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Abstract. We present a formal framework for theory revision that is
based on a tableaux algorithm. We use a semantic tableaux system for
generating the tableau of a belief base and of a revision formula. Specific
revision operators can then be defined in terms of tableaux branches.
Tableaux branches of a formula correspond to implicants of the formula.
We define a new set of revision postulates for implicant sets and we show
that they verify the AGMrevision postulates. Then we consider specific
distance based revision operators and in particular those based on the
symmetrical difference between interpretations. We show that the mini-
mal symmetric difference between the model sets of two implicants can
be obtained by a simple binary operation on these implicants. Finally, we
define three specific distance based revision operators. The representa-
tion of a formula by implicants is not unique (our approach is not based
on prime implicants). We show that our implicant revision approach ob-
tains the same revision result operated on different equivalent implicant
sets for the three revision operators we propose.

1 Introduction

Knowledge base revision is an important subject in artificial intelligence and in
data base systems. Considerations about the evolution of knowledge and belief
are very important in many other domains such as philosophy and philosophy
of science, history, law and politics. Theory revision as we will consider it in this
article has been introduced in the framework of logic by Alchourron, Gärdenfors
and Makinson in [2]. They considered a belief set as a deductively closed set of
sentences (of a propositional logic). Revision is then an operator between a belief
set and a formula that will be added to the belief set. The authors do not define
specific revision operators but formulate postulates, called AGM postulates, that
every reasonable revision operator should satisfy. Although the postulates have
frequently been criticized they are widely used as a very usefull framework to
study belief revision. The AGM postulates are very general, they specify sort
of “minimal requirements” for revision operators. Katsuno and Mendelson have
reformulated the postulates for belief sets which are represented by a finite set of
formulas [14]. In this framework a revision is an operator between two formulas,
one representing the belief base and the other representing the revision formula.
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In this paper, we propose an approach where revision is defined as an operator
on implicant sets. Intuitively, our approach is due to the following observation.
Revision is the process of integrating new information into a belief base. In our
framework, a belief base is represented by a set of formulas Γ of some logic.
If we add new information represented by a formula μ to Γ , we consider the
set Γ ∪ {μ}. There are two situations, either ¬μ �∈ Γ or ¬μ ∈ Γ . In the first
case the AGM postulates tell us that Γ∗μ is Γ ∧ μ, in the second case Γ ∪ {μ}
is inconsistent and we must find a new set Γ ′ that contains μ and most of
the information from Γ , that is consistent with μ. If Γ ∪ {μ} is inconsistent, a
tableaux theorem prover will produce a closed tableau for Γ ∪{μ}, that is a tree,
where every branch contains a formula and its negation. The idea underlying our
approach is to “open” tableaux branches in order to obtain a consistent knowledge
set. Opening a closed branch consists in suppressing the literals “responsible” of
the contradiction. Since we want to keep the revision information μ we do not
suppress literals coming from μ. Since we want to conserve as much information
from Γ as possible, we will suppress a minimum of literals in branches of Γ
just enough to obtain a consistent belief base. This minimum may be defined in
different ways, yielding different revision operators.

The tableau for a formula can be seen as a set of implicants of the formula,
an implicant being a finite set of literals. We define binary revision functions on
implicant sets and we formulate implicant revision postulates that specify prop-
erties every revision function should have. We show that every implicant revision
function satisfying the implicant revision postulates defines an AGM revision op-
erator. Our new implicant revision operators verify one additional property that
does not follow from the AGM postulates.

Specific revision operators are frequently defined in terms of models and most
time they take into account the set of atoms in which two models differ. This
means that the symmetrical difference between models must be calculated and
we show that it is easily obtained by a simple operation on implicants.

We illustrate our approach by defining three specific implicant revision oper-
ators all based on the symmetric difference between models. We minimize this
difference in two ways, first by set inclusion of the differences and secondly by
minimizing the number of elements where the two models differ. The third oper-
ator is based on literal weights where a weight is a natural number that indicates
the importance of the literal. The idea is that the higher the weight the more
important is the literal in the belief base and the less a user wants to give it
up. This approach offers the possibility to express preferences on literal level. It
seems to us that the preference of literals is more concrete for a user than pref-
erence of models. We use the weights for revision by minimizing the sum of the
weights of the symmetric difference thus giving up globally the less important
information units.

This paper is organized as follows. In the next section, we recall elements and
results of theory revision. In the third part, we introduce our tableaux calculus
based approach and we introduce the new implicant revision postulates for which
we proof a representation theorem. In the fourth part we study specific distance
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based implicant revision operators. The fifth section describes some related work
and section six concludes. Due to space limit, proofs could not be included in
the paper.

It can happen that we use the terms knowledge set or belief base or belief
set to speak of a belief base . We know that there might be subtle differences
between these concepts. Nevertheless, we think that they all can be subject to
implicant based revision.

2 Background

Preliminaries and Notation. We consider a propositional language over a
set of propositional variables P (also called atoms). We note Mthe set of all
interpretations, F the set of all formulas, LIT the set of all literals, i.e. LIT =
P ∪ {¬a : a ∈ P }. We call ¬l also the opposite of l. We will identify a literal
l ∈ LIT with ¬¬l, etc. as well as ¬l with ¬¬¬l, . . . , etc. For a formula φ ∈ F , [φ]
is the set of models of φ (the set of interpretations that satisfy φ). We identify an
interpretation with the set of atoms evaluated to true. Then M = 2P 1. Given a
set of interpretations M ⊆ M, we define FOR(M) = {φ ∈ F : M ⊂ [φ]} the set
of formulas satisfied by all models in M . A set of interpretations M is called F -
representable if there is a formula ψ ∈ F such that [ψ] = M . FOR(F ) is the set
of all F -representable model sets. If P is finite then every set of models is F -
representable, i.e. FOR(F ) = 2P . In this paper we will be only concerned with a
language over a finite set of atoms P. The consequence relation is noted “ |=”, i.e.
φ |= ψ iff [φ] ⊆ [ψ] and we denote Cn(φ) = {ψ : φ |= ψ} the set of consequences
of formula φ. A belief base is a deductively closed set of formulas. It is easy to
see that FOR(M) is deductively closed, i.e. FOR(M) = Cn(FOR(M)). Given
a finite set of formulas Γ , we denote their conjunction by Γ∧.

2.1 The AGM Postulates for Belief Revision

Alchourron, Gärdenfors and Makinson proposed the well-known AGM -postulates
for theory revision [2]. Here revision is defined as an operator on a belief base
Γ and a formula μ and the result of the revision is a belief base denoted Γ∗μ.
AGM postulates express what properties a revision operator should have. Re-
vision comes with another operation, expansion, that simply adds a new in-
formation to a knowledge base regardless of whether the result is inconsistent.
Expansion is noted + and it holds that Γ + φ = Cn(Γ ∪ {φ})2

Definition 1 (Revision operator). Let Γ be a belief base and φ, ψ ∈ F . We
call AGM revision operator every operator ∗ for which the following postulates
hold

1 2M is the power set of set M .
2 Expansion is characterized by another set of postulates and this equation is a rep-

resentation theorem.
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K∗1 Γ∗φ is a belief base .
K∗2 φ ∈ Γ∗φ
K∗3 Γ∗φ ⊆ Γ + φ
K∗4 If Γ + φ is satisfiable, then Γ∗φ ⊇ Γ + φ
K∗5 If φ is satisfiable, then Γ∗φ is satisfiable
K∗6 If φ ≡ ψ then Γ∗φ ≡ Γ∗ψ 3

K∗7 Γ∗(φ ∧ ψ) ⊆ (Γ∗φ) + ψ
K∗8 If (Γ∗φ) + ψ is satisfiable then (Γ∗φ) + ψ ⊆ Γ∗(φ ∧ ψ)

Postulate K∗2 tells us that revision formula φ belongs to the revised base Γ∗φ.
Therefore, every model of Γ∗φ is also a model of φ, i.e. the set of models of Γ∗φ is
a subset of the set of models of φ. This means that a revision operator ∗ applied
to a belief baseΓ selects models from the revision formula φ as result of the
revision operation. Thinking of revision as a selection function on model sets,
we can characterize AGM postulates in terms of model sets identifying a formula
(or a formula set) with the set of models satisfying it. This approach, introduced
by Karl Schlechta in [20] yields a rather simpler algebraic characterization of
revision operators.

In the following, U can be considered as a set of model sets.

Definition 2 (Revision function). Le U be a set of sets.
sm : U × U −→ U is a revision function on U iff for any M,N,L ∈ U

(S1) sm (M,N) ⊆ N
(S2) M ∩N ⊆ sm (M,N)
(S3) if M ∩N �= ∅ then sm (M,N) ⊆M ∩N
(S4) if N �= ∅ then sm (M,N) �= ∅
(S5) sm (M,N) ∩ L ⊆ sm (M,N ∩ L)
(S6) if sm (M,N) ∩ L �= ∅ then sm (M,N ∩ L) ⊆ sm (M,N) ∩ L)

The following correspondence theorems can only be formulated in this way when
P is a finite set; If not, FOR(M) is not always defined and -more important- the
result of a revision is eventually not F -representable even when the knowledge
base and the revision formula are. Given M ⊆ M, we note MF = FOR(M)∧
the conjunction of all formulas satisfied by all models in M .

The following correspondence results are obvious.

Theorem 1. Let ∗ be an AGM-revision operator and M,N F -representable
model sets. Then the function sm defined by sm (M,N) = [FOR(M)∗NF ] is a
revision function on 2M.

Proof. S1, S2, S3, S4, S5 and S6 follow directly from K∗2, K∗3, K∗4, K∗5, K∗7
and K∗8 respectively.

Theorem 2. Let sm be a revision function on 2M. Then the operator ∗ defined
by
Γ∗μ = FOR(sm ([Γ ], [μ])) is an AGM-revision operator.
3 φ ≡ ψ iff |= φ↔ ψ
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Proof. K∗2, K∗3, K∗4, K∗5, K∗7 and K∗8 follow directly from S1 through S6.
K∗1 and K∗6 hold because sm is defined in terms of models and [ψ] = [Cn(ψ)]
for K∗1 and [ψ] = [φ] iff ψ ≡ φ for K∗6.

As we can consider revision as an operation that integrates new information into
a knowledge base by keeping as much as possible from the knowledge base state
before the revision came about, it is very natural to ask the following question:
Can it be the case that the revised base Γ∗μ is just Γ ′ ∪{μ} for some subset Γ ′

of Γ ?
The following consequence (FG) of the AGM postulates (shown by Gärdenfors

in [12]) suggests that there is such a subset, since Γ ∩ (Γ∗φ) ⊆ Γ . (SM) is the
algebraic formulation.

Fact 1. (FG) Γ∗φ = (Γ ∩ (Γ∗φ)) + φ
(SM) sm (M,N) = (M ∪ (sm(M,N)) ∩N

Katsuno and Mendelson characterize revision in terms of an operator on formulas
[14]. The following KM postulates specialize the AGM postulates to the case
of propositional logic and rephrase them in terms of finite covers for “infinite
knowledge sets”. Here a belief baseΓ can be represented by a formula ψ such
that Γ = Cn(ψ). Let be ψ, μ, ψ1, ψ2, μ1, μ2, ν ∈ F .

R1 ψ◦μ imply μ
R2 If ψ ∧ μ is satisfiable, then ψ◦μ = ψ ∧ μ
R3 If ψ is satisfiable, then ψ◦μ is satisfiable
R4 If ψ1 ≡ ψ2 and μ1 ≡ μ2 then ψ1◦μ1 ≡ ψ2◦μ2

R5 If (ψ◦μ) ∧ ν imply ψ◦(μ ∧ ν)
R6 If (ψ◦μ) ∧ ν is satisfiable then ψ◦(μ ∧ ν) imply (ψ◦μ) ∧ ν

Then the following theorem shown in [14] is straightforward:

Theorem 3. Let Γ be a belief base admitting a finite cover, i.e. there is ψ ∈ F
such that Γ = Cn(ψ). Then for any φ, μ ∈ F , μ ∈ Γ∗φ iff ψ◦φ implies μ.

3 Semantic Tableaux and Implicant Revision

The method of semantic tableaux [21,11] has been introduced by Beth [4]. It is a
syntactically oriented refutation system. A tableau rule T is of the form φ

ψ1,...ψk

where φ, ψ1, . . . ψk ∈ F . In classical logic, k ≤ 2. Tableaux rule T is applied to
a formula set φ that belongs to a branch of a tree. If k = 1, ψ1 is added to the
branch. If k = 2, the result of the application are two new branches, one with
ψ1 added, the other with ψ2 added. The following is a set of tableaux rules for
classical propositional logic.

¬¬A
A

A ∧B
A,B

¬(A ∧B)

¬A | ¬B
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A tableaux calculus can be considered as a function associating a formula tree
to a set of formulas. As an example, consider the following tableau for the set of
formulas (A ∧B → C) ∧A

(A ∧B → C) ∧A
A ∧B → C

A

�
�

��

�
��

�
�

��
¬A ¬B C

We consider the proof tree as a set (of branches) where each branch is a set
of formulas. In the example above, the set of branches of the tree produced by
the tableaux is {A ∧B → C,A,¬A}, {A ∧B → C,A,¬B}, {A ∧B → C,A,C}.

A tableau for formula φ can be associated with a disjunctive normal form
(DNF) of φ, namely, each branch corresponds to the conjunction of the formulas
on it (and this conjunction is equivalent to the conjunction of the literals on the
branch). And formula φ is equivalent to the disjunction of the conjunction of its
branches.

We conceive a tableaux system as a procedure TP that applies to a formula
set and produces a set of sets of literals. TP is defined recursively as follows4:

TP (Γ ) = {Γ} if Γ is a set of literals.
TP (Γ ∪ {¬¬φ}) = TP (Γ ∪ {φ}).
TP (Γ ∪ {φ ∧ ψ}) = TP (Γ ∪ {φ} ∪ {ψ}).
TP (Γ ∪ {φ ∨ ψ}) = TP (Γ ∪ {φ}) ∪ TP (Γ ∪ {ψ}).

For the above formula, we obtain TP ({A∧B→C)∧A})=TP ({A∧B→C), A})=
TP ({¬A,A}) ∪ TP ({¬B,A}) ∪ TP ({C,A}) = {{¬A,A}, {¬B,A}, {C,A}}

A branch is closed when it contains a literal l and its negation ¬l and it is
called open otherwise. A set of branches is closed when all of its elements are
closed and it is open when at least one of its elements is open.

For the example above, we obtain the DNF (A ∧ ¬B) ∨ (A ∧ C) (taking into
account that a closed branch is equivalent to ⊥).

The fundamental property of tableaux for theorem proving is the following
completeness theorem:

Theorem 1 φ is a theorem, i.e. |= φ iff TP ({¬φ}) is closed. (Proof in [21]).

Corollary 1. φ is satisfiable, iff TP ({φ}) is open.

We consider TP not only as a theorem prover (or consistency checker) for propo-
sitional formulas but also as an operator that has useful properties for formulas
and formula sets. We will use the following properties of TP .
4 This formulation takes into account that for propositional logic, every rule is applied

at most once to each formula.
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Property 1. Let φ, ψ ∈ F ,

1. TP ({φ ∨ ψ}) = TP ({φ}) ∪ TP ({ψ})
2. TP ({φ ∧ ψ}) = {X ∪ Y : X ∈ TP ({φ}) and Y ∈ TP ({ψ})}
3. for all t ∈ TP (φ), t∧ → φ

We will use TS({φ}) for TP ({φ})with closed branches suppressed, i. e. TS({φ})=
TP ({φ}) \ {t : t ∈ TP ({φ}) and t closed}.

We introduce the following operator ⊗ on sets of literal sets. Let S, T be sets
of literal sets. Then S ⊗ T = {s ∪ t : s ∈ S and t ∈ T }. Then a conjunction
can be considered as an operation on sets of sets (of literals): TP ({φ ∧ ψ}) =
TP ({φ})⊗ TP ({ψ}).

The tableau of a formula φ converts φ to a disjunctive normal form (DNF),
which is equivalent to a disjunction of conjunctions of literals. Each of these
conjuncts is an implicant of the original formula, i. e. if φ ≡ φ1 ∨ . . . φn then
φi → φ for every i (property 1, 3). It should be noted that equivalent formulas
might have different (equivalent) DNF.

Subsequently, we will call implicant a finite set of literals. Let us note T the
set of all implicants. A tableaux prover then produces a finite set of implicants
for a formula. We can think of an implicant as being a formula, namely the
conjunction of its literals and of a set of implicants as of a disjunction, namely
the disjunction of the conjunction of its elements. Let t be an implicant and T a
set of implicants. Then, by abuse of notation, we write [t] for the set of models
of the implicant formula t and [T ] for the set of models of the disjunction of the
elements of T . An implicant set T is closed iff [T ] = ∅. The following holds for ⊗:

Fact 2. Let S, T ⊆ T . Then [S ⊗ T ] = [S] ∩ [T ].

In the finite case, every interpretation m can be represented by an implicant
mI = m ∪ {¬a : a �∈ m}5. For a set of interpretations M , we set M I = {mI :
m ∈M}. Then we have [mI ] = {m} and [M I ] = M .

As we have seen, belief revision is characterized by postulates that specify
properties a revision operator should have. Here we will give a characterisation
of revision operators in terms of implicants. The postulates we define satisfy the
AGM postulates but they are stronger. They satisfy additional properties that
do not follow from the AGM postulates, namely the following:

– if μ ∈ ((Γ∗(φ ∨ ψ))∗χ, then μ ∈ (Γ∗φ)∗χ or μ ∈ (Γ∗ψ)∗χ;
– if μ ∈ (Γ∗φ)∗χ and μ ∈ (Γ∗ψ)∗χ then μ ∈ (Γ∗(φ ∨ ψ)∗χ.

These properties are also true for distance based revision and do not follow from
the AGM postulates [16].

An implicant revision operator is defined on pairs of implicant sets and its
result is a new set of implicants.

Definition 3 (Implicant Revision Function). Let be S, T,R ∈ 2T , where
T is the set of all implicants. An implicant revision operator over 2T is a binary
function st : 2T × 2T −→ 2T for which the following postulates hold:
5 Remember that we identify an interpretation with the set of atoms evaluated to true.



From Inconsistency to Consistency 127

(ST1) For all v ∈ st (S, T ) there is t1 ∈ S, t2 ∈ T and s ⊆ t1 such that
v = t2 ∪ (t1 \ s).

(ST2) If S ⊗ T is not closed then st (S, T ) = S ⊗ T .
(ST3) If T is not closed then st (S, T ) is not closed.
(ST4) If st (S, T ) ⊗R is not closed then st (S, T ) ⊗R = st (S, T ⊗R).
(ST5) If [S1] = [S2] and [T1] = [T2] then [st (S1, T1)] = [st (S2, T2)].

We will show that every implicant revision function defines a revision function.

Theorem 4. Let st be an implicant revision function over 2T . Then the func-
tion sm : 2M × 2M −→ 2M defined by

sm (M,N) = [st(M I , N I)] (1)

is a revision function.

Postulate (ST1) tells us the following. When we revise a belief base seen as a
set of implicants S by a new information, given as a set of implicants T then
we choose a subset among the implicants of T and eventually augment each
implicant choosen by subsets of implicants in S “compatible” (not contradictory)
with that implicant. In other words, we try to “keep” as many literals occurring
in implicants of the original belief base as possible.

4 Specific Revision Functions Based on Distances

Implicant revision postulates suggest to consider specific revision operations that
are defined as operations on implicants. They indicate how to calculate effectively
results of revision operations. Given a belief base with finite cover φ and a revision
information μ we first produce the DNF of φ and μ and we obtain implicant sets
S and T . Then we apply operations on the implicants of φ and μ in order to
obtain a revised base as a new implicant set. According to postulate (ST1),
every of the resulting implicants contains an implicant of μ augmented by a
subset of some implicant of φ. Here we will concentrate on a specific class of
implicant revision functions based on distance functions. Various distance based
approaches to belief revision (and to update) have been defined by means of the
symmetric difference between valuations, e.g. [6,23,7,19,22].

The tableaux prover will be used to calculate specific revision functions, namely
those based on symmetric differences between models. Our algorithm proceeds as
follows: Given a belief baseφ and a revision formula ψ, if φ∧ψ is satisfiable then
φ∗ψ = φ ∧ ψ. In other words, if TS({φ}) ⊗ TS({ψ}) is open then φ∗ψ = φ ∧ ψ.
If not, we have TS({φ}) ⊗ TS({ψ}) is closed. Let be v ∈ TS({φ}) ⊗ TS({ψ}).
Then ∃s ∈ TS({φ}), t ∈ TS({ψ}), and v = s ∪ t, by property 1. v is closed, s
and t are open and we define the opening of v in s by (s \ t̄ )∪ t. This means that
we have suppressed in s the literals in conflict with literals in t, i. e. the literals
s ∩ t̄ . Then we will define the opening of the tableaux TS({φ}) ⊗ TS({ψ}) by
the set of branches “minimally opened”, i.e. we keep only branches within which
a minimal set (or number) of literals have been suppressed. In order to determine
these minimal branches we need the following definitions.
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Notation. Given a literal l, we note |l| the atom of l, i.e. |a| = |¬a| = a for
a ∈ P . For an implicant t, we note |t| = {|l| : l ∈ t}. If M is a set and ≤⊆M×M
is a pre-order on M , then Min<(M) = {m | m ∈M and ¬∃n ∈M and n ≤ m}.

We first define the symmetric difference between two implicants s and t by
|s ∩ t̄ |. It turns out that |s ∩ t̄ | is exactly the minimal symmetric difference
between the models of s and t (lemma 1). It is easy to see that |s ∩ t̄ | is ⊆-
minimal within the symmetric differences between the models of s and t.

Lemma 1. Let be s, t ∈ T . Then
(i)|s ∩ t̄ | = |t ∩ s̄ | and
(ii){|s ∩ t̄ |} = Min⊆({m÷ n : m ∈ [s] and n ∈ [t]})

Example 1. Let be s = (a,¬b, c) and t = (¬a, b, d); [s] = {{a, c}, {a, c, d}} and
[t] = {{b, d}, {b, c, d}}. Then s∩ t̄ = {a,¬b}, t∩ s̄ = {¬a, b}, |s ∩ t̄ | = |t ∩ s̄ | =
{a, b} and Min⊆({m÷ n : m ∈ [s] and n ∈ [t]}) = {a, b}

Any formula φ is the disjunction of a finite set of implicants. This defines the set
of its models as a finite union of model sets (not necessarily disjoint), namely the
models of its implicants. In order to obtain the ⊆-minimal symmetric differences
of all the models of φ it is sufficient to obtain the minimal sets among the |s ∩ t̄ |
for all s ∈ S and t ∈ T .

We will need the following lemma to show that this minimization obtains the
global minimal symmetric differences for all models of the formula.

Lemma 2. Let M be a set that is a finite union of sets (not necessarily disjoint),
M = A1∪· · ·∪Ak and let ≤ be a pre-order on M for which the limit assumption
holds (i.e. the infimum of Mis a minimum). Then

Min≤(M) = Min≤(
k⋃

i=1

Min≤Ai)

The following theorem shows that the set of minimal elements of the symmetric
differences between two model sets can be obtained by minimizing all sets |s ∩ t̄ |.

Theorem 5. Let S, T ⊆ T and MinI = Min⊆({|s ∩ t̄ | : s ∈ S and t ∈ T }).
Then MinI = Min⊆(m÷ n : m ∈ [S] and n ∈ [T ]).
Proof due to lemma 1 and lemma 2.

Theorem 5 shows that we obtain all minimal symmetric difference sets between
the models of a formula φ and a formula ψ as the ⊆ −smallest sets |s ∩ t̄ | for
implicants s of φ and t of ψ.

Corollary 2. Let be S1, S2, T1, T2 ⊆ T and [S1] = [S2] and [T1] = [T2]. Then
Min⊆({|s ∩ t̄ | : s ∈ S1 and t ∈ T1}) = Min⊆({|s ∩ t̄ | : s ∈ S2 and t ∈ T2})

We define the following revision function based on the symmetric difference of
models.
st 1(S, T ) = {t ∪ (s \ t̄ ) : t ∈ T, s ∈ S and |s ∩ t̄ | ∈MinI}.

This means that st 1(S, T ) is defined as the set of minimal openings of S ⊗ T
in S.
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Example 2. Let be S = {{a, b, c}, {d, e, f}} and T = {{¬a,¬b, c, d,¬e}}. Then
|{a, b, c} ∩ {a, b,¬c,¬d, e}| = {a, b} and |{d, e, f} ∩ {a, b,¬c,¬d, e}| = {e}. Then
st 1(S, T ) = {{¬a,¬b, c, d,¬e, f}, {¬a,¬b, c, d,¬e}}

The following two revision functions are also based on model distance, but use
the order of the cardinalities of the symmetric model differences. The first one,
st 2 is the well well-known distance based revision function introduced by Dalal
in [7]. It uses the Hamming distance between models.

Let be S, T ∈ T and MinH = Min≤({card(s ∩ t̄ ) : s ∈ S, T ∈ T }).
st 2(S, T ) = {t ∪ (s \ t̄ ) : t ∈ T, s ∈ S and card(s ∩ t̄ ) = MinH}

st2 is precisely the revision operation introduced by Dalal.
The revision function we propose takes into account that for a user the dif-

ferent entities may have different importance. Using this function presupposes
that an agent associates weights to literals that measure the “importance” of
the literal in the belief base . The weight of a set of literals is simply the sum
of its elements. The revision operator that uses these weights is then defined in
the following way. Let be w a function from LIT to N (set of natural num-
bers). Then we extend w to a function on implicants by w(t) = Σ

l∈t
x(l). Let be

MinW = Min≤({w(s ∩ t̄ ) : s ∈ S, t ∈ T }) The corresponding revision function
is then:
st 3(S, T ) = {t ∪ (s \ t̄ ) : t ∈ T, s ∈ S and w(s ∩ t̄ ) = MinW}

Theorem 6. st1, st2, and st3 are implicant revision functions.

4.1 Complexity

Eiter and Gottlob have shown that the problem of deciding whether a formula
belongs to a knowledge base Γ after revision with μ, Γ∗μ, resides on the second
level of the polynomial hierarchy [10]. Here we give the number of steps for
calculating the set st (S, T ), where S and T are the set of implicants of formulas
φ and μ. Let be Γ a formula representing a belief base and μ the new infomation.
Let be n the lenght of the formula Γ∧μ. Then, the number of conjuncts of a DNF
of Γ ∧μ is O(2n). To determine the ⊆-smallest element within the subsets s∩ t̄
we have to compare all branches pairwise, that gives polynomial time algorithm
(in an exponential number of branches).

5 Related Work

Specific implicant revision operators defined for knowledge bases in specific syn-
tactical forms specific have been proposed by several authors [17,18,5]. Perrussel
et al. define a specific prime implicant revision method. Their system presup-
poses a knowledge base in clausal form and they propose to weighten a literal by
counting the number of its occurrences within all clauses: the number of occur-
rences indicates the importance of the literal. The weight of an implicant is then
the sum of the weights of the literals it contains. Their algorithm is based on
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prime implicants; from a belief base first the set of all its prime implicants must
be calculated. But the base resulting from a revision is in general not more in
form of prime implicants and those have to be recalculated after every revision
step, in the case of multiple revisions. They have studied the performances of
their system with many benchwork examples. Bienvenu et al. [5] propose a prime
implicate-based revision operator that is a full meet operator. Their algorithm
is based on the set of all prime implicates of a formula K, Π(K). The revision
operator is defined by K∗Πφ = φ∧

∨
(Π(K)⊥¬φ) where K⊥φ is the set of max-

imal subsets of K consistent with ¬φ. Again, one problem is that Π(K) has to
be recalculated after every revision step since the revised belief base is not more
the conjunction of all its prime implicates. Our approach is more general (and
simpler), since we do not need a belief base in normal form and we do not need
to calculate the prime implicants (or prime implicates) of the belief base and the
revision formula. The tableaux prover we use produces just DNF of these formu-
las. While the number of branches is exponential in the length of the formula,
it is always less important than the set of all prime implicants. And the algo-
rithm to obtain prime implicants is more expensive than a tableaux algorithm.
But the important difference is that in all these approaches the set of all prime
implicants/implicates has to be recalculated after every revision step. In our ap-
proach the DNF is calculated once for the two formulas and the revision result
is still in DNF. Therefore subsequent revision operations can directly operate
on the revised base and need only to produce the DNF of the revision formula.
Our approach applies to an important class of revision operators, namely those
based on symmetric differences of models. But there are certainly revision oper-
ators (and also distance based revision operators) that cannot be treated by our
approach without a transformation of the belief base and the revision formula to
prime implicants.

6 Conclusion and Further Work

In this paper we proposed to calculate belief base revision operators by means
of analytic tableaux. For that purpose we have redefined the AGM postulates in
terms of implicants and we have proposed a new postulate that is more specific
than the AGM postulates. We have applied our approach to two specific families
of revision operators. The first defines the distance between interpretations by
means of their symmetric difference. The second is based on literal weights.

Here we have only treated one type of theory change operators, namely re-
vision. Other operators are update [13], erasure or contraction [12] but also
merging [15]. Our method can also be applied to these types of operators.

Another issue is iterated revision. Darwiche and Pearl in [8] have formulated
postulates which, together with the AGM postulates for revision specify prop-
erties that a knowledge base must have after subsequent revision steps. It is
possible to formulate postulates for iterated revision in terms of implicants and
to calculate specific iterated revision operators by means of tableaux.
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Another work will be to find tableaux rules that give directly a decision proce-
dure for the problem wether a revised knowledge base Γ∗φ contains some formula
ψ. Delgrande, Jin and Pelletier in [9] have investigated rules for calculating up-
dates that break up the update formula. We think of tableaux rules that break
up the belief base formula according to the new information. Our new implicant
revision postulate ST1 suggests that the revised belief base is composed of im-
plicants that contain implicants of the revision formula and parts of implicants
of the belief base. Thus, a decision procedure for the problem whether a formula
is entailed by a revised belief base must modify the original belief base according
to the contradictions with elements of the revision formulas.
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