (grounded, preferred,

under a given semartics.

2The function GOAlhere stands for either GOAL or GOAL.
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3.6 Decision criteria

Elements of Output(AF) are consideredas true. Note that decisionsare not
inferred. The reasonis that one cannot say that a given decisionis true or
false. A decisionis intrinsic to the decision maker and depends on its prefer-
ences. The idea in a decision problem, is to construct the argumerts in favor
of and against each decision. Then amongall those argumerts, only the strong
(acceptable) onesare kept and the di erent decisionsare comparedon the basis
of them. Comparing decisionsis an important step in a decisionprocess.Below
we presert an example of intuitive principle which is reminiscert of classical
principles in decision.

De nition 47 (Comparing decisions) LetT beatheory, AF = <A, defeat-
be an argumentation framework, and E its grounded extension. Letd,, d, 2 D.
Let ArgPR@;;E) = (Pq, :::, Py) and ArgPRQd,; E) = (PP, :::, PY. Each of
these vectors is assumel to be decreasingly ordered w.r.t  (e.g. P;
P;). Letv = min(r, s).
A pre-ordering . on D is de ned asfollows: dy . dy i:

P, PJor

9k vsuchthat P, P2and8j <k, P P~ or

r>vand8j v,P PC

The above principle takesinto accourt only the arguments pro, and prefers
a decision which has at least one acceptableargument pro which is preferred
(or stronger) to any acceptable argumert pro the other decision. When the
strongest argumerts in favor of d; and d; have equivalert strengths (in the
senseof ), theseargumerts are ignored.

In Deliverable D2.2 [4] three categoriesof principles for comparing decisions
have beenproposed: unipolar principles in which only argumerts PRO or CON
decisionsare considered,bipolar principles in which both argumerts PRO and
CON are considered,and nally non-polar principles. Theselast consistof ag-
gregatingall the argumerts PRO and againsta decisioninto a unique argumert,

then to compare pairs of decisionson the basis of their aggregatedargumerts.

In [2], it has been shawvn that that modeling decision making and inference
in the sameframework doesnot a ect the result of inference. Before that, let
us de ne when two argumertation frameworks are equivalert.

De nition 48 (Equiv alent framew orks) LetT be atheory and AF = <A,
defeat-, AF %= <AC defeaf > be two argumentation frameworksbuilt on the
theory T.

The argumentation frameworkAF is equivalert to the argumentation framework
AF%i Output(AF) = Output(AF 9.

In [2] it has beenshown that an argumertation framework in which only epis-
temic argumerts are taken into accourt will return exactly the sameinferences
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asan argumertation framework is which all the di erent kinds of argumerts are
consideredat the sametime.

Prop osition 11 The two argumentation frameworks< A, defeat> and <A,
defeat> are equivalent, with defeat, defeatand defeat, A Ae..
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Chapter 4

A general system for
dialogue

4.1 Intro duction

With the rise of distributed computation, and especially the Internet, interaction
and communication betweendistinct computational ertities has becomeof in-
creasingimportance. Almost every requestfor aweb-pagesert acrossthe World-
Wide-Web, for example,will involve a dialogue betweena requestingclient ma-
chine and a requestedserver machine using the automated dialogue protocol
known as Hyper-Text Transfer Protocol, or HTTP . Although this protocol was
designedfor transfers of static information (in fact, for sharing of physics re-
seard papers) betweentwo parties | what are now called information-seeking
dialogues| the protocol is now usedfor interactions betweenmultiple parties,
interactions which may involve co-ordination over actions and/or transfers of
dynamic information or even computer programs, in addition to static infor-
mation. The dialoguesinvolved may include negotiation (as in e-commerce),
deliberation (as in e-demaracy and computer-supported group working), or
persuasion(as in weblogsand chatboards), with suc applications implemented
conceptually at layers above that of the HTTP usedfor communication.

In parallel to thesepractical developmerts computer sciertists have also be-
gun to consider dialogue between intelligent and autonomous ertities. These
ertities, which may be humansand/or software programs, are known asagents
and provide an e ectiv e meansto conceptualizethe distinct ertities which com-
prise a distributed computational system. Agents will execute actions proac-
tively to achieve somegoal or goals,which they, to somegreater or lesserextert,
will have selected,using meanswhich they have also selected[82]. Real-world
applications of agert systemshave becomesigni cant | for example, seethe
applications describedin [63] | and many obsenersbelieve the agert paradigm
will be asimportant in future software engineeringas is the objects paradigm
currently [49].
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To the extent that agerts are autonomous they cannot normally be com-
mandedto act (or not act) in given situations by other agens; they can only be
requestedto act (or not act). To the extent that they are intelligent, agerts will
require reasonsand justi cations for such requests, since an intelligent agert
would not necessarilyaccedeto every requestit receives. Systemsof intelli-
gert autonomousagerts will therefore require argumertation to enablee ectiv e
interaction and communications betweenthe constituent agerts.

This has been recognizedin computer science,starting with the work of
Parsons,Jenningsand Sierra[59, 60], Kraus, Sycaraand Evendik [47], Reed[70]
and Dignum and colleagues[27, 28]. Since Reed[70], work on argumertation-
baseddialogue in computer sciencehas beenstrongly in uenced by a model of
human dialoguesdue to argumertation theorists Doug Walton and Erik Krabbe
[81]. As part of an e ort exploring commitment in dialogues, particularly in
persuasiondialogues, Walton and Krabbe created a classi cation of dialogue
typesbetweenhuman participants. This classi cation was basedupon: rstly ,
the various beliefs(pertinent to the topic of the dialogue) which the participants
have at the commencemen of the dialogue; secondly the goalsof the individual
participants at commencemet] and, thirdly , the goalsat commencemen that
are sharedby the participants, goalswe may view asthose of the dialogueitself.
With this structure, Walton and Krabbe identi ed six primary typesof human
dialogues(re-ordered from [81]):

Information-Seeking  Dialogues: One participant seeksthe answer to some
guestion(s) from another participant, who is believed by the rst partici-
pant to know the answer(s).

Inquiry Dialogues: The participants collaborate to answer somequestion or
guestionswhoseanswers are not known to any one participant.

Persuasion Dialogues: One participant seeksto persuadeanother to endorse
a belief or statement he or shedoesnot currently endorse. Thesedialogues
typically begin with one participant supporting a particular statemert
which another participant does not, and the rst seeksto corvince the
secondto adopt the statemert. The secondparty may not sharethis goal
of the dialogue.

Negotiation Dialogues: The participants bargain over the division of some
scarceresourcein a manner acceptableto all participants, with ead indi-
vidual party aiming to maximize his or her share. In thesedialogues,the
individual goalsof the participants may well be in con ict. *

Delib eration Dialogues: Participants collaborate to decide what action or
course of action to take in some situation. Participants commencethe
dialogue with a common belief that they share a responsibility to decide

INote that this de nition of Negotiation is that of Walton and Krabb e. Within Arti cial
Intelligence, the word negotiation is often usedto refer to interactions involving other matters
besidesthe division of scarce resources.
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the courseof action, which may be executedby others not presen in the
dialogue.

Eristic Dialogues: Participants quarrel verbally as a substitute for physical
ghting, with participants aiming to give vert to feelingsor emotions.

Signi cant recert e ort in Al hasnow beendevoted to formal modelsand studies
of these di erent types of dialogue, including: Information-Seeking dialogues
[29, 3Q]; Inquiry dialogues[53]; Persuasiondialogues[19, 41, 50, 55, 66, 72,
84]; Negotiation dialogues[47, 60, 73, 51, 77, 83]; and Deliberation dialogues
[14, 52, 76]. Even Eristic dialogueshave beenstudied, sincethey nd potential
application in the design of customer service scripts in call-certers, e.g., [37,
36]. Walton and Krabbe do not claim their classication is comprehensie,
and indeed, other dialogue types have been described, for example, command
dialogues[40] and various typesof query dialogues[25].

The main purposeof this chapter is to presen a framework in which dia-
loguesand combinations of dialoguesmay be represened formally, and readily
implemented. The work preseried starts from the general formal framework
for dialoguespreseried in Section 4 of ASPIC Deliverable D2.1 [5], and so this
framework is rst summarized again (informally) in Section4.2. The following
section, Section 4.3, then preserts an instantiation of this framework with a
Persuasiondialogue of the sameform aswas preserted in Section 3.3 of ASPIC
Deliverable D2.5 [6]. A formalization of this protocol using a variant of the
well-known Event Calculus is then preseried in Section 4.4. To demonstrate
that this approac is not specic to the protocol selected,it is applied to an-
other protocol developed prior to ASPIC, a Persuasiondialogue protocol, here
called PWA, of Parsons,Wooldridge and Amgoud [62]; this is preseried in Sec-
tion 4.5. We next presert an example of a protocol for negotiation dialogues
containing embeddedpersuasiondialogues,along with someof the properties of
the combined protocol, in Section4.6. The designof agert dialogue policies (or
strategies) under such a combined protocol is consideredhere, in the context of
the e-ConsentScenario articulated in Section6 of ASPIC Deliverable D2.3[10].
The penultimate section, Section 4.7, then describestwo implementations, one
of the protocol studied in Sections4.3and 4.4, and the other of the Information-
seekingdialogue protocol preserted for the e-ConsentScenario [10]. Finally, the
chapter concludeswith a discussionof Combinations of Dialoguesand the issues
this raises,in Section4.8.

4.2 A general model for dialogue

This section preseris briey and informally the framework for dialogues rst
preseried in Section4 of ASPIC DeliverableD2.1[5]. It is presenied heresimply
as a reminder of the framework and its elemers, prior to the new material
preseried in the later sectionsof the Chapter. Dialogue systemscomprise the
following elemeris:
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A logical languagefor represenation of topics, and a possibly non-monotonic
logic for this language.

A communication language for utterances of speet acts regarding the
topics.

A dialogue purpose.

Finite setsof participants and of roles, with participants assignedto roles.
Participants have a set of commitments and may have a databasesof
beliefs.

A cortext, beingthat knowledgewhich all participants pre-supposethrough-
out the dialogue.

A setof e ect rules specifying the e ects of utteranceson the commitments
of participants.

A protocol for specifying the legal movesat ead stage of the dialogue.

Rules de ning the outcomesof dialoguesunder the protocol.

Full details of the formal framework can be found in Section 4.2 of ASPIC
Deliverable D2.1 [5].

4.3 A formal framew ork for persuasion dialogues

This section presents a formal framework for dialogue gamesfor persuasionand
instantiates it with somespeci ¢ games. The formal de nitions of the framework
are repeated with someminor revisions from Section 3.3 of ASPIC Deliverable
D2.5[6]. For an introductory discussion,examplesand proofs of formal results
the readeris referred to that Deliverable. First, the essetials of logical systems
for defeasibleargumertation are sketched, which provide the logical basis for
dialogue systemsfor argumenrtation. Then, the framework is briey outlined
with its xed and variable elemerts indicated, after which it is formally de ned.

The discussionin this section will, whenewer possible, abstract from the
logical structure of the individual reasoningof the dialogue participants. Nev-
ertheless, some choices have to be made. Since argumertation typically in-
volvesdefeasiblereasoning,we needa nonmonotonic logic. Sincewe are dealing
with dialogues for argumertation, one particular form of nonmonotonic logic
is very appropriate, viz. argumertation systems. In particular, the framework
preseried will assumean argumertation system conforming to the Dung-plus
format of Chapter 2 above, with inference de ned according to grounded se-
mantics.
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4.3.1 The framew ork: general ideas

The framework allows for variations on a number of issues:for di erent under-
lying argument-based logics (but all with grounded sematriics), for various sets
of locutions, for di erent turntaking rules and di erent rules on whether multi-
ple replies, postponing of replies and coming badk to earlier choicesis allowed.
On the other hand, the framework imposessomebasic common structure on all
dialogues, most importantly, an explicit reply structure on moves, where eat
move either attacks or surrendersto one earlier (but not necessarilythe last)
move of the other player. This structure is exploited to allow for various degrees
of coherenceand exibilit y when it comesto maintaining focus of a dialogue
(for instance, whether they may make more than onemovein aturn, or whether
they may move alternativ e replies to a move). A reply structure is implicit in
the protocols of many existing systemsbut usually not made explicit. It seems
especially suited for \v erbal struggles"” (a term coined by [15] in their classi ca-
tion of speed act verbs). We do not claim, however, that all dialoguesshould
or do conform to this structure. It may, for instance, be lesssuited for dialogues
where the focus is more on inquiry or deliberation than on settling a con ict
of opinion. Another assumption of the framework is that during a dialogue the
playersimplicitly build a structure of argumerts and counterargumernts related
to the dialogue topic.

Thus, accordingto the presen approac a dialogue can be regardedin three
ways. One can look at the order in which the moves are made, in which case
a dialogue is regarded as a linear structure. One can also look at the reply
relations between the moves, in which casethe dialogue is conceived of as a
tree. Finally, one can look at the argumerts that are exchangedin reply to
ead other, in which casethe dialogue is regarded as a dialectical structure of
argumerts and counterargumerts.

4.3.2 The framew ork formally de ned

Now the framework will be formally de ned. All dialoguesare assumedto be
for two parties arguing about a single dialoguetopic t 2 L, the proponent (P)
who defendst and the opponent (O) who challengest. As for notation, for any
playerp, wedene p=Oi p=Pandp=Pi p=0.

The top level de nition of the framework is as follows.

De nition 49 [Dialogue gamesfor argumentation]. A dialogue systemfor ar-
gumentation (dialogue systemfor short) is a pair (L;D), where L is a logic for
defaasible argumentation and D is a dialogue system proper.

The elemens of the top level de nition are in turn de ned asfollows. Log-
ics for defeasibleargumertation are de ned as an instance of Dung's abstract
framework [33] with a specic, tree-basedform of argumerts and conforming
to grounded semartics. Esserially, this format instantiates the de nitions of
Chapter 2 with any systemfor grounded semartics. Sincefor presert purposes
not all detail of Chapter 2 is needed,we will usea slightly modi ed notation.
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De nition 50 A logic for defasibleargumentation L is atuple (L¢; R; Args;! ),
where L (the topic language)is a logical language,R is a set of inferenae rules
over L, Args (the arguments) is a set of AND-tr ees of which the nodesare in

L: and the AND-links are inferences instantiating rulesin R, and! a binary

relation of defeat de ned on Args. For any argument A, prem(A) is the set of
leavesof A (its premises)and conc(A) is the root of A (its conclusion).

An argumentation theory Tg within L (where F L¢) is a pair (A;! -a)
wher A consists of all argumentsin Args with only nodesfrom F and! —, is
! restricted to A A. Tgs is called nitary if none of its argumentshas an
in nite  numkber of defaters.

For any set A Args the information base | (A) is the set of all formulas
that are a premiseof an argumentin A. The closure CI(A) of a setof arguments
A 2 Args is the argumentation theory T, (a).

An argument B extendsan argument A if conc(B) = ' and' 2 prem(A).
The concatenation of A and B (where B extendsA) is denotadl by B A. De-
feasibleinference in L is assumel to be de ned according to grounded semantics.
The defat relation of L is assumel to satisfy the following property: if A defats
B, then for all C extending A and D extendingB it holdsthat C A defeats
D B.

(Here, our L correspondsto Chapter 2's L, R correspondsto S| R and !
corresponds to “defeat'. For a precisede nition of the notion of argumerts as
AND-trees seeDe nition 12.)

The idea of an argumertation theory is that it cortains all argumerts that
are constructible on the basisof a certain theory or knowledgebase. Note that
ead link of an argument corresponds to a (deductive or defeasible)inference
rule in R. The presen framework fully abstracts from the nature of theserules.
Note alsothat the assumptionon the defeatrelation is not completely innocert:
it is not satis ed in systemswhere arguments are compared on their “weakest
links', as, for instance, in the work of Pollock [64, 65].

De nition 51 A dialogue system proper is a triple D = (L¢;P;C) where L,
(the communication language)is a set of locutions, Pr is a protocol for L, and
C is a setof e ect rules of locutions in L, specifying the e ects of the locutions
on the participants' commitments.

A communication languageis a setof locutions and two relations of attacking
and surrendering reply de ned on this set.

De nition 52 A communication languageis a tuple L. = (S;Ra;Rs), where
S is a set of locutions and R, and Rs are two binary relations of attacking and
surrendering reply on S. Eachs 2 S is of the form p(c) wher p is an element
of a given set P of performatives and c either is a memker or subsetof L, or
is a memler of Args (of somegiven logic L). Both R, and Rs are irr e exive
and in addition satisfy the following conditions:

1. Ra\ Rg=;
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2. 8a;b;c: (a;b) 2 Ry ) (a;c) 62Rs
3. 8a;b;c: (a;b) 2 Rs) (c;a) 6R,

The function att : Rg ! P(R,) assignsto each pair (a;b) 2 Rs one or more
attacking counterparts (c;b) 2 R,.

Condition (1) says that a locution cannot be an attack and a surrender at the
sametime, condition (2) saysthat alocution cannotbe an attack on onelocution
and a surrender to another locution, and condition (3) says that surrenders
cannot be attacked (this is sincethey e ectiv ely end a line of dispute).

The protocol for L is de ned in terms of the notion of a dialogue, which in
turn is de ned with the notion of a move:

De nition 53 (Mo ves and dialogues.)

The setM of movesis denedasN fP;Og L2 N, wher the four
elementsof a movem are denotel by, resgectively:

{ id(m), the identi er of the move,

{ pl(m), the player of the move,

{ s(m), the speech act performed in the move,
{ t(m), the target of the move.

from M suchthat

{ eachi™ elementin the sequene hasidentier i,

{ t(my) = G;
{ foralli> 1it holdsthat t(m;) = j for somem; preceding m; in the
sguene.
The set of nite dialogues, denoted by M <! | is the set of all nite se-
guen@sthat satisfy theseconditions. For any dialogued = my;:::;mp;::;,
the sequen@ my;:::; m; is denota by d;, wher dy denotesthe empty di-
alogue.

Note that the de nition of dialoguesimplies that seweral speakers cannot speak
at the sametime.

When t(m) = id(m° we say that m repliesto m®in d and alsothat m®is the
targetof m in d. We will sometimesslightly abusenotation and let t(m) denote
a move instead of just its identi er. When s(m) is an attacking (surrendering)
reply to s(m® we will also say that m is an attacking (surrendering) reply to
m©.

A protocol also assumesa turntaking rule.

De nition 54 A turntaking function T is a function

T:M<! 1 P(fP;Oqg)
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suchthat T(;) = fPg. A turn of a dialogue is a maximal sequen@ of stagesin
the dialogue where the same player moves.

When T (d) is a singleton, the bracketswill be omitted. Note that this de nition
allows that more than one speaker has the right to speak next.

We are now in the position to de ne the certral elemen of a dialogue game,
the “rules of the game', in other words, the protocol.?

De nition 55 A protocol on M is a set P M <1 satisfying the condition
that wheneverd is in P, soare all initial sequen@sthat d starts with.
A partial function Pr:M <! I P(M) is derived from P as follows:

Pr(d) = unde ned wheneverd 62P;
Pr(d) = fmjd;m 2 Pg otherwise.

The elementsof dom(Pr) (the domain of Pr) are called the legal nite dialogues
The elements of Pr(d) are called the movesallowed after d. If d is a legal
dialogueand Pr(d) = ;, then d is said to be a terminated dialogue.

All protocols are further assume to satisfy the following basic conditions for
all movesm; and all legal nite dialoguesd.

If m2 Pr(d), then:
R1: pl(m) 2 T(d);

Ro: If d6 dp and m 6 my, then s(m) is a reply to s(t(m)) according to
Le;

Rs: If m repliesto m% then pl(m) 6 pl(m9;
R4: If thereis an m%in d suchthat t(m) = t(m9 then s(m) 6 s(m9).

Rs: For any m°2 d that surrendersto t(m), m is not an attacking coun-
terpart of mC

Together these conditions capture a lower bound on coherenceof dialogues.
Note that they state only necessaryconditions for move legality. Rule Ry says
that a moveis legal only if moved by the player-to-move. R, saysthat areplying
move must be a reply to its target accordingto L ., and R3 says that one cannot
reply to one'sown moves. Rule R, statesthat if a player badtracks, the new
move must be dierent from the rst one. (‘badktracking' in this chapter is
takento meanany alternativ e reply to the sametarget in a later turn). Finally,
Rs says that surrenders may not be ‘revoked'. At rst sight, it would seem
that Rs could be formulated as \t(m) does not have a surrendering reply in
d". Howewer, later we will seethat it makessenseto attack one premise of an
argumert even if another of its premiseshas beensurrendered.

Finally, a commitment function is a function that assignsto ead player at
ead stage of a dialogue a set of propositions to which the player is committed
at that stage.

2The rst part of the following de nition is taken from [16, p. 160].
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Table 4.1: Speedt acts for lib eral dialogues

| Acts | Attacks | Surrenders
claim ' why ' concede '
why argue A (conc(A) = ') | retract '

argue A why' (' 2 prem(A)) concede’
argue B (B defeatsA) | (* 2 prem(A) or' = conc(A))

concede '
retract '

De nition 56 A commitment function is a function
cC:m1? fP;0Og ! P(Ly).

suchthat C. (p) = ;. Cq(p) denotesplayer p's commitments in dialogue d.

4.3.3 Lib eral dialogue systems

Sofar any “verbal struggle' could t the framework. It will now be specialised
for argumertation with a particular communication language and some basic
protocol rules motivated by this language. In fact, a classof liberal dialogue
systemswill be de ned (parametrised by a logic L), in which the participants
have much freedom, and which is intended to be the core of all other dialogue
systemsof this study.

The communication language allows for making a claim, for challenging,
concedingand retracting a claim, for supporting a claim with an argument, and
for attacking argumerts with cournterarguments or by challengingtheir premises.

Commitment rules are de ned, but the commitments are only usedin de n-
ing termination and outcome of dialogues;they do not constrain move legality
(seefor that Section 4.3.6 below). There are only weak relevancerequiremerts
of moves, viz. those given by the reply structure of L., and there are no restric-
tions at all on length of turns. Basically, a speaker may cortinue speaking as
long asheis not interrupted by the listener, and he may make any move aslong
asaccordingto L. it is a well-formed reply to someearlier move of the listener.
So liberal dialoguesgreatly rely for their coherenceon the cooperativenessof
the dialogue participants.

4.3.3.1 The comm unication language

The communication languageis listed in Table 4.1. In examplesbelow, when
an argumert contains a single inference, it will usually be listed as conclusion
since premises Note that counterarguments must defeattheir target according
to L. Attacking counterparts of a surrender are at the sameline of the sur-
render except for the secondline of the argue A row: argue B is an attacking
courterpart of concede' only if the conclusionof B negatesor is negatedby ' .
(So the attacking counterpart of concedinga premiseis an premise-attack and
the attacking counterpart of concedinga conclusionis a rebuttal.)

45



4.3.3.2 The commitmen t rules

The following commitment rules seemto be uncontroversial and can be found
throughout the literature. (Below s denotesthe spealker of the move; e ects on
the other parties' commitments are only speci ed when a changeis e ected.)

If s(m) = claim(' ) then Cs(d;m) = C(d)[ f' g

If s(m) = why(" ) then Cs(d;m) = Cs(d)

If s(m) = concede(' ) then Cs(d;m) = Cs(d)[ f' g

If s(m) = retract(' ) then Cs(d;m) = Cs(d) f'g

If s(m) = argue(A) then Cs(d;m) = Cs(d) [ prem(A) [ fconc(A)g

4.3.3.3 Turn taking

As for the turntaking function, proponert starts with a uniqgue move (which
intro ducesthe topic of the dialogue), opponert then replies and after that it is
simply assumedthat it is always the speaker's turn; in other words, the turn
shifts as soon a new speaker succeedsn saying something.

TL: T(do) = P, T(dy) = O, elseT(d) = fP; Og.

Thus protocol rule R; is always satis ed for any dialogue with at least two
moves.

4.3.3.4 The proto col

The protocol for lib eral dialoguesaddstwo protocol rules to those of the general
framework.

If m2 Pr(d), then:
Re: If d=;, then s(m) is of the form claim(’ ) or argue A.

R7: If m concedesthe conclusion of an argumert moved in m% then m°
doesnot reply to a why move.

Re says that ead dialogue begins with either a claim or an argumert. The
initial claim or, if a dialogue starts with an argumert, its conclusion is the
topic of the dialogue. R restricts concessionf an argumert's conclusionto
conclusionsof counterarguments. This ensuresthat propositions are conceded
at the placein which they were introduced. Consider the following dialogue:

Pi: p since q
Oy: why q
Ps: g since r

O4[P3]: concde g

R; invalidates O4 as a reply to Pg3; it should instead be targeted at P1, which
is when the proponert introducedq.
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De nition 57 A dialogue system for liberal dialoguesis now de ned as any
dialogue systemwith L. as specied in Table 4.1, with turntaking rule T, and
suchthat a moveis legal if and only if it satis es protocol rules R;-R7.

Note that systemsfor subsetsof L. canbe de ned asslight variations of systems
for liberal dialoguesby simply declaring the use of certain movesillegal at all
times.

4.3.3.5 Termination and outcome of dialogues

Next termination and outcome of dialoguesmust be de ned. In practice, ter-
mination of dialoguesis often corverntional sothat an “any time' de nition of a
dialogue outcome is called for.

In the philosophical literature on two-party-persuasion,the most usual ter-
mination criterion is that a dialogueterminates if and only if the opponert con-
cedesproponert's main claim or the proponert retracts his main claim. Above
in De nition 55 instead the usual "'mathematical' approach was followed, in
which a dialogue is de ned as terminated just in caseno legal cortinuation is
possible. Soto capture the “philosophical’ de nition, a dialogue system should
ideally be de ned such that the playersrun out of legal movesjust in casethe
main claim is concededor retracted.

However, more can be said about termination of dialogues. In generalthe
individual knowledge basesof the players will ewlve during a dialogue: the
players may learn from ead other, they may ask advice of third parties, or they
may perform other knowledge-gatheringactions, sud as consulting databases
or making obsenations. For this reason,a player will rarely run out of attacking
moves,sinceit is (theoretically) always possibleto nd an argumert for a claim
or a counterargumernt to an argumert. Soit will rarely be possibleto force the
other player to concedeor retract the main claim. In addition, a " libustering'
player canalways challengethe premisesof any newargumenr. For thesereasons
realistic dialogueswill often not terminate by retraction or concessionof the
main claim, but by external agreemen or decisionto terminate it, so formal
termination results are of limited practical value.

When the traditional philosophical termination rule is adopted, the obvious
outcome rule is to declare proponert the winner if opponert has concededhis
main claim and to declare opponert the winner if proponert has retracted his
main claim. The winner canthen be de ned such that the proponert wins if the
opponert has concededhis main claim and the opponert wins if the proponert
has retracted his main claim.

However, for dialoguesthat canterminate by convertion this may in certain
contexts be too restrictive; a player may avoid losing simply by never giving
in and cortin ue debating till the other player becomestired and agreesto ter-
minate. To deal with contexts where this is undesirable, "any time' outcome
de nitions needto be studied, which allocate "burdensto attack' to the players,
sothat if at a certain dialogue stagea participant hasnot yet ful lled his burden
to attack, he may be the “current' losereven if he has not conceded(opponert)
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or retracted (proponert) the main claim. Besidesfor identifying the current

winner, such a notion can also be usedto regulate turntaking and to de ne

relevance of moves,aswill be explained in detail in Section4.3.4.
Consider the following simple lib eral dialogue:

Py: claim p
O,: whyp

At this stageit seemsreasonablethat P's main claim is not successfullyde-
fended, sincethere is an unanswered challenge. So P hasthe burden to attack
this challenge on the penalty of being the current loser. SupposeP fullls this
burden with

P3: psince q

Then it seemsreasonableto say that P's claim is successfullydefended,since
its only challengehas beenmet, sothe burden to attack has shifted back to the
opponert.

One way to de ne an “any time' outcome notion is simply to apply a “bladk-
box' logical proof theory for L to the premisesof all argumerts moved at a
certain dialogue stagethat are not challengedor retracted. If the main claim is
justied in L on the basis of these premises,proponert is the current winner,
otherwise opponert is the current winner. This is the approach adopted in,
for example, [19, 41, 48]. However, we argue that a more natural approach
is to incorporate the proof theory of L into the dialogue protocol as much as
possible, and then to prove that the dialogue outcome corresponds to what
logically follows. Thus the protocol is arguably more realistic as a model of
human dialogues,which may be bene cial in seweral contexts.

To this end we now de ne an any-time outcome notion that does not ap-
peal to a black-box logical consequencenotion. The de nition is in terms of
the dialogical status of an attacking move, which formalisesthe informal ideas
explainedin the previous subsection. The de nition assumesa notion of a sur-
rendered move, which needsto be de ned separately for ead instantiation of
the framework of Section 4.3.

De nition 58 [Dialogical status of moves]All attacking movesin a nite dia-
logued are either in or out in d. Sucha movem is in i

1. m is surrenderd in d; or else
2. all attacking repliesto m are out

Otherwise m is out.

De nition 59 (The curren t winner of a dialogue) The status of the ini-
tial movem; of a dialogued is in favour of P(O) and against O(P) i mj is
in (out) in d. We also say that m; favours, or is against p. Player p currently
wins dialogued if my of d favours p.
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For liberal dialogue systemsand all further systemsto be discussedin this
chapter the notion of a surrenderedmove is de ned asfollows.

De nition 60 A movem in a dialogued is surrendered in d i

it is an argue A moveand it hasa replyin d that concedesA's conclusion;
or else

m hasa surrendering reply in d.

Prop osition 12 For each nite dialogue d there is a unique dialogical status
assignment.

A counterexamplefor in nite dialoguesis anin nite sequencef attacking moves

logue has two dialogical status assignmeits: onein which all even movesare in
and all odd movesare out, and one with the converseassignmeits.
Now the “current' winner of a dialogue can be de ned as follows:

De nition 61 For any dialogued the proponent wins d if my is in, otherwise
the opponent wins d.

4.3.4 Proto cols for relevant dialogues

In this sectionit will be shown that lib eral protocolsonly weakly enforcestruc-
tural coherenceof dialoguesand then two notions of strong and weak (structural)
relevance of moveswill be de ned that remedy this.

4.3.4.1 Motiv ation

Lib eral protocols promote relevancethrough the protocol rules R, R4 and Rs.
According to theserules, Figure 4.1 displays two legal lib eral dialogues,sharing
the rst three moves. In dialogue 1 move Og is in a certain sensesuper uous
sincewith O, the opponert already launched another attack on P;. Also, P in
his secondturn rst attacks O's argumert for : g with P, and then retracts q
with Ps. Arguably, this behaviour of the proponert is not very coherert: rst
he counterattacks an attack on his initial argumert and then he surrendersto
another attack on that argumert. Dialogue 2 displays a variant of suc rather
incoherert behaviour: proponert rst concedeghe conclusionof Oz's argumert
with P, and then attacks its premisewith Ps.

Figure 4.2displays another legallib eral dialoguethat is not ertirely coherert.
Here the opponert in his third turn attacks with O in a line of the dialogue
which P has mearwhile implicitly retreated with Ps: his current reasonfor q
is v. Arguably O's argumert for : u is at this point irrelevant for the dialogue
topic.

These dialoguesillustrate that there is a needfor stricter protocols, where
ead move s relevant to the dialoguetopic. A rigorous way to enforcerelevance
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O3: why q| |O3: :qgsincer

dialogue 1 dialogue 2

Figure 4.1: Two somewhatincoherert dialogues.

|O7::usinces| |Og:whyv

Figure 4.2: Another somewhatincoherert dialogue.

of movesis to have a unique-move and unique-reply protocol. Then in the dia-
loguesof Figure 4.1 O's rst turn endsafter his challengeof q, after which P has
to choosebetweenretracting g or defendingit. And in Figure 4.2 the dialogue
ends after Ps's retraction and P is penalisedfor making the “wrong' choice of
argumert at P;. Howevwer, this comeswith a price. Firstly, as arguedin the
introduction, it may not in all contexts be fair to disallow the playersto repair

50



mistakes or to move alternative argumerts in the sameturn. Secondly there
are more subtle reasonsto allow backtracking. Considerthe implied argumerts
of a dialectical graph. Fairnessdemandsthat when sud argumerts are relevant
for the outcome of a dialogue, their moving should be legal at least at one stage
during the dialogue. Howewer, as shown in [67], the more a protocol restricts
the possibility to move alternativesto earlier moves, the more it runs the risk
of making such argumerts illegal at any stage. So unique-reply protocols can
be unfair.

In general, any “any time' de nition of the dialogue outcome can be used
to constrain turntaking and promote relevance: for instance, protocols could
be made immediate-reply and and all movescan be required to have an e ect
on the outcome of the dialogue. Theseideaswill now be made more precisein
terms of the dialogical status of moves.

Intuitiv ely, a replying moveis structurally relevant if it is capableof changing
the dialogical status of the initial move, given the various ways the playershave
badktracked and surrendered. Two typical grounds for irrelevance of a move
are that it is made in a dialogue branch from which the other adversary has
retreated (cf. move O; in Figure 4.2), or in a dialogue branch cortaining a
surrendered move, of which the status therefore cannot be changed (cf. move
Ps in dialogue 2 of Figure 4.1).

4.3.4.2 Relevance de ned

The requiremert that ead move berelevant allows the playersmaximal freedom
onissuessuc asbacktracking and postponing replieswhile yet ensuringa strong
focus of a dialogue. The presert notion of relevance extends the one of [67],
which only applied to argumert games.

As for the formal de nition of relevance,asjust explained,what is crucial is a
move's e ect on the status of the initial move. In order to determine relevance
of surrendering moves, their e ect is chedked as if they were their attacking
counterpart. Thus a move is relevant i any attacking counterpart with the
sametarget would changethe status of the initial move of the dialogue. This is
formally de ned asfollows.

De nition 62 [Relevane] An attacking movein a dialogued is relevant i it
changeshe dialogical status of d's initial move. A surrenderingmoveis relevant
i its attacking counterparts are relevant.

This de nition is not meart to fully capture the notion of relevancein dialogue,
since it only looks at structure of a dialogue, not at its content. Clearly, an
argumert like “You owe me 50,000dollars since the earth is round' violates a
legal senseof relevance, but it might well be relevant in the presen sense.

Together the above de nitions imply that a reply to a surrendered move
is never relevant. Note also that, if not surrendered, an irrelevant target can
becomerelevant again later in a dialogue, viz. if a player returns to a dialogue
branch from which s/he has earlier retreated.
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To illustrate these de nitions, consider Figure 4.3 (where + meansin and
- meansout). The dialogue tree on the left is the situation after P;. The tree
in the middle shows the dialogical status of the moveswhen O has cortinued
after P7 with Og, replying to Ps: this move doesnot a ect the status of P;, so
Og isirrelevant. Finally, the tree on the right shows the situation where O has
instead cortinued after P; with O3, replying to P;: then the status of P; has
changed, so Of is relevant.

p1t p1t P1-

+

02" 02 02
N N RN
P3- P3~ P7t 3 P7 -

P7 * P

/ \ . /+ \ . / \ +," F I'_;\
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I 08 I

\ [

08 is irrelevant 08' is relevant

Figure 4.3: Dialogical status of moves.

To be a protocol for relevant dialogue, a protocol must also satisfy some
additional conditions on the notions of move legality, turntaking and winning.
The following protocol rule is addedto those of lib eral dialogue systems.

If m2 Pr(d), then:
Rg: if m is a replying move, then m is relevant in d.

To prevert premature termination of a dialogue this rule must be combined
with an immediate-reply turntaking rule (cf. [48]):

T: T(dp) = P andif d6 dp then T(d) = pi P currently wins d.

Together, Rg and T; enforcethat when a player is to move, s/he keepsmoving
until s/he has changedthe status of the initial move his or her way (since after
sudh a change no further move of the same player can be relevant). In other
words, ead player rst moveszeroor more relevant surrenders,and then moves
zero or one relevant attacker: if no attackers are moved, this is becausethe
player has no legal moves.

De nition 63 A dialogue systemfor relevantdialoguesis any dialogue system
with L. as specied in Table4.1, with turntaking rule T; and suchthat a move
is legal if and only if it satis es protocol rules R;-Rg.
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4.3.5 Proto cols for weakly relevant dialogues

Comparing systemsfor lib eral and for relevant dialogues,the main advantage of
the relevancerequiremert is that it keepsa dialogue focussedby ensuring that
no resourcesare wasted on “super uous' moves,i.e., movesthat have no bearing
on the status of the initial move. Howewer, there are reasonsto study a weaker
senseof relevance. Perhapsthe main drawbadk of the relevancecondition is that
it must be combined with an immediate-reply turntaking rule, which preverts
the moving in one turn of alternative ways to changethe status of the initial
move. This may be a drawbad, for instance, in discussionswhere the parties
cannot immediately reply to ead other, and therefore reply to all movesof the
precedingturn (asin parliamentary debate).

This disadvantage of the relevancerule can be met with a weakening of the
notion of relevance, to require only that ead attacking move creates a new
‘winning part' of the speaker or removesa “winning part' of the hearer. First
a winning part of a dialogue must be de ned. Informally, it is the part of a
dialogue that “'makes'the initial move have its dialogical status.

De nition 64 Let d be a dialogue currently won by player p. A winning part
dP of d is recursively de ned as follows.

1. First include myq;

2. for each move m of p that is included, if m is surrendered, include all its
surrendering replies, otherwise include all its attacking replies;

3. for each attacking move m of p that is included, include one attacking
reply m' that is in in d.

The idea of this de nition is that, by omitting all movesof p that are surrenders
or from which p has badktracked, d® contains that part of d that makesp win.
In general, d” is not unique, since p might have moved alternativ e attacking
repliesto a move, neither of which were successfullychallengedby p.

We can now de ne the notion of weak relevance.

De nition 65 [Weak relevan@.] An attacking movein a dialogued is weakly
relevant i it createsa new winning part of d for the speaker or removesa win-
ning part of the hearer. A surrendering moveis weakly relevanti its attacking
counterparts are weakly relevant.

Relevanceaccordingto De nition 62will now be calledstrongrelevane. Clearly,
ead strongly relevant move is also weakly relevant. The relevancerule is now
weakenedas follows:

RY: if m is a replying move, then m is weakly relevant in d.

Finally, the turntaking rule is relaxed as follows.
Tw: T(do) = P. If di 6 do then T(d;) = pl(m;) if pl(m;) currently wins d
and T(d;) = fP; Og if pl(m;) currently wins d.
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This says that interrupting the spealker is allowed but not obligatory assoon as
the speaker has made himself the current winner.

De nition 66 A dialogue systemfor weakly relevantdialoguesis any dialogue
systemwith L. as specied in Table4.1, with turntaking rule T,, and such that
a moveis legal if and only if it satis es protocol rules R;-R7; R.

The structure of weakly relevant dialoguesdiers in two main respects from
that of strongly relevant dialogues. Firstly, a player has somefreedomto make
additional movesafter he hasmadehimselfthe current winner, possibly creating
additional winning parts. Secondly eat player must counterattack all attacks
of the other player in order to make himself the current winner.

It is straightforward to prove that the soundnessand fairness results for
liberal and relevant dialoguesstill hold for weakly relevant dialogues.

To illustrate the weak notion of relevance, consider again the dialogue be-
tweenPaul and Olga from the introduction. A weakly relevant version of this
dialogue is when Olga moves her secondargumert for “not safe' directly after
her rst in the sameturn, after which Paul must attack both of them in his
next turn to changethe status of his main claim.

4.3.6 Respecting commitmen ts

A further meansto promote coherenceof dialoguesis by using the players' com-
mitments in regulating move legality. Players can, for instance, be required to
keeptheir own commitments consistert or restore consistencyupon demand, or
not to challengetheir own commitments. In this section the addition will be
studied of protocol rules referring to commitments to the protocolsdiscussedso
far. However, sincecommitments are a topic of their own, the discussionwill be
restricted to somesimple rules and a more advancedtreatment of commitments
will be left for future researd.

If m2 Pr(d) and pl(m) = p, then:
Rg: Cp(d; m) is consistert.
Rio: If s(m) = why ', then Cp(d) 6™ .

Ry ensureslogical consistencyof the players' commitments and Rip preverts
playersfrom challenging a proposition to which they are themselvescommitted.

It should be noted that in the preset stup there is a tension between the
e ects of movesasrepliesto targets, which are local, and their e ects as oper-
ations on commitment sets, which are global. As a reply to a target, a move's
direct e ect is on the target's dialogical status. As an operation on commit-
merts, a move'sdirect e ect is on the speaker's commitment set, which is global
to the dialogue. The dialoguein Figure 4.4 illustrates this tension. After Pg the
protocols of this study allow opponert to cortinue with challenging s in Ps and
proponert to reply to this challengewith an argument for s. This dialogue is
not very coherert since proponert already retracted s. Additional corvertions
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iP3: gsince s : Pg:qsinces°| |P5: r sinces

Figure 4.4: Repliesvs. commitments.

could be addedthat re ect the global nature of commitments, for example, that
a proposition may only be supported with an argumernt if the spealker is still
committed to the proposition, or that once a proposition is retracted, no new
commitment to the sameproposition may be incurred by the sameplayer.

4.4 Formalising dialogue games with the Event
Calculus

Logical speci cation of dialogue systemscould benet both the formal investi-
gation of such protocols and their implementation in declarative programming
languages.Yet sofar few persuasionsystemshave beenfully formally speci ed
in a declarative way. Two notable exceptionsare [12] and [19]. Howewer, the
argumertation protocols formalised in these papers are rather simple and the
logical speci cation of more complex protocolslike the onesjust mertioned still
awaits further investigation. This section therefore studies the logical speci-
cation of the persuasiondialogue gamesdiscussedabove. These gameswill
rst beformalisedin a variant of the Event Calculus proposedby [75] and then
implemented as a Prolog program (in Section 4.7).
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44.1 The Event Calculus

The Event Calculus (EC) is a theory speci ed in rst-order logic about everts
and their e ects on states-of-a air in the world (called " uents' in EC). EC was
originally developed by Kowalski and Sergotin 1986[46]; in this deliverable we
usea later variant, due to Shanahan[75], called the "Full Event Calculus'. Its
axioms expressprinciples like “If an evert happensat time T that initiates a
some uent then that uent starts to hold at T' and “If a uent holdsat T and
nothing terminates it then it alsoholdsat T + 1'. The latter is commonly called
the “law of inertia’; it can be overruled by axioms expressingwhen a uent is
terminated. In applications of EC its general axioms must be supplemeried
with domain-speci ¢ axioms.

Our useof EC for the speci cation of dialogue protocolsis motivated by the
fact that a dialogue gamecan be seenas a dynamic system where dialogue ut-
terancesare everts that initiate and terminate various aspects of the “dialogical
world', such asa player being the player-to-moveor not, player being committed
to a certain proposition or not and a move being legal or not. Such aspects will
be modelled as uents, the value of which can changeas an e ect of utterances
made during the dialogue.

A particularly attractiv efeature of EC is that it caneasilybeimplemerted as
a Prolog program. This allows the modelling of temporal persistenceof uents
through negation asfailure: if termination of a uent cannot be derived, it can
be assumedto persist. Thus, for instance, a proposition added to a player's
commitments can be assumedto remain a commitment until this is explicitly
terminated. Also, it can be elegarily modelled that the presert protocol allows
repliesto any earlier move in the dialogue and not only to the last move. This
is modelled by the fact that the legality of a reply persistsuntil it is explicitly
terminated.

To be able to reasonabout uents, they arerei ed in EC. Rei cation means
that the uents are treated as rst-class objects so that they can be used as
argumerts of predicates. For example, the sertence\at time point 2 it is the
turn of participant P" can be represened as follows:

HoldsAt (Turn (P); 2)

Herethe statemert Turn(P) isrei ed asan object to allow it to an be argumernt
of the predicate HoldsAt.

The axioms of the Full EC make use of a number of special predicates. We
now describe their informal meaning and indicate how they can be usedin the
speci cation of dialogue games. The rst two predicatesconcernthe e ects of
an action on the value of a uent.

Initiates( ; ; ) meansthat uent starts to hold after action at time

. This formula will be usedin the following ways. Firstly, it will be usedto
expressthe addition of a statemert to a player's commitment setin e ect of an
utterance. For instance,

Initiates (move(1; P; claim q;0); CS(P; g); 1)
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says that proponert's claim in his rst move of q adds g to his commitments

(the moveidenti er following the speed act is the move's target, in this casea

dummy value to expressthat the claim is the dialogue's rst move). In a similar

way it can be expressedthat in e ect of an utterance another move becomes
legal. For instance,

Initiates (
move(1; P; claim g; 0);
Legal(move(id; O; why g;id);t))

says that proponert's claiming of g in his rst move initiates the legality of a
challenge of g by opponert. Finally, the fact that a move makesa player the
player-to-move can be expressedn a similar way.

Terminates( ; ; ) meansthat uent ceasego hold after action at time
. This predicate is the “mirror predicate' of Initiates: in can be usedin an
analogousway as that predicate for expressingthe deletion of a commitment,
the termination of legality of a move and the termination of a player being the
oneto move.
At the beginning of a dialogue certain uents will hold and certain uents
will not hold. The following two predicates can be usedto expressthe begin
situation of a dialogue.

Initially p( ) meansthat uent holds at the beginning of the dialogue.
This formula will be usedto de ne the commitment set of the players at the
beginning of the dialogue and for de ning the legal movesat the beginning of
the dialogue.

Initially n( ) meansthat uent doesnot hold at the beginning of the di-
alogue. The formula will be usedto de ne which moves are not legal at the
beginning of the dialogue, which participant is not allowed to make a move and
which propositions a participant is not committed to.

To expressthat a uent holds at a certain time point the following predicate
is used.

HoldsA t( ; ) meansthat uent holds at time point . For instance, the
formula
Holdsat(Legal(move(4; O; why q; 1); 4))

expresseghat a challengeof q by opponert is legal at move 4 asa reply to move
1. Sud formulas will (often with variables) be usedin the conditions of the
rules for move legality, turntaking and termination.

A dialogue is a sequenceof everts that happen. To expressthat a move is
made the following predicate can be used.
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Happ ens(; 1; 2) meansthat action starts at time point 1 and endsat
time point 2. This predicate will be usedto expressall movesmade during the
dialogue. Sincea dialogue move is assumedto have no duration, it will always
hold that 1= 2.

Besidespersistenceof a uent, it must be possibleto expresstermination
and initiation of uents at certain time points. This can be done with the
predicates Clipped and Declipped; they are usedin the general axioms of EC
but we will not usethem in our domain-speci ¢ axioms.

Clipp ed( 1; ; 2) meansthat uent is terminated betweentimes 1 and
2.

Declipp ed( 1; ; 2) meansthat uent isinitiated betweentimes 1 and
2.

We next list the general axioms of the full Event Calculus. Following the
usual convertions, variables are assumedto be implicilt y universally quarti ed.
The unique-nameaxioms, which are part of the Event Calculus, are left implicit,
aswell asthe usual de nitions of (in)equality. The rst two axioms concernthe
conditions that should be met in order for a uent to persist. The third axiom
concernsthe conditions for a uent to terminate to hold. Then three axioms
are preseried which expressexactly the opposite. The fourth axiom expresses
when a uent does not persist and the fth and sixth axiom expresswhat
conditions should be met for a uent to start to hold. The last axiom ensures
that an event takes a non-negative amount of time. Note that in our Prolog
implemertation the occurrencesof classicalnegation: will be implemented as
negation-as-failure,to capture the law of inertia.

1. HoldsAt(f;t) Initial Iy (f) ~ : Clipped(0;f;t)
This axiom states that if a uent initially holds and is not terminated
betweentime point 0 and time point t then the uent still holds at time
point t.

2. HoldsAt(f;t3) Happens(a;tl;t2)" Initiates (a;f; t1)" (t2 < t3)*: Clipped(t1;f;t3)
This axiom statesthat if event a which initiates uent f occursthen uent
f starts to hold until uent f is terminated.

3. Clipped(t1;f;t4) $ 9a;t2;t3(Happens(a;t2;t3) N (t1 < t3) " (t2< t4) 7
Terminates(a;f;t2))
This axiom statesthat if and only if there exists an evert a which occurs
and terminates uent f then uent f is said to be clipped.

4. : HoldsAt(f;t) Initial lyy (f) " : Declipped(0;f;t)
This axiom statesthat if a uent did not initially hold and wasnot initiated
betweentime point 0 and time point t then the uent doesnot hold at
time point t.
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5. : HoldsAt(f;t3) Happens(a;tl;t2) * Terminates(a;f;tl) ~ (t2 < t3)"
. Declipped (t1;f;t3)
This axiom states that if evert a which terminates uent f occursthen
uent f doesnot hold aslong as uent f is not initiated.

6. Declipped(t1;f;t4) $ 9a;t2;t3(Happens(a;t2;t3)" (t1< t3)" (t2< t4) "
Initiates (a;f ;t2))
This axiom statesthat if and only if there exists an evert a which occurs
and initiates uent f then uent f is said to be declipped.

7. Happens(a;t1;t2) ! (t1 t2)
This axiom ensuresthat the time an event takescan never be negative.

4.4.2 Formalisation of a persuasion game

In this subsectionthe lib eral persuasiongameof Section4.3.3will be formalised.

4.4.2.1 Additional uen ts

The following additional uents will be used.

move(id; p;s;tr) This uent statesthat this is the id"™ move where partic-
ipant p stateslocution s targeted at tr. Just asin Prakken's Framework,
a quadruple is usedfor de ning a move. The id is the identi er of a move
and stands for the id™ movein the dialogue. It seemsreasonableto unify
the time points with the identi er of the move becauseevery move is an
evert. Howewer, this becomesproblematic when a participant states an
illegal move, this move will causeno changesto the uents but will move
time with one unit. So the time point is raised while the identi er of
the move is not. For this reasonthe time points and the identi ers are
not uni ed. The p is the player of the move, either the proponert or the
opponert. The s is the speet act made in the dialogue and the tr is the
target of the move, this is the identi er of the moveiit is targeted at.

Legal(' ) This uent expresseshat it is legal to make move ' where'
represers a tuple move(id; p;s;tr). This uent is initiated when move'
is legal to make. In Prakken's Framework aswell asin the PWA System
the only legal movesare the onesthat serwe as a reply to another move.
So every move initiates one or more legal uents asa reply to that move.

CS(p;' ) This uent represerts that participant p is committed to propo-
sition ' . CS stands for commitment set and is initiated when participant
p becomescommitted to proposition ' .

Turn(p) is a uent which is initiated when it becomesthe turn of partici-
pant p.

P stands for proponert.
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O stands for opponert.

pandparedened as: p= Oif andonly if p= P and p= P if and only
if p= O.
In the Event Calculus the predicate Happens is usedfor uttering a statemert.
This predicate is to be instantiated with a uent (id; p;s;tr) and holds without
conditions. A typical locution looks like this: Happens(1;P;claim(a);0). This
locution statesa rst move by the proponert, claiming that a is the case.

4.4.2.2 The proto col

The formalisation of the proto col rst species which initial movesare legal.
Initially the only legal movesare a claim or an argue move by the proponer.
After his rst move the legality of these movesterminates.

Initial lyp (Legal(move(l; P; s; 0)))
s=claim' _s= argueA

Initial ly\ (Legal(move(id; p;s;tr)))
p=0
(d 6 1)
(s6 claim' " s6 argueA)
(t6 0)

Terminates(move(l; P; s1; 0); Legal(move(1; P; s;; 0)); t)
HoldsAt (Legal(move(1; P; s;; 0)); 1)

The next formulas specify how the legality of non-initial movesis initiated,
capturing rules Rz, Rz, R4 and R7 of the protocol. Defeats(B; A) means argu-
mernt B defeatsargumert A'. Note that the rules for argue movesassumethat
the well-formednessof argumerts and their defeat relations are determined by
external means. The generalformat of the legality-initiating rules is as follows:

m; initiates the legality of m if

m; was moved legally, and

pl(my) is the player-to-move, and

s(my) is a well-formed reply to s(m;), and

the speci ¢ conditions for m,, if any, are satis ed.

But the rule for repliesto initial movescan be simpler:

Initiates (move(l; P; claim *; 0); Legal(move(id; O;s;1));1)
s=why' _s= concde’

Initiates (move(id ; p;why '; tr); Legal(move(id ,; p; s;id)); t)
HoldsAt (Legal(move(id ; p;why '; tr));t) n
HoldsAt (Turn (p); t) A
((s= argue A" conc(A) = ') _ (s = retract ' ))
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Initiates (move(id ; p;argue A; tr ); Legal(move(id ,; p; s;id)); t)

HoldsAt (Legal(move(id ; p;argue A; tr)); t) A
HoldsAt (Turn (p); t) A
((s=why' A" 2 prem(A))

(s = argue B ™ Defeats(B; A))

(_s: concede ' A" = conc(A)"
. (Happens(move(tr ; p;why '; tr2);t) ~ ta < t)

(_s = concede' ' 2 prem(A)))

Next the conditions are speci ed under which the legality of non-initial moves
terminates. The rst rule below says that after a move with a speci ¢ content
is made, it terminates to hold as a legal move with that speci ¢ content and the
sametarget.

Terminates(move(id ; p; s; tr ); Legal(move(id ,; p;s; tr)); t)
HoldsAt (Turn (p); t) A
HoldsAt (Legal(move(id ; p;s;tr));t)

The secondrule captures protocol rule Rs and states that when a move is a
surrendering move to a target the attacking counterpart of this move at the
sametarget terminates to be legal.

Terminates(move(id ; p; s1; tr); Legal(move(id ,; p; Sp; tr )) ; t)

HoldsAt (Legal(move(id ; p;s1;tr));t) A
HoldsAt (Legal(move(id ,; p;s2;tr));t) "
HoldsAt (Turn(p);t) n
((s1 = concede’ " s, = why ')

(_sl = concede ' " sp = argue A" 1 ' = conc(A))
(sy = retract’ s, = argue AN’ = conc(A)))

Summarising, EC's “law of inertia’ is usedin this formalisation as follows. Ini-
tially, only a claim and argue move are legal and all other moves are illegal.
After a move is made its legality is terminated (but only with that specic
content) and the legality of well-formed repliesto that move's speed act is ini-
tiated. Sud legality persists until the move is made. The illegality of moves
persistsuntil its legality is initiated asjust described.

4.4.2.3 Commitmen t set

Initially , the commitment set of both players is empty as stated. When per-
forming a move, the commitment set of the participant performing the locution
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is a ected. It is always cheded whether the performing participant usesa legal
move initiated asa reply to a previous locution. It is also chedked whether it is
the turn of the participant. The following four rules ensurethe altering of the
commitment set during the dialogue.

Initial lyy (CS(p;"))

Initiates (move(id ; p;s;tr); CS(p;' ); 1)
HoldsAt (Legal(move(id ; p;s;tr));t)
HoldsAt (Turn(p);t) n
(s=claim' _s= concde')

>

Terminates(move(id ; p;retract '; tr); CS(p;' );t)
HoldsAt (Legal(move(id ; p;retract '; tr));t) n
HoldsAt (Turn(p);t)

Initiates (move(id ; p;argue A; tr ); CS(p;" );t)
HoldsAt (Legal(move(id ; p;argue A; tr)); t)
HoldsAt (Turn(p);t)

(" = conc(A) _"' = prem(A))

> >

4.4.2.4 Turn taking

In the last four rules the turntaking in the dialogue system is realised. The
rst move is always made by the proponert after which the turn switches. This
meansthat after the rst move,the turn of the proponert terminatesto hold and
the turn of the opponert is initiated. After the secondmove, both participants
can participate in the dialoguesonow alsothe turn of the proponert is initiated.

Initial lyp (Turn (P))
Initial ly (Turn (O))

Terminates(move(1; P; s; 0); Turn (P);t)
HoldsAt (Legal(move(1; P; s; 0));t)

Initiates (move(id ; p1; s;tr); Turn (p2);t)
HoldsAt (Legal(move(id ; p1; s;tr)); t) A
(id=1"p=P"tr =07t= 1" p, = 0)
(id=27p = 0ntr =17t=24p, = P))

This completesthe speci cation of the liberal persuasionprotocol of Sec-
tion 4.3.3.
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4.5 Another illustration of our approach

We now apply the above approac to formalisation and implemenrtation of pro-
tocolsto a seconddialogue system for persuasion,that of Parsons,Wooldridge
and Amgoud [62], which we refer to as PWA or the PWA System The rea-
son for a secondapplication is to illustrate the generality of our approac by
applying it to a pre-existing protocol. The logic usedin PWA is that of Am-
goud and Cayrol [8], a nonmonotonic argumenrtation system instantiating the
grounded semartics of Dung [33]. The notational cornvertions usedby Parsons,
Wooldridge and Amgoud in [62] will be uni ed below with the notation we used
above.

451 The PWA system
We rst describe the PWA Systemas preserted in [62].

45.1.1 Comm unication Language

The following table comparesthe names for the locutions used by Parsons,
Wooldridge and Amgoud [62] and those usedhere.

PWA System | Present Framework
assert claim

accept concede

challenge why

As just noted, we will adjust the namesusedin the PWA Systemto ours. Their
communication languagethen consistsof the locutions in Table 4.2.

claim ' , a participant claims proposition '

claim S, a participant claims the set of propositions S
concede ' , a participant concedesproposition '

concede S, a participant concedeghe set of propositions S

why' , a participant challengesthe other participant to state an argumert
to support proposition '

Table 4.2: Locutions

45.1.2 Proto col
Proto col rules

The protocol is unique-move, which meansthat the turn shifts after each move.
Also, except for replies to claim moves it is unique-reply, which means that
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alternativ e replies to the samemove are not allowed. The exceptionis when a
participant claims a set of propositions asreply to a why move: then the other
participant can give a reply to each proposition of this set. The possiblereplies
to a locution have a preferred order: if the rst, most preferred responseis not
a legal one, the next best option is considered. The legality of a move partly
dependson the attitude of the agert which is explained belov. The rst moveis
always made by the proponert, agert A, who claims proposition p after which
the opponert, agert B, makesa move.

1. A claims p.

2. B conoedesp if it is a legal according to its concede-attitude,
If it is not legal to concede p, B claims : p if it is legal according to its
claim-attitude,
Otherwise B challengesp with a why move.

3. If B claimed : p then
goto 2 with roles of the agerts reversedand : p in place of p.

4. If B challengal p with a why move then
A claims S, the support for p;
Goto 2 for eadh s 2 S in turn.

Table 4.3: Protocol

Attitudes

Whether it is legalto claim or concedea proposition also dependson the ability
of the agert of nding an argumert of a certain kind to support the proposition.
Every participating agert hasone claim-attitude and one concede-attitude. This
attitude is xed for the agert during the ertire dialogue.

De nition 67 Claim-attitude

A con dent agentcan claim any proposition p for which it can construct
an argument A wher p = conc(A).

A careful agent can claim any proposition p if it is not ableto construct
a stronger argument A for proposition : p where : p = conc(A).

A thoughtful agentcan claim any proposition p for which it can construct
a justi e d argument A where p = conc(A).
De nition 68 Concede-attitude

A credulousagentcan concedeto any proposition p if it is ableto construct
an argument A wher p = conc(A).
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A cautious agent can concede to any proposition p if it is not able to
construct a stronger argument A where : p = conc(A).

A skeptical agentcan concede to any proposition p if it is ableto construct
a justi e d argument A where p = conc(A).

In these de nitions a participant is supposedto construct argumerts on the
basis of its own internal knowledge base plus the commitments of the other
participant.

45.1.3 Eect Rules

The e ect rules are essetially the sameasin our framework, with the obvious
addition that concedingor claiming a set of propositions commits to the ertire
set.

45.1.4 Turn taking

Generally, the protocol is uniqgue-move so the turn switches after every move,
this is regulated directly through the structure of the protocol. Only when a set
of propositions is claimed the turn doesnot needto switch after every move.
When a reply move is made by the opponert to one proposition of the set
propositions the proponert claimed and this proposition is evertually conceded
by the opponert, the turn doesnot switch and the opponert canreply to another
proposition of the set of propositions claimed by the proponent.

45.1.5 Termination Rules

The dialogue terminates when there are no more moves. This happens when
there are no more propositions the agerts do not agree upon. Besidesthe
termination rules there is also an outcome rule. If an agert is not able to
make a move when it is his turn, he hasto concede the dialogue game. If the
proponert hasto concedethe dialoguegame,he hasnot succeededn persuading
the opponert. If the opponert has to concedethe dialogue game then the
proponert is succeededn persuading his opponert.

45.2 Formalisation of PWA in Event calculus

We next formalise the PWA Persuasionprotocol, using the sameapproac as
above.

45.2.1 Additional uen ts

To formalisethe PWA System, further uents are usedin addition to those used
to formalise the system of Section 4.3.3 above.
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ConcdeAttitude (p; ¢) meansthat the concede-attitude of participant p is
the attitude c this uent is usedto de ne the concede-attitude of the
participants at the beginning of the dialogue. The attitude remains static
throughout the dialogue.

ClaimAttitude (p; c) meansthat the claim-attitude of participant p is the
attitude c. This uent functions the sameasthe ConcedeAttitude (p;c).

Allows(s; p) is a uent which holds if the attitude of participant p allows
moves. This uent isinitiated after every moveif the formal de nition of
the attitudes asdiscussedn Tables67 and 68 allows the proposition used
in the move.

ConcedeGamgp) is a uent that de nes that participant p concedesto
the dialogue. A participant should concedeto the dialogueif the partici-
pant is not able to make the indicated move. The dialogue endswhen a
participant concedego the dialogue.

Retain(' ) is a uent used for storing move ' . After claiming a set of
propositions the other participant can reply to ead proposition. The
propositions which are not replied to directly are stored in the Retain(" )
uent.

Formula(A; id) is a uent used for expressingthat formula A has pref-
erenceorder id. In the PWA System the preferenceof argumerts and
propositions is agreedupon before the dialogue starts. In the formalisa-
tion this uent will be usedat the beginning of the dialogue to initiate
all argumerts with their preferenceorder available in the \w orld" of the
agerts.

AcceptabldA; p) is a uent usedto expressthat argumert A is an accept-
able argumert for participant p. In this formalisation it is not speci ed
when an argument holds as acceptable,acceptableargumerts are simply
initiated.

KB (A; p) is a uent which denotesthat argumert or proposition A is an
elemen of the knowledge baseKB of participant p. This uent is used
to expressthat an agert has accesso an argumert or proposition in the
dialogue.

45.2.2 Begin situation

Due to the closedworld assumption of the Event Calculus all uents have to
be known initially and therefore should be known as to initially hold or not
hold. In the PWA Systemthere are seweral uents whoseinitial value depends
on the dialogue. These uents are Acceptablga;p), Formula(a;id), KB (a;p),
Allows(s; p), ClaimAttitude (a;b) and ConcedeAttitude (a;b). The uents with
valuesthat hold at the beginning of the dialogue should be added to the for-
malisation before starting the dialogue by the agerts or the user of the system.
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Theseclauseswill, for example, have the following form.
Initial ly p (Acceptablgsince(P; Q)))

The user of the system should expresswhich argumerts are acceptable for
ead participant at the beginning of the dialogue, what the preferenceorder of
ead formula is during this dialogue, which propositions and argumerts are in
the knowledge base of the participants, which propositions and argumerts are
allowead for the proponert to use accordingto its attitude at the beginning of
the dialogue and also the claim and conoede attitudes should be added to the
formalisation. All other valuesof these uents are assumednot to hold at the
beginning of the dialogue. This is covered by the following six rules where the
clauselnitial lyy holds if Initial ly, doesnot hold. The rst three rules cover
the available propositions and argumerts during the dialogue and the last three
rules dealwith the attitudes of the participants and the suitabilit y of argumerts
accordingto theseattitudes.

BS 1 Initial lyy (Acceptablda; p))
. Initial ly » (Acceptablga; p))

BS 2 Initial ly, (Formula(a;id))
: Initial ly p (Formula(a;id))

BS 3 Initial ly (KB (a;p))
 Initial ly » (KB (a; p))

BS 4 Initial lyy (Allows(s;p))
. Initial ly p (Allows(s; p))

BS 5 Initial lyy (ClaimAttitude (a; b))
. Initial ly p (ClaimAttitude (a; b))

BS 6 Initial ly, (ConcedeAttitude (a; b))
. Initial ly p (ConcedeAttitude (a; b))

In the PWA Systemit is the turn of the proponert at the start of the dialogue
and his only legal move is making a claim.

BS 7 Initial lyp (Turn(P))
BS 8 Initial lyp (Legal(move(1; P;claim '; 0)))

It is necessaryto specify that initially it is not the turn of the opponen.
This is speci ed by BS 9. BS 10 speci es which movesdo not hold aslegal at
the beginning of the dialogue. This rule statesthat no move of the opponert
holds aslegal and that exceptfor a claim move no move holds at the beginning
of the dialogue.
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BS 9 Initial lyy (Turn (O))

BS 10 Initial lyy (Legal(move(id; p;s; 0)))

p=0 _
2 (id = 1) —
: (s = claim ") _
(t=0)

Initially the commitment set of both participants is empty. This meansthat
thereisno uent CS(p;' ) that initially holds. Alsothe uent ConocedeGamgP)
doesnot hold at the beginning of the dialogue and there are no retained moves
sothe uent Retain(s) doesnot hold initially .

BS 11 Initial lyy (CS(p;'))
BS 12 Initial lyy (ConcedeGame(p))

BS 13 Initial lyy (Retain(s))

45.2.3 Legal moves

This subsectiondealswith the PWA SystemProtocol as stated in Table 4.3. In
the PWA Systema reply canbe givento a claim and to a why move. Only one
locution is legal asareply to a move. It might be possiblehowever that there are
several propositions to usein the locution as a reply. There are three possible
repliesto a claim move; which oneis legal dependson the attitude of the agert.
A claim move can be made for a set of propositions or just for one proposition.
The following formula, LE 1, dealswith initiating the three possiblereplies to
a claim move for a single proposition. The formula after that, LE 2, dealswith
initiating the three possiblereplies to a claim move for a set of propositions.
The third formula, LE 3, dealswith the reply to a why move. To a why move
only onereply is possible. The last formula of this subsection,LE 4, dealswith
the termination of the legality of moves.

The reply move to a claim is a concede move if the concede-attitude allows
it. If the concede-attitude does not allow a concede move, a claim move is
initiated as legal if the claim-attitude allows it. When the concede as well
as the claim move are not allowed according to the attitudes, a why move is
initiated aslegal. This is describedin the third part of the formula. It is cheded
whether it is the turn of the moving participant and whether the move is legal.
The conditions under which uent Allows(s;p) holds is described in Subsection
4.5.2.6and indicates whether the attitude of participant p allows the statemert
of the locution.

LE 1 Initiates (move(id; p;claim '; tr); Legal(move(id 2; p; s;id));t)
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HoldsAt (Legal(move(id ; p;claim *; tr));t) n

HoldsAt (Turn(p);t) n
((s = concede ! n
HoldsAt (Allows(s; p); 1))

(_s = claim :' A
: HoldsAt (Allows(concede '; p);t) n

HoldsAt (Allows(s; p); 1))

(_s = why' A
: HoldsAt (Allows(concede '; p);t) A
. HoldsAt (Allows(claim : '; p);t)))

The following formula deals with the initiation of legal replies to a claim
with a set of propositions in the sameway asthe previous formula describesthe
initiation of legal repliesto a claim with a single proposition.

LE 2

Initiates (move(id ; p; claim S;tr); Legal(move(id 2; p; s;id)); t)
HoldsAt (Legal(move(id ; p; claim S;tr));t) n
HoldsAt (Turn(p);t) n
((s = concede ! n
HoldsAt (Allows(s; p);t) n
''259)
(s = claim ' n
: HoldsAt (Allows(concede : '; p);t) n
HoldsAt (Allows(s; p);t) n
11 298)
(s= why"' A
: HoldsAt (Allows(concede ; p);t) n
: HoldsAt (Allows(claim : '; p);t) n
' 29)

The next formula dealswith the initiation of a legal move asreply to a why
move. The only legal reply to a why move is claiming a set of propositions.
This set of propositions, S, must be support for proposition ' challenged by
the other participant. This meansthat there must be an argument A available
to participant p with conclusion' and premisesS in its knowledge base. The
premisesS must be available in its own knowledgebaseor in the commitment
set of the other participant.

LE 3 Initiates (move(id; p;why'; tr); Legal(move(id 2; p; claim S;id));t)
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HoldsAt (Legal(move(id ; p;why '; tr));t)

HoldsAt (Turn(p);t)

conc(A) =

prem(A) = S

HoldsAt (KB (A; p);t)

(x 2 S” (HoldsAt (KB (x; p);t) _ HoldsAt (CS(x; p);t)))

> > > >

After making a move, the legality of the move is terminated. When a claim
move for a set of propositions is made all propositions of this set can be replied
to and will be initiated as legal by formula LE 2. When participant p makes
one of the initiated moves, all legal moves, including the move participant p
made, terminate to hold as legal. In the dialogue it is possible to reply to
each proposition of this set propositions, this is described in Subsection4.5.2.4.
All legal movesof participant p with target tr terminate to hold aslegal after
making a move. It isimportant to notice that this construction doesnot prevert
the ability of making the samemove twice. The protocol as stated in [62] does
not prohibit making the samemove twice and therefore this will alsobe allowed
in this formalisation.

LE 4 Terminates(move(id; p;s;tr); Legal(move(id 2; p;s2; tr )) t)
HoldsAt (Legal(move(id ; p;s;tr));t)
HoldsAt (Turn(p);t)

45.2.4 Claiming a set of prop ositions

When a participant claims a set of propositions to support another proposition,
the other participant can reply to eat proposition of this claim separately In
the protocol of [62] it is not speci ed what the order is in which propositions
should be dealt with when there is more than oneretained move. There are two
ways of dealing with this situation. The rst option is to deal rst with the rst

retained move and when these propositions are all addressedthen start looking
at other retained moves. This is a First-In, First-Out system. The secondop-
tion isto treat the retained movesasa stack whereone proposition is completely
dealt with rst beforestarting with another. Both options are illustrated in the
following exampleswhere in the rst example after the concede move of P1
the dialogue cortinueswith the rst retained move and in the secondexample
continuesthe dialogue with the most recert retained move.

First option: rst in rst out.
P1:claim S
P2:whyqgq2S

P2:claim T
Pl:whyr;r2T

P1:conceder
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P2:whyv;v2 S

Secondoption: last in rst out.
P1:claim S
P2:whyqgqg2S

P2:clam T
Pl:whyr;r2T

P1:conceder
P1l:whys;s2T

Here the secondoption is chosen. This meansthat when the replying par-
ticipant has chosena proposition to reply to, the rest of the claim should be
retained to sere asa basisfor a next reply to that retained move when the dis-
cussionabout the rst proposition hasended. The uent usedfor this purpose
is Retain. As soon as a set of propositions is claimed, the uent Retain for this
move is initiated.

SP 1 Initiates (move(id; p;claim S;tr); Retain(move(id; p; clalm S;tr));t)
HoldsAt (Legal(move(id ; p;claim S;tr));t)
HoldsAt (Turn(p);t)

Every reply to a claim of a set of propositions initiates the Retain uent for
that claim move without the proposition it repliesto. Formula SP 2 ensures
this for all three reply moves; concede, claim and ask why. First it is cheded
whether it is the participant's turn en whether the move is legal. The second
condition is that there must be a Retain move to which the move replies. The
last condition chedks whether the remaining set of propositions S is not empty.

SP 2 Initiates (move(id ; p;s;id 2); Retain(move(id 2; p; claim S;tr 2));1)
HoldsAt (Legal(move(id ; p;s;id 2)); t) n
HoldsAt (Turn (p); t)
HoldsAt (Retain(move(id 2; p; claim S2;tr 2));t)
S6;
((s= concede ' ~ S= S2=")

> > >

(_s: claim' ~S=82=")
(s= why' ~S=S2="))

The original Retain uent, the one with the proposition it replies to, is
terminated at the sametime. The following formula formalisesthis termination.
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SP 3 Terminates(move(id; p;s;id 2); Retain(move(id 2; p; cIalm S;tr 2));t)
HoldsAt (Legal(move(id ; p; s;id 2)); 1)
HoldsAt (Turn(p);t) N
HoldsAt (Retain(move(id 2; p;claim S;tr 2));t)

The uent Retain results in additional rules for initiating legal movesand
only plays a role when the dialogue threatens to end becausethere are no more
possiblemoves. This can happenif a participant concedesa proposition or when
a participant is not able to support a proposition with a claim S move. Formula
SP 4 formalisesthe rst caseand formula SP 5 formalisesthe secondcase.

In the rst caseit now becomespossibleto proceedthe dialogue after a
concede move becausethere still may be a retained move. This means that
instead of ending the dialogue after a concedemove, it is rst tried to initiate
a reply from the retained set. Participant p2 stating the concede move can
be the participant who made the retained claim S move, namely p, as well
as the participant who now can reply to this retained claim S move, namely
participant p. Just aswhen a reply is madeto a normal claim move, there are
three possiblereplies whoselegality depends on the attitude of participant p.
There are seweral conditions to be cheded. First the move must be legal and it
must be the turn of participant p2. There must also be a retained claim move
to which the move, that needsto be initiated aslegal, repliesto. The attitudes
concerningthe legality of a move accordingto the protocol stated in Subsection
4.5.1.2must hold and the proposition to be stated should be an elemen of
the set S of the claim move. To ensurethat the retained movesare dealt with
asin a stack, there cannot be a retained move with a higher identi er in caseof
more than one retained move, meaning that there cannot be a move that was
retained after the retained move that is going to supply the proposition to reply
to.

SP 4

Initiates (move(id ; p2; concede '; tr); Legal(move(id 2; p; s;id 3)); 1)
HoldsAt (Turn (p2);t) N
HoldsAt (Legal(move(id ; p2; concede '; tr));t) n
HoldsAt (Retain(move(id 3; p; claim S;tr 2));1)) A
. (HoldsAt (Retain(move(x; p3; s;tr 3);t) ~ x > id3) A
((s = concede A
HoldsAt (Allows(s; p); t) A

2 S)

(s = claim A
: HoldsAt (Allows(concede @ ;p);t) n
HoldsAt (Allows(s; p);t) A
: 29)
(s = why n
: HoldsAt (Allows(concede ;p);t) N
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: HoldsAt (Allows(claim: ;p);t) n
2°8))

The other situation in which the uent Retain should be chededis whenthe
dialoguethreatens to end becausea participant is not able to construct support
for a proposition and therefore is not able to make the indicated claim move.
Also in this caseit should be cheded whether there is a retained claim move.
This should be done in the last possiblemove which is the move preceding the
impossibleclaim move. The only move precedinga claim move is a why move.
Soafter a why move, it should be cheded whether the other participant is able
to construct a legal move and whether there is a retained move available. The
conditions are like the conditions of formula SP 4.

SP 5 Initiates (move(id ; p2; why '; tr); Legal(move(id 2; p;concede  ;id 3));t)
HoldsAt (Retain(move(id 3; p; claim S;tr 2));t))
: HoldsAt (Legal(move(id 4; p2; claim S2;id)))
HoldsAt (Turn (p2);t)
HoldsAt (Legal(move(id ; p2; why ' tr));t)
HoldsAt (Allows(concede ; p);t)

2S

: (HoldsAt (Retain(move(x; p3; s;tr 3))) » x > id 3)

> > > > > >

4525 Attitudes

As noted above, in the PWA Systemthe assertionand acceptanceattitudes of
the agert partly determine which speed acts are allowed at which point in the
dialogue, where the agerts are assumedto reasonwith the commitment sets of
both agerts and their own private knowledge base. After a claim aswell asa
concede move the commitment setof the moving participant is altered according
to the e ect rules. This meansthat after a concede or claim move the set of
speeth acts which are allowed according to the attitude of the agert might
change. To ensurethe exibilit y of the formalisation all uents Allows(s;p),
indicating which speed acts s where allowed for participant p at the time of the
move, are terminated. After terminating all uents of the form Allows(s;p) it is
chedkedwhich uents Allows(s; p) start to hold by making useof the attitudes of
the participant. This attitude is activated at the beginning of the dialogue with
an Initial ly ,(ConcedeAttitude (p;c)) statemert where c indicates which attitude
the participant adopts throughout the dialogue.

AT 1 Terminates(move(id; p;s;tr); Allows('; p);t)

HoldsAt (Turn (p);t) "
HoldsAt (Legal(move(id ; p;s;tr));t) "
(s= claim _s= concde )

AT 2

Initiates (move(id ; p; s;tr); Allows(claim '; p);t)
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HoldsAt (Turn(p);t)
HoldsAt (Legal(move(id ; p;s;tr));t)
(s=claim _ s= concede )
HoldsAt (ClaimAttitude (p; c); t)
((c= condent ~ HoldsAt(KB (A; p);t) ~ ' = conc(A)
S = prem(A)* x 2 S (HoldsAt (KB (x; p);t) _ HoldsAt (CS(x; p);t)))

(c = careful ~ : (HoldsAt (KB (A; p);t) ~ ' = conc(A)
S = prem(A) * x 2 S” (HoldsAt (KB (x; p);t) _ HoldsAt(CS(x; p); t))
HoldsAt (Formula(A; id 3);t) » HoldsAt (KB (B; p);t)
R = prem(B)* y 2 R” (HoldsAt (KB (y; p);t) _ HoldsAt(CS(y; p);1))
" = conc(B) ™ HoldsAt (Formula(B;id4);t) ~ id4 > id 3))

(c = thoughtful » HoldsAt (KB (A; p);t) » ' = conc(A)
S = prem(A) N x 2 S (HoldsAt (KB (x; p);t) _ HoldsAt (CS(x; p);t))
HoldsAt (AcceptablgA; p); 1))

AT 3
Initiates (move(id ; p; s; tr ); Allows(concede *; p);t)
HoldsAt (Turn(p);t)
HoldsAt (Legal(move(id ; p;s;tr));t)
(s=claim _ s= concede )
HoldsAt (ConcedeAttitude (p;c);t)
((c = credulous”™ HoldsAt (KB (A; p);t) » ' = conc(A)
S = prem(A)* x 2 S (HoldsAt (KB (x; p);t) _ HoldsAt (CS(x; p);t)))

(c = cautious ™ : (HoldsAt (KB (A; p);t)~ ' = conc(A)
S = prem(A) * x 2 S (HoldsAt (KB (x; p);t) _ HoldsAt(CS(x; p); 1))
HoldsAt (Formula(A,; id 3);t) » HoldsAt (KB (B; p);t)
R = prem(B) "y 2 R” (HoldsAt (KB (y; p);t) _ HoldsAt(CS(y; p); t))

" = conc(B) ™ HoldsAt (Formula(B;id4);t) ~ id4 > id 3))

(c = skeptial  HoldsAt (KB (A; p);t) » ' = conc(A)
S = prem(A) * x 2 S (HoldsAt (KB (x; p);t) _ HoldsAt (CS(x; p); 1))
HoldsAt (AcceptablgA; p); 1))

45.2.6 Turn taking

Generally, after every move the turn switches. Of course a move should be
a legal move and it has to be the participant's turn in order for a move to
changethe turn. The termination and initiation of the turn of the participants
is speci ed in the rst two formulas, TU 1and TU 2. There is one casein which
the turn doesnot needto switch, namely when a concede move is done. There
is no legal reply to a concede move soin generalthe dialogue endsbut whenthe
concede move is made as a reply move to one proposition of a claim move with
a set of propositions, the dialogue may then proceed. This is described in the

74

> > > > > > > > > > > > > >

> > > >

>



third and fourth formula, TU 3 and TU 4 of this subsection.

TU 1 Terminates(move(id;p;s;tr); Turn(p);t)
HoldsAt (Legal(move(id ; p;s; tr));t) A
HoldsAt (Turn (p); t) N
s 6 conocede '

TU 2 Initiates (move(id; p;s;tr); Turn(p);t)
HoldsAt (Legal(move(id ; p;s;tr));t) n
HoldsAt (Turn(p);t) n
s 6 concede '

When the dialogue doesnot end after a concede move becausethere are still
propositions left to reply to, it can be the turn of both players. This depends
on the original claim move with a set of propositions. If this move is made by
the proponert then the opponert may reply to the remaining propositions and
it will be the turn of the opponert. This can also be the other way around in
which caseit will bethe turn of the proponert. This meansthat after a concede
move the turn may or may not change. The formulas dealing with retaining
the claim move can be found in Subsection4.5.2.4.

The next formula ensuresthat after the concede move the participant whose
turn it is starts to hold. Of coursethe initiating concede move should be legal
and it must be the turn of participant p. The turn only switchesif the partici-
pant p who statesthe concede' move also made the retained claim S move. If
there are more than oneretained claim movesthe onewith the highestidenti er
is dealt with rst. This can be looked at asbeing a stadk; rst in last out.

TU 3 Initiates (move(id ; p;concede '; tr); Turn(p);t)
HoldsAt (Legal(move(id ; p; concede '; tr));t)
HoldsAt (Turn (p); t)

HoldsAt (Retain(move(id 3; p; claim S;tr 2));t) n
: (HoldsAt (Retain(move(x; p2; s;tr 3));t) » x > id 3)

> >

If the turn switches after the concedemove it terminates to be the turn of
participant p. The conditions of the following formula are therefore the same
as of the precedingones.

TU 4 Terminates(move(id; p;concede '; tr); Turn(p);t)
HoldsAt (Legal(move(id ; p;concede *; tr));t)
HoldsAt (Turn (p); t)
HoldsAt (Retain(move(id 3; p;claim S;tr 2));t)) A
. (HoldsAt (Retain(move(x; p2; s;tr 3));t) » x > id 3)

4527 Eect of amove on the commitmen t set

The commitment setof the participants changesafter performing a move. When
a move is made by a participant the commitment set is updated according to
the e ect rules.
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ER 1 Initiates (move(id; p;s;tr); CS(p;' );t)
HoldsAt (Legal(move(id ; p; s; tr)); t) n
HoldsAt (Turn(p);t) n
(s=claim' _s= concede ')

45.2.8 Ending the dialogue

The dialogue endswhen a participant is not able to make the indicated move.
This can also be found in the Subsection4.5.1.5. There are two casesin which
a participant is not able to make the indicated move. The rst is when a par-
ticipant hasto construct an argumert to support a proposition to make a claim
move in the fourth step of the protocol described in Subsection4.5.1.2. When
the participant is unableto nd this support for the proposition the participant
hasto \concede" the game. It should be cheded whether the participant does
not have any retained movesleft. If there are retained movesfor this participant
then those should be dealt with rst. Retained movesfor the other participant
are not relevant in this casebecausethis will not help the caseof the participant
who hasto concedeto the game. This is represerted in the following formula.

EN 1
Initiates (move(id ; p;why '; tr); ConcedeGameg(p);t)
HoldsAt (Legal(move(id ; p;why '; tr));t) A
HoldsAt (Turn (p)) A
: (HoldsAt (KB (since(’; S);p);t)*
(x 2 S™ (HoldsAt (KB (x; p);t) _ HoldsAt (CS(x; p); 1)) n

: HoldsAt (Retain(move(id 2; p; s; tr 2)); t)

The other way to end a dialogue is after a concede move when there are no
more legal movesand there is no move retained. In this casethe dialogue will
just not proceedbecausethere are no more legal moves. The dialogue will not
be actively endedby the formalisation.

4.6 Argumen t-based negotiation

The needfor negotiation protocols with embedded argumertation was identi-
ed in sewral preceding ASPIC deliverables. To summarise, the idea is that
if negotiating agerts exchange reasonsfor their proposalsand rejections, the
negotiation processmay be more e cien t and the negotiation outcome may be
of higher quality. This section especially focuseson reasonsgiven for rejections
of proposals. If an agert explains why he rejects a proposal, the other agert
may be able to infer which of her future proposalswill be rejected and thus,
if sheis rational, she will not waste e ort making such proposals. Thus e -

ciency is promoted. In such exchanges,reasonsare not only exchanged, they
can also becomethe subject of debate. Supposea car sellero ers a Peugeotto
the customerbut the customerrejectsthe o er on the groundsthat French cars
are not safe. The car seller might then try to persuadethe customer that he
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is mistaken about the safety of French cars. If she succeedsn persuadingthe
customer that he was wrong, she can still o er her Peugeot. Thus the quality
of the negotiation is promoted, since the buyer has revised his preferencesto
bring them in agreemen with reality.

This example illustrates that a negotiation dialogue (where the aim is to
reach a deal) may contain an embedded persuasiondialogue (where the aim is
to resolveacon ict of opinion). The aim of this sectionis to formulate a protocol
for negotiation with embedded persuasiondialoguesabout the reasonsfor re-
jecting a proposal. The keyideais that the propositional commitments incurred
by the agerts in the embeddedpersuasiondialogue constrain their behaviour in
the surrounding negotiation dialogue. The question of interactions of commit-
merts betweenagerts engagedin di erent connecteddialoguesis consideredin
greater detail in Section4.8.

Our proposal here will be stated in a dialogue gameform. It will combine
a negotiation protocol and language of Walton and Krabb e [83] with the dia-
logue system for relevant dialoguesof Section 4.3.4 above, with the additional
requiremert of Section4.3.6that movesleave the players' commitments consis-
tent. The combined protocol will satisfy the generalformat of Section 4.3, so
that formalisation with the Event Calculus preserted in Section 4.4 above and
the implementation preserted in Section 4.7 below are both also possible for
this combined protocol.

4.6.1 A language and proto col for multi-attribute  negoti-
ation

The negotiation systemwe will useis that of Wooldridge and Parsons[83]. The
negotiation topic language L[ of this systemassumeghat in a negotiation
agerts try to reach agreemen over the valuesof a nite setV = fvy;:;vng
of negotiation issues Each issuev can be assignedat most one value from a
range C(v) of values. An outcome of a negotiation is an assignmen of valuesto
a subsetof V. A proposalis expressedn a subsetof the languageof rst-order
logic asa conjunction of expressionsof the form vRc, wherev 2 V andc 2 C(v)
or c =?, (where ? technically is a free variable, capturing that the issuehas not
beenassigneda value) and R denotesone of the relations =;<; >;  or

The negotiation comm unication language L7 canbe usedto talk about
proposals. The left column of table 4.4 shows the speed acts that agerts can
perform and the right column their possible replies. The formulas' and ' °
are elemerns of L. Reguest( ) is a requestfor an oer. Here' typically is
wholly or partially uninstantiated (i.e., it may contains occurrencesof ?): the
speeth act requestprice =? N warranty = 12) can be read as \What is the
price if | want a 12 months warranty?". The speet act o er (' ) makesa fully
instantiated proposal’ , and with accept(' ) an agert acceptsan oer ' made
by another agert. With reject(' ) such an o er is rejected. With withdraw an
agert withdraws from the negotiation.

We next outline the negotiation proto col of [83] for this language, with
notation slightly adapted to our purposes. A negotiation takes place between
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two agerts, one of whom starts with either an o er or a request The agerts
then take turns after ead utterance, selectingtheir replies from Table 4.4. As
the table indicates, a negotiation terminates when an agert acceptsan o er or
withdraws from the negotiation. Finally, moves may not be repeated by the
sameplayer.

Table 4.4: Speed acts and repliesin L{

Acts Replies:
request( ) oer('9
oer(") oer("' % oraccept(' ) or

reject(' ) or withdraw
reject(" )  oer(' 9 or withdraw
accept(' )  end of negotiation
withdraw  end of negotiation

(69

To ensurethat the o ers exchanged during a negotiation and its outcome
are related to an initial request, we add the following rule to the protocol of

[83:

If request(’ ) is the initial requestof a dialoguethen for any moveo er ( )
in the dialogue:

{ islogically consistert with ' ; and
{ contains at least the sameissuesas"' .

Sinceissueshave at most one value, this rule implies that an instantiated part
of a request cannot be changed by an oer (but the oer may cortain more
issuesthan the request). Therefore:

Prop osition 13 If a negotiation that starts with a requestterminates with ac-
ceptane of an o er, that oer is consistent with and fully instantiates the re-
quest.

We illustrate the system with an example in which two agens, Paul (P)
and Olga (O), negotiate over the sale of a car. The dialogue starts when Paul
requeststo buy a car, and shawsthat heis interestedin the brand and the price.

P1: requestbrand = ? ~ price = ?)

O,: oer (brand = peuget ~ price = 10000)

Ps: reject (brand = peuget ~ price = 10000)

(Olga has o ered a Peugeotfor 10000, but Paul has rejected the o er. Olga
makeshim another o er.)

O4: oer (brand = renault * price = 8000 stereo= yes)

Ps: reject(brand = renault » price = 8000” stereo= yes)
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Og: o er (brand = audi  price = 10000)

P,: accept(brand = audi © price = 10000)

(Olga o ers a Renault with stereofor 8000. Paul again rejects after which Olga
o ers a non-French car for 10000. Paul acceptsand the dialogue terminates.
Move O, illustrates that an o er may introduce additional issues,for instance,
to make an o er more attractiv e or to make a trade-o possible.)

4.6.2 The combination

We now combine the negotiation and persuasionsystemsin a way that allows
persuasiondialoguesto be embedded in negotiation dialogues. In a negotia-
tion dialogueit is the reject move that shows that there is a conict between
the preferencesof an agert and the o er that it receives. By starting a per-
suasiondialogue, the o erer can question the reasonsthat the o eree has for
rejecting. Statemerts made during persuasioninvoke commitments that re ect
the preferencesof the agerts. These commitments are usedto restrict further
negotiations.

In formally realising the combination of the two dialogue systems, the key
idea is to reformulate the negotiation systemin the format of the persuasion
system so that the mechanisms of relevance and dialogical status can also be
applied to the negotiation part of a dialogue. These medchanismswill then be
usedto ensurethat aslong asa persuasionmove is legal, no negotiation move
canbe made: thus the protocol will capture the idea of embedding persuasionin
negotiation. As for notation, the above notations for the persuasiontopic and
communication languagesand protocol are now assumedto have a superscript
p.

First the combined communication languagel . is de ned in Table 4.5. As
can be seen the negotiation languageis reformulated in the format of the frame-
work of Section 4.3 by dividing the \Replies" of Table 4.4 into surrendering
replies (accept(’ )) and attacking replies (all other replies). Next a new attack-
ing reply is added, viz. why-reject(' ) asa reply to reject(' ). The only possible
reply to this new locution other than a withdrawal is with a claim move from
LcP of which the content negatesthe conjunction of one or more elemens of
the rejected o er. Thus the player who rejected the o er can indicate which
elemerns of the o er made him reject it. The use of this reply inducesa shift
from a negotiation to a persuasionsubdialogue.

Next, in order to specify the combined protocol, the notion of negotiation
moves must be adapted to t the format of De nition 53 (which we leave im-
plicit). The combined protocol is then de ned as follows.

De nition 69 (The protocol Pr for L:.) For all dialoguesd and movesm it
holdsthat m 2 Pr(d) if and only if m satis es all of the following rules.

Ri: m satises R; Ry of protocols for relevantdialogueswith consistent
commitments, but where in Ry, L? is replaecd by L. and Rg now saysthat
if d=, then s(m) is of the form reques{" );
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Table 4.5: Speed acts and repliesin L.

| Acts | Attacks | Surrenders
negotiation
request(’ ) oer('9
withdraw
oer (') oer("9) ( 69 accept(’ )
reject(' )
withdraw
reject(" ) oer("9( 6'9
why-reject(' )
withdraw
accept(’ )
why-reject(" 1~ :::” ' p) || clamC (M) @ i jon)
withdraw
withdraw
persuasion
claim(' ) why(" ) concede(' )
why(' ) argue(A) (conc(A) = ") retract(’' )
argue(A) why(" ) (* 2 prem(A)) concedg(' )
argue(B) (B defeatsA) (" 2 prem(A)
or
' = conc(A))
concede(' )
retract(’ )

Ry: If s(m) = oer (") ands(my) = request’ 9 thenf"; ' % is consistent
and' contains at least the sameissuesas' &

Ra: If s(m) = oer (") thenof nom®2 d, s(m% = oer (' );

R4: If s(m) = accept(' ) then' contains no variables;

Rs: If m is a negotiation locution then m repliesto the most recent target
to which a reply is legal;

Re: If m is a negotiation locution then there is no movem®2 Pr(d) such
that s(m9% is a persuasion locution;

R7: If s(m) =oer (") thenCs(d)[ f' gand Cs(d) [ f' g are consistent.

Rule Ry generaliseghe generalstructure of the persuasionprotocol to the com-
bined protocol and says that eah combined dialogue starts with a request for
R4 formalise the negotiation protocol rules of [83] that are
not implied by R; (seealso below). Rule Rs prevents unnecessarynegotiation

anoer. RulesR;
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badktracking moves. Finally, rules Rg and R; perform a key role in the em-
bedding of persuasionin negotiation. Rg enforcesthat the relation betweenthe
negotiation and persuasionparts of dialoguesis one of embedding of the latter
in the former (cf. [54]): aslong as a persuasionmove is legal, no negotiation
move is legal. And R; formalisesthe intuition that o ers needto respect the
reasonsfor rejection given by the other party when these reasonshave been
successfullydefendedin an embedded persuasiondialogue.

Rule Ry is justied by the following property of the persuasionprotocol of
Section4.3.4: under someplausible assumptionson the contents of argumerts a
retract(t) move in reply to a challengeof the initial claim is always legal. Then
by Rg of the persuasionprotocol, which requires retractions to be successful,
a player who has defendeda rejection with a claim(t) move in a terminated
persuasiondialogueis committed to t only if he haswon the persuasiondialogue
about t.

The turntaking rule of the combined systemis the sameas for persuasion.
Given L, this rule implies that just asin Section4.6.1the turn shifts after each
negotiation move except after an accept move, which terminates a dialogue.

Finally, the new commitment rules needto be de ned. In fact, they are
the sameas for persuasionmovesin Section4.3.3. The e ects that negotiation
moveshave on the players' commitments are irrelevant aslong asa dialogue has
not terminated, since an o er commits the o eree to an action only after the
o er hasbeenaccepted: so chedking compliancewith negotiation commitments
lies outside the negotiation dialogue in which the commitment was incurred.

Note that the new system completely presenesthe original persuasionsys-
tem and as much as possible presenesthe original negotiation system. Above
we already noted that turntaking in the negotiation part is still the same. Fur-
thermore, badktracking from negotiation moves (which was impossiblein the
original system)is legal in two casesonly: if the one who challengesa rejection
losesthe resulting persuasiondialogue, s’/he must move an alternativ e reply to
the rejection, and if the other party losessud a persuasiondialogue, s’/he must
move a countero er or withdrawal in reply to the rejected o er.

4.6.3 Prop erties of the combined proto col

The main property of the new protocol is about the maximum number of nego-
tiation movesneededto reach a certain agreemer.

Prop osition 14 For any proposal' the maximum length of a negotiation di-
alogue to end with acceptance of ' is never higher and sometimeslower in the
systemof Section 4.6.2 than in the systemof Section 4.6.1.

proof : This follows from the fact that the only e ect of a terminated persua-
sion dialogue on an embedding negotiation dialogue is that it may make o ers
illegal sincethey do not respect the commitments of the other agert. Thusthe
number of legal o ers in a negotiation accordingto Section4.6.2is never higher
and sometimeslower than in a negotiation accordingto Section4.6.1.

81



Sinceour persuasionprotocol is not guaranteedto terminate, the sameholds for
our combined protocol. However, on the assumptionthat a persuasiondialogue
always terminates, Proposition 14 implies that the “successtesult on the nego-
tiation protocol proven by [83] still holds for our combined protocol: if the set
of possible outcomesis nite then any negotiation is guaranteed to terminate
with a withdraw or an accept.

4.6.4 An example

We next illustrate our new protocol by extending our examplefrom Section4.6.1
with an embedded persuasiondialogue. For simplicity we paraphrasethe con-
tents of the argumerts. To illustrate the use of defeasible inference rules,
someargumerts are assumedo be constructedwith presumptive argumertation
schemesfrom [80Q]. In [18] it is discussedhow such schemescan be formalised
as defeasibleinference rules and their critical questions as pointers to under-
cutters. Elemertary inferenceswithin argumerts are paraphrasedas conclusion
since premises All movesin the dialogue except proponert's last four moves
reply to their immediate predecessor.

P1: requestbrand = ? ~ price = ?)

O,: oer (brand = peuget ~ price = 10000)

Ps: reject (brand = peuget ~ price = 10000)

Olga now exploits the additional featuresof the protocol by asking Paul why he
rejected the o er.

O,4: why-reject(brand = peuget ~ price = 10000)

Paul now meets Olga's challenge of his rejection so that the negotiation shifts
into a persuasion. All persuasionmovesbelow until P14 reply to their immedi-
ate predecessor.

Ps: claim(: brand = peuget)

Paul says that herejectedthe o er sincehe doesnot want a Peugeot. He is now
committed to the content of his claim.

Og: why (: brand = peug®t)

P;: argue (: brand = peuget since brand = peug®t ! brand = french and :

brand = french)

It turns out that Paul rejected the o er since a Peugeotis a French car and
he doesnot want French cars. If Olga now simply concedesPaul's claim as an
alternativ e reply to P;, the persuasiondialogue terminates and the negotiation
is resumed. Then Olga cannot reply to P3 in the sameway asin section 4.6.1
by o ering another french car. Olga could o er a non-French car (as in Og in
section 4.6.1) but she choosesto try to persuadePaul that he is wrong in not
wanting a French car and shetherefore challengesPaul's secondpremise.

Og: why (: brand = french)

Po: argue (: brand = french since having french cars is bad; this is so since
french cares are unsafe and having an unsafe care usually is bad.)

Paul defendshis secondpremisewith an argumert from (bad) consequences.
O10: Why (french cars are unsafe
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P11: argue (french cars are unsafesince car magazinemycar saysso and mycar
are exgerts about cars)

This is a defeasibleargumert basedon the argumentation schemefrom expert
opinion: \what experts say is normally true".

0O12: argue (magazine mycar is biasel since magazine mycar is german and
german car magazinesare usually biasal against french cars)

Using a default rule, Olga constructs an undercutter of the argument from ex-
pert opinion, namely that this expert is biased.

P13: concede (magazinemycar is germar)

P14: concede (german car magazinesare usually biaseal against french cars)
Even though Paul has concededthe premisesof Olga's undercutter, he can still
move a courterargumernt, sincethe argumert is defeasiblebecauseit usesa de-
fault rule. Paul choosesto rebut the undercutter, using another default rule.
Pis: argue (: magazinemycar is biaseal since magazinemycar has a very high
reputation and car magazineswith high reputation usualy are not biasel)
Note that P14 is a secondand P35 a third reply to Oj5.

O16: Why (magazinemycar has a very high reputation)

Let us assumethat Paul now realisesthat he has no plausible way to defend
his premise that the car magazinehas a high reputation. At this point, all of
Olga's persuasionmoves are relevant targets for Paul. He could, for instance,
move another rebuttal of Olga's undercutter, or another argumernt why French
cars are not safeor why he doesnot want french cars. But supposethat Paul
seesno plausible way of doing so and instead retracts that he does not want
French cars by moving an alternativ e reply to Og and then retracting his main
claim as a secondreply to Oe.

P17: retract (: brand = french)

P1g: retract (: brand = peug®t)

Now Paul has no legal persuasionmoves any more since all targets have be-
comeirrelevant: sincePaul hassurrenderedto Og, his main claim Ps cannot be
changedfrom out to in. Sothe persuasiondialogue terminates and the negoti-
ation resumeswith Olga to move after P,. Sincewith Pig Paul has ended his
commitment to his main claim, Olga is now allowedto o er another French car,
perhaps even a Peugeotfor a lower price. The negotiation could now cortinue
asin Section4.6.1 with move Oy.

It is instructiv eto construct the dialectical graph of argumerts and counter-
argumerts exchangedby Paul and Olga during the persuasiondialogue (p; q
readsas\if p then usually q").

The graph contains a simple argumert game according to the proof theory
of the underlying logic. Sinceon the basisof the information exchangedduring
the persuasiondialogue no other courterargumernts to one of thesethree argu-
merts can be constructed, the graph is actually a proof that, on the basis of
this information, the proposition : peuge®t is justied. Howewer, the last argu-
mert in the graph has one challenged premise, viz. highrep, so this argumert
is not defended(indicated by the dotted box). The defendedpart of the graph
is instead a proof that : peuget is not justied on the basis of all defendel
information.
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mycar : "frenchunsafe " expert
frenchunsafe ; frenchbad fr enchunsafe
frenchbad
peugeot! french : french
: peugeot
german german ; biased
biased

Figure 4.5: The dialectical graph

4.6.5 Adding dialogue policies for the e-Consent Scenario

We next outline a way in which dialogical agerts could be designedthat interact
accordingto the combined negotiation-persuasionprotocol, in the corntext of the
e-ConsentScenario of Section6 of ASPIC DeliverableD2.3[10]. In this scenario,
arequestingagert requestsinformation about a patient and a responding agert
must decide about this request. Here, we model this as a negotiation dialogue,
since a request here for information is a requestto another agert to perform
an action (i.e., retrieve some data and transfer it) which will likely involve
resource-use.This is unlike a dialogue where somethe requestingagert simply
seeksto determine whether or not a proposition is true. The ideas in this
subsectionwere developed in collaboration with and are also reported in [29]
(where theseideasare applied to information exchangebetweenpolice forcesin
crime investigations).

Our idea s to specify policiesfor what an agert will chooseto do at various
points in a dialogue. Two main kinds of dialogue policies needto be speci ed,
viz. for negotiation and for persuasion. One of the rst proposalsfor formal
dialogue policies for argumertation dialogueswas that of Parsons, Wooldridge
and Amgoud in [61], who calledthem \agent attitudes". (SeealsoSection4.5.1.2
above.)® That paper only de ned policies for persuasion;becausehere we are
particularly interestedin policiesfor negotiation, we largely adopt their persua-
sion policies. An important di erence with [61] is that when a policy requires
an agert to construct argumerts, in our casethe agert only reasonswith his
initial knowledge baseplus the propositions that he has explicitly concededin
the persuasiondialogue, while in [61] the agert must alsoreasonwith everything
the other agert has said, regardlessof whether he has concededto this or not.

3 Another early proposal was contained in [74].
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We regard the latter assumption as lessrealistic than the one we have adopted.

Our negotiation policies considertwo issues:the normativ e issueof whether
acceptingan o er is obligatory, permitted or forbidden, and the teleologicalissue
of whether acceptingan o er is in the agert's interest. Accordingly, we assume
that the agers' internal knowledge basescortain relevant domain knowledge
about their obligations and permissionsand about the likely consequence®f
their communicativ e acts for the achievemert of their internal goalsand desires.
We also assumethat they have the appropriate medanismsto reason about
theseissues. Reasoningabout desiresand goalscan, for instance, be modelled
as proposedin Chapter 3 above.

Of coursethe dialogue policies can be di erent for the requesting and the
responding agert. Also, di erent responding agerts may have di erent policies.
One agernt, for example, might easily be persuadedto give information and thus
agreewith every requesthe receives,while another agert may guard his secrets
more closely adding extra conditions to the information exchangeto make sure
the information does not fall into the wrong hands. For simplicity we have
chosento specify just one set of policies which we think best suits our domain
(although we will commen on other designchoiceswhen relevant).

4.6.5.1 Notation

The following notation will be used in the policies. Recall rst that L[ is
the negotiation topic languageand L} is the persuasiontopic language. The
content of an o er is a conjunction of literals from L. For any formula p of L]
and agert a the notation p® denotesthe conjunction of all conjuncts in p that
describe actions performedby a. Also, K Bg(a) L} denotesthe setof internal
beliefsof agern a at dialogue staged. Note that thesebeliefsmay changeduring
persuasionif the agert concedesor retracts propositions and then brings his
internal beliefsin agreemei with his (public) commitments. Finally, we assume
that ead o er content p is divided into two conjunctive parts g~ ¢, where q
are the essetials of an o er, which the o eror does not want to be changed
in countero ers, and where c are the conditions of the o er, which the o eror
doesnot mind to be changedin countero ers. For instance, an o er \send me
a le containing all you know about patient Jones" can be decomposedinto an
essetial elemen \inform me about all you know about patient Jones" and a
condition \send me the information in a le". The o eror thusindicatesthat he
doesnot want to receive countero ers \I will tell you how to nd out everything
about patient Jones" but that he doesnot mind receiving a courtero er \I will
tell you everything | know about patient Jonesover the phone but | will not
sendyou a le".

We now specify the dialogue policies, starting with the negotiation policies.

4.6.5.2 Negotiation policies

Responding to an oer We rst specify the policy agert a should apply in
responding to an o er in a dialogue. Note that the o er can be the initial one
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(i.e., a request) or a countero er.
When agen a receivesan oer p= g” ¢, where q are the essetials of the
o er and c the conditions, he should perform the following actions:

Determine whether K B4(a) supports a (justi ed/defensible) argumert for
the conclusionthat p? is obligatory. If there is such an argumert, then
acceptthe o er. Otherwise,

Determine whether K B4(a) supports a (justi ed/defensible) argumert for
the conclusionthat p? is forbidden. If there is such an argumert, then
reject the o er. Otherwise,

Determine whether K B4(a) supports a (justi ed/defensible) argumernt for
the conclusionthat p? violates a's interests. If there no such argumert,
then acceptthe o er. Otherwise:

{ Find a subset-minimal setc® L} such that K Bgy(a) [ ¢ supports a
(justi ed/defensible) argumert for the conclusionthat p doesnot vio-
late a's interestsand K B 4(a) doesnot support a (justi ed/defensible)
argumert for the conclusionthat g~ c?is forbidden.

{ If there is one sudh set c®, then make a countero er g~ c°.

{ If there are more than one such sets,make a countero er g” c® where
c?is a subset-minimal set that hasa maximal number of elemeris in
commonwith c.

{ Otherwise reject the o er p.

This negotiation policy contains a number of design choices. It is especially
suitable for those multi-agent systems where the overall goal of the system
is to exdhange as much information as possible while respecting the relevant
regulations. Of course,in other domains a choice for other typesof agerts can
be made. For example,the agert could also reject the requestfor information if
there is no justied argumert which says he is obliged to give the information.
Furthermore, in our designof the policy we have not yet speci ed whether the
agert needsjusti ed or defensibleargumerts for his conclusions. This can have
a signi cant impact on the behaviour of the agert. For example, an agen
who accepts defensible argumerts that say that it is not forbidden to give a
certain piece of information will be more readily persuadedthan an agert who
only acceptsjustied argumerts for the conclusionthat giving the information
is not forbidden. Sothe rst agert, who only needsa defensible argument,
will not be as protective of his information asthe secondagert, who needsa
justied argumert. Dierent policiesare also possiblewith respectto making a
countero er. We have described a policy where having as few extra conditions
as possibleis more important than making a countero er which includes the
conditions o ered by the opponert. In our policy it is thus possibleto delete
someor all conditions of the opponert's o er. Another policy would be one
where an agert can only add conditions to the original o er. Another choice
option is in how an agert should internally reasonabout whether an o er is in
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the agert's interests. Is the reasoningonly about his own actions or also about
the actions of the other agert? The dierent design options mentioned here
may be mostly empirical questions,to be answered by domain analysis.

Responding to a rejection  The next policy describesresponding to a re-
jection.

First respond with a why-reject move. If the resulting persuasionsubdia-
logueis won, then it is the other agert's turn. Otherwise,

If the reject moverespondedto the initial o er then reply with a withdraw,
while

If the reject move respondedto a countero er, badktrack to the target of
the reject move.

{ If an alternative countero er exists that satis es the policy for re-
sponding to an o er then make it.

{ Otherwise reply with a withdraw.

4.6.5.3 Persuasion policies

We now turn to a lessformal speci cation of persuasionpolicies, which deter-
mine how an agen should respond to argue and why moves. Other persuasion
policies can be deweloped similarly. We rst specify how an agert can respond
to an argumert.

Responding to argumen ts Can the agert construct a (justi ed/defensible)
counterargument?

If the agert can construct such an argumert, it should be moved in the
dialogue.

If the agert cannot construct such an argumert and there is a premisep of
the opponert's argumert for which the agert hasno (justi ed/defensible)
argumert, then the agent should ask a why p question.

If the agert cannot construct such an argumert and for all of the premises
of the opponert's argumert hasa justied argumert then concedeto the
conclusion of the opponert's argumert.

Responding to why moves Supposethat the requestingagert asksa why p
guestion in responseto a claim or argue move by the responding agert. Can
the responding agert construct a (justi ed/defensible) argumernt for p?

If the agert can construct such an argumert, it should be moved in the
dialogue.
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If the agert cannot construct such an argument, he should retract his
claim p or the conclusionof the argumert of which p is a premise.

There are seweral points to note regarding these persuasionpolicies. Firstly,
as in the negotiation policies, we have not speci ed what kind of argumerts
(justied or defensible)an agert needsfor his decisions. Secondly the agert is
cooperativein that he only askswhy p questionsif he doesnot have an argumert
for p. Clearly, seweral other policiesare possible. One option we want to explore
in future researt is to make policies partly domain-speci c. For example, the
secondpart of the policy for responding to argumerts could be re ned sud that
premisesare never challengedwhenthey are about subject X and/or when they
are claimed by personY, who is consideredto be a reliable sourceof information
concerning X .

4.7 Implemen tation

In this section, two software implementations of dialogue protocolsare reported.
The rst is an implementation in Prolog of the formalization using the Evernt
Calculus of the PersuasionProtocol preseried above in Sections4.3 and 4.4.
This rst implementation is included to show the support which the Evert Cal-
culus formalization provides for implemertation, a feature which strengthens
the casefor such a formalization. The secondis an implementation using Tu-
ple Spacesof the protocol for Information-Seeking-dialogues-with-Rermissions
preseried in Chapter 6 of ASPIC Deliverable D2.3[10]. This secondimplemen-
tation is included in addition becausethe Tuple Spacesemartics of Deliverable
D2.3 has guided implemertation of the prototype dialogue manager of ASPIC
Workpackage4, and may alsoguide developmert of the large-scaleDemonstrator
of ASPIC Workpackage5. The Information-Seeking-with-Permissionsdialogue
protocol was applied to the e-ConsentScenario in Deliverable D2.3.

4.7.1 Persuasion proto col implemen tation

In this Section, we discussan implementation in Prolog of the Persuasiondia-
logue protocol of Section 4.3.3. The sourcecode for the full implementation is
available on the web at www.ewi.utwente.n I/  bodenstaf fl .

4.7.1.1 The basics

A Prolog program consistsof a databaseof clausesthat specify which facts can
be computed and not how they are computed. Variablesin Prolog are written
as capitals and anonymous variables are written as underscores(.). Constarnts
are denotedby lowercasedetters or numbersand every clauseendswith a period.
These clausescan be facts aswell asrules. To illustrate the basicsof Prolog a
simple example with two facts and onerule is used.

88



holds _at (turn (p); 2):
holds _at (legal (movéld;P;S;Tr));2):

The rst fact states that holds _at (turn (p);2) is true and thus that at
time point 2 it is the turn of participant p. The second fact states that
holds _at (legal (movéld ;P;S;Tr));2) is true and therefore that at time point
2 all movesare legal. A typical rule is of the form A: B;C This rule means
that if B and C are both true then A is true. Logical \or" is written as\;".
Next, the rule of this exampleis stated.

initiates (X turn (P);T):
holds _at (legal (X);T);
holds _at (turn (Q;T);
Pn==

,holds _at (turn (0); T):

This rule statesthat if the predicatesholds _at (legal (movéX));T), holds _at (turn (Q;T)
and P and Qare not equal are all true or if holds _at (turn (0); T) is true then
initiates  (movéX); tur n(P); T) is also true. After consulting a database con-
sisting of these clausesin a Prolog interpreter, queriescan be ertered in the in-
terpreter about the database. Thesequeriesare to be entered after the prompt
(? ) asin the next example.

? initiates (mové1l;p;clai mg;0);turn (p); 2):

Prolog will try to match facts in its databasewith the query. Here there is
no match becausethe only two facts in the databaseare initially ~ P(turn (p))
and holds _at (legal (moveld ; P;S;Tr)); 2). When this attempt fails Prolog will
try to nd rules wherethe conclusionmatcheswith the query. This will succeed
becausethe only rule in this example has a matching conclusion. Prolog will
assignvaluesto the variablesin the rule. Prolog will bind mové1; p; claim g;0)
to X, bind p to P and bind 2 to T. Next Prolog will try to satisfy all variables
in the premises. In this caseProlog will answer \no" to the query because
p will bind to Qand this results in the sameconstart assignmen to P and Q
therefore the third condition will fail; P n== Qis false. Also the last condition,
holds _at (turn (0); T), is false becausethere is no matching fact.

Besidesquerieswhere Prolog is only able to answer \y es" or \no" it is also
possibleto leave anonymous variables in the query. Now Prolog will return all
possiblevalues of this variable if there are any. Another example of a query is
as follows.

? initiates (movdl; R clai mg;0);turn (p);2):

Now Prolog will answer: \R = 0" becausewith the assignmei of o to Rthe
rule is satis ed. After this answer the user of the interpreter enters a semicolon
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after which Prolog will give another assignmet if there is one. If not Prolog will
return \no". This feature will proveto be very useful for the implementation of
the persuasiongame. Although this is a very conciseintro duction to Prolog it
is su cien t to understand the implementation described in this thesis.

4.7.1.2 Implemen tation

As for the implementation, hereonly the important implementation choices,the
speci ¢ program characteristics and an examplerun are surveyed.

Axioms

Largely, the implemertation of the axioms of the Event Calculus resenbles
the format of the above formalisation of the Event Calculus, except for the
treatemnt of negation. Since Prolog, interprets negation as ‘negation as failure'
while our EC formalisation cortains classicalnegations, somecare is neededin
the transformation to Prolog clauses. The negationsin the conditions of the
general EC axioms can safely be translated as negation-as-failureto capture
the law of inertia. Furthermore, the negationsin the conditions of our specic
axioms can be translated as negation-as-failuresincein the current application
the closed-world assumption can safely be made: a dialogue state can be com-
pletely speci ed, sowhat is not speci ed can be assumedfalse. However, for
classicalnegationsin the consequets of axioms a special predicate not _holds _at
hasto beintroducedand the program hasto be designedsud that for no uent
both holds _at (F; T) and not _holds _at (F; T) can be derived (in our program this
was straightforward). The implementation of, for example, Axiom 4 now is as
follows.

% Axiom 4
not_holds_at(F, T) :-
initially_n(F),
\+ declipped(0, F, T).

Throughout the ertire implemertation this new predicate is usedinstead of
the negation of holds _at. Another di erence is that Axiom 7 hasnot beenim-
plemerted. Axiom 7 ensuresthat an evert takesa positive amournt of time. In
this thesiseverts have no duration but happen at onetime point, recall that the
predicate happensis binary in this thesisand not ternary, and thereforeit is not
necessanto specify that the duration of an evert hasto take a positive amount
of time. The last di erence is that in the implementation a ternary predicate
happens3is usedalthough the participants are able to erter the binary predi-
cate happensto add events to the database. As soon asa binary happensclause
is addedto the databasethe program dealswith this accordingto the following
rule where the binary predicate can be read as ternary by duplicating the time
point.
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happens3(A, T1, T1) :- happens(A, T1).

Rules

Moreover, the implementation of the rules resenbles the formalisation in the
Event Calculus for the most part. Somerules may seemquite dierent at rst
glance becauseProlog requires the conditions to be in Horn clauseformat and
therefore many of the rules had to be rewritten. Rule 17 is a good example of
this rewriting. First the rule asstated in the Event Calculus and after that the
rule asimplemerted in Prolog is denoted.

17

Initiates (move(id ; p1; s;tr); Turn (p2);t)
HoldsAt (Legal(move(id ; p1; s;tr));t) n
((d=212pl=P"rtr=0"t=1"2p2= 0)

(id =27 pl= O~ tr = 1A t= 2/ p2= P))

%17
initiates(move(l d, P1, S, Tr), turn(P2), T) :-
Id =1,
P1 = p,
Tr =0,
P2 = o,

holds_at(legal(m ove(l d, P1, S, Tr), T)

Id

:2,
P1 = o,
Tr =1,
P2 = p,

holds_at(legal(m ove(l d, P1, S, Tr)), T).

In addition to rewriting the rules in Horn clauses,the evaluation of argu-
merts is also di erent from the way they are formalised in the Event Calcu-
lus. An argumert in the implementation is represened as since (Phi; Psi) and
should be read as \ Phi since Psi". The support for proposition Phi, namely
Psi, should be entered as a list. In Prolog a list is of the form: [p;q;r]. This
list structure is necessaryfor the implementation. In sewral rules one of the
conditions to be cheded is whether a proposition is an elemen of the premises
of an argumert. Rule E3 is a good example of the useof this list structure. The
rst part of the \or" clauseis dealswith the conclusion of the argumernt. The
secondpart of the \or" clausedealswith the premisesof the argument. Now
the predicate member(X; X9 makessurethat the only propositions addedto the
commitment set are elemens of the premisesof the argumert.

%E3
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initiates(move(l  d, P, argue(since(Phi ,Psi) ), Tr), cs(P,Chi), T) :-
Phi = Chi,
holds_at(legal(lm ove(l d, P, argue(since(Phi ,Psi) ), Tr)),
holds_at(turn(P) , T)

member_(Chi,Psi) ,
holds_at(legal(m ove(l d, P, argue(since(Phi ,Psi) ), Tr)),
holds_at(turn(P) , T).

4.7.1.3 Running the program

The implementation has beentested extensiwely. In this subsectionthe method
of testing is explained. It should rst be noted that in the test runs no defeat
relations where used. This relation should be usedas a condition in L3 where
the legality of an argue move after another argue move dependson the defeat
relations betweenthose two argumerts. It is possibleto usethe implementation
including the defeat conditions. The user should then add Initially ~ , clauses
for those defeat relations at the beginning of the dialogue. It is alsoimportant
to realise that it is assumedthat the available argumerts and propositions of
the knowledge base of the participants are part of the internal represeration
and thus are not denoted in the implemertation.

After loading the program in a Prolog interpreter the user is able to state
queriesabout uents at certain time points. The following queriesare useful for
planning the rst move and should be entered one by one.

holds_at(turn(P) , 0). holds_at(cs(P,A ),0).
holds_at(legal(m ove(1,P,S,0)), 0).

Prolog will shov whoseturn it is at time point O, what the commitments
of the participants are at time point 0 and which movesare legal at time point
0. When the dialogue proceedsthese queries can be used with dierent time
points to plan the following move and to chedk whether previous moveshad the
expected e ect on, for example, the commitment sets. These queriescan also
be entered with constarts and in negatedform. Considerthe following example
queries.

not_holds_at(tur n(o), 0). holds_at(cs(p,q) ,3) .
not_holds_at(leg al (move(3,0, cl aimq,2)), 4).

When the userhasdecidedon the move he wants to make he erters this move
with an assert command. Assert is abuilt-in predicate that addsits argument
asafact to the program that is loadedat that time. This meansthat by entering
the next clausein the Prolog window that happengmovéd1l,; p; claim (a); 0); 1)
becomesa fact in the program. Asserting a clausealways succeedsn Prolog.

assert(happens(m ove(1,p,clai m@),0) ,1)).
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By asserting seeral happens clausesa dialogue is simulated. In the next
subsectiona test run is presened.

Example run

We now give an examplerun of the program. A userwants to simulate the fol-
lowing dialoguein the protocol for lib eral dialoguesto nd out whether this is a
legal dialogue according to the protocol. The knowledgebaseof the proponent
isfz;q;z;q! ag and the oneof the opponert is fd;d! cg.

Time point | Move | CSp | CSo
T1 move(l; P; claim a;0) | fag
T2 move(2; O; why a; 1) fag
T3 move(3; P;argue A; 2) | fa;z;qg
conc(A) = a,
prem(A) = z;q
Ta move(4; O;argue B;3) | fa;z;qg | fc;dg
conc(B) = ¢,
prem(B) = d
Ts move(5; P; why d;4) fa;z;qg | fc;dg
Te move(6; O; retract d;5) | fa;z;qg | fc;dg

After loading the program the user enters the st move by the proponert.
This move is a claim a move and is entered by the assert command.

?- assert(happens(mo ve(1,p,claim(a) ,0),1)) .
Yes ?-

The user now tries to plan his next move and enters the following query to
nd out which participant is allowed to utter which locution.

?- holds_at(legal(lmo ve(2,P,S,1)), 2). P =0 S = why(a) ;
P =0 S = concede(a) ;
No ?-

The user nds out that only the opponert is allowed to make a move and
that its only legal locutions are whya and concede a. The user of the system
now proceedshis original plan and assertsthe following move. After that also
the remaining part of the dialogue is given as it is simulated in Prolog. After
the planned actions the userwishesto know which legal movesare left.

?- holds_at(legal(mo ve(3,P,A2)), 3).
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P = p A = argue(since(a, _G511)) ;

P =p A = retract_(a)

No ?- assert(happens(mo ve(3, p, argue(sinc e(a,[ z,q])), 2),3) ).
Yes ?- holds_at(legal(m ove(4,P,A3) ), 4).

P=o0 A=why(2) ;

P =0 A= why() ;

P = o0 A = argue(_G481) ;

No ?- assert(happens(mo ve(4, o, argue(sinc e(c,[ d])) ,3) ,4)).
Yes ?- holds_at(legallm ove(5,P,S,4)), 5).

P =p S = concede(d) ;

P=p S=whyd) ;

P=p S = argue(_G481) ;

P = p S = concede(c)

No ?- assert(happens(mo ve(5, p, why(d), 4), 5)).

Yes ?- holds_at(legal(m ove(6,P,S,5)), 6).

P = o S = argue(since(d, _G660)) ;

P=o0S =retract (d) ;

No ?- assert(happens(mo ve(6, o, retra ct_(d), 5), 6)).

Yes ?- holds_at(legal(m ove(7,P,A,N)), 7).

P=o0 A=concede(a) N=1;
P=pA=retract_ (a) N=2;
P=0A=why(z) N=3;

P=0A=why(@ N=3;
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P=o0 A=concede(z) N=3;
P =0 A= concede(q) N=3;
P=p A= argue(_G500) N= 4 ;
P=p A= concede(c) N=4 ;
P=p A= concede(d) N=4;
No ?-

It should be noted that two other movesare legal at time point 7 but are
not returned by Prolog in the last questionholds _at (legal (mové7; P, A N); 7).
Thesemovesare mové7; p; argue(since (a; Phi)); 2) where Phi cannot be [z; q]
and mové7; o; argue(Psi); 3) where Psi cannot be [d] becausethe moves with
these propositions already happenedat time point 3 and 4 respectively. Prolog
fails to return thesetwo clausesbecausenot all available propositions arelegalto
usein theseargue moves. However, when the user askswhether a speci ¢ argue
moveis legal, for example,holds _at (legal (mové€7; p; argue(sin ce(a;b));2));7)
Prolog will answer a rmativ ely.

4.7.2 Information-seeking proto col implemen tation

In Section 6 of ASPIC Deliverable D2.3 [10], we preseried the syntax and a se-
mantics for an Information-seekingdialogueprotocol in which participants could
seek,and preser, argumerts to justify their rights to receive requestedinfor-
mation. This protocol wasapplied to the e-ConsentScenario, in which an agert
seekamedical information from a patient record databaseoutside the requesting
agert's normal jurisdiction, and thus is required to provide, to an agern con-
trolling accesso the database,a justi cation for the information sough. The
agert dialogue can therefore be consideredas an Information-Seeking dialogue-
with-P ermissions. Sud dialogues had been considered once before, in [17],
which preserts an axiomatic semartics for these dialogues? Howewer, this ear-
lier formalization did not include the possibility of arguments for or against
permissions.

Accordingly, Deliverable D2.3 presertied a novel syntax and a denotational
semairtics, in which utterancesin a dialogue under the protocol are translated
into operations on partitioned Tuple Spaces [35, 39]. These spaces,originally
dewveloped as models of distributed computation, are databasesor repositories
whoseaccesss sharedbetweenthe dialogue participants. An implementation of
such a semartics may be viewed asan instantiation of an abstract Co-ordination
Artefact between agerts, a formal theory of which is now emerging [57, 78§].

4SeeSection 2 of ASPIC Deliv erable D2.3 [10] for de nitions of di eren t types of semartics
for agent communications languages and proto cols.
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Subsequeh to the completion of Deliverable D2.3, the researd underlying our
work was reported in [30, 31].

One of the reasonsfor considering a semartics using Tuple Spaceswas a
belief that this should facilitate implementation of the protocol. In order to
assesghis belief, we undertook an implementation of the protocol preseried in
Section 6 of ASPIC Deliverable D2.3 [10]. The implementation was executed
using the TuCSoN software platform for tuple certer applications [26], devel-
oped at the Alma Mater Studiorum { Universita di Bologna, in Cesena,ltaly.®
Tuple Centers are an extensionof the notion of Tuple Spacesn which the shared
spacesare not merely passiwe, but may be programmedto act in anticipation of
or react in responseto everts such asthe deposit in them of particular tuples
[56]. In the caseof the TUCSoN framework, programming of the sharedspaces
is undertaken in a Prolog-like language. Becausethis implemertation was not
intended for production use, only the protocol itself (and the supporting tuple
spacesemariic framework) was implemented, and no agerts capable of inter-
acting via the protocol were created. The selection of locutions, within those
legally-permitted, at ead step in a dialog and the creation of content for these
locutions, wasthereforeleft to human participants. The implementation wasun-
dertaken on a standard desktop PC running linux, with simulation of the client
(requesting accessto someinformation) and server (controlling accessto that
information) enabledthrough TuUCSoN The implementation is available from:
www.csc.liv.ac.u k/ researc h/t echreport s/t r2005/t r05010abs. ht ml.

The key outcome of this exercisewas to demonstrate how readily the pro-
tocol could be successfullyimplemented. Prior experiencewith developing a
multi-agent co-ordination application using TUCSoN meart that no learning of
the platform was required, which no doubt easedimplementation. One issue
that did arise in the implementation concernedthe partitioned nature of the
tuple space. The semaric framework described in Section 6.2 of Deliverable
D2.3 [10] partitions the tuple spacefor a dialog into four subspacesfor eath
client-server pair, with potentially-di eren t accessfor dierent clients to these
subspaces.During the implementation, it was found that the current available
versionof TUCSoN doesnot permit a spaceto be partitioned in this way explic-
itly, and so we developed a virtual, on-the-y, partitioning of the tuple certer.
This was achieved through the use of client identi ers in the namesof output
tuples created in responseto successfulrequestsfor information. In this way,
clients without the appropriate identi er would not be able to read the par-
ticular tuples, thus maintaining information security. Of course,this is not an
ideal solution, sincein real-world applications client identities may be emulated
by malewlert others, but is the best possiblegiven the current architecture of
TuCSoN.®

5Available from: http://lia.deis.unibo.it/research/tucson/

6We understand that the abilit y to partition Tuple Centres may be added as a feature to
TuCSoN in a near-term release.
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4.8 Combining Dialogues

In Section 4.6, we preseried a protocol for negotiation dialoguesin which per-
suasiondialoguesmay be embedded. Embedding is one way in which di erent
dialoguesmay be combined, and it hasreceived someattention in the philosophy
of argumertation literature, for examplein [81]. Real-world dialogues,whether
between humans or software agerts or both, may combine dierent types of
dialoguesin other ways, for instance, sequettially, or in parallel. To repre-
sert such di erent possible combinations, Reed [70] proposeda formalism for
combinations of dialoguesof di erent types,with no restrictions on the typesof
dialogueswhich canberepresened. Reed'sformalism, however, doesnot permit
parallel combination of dialoguesand it is descriptive rather than generative:
in other words, it could not (on its own) be usedto create automated dialogues
betweenagerts.

In responseto Reed'sframework, McBurney and Parsonsproposedin [54] a
generative formalism which permitted seeral di erent forms of combinations of
atomic dialogue typesbetweenthe samegroup of participants, including: itera-
tion (repeatedoccurrenceof dialoguesof the sametype); sequential combination
of two or more dialoguesof any types; parallel combination of two or more di-
aloguesof any types; and emkedding of one dialogue inside another dialogue,
both of any type. The formalism was represened in a modal logical formalism
similar to that of Propositional Dynamic Logic [43] and inspired by Parikh's
Game Logic [58].7 In addition, the framework proposeda Control Layer, above
the layer at which dialogue combinations wererepreseried, to allow participants
to agreeto initiate a dialogueor a speci ed combination of dialogues,of a given
type (or types)on a given topic (or topics).

One issueof importance in considering combinations of dialoguesis that of
the interaction of commitments made by the participants in di erent dialogues.
There are no universally-applicablerules for how commitments should interact,
asthe following exampleillustrates (taken from [54]). For dialoguesconducted
sequettially , one opinion may be that the commitments incurred in earlier di-
aloguesshould take precedenceover those from later ones, as is usually the
casein legal and contractual domains. Alternativ ely, another opinion may be
that the commitments incurred in later dialoguesshould take precedenceover
those from earlier ones,as is usually the casewith party political promises,or
edicts issuedby religious authorities. It is clear that the rules for commitment-
interaction adopted in any speci ¢ combination of dialogue typeswill depend
on the wider context of the dialoguesand, perhaps,on the preferencesand goals
of the participants.

The formalism of McBurney and Parsons[54] distinguished betweendialog-
ical commitments, which only concernmatters inside a given dialogue (such as
a responsibility to respond to a question), and semartic commitments, which
create an obligation on a participant in the external world beyond the dialogue
(such as a responsibility to pay for an agreedpurchase). That formalism also

"The formalism of [54] did not expressly represert interleaving of two or more dialogues,
but this should also be possible.
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allowed participants to agreeat the Control Layer how commitment-interaction
in speci ¢ dialogue combinations should be addressed.In other words, the rules
for commitment-interaction in that framework were decided at dialogue-run-
time, by the participants, rather than at protocol-design-time, by the protocol
designer. The latter approad, of course,was adopted in the negotiation-with-
embedded-persuasiondialogue combination preserted above in Section4.6. As
with the commitment-interaction rules themseles, which approac is more ap-
plicable will depend on the nature and wider corntext of the application and on
the preferencesand goals of the participants or the designer.

Further researd is neededto make use of dialogue-conbination frameworks
such as that of Reed and that of McBurney and Parsons within the ASPIC
argumertation framework. This work has commenced[1], and will cortinue
betweenthe ASPIC partners.

98



Chapter 5

Conclusion

Argumentation theory is seenas a foundation for reasoning systems. Conse-
quertly, an increasing number of argumentation systemshave been proposed.
While, these systemsusegenerally the sameacceptability semartics, they di er
in the way they de ne their logical language,the notion of argumert and the
defeasibility relation. Theselast are de ned in ad hoc way and this leads the
systemsto encourter someproblems such asreturning counter-intuitiv e results.

In order to avoid sudh problems, in a previous deliverable we have de ned
somepostulatesor axiomsthat any argumertation systemshould satisfy. These
postulates govern the well de nition of an argumertation systemand guarantee
the safety of its outputs. We have focusedon four important postulates: the
closenessthe direct consistency, the indir ect consistency of the results of a sys-
tem and non-contamination. Theselast are violated by seweral argumertation
systemssuch as [38, 42, 68]. Then we have presened di erent solutions that
warrant thosepostulates. In particular, we have proposedtwo closureoperators
that allow to make more explicit someimplicit information. These closure op-
erators solve the problems encourtered by the argumertation systemsde ned
in in [68, 42, 38].

This deliverable reports the solution chosento be implemented by the AS-
PIC consortium. It preserts rst a generalargumentation-based framework for
inference, then this last is extended for making decisions. This o ers for the
rst time a coherent setting for argumentation-based inference and decision.
The properties of the framework are deeply studied.

Concerning dialogue, a formal framework which captures di erent types of
dialogueshas beenproposed. Moreover, di erent protocols for persuasiondia-
logueshave beenanalyzed, and two small-scaleimplementations reported.
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