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Abstract. In this paper, we introduce A-BDI, the first metamodel
for formal and computational argumentation. It contains three mod-
els, conceptualizing argumentation as balancing, argumentation as di-
alogue, and argumentation as inference respectively. Each model looks
at argumentation from a different perspective, addressing its own con-
cerns and using its own formal and computational methods. Whereas
balancing is inspired by the scale metaphor and uses quantitative tech-
niques typically found in theories in economics and neural computing,
dialogue is developed in multiagent communication and interaction and
uses chatbot and Large Language Models (LLMs) technology, and in-
ference is derived from theoretical investigations in knowledge repre-
sentation and reasoning and uses techniques from symbolic reasoning.
By bringing together new and traditional Artificial Intelligence (AI) ap-
proaches, the A-BDI metamodel provides a formal and computational
framework for human-level, neuro-symbolic, and hybrid Al.
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1 Introduction

The research area of argumentation in Artificial Intelligence (AI) is highly di-
verse: there is natural, formal, and computational argumentation; there are
various models of argumentation, and there is a diversity in the formal meth-
ods used [6,16, 54]. To deal with this diversity, we are developing our A-BDI
metamodel for formal and computational argumentation, which can be used in
knowledge engineering of human-level Al systems. In this conference paper, we
do not have the space to discuss the technical aspects of our A-BDI metamodel,
but instead, our overall research question is: What are the motivation, method-
ology, and application of A-BDI metamodel? This overall question breaks down
into the following questions:

1. What are the models and conceptualizations of argumentation used in tra-
ditional and new-generation AI?
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2. What are the relations, similarities, and distinctions between the models?
3. How to use the A-BDI metamodel?
4. What are the motivations for a metamodel?

In our approach, the three models are BDI: balancing, dialogue, and in-
ference. A metamodel provides a higher-level abstraction of how these models
interrelate and can be integrated. Concretely, the metamodel we present uses
extended Dung’s abstract argumentation graphs to relate the models. These
extended argumentation frameworks can be flattened into basic ones, demon-
strating the universality of attack [54].

To answer the above four questions, we adopt the following approach, which
also structures our paper.

1. We use the literature study underlying our chapter in the handbook to
roughly delineate the three models of argumentation used in AI, and we
illustrate all three approaches on a single example, highlighting their indi-
vidual specifics.

2. We perform an analysis of the results obtained from the literature study.

3. As a first step towards a user guide for formal and computational argumen-
tation in AI, we discuss how to choose a model for an application.

4. We use our work on the project Logics for New Generation Artificial In-
telligence (LNGAI) 3 and workshop Causality, Agents and Large Models
(CALM) # to provide motivations from a human-level, neurosymbolic hy-
brid Al

Our aim in writing this paper and presenting it at CLAR is to receive feed-
back from the community on our proposal. In this sense, our paper is written
as a discussion paper, with several questions and open issues identified. This
paper builds on our work as editor of the handbook of formal argumentation,
coPI of the logic for new generation Al projects in China, and creators of a
new workshop series on causality and Argumentation using LLMs. Our vision
for the shift in our work from traditional to current Al and from traditional
argumentation methods to new ones resulted in thirteen challenges for formal
and computational argumentation, as introduced and discussed in our chapter
in the third volume of the handbook.

2 The Balancing, Dialogue, and Inference (BDI) models

This section presents three models of argumentation. Each of them embodies
a unique perspective on the construction and purpose of argumentation, a set
of formal methods, and application across different disciplines and contexts.
Table 1 provides an overview of the three models. We use a legal child custody
case [53] to illustrate the three models.

3 https://www.zlaire.net/Ingai/
4 https://www.ciad-lab.fr /prima-causal-ai-workshop/
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Table 1: Three models of A-BDI

2.1 Argumentation as Balancing

Argumentation as balancing is identified by Gordon [19]. It involves weigh-
ing the pros and cons of an issue in order to reach a balanced decision or
judgment. It is applicable not only when resolving conflicts of opinion in per-
suasion dialogues but also, e.g., when deciding courses of action in deliberation
dialogues [19]. In such a system, pro and con arguments for alternative resolu-
tions of the issues (options or positions) are put forward, evaluated, resolved,
and balanced. The formal methods used are multi-criteria decision theory and
case-based reasoning, and they are applied in the realms of law, ethics, and
economics.

One model of argumentation as balancing is the Carneades Argumentation
System [20]. The conception of argument graphs in Carneades is similar to
Pollock’s conception of an inference graph. There are nodes in the graph rep-
resenting statements (propositions) and links that indicate inference relations
between statements. In particular, the system distinguishes between pro and
con arguments. Semantically, con arguments are instances of presumptive in-
ference rules for negating the conclusion. If the premises of a con argument
hold, this justifies rejecting the conclusion or, equivalently, accepting its log-
ical complement. With pro and con arguments, some statements need to be
ordered or otherwise aggregated to resolve the conflict. Then there are several
proof standards used to balance the pros and cons. Here are three examples:

SE (Scintilla of Evidence): A statement meets this standard iff it is sup-
ported by at least one defensible pro argument.

BA (Best Argument): A statement meets this standard iff it is supported
by some defensible pro argument with priority over all defensible con argu-
ments.
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DV (Dialectical Validity): A statement meets this standard iff it is sup-
ported by at least one defensible pro argument and none of its con argu-
ments are defensible.

We use a child custody example to illustrate how Carneades works, as vi-
sualized in Figure 1.

Ezample 1 (Child custody in Carneades). Statements are depicted as boxes
and arguments as circles. For the purpose of this discussion, we assume that
all the premises are ordinary without distinguishing between different types of
premises. Premises are shown as edges without arrowheads. Pro arguments are
indicated by circle arrowheads while con arguments are shown with standard
arrowheads. Argument a; asserts that the child knows what she wants and she
wants to live with her mother, making it a pro argument for the statement
“It is in the child’s best interest that she lives with her mother”. In contrast,
argument ay argues that the mother is less wealthy than the father, serving as
a con argument against that statement. In this scenario, a; is given priority
over as. Consequently, according to the BA proof standard, the statement “It
is in the child’s best interest that she lives with her mother” is accepted.

It is in the child’s
best interest
that she lives

PRO with her mother. CON

The mother is
less wealthy
than the father.

The child knows The child wants to
what she wants. live with her mother.

Fig. 1: Child custody case represented in Carneades argument graphs

Moreover, balancing extends beyond what Gordon proposed in Carneades,
particularly in how the reason-based approach and balancing are gaining in-
creasing importance in philosophical discussions. The fundamental metaphor
of balancing is that reasons possess polarity (favoring or disfavoring an action)
and weight (magnitude) [46], and these factors are aggregated to determine
an act’s deontic status, such as whether it is permissible, impermissible, or
required. This metaphor is visualized as a balance scale [47], where reasons
supporting an action push one side down while opposing reasons push the
other side up, ultimately determining the normative outcome.

Particularly, there is a dispute on whether a reason’s weight is context-
sensitive. Atomists say no, while holists say yes. The former says that a reason
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in one context is a reason with the same polarity and weight in every other
context; instead, the latter says that a reason in one context but, in some
other context, has a different magnitude (weak vs strong) or polarity (for vs
against) or is not a reason at all [13]|. The moderate view [14] acknowledges that
reasons have some context-independent weight, but their strength can be in-
creased, reduced, or removed systematically through contextual considerations.
Two key mechanisms shape this process: amplifiers (increase a reason’s weight
or attenuators that decrease it) and undercutters (nullify a reason’s weight en-
tirely), which modify the force of reasons, and two types of weights—the default
weight, which represents a reason’s initial strength, and the final weight, which
accounts for contextual influences [46]. A major challenge in formal modeling is
that existing frameworks fail to fully capture these nuances. A formal approach
to this moderate view is proposed by Alcaraz et al. [1] and Streit [41] builds on
weighted argumentation [3]. The model provides a normative structure that or-
ganizes the contextual considerations and their impact on the reasons. Example
2 illustrates the basic idea.

Ezxample 2. Figure 2 represents the balancing scale model with undercutters,
amplifiers, and attenuators graphically. The gray circles represent the two op-
tions for the child: living with the mother or the father, each placed on one side
of the scale. Green and red circles stand for, respectively, positive and nega-
tive reasons. "Father is wealthy" is a positive reason for the child to live with
the father, while "Father is busy" is a negative reason. "Child wants to live
with the mother" is a positive reason for living with the mother. Blue, yellow,
and purple circles represent, respectively, undercutters, attenuators, and am-
plifiers. "Father just went bankrupt" undercuts "Father is wealthy," nullifying
its weight. "The Civil Code states that the judge must take into consideration
the child’s opinion" amplifies "Child wants to live with the mother," increas-
ing its weight. "Public opinion states that ten-year-old children do not know
what they want" attenuates "Child wants to live with the mother," reducing
its weight.

There are more philosophical discussions on reasons and balancing. For
example, Tucker distinguishes two kinds of reasons: justifying reasons and re-
quiring reasons [46]. The difference can be illustrated by an example. There
are two people trapped in a burning building. You can do nothing (save none),
save one of them, or save both of them. If you save at least one, you will lose
your legs. This scenario illustrates the tension between collective values (saving
lives) and individual considerations (preserving one’s health), and it raises the
question of how to model and weigh these competing types of reasons. These
two roles are distinct but complementary, highlighting the multidimensional
nature of reasons. To model this interaction, Tucker introduces the Dual Scale
model [46], which uses one scale to evaluate whether an action is permissible
(based on the balance of justifying weight for the action and requiring weight
for its alternative) and another scale to assess whether the alternative is im-
permissible.



6 Yu and van der Torre

Father just

Public opinion
is that 10-year
old children
do not know
what they
want

Child wants
to live with
mother

Fig.2: A balancing scale model representing the child custody case with under-
cutters and modifiers

Live
with
mother

Interestingly, while "balancing" itself is not always explicitly mentioned,
many theoretical approaches in formal argumentation often involve balanc-
ing, such as bipolar argumentation [11, 51, 53|, weighted argumentation [8], and
ranking-based argumentation [2]. Quantitative approaches in formal argumen-
tation, often explored through extended abstract argumentation frameworks,
bring a balancing perspective to reasoning. These models expand upon Dung’s
original framework by moving beyond binary notions of acceptance or rejec-
tion. Instead, they assign numerical scores, weights, or probabilities to argu-
ments and their interactions. The question is: Which quantitative method in
argumentation best serves the philosophical discussion of balancing?

2.2 Argumentation as Dialogue

Argumentation as dialogue conceptualizes argumentation as verbal interaction
aimed at resolving opinion conflicts [37]. It involves defining argumentation pro-
tocols—rules governing the argumentation game—and strategic aspects that
guide engagement. This approach draws on speech act theory, game theory,
and both axiomatic and operational semantics. It is particularly suited for de-
bates, chatbots, persuasion, and negotiation systems. We refer to the chapter
by Black et al. for an overview of argumentation as dialogue [9]. For a com-
prehensive overview of argumentation as dialogue, we refer to the paper by
Black et al. [9]. With recent advancements in LLMs and chatbot technology,
this topic has gained renewed interest and presents promising opportunities for
practical applications.

Chatbots are conversational software that seeks to understand input from
human users and generate human-like responses [9]. In chatbot development,
questions play a crucial role in enhancing the effectiveness of argumentation-
based chatbots and building engaging conversations [27]. The use of questions
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allows chatbots to guide dialogues, challenge assertions, support critical think-
ing, and provide justifications. Below, we discuss how question mechanisms
could be embedded into chatbots — justification-seeking questions defined by
speech act theory.

Speech act theory, a subfield of pragmatics, examines how language conveys
information and performs actions [5]. It has been formalized in the Foundation
for Intelligent Physical Agents (FTPA) standards, widely used in computer sci-
ence for agent communication [15]. A single utterance can serve multiple func-
tions in dialogue [23], classified under basic types like assertions, questions,
and commands, or complex ones like promises and declarations [39]. Unlike
physical actions, speech acts primarily affect agents’ mental and interactional
states [45], shaping beliefs, desires, and intentions [17]. In human-like chatbots,
speech acts structure interactions, with justification-seeking questions prompt-
ing explanations that enrich engagement and deepen understanding [21].

McBurney and Parsons [26] proposed an interaction protocol called Fatio
comprising of five locutions for argumentation which can be considered as a set
of speech acts.

F1: assert (P;,¢): Speaker P, asserts a statement ¢, creating a dialectical
obligation to justify ¢ if requested.

F2: question (P}, P;, ¢): Speaker P; questions a prior assert(P;, ¢), secking
justification. This act imposes no obligation on FP;.

F3: challenge (P;, P;, ¢): Speaker P; challenges assert(F;, ¢), both seeking
justification and assuming an obligation to justify not asserting ¢, e.g., by
providing a counterargument. Thus, challenge is stronger than question.

F4: justify (P;, @+ ¢): Speaker P;, having asserted ¢ and been questioned or
challenged, provides a justification @ € A for ¢.

F5: retract (P;, ¢): Speaker P;, having previously asserted or justified ¢, with-
draws it via retract(P;, ¢), removing any obligation to justify it.

Ezample 8 (Child custody dialogue). Alice and Lucy are talking about a di-
vorce case, specifically whether it is in the child’s best interest to live with her
mother or with her father. They have the following dialogue.

Alice: It is in the ten-year-old child’s best interest that she lives with her
mother. (assert)

Lucy: Why? (question)

Alice: Because the child wants to live with her mother and the civil code states
that the judge must take the child’s opinion into account. (justify)

Lucy: A ten-year-old child does not know what she wants. (challenge)

Alice: Why? (question)

Lucy: Public opinion says that ten-year-old children do not know what they
want. (justify)

Alice: Most ten-year-old children do know what they want. (assert)

Lucy: Why do you say that? (question)

Alice: Peter is a child psychologist, and Peter says that most ten-year-old
children know what they want. (justify)
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2.3 Argumentation as Inference

Argumentation as inference determines which conclusions can be drawn from
an incomplete, inconsistent, or uncertain body of information. It defines a
nonmonotonic notion of logical consequence through argument construction,
attack, and evaluation, where arguments are structured as premises, conclu-
sions, and inferences [37]. This approach employs formal methods such as non-
monotonic logic for commonsense reasoning, graph theory, computational logic,
causal reasoning, and Bayesian reasoning. Its primary application is in knowl-
edge representation and reasoning.

Most literature in formal argumentation focuses on argumentation as in-
ference. Before Dung’s 1995 paper, Pollock had already conducted extensive
research on argument structure, defeasible reasons, the interplay between de-
ductive and defeasible reasoning, argument strength, and different types of
defeat [30-36]. He conceptualized reasoning as constructing arguments, where
reasons serve as atomic links [31], and distinguished between defeasible (prima
facie) and nondefeasible (conclusive) reasons [30]. While nondefeasible reasons
logically entail their conclusions, defeasible reasons can be overridden by new
information. He identified two types of defeaters: rebutting defeaters, which
deny the conclusion, and undercutting defeaters, which challenge the link be-
tween reason and conclusion. To represent arguments, Pollock [31-33] intro-
duced inference graphs, where nodes denote inference steps and arrows indicate
defeasible inferences, deductive inferences, or defeat links [32].

Ezample 4 (Child custody in an inference graph). The dialogue between Alice
and Lucy can also be illustrated in the format of Pollock’s inference graph, as
shown in Figure 3. Figure 3 illustrates two arguments rebutting the two oppo-
site conclusions “It is in the child’s best interest that she lives with her father”,
and “It is not in the child’s best interest that she lives with her father”. An
undercutting argument, “Public opinion is not reliable”, defeats the argument
“Most ten-year-old children do not know what they want”. In this figure, non-
defeasible and defeasible inferences are visualized respectively with solid and
dotted lines (without arrowheads). The arrows are defeat relations.

3 The Metamodel: Relations Between the BDI Models

A metamodel defines the structure and relationships between models, serving
as a higher-level abstraction that standardizes their shared rules while allow-
ing domain-specific variations. In software engineering, metamodels, e.g., Uni-
fied Modeling Language (UML) [29], enforce structural consistency by speci-
fying syntax and constraints for models. In knowledge engineering, top-level
ontologies, e.g., Basic Formal Ontology (BFO) [40], similarly ensure semantic
consistency by providing foundational concepts and relationships for domain
ontologies [42].

Table 1 in Section 2 might give the impression that the three approaches
are distinct and that they have distinct application areas. We would like to
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(8) It is not in the child’s best interest rebut (10) It is in the child’s best interest
that she lives with her father. that she lives with her father.

Fig.3: The child custody case represented as a Pollock inference graph. The
solid and dotted lines (without arrowheads) are nondefeasible and defeasible
inferences respectively. The arrows are defeat relations.

point out that this is not the case. The approaches (or types) of argumenta-
tion are not mutually exclusive or even incompatible. You can switch from one
to another if you want to look at the same problem or situation from differ-
ent angles, highlight different aspects, or select a modeling approach that is
more suitable for a particular purpose. This also means that complex appli-
cation areas like the legal domain can make very good use of each approach.
Indeed, legal reasoning often engages with each of the three models — argu-
mentation as inference, dialogue, and balancing — across different contexts and
legal roles. Judges and attorneys may rely on one form of argumentation more
than another, depending on the nature of the case and their specific role in the
legal process. For instance, inference is commonly used by judges, attorneys,
actually any type of lawyer, when applying legal rules to facts or deriving con-
clusions from incomplete or inconsistent premises. Dialogue plays a central role
in courtroom exchanges between opposing parties. The structure of a trial of-
ten resembles a dialogue: each party presents their arguments and responds to
those of the other while the judge oversees the process to ensure it follows legal
procedures. Balancing is typically the domain of judges as they weigh multiple
factors, conflicting interests, or values, to determine the most appropriate out-
come. This is particularly important in discretionary decision-making where
the law, instead of trying to provide detailed rules, assigns special power to
judges so that they can make decisions based on their own evaluations. In such
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cases, judges exercise their judicial discretion by carefully balancing competing
considerations within the framework of legal principles to reach a fair and just
decision. Hence, these different modes of reasoning can correspond to and in-
teract with one another, creating a comprehensive tool set for legal reasoning
and decision-making.

Some papers in formal argumentation attempt to translate these different
models from one to the other, for instance, from Carneades to ASPIC+ [18]. As
mentioned in Section 2, Carneades uses varying proof standards and burdens of
proof, reflecting a balancing perspective. It is mapped into ASPIC+ by treating
assumptions as necessary axioms and modeling exceptions as undercutters.
Another example is between ASPIC+ and dialogue, that is, ASPIC+ can be
seen as at a fixed moment with a single agent in a dialogue. For example,
Modgil uses ASPIC+ to define argument structures dynamically throughout
a dialogue [28], establishing correspondences between the dialectical status of
dialogue moves and argument acceptability.

4 The A-BDI Metamodel and Dung style abstraction

From the perspective of the A-BDI metamodel, each model—balancing, dia-
logue, and inference can be formally related through Dung’s abstract argumen-
tation graph at a higher level. Dung’s framework is extended with—such as
argument strength, bipolar relations, and multi-agent—to accommodate the
specific methods and concerns of each model. We plan to discuss the universal-
ity of attack in greater depth in a separate paper, but the central point here is
that these extensions are essential to unify all three models within the A-BDI
metamodel without reducing one to another.

From the diversity of natural language arguments, there is a corresponding
diversity of formal representations. The modern stage of formal argumentation
identifies the diversity of argumentation and reasoning approaches a common
core: Dung’s theory of abstract argumentation. This paradigm shift in formal
argumentation shows, roughly, how many forms of reasoning can be charac-
terised at an abstract level as an instance of graph reasoning. Formal argumen-
tation has been used since the mid-nineties as a general framework to classify
reasoning methods, besides non-monotonic logic and logic programming also,
for example, instances of game theory and social choice.

While the central notion of Dung’s theory is the acceptability or non-
acceptability of arguments based on attack and defense, Dung shows that non-
monotonic logic is a special form of argumentation (more details in Section
3.2). It can be visualized as the commutative diagram in Figure 4. There are
two approaches to deriving conclusions from a knowledge base. The first is a
direct approach where a given logic selects a set of rules with conclusions. The
other is an indirect approach through argumentation, as shown in Figure 4
(2—4). Structured argumentation studies the process that adds the structure
that turns collections of rules into arguments and assigns attack relations (2)
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among arguments. This gives us abstract argumentation frameworks — di-
rected graphs where nodes represent arguments, and arrows represent attack
relations. Then argumentation semantics (3) determine the acceptance status
of arguments and their conclusions. To represent a given logic by structured
argumentation, eventually the conclusions from both approaches must be the
same.

1) logic i
knowledge base @) conclusilon
extension
(2) attackt (4) conclusion
assignmen extraction

argumentation (3) arg. semantics accepted
framework arguments

Fig. 4: Commutative diagram: two approaches to nonmonotonic inference: (1)
logic systems; (2)—(4) argumentation systems. With appropriate choices on ele-
ments (2) and (3), one can obtain exactly the same conclusions as for the given
logic (1).

Pre-existing ideas and methods, such as Pollock’s argumentation-based in-
ference, dialogue theories, and balancing, continue to persist and influence con-
temporary research. Rather than being rendered obsolete, these traditional
theories are reinterpreted within the context of this new paradigm. On the one
hand, Dung’s theory provides a general framework that unifies diverse reason-
ing. On the other hand, it does not fully capture additional features important
to dialogue, such as agents and strategies, or balancing, such as pros and cons
with weights. Following this, there is a "reverse" diversity: various extended
abstract argumentation frameworks and diverse semantics for (extended) ab-
stract argumentation frameworks have been developed. For argumentation as
dialogue, Abstract agent argumentation extends Dung’s framework by asso-
ciating arguments with agents [52]. Higher-order /meta-argumentation [10] in-
troduces attacks on attack relations, reflecting real-life dialogues where argu-
ments challenge other arguments and their relations. For instance, a lawyer
may debate whether a suspect’s argument effectively attacks another, or ar-
gue similarly about her own claims. For argumentation as balancing, examples
are bipolar argumentation [11] that defines support and attack independently,
weighted argumentation [8] that specifies a numeric value that indicates the
relative strength of an attack, and value-based argumentation [4] defines values
that are associated with an argument.

These examples illustrate how diverse extended argumentation frameworks
build upon Dung’s foundational concepts by introducing additional elements.
We emphasize two points. The first is that the key reasoning ontology funda-
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mentally relies on just two elements: arguments and attacks. Every utterance,
be it a claim, an argument, or even an attack, can be modeled as an argument
within these frameworks. Consequently, many of these extended frameworks
can be flattened to basic ones, reinforcing the idea that attack graphs serve
as a universal model of reasoning — much like how Turing machines serve as
a universal model of computation. Second, while argumentation as inference
has been extensively studied, the other two models have received relatively less
attention.

5 Methodology

There is a gap between formal argumentation theories and applications of them.
The main question is how to bridge these two. To address this, we need a “user
guide” for argumentation that links theories to practical applications. However,
creating such a user guide is challenging because of the diversity in natural,
formal, and computational argumentation [54]. This diversity contrasts with
the relative standardization found in fields like Answer Set Programming (ASP)
and the Semantic Web. Understanding these differences is crucial to developing
a "user guide" for argumentation.

First, we do not attempt to reduce one model to another. Instead, we as-
sume that the three existing definitions or models exist for a reason, namely,
they are developed for distinct concerns, and they represent distinct viewpoints
on argumentation from stakeholders. To emphasize this point, we also call the
models “conceptualizations”. We do not exclude translation between these three
models, but for our methodology, we believe it is too early to make commit-
ments.

In Section 2, we take an example of child custody that seems to fit each
conceptualization, and each conceptualization shows distinct aspects of the
example. In this case, the judge must decide whether the child should stay
with the father or the mother. This example is particularly illustrative be-
cause it involves inferential reasoning (e.g., drawing conclusions from legal and
factual premises), structured dialogues among various parties (including par-
ents, children, lawyers, and judges), and a final decision that cannot be strictly
predetermined or automated. As the law emphasizes, the child’s best inter-
ests must be balanced, making the decision process inherently complex and
context-dependent.

The second step of the methodology we use in this paper is to compare the
case study with other examples of reasoning in the literature. In Section 2, we
focus on argumentation as balancing, as it is the least explored conceptual-
ization within the COMMA community and the handbooks, despite extensive
philosophical discussions. At the formal level, this means that we switch from
qualitative approaches for inference and dialogue to quantitative approaches
for balancing. Again, there is the problem of diversity, now the diversity of
quantitative approaches, and the general problem of linking qualitative and
quantitative approaches.
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In the following, we present a preliminary step-by-step methodology for
selecting a suitable model of formal argumentation. It is a structured process
that considers the nature of the problem, the type of data and knowledge
involved, and the stakeholders’ objectives.

1. Identify the problem context. Determine the primary goal: Is the sys-
tem intended to facilitate debates, persuasion, or negotiation? Is it meant
to infer plausible conclusions from uncertain or conflicting information? Or
is it balancing competing options and criteria?

2. Define stakeholder requirements. Elicit the needs and preferences of
all parties involved. For instance, do stakeholders require a mechanism for
real-time interaction, or do they need a computational approach to reason
over information? This helps to narrow down which model aligns best with
practical constraints (e.g., time, resources, domain expertise).

3. Map requirements to conceptual features. Based on the considera-
tions in Step 1 and Step 2, compare the required features to the character-
istics of each model:

— Dialogue-oriented features: Turn-taking rules, strategic discourse plan-
ning, and protocol definitions for dispute resolution.

— Inference-oriented features: Focus on constructing and evaluating ar-
guments in a nonmonotonic or probabilistic setting, emphasizing the
derivation of conclusions from incomplete or contradictory information.

— Balancing-oriented features: Mechanisms for weighing pro and con ar-
guments, evaluating multiple criteria, and integrating ethical or legal
considerations.

4. Assess formal and computational methods. Evaluate whether the
domain demands specific formal tools:

— Dialogue-based approaches typically rely on protocol design, strategic
game-theoretic analysis, and speech-act formalization.

— Inference-based approaches often require nonmonotonic reasoning tech-
niques, graph-based argumentation frameworks, or probabilistic logic.

— Balancing-based approaches commonly employ methods from decision
theory, ethics, and multi-criteria or case-based reasoning.

Choose the model whose formal toolkit matches your technical and theo-
retical requirements.

5. Evaluate Scalability and Practical Feasibility. Each model may come
with different computational overhead, data requirements, and integration
constraints. Determine whether the targeted system must handle large-scale
reasoning tasks or real-time interactions, and ensure that the chosen model
can be implemented with available resources.

6. Validate Through Pilot Studies or Prototyping. If feasible, imple-
ment a small-scale prototype or conduct a pilot study to confirm that the
chosen model meets the desired objectives. Gather feedback from end-users
or experts to identify any alignment issues or missing features.
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7. Iterate and Refine. Refine your selection by revisiting earlier steps in the
light of new insights. Adjust the chosen conceptual framework or explore
a hybrid approach if the system requirements cross over more than one
model.

6 Hybrid AI: Motivating the Metamodel

AT broadly encompasses two major paradigms: sub-symbolic and symbolic Al.
Sub-symbolic methods, notably LLMs, excel at pattern recognition and natu-
ral language processing by learning complex statistical patterns from extensive
datasets. Symbolic approaches, in contrast, rely on formal knowledge repre-
sentation and reasoning (KRR) to provide rigorous frameworks for inference,
explanation, and rule-based compliance. Both paradigms are well-established
and applied across various fields such as law, ethics, and finance, yet each pos-
sesses distinct strengths and limitations.

A key objective in human-centered Al is to integrate these two paradigms
so that the resulting systems can leverage the flexibility of data-driven meth-
ods while benefiting from the interpretability and critical thinking mechanisms
inherent in symbolic logic. Data-driven technologies often struggle with trans-
parency and accountability, issues that are particularly pressing in domains
where decisions have legal or ethical consequences. Argumentation-based meth-
ods can mitigate these issues by guiding Al systems—especially large language
models—to generate more interpretable explanations and engage in structured
dialogue. Through argumentation schemes, speech act theory, and dialogical
protocols, Al systems can reason about agents’ beliefs, preferences, and inten-
tions in ways that promote empathy, contextual awareness, and critical ques-
tioning.

Recent research has begun to demonstrate how formal argumentation frame-
works can be integrated with LLMs to meet requirements in automated decision-
making. For example, abstract argumentation and discussion games have been
combined with prompt engineering to ensure that Al-generated explanations
remain grounded in formal constraints [25]. This enables crucial legal safe-
guards such as the right to explanation or the right to challenge, making auto-
mated decisions more transparent and open to revision. Likewise, other propos-
als that integrate argumentation into new-generation Al appear in Distributed
Argumentation Technology [50], which incorporates argumentation reasoning
within multi-agent systems using distributed ledger technology. An instantia-
tion of such is the IHiBO (Intelligent Human-Input-Based Blockchain Oracle).
By placing argumentation structures and interactions on a blockchain, IHiBO
affords decentralized, traceable, and secure decision-making processes, directly
addressing concerns such as legal compliance, trust, and auditability.

In light of these developments, the A-BDI metamodel provides a structured
perspective on formal and computational argumentation, clarifying how dif-
ferent models—balancing, dialogue, and inference. Each of these views can be
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integrated with LLMs and other AI technologies, depending on the specific re-
quirements of an application. This highlights the need for a methodology that
guides when and where formal and computational argumentation should be
adopted, ensuring that its use is well-suited to the domain and objectives at
hand.

7 Related work

Methodologies from knowledge engineering, enterprise architecture, and formal
logic offer valuable insights for the methodology of formal argumentation. For
example, CommonKADS [48] emphasizes stakeholder analysis and knowledge
modeling, which informs the identification of system users and the structuring
of underlying knowledge in argumentation. LogiKEy [7], with its focus on logic-
based knowledge engineering, highlights the role of formal verification, partic-
ularly in normative and legal reasoning. From an enterprise architecture per-
spective, ArchiMate [43], based on IEEE 1471-2000, demonstrates how diverse
stakeholder concerns give rise to distinct viewpoints—an observation that aligns
with the models of argumentation as inference, dialogue, or balancing. Simi-
larly, in programming and decision theory, structured methodologies—ranging
from test-driven development protocols to decision analysis frameworks [38,
22]—provide systematic ways to transition from abstract theories to concrete
implementations, reinforcing the value of methodical approaches in designing
and applying formal argumentation systems.

Among the three models, balancing has received the least attention, yet it
raises challenges in bridging philosophical discussions and formal models. At the
formal level, balancing shifts from qualitative approaches to quantitative ones
raises the challenge of linking these approaches and addressing the diversity
of quantitative methods. For instance, quantitative argumentation considers
both the strength of an argument and the attack relation itself, using fixpoints
and multiplication methods [3], whereas Tucker’s model focuses purely on the
attack and employs addition methods. Tucker’s model seems to offer a more
sophisticated treatment of binary relations, going beyond the fixed structure
of Dung’s framework. The challenge remains to explore how ranking and grad-
ual semantics in argumentation can further develop context-sensitive weighting
mechanisms.

The burning-building example, where saving lives (a collective value) con-
flicts with preserving one’s own health (an individual concern), illustrates a
broader issue central to argumentation. In social sciences, this tension is known
as the micro-macro dichotomy [12]. Micro-level reasoning focuses on an agent’s
individual judgments and choices, while macro-level approaches consider in-
teractions among multiple agents, often within ethical or legal frameworks. In
multi-stakeholder settings like Jiminy’s ethical governor [24], bridging these lev-
els requires merging norms or perspectives into a unified system. The challenge
is how to formalize the balance between individual and collective considerations
using argumentation tools.
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8 Summary and future work

In this paper, we have introduced the A-BDI metamodel, the first metamodel
for formal and computational argumentation. It contains three models, which
conceptualize argumentation as balancing, dialogue, and inference. Each model
addresses distinct concerns and employs its own formal methods, yet they have
been discussed separately by extending Dung’s abstract argumentation. By
leveraging extensions that include argument strength, bipolar relations, and
multi-agent dynamics, the A-BDI metamodel goes beyond a simple classifica-
tion, enabling deeper relations and connections among diverse argumentation
approaches. In complex real-world applications like child custody decisions,
multiple models, or even all three, may be required. This raises further questions
about whether additional models should be incorporated and whether existing
ones should be further refined, for instance, by distinguishing between different
types of dialogues [49]. With the increasing interaction between argumentation
and LLMs and Generative Artificial Intelligence (genAl), the need for a well-
defined methodology of formal argumentation has become more pressing. This
is not a topic of one paper, but a change of focus of the whole community.

A key conclusion of this paper is that, in the past, the emphasis has been on
argumentation as inference, but in the future, the emphasis will be on argumen-
tation as dialogue and argumentation as balancing. There are three reasons.
First, the advancement of chatbots and LLMs moves the field’s center of atten-
tion from formal and computational argumentation to human-like, interactive
dialogue systems. There is renewed interest in systems like Fatio, prompted by
these new technologies. Second, argumentation on the web continues to grow
in importance [44], consistent with earlier predictions by Gordon [19]. Third,
deeper engagement with philosophical and ethical aspects of argumentation
leads to more interaction between reason-based models and argumentation-
based models, as illustrated by recent work in ethics and related areas [47].

In future work, several directions can be pursued. A key challenge is the
methodology used to bridge the gap between formal theories and their applica-
tion. Drawing inspiration from established frameworks such as CommonKADS,
ArchiMate, and LogiKEy, this methodology will include steps for identifying
stakeholders, selecting appropriate conceptual models, and validating imple-
mentations iteratively, tailored specifically to argumentation. Additionally, ex-
isting methodologies from knowledge-based systems (KBS) and related fields
need to be adapted to accommodate the integration of LLM-based agents. As
LLMs become more prominent in Al applications, understanding how formal ar-
gumentation interacts with their reasoning and decision-making processes will
be essential. Finally, as discussed in Section 4, a crucial aspect of future research
is the universality of attack. The question is how this principle can help relate
the three conceptual models—balancing, dialogue, and inference—without re-
ducing one to another. Rather than forcing a translation between them, we take
inspiration from architecture methodologies such as ArchiMate, where different
perspectives are systematically related while maintaining their distinct roles.
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