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Abstract. Belief Revision studies how rational agents change their beliefs in response to
new information. The main objective of the works in this area is modelling these dynamics
by defining some formal operators of change. This paper is an overview on the AGM model
for revision, introducing some of the major questions that are addressed in this area of study.
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1. Introduction

Belief Revision (Belief Change) is an interdisciplinary research area that makes use of
logic to produce models of how rational agents change their beliefs in response to new
information. To better understand it, consider the following set of belief-representing
sentences (belief state) in natural language (Gärdenfors 1992): all European swans
are white; the bird caught in the trap is a swan; the bird caught in the trap comes
from Sweden; and Sweden is part of Europe. From this set it can be deduced that the
bird caught in the trap is white. But suppose that the bird caught is black. If this new
piece of information is simply added to the latter set, it will become inconsistent. If
it is intended that the new belief state remains consistent, how should one behave?
Should the old beliefs be preserved by ignoring the new information? Or one should
add the new information, removing some of the beliefs contained in the original set?
In this case, should all the beliefs be retracted, or just some of them? Which ones?

In a wide sense, those questions have been subject of philosophical reflection
since antiquity, as it is highlighted by Fermé and Hansson (2018), including discus-
sions on the mechanisms by which scientific theories develop in the beginnings of
the twentieth century. One of the main contributions to the study of belief dynam-
ics is the so-called AGM model, proposed by Alchourrón, Gärdenfors and Makinson
(1985) alongside a number of papers by the authors, mostly influenced by the works
of Georg Henrik von Wright, Jaako Hintika, William Harper and Isaac Levi.
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2. Rationality criteria

The main argument advocated by the AGM trio, mostly advanced by Gärdenfors ex-
tending and generalizing previous works on the area, is that there are certain basic
principles in the metalevel of epistemological theories that must be satisfied — the
so-called rationality criteria (Gärdenfors 1982). For instance, in the previous example
the reader should agree that it does not seem rational to retract the fact that Swe-
den is part of Europe, instead of retracting for example the belief that all European
swans are white. This means that there is some kind of preference when choosing in
what to believe (and, accordingly, in choosing what to retract). Furthermore, another
criterion tacitly present in that example is the preservation of consistency. Indeed,
consistency preservation and entrenchment order are two of the most usual criteria,
alongside informational economy (or minimality, which states that as much as possi-
ble of the previous information are retained), logical closure (the outcome of a belief
change operation is a logically closed set, just like the original one), irrelevance of
syntax (the outcome of a change does not depend on the formal representation of
the beliefs), and primacy of the new information, among others.

Let us turn our attention to the so-called revision operation, namely the one that
takes a set (the original set of beliefs) and a sentence (the new belief to be incorpo-
rated) and combines them into a new consistent belief set, possibly retracting parts of
the original one — thus solving the puzzling situation in the example presented in the
introduction. Is it possible to explicitly construct such belief change operator? How
can we guarantee that such formal construction satisfies the rationality desiderata
captured by the aforementioned criteria?

3. AGM model

In the AGM model, beliefs are expressed in a language L, closed under the usual
truth functional connectives. Let Cn be a consequence operator on L satisfying the
standard Tarskian properties, and Cn(X ) be all the logical consequences of a set X
of sentences. A belief set representing an epistemic agent’s belief state is a set of
sentences logically closed such that K = Cn(K).

3.1. Postulates for revision

If a new piece of information does not contradict K , then it can be directly incor-
porated by the agent — what is considered as a plain expansion, set-theoretically
defined as K + α = Cn(K ∪ {α}) . However, in most situations (like the aforemen-
tioned example) a more complex operation is necessary. A revision of K by a belief-
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representing sentenceα (K ∗α) can be formally defined by the following basic postula-
tes:

(∗1) K ∗α= Cn(K ∗α) (Closure)
(∗2) α ∈ K ∗α (Success)
(∗3) K ∗α ⊆ K +α (Inclusion)
(∗4) If ¬α /∈ K , then K +α ⊆ K ∗α (Vacuity)
(∗5) If α is consistent, then K ∗α is consistent (Consistency)
(∗6) If α↔ β , then K ∗α= K ∗β (Extensionality)

As expected, those postulates formally captures the rationality desiderata pre-
viously advanced in natural language. (∗1) assures that the result of a revision is
always a belief set, while (∗2) assures that the new piece of information is in the new
belief state. (∗3) and (∗4) are reflexes of informational economy. (∗5) expresses con-
sistency preservation. (∗6) is a formalization of the irrelevance of syntax criterion. It
is worth mentioning that there are several alternative axiomatic characterizations of
revision, some of them equivalent or even supplementary to those basic postulates
— all these different characterization of revision can be found in the references.

3.2. Constructive model for revision

The basic postulates presented in the previous section fully characterize an explicit
construction for revision. The one that has been chosen to be explored in this paper
is the so-called partial meet revision. This construction is based in the concept of
remainder set, that is a set of maximal subsets of a given set that fail to imply a given
sentence.

Definition 3.2.1 (Remainder Set) Let A be a set of sentences and α a sentence. The
set A⊥α (“remainder of A by α” or simply “A remainder α”) is the set of sets such that
B ∈ A⊥α if and only if:

• B ⊆ A
• B ⊬ α
• For all B′ such that B ⊂ B′ ⊆ A, B′ ⊢ α

The elements of A⊥α are called the remainders of A by α. The partial meet re-
vision of K by α is then obtained by expanding by α the intersection of some of
the remainders of K by ¬α, that is, expanding by α some subset of K that does not
contradict with α. The choice of those elements is performed by a selection function.
Intuitively, the selection function is expected to choose those beliefs that are more
entrenched in the agent’s belief state.

Definition 3.2.2 (Selection Function) Let A be a set of sentences. A selection func-
tion for A is a function γ such that, for all sentences α:
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• If A⊥α ̸= ∅ then γ(A⊥α) is a non-empty subset of A⊥α.
• If A⊥α= ∅ then γ(A⊥α) = {A}

Definition 3.2.3 (Partial Meet Revision) Let K be a belief set and γ a selection func-
tion for K . For any sentence α, the partial meet revision operator over K determined
by γ is defined as follows:

K ∗γα= Cn(
⋂︂

γ(K⊥¬α)∪ {α})

An operator ∗ on K is a partial meet revision if and only if there is a selection function
γ for K such that for all sentences α : K ∗α= K ∗γα.

It is worth mentioning that when revising K by α, the previous retraction of those
elements that contradicts the sentence α is indeed the so-called contraction opera-
tion — accordingly, a partial meet contraction of K by α is constructed as K −γ α =
Cn(
⋂︁

γ(K⊥α)) (given a selection function γ). Thus, contraction and revision are
inter-definable: K ∗α=de f (K −¬α)+α (Levi identity); and K −α=de f K ∩ (K ∗¬α)
(Harper identity).

3.3. From postulates to construction, and vice-versa

The class of partial meet revision functions coincides exactly with the class of revi-
sions defined by the aforementioned basic postulates — a result called Representation
Theorem.

Observation 3.3.1 (Representation Theorem) Let K be a belief set. An operator on
K is a partial meet revision function if and only if it satisfies the postulates (∗1) to
(∗6).

The proof of this theorem has two parts. In the construction-to-postulates part,
it is shown that the partial meet revision satisfies the given postulates — what fol-
lows almost directly by construction and the properties of remainder sets. In the
postulates-to-construction part, it is shown that if an operation satisfies the given
postulates, then that operation can be constructed as a partial meet revision. The
very Harper identity can be of use: let ∗ be an operator for K that satisfies the listed
postulates and let γ be defined as follows:

γ(K⊥α) = {X ∈ K⊥α : K ∩ K ∗¬α ⊆ X } if K⊥α ̸= ∅
= {K} otherwise.

.

Along these lines, the proof follows by proving that (1)γ is a selection function
and (2) that K ∗γα = K ∗α for all α. The details of this proof can be found in the
references.
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4. Equivalent characterizations and alternative models

Since the publication of the AGM model in 1985, its major constructions and con-
cepts have been the starting point to significant ramifications as well as to criticisms,
including the elaboration of alternative models that have been proposed to extend
or replace the AGM framework. Some of the reasons for this impact are the main
features of the latter model — its simplicity, generality and capability of being ex-
pressed in several different ways, including possible world models, epistemic entrench-
ment, specified meet contraction, kernel contraction and safe contraction (Fermé and
Hansson 2018).

Other reason for the lasting influence of the AGM model is that it provided a
simple input–output framework for modelling change, with potential applications to
a wide range of important areas and connections with other fields of research, for
example Nonmonotonic and Defeasible Reasoning; Argumentation, Social Choice and
Game Theories; Truth Maintenance Systems; Database Update; just to name a few.

Notwithstanding, just like any other logical formalization of philosophical argu-
ments, the AGM model of belief revision describes an idealized scenario. The epis-
temic agent’s rationality presupposes a certain logical omniscience (as it is required
by closure) and always prioritizes the new information in prejudice of old beliefs (by
success), among other compromises. Thus, alternative models are considered when
distinct contexts are assumed (including the aforementioned connections).

Some of these models are, for instance, Belief Bases, in which belief states are
not closed, thus differentiating beliefs accepted by the agent and their logical conse-
quences, among several other features (Hansson 1999a), Paraconsistent Belief Revi-
sion, in which consistency desideratum can be refined into at least two distinct ones,
namely non-contradictoriness and non-triviality (Testa et. al. 2018), Non-Prioritized
Belief Change, in which it is possible to reject or to accept only parts of the new infor-
mation (Hansson 1999b), Multiple Change (Fuhrmann and Hansson 1994), among
many others — a comprehensive overview is given by Fermé and Hansson 2018.

In fact, not all rationality principles are desirable at all times, and certain crite-
ria contradict with others when distinct cases are considered, as it is explained by
Testa (2015) in the context of Paraconsitent Belief Change (as studied by Testa et. al.
2017). In the latter model, it is highlighted the fact that there is a kind of trade-off
between consistency and minimality — contradictions are not sufficient conditions
for retracting a belief when minimality principle is held in higher regard, given the
possibility of contradictory yet non-trivial theories in a paraconsistent setting (Testa
2023).

Indeed, there are several trade-offs when advancing representational formalisms
aimed at various uses or applications, mostly related with two important concepts:
the expressiveness of the representation language and the tractability of the associated
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reasoning task (Brachman and Levesque 2004). Accordingly, the more fine-grained a
formalization is (with a more expressive language), the more complex it will also be
(and vice versa). This fact can be perceived in most formalizations of philosophical
arguments present in this special issue.

5. Final Remarks

The introduction of formal models of belief change has opened up a new field of
philosophical reflection, along with discussions on the very nature of epistemic states
and the underlaying rationality of its dynamics. Furthermore, new light has been shed
on some classical questions, for instance the use of the formal tools and methods of
belief change for a number of investigations in the philosophy of science (Olsson and
Enqvist 2011).

Other important impact is fomenting the confluence of Philosophy with several
areas of study, including Artificial Intelligence — mostly in the field of Knowledge Rep-
resentation and Reasoning. Indeed, several studies in Computer Science contributed,
and still contribute, to the flourishing of the Belief Revision area, such as the field of
Database Update.

The fact is that the area turned out to be a useful discipline in several distinct
fields, including Economics, Formal Epistemology, Ontology, Legal Theory, among many
others. Moreover, its formal tools and methods allow intersecting the latter disci-
plines, thus fomenting a cross-fertilization of ideas and results.
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