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Abstract 2 The argumentation model

A number of authors have suggested the use of argumen-

tation techniques as the basis for negotiation dialogues be | \+-+i0 1 \which forms the backbone of our approach. This

t.Wee.” agents. In this paper we augment this yvork by inyes-is inspired by the work of Dung [7] but goes further in deal-
tigating the use of argumentation as the basis for a wider .

f  dial h h ke is b dlng with preferences between arguments. Further details
range of types of dialogue. The approach we take Is based, o o\ qijable in [1]. We start with a possibly inconsistent

upon MacKenzie’s dialogue game DC, and we show that knowledge bas& with no deductive closure. We assume

a translation of this into our system of argumentation can 5. contains formulas of a propositional langage- stands
support a subset of the types of dialogue identified by Wal'for classical inference and for logical equivalence.
ton and Krabbe.

In this section we briefly introduce the system of argu-

Definition 1 Anarguments a pair (H, h) where h is a for-
. mula of £ and H a subset of such that i) H is consistent,
1 Introduction i) H + h and iii) H is minimal, so no subset of H satisfying

o _ both i) and ii) exists. H is called theupportof the argument
When building multi-agent systems, we take for granted gnd h is itsconclusion

the fact that the agents which make up the system will need
to communicate. They need to communicate in order to re-|n general, sinc& is inconsistent, arguments (%), the
solve differences of opinion and conflicts of interest, work set of all arguments which can be made fr@nwill con-

together to resolve dilemmas or find proofs, or simply to flict, and we make this idea precise with the notion of un-
inform each other of pertinent facts. Many of these com- dercutting:

municate requirements cannot be fulfilled by the exchange

of single messages. Instead, the agents concerned need Definition 2 Let (H;,h;) and (Hs, h,) be two arguments

be able to exchange a sequence of messages which all beaf A(¥). (H;, h;) undercutgH., h) iff 3h € H, such that

upon the same subject. In other words they need the abilityh = —h,. In other words, an argument is undercut iff there

to engage in dialogues. exists an argument for the negation of an element of its sup-
As a result of this requirement, there has been muchport.

work on providing agents with the ability to hold such dia-

logues. Typically these focus on one type of dialogue, often To capture the fact that some facts are more strongly be-

negotiation [14, 19, 20]. Recently, Reed [17] has suggestedieved (or desired, or intended, depending on the nature of

a general approach which can capture a range of dialogughe facts) we assume that any set of facts has a preference

types, grounded on work in argumentation theory. Here we order over it. We suppose that this ordering derives from

build on Reed’s work by showing in detail how it is possi- the fact that the knowledge ba&gkis stratified into non-

ble to carry out this range of types of dialogues. We take overlapping sets4, ..., X, such that facts ir%; are all

a system of argumentation developed to handle inconsistenequally preferred and are more preferred than thoss; in

information, use this to build a formal model of dialogue, wherej > i. The preference level of a nonempty subidet

and then show that the latter is general enough to captureof ¥, levelH), is the number of the highest numbered layer

the types of dialogue discussed by Reed. which has a member iH.



Definition 3 Let(Hy, h;) and(H», hy) be two argumentsin
A(X). (Hy,hy) is preferredio (Hs, hy) according to Pref
iff level(H;) < levelH,).

Example 1 LetYX = ¥, UX, UX3 with¥; = {—-a}, X, =
{a,a — b} and ¥3 = {-b}. Now, ({—a},—-a) and
({a,a — b}, b) are two arguments ofi(X). The argument
({—a}, —a) undercut{{a,a — b}, b). The preference level
of {a,a — b} is 2 whereas the preference level{efa} is
1, and so({—a}, —a}) > ({a,a — b},b).

We can now define the argumentation system we will use:

Definition 4 An argumentation systenfAS) is a triple
(A(X), Undercut Pref) such thatA(Y) is a set of the ar-
guments built fronk, Undercut is a binary relation repre-
senting defeat relationship between arguments, Undercut
A(X) x A(X), and Pref is a (partial or complete) preorder-
ing on A(X) x A(X). P stands for the strict pre-order
associated with Pref.

The preference order makes it possible to distinguishmiffe
ent types of relation between arguments:

Definition 5 Let A, B be two arguments gf(X).

B strongly undercuté\ iff B undercuts A and it is not
the case that A>""®' B.

If B undercuts A then Alefends itselfagainst B iff A
>>Pref B.

S defendsA if there is some argument i§ which
strongly undercuts every argument B where B under-
cuts A and A cannot defend itself against B.

Henceforth,Cungercutpret Will gather all non-undercut ar-

preferred (according to Pref) to the unique undercutting ar
gument({a},a). Consequently({—-a},—-a)isinS. The
argument({—-b}, —b) is undercut by({a,a — b},b) and
does not defend itself. On the contrafy,-a}, —a) un-
dercuts({a,a — b},b) and ({-a},-a) > ({a,a —
b}, b). Therefore, Gndercutpret defendg{-b}, ~b) and con-
sequently {—b}, —-b) € S.

The set of acceptable arguments mutually defend one an-
other:

Definition 7 Let A, B be two arguments gf(X) andS C
A(X), then AdisqualifiesB iff A strongly undercuts B and
B does not strongly undercut A. strictly defendsA iff for
all B such that B strongly undercuts A, then thereisa S
such that C disqualifies B.

Theorem 1 V(H,h) € S, S strictly defendgH, h).

The proof of this theorem can be found in [1].

3 Proof Theory

In practice we don’t need to calculate all the acceptable
arguments from som& in order to know the status of a
given argument. This can be exploited to give a proof theory
for the system [1]. The proof theory takes the form of a
game between two playePs andP;. PlayerP, makes the
argument we are interested in and its defenders, and player
P, makes the counter-arguments or defeaters.

The basic idea behind the proof theory is to traverse the
sequencefy, ..., Fn in reverse. Consider th#t occurs for
the first time inF,. We start withA, and then for any argu-
mentB; which strongly undercutd, we find an argumer#;

guments and arguments defending themselves against alh Fn-1 Which defendsA. Now, because of Theorem 1, we

their undercutting arguments. In [2], it was shown that the

are only interested in the strict defenders of an argument,

setS of acceptable arguments of the argumentation systemand the strict defenders @ will disqualify the Bi. The

(A(X), Undercut Pref) is the least fixpoint of a functiof:

N

A%)

F(S) {(H,h) € A(2)|(H, h) is defended by S}

Definition 6 The set ofacceptablarguments for an argu-
mentation systerf4(X), Undercut Pref) is:

U Fiz0®

CUndercugPref U [U ‘7:i21 (CUndercutPref)]

S

An argument is acceptable if it is a member of the accept-

able set.

Example 2 (follows Example 1)
The argument{—a}, —a) is in Cundercutpret bECAUSE it iS

same process is repeated for each strict defender unt ther
is no strict defender or defeater. This leads to the ideaeof th
argument dialogue:

Definition 8 An argument dialogueis a nonempty se-
guence of moves, mqve (Player, Arg;), i > 0, such that:

1. Player = Py iff i is even, Player= P; iff i is odd.
2. Playep = Py and Arg, = A.
3. If Player = Player = Py and i # j then Arg # Arg;.

4. If Playek = Py, i > 1, then Arg disqualifies Arg ;.

1In [1] this is called simply a “dialogue”; here we use the teargu-
ment dialogue” to dinstinguish these dialogues from thaseudsed later
in the paper. We will omit the term “argument” when it is clehat we
mean an argument dialogue.
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Figure 1. An argument dialogue tree s, s

5. If Player = P; then Arg attacks Arg_;. Figure 2. Sub-trees
Anargument dialogue tras a finite tree where each branch

is an argument dialogue. Definition 11 P, wins an argument dialogue iff the corre-

sponding dialogue tree has a solution sub-tree.

Example 3 Let (A, R Pref) be an AS such thal = ThusP, wins the dialogue presented in Figure 1 becahise
{ap,a01, 82, &10,a&11, 12}, and Undercut= {(a;o, &), is a solution sub-tree.
(aO%, 310), (812, 302), (302, &10), (303, A1), (A41,80) - Definition 12 An argument A igustified ff there is an ar-
Let's suppose gument dialogue tree whose root is A, and which is won by
a3 >>Pr(—:‘f ar >>Pr(—:‘f a player R.
Pref Pref Thus the argumerny, is justified because the playg won
8or > @10 > 8o the dialogue tree. The main result from the proof theory is:

and .
az > ag, >P a Theorem 2 Let (A, R, Pref) be an argumentation system.
We are interested in the status of the argumentide cor-

responding argument dialogue tree is presented in Figure 1.

e Vx € A, if x is justified then each argument made by
Py which belongs to the solution sub-tree isdh in
particular x.

The dialogue tree can be considered as an AND/OR tree.

A node corresponding to play® is an AND node, and a

node corresponding to playBs is an OR node. That dis- )

tinction between nodes is due to the fact that an argument! N Proof may be found in [1].

is acceptable if it is defended against all its defeatere Th [N other words, the dialogue process constructs all ac-

edges of a node containing an argumer®efepresent de- ceptable arguments, and.only constructs acceptable argu-

featers so they all must be defeated. In contrast, the edges dN€nts. Thus Theorem 2 is a form of soundness and com-

a node containing an argument frémrepresent defenders ~ Pléteness result for the proof theory.

of Py so it is sufficient that one of them defeats the argument

of Py. 4 Arguments and dialogue games

e VX € S, Xis justified.

Definition 9 A player wins an argument dialogue iff he

ends the dialogue (he makes the last argument). Dialogue games are way of formally analysing discourse

[6]. A dialogue between two individuals is seen as a game
A player who wins a dialogue does not necessarily winin all in which each individual has objectives and a set of legal
the sub-trees of the dialogue tree. To formalize the winning moves which can be used to obtain those objectives. The

of a dialogue tree we use the concept of a solution sub-treemoves are illocutions, and the objectives are matters such

o ] ] as persuading the other player of the truth of a proposition.
Definition 10 A candidate sub-treis a sub-tree of an ar-

gument dialogue tree containing all the edges of each AND 4 1 Dialogues in DC
node and exactly one edge of each OR nodsnlation sub-
treeis a candidate sub-tree whose branches are all won by One rather influential dialogue game is DC, proposed

Po. by MacKenzie [9% in the course of analysing the fallacy

Thuslthe dialogue represent?d il’_] Example 3 has exactly tWO  27nough he describes is as a “dialectical system” ratheratgialogue
candidate sub-tree§; andS; in Figure 2. game.



of question-begging. DC provides a set of rules for argu- 4.2 The dialogue moves
ing about the truth of a proposition. Each player has the

goal of convincing the other, and can assert or retract,facts  \jith this background, we can present the set of dialogue

challenge the other player's assertions, ask whether somemoyes that we will use. These are not an exact facsimile of

thing is true or not, and demand that inconsistencies beihe moves in DC—we omit those illocutions we have not

resolved. Associated with each player is a “commitment found useful (in particular the retraction rules) and add a

store”, which holds the statements players have made andnove for explicit acknowledgment. For each move, we give

the challenges they have issued. There are then rules whicyhat we call rationality rules, dialogue rules, and update

define how the commitment stores are updated and whethefyjes. These are based on the rules suggested by [10]. The

particular illocutions can be uttered at a particulartime.  rationality rules specify the preconditions for playing th
While DC is interesting in its own right, whatis more in-  move. The update rules specify how commitment stores are

teresting from the point of view of this paper is that DC ties modified by the move. The dialogue rules specify the moves

in very neatly with the system of argumentation descibed the other player can make next, and so specifyptiotocol

above. As detailed in [3], it is possible to formulate the ynder which the dialogue takes place.

dialogue rules in terms of the arguments that each player |, the following, player P adresses the move to player C.

can construct. This, gives an operational semantics to these start with the assertion of facts:

system and, given an implementation of the argumentation

system, makes it possible to build systems that can carry out . N

DC-type dialogues. One reason we might want to do this, @85Sert(p) where p is a propositional formula.

is to use these DC-style dialogues as the basis of communi-

cations between agents in a multi-agent system, and the rest there i tabl tfor the fact

of this paper explores some of the issues in doing so. ere Is an acceptable argumentfor the fac
Dialogues are assumed to take place between two agents, P:

P andC, whereP is arguing “pro” some proposition, ar@l dialogue the other player can respond with:

argues “con”. Each player has a knowledge bageand

Y ¢ respectively, containing their beliefs. In addition, and

as in DC, we suppose that each player has a further knowl-

rationality the player uses its AS to check if

1. acceptp),
2. asser{—p),

edge base, accessible to both players, containing commit- 3. challenggp).
ments made in the dialogue. These commitment stores are  ypdate C§(P) = CS_; (P) U {p} andCS(C) =
denotedCSP) andCSC) respectively. Note that the union CS_1(C)

of the commitment stores can be viewed as the state of the
dialogue at turrt. All the bases described contain propo- ) .
sitional formulas and are not closed under deduction, and@SSert(S) where S is a set of formulas representing the
all are stratified according to degree of belief as discussedSUPpPort of an argument. Note that in DC, players can only
above. Here we assume that these degrees of belief are statRSSert one propositional formula.
and that both the players agree on them, though it is possi-
ble [4] to combine different sets of degrees of belief, and it
is also possible to have agents modify their beliefs on the
basis of the reliability of their acquaintances [13]. dialogue the other player can play:
Both players are equipped with an argumentation sys-
tem of the kind discussed above. Each has access to
their own private knowledge base and both commitment

rationality the player uses the AS to check if the
related argument is acceptable.

1. acceptS),
2. asser{-p),

stores. Thus PlayeP plays with (A(Zp U CSP) U 3. challenggp) wherep € S.

CS(C)), UndercutPref) and player C with (A(Xc U Informally, this means that the player can
CSC) u CYP),UndercutPref). The two argumenta- accept the whole support or challenge/deny
tion systems are then used to help players to maintain an element of the support.

the coherence of their beli€fsand thus to avoid assert-
ing things which are defeated by other knowledge from update C§(P) = CS-, U SandCS(C) =
CSP) U CSC), and which could thus easily be undercut CS-1(C)

by the other player. In this sense the argumentation system

. SI'he conditions on assertion only allow agents to assen fact
help to ensure that players aagional. y 9

which it believes, on the basis of its private knowledge and
3Note that the players’ data is allowed to be inconsistertiénctassical all the public knowledge, cannot be challenged. The coun-
sense, since the argumentation system can handle in@atsist terpart of these moves are the acceptance moves:




accept(p) p is a propositional formula. This move hasno 4.3 How the moves make a dialogue
equivalentin DC where acceptance is implicit.
The basic kind of dialogue which this system allows us

rationality the player uses the AS to check if to model is that in which one agent belieyeand the other
there is an acceptable argument for p. believes-p. The private aim of each agent is then simply to
dialogue the other player can play any allowed offer arguments in support of their thesis. In our modgs thi
moves. means that one agent has an acceptable argument in favour
of pin its argumentation system and the other agent has an
update CS(P) = CS_,(P)U{p} andCS(C) = acceptable one in favour ofp. The agents then exchange
CS-1(C) arguments (defeaters) in an attempt to find an acceptable

argument for whichever gf and—p they started believing.
In this dialogueP has an acceptable argumésip) in

accept(S) Sis a set of propositional formulas.
PHS) prop favour of p, which it advances. This argument is built us-

rationality the player uses his AS to check if ing private information, and, becau€edoes have access
each element of S is supported by an accept- to it, C does not have an acceptable argumenpfand so
able argument. cannot accept the proposition. Inste@dhas an acceptable
. argumen{S, —p) in favour of -p, and it asserts:p. P re-
dialogue the other player can play any allowed sponds to this assertion by challenging, andC rises to
MOve. the challenge by asserting its supp8rfor —p. This dia-
update CS(P) = CS_;(P) U SandCS(C) = logue process is continued, for example Byhallenging
CS_1(C) one of the steps ¥, until there are no further arguments

relating top, —p, S, andS. This is the case when the two
Thus a player can only accept something if it is not possible argumentation frameworks:

to build a stronger argument against it.
d g g (A(Xp UCYP) U CSC)),Undercut Pref)

challenge(p) where p is a propositional formula. and
rationality (A(Xc UCYP) U CYC)), Undercut Pref)
dialogue the other player can onlassertS) provide the same acceptable argument and the agents, per-
where S is an argument supportting force, agree. Thus the agents have resolved their initial co

flict of opinions about the acceptability pf If the agents
update CS(P) = CS-,(P) and C§(C) = do not agree, then they are able to make further arguments
CS-1(C) and keep the dialogue going.

. . - As mentioned above, the rationality rules and dialogue
A challenge is a means of making the other player explicitly X )
rules together provide a form of protocol for carrying out

state the argument supporting a proposition. In contrast, %hese DC-style dialogues. The rationality rules tie the ill

question can be used to query the other player about aMtutions which can be made quite closely to the information

proposition. that the agents have at their disposal. The fact that it i onl
possible for an agent to assert things for which it has an ac-
question(p) where p is a propositional formula. ceptable argument, and to only accept things for which it
has an acceptable argument means that Theorem 2 can be
rationality 0 carried forward to ensure the soundness of the dialogue. In

dialogue the other player can: particular we can prove:

Theorem 3 Given two players P, with AS= (A(Xp U
CYP) U CYC)),UndercutPref), and C with Ag =
(A(2p U CYP) U CYC)), Undercut Pref), which play a

1. assertp),
2. asser{—p),

3. questiortq). dialogue game using moves p¢, then if S is the set of all
update CS(P) = CS_.(P) and CS(C) = arguments which the game can possibly generate,
C§-1(C) e VX € S, xis a justified argument of either A8 AS:;
We refer to this set of moves as the getpc. These are e If X € Sis ajustified argument of ASit is a justfied
similar to those discussed in legal reasoning [8, 16]. argument of AS



Type of Dialogue Initial Situation Participant’'s Goal Goal of Dialogue

Persuasion Conflict of opinions Persuade other party Resolve or clasiye

Inquiry Need to have proof Find and verify evidence Prove (disprove)

hypothesis
Negotiation Conflict of interests Get what you most want  Reasonable settlement
Information seeking Qne par'Fy lacks Acquwe orgive Exchange information
information information
. . Dilemma or practical Co-ordinate goals or Decide best course of
Deliberation . . )
choice actions action

Table 1. Walton and Krabbe’s classification of dialogues

Note that this result does mean that agents have to tell thedeal first with persuasion, inquiry and information seeking

truth; they can lie as long as their mechanism for generatingwhich can be captured by our model of DC directly.

untruths allows suitable acceptable arguments to be gener- A persuasiorialogue, according to Walton and Krabbe,

ated. is initiated from a position of conflictin which one agent be-
Despite this result, the protocol defined by the dialogue lievesp and the other believesp, and both try to persuade

rules will only work under certain assumptions. In fact, the other to change its mind. The dialogue continues until

without these assumptions it can easily descend into meanthe dispute is resolved. This is clearly the kind of dialogue

ingless babble. For example, there is no reason why agentsliscussed in the previous section, and can therefore easily

should not, under the protocol, carry out infinite dialogues be captured in our system.

which consist entirely of “accept” illocutions or repeated  An inquiry dialogue does not start from conflict but from

challenges of the same proposition. The assumptions that lack of knowledge. The two agents will try to establish the

the protocol works under are, broadly speaking, equivalenttruth or falsity of some propositiop and the dialogue will

to the usual Gricean maxim of relevance. We assume thatend when either this has been acheived or they realise they

agents have a focus to their dialogue and restrict their illo cannot find a proof. In our model this corresponds to the

cutions to those which address that focus, engage in one fosituation in which neither agent has an acceptable argument

a concrete reason (for example to persuade one to changfor p. In other words, the initial situation is that neither:

its mind about giving up a resource) not simply for the sake

of it, and both recognise when they have reached the useful (A(Xp UCYP) U CYC)),Undercut Pref)

end of a dialogue (even if it is a case where neither has per-

suaded the other) and stop when this point has been reachedor

In practice, we see these assumptions being enforced by the

fact that agents engaging in these kind of dialogues will be (A(Xc UCYP) U CYC)), Undercut Pref)
part of some kind of electronic institution [12] which com- ,
mits them to certain rules of behaviour. can provide an acceptable argument for The agents

then engage in a DC dialogue with the aim of determining

For now we leave the formalisation of these points for
whether the system

future work. Instead we consider how the basic dialogue

moves can be used to capture different types of dialogue. (A(Sp U Sc UCSP) U CS(C)), Undercut Pref)

5 Different types of dialogue can provide an acceptable argument fior The dialogue,

during which both agents reveal information by asserting it
As mentioned by Parsomrs al. [15] and discussed in de-  into their commitment store, will continue until either an

tail by Reed [17], Walton and Krabbe [21] have identified acceptable argument faris found, or it is not possible to

a set of types of dialogue, distinguished by initial sitaati make any further arguments which are relategb.toThis

goal of participants, and goal of dialogue. These are sum-achieves the aim of the inquiry dialogue. Thus, although

marised in Table 1. In this section we discuss how theseDC has its roots in adversarial dialogue, the mo)és

types of dialogue may be captured in our model of DC. We can be used in a non-adversarial way.



Dialogue type| Agent P Agent C

Persuasion | 3(Sp) €S 3(S-p €

Inquiry ASp €S ASp) ex

Info-seeking | A(S,p) € A(ZpUCSP)UCSC)) 3I(Sp) €
Table 2. Initial conditions for different types of dialogue about p

Information seekinglialogues are similar to inquiries, to be establishing an acceptable argument for the joint or
but differ in their initial conditions. An information seiglg individual intention$, and the individual aims are satisfied
dialogue is initiated when there is an asymmetry betweenby the fact that this is acceptable to both agents. Note that
the agents in the sense that one is thought by the othedeliberation starts not from a point of conflict but simply
to have more information in regard @ for instance be-  from a need for action, in exactly the same way that an in-
cause one agent is a recognised authority on the subject. Iquiry dialogue starts, and, once the underlying language is
our model this kind of dialogue is initiated withcuestion extended to deal with intentions, precisely the same peoces
move, asking if it is the case thptolds. If the other agent  can be followed as outlined above for the inquiry dialogue.
has an argument for or againstt will assert this, and the This discussion leads us to believe thetpe will be
agents will then argue about its acceptability. However the suitable as a basis for negotiation and deliberation dia-
argumentis resolved, this exchange of information aclsieve logues. However to properly capture such dialogh¢s.
the aim of the information seeking dialogue. Table 2 sum- needs to be augmented, in particular to model compromises,
marises the initial conditions for these three types of dia- and in [5] we discuss how to do this.
logue in our framework, and highlights the differences be-
tween them. This table, and our previous discussion allowg Conclusion
us to prove:

In this paper we have presented a model for inter-agent
dialogues based on argumentation. We believe that this di-
alogue model goes further than previous attempts based on

The two remaining dialogues are slightly different. As dis- argumentation. In particular, itis a more general modei tha
cussed in [15], negotiation centres around conflicts betwee that presented in [15], and has a precisely defined protocol
the intentions of agents—it is concerned with what agents for the exchange of arguments which the former lacks (since
intend to achieve. Thus to have a negotiation dialogue in [15] concentrates more on the interaction between beliefs
our framework it is first necessary to extend the languageand intentions in a specific negotiation/deliberation fafm
in which the dialogue is carried out to distinguish between dialogue). Our model also extends the suggestion made by
the beliefs which are the subject of persuasion, informmatio Reed [17] by making Reed’s suggestion more concrete—
seeking and inquiry dialogues and the intentions which areproviding an underlying argumentation system and the illo-
the subject of negotiations. The change to the languagecutions necessary to carry out the kinds of dialogues Reed
then necessitates some minor changes to the argumentdliscusses. Thus this work can be seen as an attempt to
tion system (essentially defining which arguments undercutbridge the gap between the low level detail of handling be-
which others). This may be done in exactly the same was adiefs and intentions described in [15] and the general ap-
in [15], and afterwards negotiation dialogues have exactly proach of [17]. This was certainly our motivation in under-
the same form as persuasion dialogues but concern intentaking this work and, though it should be acknowledged that
tions rather than beliefs. In other words, they arise from a more work is required to combine the approaches, we feel
conflict in intentions, proceed through agents making argu- it makes significant progress towards achieving this aim.
ments about intentions, and terminate when the agents agree The most obvious thing we need to do now is to extend
on an acceptable argument for the intention in question.  the underlying argumentation system to handle mental at-
A deliberation dia|ogue represents the process of form- titudes, in particular beliefs, desires and intentions.aAs
ing a plan of action, and thus is also concerned with in- gued above, this is an important step towards capturing ne-
tentions (since an agent's intentions precisely deal with i gotiation and deliberation dialogues, though taking the ap
plans of action). The joint aim of a deliberation is to reach proach of [15] it should be straightforward. Another obvi-
an agreement on a plan (a joint intention or a pair of indi- OUs thing is to extend the mechanism to deal with multi-
vidual intentions), and the individual aims are to influence party dialogues possibly through the use of agoras [11].
this agreement to their benefit (to ensure that the intesition 41,5 we agree with Reed [17] that the dialogue in [15] has efe
are in their favour). Thus the joint aims can be considered of deliberation as well as negotiation.

Theorem 4 The set of moved1pc is sufficient to model
persuasion, inquiry and information seeking dialogues.




Other important points relate to how this work on dialogue [10] N. Maudet and F. Evrard. A generic framework for
connects with wider issues of agent communication. One

such issue is what strategy an agent uses to pick which ar-

gumentto put forward. One simple idea would be to choose
the smallest argument in order to restrict the exposure-to de
featers, but there are other aspects which might equaly pla

a part. Another issue is how the argumentation protocol well1]

have discussed connects with the protocol for the communi-

cation exchange in which the argumentation is embedded—

if we assume that agents use argumentation for part of their

communication (as for example in [18]) then agents need t°[12]

know when to engage in argumentation and when to stop.
Finally, we need to define the kinds of electronic institatio
within which agents can engage in argumentative dialogues.

[13]
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