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Abstract
Nonmonotonic formalisms and belief revision
operators have been introduced as useful tools
to describe and reason about evolving scenarios Both approaches have been proven effective
in a number of different situations However,
little is known about their relationship Previous work by Winslett has shown some correlations between a specific operator and circumscription In this paper we greatly extend
Winslett's work by establishing new relations
between circumscription and a large number
of belief revision operators
This highlights
similarities and differences between these formalisms Furthermore these connections provide us w i t h the possibility of importing results
in one field into the other one
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Introduction

During the last years, many formalisms have been proposed in the AI literature to model commonsense reasoning Particular emphasis has been put in the formal
modeling of a distinct feature of commonsense reasoning, that is, its nonmonotonic nature The AI goal of
providing a logic model of human agents' capability of
reasoning in the presence of incomplete or contradictory
information has proven to be a very hard one Nevertheless, many important formalisms have been put forward
in the literature
T w o main approaches have been proposed to handle
the nonmonotonic aspects of commonsense reasoning
The first one deals with this problem, by defining a new
logic equipped w i t h a nonmonotonic consequence operator Important examples of this approach are default
logic proposed in [Reiter, 1980] and circumscription introduced in [McCarthy, 1980] The second one relies
on preserving a classical (monotonic) inference operator, but introduces a revision operator that accommodates a new piece of information into an existing body
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of knowledge Specific revision operators have been introduced, among the others, in [Ginsberg, 1986] and in
[Dalai, 1988] A general framework for revision has been
proposed by Alchourron Gardenfors and Makinson in
chourrr n et of , 1985, Gardenfors, 1988] A close variant of revision is update The general framework for update has been studied in [Katsuno and Mendelzon, 1989,
1991] and specific operators have been proposed in
[Winslett 1990] and [Forbus 1989]
In this paper we investigate the relationship between
circumscription and many operators for belief revision
and update A first study of these relations has been
done in [Winslett, 1989], where she relates her operator to circumscription We expand her results showing
similar connections between several other belief revision
operators and circumscription To this end we also in
troduce a variant of circumscription based on cardinality
rather than set-containment
The established correlations highlight the relations between the two fields Moreover, as side benefits, they
provide us w i t h the opportunity to import results in one
field into the other one
A distinct approach to model the nonmonotonic aspect of commonsense reasoning is via a logic of actions
Even though this aspect is out of the scope of this paper,
we want to point out the results presented in [Kharta and
Lifschitz, 1994] where it is shown how to express a very
general logic of action using circumscription
The paper lb organized as follows In Section 2 we recall some key definitions and results for belief revision
and circumscription, introduce a variant of circumscription (NCIRC) and explain the notation used throughout
the following sections Jn Section 3 we show the main relations between revision operators and circumscription,
while in Section 4 we show relations and reductions between the vancus operators In Section 5 we focus on
syntactically restricted knowledge bases Section 6 discusses the impact of our results w i t h particular attention to the computational complexity analysis Finally,
in Section 7 we draw some conclusions
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Preliminaries

In this section we (very briefly) present the background
and terminology needed to understand the results presented later in the paper
For the sake of simplicity,
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A n a l y s i s a n d Discussion

In the previous sections we showed new relations relating
belief revision operators and circumscription These relations point out the close connections between the two
fields Many side benefits can be obtained from the es
tablished relations In this section we want to point out
the most important benefits obtained
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Syntactically-restricted Knowledge
Bases

In this section we focus on knowledge bases of a re
stricted syntactic form
Among the restricted cases,
Horn knowledge bases are of particular interest for sev
eral reasons First of all, since Horn clauses can represent causality relations, they are expressive enough
to represent many real situations Moreover, reasoning
with Horn knowledge bases is significantly simpler than
reasoning w i t h general ones (see [Dowling and Gallier,
1984]) and also revising them is, in general, simpler than
revising general ones (see [Eiter and Gottlob, 1992])
"While reductions from circumscription to belief revi
sion preserve the syntactic form of the original theory,
reductions from belief revision to circumscription do not
preserve the syntactic form of the formulae \s an exam
ple, notice that the relation X ≠ Y cannot be expressed
as an Horn formula
As a consequence, it is easy to apply results on restricted cases of belief revision to circumscription, but
the other way around is less likely to produce interesting
results
There are several reasons why the revision of Horn
theories cannot be expressed as the circumscription of
a Horn formula First of all, results of Eiter and Got
tlob show that reasoning w i t h the revision of a Horn
knowledge base is coNP hard for all operators consid
ered, while reasoning w i t h Horn theories under circum
scription is a polynomial task As a consequence, reduc
tions from belief revision to circumscription preserving
the syntactic form cannot be done in polynomial time
(assuming P ≠ NP)
Secondly, the result of revising a Horn knowledge base
with a Horn formula might be a non-Horn formula For
example, the result of {a, b} * (~>a V ->b) is a ≠ b for all
operators, and a ≠ b cannot be expressed as an Horn
formula On the other hand, the circumscription of a
Horn theory is an Horn theory
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Computational Complexity Analysis

A valuable byproduct of the reductions presented in this
work is the ability of importing complexity results ob
tained in one field into the other one For example, in
the general case, inference using the belief revision operators introduced by Satoh, Borgida and Winslett has
the same complexity of inference under circumscription
While this result is not novel, it has been proven in [Eiter
and Gottlob, 1993,1992], several other interesting results
can be obtained As an example, it is known that de
ciding whether a clause follows from the circumscription
(with all letters minimized) of a theory composed of b1
nary clauses (l e clauses with at most two literals) is a
coNP-hard problem [Cadoli and Lenzemni, 1994] We
can use this result to prove that inference in the revi
sion of a knowledge base composed of binary clauses is a
coNP-hard problem for all operators except Dalai's one

7

Conclusions

We have presented a complete analysis of the relations
between belief revision operators on one hand and cir
cumscription and its cardinality-based variant on the

other hand Furthermore, we have pointed out the many
benefits that the established correlations can deliver to
the analysis of both fields
Our results greatly extends Winslett's results on transforming her revision operator into circumscription presented in [Winslett, 1989] Even though Winslett's analysis could be further extended to deal with other operators, our results provide us w i t h more direct and simple
translations
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