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Abstract

Agentic Al—deployed as technical systems that perceive, decide, and act via
tools—faces requirements of safety, accountability, controlled adaptivity, and
compositionality. We develop Reasoning Alignment Diagrams (RADs), com-
mutative reasoning representations that align a source specification with an
argumentation-based explanation route. As illustrative examples, we first show
that full-meet belief base revision admits an exact representation within base
argumentation via a restricted-attack construction: the revised base equals the
intersection of the premises appearing in all stable extensions of the modified
framework. This yields a RAD from input to sanctioned output that doubles
as an explanation engine. We then compose the “listen” (revision) and “assert”
(inference) RADs to model dialogue among agents, enabling explainable and
auditable autonomy. Although our results are entirely symbolic, the RAD tem-
plate can serve as a specification layer even when other components are opaque
or learned. The approach realizes core themes of Gabbay’s programme—Ilogic
as a toolbox, combining logics, and argumentation as a host formalism—and
supports a principle-based analysis of correctness, transparency, and modular-

ity.
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1 Dov’s vision and approach

Dov Gabbay’s research programme treats logic not as a single monolithic calculus but
as an engineerable repertoire of mechanisms that we assemble to model reasoning
in context. Three leitmotifs run through his work and give us a methodological
compass:

Logic as a toolbox. Beginning with Labelled Deductive Systems (LDS[46]),
Gabbay advocates building logics from reusable components—Ilabels for time,
agents, resources, priorities; modalities for knowledge and obligation; non-
monotonic rules and preference orderings: chosen to fit an application. The
point is methodological pluralism with engineering discipline: pick the right
tools, and make the choices explicit.

Combining logics. The toolbox needs assembly rules. In Fibring Logics and re-
lated work [45, 47, 48], Gabbay and collaborators developed operations (fib-
ring, fusion, possible-translations) and meta-results that tell us when prop-
erties (soundness, completeness, decidability, interpolation) are preserved or
lost when we cut and paste reasoning systems. This provides the algebra of
composition required to scale from local components to full systems.

Argumentation as the logic for our century. Gabbay has consistently argued
that the centre of gravity in logic must shift from static consequence to in-
teractive, defeasible, and explainable reasoning. His contributions to abstract
and structured argumentation—e.g., equational/numerical semantics for ar-
gumentation networks and higher-order attacks—frame argumentation as the
host formalism where heterogeneous mechanisms live together and where ex-
planations are native [10, 51].

Two further threads reinforce this picture. First, temporal and executable views
of logic (e.g., MetateM) recast formulas as rules that drive processes over time;
second, reactive Kripke semantics let models change as evaluation proceeds [50].
Together, they emphasize dynamics and interaction—exactly what argumentation
systems aim to capture.

From this programme we distill five working principles that guide our paper.
P1 (Mechanisms, not monoliths). Choose and expose the representational and

inferential devices appropriate to the task (labels, priorities, numerical up-
dates, etc.).
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P2 (Modularity and composition). Combine mechanisms using disciplined op-
erations with meta-theoretic guarantees (fibring/fusion/translation), and state
what is preserved.

P3 (Dynamics). Treat reasoning as a process that updates states (bases, networks,
labels) rather than a once-for-all closure.

P4 (Commutation as explanation). When two perspectives on the same rea-
soning task coexist (e.g., direct belief change vs. argumentation), require a
commutative diagram: different routes yield the same outcome. The commut-
ing rectangle provides both a specification and an explanation.

P5 (Transparency). Prefer formalisms that surface why an outcome holds. Argu-
mentation earns its keep by turning outcomes into attack/defence structures
and (in equational treatments) explicit numerical/functional dependencies.

Our paper instantiates this programme at three levels.

Toolbox to construction. We take two standard “tools” from the KR toolbox—
belief base revision (AGM-style) and base argumentation—and make the design
choice that matters for our purpose: in the argumentation framework over K U{p},
we restrict attacks originating from K \ {¢}. This single, explicit mechanism plays
the role of contraction by —@. The rest is cleanly delegated to Dung-style semantics.

Combining logics to commutation. Rather than embedding one formalism into
the other ad hoc, we enforce commutation between two routes from input (K, ¢) to
output K # ¢: revise directly by full-meet, or construct the modified base-AF and
compute stable extensions, then extract conclusions. The equality of outcomes is
our main theorem. In Gabbay’s terms, this is a preservation result: our combination
of mechanisms (base arguments + restricted attacks + stable semantics) preserves
the specification given by full-meet revision.

Argumentation as host for interaction. Argumentation is not merely a tar-
get representation; it is the operating system in which different reasoning compo-
nents—revision, inference, explanation—cohabit. We therefore compose two com-
muting diagrams to model dialogue: assert (argumentation-as-inference) and listen
(revision). This realizes Gabbay’s “logic for the 21st century” stance: logic that is
interactive (speech acts as moves), defeasible (bases may conflict), dynamic (states
evolve), and explainable (attacks/defences or equations justify outcomes) [51, 10].
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In contemporary deployments of agentic Al—systems that perceive, decide, and
act in tool-rich environments—the need for disciplined composition, dynamics, and
explanation resurfaces as an engineering requirement. We instantiate Gabbay’s tool-
box and combination principles in a reusable pattern we call Reasoning Alignment
Diagrams (RADs): commutative reasoning representations that align a source spec-
ification with an argumentation-based explanation path.

In what follows we first introduce RADs as a general template and discuss the
role of this concept in existing applications of Dung’s model of abstract argumen-
tation. We then introduce revision-as-argumentation RADs to demonstrate that
this role extends to belief revision as well. We prove an exact alignment result for
revision-as-argumentation RADs (full-meet base revision via restricted attacks in
base argumentation), and finally compose a “listen” (revision) RAD with an “as-
sert” (inference) RAD to model dialogue—thus operationalising Gabbay’s view of
argumentation as the host formalism for interactive, dynamic, and explainable rea-
soning.

2 Reasoning Alignment Diagrams

In this section we introduce the notion of reasoning alignment diagram (RAD) as
an architectural pattern for aligning different forms of reasoning. In simple terms,
a RAD is a commutative diagram that shows how different forms of reasoning align
in the sense that different ‘routes’ from input to output lead to the same result. As
a general concept, a RAD may apply to different types of input and output, and
each route between input and output serves a distinct purpose. For instance, the
input may be a knowledge base, a state description, a query, a learned model or a
combination thereof, while the output may be a set of sanctioned consequences, a
prediction, an updated state description, and so on.

A classical example of a RAD arises in logic from the distinction between se-
mantic entailment =, typically defined in terms of truth preservation across models,
and proof-theoretic inference b, typically defined in terms of syntactic derivations
(see Figure 1). Here, the purpose of the proof-theoretic route is to provide a syn-
tactic, human-interpretable and typically mechanisable procedure that aligns with
the semantic definition of entailment. In general, the strongest form of alignment
in a RAD is where the outputs of the different routes are equivalent, meaning that
the different routes differ only in how they arrive at this output. We call this ex-
act alignment. In the semantic/proof-theoretic RAD, exact alignment amounts to
soundness and completeness of the proof-theoretic inference route. Note that there
are other ways to think about alignment, such as partial alignment, for instance if an
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inference procedure is sound but not complete, and approzimate alignment, which
may be defined in terms of a distance measure on outcomes or probabilistically.

(1) Entailment ()

T

Premises Conclusions

\/

(2) Inference (F)

Figure 1: The entailment-as-inference RAD, showing how proof-theoretic inference
(route 2) provides an alternative to semantic entailment (route 1).

Another application of the RAD concept is that one route provides a normative
justification while another route provides explanations, i.e., one route ‘explains’
the other. Such RADs may involve more than two arrows to encode translation
steps that are needed to obtain explanations. This aligns with how Dung’s abstract
argumentation is used, which we use in the remainder to develop the concept of
RAD. We will discuss three examples of argumentation-based RADs. The first
two are inference-as-argumentation and argumentation-as-discussion, and we discuss
prior work that fit these two RAD concepts. The third, which we call revision-as-
argumentation, is a completely new kind of RAD, where argumentation provides a
means to explain the process of base revision, a specific form of belief change. In
Section 3 we formalise this concept and provide a proof of exact alignment.

The RAD examples that we consider in this section deal with the alignment of
different forms of symbolic reasoning. However, as a general concept, it can also be
used to align subsymbolic approaches or a combination of symbolic and subsymbolic
approaches. Some examples of such RADs will be discussed in Sections 4 and 5.

2.1 Inference-as-Argumentation

An abstract argumentation framework consists of a set of arguments together with
a binary attack relation [35]. Arguments are treated abstractly, without internal
structure, and the attack relation between arguments, where one argument attacks
another if the former counts as a counterargument to the latter, determines whether
a set of arguments is collectively acceptable. These sets, called extensions, represent
coherent positions that can be adopted in light of conflicting information. Different
criteria can be used to determine the extensions of an argumentation framework,
and these criteria define a so-called semantics. Under this view, inference is defined
relative to the extensions of the argumentation framework, for example by requiring
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that an argument appears in all (skeptical acceptance) or some (credulous acceptance)
extensions under a given semantics.

Dung showed that various forms of defeasible inference can be represented within
his theory of abstract argumentation. This elevates the abstract theory into a theory
of structured argumentation, where an argumentation framework consists of argu-
ments with structured content (e.g. premises, conclusion, and rules that derive the
latter from the former) and attacks are induced by conflicts between arguments.
This approach is depicted by the RAD shown in Figure 2 [71]. This diagram relates
two approaches to deriving conclusions from a knowledge base. The first (arrow
1) is the ‘canonical’ route defined by the defeasible inference formalism. The other
(arrows 2, 3 and 4) is the structured argumentation route. It starts with the trans-
lation (arrow 2) of the knowledge base into a structured argumentation framework.
Then a semantics (arrow 3) determines the extensions, followed by the extraction of
the conclusions of the arguments in the extensions (arrow 4).

(1) logic conclusion

knowledge base .
extension

(2) argument
construction, T (4) conclusion
attack assignment extraction
argumentatiorfg) arg. semanticsyccepted
framework arguments

Figure 2: The Inference-as-Argumentation RAD, where the purpose of the argu-
mentation route (arrows 2-3-4) is to explain inferences performed by the source
formalism (arrow 1).

Dung’s approach can be understood as providing a general framework for
Inference-as-Argumentation in the sense that the RAD shown in Figure 2 applies
to different source formalisms (arrow 1) and corresponding translations (arrows 2
and 4). Dung showed that this scheme applies to Reiter’s default logic, Pollock’s
defeasible reasoning, and logic programming with negation as failure. Others have
shown that the approach applies to other forms of inference, such as reasoning with
inconsistent knowledge bases using maximally consistent subsets [17, 28]. All of
these can be represented as structured argumentation such that the conclusions ar-
rived at using both routes (1 and 2-3-4) coincide. In addition, Dung presented a
game-theoretic application of his theory, where arrow 1 corresponds to solving an
instance of the stable marriage problem, while arrows 2-3-4 provide an equivalent
solution in terms of extensions of an argumentation framework.

Dung’s approach can be understood as an abstraction in the sense that computing
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extensions under a given semantics (arrow 3 in Figure 2) does not depend on the
source formalism, or on the content of the constructed arguments. This abstraction is
part of its power, as seemingly different forms of inference share the same underlying
abstract model of argumentation, a fact that has generated various new insights.

Beyond abstraction, Dung’s theory of argumentation provides explanations, that
is, the derivation of conclusions via an argumentation framework and semantics
(arrows 2-3-4) provides a way of explaining inferences in the source formalism (arrow
1) as a form of argumentation. An explanation for a conclusion is given by the
arguments that justify the conclusion, while the extensions in which these arguments
appear demonstrate that these arguments are part of a coherent position. The link
between argumentation and explanation has also been investigated in the social
sciences, where argumentation and explanation are seen as two closely related human
activities [5]. This perspective underpins the role of Dung’s model in the wider field
of Explainable Al, where argumentation frameworks are used to make reasoning in
complex systems more transparent [30, 66].

2.2 Argumentation-as-Discussion

The RAD perspective can also be used to model inference as argumentation at fur-
ther levels of abstraction. Consider the problem of determining the extensions of an
argumentation framework under a given semantics (arrow 3 in Figure 2). This prob-
lem has been reformulated in terms of two-player discussion games. Such discussion
games have been defined to capture acceptance under a number of commonly used
argumentation semantics (see [22] for an overview). These are two-player discus-
sion games where the players are typically referred to as proponent and opponent.
Starting from an initial argument put forward by the proponent, the proponent and
opponent take turns attacking each other’s arguments, with the proponent seeking
to defend the claim. The exchange of arguments follows a fixed set of rules, defined
in such a way that the existence of a winning strategy for the proponent proves
that the initial argument is credulously or skeptically accepted. We can represent
this concept with the Argumentation-as-Discussion RAD shown in Figure 3. In this
RAD, arrow 1 represents the canonical way of determining the extensions of an ar-
gumentation framework under a given semantics. The other route (arrows 2-3-4)
represents the computation of the extensions using a discussion game (we assume
here that winning strategies correspond to extensions). Note that arrow 1 in Fig-
ure 3 corresponds to arrow 3 in Figure 2. Combining the RADs in Figure 3 and 2
provides a multi-layer explanatory perspective on inference, with the first layer pro-
viding explanations in terms of the extensions of argumentation frameworks, and
the second layer in terms of a two-player discussion that establishes the acceptance
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of arguments.

argumentation (1) arg. semantics accepted

framework arguments
(2) define (4) argument
valid discussions eztraction
discussion (3) solve game winning
game strategies

Figure 3: The Argumentation-as-Discussion RAD, showing how discussion games
(arrows 2-3-4) explain argument acceptability (arrow 1).

2.3 Revision-As-Argumentation

Belief revision studies how a rational agent should update its beliefs in light of new,
possibly conflicting, information [2, 31, 41]. The connection between argumentation
and belief revision has been widely studied in the literature, grounded in the view
that argumentation is an inherently dynamic process. We discuss work that connect
argumentation and belief revision in the related work section. Surprisingly, how-
ever, the direct representation of belief revision itself in structured argumentation
is largely unexplored. This representation is depicted in the RAD shown in Fig-
ure 4. The figure depicts the representation of a specific form of revision (full-meet
base revision) as a specific form of structured argumentation (base argumentation),
the details of which will be presented in the next section. One route (arrow 1)
represents the canonical way of performing full-meet revision: given a belief base
K (i.e., a finite, consistent set of formulas) and input ¢, the revised belief base
K x ¢ is obtained, in the full-meet case, by contracting —¢ and then adding ¢, where
contraction by —¢ amounts to taking the intersection of the maximal subsets of
K that do not entail —~¢. The other route (arrows 2-3-4) provides an alternative
argumentation route: constructing a base argumentation framework over K U {¢},
(modifying attacks to encode the contraction step) (arrow 2), computing the ex-
tensions (arrow 3), and extracting the revised base (arrow 4). Like in the case of
inference-as-argumentation, the argumentation route provides a way to explain the
revision process. In the next section we formalise this approach, including the ex-
act alignment of the revision and argumentation routes, thereby demonstrating the
possibility of revision-as-argumentation.
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(1) belief base revision

2) argument .
(co)nstruction l (4) conclusion
? .
attack assignment extraction

argumentatior{ 3) arg. semantics accepted
B ——
framework arguments

Figure 4: The Revision-as-Argumentation RAD

3 Revision-as-Argumentation Formalised

We now formally develop the revision-as-argumentation RAD introduced in the
previous section. Like formal argumentation, belief revision [2, 31, 41] is one of the
major branches of knowledge representation and reasoning. Connections between
formal argumentation and belief revision have been studied from various perspectives
in the field of dynamics of argumentation [20]. We discuss some of this work in the
related work section. However, and perhaps surprisingly, there have been no results
to date showing how belief revision itself can be represented as a form of structured
argumentation. We believe that the absence of representation results for belief
revision as a form of formal argumentation indicates that a general result may be
difficult to obtain. Instead, a more promising approach is to seek results connecting
specific types of belief revision with particular forms of structured argumentation,
which is precisely what we do in this section.

Building on the observation that formal argumentation often operates with sets
of formulas that are not deductively closed, we focus on revising such sets: a pro-
cess referred to as base revision. In base revision, a belief base K, a consistent and
finite set of formulas, is revised with a new piece of information ¢, which may be
inconsistent with K, to obtain a revised belief base K * ¢. Various constructive [56]
and postulate-based characterizations [2] of the revision operator * have been pro-
posed. We focus on the simplest form of base revision: full-meet base revision [52].
As the formalism for structured argumentation, we adopt base argumentation, a re-
cently introduced formalism that is structurally simpler than traditional approaches.
Base argumentation represents arguments as minimal consistent subsets of a belief
base, with attacks defined by logical contradiction between premises. Despite lack-
ing explicit conclusions, it is equivalent to premise-conclusion argumentation under
standard Dung-style semantics. This equivalence is formally established via bisim-
ulation, as shown by Chen et al. [28]. We will show in this section that full-meet
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belief base revision can be represented as a kind of base argumentation, thus instan-
tiating the RAD shown in Figure 4. Our aim is to use structured argumentation
not merely to reproduce the revised outcome, but to explain the revision process
by generating an argumentation framework and computing its extensions that yield
the same result. Our approach instantiates steps (1, ..., 4) in Figure 4 as follows.

Belief Base Revision: Full-meet base revision of a consistent base K by ¢ is de-
fined via remainder sets: we define K * ¢ = (K — —¢) + ¢, where contraction
K — —¢ is the intersection of all remainders of K that do not imply —¢.

Argument and attack assignment: Given the belief base K U{¢}, we construct
a base argumentation framework where arguments are minimal consistent sub-
sets of K U{¢}, and attacks are defined by logical inconsistency. Crucially, we
use a restricted attack relation =~ which disables attacks originating from
arguments entirely within a chosen remainder set X, effectively modeling the
contraction step.

Argumentation semantics: We compute the stable extensions of this modified
base argumentation framework F(K x ¢) = (p(K U {¢}),="FE\®}). Each
stable extension corresponds to one maximal consistent subset S of K U {¢}
that includes ¢.

Conclusion extraction: The revised base K * ¢ is then obtained by intersecting
all stable extensions. Thus, the conclusion drawn from the argumentation
framework matches the one derived via the belief revision operation.

We first present the necessary definitions of abstract argumentation [35], base
argumentation [28] and base revision [52] that we use. We work with the logic
(L,F) where L is a propositional language defined as usual, and F is the associated
consequence relation. Given a set K C L we define Cn(K) by Cn(K) = {¢ € L |
K F o).

3.1 Abstract Argumentation

An abstract argumentation framework is defined as a pair of a set of arguments, and
a binary relation representing the attack relationship between arguments [35].

DEFINITION 3.1. An argumentation framework is a pair F' = (A, =) where A
is a set of arguments and =C A x A the attack relation.

Various semantics have been defined as criteria for deciding which sets of argu-
ments are collectively acceptable. For our purpose we will use the stable semantics.
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DEFINITION 3.2. Let F' = (A,=) be an argumentation framework, and let
E C A. We say that E is conflict-free if there are no x,y € E such that (z,y) €=,
and that E is stable if it is conflict-free and attacks every x € A\ E. We denote by
st(F) the set of stable extensions of F.

3.2 Base Argumentation

In most of the instances of inference-as-argumentation (see Figure 2) based on
Dung’s model of abstract argumentation, an argument is either a recursive struc-
ture containing premises, rules and a conclusion, or a pair (I', ¢) where I" is a set
of premises and ¢ is the conclusion. The base argumentation formalism was intro-
duced as a simpler and more compact alternative, where a base argument is simply
a finite and consistent set I' of formulas. We can think of a base argument I' as
representing the set of all premise-conclusion pairs (I', ¢) such that ¢ follows from
I'. It was shown in [28] that this simpler approach is extensionally equivalent to
the deductive argumentation formalism that uses premise-conclusion pairs [17]: via
a simple mapping between base arguments and premise-conclusion pairs, the two
induce the same extensions.

Formally, a base is a (possibly inconsistent) set K C £ of formulas that acts as
a knowledge base. A common approach to reason with an inconsistent base K is to
look at the maximally consistent subsets MC(K) of K defined by

MO(K)={K'CK|K'¥F Land VK" st. K' C K" C K,K"F L}.

Base argumentation provides a way to represent this kind of reasoning as a form of
structured argumentation. This corresponds to the RAD depicted in Figure 2, where
the source formalism (arrow 1) amounts to computing M C(K) and the argumenta-
tion route (arrows 2-3-4) constructing the argumentation framework Fg (arrow 2),
computing the stable extensions of Fx (arrow 3), and converting the stable exten-
sions to sets of formulas (arrow 4). The basic definitions for base argumentation are
as follows [28].

DEFINITION 3.3. Let K C L be base. A base argument of K is a finite setI' C K
that is consistent (T ¥ 1) such that there exists no T' C T' with Cn(T") = Cn(T).
We denote by p(K) the set of base arguments of K.

A base argument I' attacks another base argument IV when I' entails the negation
of some premise in I".

DEFINITION 3.4. Let K C L and let T',T" be two base arguments of K. Then
I’ attacks TV iff T = —¢ for some ¢ € I'. We define the attack relation — xC
p(K)x p(K) by T =g I iff T' attacks T".
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We can now define how a base induces a base argumentation framework.

DEFINITION 3.5. The base argumentation framework induced by the set K C L
is the argumentation framework Fx = (p(K), — k).

EXAMPLE 3.6. Consider the base K = {p, —p, q}. The base argumentation frame-
work Fi is the pair (p(K), =), where p(K) = {0,{p}, {-p},{a}, {p,q}, {-p. q}}
and —x= {({p}, {-p}), {p} {-p,a}), {-p},{p}), {-r}.{p.qa}), ({p.q},{-p}),
({p,a}, {=p.a}), {=p, ¢} {p}), ({=p, a}, {p. a})}-

The following result (Proposition 3.7) was established by Chen et al. [28]: the
stable extensions of the base argumentation framework F correspond to the max-
imal consistent subsets of K. This result establishes the exact alignment of an
instance of the RAD depicted in Figure 2 for the case of base argumentation.

PROPOSITION 3.7. [28] Let K C L.
1. If S € MC(K) then p(S) € st((p(K),—Kk))-
2. If E € st((p(K),—k)) then E = p(S) for some S € MC(K).

3.3 Base Revision

Base revision refers to the revision of a base K with a new piece of information ¢. In
the remainder we assume that K is initially consistent, but that K is not necessarily
consistent with ¢. Base revision is modeled by a base revision operator * where
K x ¢ represents a revision of K with ¢. Various constructive and postulate-based
characterisations for a base revision operator * have been considered (see, e.g., [52]).
We present here the constructive definition of the full-meet revision operator. First,
a remainder of K with respect to ¢ is a maximal subset of K that does not imply

¢ [3]:

DEFINITION 3.8 (Remainders). Let K C L and ¢ € L. The set of remainders
of K with respect to ¢, denoted K1¢, is the set of all subsets K' C K such that
K' ¥ ¢, and there is no K" with K' C K" C K and K" ¥ ¢.

Revision is defined in terms of expansion and contraction [2]. Expansion refers
to the addition of a belief without checking consistency. Full-meet contraction takes
the intersection of all maximal subsets of the original belief set that do not entail
the proposition being contracted. Full-meet revision of K with ¢ is defined by the
contraction of K by —¢ followed by the expansion with ¢ [2].

DEFINITION 3.9. Let K C L and ¢ € L.
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o The expansion of K by ¢ is defined as: K + ¢ = K U {¢}.
o The full-meet contraction of K by ¢ is defined as: K — ¢ = (K Lo).
o The full-meet revision of K by ¢ is defined as: K x ¢ = (K — —¢) + ¢.

In what follows we will focus on the operation of full-meet revision as defined
above. For further discussion and motivation for these operators, including their
characterisation in terms of postulates, we refer the reader to [52].

3.4 Explaining Base Revision Using Base Argumentation

We now show how to model the revision K % ¢ as a form of base argumentation.
Below we define, given a base K and set X C K, the attack relation = x. In words,
given two arguments I', A the attack I' =x A holds whenever I' —x A (ie., T’
attacks A according to Definition 3.4) and I is not constructed only from elements
of X.

DEFINITION 3.10. Let K C L and X € MC(K). We define the attack relation
=xCp(K)xp(K) byI'=x A iff T 5 A and T’  X.

Proposition 3.7 states that, if K is inconsistent then The following lemma states
that, if K is inconsistent and X is a maximally consistent subset of K, then the base
argumentation framework constructed using the attack relation = x excludes X.

LEMMA 3.11. If K C L is consistent then for every X C K, st((p(K),=x)) =
{p(K)}. Now suppose K is inconsistent and let X € MC(K).

1. If S € MC(K)\ {X} then p(S) € st((p(K),=x)).
2. If E e st((p(K),=x)) then E = p(S) for some S € MC(K)\ {X}.

Proof. If K is consistent then = y= () for every X C K. It then follows that
st((p(K),=x)) = {p(K)}. Now assume that K is inconsistent. Let X € MC(K).

(1) Suppose S € MC(K)\ {X}. We show that p(S) € st((p(K),=x)). We first
have that p(S) is conflict-free. Otherwise, there exist I',T" € p(S), I' =x I and
hence I' = I, But this implies that S is not consistent, which is false, hence p(.5)
is conflict-free. Now let A € p(K) \ p(S). Since S € MC(K), we know S U A is
inconsistent. Hence there is a I' € p(S) with Cn(I') = Cn(S) and I' -k A. Since
S# X, I' Z X and hence I' =x A. Therefore p(S) attacks every A € p(K) \ p(95).
It follows that p(S) € st((p(K),=x)).

(2) Let E € st((p(K),=x)). Let S =UE. We will show that (i) E = p(.9), (ii)
S e MC(K), and (iii) S # X.
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(i)

(iii)

We will show that E = p(S). Since K is inconsistent we have that £ C p(K).
We first prove that E = p(S). Suppose I' € p(S). Suppose for contradiction
that I' ¢ E. Then since FE is stable, there is a A € E s.t. A =x I'. Then
A F —¢ for some ¢ € T'. But since I'' € p(S) and E = p(S) it follows that there
is a I" € E such that ¢ € I. Tt follows that A —x I and (since A =x I
also A =x I". Since A,I" € F it follows that F is not conflict-free, which is
false. Hence I' € E and it follows that E = p(S).

We now prove that S € MC(K). We first prove that S is consistent. Let
{T'1,...,In} = MC(S). Since E = p(S) it follows that I'1,...,. I, € E. If n =
1 then I'y = S is consistent and we are done. Now suppose for contradiction
that n > 1. Let A € p(K) \ E (existence of A follows our assumption that
E C p(K)). Stability of E implies that there is a A’ € E such that A’ = x A.
Since A" € T'; for some i it follows that A" —x T'; for some ¢ # j. Then,
since A" =x A, we also have A’ =x T';. Since A,T'; € E it follows that
F is not conflict-free, which is false. Hence S is consistent. Now assume for
contradiction that there is consistent S” such that S € S’ C K. Let ¢ € S"\ S.
Then {¢} € p(K). Since E = p(S5) it follows that {¢} ¢ E. Stability of E' then
implies that for some I' € E, I' =x {¢} and hence I' =i {¢}. This implies
that S F —¢ which is false since S’ is consistent. Hence S € MC(K).

We now prove that S # X. Suppose for contradiction that S = X. Let
A € p(K)\E (existence of A follows our assumption that £ C p(K)). Stability
of E implies that there is a A’ € E such that A’ = x A. But since A’ C S and
S = X we have A’ C X and hence A’ A x A, which is a contradiction. Hence
S+ X.

O]

We can use this lemma to model full-meet revision of a consistent belief base.
Recall that full-meet revision is defined by K * ¢ = (K — —¢) + ¢. We define the
argumentation framework Fig.,4) by

Figsg) = (p(K U{}), =k \{g}))-

The following theorem establishes the link between full-meet base revision K * ¢ and
the stable extensions of the argumentation framework Fifs)-

THEOREM 3.12. For every consistent K C L and ¢ € L:

Kx¢= ﬂ{UFeEF|E S St(F(K*d,))}.
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Proof. Let K C L be a consistent belief base and let ¢ € L be a consistent formula.
We then have

Kx¢ = (K—-¢)+¢ (1)
= (NEL-¢)+¢ (2)
= {9} U (KL-9) (3)
= N{PIUK'|K" € K1-¢) (4)
= (UK e MC(K U{¢})|¢ € K'} (5)
= [WUreel'|E € st(p(K U{8}), = k\(6))} (6)
= ({Ureel'|E € st(Fx.p)} (7)

Justification: In steps (1), (2) and (3) we apply, respectively, the definitions of
revision, contraction and expansion. Step (4) follows directly. For (5) we will prove
that ({¢} UK'|K' € K1-¢) ={K' € MC(K U{¢})|p € K'}:

(C) Suppose L € ({9} U K'|K' € K 1—¢). Two cases:

Case 1: ¢ € K. Then VK' € K1-¢, ¢ € K'. Hence (by our assumption)
L € K1—-¢. Then there is no K’ such that L C K’ C K and K’  —=¢ and hence
(since ¢ € K') no such K’ such that K’ F L. This implies that L € MC(K U {¢})
and ¢ € L.

CASE 2: ¢ ¢ K Then K \ {¢} € K1—¢. Suppose for contradiction that L ¢
MC(K U{¢}). Then let K’ best. L C K' C K s;t. K' € MC(K U{¢}). Then
K' ¥ —¢ (since K' - =¢ would imply K’ 1) and hence K’ € K 1 ¢, which is a
contradiction.

It follows that L € MC(K U {¢}) and ¢ € K.

(D) Suppose L € {K' € MC(K U{¢})|¢ € K'}. Then L € MC(K U {¢}) and
¢ € L. Suppose L ¢ K 1 —¢. Then there exists K’ with L C K' C K U{¢} s.t. K'¥
—¢. But then K’ is a consistent subset of K U{¢}, contradicting L € MC(K U{¢}).
It follows that L € K 1—¢ and hence L € ({¢} U K'|K' € K 1-¢).

It follows that N({¢} U K'|K’ € K1-¢) = N{K' € MO(K U {¢})|¢ € K'},
which proves step (5). Step (6) follows from Lemma 3.11 and step (7) from the
definition of Fx ). O

This result establishes a direct correspondence between full-meet belief base re-
vision and structured argumentation, thereby proving the exact alignment of the
RAD depicted in Figure 4. We thus show that this form of belief revision can be
naturally represented within a structured argumentation framework, which under-
lines Dov Gabbay’s vision of argumentation as a transparent host formalism where
heterogeneous mechanisms live together [51, 10].
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4 Outlook: Multi-RAD Systems and Neuro-symbolic
RADs for Agentic Al

In this section we present our vision for how Reasoning Alignment Diagrams extend
to Al reasoning in the sense of agentic AI. At the heart of alignment is making
a logical (symbolic) reasoner and a subsymbolic reasoner cohere; our outlook is to
develop RADs for subsymbolic and neurosymbolic components. In Section 4.1 we
state our general vision of combining RADs (Multi-RADs) and use the composition
of inference-as-argumentation with revision-as-argumentation as an example. In
Section 4.2, we use the composition for single-agent decision making. In Section
4.3 we envision a principle-based approach for specifying and verifying Multi-RAD
systems at their input—output interfaces, independent of internal implementation.

4.1 Multi-RAD for Dialogue

In this section, we take a broader perspective and envision how Inference-as-
Argumentation RAD and Revision as Argumentation RAD can be combined for
dialogue between agents. The idea is that belief revision and argument generation
are essential components of listening and asserting. This duality allows us to inter-
pret dialogue protocols as the composition of two commutative diagrams. A simple
form of dialogue, such as that used in chatbot interaction, can be modeled by speech
acts that assert a formula ¢, thereby informing another agent. This interaction in-
volves belief revision on the receiving side and argument generation on the asserting
side. We analyze this kind of dialogue from the perspective of formal argumentation
by combining argumentation-as-inference (Figure 2) and argumentation-as-revision
(Figure 4), thereby integrating the explanatory structure of base revision with the
generative structure of argumentation.

Figure 5 illustrates how revision and inference interact in dialogue. There are
three agents, o, 3, and v, each with its own knowledge base: KB,, KBg, and KB,
respectively. The figure is structured as a temporal and concurrent model: vertical
swimlanes represent the internal evolution of each agent’s knowledge over time, while
horizontal arrows indicate inter-agent communication via speech acts. The process
begins with Agent «, who performs argumentation as inference over its knowledge
base KB,. Based on the resulting extension E, « asserts a formula v to Agent
B. Upon receiving v, Agent 3 listens and revises its knowledge base from K Bg to
K Bfg. From this updated base, 5 constructs a new argumentation framework, infers
an extension F, and generates a new assertion §. In a multi-agent context, an agent
may interact with several other agents. Here, Agent -y also asserts d to Agent 3, who
integrates it via another revision step from KB’ to KB” /. This update leads to
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the generation of a new assertion A, which is sent to Agent a. Agent « then revises
its own knowledge base accordingly, from KB, to KB.,.

s Ka
)
Arg. Construction @ @ L_J
Att. Assignment .
F(KBg) <228 kg, KBg KB,
Arg. Semantics [nference Arg. Construction
Assert Listen Att. Assignment
— KB, Fk
Conclusion B ‘B
extraction .. Arg. Construction
‘ Revision \L Att. Assignment
KB'g < — E
Arg. Semantics
KB, —— F(KB))
Inference l
, , isten & Assert §
Fg KB'g E

l Revision ‘

E —— KB " B

|
Listen A Assert 1 "
Fg, <— ¥ KB, KB'"g
l Revision ’
E —————— KB 'a
+

Figure 5: Multi-RAD for dialogue.

4.2 Multi-RAD for Individual Agent Decision Model

In Figure 5, we illustrated combining two RADs in a dialogue context. In this
section, we turn to the agent decision model depicted in Figure 6. Whereas Figure 5
considers multiple agents and the evolution of time, and is thus mainly concerned
with the synchronization of the agents, Figure 6 examines the interaction from the
perspective of a single agent at a fixed point in time.

From the perspective of a single agent «, that agent can either assert something
or listen to other agents. If a decides to make an assertion, it must also choose
strategically what to say. Alternatively, if « is listening and another agent informs it
of some proposition v, then « has several options: it can revise its knowledge base
with the new information, ignore v, question the other agents about it by asking for
a justification, challenge ¢, and so on. Such agent communication languages based
on speech acts have been developed, for example, by FIPA [42].

The strategic decision-making aspect of the dialogue can be implemented using a
traditional or a qualitative decision theory [32], as well as techniques from generative

1699



RIENSTRA, VAN DER TORRE, AND YU
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Figure 6: Multi-RAD for individual agent decision

AT In fact, techniques from neurosymbolic and agentic Al can be adopted. The main
question is control: does the symbolic layer or the subsymbolic layer decide?

Moreover, multiple types of dialogues [67] may be distinguished. In persuasion
and deliberation dialogues, agents can question or challenge each other’s assertions,
whereas in information-seeking dialogues, agents primarily ask questions (including
requests for clarification). Once an agent is equipped with a range of communicative
actions, a meta-level control mechanism is required for deciding when to switch
between these actions.

Building on this multi-agent dialogue model, one can investigate a wide range
of topics discussed in the multi-agent systems community. For instance, the model
could be extended in the direction of hybrid human-machine intelligence, using
hybrid human+machine argumentation and notions of cognitive delegation [43] to
address questions of autonomy and discretion. Finally, shifting focus from the inter-
agent protocol to the viewpoint of a single agent raises broader philosophical ques-
tions about agency, which would need to be addressed as this line of research pro-
gresses.
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4.3 Multi-RAD for Agentic Al

Until now we have shown how individual RADs model inference and revision as
argumentation, and how they compose into dialogue and decision-making. Our
outlook now moves to apply Multi-RAD systems to Al reasoning in the sense of
agentic Al

Agentic Al concerns capabilities such as autonomy, goal pursuit, planning, tool
use, and interaction [1]. These capabilities do not presuppose a single implementa-
tion style but in hybrid combinations. What matters for us is how the underlying
reasoning routes are aligned and composed. The following example from Gabbay [49]
illustrates why multiple kinds of reasoning often co-occur and must be coordinated.

EXAMPLE 4.1 (Untidy room [49]). A mother goes into her teenage daughter’s
bedroom. Her instant impression is that it is a big mess. There is stuff scattered
everywhere. The mother’s feeling is that it is not like her daughter to be like this.
What happened?

Conjecture: The girl may be experiencing boyfriend issues.

Further Analysis: The mother notices a collapsed shelf and realizes that the
disarray is due to the shelf collapsing under excessive weight which, upon reflection,
follows a logical (gravitational) pattern.

Several types of reasoning are illustrated through this scenario:

Neural network reasoning: The mess is perceived instantly, similarly to facial
recognition by neural networks.

Nonmonotonic deduction: The mother deduces from the context and her knowl-
edge that her daughter does not typically live in disarray. Thus, something
extraordinary must have happened.

Abductive reasoning: She hypothesizes a plausible explanation that her daughter
has soctal-emotional issues, which is common among teenagers.

Database AI deduction: A recvaluation leads to the understanding that the mess
is due to gravitational effects rather than disorganization on the part of her
daughter.

Pattern recognition: Someone accustomed to similar patterns may identify the
cause as easily as they might recognize a face.

This example illustrates the need for hybrid reasoning, where symbolic and sub-
symbolic approaches complement one another. By subsymbolic reasoning we mean
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parameterised function-approximation methods (e.g., neural networks and pattern
recognition) that support fast perception and intuitive classification; by symbolic rea-
soning we mean rule- or graph-based methods (e.g., deduction, abduction, database-
style re-evaluation) that support structured analysis, logical constraints, and expla-
nations [39]. Neither alone suffices: subsymbolic methods lack transparency, while
symbolic methods lack perceptual grounding and flexibility.

To address this, we outline Multi-RAD systems: architectures that interconnect
several RADs so that each route aligns a source specification with an argumentation-
based explanation, and the composed diagram preserves alignment from input to
outcome. In practice this means (i) supporting heterogeneity (symbolic and/or
subsymbolic components), (ii) ensuring compositionality (routes do not break one
another), and (iii) maintaining alignment (each route has a specification and an
explanation path that commute).

Multi-RAD systems can embody several conceptualisations of formal argumen-
tation —inference, dialogue, and balancing—which should not be treated in isolation
(see [71]). A higher-level metamodel such as A-BDI [70] provides the necessary ab-
straction, showing how these conceptualisations relate. The next step is a method-
ology for specifying and verifying such systems, which we introduce below.

4.4 The principle-based approach for multi-RAD systems

To manage the diversity of reasoning methods, we use principle-based analysis as
a methodology for selecting among existing methods or designing new ones. The
idea is to describe mechanisms at a higher level of abstraction, focusing not on their
implementation but on the properties they satisfy. In mathematics, abstraction
extracts the underlying structures of a concept; in computer science, it generalises
from concrete details to reusable specifications. Principle-based analysis applies this
idea to reasoning.

This approach has a long tradition across domains. In voting theory, Arrow’s
axioms [8] specify criteria for voting systems and yield impossibility results. In be-
lief revision, AGM postulates ensure the rationality of revision operations [2]. In
nonmonotonic logic, Gabbay discussed the central requirements reflexivity, cut, and
cautious monotony [44]. In formal argumentation, the principle-based view has been
applied at the different stages of the Inference-as-Argumentation RAD in Figure 2.
For arrow (1), the Kraus-Lehmann-Magidor (KLM) principles [57] axiomatise prop-
erties a nonmonotonic consequence relation ought to satisfy. For arrows (2)—(4),
axiomatic analyses compare attack assignments among arguments [36, 38, 59]. For
the whole RAD, rationality postulates guarantee that the overall conclusions sat-
isfy desirable properties such as direct/indirect consistency and closure [24, 25, 23].

1702



REASONING ALIGNMENT FOR AGENTIC Al

For abstract argumentation, the semantics has been classified via principles [11],
with further extensions in [65]. The same methodology carries over to extended
argumentation frameworks, yielding principle-based analyses for ranking-based se-
mantics [4], gradual semantics [12, 18], multi-agent argumentation [69], and bipolar
argumentation [68], etc.

Principle-based approach supports two main aims. First, it can be used to define
new input—output behaviours of reasoning by selecting the principles one wishes to
enforce as desiderata. Second, it can be used to compare existing input—output
behaviours by identifying which principles they satisfy or fail to satisfy. Beyond
comparison, principle-based analysis can yield characterisation theorems, where a
given set of principles uniquely determines a function, and impossibility results,
which show that no function can satisfy certain sets of principles simultaneously.

In the age of agentic AI, the same style of analysis must also apply to subsym-
bolic components. Even if a component is opaque internally, we can still analyse
its input—output behaviour against principles. This connects naturally with ongo-
ing work on verification of machine learning models [55]: for example, proving that
a classifier respects monotonicity, fairness, or robustness constraints. In this way,
the principle-based approach provides a unifying layer for both symbolic and sub-
symbolic components. It extends the toolbox idea: principles allow us not only
to combine mechanisms but also to constrain and govern them, ensuring that even
black-box modules contribute to explainable and accountable agentic systems.

5 Related work

We introduced reasoning alignment diagrams (RADs) as an architectural pat-
tern for aligning different forms of reasoning. Our main technical contribution is the
introduction of the revision-as-argumentation RAD and a proof of alignment for the
specific case of base revision and base argumentation. The connection between argu-
mentation and belief revision has been widely recognised in the literature, grounded
in the view that argumentation is an inherently dynamic process [9, 40, 58]. Both
frameworks aim to model rational change in light of new information, and argumen-
tation has been proposed as a natural mechanism for capturing belief dynamics and
resolving inconsistencies. Under this perspective, belief addition corresponds to in-
troducing new arguments, contraction may involve removing arguments or introduc-
ing counterarguments, and the evolving structure of the argumentation framework
reflects the agent’s shifting epistemic state.

This conceptual link has been explored from multiple directions. A substantial

1703



RIENSTRA, VAN DER TORRE, AND YU

body of work investigates change in abstract argumentation frameworks, examining
how adding or removing arguments and attacks affects extension sets under various
semantics [14, 13, 26, 29, 33, 34, 64]. Other lines of research model change in
argumentation systems explicitly as a form of belief revision, drawing analogies
with AGM-style postulates and operators [21, 15, 54]. Structured argumentation has
also been studied in this context, with attention to how changes to the underlying
knowledge base or rule set relate to changes in the resulting argument graph [16,
61, 62]. Despite these efforts, representation results for belief revision as a form of
formal argumentation are lacking. In Section 3 we provided such a representation
result establishing a direct correspondence between full-meet belief base revision and
base argumentation. To the best of our knowledge, this is the first work to show
that this form of belief revision can be naturally represented within a structured
argumentation framework.

1) apply M
(M,z) (1) eopty M(z) ~ Su()

(2) train surrogate (3) apply Sy

Sy = (wy,...,wy)

Figure 7: The Interpretable Surrogate RAD: prediction M (x) of an opaque model M
(arrow 1) is explained by training a linear model S, (arrows 2, 3). The coefficients
w1, ..., w, of S, represent feature importance values for the prediction M (z).

In this paper we used RADs to represent different forms of symbolic reason-
ing, where one route provides an argumentation-based explanation for another. Yet
the RAD idea is more general and also applies to explanation in subsymbolic ap-
proaches. A good example is the surrogate-model approach popularised by LIME
in the field of Explainable AI [63] (see Figure 7). Given an opaque model M (e.g.,
a neural network) and an input x, the aim is to provide an explanation for the
prediction M (z). One route simply computes M (z) without providing any explana-
tion. The alternative route proceeds in two steps: first, an interpretable surrogate
S, is trained to be locally faithful to M (meaning that M (z) ~ S,(z) for inputs
‘close to’ z); second, the prediction S;(z) is obtained, where local faithfulness en-
sures (approximate) alignment of the RAD. The point of the alternative route is
not to provide an alternative way to obtain the prediction, but rather to obtain
explanations for the prediction made by the source model. This is typically done
by using a linear classifier for the interpretable surrogate, and using the regression
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coefficients (wq,...,wy,) as feature importance values. This example shows that the
RAD concept can capture explanation even in purely subsymbolic settings.

6 Summary and Conclusion

Our aim was to advance Dov Gabbay’s vision of logic as a toolbox, of disciplined
combinations, and of argumentation as the host formalism by developing a unifying
pattern for aligning different forms of reasoning based on Reasoning Alignment Dia-
grams (RADs). RADs are commutative reasoning representations in which distinct
routes from input to output align, enabling the separation of a normative path that
specifies what is sanctioned, and an argumentation path that explains why. The
pattern admits exact, partial, and approximate alignment. Routes consisting of
multiple steps make explicit the translation from knowledge bases to arguments and
attacks, the choice of Dung-style semantics, and the extraction of conclusions from
extensions.

We showed that existing work grounded in Dung’s model fits the Inference-as-
Argumentation RAD, which explains defeasible logics via the structured argumenta-
tion route (construct an AF, apply semantics, extract conclusions). Argumentation-
as-Discussion adds a further explanatory layer, by recasting acceptance under a
semantics in terms of two-player discussion games with proponent/opponent strate-
gies. Together, these perspectives illustrate how argumentation provides both an
abstraction across heterogeneous formalisms and an explanation engine for their
outcomes.

Our new contribution is the Revision-as-Arqgumentation RAD that extends this
role beyond inference to belief change. We considered full-meet belief base revision
of a consistent K by ¢ and showed exact alignment with base argumentation. The
construction builds a base-AF over K Uy and introduces a restricted-attack relation
that disables attacks originating from arguments contained in a chosen remainder
set. We proved that the revised base coincides with the intersection of the premises
that appear in all stable extensions of the modified framework. Intuitively, contrac-
tion by —¢ is realised by restricting attacks, while expansion by ¢ is captured by
including ¢ in the base. This approach provides, to our knowledge, the first exact
representation of full-meet base revision within base argumentation.

Methodologically, the RAD concept yields three pay-offs. First, it couples specifi-
cation and explanation: the commutation amounts to a correctness guarantee of the
explanation route. Second, it supports modularity, since Dung-style semantics can
be reused across source formalisms. Third, it ensures transparency: attack/defence
structures make the survival and removal of premises during revision explicit. These
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benefits instantiate Gabbay’s principles: mechanisms rather than monoliths, disci-
plined combinations, and argumentation as the operating system for heterogeneous
reasoning.

We also introduced the idea of composing RADs. At the level of a single
agent, combining argumentation-as-inference with revision-as-argumentation clar-
ifies choice points (whether to assert or to listen; what to assert; and whether to
revise, ignore, question, or challenge) and allows qualitative decision models to gov-
ern these communicative acts. At the dialogue level, composing the assert RAD
(generation of claims from a base) with the listen RAD (revision of the receiver’s
base) yields explainable and auditable multi-agent interaction over time. We further-
more showed that the RAD concept applies beyond symbolic reasoning, for example
by modelling subsymbolic surrogate-based explanation (e.g., LIME) as a surrogate-
model RAD. We also envisioned that RADs can be extended to Al reasoning in
the context of agentic Al, where symbolic and subsymbolic reasoning can be com-
bined, and a principle-based methodology for specifying and comparing Multi-RAD
architectures at their input—output behaviors.

Concerning the notion of revision-as-argumentation, two strands of future work
follow. Firstly, Theorem 3.12 can be generalized by considering other kinds of revi-
sion operators, including iterated revision, prioritized revision, and external revision
(see, e.g., [41] for a discussion of these variants). Furthermore, the problem of
revising rules will be interesting to extend to other forms of structured argumen-
tation, such as assumption-based argumentation [37] and ASPIC+ [60]. Moreover,
extended forms of argumentation can be explored like ranking semantics [4], bipolar
argumentation [27], and multiagent argumentation [7, 19]. Secondly, Theorem 3.12
assumes an initially consistent base. In practice, when an agent with an inconsistent
knowledge base receives new information and revises its beliefs, some conflicts may
be resolved, but it is unlikely that all inconsistencies will disappear. Consequently,
we should consider other revision operators that may have inconsistent knowledge
bases as a result [53]. Moreover, the revision of inconsistent knowledge bases can be
driven by research on inconsistency measures [6]. The success measure of traditional
belief revision, which says that the revised knowledge base must be consistent, can
be replaced by a condition that the inconsistency measure of the knowledge bases
does not increase. Other success conditions can be given, stating conditions under
which the inconsistency measure must decrease.
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