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Abstract
We introduce Acceptance Trees (ATs), tree-shaped explanatory structures aimed at supporting interpretation

and interactive reasoning in argumentation-based systems. Instead of presenting the full graph to the user, ATs

are extracted from Bipolar Argumentation Frameworks (BAFs), which provide the underlying argumentative

structure. The resulting trees guarantee the justification of a designated root argument, while offering a more

intuitive and navigable structure for explanation and dialogue. We provide a formal definition of ATs, analyse

their structural and semantic properties, and present a general construction method applicable to arbitrary

BAFs, together with an executable encoding in Answer Set Programming. Finally, we show how ATs can be

integrated into an argumentation-based dialogue procedure for decision support and persuasion, where they

regulate argument selection and disclosure, supporting transparent and explainable interaction grounded in

formal argumentation.
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1. Introduction

Computational Argumentation provides a principled framework for modelling reasoning and debate

by explicitly representing claims together with the attack and support relations that determine their

acceptability [1]. Its formal foundations enable transparent and explainable reasoning, and a growing

body of work has explored how argumentation can be embedded into interactive settings, ranging from

explanation tools to conversational agents [2, 3].

However, integrating argumentation into genuinely dialogical environments introduces challenges

that go beyond the static reasoning tasks typically studied in the literature. This is well illustrated

by the International Competition on Computational Models of Argumentation (ICCMA) [4, 5, 6, 7],

where the main tasks, such as computing extensions or deciding credulous and sceptical acceptance,

assume a fully specified argumentation framework as input, with all arguments and relations given in

advance and evaluated globally in a single step. Although recent dynamic tracks consider sequences of

incremental modifications [6, 7], the emphasis remains on efficiently recomputing acceptability under

structural updates rather than on how an existing, fixed knowledge base (KB) should be progressively

disclosed to a user.

In a dialogue setting, by contrast, the argumentative KB is gradually revealed through interaction.

This raises the question of how to ensure that, at each step of the conversation, the portion of the

knowledge disclosed so far remains internally consistent and continues to support or challenge a

designated claim, rather than relying on properties that only hold at the level of the fully specified

framework.

Our goal is to provide a formal basis for natural-language conversations in which a user discusses

a given topic through an argumentation-based dialogue procedure. Rather than allowing arguments

to be generated freely, the procedure assumes a predefined argumentative KB and selects responses
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by progressively disclosing arguments that are logically justified with respect to the current state

of the dialogue. This requires a representation that not only captures the underlying argumentative

knowledge, but also supports its incremental presentation while preserving the correctness of the

reasoning throughout the interaction.

This paper addresses these issues by combining Bipolar Argumentation Frameworks (BAFs) [8] with

a dialogue-oriented perspective. We adopt BAFs as the underlying representation due to their ability

to jointly capture attack and support relations among arguments. Building on this representation,

we introduce Acceptance Trees (ATs), tree-shaped explanatory structures extracted from a BAF that

capture a line of reasoning leading to the acceptance of a designated root argument under the adopted

admissible semantics. Rather than serving as a mere reformulation of the underlying graph, ATs are

designed to support incremental disclosure by construction: arguments can be revealed progressively

while every intermediate view preserves a coherent justification for the root.

We then illustrate how ATs can underpin an argumentation-based dialogue procedure for decision

support and persuasion. Within this procedure, the conversation unfolds through the progressive

disclosure of arguments from an AT, according to the user’s contributions and the selected interaction

objective. As a result, explainability is preserved throughout the dialogue, rather than reconstructed

only after the reasoning process has concluded.

The remainder of the paper is organised as follows. Section 2 recalls the necessary background on

BAFs and the notion of defence. Section 3 introduces ATs, studies their properties, and discusses their

construction from BAFs. Section 4 presents the dialogue procedure and describes how ATs are exploited

to generate responses during the interaction. Section 5 reviews the most closely related work. Finally,

Section 6 concludes the paper and outlines directions for future research.

2. Background

Computational Argumentation is an interdisciplinary field that combines Computer Science, Logic

and Artificial Intelligence to model, analyse and evaluate arguments in automated systems. It involves

the formalisation of arguments and reasoning processes designed to identify and evaluate conflicting

positions. A key concept in Computational Argumentation is that of Abstract Argumentation Frame-

works (AFs) [9], which provide formal structures for representing and reasoning about arguments and

attacks between them. AFs are highly versatile but quite basic in their expressiveness, and as such,

they have been extended in various ways to capture different nuances of human reasoning. Bipolar

Argumentation Frameworks (BAFs) [8] are an extension of classical AFs that incorporate support and

attack relations between arguments.

Definition 1. A Bipolar Argumentation Framework (BAF) is a tuple ⟨A,Att ,Supp⟩ where A is a finite

set of arguments, Att ⊆ 𝐴×𝐴 is the attack relation, where (𝑎, 𝑏) ∈ Att means that argument 𝑎 attacks

argument 𝑏, and Supp ⊆ 𝐴 × 𝐴 is the support relation, where (𝑎, 𝑏) ∈ Supp means that argument 𝑎
supports argument 𝑏.

The acceptability of arguments is then evaluated using argumentation semantics [1], i.e. rules

designed to determine which arguments are justified or rejected based on their relations with other

arguments. Acceptability often involves considering a notion of conflict-freeness, i.e., two arguments

that are acceptable together must not attack each other. Additionally, for an argument to be accepted in

a BAF, it typically needs to be defended, which means that for every attack directed at it, there must be

a counter-argument that can neutralise that attack.

The role of support relations in BAFs can be interpreted in different ways, as discussed in the

literature [10]. These interpretations differ in how support affects the acceptability of arguments and in

the kinds of interactions it induces with attacks. In this work, we adopt the necessary interpretation of

support: if an argument 𝑎 supports 𝑏, then 𝑏 is acceptable only if also 𝑎 is acceptable. Necessary support

is particularly well suited to explanation and persuasion, since it captures a dependency notion in

which claims are justified only if their underlying reasons are themselves valid. The necessary reading



of support induces additional forms of attack, called extended attacks [10], which make explicit how

attacks can propagate through support relations.

Definition 2. Let 𝐵 = ⟨A,Att ,Supp⟩ be a BAF. There is an extended attack from 𝑎 to 𝑏 if and only if

one of the following conditions holds:

1. (𝑎, 𝑏) ∈ Att ;

2. there exists a sequence of arguments 𝑎1, 𝑎2, . . . , 𝑎𝑛 with 𝑛 ≥ 3 such that (𝑎1, 𝑎2) ∈ Att , (𝑎2, 𝑎3) ∈
Supp, . . . , (𝑎𝑛−1, 𝑎𝑛) ∈ Supp, with 𝑎1 = 𝑎 and 𝑎𝑛 = 𝑏;

3. there exists a sequence of arguments 𝑎1, . . . , 𝑎𝑛 with 𝑛 ≥ 2 and some 𝑎𝑝 such that (𝑎1, 𝑎2) ∈
Supp, . . . , (𝑎𝑛−1, 𝑎𝑛) ∈ Supp and (𝑎1, 𝑎𝑝) ∈ Att , with 𝑎𝑛 = 𝑎 and 𝑎𝑝 = 𝑏.

Figure 1 illustrates how the direct attack from 𝑎 to 𝑏 propagates through the support relations. Since

𝑏 supports 𝑐, which in turn supports 𝑑, 𝑎 also attacks 𝑐 and 𝑑. At the same time, since 𝑎 supports 𝑒,

which supports 𝑓 , both 𝑒 and 𝑓 also attack 𝑏.

Figure 1: Example of a BAF where green edges represent supports and red ones attacks. Dotted edges are

extended attacks.

At this point, we can characterise when an argument is defended against all its (direct and extended)

attackers.

Definition 3. Let 𝐵 = ⟨A,Att ,Supp⟩ be a BAF, and let Att* denote the set of extended attacks induced

by 𝐵. Given a set of arguments 𝑆 ⊆ A, we say that 𝑆 defends an argument 𝑎 ∈ A if, for every argument

𝑏 ∈ A such that (𝑏, 𝑎) ∈ Att*, there exists an argument 𝑐 ∈ 𝑆 such that (𝑐, 𝑏) ∈ Att*.

The notion of defence naturally gives rise to admissibility. In particular, we adopt the labelling-based

characterisation of admissible semantics for BAFs, where arguments labelled in are accepted, arguments

labelled out are rejected, and the remaining ones are labelled undec.

Definition 4. Let 𝐵 = ⟨A,Att ,Supp⟩ be a BAF, and let Att* denote the set of extended attacks induced

by 𝐵. An admissible labelling of 𝐵 is a function ℒ𝐵
adm

: A → {in, out,undec} such that, for every

argument 𝑎 ∈ A:

• ℒ𝐵
adm

(𝑎) = in if for all 𝑏 ∈ A with (𝑏, 𝑎) ∈ Att*, it holds that ℒ𝐵
adm

(𝑏) = out;

• ℒ𝐵
adm

(𝑎) = out if and only if there exists 𝑏 ∈ A such that (𝑏, 𝑎) ∈ Att* and ℒ𝐵
adm

(𝑏) = in;

• ℒ𝐵
adm

(𝑎) = undec otherwise.

3. Acceptance Trees

While BAFs provide a rich representational formalism, their graph structure is not well suited for

interactive explanation. In a dialogue setting, arguments need to be presented incrementally, in a way

that remains intelligible without requiring access to the full framework at each step. However, BAFs

may contain cycles and mutually dependent attack and support relations, which prevents a natural

decomposition into a linear sequence of independent reasoning steps. Moreover, argumentation seman-

tics are defined over the entire framework and determine only the final acceptance status of arguments,

without providing a structured form of justification that can directly guide stepwise presentation to a

user.



We model a discussion around a main claim by representing it as a BAF rooted at the correspond-

ing argument, with the remaining arguments capturing supporting and opposing reasons and their

interrelations. In this setting, the objective is to ensure that the root argument is defended against

all its direct and extended attackers, while the attacks and supports directed towards it constitute its

underlying justification. To bridge the gap between the possibly cyclic structure of a BAF and the need

for a structured, stepwise explanation, we introduce the Acceptance Tree, a tree-shaped substructure

of the underlying BAF rooted at the main claim. It is obtained by selecting a subset of arguments and

relations that i) preserve the defence of the root, ii) ensure that every argument is connected to it via a

directed path, and iii) restrict each argument to have at most one outgoing edge.

Definition 5. Let 𝐵 = ⟨A,Att ,Supp⟩ be a BAF. An Acceptance Tree (AT) for an argument 𝑟 ∈ A is a

tuple 𝑇 = ⟨A𝑇 ,Att𝑇 ,Supp𝑇 ⟩ such that:

• A𝑇 ⊆ A, Att𝑇 ⊆ Att ∩ (A𝑇 ×A𝑇 ), and Supp𝑇 ⊆ Supp ∩ (A𝑇 ×A𝑇 );

• there exists an admissible labelling ℒ𝑇
adm of 𝑇 such that ℒ𝑇

adm(𝑟) = in;

• (𝑟, 𝑎) /∈ Att𝑇 ∪ Supp𝑇 for every 𝑎 ∈ A𝑇 ;

• for each 𝑥 ∈ A𝑇 ∖ {𝑟}, there is at most one 𝑦 ∈ A𝑇 such that (𝑥, 𝑦) ∈ Att𝑇 ∪ Supp𝑇 ;

• for each 𝑎 ∈ A𝑇 ∖ {𝑟}, there exists a directed path from 𝑎 to 𝑟 in 𝑇 .

Figure 2 shows an AT rooted at 𝑑, with Att𝑇 = {(𝑏, 𝑐), (𝑒, 𝑏)} and Supp𝑇 = {(𝑎, 𝑏), (𝑐, 𝑑)}. Every

non-root argument has at most one outgoing relation and a directed path to 𝑑, while the root has no

outgoing relations. Moreover, the labelling that assigns in to 𝑎, 𝑐, 𝑑, and 𝑒, and out to 𝑏, is admissible.

Therefore, the structure satisfies all the conditions of Definition 5.

Figure 2: Example of an AT rooted at 𝑑. Green arguments are labelled in, while the red argument is labelled out.

An AT defending a main claim can be systematically constructed starting from a BAF and a designated

root argument. The construction relies exclusively on the information encoded in the BAF, namely

its arguments together with their attack and support relations, and does not require the introduction

of external information or additional reasoning principles. In the following discussion, we outline

a construction procedure and provide an executable encoding based on Answer Set Programming

(ASP) [11], together with a correctness result.

3.1. Construction of Acceptance Trees

We provide an ASP-based approach to construct an AT from a given BAF with respect to a designated

root argument. The method systematically generates tree-shaped substructures rooted at the target

argument, subject to structural constraints ensuring connectivity and acyclicity, and selects those

substructures that preserve the attack and support relations relevant for the defence of the root. In

particular, all attacks against the root must be countered within the resulting structure, and every

included argument is required to contribute, directly or indirectly, to its defence. This guarantees that

the extracted AT provides a coherent justification for the root argument within the original BAF.

Listing 1 encodes the initial step of the construction. Initially, the input to the program must specify

the set of arguments (arg/1), the attack relations (att/2), the support relations (supp/2), and the

designated root (root/1). The root argument is always included in the tree via the rule arg_tree(R)
:- arg(R), root(R). Other arguments are then selected non-deterministically with the choice

rule arg_tree(X) : arg(X) , allowing multiple combinations of arguments to be considered.

Similarly, edges representing attacks and supports are non-deterministically included among the selected



arguments: att_tree(X,Y) is added if X and Y are in the tree and att(X,Y) exists in the original

BAF, while supp_tree(X,Y) is added analogously for supports. Finally, the auxiliary predicate

edge_tree(X,Y) collects all edges in the tree, whether attacks or supports.

Listing 1: Program initialisation.

a r g _ t r e e ( R ) : − arg ( R ) , r o o t ( R ) .

{ a r g _ t r e e (X) : a rg (X) } .

{ a t t _ t r e e ( X , Y ) : a r g _ t r e e (X) , a r g _ t r e e ( Y ) , a t t ( X , Y ) } .

{ s u p p _ t r e e ( X , Y ) : a r g _ t r e e (X) , a r g _ t r e e ( Y ) , supp ( X , Y ) } .

e d g e _ t r e e ( X , Y ) : − a t t _ t r e e ( X , Y ) .

e d g e _ t r e e ( X , Y ) : − s u p p _ t r e e ( X , Y ) .

The constraints in Listing 2 enforce structural properties on the candidate tree to ensure it forms a

proper rooted subtree. The first constraint, :- edge_tree(R,_), root(R), guarantees that the root

argument has no outgoing edges, preserving its role as the origin of the tree. The second constraint,

:- edge_tree(Z,X), edge_tree(Z,Y), X != Y, ensures that each non-root argument has at

most one outgoing edge, preventing branching at non-root nodes. Reachability from the root is defined

by the recursive rules reach(R) :- root(R) and reach(Y) :- edge_tree(Y,X), reach(X),

which propagate the reachability predicate along the edges of the tree. Finally, the constraint :-
arg_tree(X), not reach(X) ensures that every argument selected in the tree is connected to the

root, discarding any disconnected nodes and guaranteeing the resulting structure is a single connected

subtree.

Listing 2: Structural constraints

: − e d g e _ t r e e ( R , _ ) , r o o t ( R ) .

: − e d g e _ t r e e ( Z , X ) , e d g e _ t r e e ( Z , Y ) , X != Y .

r e a c h ( R ) : − r o o t ( R ) .

r e a c h ( Y ) : − e d g e _ t r e e ( Y , X ) , r e a c h (X) .

: − a r g _ t r e e (X) , not r e a c h (X) .

The extended attack relation induced by necessary support of [10] within the constructed tree is en-

coded using the predicate attack/2 in Listing 3. The rule supp_tree(X,Z) :- supp_tree(X,Y),
supp_tree(Y,Z) ensures that support is transitive, propagating support along chains of arguments

within the tree. Then, attack(X,Y) :- att_tree(X,Y) captures direct attacks, corresponding to

explicit edges in the original BAF, while rules attack(X,Y) :- att_tree(Z,Y), supp_tree(Z,X)
and attack(X,Y) :- att_tree(X,Z), supp_tree(Z,Y) encode extended attacks from Defini-

tion 2. The predicate attacked/1 identifies those arguments that are attacked within the current tree

by already accepted arguments, thereby providing the basis for the definition of defence.

Listing 3: Necessary support.

s u p p _ t r e e ( X , Z ) : − s u p p _ t r e e ( X , Y ) , s u p p _ t r e e ( Y , Z ) .

a t t a c k ( X , Y ) : − a t t _ t r e e ( X , Y ) .

a t t a c k ( X , Y ) : − a t t _ t r e e ( Z , Y ) , s u p p _ t r e e ( Z , X ) .

a t t a c k ( X , Y ) : − a t t _ t r e e ( X , Z ) , s u p p _ t r e e ( Z , Y ) .

a t t a c k e d (X) : − a t t a c k ( Y , X ) , i n ( Y ) .

The encoding of an admissible set within the tree, shown in Listing 4, adapts the approach originally

proposed in [12] from AFs to the bipolar setting. The first two rules (in/1, out/1) non-deterministically

guess a candidate admissible set by assigning each argument either to in or to out. Conflict-freeness

is enforced by the integrity constraint :- in(X), in(Y), attack(X,Y), which prohibits the

simultaneous acceptance of arguments that attack each other. The notion of defence is encoded by

requiring every attacker of an accepted argument to be counterattacked by another accepted argument,

thus realising a collective notion of defence over the tree structure. Operationally, the predicate

not_defended/1 identifies arguments for which this condition is violated, and the constraint :-



in(X), not_defended(X) ensures that only defended arguments can belong to the admissible set.

Finally, the rule :- root(R), not in(R) requires the designated root argument to belong to the

admissible set, thereby ensuring that it is defended in the resulting tree.

Listing 4: Defence and enforcement of the root.

i n (X ) : − arg (X) , not out (X ) .

out (X ) : − arg (X) , not i n (X) .

n o t _ d e f e n d e d (X) : − a t t a c k ( Y , X ) , not a t t a c k e d ( Y ) .

: − i n (X) , i n ( Y ) , a t t a c k ( X , Y ) . % c o n f l i c t − f r e e

: − i n (X) , n o t _ d e f e n d e d (X) . % c o l l e c t i v e d e f e n s e

: − r o o t ( R ) , not i n ( R ) .

Proposition 1. Let 𝐵 = ⟨A,Att ,Supp⟩ be a BAF and 𝑟 ∈ 𝐴 be a designated root argument. Then,

any tuple 𝑇 = ⟨AT ,AttT ,SuppT ⟩ generated by the ASP program described in Listings 1–4, through the

predicates arg_tree/1, att_tree/2, and supp_tree/2, constitutes an AT for 𝑟.

Proof. The correctness of the construction follows directly from the rules and constraints encoded in

the ASP program. All arguments, attacks, and supports in 𝑇 are non-deterministically selected from

𝐵 via the predicates arg_tree/1, att_tree/2, and supp_tree/2 in Listing 1, ensuring that 𝑇 is a

subframework of 𝐵. From [12] and the enforcement constraint :- root(R), not in(R) in Listing 4

we have that the root 𝑟 is labelled in under the admissible semantics computed on 𝑇 .

We now show that 𝑇 forms a directed tree rooted at 𝑟. First, the constraint :- edge_tree(R,_),
root(R) in Listing 2 ensures that the root has no outgoing edges. Next, :- edge_tree(Z,X),
edge_tree(Z,Y), X != Y guarantees that each non-root argument has at most one outgoing edge

in 𝑇 . Finally, the reachability rules reach/1 and the associated constraint :- arg_tree(X), not
reach(X) in Listing 2 ensure that every argument included in 𝐴𝑇 is connected to the root.

Consider the BAF shown in Figure 3. In this framework, the argument 𝑑 is not defended against the

extended attacks induced by the arguments in the cycle involving 𝑏, 𝑐, and 𝑒. Nevertheless, it is possible

to extract an AT rooted at 𝑑 by selecting the arguments {𝑎, 𝑏, 𝑐, 𝑑, 𝑒} together with the support relations

(𝑎, 𝑏) and (𝑐, 𝑑), and the attack relations (𝑏, 𝑐) and (𝑒, 𝑏), while discarding the attack (𝑐, 𝑒), which is

involved in the cycle and does not contribute to the defence of 𝑑. The resulting structure, shown in

Figure 2, is acyclic and its root argument 𝑑 is labelled in under the admissible semantics. Running the

ASP encoding with clingo on this instance yields four distinct AT structures. The one shown in Figure 2

is the largest in terms of number of arguments.

Figure 3: Example of BAF containing a cycle. Argument 𝑑 is not acceptable under admissible semantics.

3.2. Canonical Acceptance Tree

A trivial solution to the construction problem always exists and consists of the AT containing only the

root argument. Since no additional arguments or relations are selected, all structural constraints are

trivially satisfied and the root is labelled in by construction. Although always valid, such a solution

provides virtually no explanatory information. Although explanatory quality is application-dependent,

the amount of argumentative structure retained from the original BAF can be used as a structural

proxy for informativeness. The construction of an AT is inherently non-deterministic. Given a BAF

and a designated root argument, multiple ATs may satisfy Definition 5, each representing a different



justification for the acceptance of the root. This multiplicity can be exploited to tailor the extracted

explanation to different application requirements.

A natural way of selecting among alternative ATs is to formulate the extraction process as an

optimisation problem. Let 𝒯 (𝐵, 𝑟) denote the set of all ATs for the root argument 𝑟 of a BAF 𝐵. Given

an objective function 𝑓 : 𝒯 (𝐵, 𝑟) → R, a canonical AT can be selected as

𝑇 ⋆ ∈ arg max
𝑇∈𝒯 (𝐵,𝑟)

𝑓(𝑇 ),

or equivalently by minimisation, depending on the chosen objective.

Different objective functions induce different notions of canonicality. For instance, following the

principle of minimal change advocated in enforcement approaches for AFs [13], one may favour ATs

that retain as much information as possible from the original BAF. Conversely, minimisation can be used

to obtain more concise ATs when combined with an appropriate non-triviality or coverage requirement.

Different weights can also be assigned to attacks and supports, depending on the intended explanatory

emphasis.

As a concrete refinement, we consider the number of retained arguments as a structural measure

of informativeness and select an AT containing the maximum possible number of arguments. This

criterion is implemented by the optimisation statement in Listing 5.

Listing 5: Maximisation of the number of arguments in an AT.

# maximize { 1@1, X : a r g _ t r e e (X) } .

Under this refinement, the singleton AT is returned only when no AT containing additional arguments

exists. Analogous optimisation statements over the predicates representing selected attacks and supports

can be used to implement the other criteria described above. The ASP program guarantees that every

optimal solution still satisfies Definition 5 and is optimal with respect to the selected criterion. We

remark that these optimisations provide a precise structural notion of informativeness, rather than an

absolute guarantee of explanatory quality, which may also depend on the application context and the

user.

The optimisation perspective also provides a natural foundation for comparing different ATs seman-

tically. While classical extension-based semantics only distinguish whether the root is accepted or not,

graded and ranking semantics for bipolar argumentation assign a degree of acceptability or strength

to each argument [14, 15, 16]. Such semantics may be used to associate a notion of robustness with

ATs. Given a ranking semantics 𝜌, the degree assigned by 𝜌 to the root argument within the tree can be

interpreted as an indication of how stable its acceptance is under structural changes. Intuitively, higher

values suggest that only substantial or well-targeted modifications of the underlying graph would affect

the acceptability of the root, while lower values indicate that its status can be more easily undermined.

Given a candidate AT, its structural conditions from Definition 5 can be checked in polynomial time

through standard graph operations. The extended attack relation can also be computed in polynomial

time through graph reachability. Once this relation has been computed, checking whether the root can

be labelled in reduces to credulous acceptance under admissible semantics in a standard AF, which is

NP-complete [17]. AT construction additionally requires selecting a suitable subset of arguments and

relations. The ASP encoding guesses the arguments and relations included in the AT together with

their acceptance status. Consequently, the number of candidate interpretations induced by the program

can be exponential in the size of the input BAF. Computing a canonical AT further requires optimising

the selected criterion over the valid solutions.

4. Acceptance Trees for Dialogue Systems

ATs provide a structured representation of the reasoning supporting a claim. Building on this represen-

tation, in this section we define a dialogue procedure that uses an AT to determine which arguments

can be disclosed in response to the user’s contributions. Every response selected by the procedure is



therefore grounded in the underlying argumentative KB. Rather than generating arguments arbitrarily,

the procedure only selects arguments already represented in the KB, ensuring that every reply remains

logically justified and consistent with the underlying BAF. The following presentation focuses on the

formal dialogue procedure and its response-selection policies, while the NLP components are described

only to the extent required to explain how user utterances are mapped to arguments.

Each discussion topic is associated with an AT extracted from the corresponding BAF. The interaction

starts from the root of the selected AT, representing the main claim under discussion. The conversation

then unfolds incrementally, with each user contribution and each response selected by the procedure

disclosing one argument at a time from the tree. In this way, each dialogue step progressively reveals

a portion of the underlying justification, while preserving the structural and semantic properties

established in the previous section.

The proposed dialogue procedure supports two interaction modes: PRO (decision support) and

CON (persuasion). In PRO mode, the objective is to assist the user in decision making by reinforcing

or clarifying a given position. In CON mode, the objective is to challenge the user’s viewpoint and

encourage a revision of it. As discussed later, the two modes rely on different response-selection policies

while sharing the same underlying argumentative representation.

After each user utterance, the dialogue proceeds through two phases: argument recognition and

response generation. Since reasoning is performed over the AT, a concrete implementation must first

associate the user’s natural-language input with one of its arguments. Each argument in the KB is

assumed to be associated with one or more natural-language sentences expressing its content. One

possible implementation strategy is to use a pre-trained Sentence-BERT model [18] to compute the

semantic similarity between the user’s message and these sentences, selecting the argument whose

textual representation best matches the input. If no similarity score exceeds a predefined threshold,

the utterance may be treated as outside the current KB and stored for possible future validation and

integration.

Once the user’s contribution has been mapped onto an argument of the AT, the response generation

phase determines which undisclosed argument should be revealed next. The selection is performed

according to a set of predefined rules that take into account the structure of the AT, the acceptability of

arguments under the defence notion, the relation established by the user (attack or support), and the

selected interaction mode. The objective is to produce replies that are logically valid, coherent with the

ongoing discussion, and aligned with the intended conversational goal. The remainder of this section

formalises the response-selection procedure.

The conversation can be seen as a sequence of controlled projections of the AT.
1

To incorporate the

arguments corresponding to the user’s input and the response selected by the procedure into the current

projection of the AT, we apply a disclosure operation that introduces each new argument together with

its associated attack or support relation.

Definition 6. Let 𝐵 = ⟨A,Att ,Supp⟩ be a BAF and 𝐵 |D its projection with respect to D ⊂ A, and

consider an argument 𝑐 ∈ A ∖D . We define the disclosure of 𝑐 in 𝐵 |D as 𝐵 |D∪{𝑐}.

The result of a disclosure operation is not, in general, guaranteed to be an AT for the root argument

𝑟, even when the original structure is itself an AT. As per Definition 6, a newly disclosed argument 𝑐
may be added without any structural or semantic constraints. Consequently, 𝑐 may be disconnected

from the current projection or may affect the acceptability of already disclosed arguments, potentially

leading to the rejection of the root. At the end of this section, we show that the proposed procedure

avoids this issue by ensuring that structures obtained through the answer-selection rules remain ATs.

The response-selection procedure combines four key elements. First, the textual content of the user’s

contribution is mapped to a known argument 𝑏 in the underlying AT. Second, the argument 𝑎 to which

the user is replying is determined. It may be explicitly selected by the user, assumed by default, for

instance as the most recent argument disclosed by the procedure as in dialogue games [19], or inferred

1

As usual, the projection of a BAF 𝐵 = ⟨A,Att ,Supp⟩ with respect to a subset of arguments D ⊆ A is 𝐵 |D= ⟨D , Att ∩
(D ×D), Supp ∩ (D ×D)⟩.



Rule a b Relation Answer

P1 in out (𝑏, 𝑎) ∈ AttT (𝑐, 𝑏) ∈ AttT
P2 in in (𝑏, 𝑎) ∈ AttT
P3 in out (𝑏, 𝑎) ∈ SuppT
P4 in in (𝑏, 𝑎) ∈ SuppT (𝑐, 𝑏) ∈ SuppT

(𝑐, 𝑎) ∈ SuppT
P5 out out (𝑏, 𝑎) ∈ AttT (𝑐, 𝑎) ∈ AttT
P6 out in (𝑏, 𝑎) ∈ AttT (𝑐, 𝑏) ∈ SuppT

(𝑐, 𝑎) ∈ AttT
P7 out out (𝑏, 𝑎) ∈ SuppT (𝑐, 𝑏) ∈ AttT
P8 out in (𝑏, 𝑎) ∈ SuppT (𝑐, 𝑏) ∈ SuppT

(𝑐, 𝑎) ∈ AttT

Table 1
Answer selection rules in PRO mode.

automatically [20]. At the beginning of the interaction, the only available argument is the root of

the AT, which is presented as the initial claim. Third, the relation between 𝑏 and 𝑎 is identified by

determining whether 𝑏 attacks or supports 𝑎. This information may be provided explicitly or inferred

using learning-based methods [20]. Finally, the response strategy depends on the selected interaction

mode. The PRO mode supports deliberation and decision making, whereas the CON mode challenges

the user’s stance and promotes persuasion. Separate rule sets are used for the two modes. To select a

reply argument 𝑐, the procedure considers arguments in the AT that have not yet been disclosed. The

selected argument must be acceptable under the adopted notion of defence to ensure that the resulting

dialogue remains logically sound.

Definition 7. Given an AT 𝑇 = ⟨AT ,AttT ,SuppT ⟩, a set of disclosed arguments D ⊆ AT , and the last

user input 𝑏 ∈ D such that (𝑏, 𝑎) ∈ AttT ∪ SuppT with 𝑎 ∈ D , the response-selection procedure returns

an argument 𝑐 ∈ AT ∖D satisfying ℒ𝑇
𝑎𝑑𝑚(𝑐) = in, selected according to the rules in Tables 1 and 2 for the

respective interaction modes.

When a rule admits multiple responses, as in P4, P6, P8, and C7, the alternatives are interpreted

disjunctively, and the procedure selects non-deterministically any undisclosed argument satisfying one

of them. No preference order among the eligible responses is assumed. We first describe the rules for

the PRO mode.

P1. The user provides an argument 𝑏 that attacks an accepted argument 𝑎. This is interpreted as

a disagreement with the current stance, and the procedure selects an argument 𝑐 that challenges the

user’s position.

P2. Two accepted arguments attacking each other cannot occur under standard conflict-free semantics,

hence this case is not considered.

P3. A rejected argument supporting an accepted one is impossible under the adopted notion of

support.

P4. The user supports an accepted argument. This indicates agreement, and the procedure continues

the discussion by selecting an additional supporting argument.

P5. The user uses a rejected argument to attack another rejected argument. The procedure selects an

argument that reinforces the rejection of the target.

P6. The user provides an accepted argument attacking a rejected one. The procedure selects an

argument that either supports the accepted argument or attacks the rejected one.

P7. The user supports a rejected argument with another rejected argument. The procedure blocks

this line of reasoning by selecting an argument that attacks the supporting argument.

P8. The user supports a rejected argument with an accepted one. The procedure selects an argument

that either strengthens the accepted argument or attacks the rejected one.

In CON mode, the procedure challenges the user’s position when it conflicts with the root claim,

which must remain accepted. Table 2 summarises the corresponding rules.



Rule a b Relation Answer

C1 in out (𝑏, 𝑎) ∈ AttT (𝑐, 𝑏) ∈ AttT
C2 in in (𝑏, 𝑎) ∈ AttT
C3 in out (𝑏, 𝑎) ∈ SuppT
C4–C6

C7 out out (𝑏, 𝑎) ∈ SuppT (𝑐, 𝑏) ∈ AttT
(𝑐, 𝑎) ∈ AttT

C8 out in (𝑏, 𝑎) ∈ SuppT (𝑐, 𝑎) ∈ AttT

Table 2
Answer selection rules in CON mode.

C1. The user attacks an accepted argument with a rejected one. The procedure selects an argument

that counterattacks the user’s argument.

C2–C3. Cases corresponding to invalid configurations under the admissible semantics are excluded.

C4–C6. When the user aligns with the position represented by the accepted root by supporting

accepted arguments or attacking rejected ones, the interaction is considered successfully concluded.

C7. The user supports a rejected argument with another rejected argument. The procedure selects

an argument that attacks either component of the reasoning chain.

C8. The user supports a rejected argument with an accepted one. The procedure selects an argument

that attacks the rejected argument.

We now establish key properties of the selection procedure. Although intermediate projections of an

AT do not in general preserve its structure, the controlled disclosure strategy ensures that each step

remains consistent.

Proposition 2. Let 𝑇 = ⟨AT ,AttT ,SuppT ⟩ be an AT rooted in 𝑟, let 𝑇 |D be its projection, and let

𝑐 ∈ AT ∖D be the argument selected by the procedure in Definition 7. Then 𝑇 |D∪{𝑐} is an AT rooted in 𝑟.

Proof. The argument 𝑐 is selected such that ℒ𝑇
𝑎𝑑𝑚(𝑐) = in. The rules ensure that any interaction

involving 𝑐 preserves the status of previously disclosed arguments, since updates only affect local

relations within the tree. Structurally, 𝑐 is introduced together with its unique connection to the

already disclosed portion of the tree, preserving acyclicity and connectivity. Since each newly disclosed

argument is linked to an existing node, reachability to the root is maintained. Therefore, all conditions

of the AT definition continue to hold after disclosure, which concludes the proof.

The dialogue is thus guaranteed to remain consistent throughout interaction, with each response

preserving the underlying argumentative structure and maintaining a coherent justification of the root

claim.

5. Related Work

Several tree-shaped structures have been proposed in the argumentation literature to explain or justify

the acceptance of a claim. ATs are related to these approaches, but differ in their construction, their

formal guarantees, and, most importantly, in their use as the underlying structure for incremental

disclosure during a dialogue.

In Assumption-Based Argumentation, abstract dispute trees [21, 22] are used to establish the ad-

missibility of a claim by alternating proponent and opponent moves. Similarly, dialectical trees in

Defeasible Logic Programming [23] justify conclusions by recursively organising defeating arguments.

Although both structures provide tree-shaped justifications, they are tightly coupled to their underlying

argumentation formalisms. In contrast, ATs are defined over BAFs, where reasoning is driven by the

combined presence of attack and support relations. This allows ATs to capture explanatory structures

that cannot be naturally represented in abstract dispute trees or dialectical trees.



Closer to our setting, bipolar dispute trees [24] are also extracted from a BAF and explicitly account

for both attack and support relations. However, their construction follows the classical dispute-tree

paradigm: each node is assigned the role of either proponent or opponent, and the tree represents the

recursive dialectical process through which a claim is defended against all possible attacks. ATs instead

are rooted substructures of a BAF defined solely by structural constraints and the acceptance of a

designated root argument, without introducing dialectical roles. This enables an incremental disclosure

process that preserves the AT structure.

General dialogue trees [25] are built directly from the sequence of utterances exchanged in a dialogue,

with each new utterance attached as a child of the previous one. The resulting structure is a direct

trace of the interaction and is defined independently of any underlying argumentation formalism. As a

consequence, it does not explicitly represent attack or support relations, and provides no guarantee

that intermediate states preserve any notion of argumentative acceptability; such properties are only

considered at the level of the complete dialogue.

A particularly close precedent to our dialogue procedure is provided by discussion games for argu-

mentation semantics [26]. In these games, the acceptance of an argument under a given semantics

is characterised through a structured exchange in which one participant defends the argument and

the other challenges it. Similarly to our approach, arguments are disclosed incrementally through an

alternating interaction. The two approaches, however, serve different purposes. Discussion games are

proof procedures in which a winning strategy establishes the acceptance of the initial argument. In

our setting, the acceptance of the root is established before the interaction through the construction of

the AT, while the dialogue controls the progressive disclosure of a predefined substructure of a BAF.

Moreover, PRO and CON denote alternative response-selection objectives within the procedure, rather

than the roles of two players in a discussion game.

Our work also relates to research on argumentation-based approaches to persuasion and decision

support, particularly those grounded in formal dialogue models. Prior studies have shown that compu-

tational argumentation provides effective tools for modelling persuasive interactions and structuring

dialogues for exchanging and evaluating reasons [27, 28], as well as for supporting decision making

through the comparison and justification of alternatives [29, 30]. Unlike these approaches, which often

focus on abstract dialogue protocols or agent–agent interactions, our work considers a human-facing

dialogue setting and grounds response selection in a structure extracted from a BAF. Moreover, existing

approaches typically address either persuasion or decision support in isolation, whereas our framework

supports both objectives within a unified model.

Several works have explored the use of NLP techniques to support human interaction in

argumentation-based systems. For instance, [31] employ a Siamese BERT model to map user input to

arguments based on semantic similarity, selecting the closest argument to maintain conversational flow.

In contrast, our approach prioritises persuasion and decision support by selecting, among acceptable

arguments, those that are most effective with respect to the dialogue goal.

In [32], a chatbot provides argument-based explanations for clinical treatment recommendations

derived from patient records. Users may accept the recommendation or request further explanations,

which are generated through predefined logic-based rules. Differently from this approach, we do not

rely on task-specific rule sets but on a general argumentation structure to guide dialogue progression.

Other systems select responses based on users’ concerns. The chatbot proposed in [33] exploits

concerns to foster perspective change, selecting rebuttals associated with the most salient concern. A

similar strategy is adopted in [34], where concerns correspond to values in a value-based AF and are

identified through keyword matching. In contrast, our approach guides response selection solely on the

arguments introduced during the dialogue and their relations within the BAF.

Argumentation-based chatbots have also been proposed in educational settings. For example, [35]

presents a system that supports learning by analysing the structure of users’ arguments and providing

feedback. Unlike our approach, such systems do not select specific arguments to advance the dialogue,

but rather present all acceptable arguments to the user.

Finally, the framework introduced in [36] combines LLMs with argumentation techniques to dy-

namically generate argumentation frameworks for claim verification. In contrast, our work assumes a



predefined KB structured as a BAF and focuses on mapping user input to existing arguments, rather

than inducing the argumentation structure itself.

6. Conclusions

We presented Acceptance Trees, tree-shaped structures extracted from BAFs that preserve the acceptance

of a designated root argument and support the incremental disclosure of its justification. We also

specified how ATs can underpin a dialogue procedure for decision support and persuasion. Within this

procedure, natural-language inputs are mapped to arguments in the underlying KB, while responses

are selected according to formal argumentation semantics and the chosen PRO or CON interaction

mode. The present contribution focuses on the formal model, its executable ASP encoding, and the

specification of the dialogue procedure.

Several extensions of the dialogue procedure are planned. First, we aim to support interactions

in which the user can submit multiple arguments before receiving a reply. The response-selection

procedure will then determine which argument to address first, for example by considering the most

recent, the weakest, or the most strategically relevant one.

A second direction for future work concerns the computational and empirical evaluation of the

approach. On the computational side, we will assess the scalability of the ASP encoding on BAFs of

increasing size and density, considering both AT construction and the optimisation criteria used to

obtain canonical ATs. On the empirical side, we will conduct user studies with real participants to

assess the effectiveness of the dialogue procedure in both PRO and CON modes, focusing on perceived

clarity, persuasiveness, and overall interaction quality.

Generating the ATs that underpin the dialogue procedure requires selecting a substructure in which

the designated root argument is accepted. This selection can be viewed as a structural modification of

the original BAF and is therefore related to enforcement approaches developed for classical AFs [13].

We plan to investigate this connection systematically by studying enforcement techniques for BAFs

under different argumentation semantics.

In addition, we plan to extend the framework to quantitative argumentation models, such as weighted

or probabilistic BAFs, to support richer KBs and more fine-grained reasoning. We also aim to extend the

dialogue procedure to multi-user interactions, allowing several participants to engage in collaborative

or competitive debates. Finally, a future implementation should be able to process user arguments that

are not yet represented in the KB and support their subsequent validation and integration.

A further direction for future work concerns the semantic comparison of ATs. While different ATs

may justify the same root argument, it is natural to ask whether they can be ordered according to

the strength of the justification they provide by exploiting graded or ranking-based semantics for

bipolar argumentation. This would allow the notion of robustness of an AT to be grounded semantically

rather than purely structurally. An interesting open question is whether such an ordering is consistent

across different ranking semantics, or more realistically, across classes of semantics satisfying common

rationality principles [37].
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