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Abstract

We propose a formal model for argumentation-
based dialogues between agents, using assumption-
based argumentation (ABA). The model is given in
terms of ABA-specific utterances, trees drawn from
dialogues and legal-move and outcome functions.
We prove a formal connection between these dia-
logues and argumentation semantics. We illustrate
persuasion as an application of the dialogue model.

1 Introduction

Argumentation-based agent dialogues have been widely stud-
ied, e.g. in [McBurney and Parsons, 2009; Black and Hunter,
2009; Prakken, 2005; 2006], as a framework to support agree-
ment amongst artificially intelligent agents. We present a
novel formal model of argumentation-based dialogues be-
tween (two) agents, using assumption-based argumentation
(ABA) [Bondarenko et al., 1997; Dung et al., 2009]. This is
a general-purpose, widely applicable form of argumentation
where arguments are built from rules and supported by as-
sumptions, and attacks against arguments are directed at the
assumptions supporting the arguments, and are provided by
arguments for the contrary of assumptions.

In our dialogue model, agents can utter claims (to be de-
bated), rules, assumptions and contraries. Thus, dialogues
“build” an ABA framework shared between the agents.

The model is given in terms of (various kinds of) legal-
move functions, to determine which moves agents can
make during dialogues, and outcome functions, to determine
whether dialogues have been successful. These functions are
defined in terms of dialectical trees drawn from the dialogues
(and implicitly constructed during them).

To prove soundness of our approach, we connect our di-
alogue model with the admissibility semantics for ABA,
sanctioning a set of assumptions/arguments as admissible
iff it does not attack itself and it counter-attacks all attacks
against it. In particular, we prove that the claim debated
by a successful dialogue is supported by a set of assump-
tions/argument in an admissible set (and this is the set of as-
sumptions/arguments identified during the dialogue) w.r.t. the
shared ABA framework drawn from the dialogue. This result
relies upon a correspondence result between dialectical trees
and the concrete dispute trees given in [Dung er al., 2006]
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to pave the way towards a computational counterpart (in the
form of dispute derivations) for the admissibility semantics.
Our dialogue model is generic in that it does not focus on
any particular dialogue type, e.g. information seeking, per-
suasion or negotiation. However, for the sake of illustration,
we demonstrate persuasion as an application of our model.
The paper is organised as follows. Section 2 reviews the
ABA framework. Section 3 presents the dialogue model. Sec-
tion 4 introduces dialectical trees. Section 5 gives our main
formal results. Section 6 demonstrates a persuasion dialogue.
Section 7 discusses related works. Section 8 concludes.

2 Background

An ABA framework [Bondarenko et al., 1997; Dung et al.,
2009] is a tuple (£, R, A, C) where

e (L R) is a deductive system, with L the language and
R a set of rules of the form sg < s1,...,8m(m > 0);

e A C Lis a (non-empty) set, referred to as assumptions;

e C is a total mapping from A into £, where C(a) is re-
ferred to as the contrary of a.

Given a rule p of the form sg<—s1,. .., Sm, So is referred
as the head and sy, . .. ,s,, as the body, Head(p) = s¢ and
Body(p) = {s1,---,5m}. As in [Dung et al., 2006], we en-
force that ABA frameworks are flat, i.e. assumptions do not
occur in the head of rules. Also, without loss of generality, we
enforce that no two assumptions may have the same contrary.

In ABA, arguments are deductions of claims using rules
and supported by sets of assumptions, and atfacks are directed
at the assumptions in the support of arguments. Informally,
following [Dung e al., 2009]:

e an argument for (the claim) c € L supported by S C A
(St cin short) is a tree with nodes labelled by sentences
in £ or by 7,' the root labelled by c, leaves either T or
assumptions in S, and non-leaves s with as children the
elements of the body of some rule with head s;

an argument Sy - ¢y attacks an argument Sy & ¢ iff 1
is the contrary of one of the assumptions in Sa.

Attacks between (sets of) arguments correspond in ABA to
attacks between sets of assumptions:

L7 ¢ L represents “true” and stands for the empty body of rules.



e a set of assumptions A attacks a set of assumptions B
iff an argument supported by a subset of A attacks an
argument supported by a subset of B.

With argument and attack defined, standard argumentation
semantics can be applied in ABA [Dung et al., 2009]. We
focus on the admissibility semantics, as follows:

e a set of assumptions is admissible iff it does not attack
itself and it attacks all sets of assumptions that attack it;

e an argument S & s belongs to an admissible extension
supported by A C Aiff S C A and A is admissible.

Our main result will be proven using the concrete dispute
trees of [Dung er al., 2006], where a concrete dispute tree for
a sentence s € L is a (possibly infinite) tree 7¢ such that

1. every node of 7¢ is labelled by a multi-set of sentences

in £ and is either a proponent node or an opponent node;
the root of 7 is a proponent node labelled by {s};

given a proponent node N labelled by P, if P is empty,
then NV is a leaf; otherwise, there exists some selected?
occurrence of a sentence p in P and

e if p € A, then there is one child of NV, which is an
opponent node labelled by {C(p)}, and one child of
N that is a proponent node labelled by P — {p};

o If p & A, then there is some p € R with
Body(p) = S and there is exactly one child of N,
which is a proponent node labelled by P — {p} U S;

given an opponent node N labelled by O, then O+ {},
there is a selected occurrence of a sentence o in O and

(i) if o € A, then (a) either o is ignored and there is ex-
actly one opponent child of N, labelled by O—{o};
(b) or o is chosen as culprit, and there is exactly one
proponent child of IV, labelled by {C(0)};

(ii) If o € A and there is no p € R with Head(p) = o
then IV is a leaf; else, for every o <— S € R, there
is an opponent child of N labelled by O — {0} U S;

5. there is no infinite sequence of proponent nodes in 7¢;
there are no nodes in 7 except those given by 1-4.

Given a concrete dispute tree T ¢, the defence set of T°¢
(Def(T¢))is the union of all assumptions in proponent nodes
and the culprits of T¢ (Cul(T°)) are all assumptions chosen
as culprits in 4(i)(b). A concrete dispute tree is admissible
iff the intersection of its defence set and its culprits is empty.
The defence set of an admissible concrete dispute tree 7T ¢
for a sentence s is admissible and there exists an argument
S F s that belongs to an admissible extension supported by
the defence set of 7° (corollary 6.1 in [Dung et al., 2006]).

3 Dialogues

We define dialogues as sequences of utterances between two
agents a; and ao sharing a common language £. Formally:

Definition 1. An utterance from agent a; to agent a; (i,j =
1,2,4 # j)is atuple (a;, aj, InReply, C,ID), where:

2Selections are performed by a given selection function, that
picks a sentence in an input multi-set [Dung ez al., 2006].
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o (' (the content) is of one of the following forms:
clm(s) for some s € L (a claim),

rl(89¢=51,-. . . ,8m ) for some so,. .. s, € L (a rule),
asm(a) for some a € L (an assumption),

ctr(a, s) for some a, s € L (a contrary),

a pass sentence 7, such that 7 ¢ L.

ID € N (the identifier).

InReply € NU {0} (the rarget); InReply < ID.

We refer to an utterance with content 7 (other than 7) as a
pass-utterance (non-pass-utterance resp.).

Intuitively, a pass indicates that the agent does not have or
want to contribute information at that point in the dialogue.
Definition 2. For any two utterances u; # u;, u; is related to
w; iff u; = (,-,,Cy, ID), uj = {-,_, 1D, C},),> and one
of the following cases holds:

1. Cj=rl(p;j), Head(p;) = h and either C; = rl(p;) with
h E Body(p;), or C; = ctr(-, h), or C; = clm(h);
2. C; = asm(a) and either C; = rl(p) with a € Body(p),

or C; = ctr(_, a), or C; = clm(a);

3. C; =ctr(a,_) and C; = asm(a).

Intuitively, an utterance is related to another if it con-
tributes to expanding an argument (case 1), identifies an as-
sumption in the support of an argument (case 2) or starts the
construction of a counter-argument (case 3). Note that an ut-
terance may be related to an utterance from the same agent
or not. Also, no pass-utterance can be related to an utterance
and no utterance can be related to a pass-utterance.
Definition 3. A dialogue Dg' (s) (between agents a; and aj,
for claim s € L), i,57 = 1,2, 4 # j, is a finite sequence
(U1, ... upn), n > 0, where each u;, I = 1,...,n, is an utter-
ance from a; when [ is odd, and a; when [ is even, and:

1. the content of the first utterance, u1, is c/m(s); no other
utterance has clm(_) as its content;
each non-pass-utterance other than the claim utterance
is related to its target utterance;
the target of pass- and claim utterances is 0;
no two consecutive utterances are pass-utterances, other
than possibly the last two utterances, u,,—1 and u,,.

If the last two utterances are pass-utterances, then Dg (s)
is referred as complete.

Note that in this definition of dialogue, we implicitly force
a strict interleaving between agents.

Below, U and D stand for the sets, resp., of all utterances
as in definition 1 and of all dialogues as in definition 3.

Example 3.1. A possible (complete) dialogue D! (k) is

2.

3.
4.

4

a1
a1, as,0,cdm(k), 1)
ay,az,1,7l(k + a),3)
a1, as,4,ctr(a,q),5)
a1, az,6,asm(b),7)
a1, az, 8,asm(c),9)
a1, as,0,7,11)

l\')

as,a,0,m,2)

as,ai, 3, asm( ), 4)
as,ai, b, rl(q < b),6)
as,aq,7,ctr(b, c), 8
as,ai,9,ctr(c,r), 1
(az,a1,0,m,12)

<
(
(
( )

( 0)

{
(
(
(
(
(

3Throughout, _ stands for an an anonymous variable as in Prolog.
“Here and from now on identifiers of utterances coincide with
their position in dialogues.



By means of dialogues agents exchange information and
build a shared framework, as follows:

Definition 4. The framework drawn from a dialogue § =
(Ui, ..., uy)is (£, Rs, As, Cs) where’

e Rs = {r|rl(p) is the content of some u; in d};
e As5 = {a]asm(a) is the content of some w; in § };

e (s is a mapping such that, for any a € A, Cs(a) = ¢
such that ctr(a, c) is the content of some w; in 4, if one
exists, and is undefined otherwise.

The framework drawn from the dialogue in example 3.1 is
Fs = (L,Rs, As,Cs), in which

A5 = {CL, b7 C},

Rs=1{k + a,q + b};

Cs is such that Cs(a) = ¢,Cs(b) = ¢,Cs5(c) = .

Note that Fs in this example is a flat ABA framework, but,
in general, the framework drawn from a dialogue may not be
an ABA framework, since C may not be total. Even when it
is an ABA framework, it may not be flat, as the agents may
disagree on the assumptions. Finally, there may be a non-
deterministic choice as to what the contrary of an assumption
is in Cs, as the agents may have uttered different contrary ut-
terances for this assumption. In the remainder of this section,
we refine our dialogues so that the frameworks drawn from
them are flat ABA frameworks and the choice of contrary
is deterministic. This refinement builds upon the notion of
legal-move function to restrict the kind of utterances allowed
in dialogues , similarly to communication protocols.

Definition 5. A legal-move function is amapping A : D — U

such that, given § = Dgi(s) = (u1, ..., un):
(ai,a;,0,cdm(s),1) ifn=0

M) = .
(az,ay,t,C,n+1) ifn>0

where x =i (r=75) when n is even (odd resp.), x # y, and

1. if C # m, then there exists no i,1 < ¢ < n, such that
U; = <7a St 07 Z>’

if C ctr(a,c) then there exists no w;
(., ., ctr(a,c),i),forl <i<nandc #c

This definition imposes that there is no repeated utterance
to the same target in a dialogue (condition 1), and that as-
sumptions have a single contrary (condition 2). Condition 2
guarantees a deterministic choice of contrary. However, the
definition of legal-move function does not impose any “men-
talistic” requirement on agents, such as that they utter infor-
mation they hold true within their ABA framework.

2.

Definition 6. A flat legal-move function is such that if, for
n>0, A((u1, . .., un))=(ay, ay, t, C;n+1), then

e C = asm(a) only if there exists no u; for 1 < i < n
with content r{(p) and Head(p) = a;

e C = rl(p) only if there exists no u; for 1 < i < n with
content asm(a) and Head(p) = a.

Trivially, the framework drawn from a dialogue generated
by a flat legal-move function, if an ABA framework, is flat.

Here and throughout the paper £ is implicit.
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Legal-move functions provide some guidance as to what
agents should utter during dialogues. In order to guarantee
that the contrary mapping in the framework drawn from a di-
alogue is total, we will use the notion of outcome function,
checking specific properties in a generated dialogue:

Definition 7. An outcome function is a mapping w : D
{true, false}. The ABA outcome function w4 p 4 is such that,
given § = (uy,...,un) € D, wapa(d) = true iff Yu; =
(= - asm(a), i) Ju; = (-, -, i, ctr(a, c), j), for 1<i<j<n.

We focus on dialogues where each utterance results from
applying a flat legal-move function to the dialogue prior to
that utterance, and for which w4 4 is true. We refer to these
dialogues as ABA dialogues. Trivially:

Proposition 1. The framework drawn from an ABA dialogue
is a flat ABA framework.

Below we refine the notions of legal-move and outcome
functions to guarantee that dialogues compute admissible ar-
guments. These refinements are given using dialectical trees.

4 Dialectical trees

Nodes of dialectical trees are either proponent or opponent
nodes, as in the case of concrete dispute trees (see section 2).
However, in a dialectical tree, nodes are labelled with pairs
of multi-sets of sentences and are associated with an utter-
ance in the dialogue from which the tree is extracted. This
extraction ignores the pass-utterances, i.e. a dialectical tree
is extracted from the 7-pruned sequence obtained from a di-
alogue, consisting of all non-pass utterances in the dialogue.
Note that, since no non-pass utterance has a pass-utterance as
its target (see definition 3), the target of every utterance in a
m-pruned sequence is guaranteed to be in this sequence.

The label of each node in a dialectical tree represents an
argument’s claim or support (see definition 10 below). The
first component of this label holds sentences (referred to as
marked) that have been “declared” as assumptions in some
utterance in the dialogue prior to (the utterance correspond-
ing to) that node. The second component holds sentences
(referred to as unmarked) that have been introduced in the
dialogue but have not yet been “discussed” in any utterance.
Formally:

Definition 8. A dialectical tree drawn from a dialogue ¢
=Dgi(s) = (u1,...,un) (n > 0) is a tree 7(J) whose nodes
are tuples ([Syd, Sumadl, L, U) where

o S,,q and Symq are (multi-)sets® of sentences in £
e [ iseither P (proponent) or O (opponent)
o U € N (the u-id)

and 7 (6) is 7™ (8) in the sequence 79(8), T1(6), ..., T™(9)
constructed inductively from the m-pruned sequence &' =
(u},...,u,) obtained from 4, as follows:

o T9(8) is empty;
o T1(68) consists solely of the root ([{}, {s}], P, 1);

®Multi-sets are needed to prove Lemma 1, as this relies upon
Corollary 6.1 of [Dung er al., 2006] that is proven for multi-sets.



e let 7%(6) be the i-th tree and u},, = (,_,t,C,id), for
0<i<m; then T*F1(§) is T%(5) with additional nodes
([1Smdalsumd}7 La Zd)7 sy ([ksmd;ksumd}y L; Zd)
children of the existing nodes
([1Sry;1d’1SZmd}? L, Ul*)v ) ([kS:ndakS;md]v L, Ul;k)
resp., where £ > 0 and U7, ..., U} are such that

- if C=rl(p) and there is u’=(_, ., t,7l(p"), ) (0 <

j < i)in ¢ with p’ # p but Head(p)=Head(p'),

then let u} = (., t,7l(p}),jidr), ..., uj, =

(< -, t,rl(p),), jidy) be all utterances in ¢ with tar-

gett, 0 < j; < 4, and p; # p but Head(p;)

Head(p), for I = 1,...,k; then UY,..., U} are

the u-ids of the parents in 7°(8) of the nodes

([*a *]7 ﬂjidl)7 [ = ]-a teey k;

otherwise, U7,...,U; are the u-ids of the leaf

nodes in 7%(§) which are descendants of nodes of

the form ([, ], -, ¢);

and ([;Smad, jSumdl, L, id) (1 < j < k) are such that
- if C'=asm(a) then

iSmd =j Spq U {a},
#Sumd =j Sima \ {0},

> Uy,

L=1L"%
— if C =rl(p) then
i9md =j Spgs
iSumd = (j55,,q \ {Head(p)}) U {Body(p)},
L =1L
— if C = ctr(a, c) then
3Sma = {}
jSumd = {C},

L=Pif[*=0,L=0if L* = P.
As an example, figure 1 (Left)’ gives the dialectical tree
drawn from the dialogue in example 3.1.
Definition 9. Given a dialectical tree 7 (0),

o the defence set Def(T(9)) is the union of all marked
sentences from proponent nodes;

o the culprits Cul(T (8)) are given by the set of all marked
sentences s in opponent nodes N such that the child of
NinT(6)is ([{},{c}], P,-), and Cs5(s) = c in the ABA
framework (£, Rs, As,Cs) drawn from 0.

Arguments (in the ABA framework drawn from a dialogue)

can be drawn from a dialectical tree, as follows:
Definition 10. A potential argument drawn from a dialectical
tree T (0) is Skgrc such that

e N =([S,5'],L,-)is anode of T(4),

o N = ([{},{c}], L, -) is the closest ancestor of N (pos-
sible N’ = N) such that the parent of N’ has a label L’
different from L, and

e every child of N has a label different from L

An actual argument drawn from T (J) is a potential argu-
ment Skyc drawn from 7 (0).

"Here ([S,S’],L,U) with S
{el,...,ep} is represented as ef", . .

{61,...

m /
€L s €15

e} and S’
., en:LU].
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Example 4.1. The potential arguments drawn from the
dialogue ¢ in example 3.1 are: {a}Fnk, {b}F(1q, {c}hpe
and {}F-,y7. The first three are actual arguments. The latter
can be seen as a start on the construction of an argument,
where only the claim is known. If we consider the same
dialogue ¢ until the utterance with identifier 10, and then:

ay az
(a1,a2,5,7l(q < h),11) | {as,a1,11,7l(h < d,g),12)

(a1, a2,12,asm(d),13) | {ag,a1,13,ctr(d,r),14)

we obtain the dialectical tree given in figure 1 (Mid-
dle). Here, {d}l-(4q is a new potential argument that is not
an actual argument. Note that nodes may hold empty 5,4
and S,,,,q components, as in figure 1.

Some potential arguments correspond to ABA arguments:

Proposition 2. Let (£, Rs, As,Cs) be the ABA framework
drawn from an ABA dialogue ¢ and Stg/c a potential argu-
ment drawn from 77(d). If S C As then SU S’ ¢ cis an
ABA argument w.r.t. (£, R, As,Cs).

Thus, actual arguments are necessarily ABA arguments.

We consider now restricted forms of dialectical trees, that
we then use below to refine our notion of legal-move function
(and to prove Lemma 1).

Definition 11. A dialectical tree 7 () is

o patient iff for all nodes N = ([, Sumal, L, -) in T (5), N
hasachild N' = ([, ], L’,.), L' # L, iff Syma = {};

o focused iff

1. each proponent node ([Sy.d,-|, P,-) has either no
child, or a single proponent child, or one opponent child
per assumption in S,,,4, and

2. each opponent node has either no child, or any num-
ber of opponent children, or one single proponent child.

Basically, arguments in a patient tree are fully expanded
(cf. actual) before being attacked. The left tree in figure 1
is patient, whereas the middle tree is not (since the opponent
node 13 has a proponent child even though its unmarked com-
ponent is {g}). In focused trees, no alternative ways to sup-
port or defend claims are considered simultaneously. Both
left and middle tree in figure 1 are focused. The following
example gives a non-focused tree.

Example 4.2. Let us consider the dialogue in exam-
ple 3.1 until the utterance with identifier 10, and then:

aj
(a1, a92,1,7l(k « d),11)
(a1, a2,12,ctr(d,r), 13)

The resulting dialectical tree, in figure 1 (Right), is not
a focused dialectical tree. Indeed, its root has two proponent
children. Accordingly, the rightmost, newly added branch
considers an alternative defence (given by {d}) to the defence
(given by {a, d}) considered in the left-most branch.

as
(ag,a1,11,asm(d),12)

The restricted form of legal-move function we consider is
guaranteed to generate patient, focused trees, as follows:

Definition 12. A (flat) legal-move function A : D — U is a
patient and focused legal-move function iff for every dialogue



kE:P[l] k:P[] k:P[1]

a:i\’[iﬂ a:i’[?)} a:41\3[3] d: P[11]
A A A A

a™:PM4] o™ :P[4] a™ :PH4] d":P[12]
A A A A

q:O[5] ¢:0[5 q:O0[5] r:0[13]
A AT~ A

b: O[6] b: O[6] h: O[11] b: O[6]

o™ :4\0[7] o™ :4\0[7] d,g :4\0[12] b :4\0[7]
A A A A

c:P[§] c: P8 d™",g:0[13] c:P[§

c™ :4\P[9] c” :4\P[9] r: P[14] c™ :4\P[9}
A A A

r:O[10] r: OJ10] r: O[10]

Figure 1: Dialectical trees drawn from the dialogues in exam-
ples 3.1 (Left), 4.1 (Middle) and 4.2 (Right).

d € D such that T (9) is patient and focused, 7 (4¢") is still pa-
tient and focused, where ¢’ is the dialogue ¢ extended with the
utterance \(d) (represented as 6 o A(0): if § = (uq,...,up),
then 6’ = § o A(0) = (uq, ..., uUn, A(0))).

Thus, when an agent decides what to utter, it needs to keep
the current dialectical tree into account and make sure that its
new utterance keeps the tree patient and focused. As a result,
the dialectical tree can be seen as a commitment store.

Our dialogue model so far does not force agents to say le-
gitimate utterances possible given the dialogue so far, where,
for example, in the ABA dialogue §*

a
(a1,az2,0,clm(a), 1
<a’17 as, 27 ctr(a, p)7

) (22, ay, 1,asm(a),2)
3) éaz,al,S,rl(pe c),4)
(

(a1,a2,4,asm(c),5) as, a1, 5, ctr(c, q),6)

(a1,a2,6,7l(q <), 7) as,a1,3,rl(p < q),8)
u* = (a1, a2,8,7rl(q +),9) is a possible legitimate utter-
ance, since q <—€ R due to utterance 7.

Definition 13. The exhaustive outcome function w.,, is such
that, given 0 € D and (L, Rs, As,Cs) the framework drawn
from 6, wey(6) = true iff wapa(d) = true and F’ with
content either asm(a), for a € As, or ri(p), for p € R, or
ctr(a,c), for ¢ = Cs(a), such that 6 o v’ is an ABA dialogue.

Thus, we, (6*)=false and w,, (§*ou* )=true. Note that ex-
haustiveness does not force complete dialogues or that agents
contribute to dialogues with relevant information they hold.

We refer to ABA dialogues generated by a patient, focused
legal-move function and for which we,, is true as exhaustive.

5 Formal results

In this section we link dialogues and the admissible argumen-
tation semantics. First we refine the outcome function so that
if a dialogue has a true outcome then the (fictional) propo-
nent has the last word in the dialogue, namely all leaves in the
dialectical tree are proponent nodes or “dead-end” opponent
nodes (not corresponding to any actual argument). Formally:
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Definition 14. The last word outcome function wy,, is such
that, given § € D, wyy,(0) = true iff we, (§) = true, there is
no non-empty proponent leaf and no empty opponent leaf in
T (6), where anode ([S1, Sa), -, -) is empty iff S; U Se = {}.

We refer to exhaustive dialogues for which wy,, is true as
positive. The dialogue in example 3.1 is positive. Positive di-
alogues give dialectical trees corresponding to concrete dis-
pute tree with the same defence set and culprits. Formally:

Lemma 1. Given a dialogue 6 = Dg’ (s) such that wy,, (6) =
true, there is a concrete dispute tree 7°¢ for s, such that
Def(T(6)) = Def(T¢) and Cul(T (8)) = Cul(T°).

Proof. (Sketch) 1) Given that n>1 is the number of nodes
in 7(4), we assign a unique number 1 < ¢ < n to each
node of 7(6) so that if ¢ <j then N; is an ancestor of N
(the root is N1 = ([{},{s}], P,1)). We then construct the
sequence 77,77,...,7, such that 7] is empty, 7{ consists
solely of the root Nj = (P, {s}), and, for 0< i< n, T/ ;
is 7'; with an extra node Ny, child of the node N}, cor-
responding to Ny in 7 () that is the parent of N; 1. If
Nipa=([SEH SUFUL L+ ), then Nj=(L',S") with L' =
L+ and S'=S T US| 2) We remove all duplicate nodes
in 7., getting 7”. 3) We transform 7" so that each propo-
nent node has at most one opponent node as a child, getting
T¢. 4) We prove that 7 is a concrete dispute tree. O

As in the case of concrete dispute trees, the defence set of a
dialectical tree may not be admissible, as it may attack itself.
We refine the notion of outcome function by enforcing that
this set does not attack itself, as follows:

Definition 15. The admissible outcome function wApys is
such that, given § € D, wapm(0) = true iff wy,(d) =
true and De f(T(6)) N Cul(T(8)) = {}. If 0 is positive and
wapm () = true, we say that ¢ is successful.

Theorem 1. Given a successful dialogue Dy’ (s) = 6, then
there exists an argument .S F s that belongs to an admissible
extension supported by Def(7(d)) w.rt. the ABA frame-
work drawn from 6.

Proof. If wapn(6) = true, by Lemma 1 there exists a con-
crete dispute tree 7 such that Def (T (6)) = Def(T*) and
Cul(T(8)) = Cul(T*). By Corollary 6.1 of [Dung er al.,
2006] (see section 2), the theorem holds. O

6 Illustration

Two agents, Jenny (J) and Amy (A), are planning a film night
together and want to agree on a movie to watch. The agree-
ment can be reached through a dialogue, as follows:

J: Let’s see if Terminator is a good movie to watch.

A: OK.
J: I want a movie that is fun and has a good screening time.
A: OK.
J: To me, a movie is fun if it is an action movie. A: OK.
J: And, Terminator is an action movie. A: OK.

J: L also believe Terminator starts at the right time.

A: Are you sure it is not going to be too late? J: Why?
A: 1 don’t know. I am just afraid so.

J: It won’t be too late if it finishes by 10 o’clock.

A: I see. Indeed Terminator finishes by 10 o’clock.



J: OK.
A: OK.

Here Jenny succeeds in persuading Amy to watch the
movie she proposes. Amy had the opportunity to disagree
and challenge Jenny, but Jenny managed to produce a com-
pelling argument. This natural language dialogue gives
an informal reading of the dialogue in our framework.?

(J,A,0,clm(wM (t)), 1) (A, J,0,7,2)

(f, A, Lrl(wM(t) « f(t),sT(t),3) (A, J,0,7,4)

(J, A, 3,71(f(t) + aM(t)),5) (A, J,0,,6)

(J, A, 5,rl(aM(t)),7) (A, J,0,7,8)

(J, A,3,asm(sT(t)),9)

(A, J,9,ctr(sT(t), late(t)), 10) (J,A,0,m, 11)

(A, J,10,asm(late(t)), 12)

(J, A, 12, ctr(late(t), fT(t)), 13)

(A, J,13,71(fT(t)), 14) (J,A,0,m,15)
(A, J,0,7,16)

This dialogue is successful and, by theorem 1, wM (t) be-
longs to an admissible extension of the drawn ABA frame-
work. This corresponds to Jenny having persuaded Amy,
in that no objections have been raised that could not be ad-
dressed, and Jenny’s view point is non-contradictory.

7 Related Work

[McBurney and Parsons, 2009] give an overview of dialogue
games for argumentation. Our work can be seen as providing
a novel dialogue game for ABA. [Prakken, 2006] reviews di-
alogue systems for persuasion. Section 6 illustrates how our
model can be used for persuasion. However, it can also be
used for other kinds of dialogues, e.g. information-seeking.

[Parsons et al., 2007] examine three notions of relevance
in dialogues where utterances are arguments and attacks. Our
utterances are at at a finer granularity level, as they corre-
spond to rules etc. Thus, there is no direct mapping between
our work and their relevance.

[Black and Hunter, 2009] present a formal system for in-
quiry dialogues based on DeLP as the underlying argumenta-
tion framework. Our work differs from theirs as (1) it does
not focus on inquiry dialogues; (2) it uses ABA; (3) it does
not force full disclosure of all relevant knowledge as they do.

[Prakken, 2005] defines a formal system for persuasion.
The main differences with our work are: (1) proponent and
opponent roles are pre-assigned to agents before the dia-
logue whereas in our work agents can play both roles within
the same dialogue; (2) he considers the grounded semantics,
whereas we use admissibility; (3) his set of utterances refer to
arguments and attacks, as in the case of [Parsons et al., 2007];
(4) he forces the support of arguments to be minimal, whereas
we do not, in the spirit of [Dung er al., 2010]; (5) he does
not impose a strict interleaving, whereas we do, similarly to
[Black and Hunter, 2009]. (6) he does not allow agents to
jointly construct arguments whereas we do.

8wM stands for watchMovie, ¢ for Terminator, sT" for screen-
Time, f for fun, aM for actionMovie, fI" for finishbyTen.
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8 Conclusion

We presented a formal dialogue model for assumption-based
argumentation (ABA). The model is not tailored to any dia-
logue type. We chose to illustrate the model with a persuasion
dialogue. We proved that our model is sound by connecting
it with the admissibility argumentation semantics for ABA.
Thus, our dialogues can be seen as a distributed mechanism
for computing admissible extensions (supporting claims).

We have assumed that agents exchange their views in
ABA-format, namely ABA serves as a standard for the ex-
change of information between agents. However, agents may
adopt an internal representation different from ABA.

Future work includes further investigating properties of
model, including soundness w.r.t. other argumentation se-
mantics, as well as completeness. We are also interested in
extending the model to allow for a more flexible turn-making
than strict interleaving, to support conversations amongst
more than two agents, and to refine the model as to prevent
undesirable strategic behavior of agents, e.g. along the lines
of [Rahwan er al., 2009]. Finally, we plan to develop appli-
cations of our model for the various kinds of dialogue types,
e.g. inquiry, information-seeking and negotiation.
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