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Abst ract 
This paper aims to develop further and system-
ize the theory of multiple belief change based on 
the previous work on the package contraction, 
developed by [Fuhrmann and Hansson 1994] 
and the general belief changes, developed by 
[Zhang 1996]. Two main representation the
orems for general contractions are given, one is 
based on partial meet models and the other on 
nice-ordered partition models. An additional 
principle, called Limit Postulate, for the gen
eral belief changes is introduced which specifies 
properties of infinite belief changes. The results 
of this paper provides a foundation for inves
tigating the connection between infinite non
monotonic reasoning and multiple belief revi
sion. 

1 In t roduc t ion 
Belief change is the process through which a ratio
nal agent acquires new beliefs or retracts previously 
held ones. A very influential work on belief change 
goes back to Alchourron, Gardenfors and Makinson 
[Alchourron et al. 1985 ], who developed a formal mech
anism for the revision and the contraction of beliefs, 
which has been now widely referred to as the AGM 
theory. For a set of existing beliefs, represented by 
a deductively closed set K of propositional sentences, 
and a new belief, represented by a propositional sen
tence A, three kinds of belief change operations are 
considered in the AGM theory: expansion, contrac
tion and revision, denoted by A' + A, K — A and 
/\ * A, respectively. A set of rationality postulates 
for belief contractions and belief revisions, based on 
the idea of minimal change, are given and two differ
ent tools, partial meet model and epistemic entrench
ment ordering, for constructing belief change opera
tions have been developed in [Alchourron et al. 1985 ] 
and [Gadenfors and Makinson 1988 ], respectively. Al 
though AGM's belief change operators appear to capture 
of what is required of an ideal system of belief change, 
they are not suitable to characterize changes of beliefs 
with sets of new beliefs, especially with infinite sets. A 

number of studies on extending and generalizing these 
operations so as to enable a treatment of belief change 
by sets of sentences then come out [Fuhrmann 1988] 
[Niederee 1991] [Rott 1992] [Hansson 1992] [Fuhrmann 
and Hansson 94] [Zhang 1995] [Zhang 1996]. The ex
tended operators for expansion, contraction and revision 
are usually called multiple ones while the original oper
ators are referred to as singleton ones. A framework for 
multiple belief changes is not only interesting but also 
useful. We will benefit from it at least in the following 
aspects: 

• The new information an agent accepts often involves si
multaneously more than one belief, or even infinitely 
many, especially when the underlying language is ex
tended to the first-order logic. 

• It has been found that there are fundamental differences 
between iterated belief changes and simultaneous belief 
changes. The revisions of a belief set by a sentence A and 
then by a sentence B are by no means identical to the 
revision simultaneously by the set {A, B). A framework 
for multiple changes will provide a possibility to describe 
the relationship between two sorts of belief changes (see 
[Zhang 1995 ]). A ready example is the supplementary 
postulates for multiple revisions(see subsection 2.2 of 
this paper). 

• Connections between belief change and non-monotonic 
reasoning have been widely investigated in the liter
ature [Makinson and Gardenfors 1991] [Brewka 1991] 
[Nebel 1992] [Gardenfors and Makinson 1994] [Zhang 
1996]. The key idea is translating B e K * A into 
AI-B and vice versa. As claimed in [Gardenfors 
and Makinson 1994] this translation makes sense only 
on the finite level. 'The idea of infinite revision 
functions seems to make good intuitive sense.' (see 
[Makinson and Gardenfors 1991 ]P.190) 

There have been several proposals for multiple belief 
changes ([Fuhrmann 1988] [Rott 1992] [Hansson 1992] 
[Fuhrmann and Hansson 94] [Zhang 1995] [Zhang 1996]). 
This paper is by no means to present an alternative one. 
Instead of that, we attempt to combine these approaches 
and develop some necessary tools to improve and sys-
temize them. We will outline, in section 2, the two 
main paradigms of multiple belief changes: package con-
traction, developed by [Fuhrmann and Hansson 1994 ], 
and general belief change operations, developed by 
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[Zhang 1996 ]. It seems, however, that both paradigms 
fail to capture full characterization of multiple belief 
changes. The former succeeds in specifying the basic 
properties of multiple contractions but fails to give the 
generalization of the supplementary postulates, whereas 
the latter presents a full extension of AGM's postulates 
for belief changes but without providing a representa
tion theorem for its framework. In section 3 we wil l 
devote to present a representation theorem for the gen
eral contraction, partially using the similar result of the 
package contraction. In section 4 we will argue with a 
counterexample that the postulates available for general 
contractions are not strong enough to characterize the 
multiple contractions. An additional principle, called 
Limit Postulate, is introduced, which reflects the rela
tionship between the contraction by an infinite set and 
the ones by its finite subsets. The related representation 
result for Limit Postulate is then given. Section 5 will 
conclude the paper with a discussion on the application 
of this research to non-monotonic reasoning. 

Unfortunately, space limitations do not allow a full 
presentation. Al l the proofs of lemmas and theorems 
and some of the lemmas which lead to the main results 
of the present paper are omitted. 
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2 Postulates for Mu l t i p l e Belief Change 
In this section we try to give a survey of the current 
research on multiple belief change. Two types of mul
tiple contraction and one type of multiple revision are 
discussed and their relationships is then established. 

2.1 M u l t i p l e C o n t r a c t i o n 

[Fuhrmann and Hansson 1994 ] introduced two types of 
multiple contraction operations: package contraction 
and choice contraction1. They may all be viewed as gen
eralizations of AGM contraction operation, but the for
mer seems more acceptable. The so-called package con
traction means contracting a belief set by removing all 
members of a set of sentences from it. For characterizing 
this operation, six basic postulates as generalizations of 
the corresponding basic postulates for AGM contraction 
are given as follows: 

1 Similar formalisms are also introduced by [Rott 1992 ] 
and [Hansson 1992 ]. 



3 Par t ia l Meet Mode l for General 
Contractions 

As mentioned above, the general contraction is successful 
in generalizing the AGM supplementary postulates, but 
fails to give a representation result whereas the package 
contraction is just opposite. In this section we try to give 
a representation theorem for the general contraction. 

According to the relationship of package contractions 
and general contraction, a partial meet model for the 
general contraction can readily be constructed. The only 
problem is whether and how this kind of model can be 
suitably restricted so that the supplementary postulates 
for general contractions are also satisfied. This section 
will try to give an answer for i t . 

In the AGM theory the notation A' J. A Represents 
the set of maximal subsets of K that does not imply A. 
This notation can be easily generalized to the following 
form: 
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(2) 
(3) 

The above example and Lemma 4.4 tell us the fact 
that the available postulates for general contractions are 
not sufficient to uniquely determine an NOP contraction 
as a general contraction function is given. We need some 
additional principles to describe the relationship between 
a belief set contracted by a infinite set of sentences and 
by its finite subsets. In fact, we can easily see from the 
above example that there is a situation in which an in
finite set is inconsistent with all the contractions by its 
finite subsets (noting that it must consistent with the 
contraction by itself). In this case the available postu
lates for general contractions are insufficient to restrict 
the relation between the contraction by the infinite set 
and the ones by its finite subsets. 
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5 Conclusions and Future Work 
T w o representat ion theorems for the general contract ion 
are presented in th is paper. The f i rst one i l lustrates tha t 
the A G M par t ia l meet contract ion can be smooth ly ex-
tended to the case of mu l t i p le changes. The second one 
persuades us tha t conf ining our a t ten t ion only to the 
general ization of postulates for singleton belief change 
would fai l to get a fu l l character izat ion of in f in i te be
l ief changes. Th is result also provides a power fu l tool 
to investigate the connection between belief revision and 
non-monotonic reasoning. In [Zhang et al. 1997 ], we i n 
troduced a non-monotonic logic the semantic of wh ich 
bases on the theory of mu l t i p le belief revision and one 
of the inference rules in wh ich , f inite supracompactness, 
is jus t the counterpar t of the L i m i t Postulate. 
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