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Abstract

It is well known that the minimal change principle
was widely used in knowledge base updates. However,
recent research has shown that conventional minimal
change methods, eg. the PMA (Winslett 1988), are
generally problematic for updating knowledge bases
with disjunctive information. In this paper, we pro-
pose two different approaches to deal with this prob-
lem — one is called the minimal change with excep-
tions (MCE), the other is called the minimal change
with mazimal disjunctive inclusions (MCD). The first
method is syntax-based, while the second is model-
theoretic. We show that these two approaches are
equivalent for propositional knowledge base updates,
and the second method is also appropriate for first
order knowledge base updates. We then prove that
our new update approaches still satisfy the standard
Katsuno and Mendelzon’s update postulates.

Introduction

The knowledge base update problem has been widely
studied in Al It generally addresses the following ques-
tion: given a knowledge base (i.e. a set of logical for-
mulas as a description of the world), what changes
may be caused by an occurrence of new knowledge
and how to specify the new knowledge base when
the old one has changed? It is well known that the
minimal change principle was employed in most for-
malizations of knowledge base updates (Baral 1994;
Dalal 1988; Friedman & Halpern 1994; Katsuno &
Mendelzon 1991a; Winslett 1988).

However, recent research has revealed that such
minimal change is usually inappropriate for repre-
senting knowledge change with disjunctive information
(Brewka & Hertzberg 1993; Kartha & Lifschitz 1994;
Zhang & Foo 1995). This paper is concerned with the
problem of updating knowledge bases with disjunctive
information. In particular, we propose two different
approaches to solve this problem — one is called the
minimal change with exceptions, the other is called
the minimal change with mazimal disjunctive inclu-
stons. The first method is syntax-dependent, while
the second is model-based. We show that these two
approaches are equivalent for propositional knowledge
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base updates, and the second method is also appro-
priate for first order knowledge base update. We then
prove that our new approaches still satisfy the stan-
dard Katsuno-Mendelzon update postulates.

The paper is organized as follows. The next section
first reviews the PMA - the classical minimal change
approach for knowledge base updates, and shows how
the PMA fails to deal with the update with disjunc-
tive information. Section 3 proposes a new method
called minimal change with exceptions, which over-
comes the problem of the PMA but is syntax-based.
Section 4 proposes an alternative method called min-
imal change with maximal disjunctive inclusions that
is model-theoretic. It is observed that this approach is
also suitable for the first order knowledge base updates.
It is also shown that these two approaches are equiva-
lent for propositional knowledge base updates. Section
5 investigates the relationship between our approaches
and the standard Katsuno-Mendelzon update theory.
Finally, section 6 discusses related work and concludes
the paper.

The Minimal Change Approach: A
Review

In this section we first introduce some preliminary con-
cepts and review the PMA (possible models approach
(Winslett 1988)) — a classical minimal change approach
for update. Consider a finite propositional language
L'. We represent a knowledge base by a propositional
formula 1. A propositional formula ¢ is complete if ¢ is
consistent and for any propositional formula y, ¢ = p
or ¢ = ~u. Models(y) denotes the set of all models of
Y, i.e. all interpretations of £ in which ¥ is true. We
also consider state constrainis about the world. Let C
be a satisfiable propositional formula that represents
all state constraints about the world?. Thus, for any

!Note that the PMA was originally based on a first order
language. Here we first consider propositional knowledge
base update and will discuss the first order case in section
4.

2Usually, we use a set of formulas to represent state
constraints. In this case, C can be viewed as a conjunction
of all such formulas.



knowledge base 1, we require ¥ = C. Let I be an
interpretation of £. We say that [ is a state of the
world if I |= C. For simplicity, we fiz the universe
of interpretations in language £. That is, we restrict
|I1] = |I2] for any two interpretations I; and I, of L.
A knowledge base 1 can be treated as a description of
the world, where Models(1) is the set of all possible
states of the world with respect to 1.

Let 1 be the current knowledge base and p a propo-
sitional formula which is regarded as new knowledge
(information) about the world. Then, informally, the
general question of updating ¢ with u is how to spec-
ify the new knowledge base after combining the new
knowledge (information) p into the current knowledge
base 3 (we also call u update effect). In the PMA, the
knowledge base update is achieved by updating every
possible state of the world with respect to ¥ with x, and
such state update is constructed based on the principle
of minimal change on models.

Formally, let I; and I be two interpretations of L.
We say that I; and I differs on a propositional letter
{1 if | appears in exactly one of Iy and I. Diff(I;,I>)
denotes the set of all different propositional letters be-
tween I; and I;. Let I be an interpretation and 7 a
set™of interpretations. We define the set of all mini-
mal different interpretations of T with respect to I as
follows:

Min(I,I) ={I' | I' € Z, and there does not

exist other I” € 7 such that

Diff(1,1")  Dif (1, ')}.
Then we can present the formal definition of the state
update in the PMA as follows.

Definition 1 Let C be the state constraint, S a state
of the world, i.e. S |= C, and p a propositional for-
mula. Then the set of all possible states of the world
resulting from updating S with p by the PMA, denoted
as Res(S, p), is defined as follows:

Res(S, p)y = Min(S, Models(C A p)). @))]

Based on the definition of state update, we can then
define the PMA update operator ¢pm, for knowledge
bases.

Definition 2 Let ¢ be a knowledge base and u a
propositional formula. ) opma p denotes the update of
¥ with u by the PMA3, where

1. Ify entatls p or 1 is inconsistent, then Yopmapt = VP,
otherwise

2. Models(v opma p) = USEModeIs(t})) Res(S, p)-

In the above definition, condition 1 says that if v
entails g, then nothing is changed since the knowl-
edge p has been represented by knowledge base 1;
or if ¥ is inconsistent, then any update can not
change it into a consistent knowledge base (Katsuno

3Here we only consider the well-defined update, that is,
¢ is consistent with the state constraint C.

& Mendelzon 1991a). Condition 2 says that if ¥ is
consistent and does not entail p, then v should be
changed, and this change is made by updating every
model of ¥ with u as defined in Definition 1. It has
been shown that under many circumstances, the PMA
is powerful and effective for representing knowledge
updates and reasoning about action (Winslett 1988;
Katsuno & Mendelzon 1991a). However, recent re-
search reveals that the PMA is problematic for update
with disjunctive information. The following example

illustrates such difficulty of the PMA.

Example 1. The dropping-box problem®. Suppose a
table is painted with one part white and one part black.
Therefore, a box on the table implies that it may be
entirely within the white region, or within the black
region, or touching the both regions. This constraint
can be expressed by the following formula:

Ontable(Boz) D Inwhite(Boz) V Inblack(Boz). (2)

Now suppose the current knowledge base is

= —Ontable( Box) A ~Inwhite(Boz)A
—Inblack(Boz) A (2)

to express the fact that the box is not on the table.
Consider the update of ¥ with g = Ontable(Boz) (i.e.
the box is dropped on the table). Using the PMA, we
have the result:

1 Opma g = Ontable( Box)A
(Inwhite( Bozx) V —~Inblack( Box))A
(—~Inwhite(Boz)V Inblack(Boz))A(2),

which says that the box must be only within one of
white or black region. Obviously, this result is not
quite plausible from our intuition. O

In the above example, although the update has a
simple effect Ontable(Box), together with the con-
straint (2), it implies an indirect disjunctive effect
Inwhite(Boz) V Inblack(Boz). Therefore, according
to the minimal change principle of the PMA, only
Inwhite( Boz) or Inblack(Boz) should be true after
this update, but not both, and this leads to an unin-
tuitive solution.

MCE: A Syntax-based Approach

To overcome the problem with the PMA, in this sec-
tion we propose an approach for update based on the
principle of Minimal Change with Ezceptions, which we
abbreviate as the MCE. In fact, our approach is based
on the PMA but with some modifications. The idea
is described as follows. Consider the state update®.
Generally, during the update, the truth value of any
literal in the state changes minimally by default. But

“This example was suggested by Ray Reiter and dis-
cussed in (Kartha & Lifschitz 1994).

5Similar to the PMA, in our approach, updating a
knowledge base is achieved by updating every possible
model of the knowledge base.
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if the truth value of a literal is logically indefinite with
respect to the update, then this literal is treated as
an ezception to the minimal change principle. In this
case, the change of this literal’s truth value will not
obey the rule of minimal change.

Informally, we say that the truth value of a lit-
eral is logically indefinite with respect to an update,
if this literal occurs in a disjunction which is entailed
by the constraint and the update effect and not sat-
isfied in the initial knowledge base (or state). Con-
sider the dropping-box example presented in last sec-
tion where the constraint is (2) and the update ef-
fect is Ontable(Box). As both Inwhite(Boz) and
Inblack(Boz) are not true in the initial knowledge
base but the disjunction Inwhite(Boz)V Inblack(Boz)
is entailed by (2) and Ontable(Boz), we know that
Inwhite(Boz)V Inblack(Boz) should be true in the re-
sulting knowledge base but we can not determine the
truth values of Inwhite(Box) and Inblack(Boz) ex-
actly. In this case, we say literals Inwhite(Box) and
Inblack(Boz) are logically indefinite with respect to
the update. According to our idea described above,
Inwhite(Boz) and Inblack(Boz) should be regarded
as exceptions to the minimal change principle. Thus,
Inhite(Boxz) and Inblack(Box) are not forced to
change minimally during the update, from which we
get the desired solution including the case that both
Inwhite(Boz) and Inblack(Boz) may be true after up-
dating the knowledge base with Ontable(Boxz).

Formally, let EXC be a set of propositional let-
ters that we represent to be exceptional to the
minimal chan )§ I, and I two interpretations.
Diff(I;, I,)EXC denotes the set of all different propo-
sitional letters, which are notin EXC, between I; and
I;. That is, I e Diff(I,, L)EXC iff [l ¢ 1 N I,
and [ ¢ EXC, where notation [-] means that the
negation sign — may or may not occur. For exam-
ple, let I = {a,b,—c,~d}, I = éﬂa b,c,—d} and
EXC = {a,b}. Then Diff(L,,5)EXC = {c}. Let
I be an interpretation and Z a set of mterpreta.tlons
We define the set of all minimal different interpreta-
tions of Z with respect to I with the ezception EXC as
follows:

Min(I, I)BXC = {I' | I' € Z, and there does not,
exist other I” € 7 such that
Dif f(1,I"YPX< C Dif f(I, I')PX}.

Let C be a propositional formula used to represent
the state constraint and u a propositional formula. We
say a disjunction /i, [7]l; (1 < n) satisfying C A p |
Vi=i[-)li, where I; is a propositional letter (1 < i <
n), is a non-triviel disjunction entailed by C A p , if for
any M C {1,---,n}, CAp £ V;eplllj. We denote
the set of all non-trivial disjunctions entailed by C A u
as D(p). If d = \/_,[-]l; in D(y), then we denote
[df={l, -, 4}

In the dropping-box example presented previously,
as we have (2) A Ontable(Boz) = Inwhite(Boz) V
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Inblack(Boz), (2) A Ontable(Boz) {- Inwhite(Boz),
and (2) A Ontaeble(Boz) |~ Inblack(Boz) we then
get D(Ontable(Boz)) = {d} {Inwhite(Boz)
V  Inblack(Boz)}, and |d] = {Inwhite(Boz),
Inblack(Boz)}. Now we give the definition of state
update in the MCE as follows.

Definition 3 Let C be the state constraint, S a state
of the world, i.e. S = C, p a propositional formula,
and D(u) the setl of non-trivial disjunctions entailed by
C A p. We define the exceptional letters with respect
to S and p as follows:

ExcS,pw= | (3)
deD(u),Sid

Then the set of possible states resulting from updating
S with p by the MCE, denoted as Res(S, u)EXC(Sh),
is defined as

Res(S, u)EXCER) = Min(S, Models(C Ap))EXCSH).

(4)

Let us examine Definition 3 in detail. Firstly, (3)
defines a set of propositional letters that should be
viewed as exceptions to the minimal change principle
during the state update. If d € D(p) is already sat-
isfied in S, then any letters which or whose negations
occur in d will not be specified in EXC(S, ), other-
wise the letters should be in EXC(S, p). For instance,
suppose S = {—a, =b,c,~d} and D(p) = {a Vb,bV ¢},
then EXC(S, p) = {a, b} while ¢ is not in EXC(S, i)
as S | bVe. Secondly, (4) defines the set of pos-
sible resulting states after updating S with pz. Note
that any literals in S whose corresponding letters are
in EXC(S, p) will not obey the minimal change prin-
ciple during the update. In the above example, if
C=(dD>aVbA(dDbVe)and p = d° then we
get

Res(S, p)BXCS#) = {5, S,, S5}, where

S1 = {a,-b,c,d},

Sy = {—a,b,c,d}, and

Sz = {a,b,¢,d}.

Based on Definition 3, we define the knowledge base
update in the MCE as follows.

Definition 4 Let ¢ be a knowledge base, y1 a proposi-
tional formula. ¥ omee 1 denotes the update of ¥ with
p by the MCE, where
1. If entails p or i is inconsistent, then Yomeepp = ¥,
otherwise
2. Models( omee pt) =
Use Modeis(y) Res(S, p)EXC(S),
Comparing with Definition 1 and 2, it is easy
to see that the MCE is defined based on the
PMA but with exception EXC(S,p). Clearly,
if EXC(S,p) = 0 for any S € Models(y),

5This implies that D{(p) = {a Vb,bV c}.
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Figure 1: The extended dropping-box domain.

then the MCE reduces to the PMA. Consider the
dropping-box example once again. As the knowl-
edge base ¥ corresponds to a unique state S =
{=Ontable(Boz), ~Inwhite( Boz), ~Inblack(Boz)},
we have EXC(S, Ontable(Boz)) = {Inwhite(Boz),
Inblack(Boz)}, then from Definition 3 and 4, we get
the desired result:

Y Omee p = Ontable( Boz)A
(Inwhite(Boz)V Inblack(Boz)) A(2).

From the above discussion, we can see that the MCE
overcomes the problem with the PMA of updating
knowledge bases with disjunctive information. How-
ever, to specify the exceptional letters EXC(S, ), we
need to derive every non-trivial disjunction d from the
constraint C' and update effect u, and then verify if
S |= d for each S € Models(y). Obviously, the first
step is a syntactic procedure. Hence, we say that the
MCE is syntaz-based.

MCD: A Model-theoretic Approach

In this section, we propose an alternative method
which solves the problem of updating knowledge bases
with disjunctive information and is model-based.

The Approach

Our approach is based on the idea of the Minimal
Change with mazimal Disjunctive inclustons, that we
call the MCD for short. To iliustrate this idea simply,
we first consider the following example.

Example 2. The extended dropping-box problem.
Suppose a round table is painted with three equal parts
of red color, white color and black color respectively.
Intuitively, a box on the table implies that it may be
entirely within one of these three regions, or touching
any two of these three regions, or touching all of these
three regions. This situation can be described by Fig-
ure 1. Also, a constraint to formalize this domain is
specified as:

Ontable( Bozx) D
Inred(Boz) V Inwhite(Box) V Inblack(Boz). ()

Now suppose the current knowledge base is

¥ = —Ontable(Boz) A —~Inred(Boz)A »
—Inwhite( Box)A ~Inblack(Boz) A (3).

which corresponds to a unique state:

S = {~Ontable(Boz), ~Inred(Boz),
—~Inwhite(Boz), ~Inblack(Boz)}.

Consider updating state S with g = Ontable(Boz)
(i.e. the box is dropped on the table). The question is:
how can we get the desired possible states? Our idea
is described as follows. Firstly, using the PMA we get
the set of possible resulting states:

RBS(S, }t) = {Sl, Sz, 53}, where

S = {Ontable(Boz), Inred(Boz),
—Inwhite(Boz), ~Inblack(Boz)},

S» = {Ontable(Boz), ~Inred(Boz),
Inwhite(Boz), ~Inblack(Boz)},

S3 = {Ontable(Boz), ~Inred(Boz),
—Inwhite(Boz), Inblack(Boz)}.

Obviously, S;, S, and S3 are the desired possible re-
sulting states. But, we know that the following states
are also our desired resulting states:

S4 = {Ontable(Boz), Inred(Box),
Inwhite(Boz), ~Inblack(Boz)},
Ss = {Ontable(Boz), Inred( Boz),
—Inwhite(Boz), Inblack(Boz)},
Se¢ = {Ontable(Box), ~Inred(Boz),
Inwhite(Boz), Inblack(Boz)},
S7 = {Ontable(Boz), Inred( Boz),
Inwhite(Boz), Inblack(Boz)}.

In fact, states S4,S55,S5¢ and S7 can be generated
from Res(S,p). Let Sp be any non-empty subset of
Res(S, ). Then, there always exists -a model S’ in
M odels(Ontable(Boz) A (5))7, such that S satisfies:

(i) for each S; € Sp, Diff(S,S;) C Diff(S,S’),

and

(i1) there does not exist another S in

M odels(Ontable(Boz) A (3)) satisfying con-
dition (i) but Dif f(S,S") C Dif f(S,S5").

Now we claim that S’ is also a desired resulting state.
For instance, let Sp be {S1}. Then from conditions (i)
and (ii), the corresponding S’ is Sy itself. On the other
hand, if Sp = {5, Sz}, we get

S’ = {Ontable(Boz), Inred(Boz),

Inwhite(Boz), -~Inblack(Boz)} = S;.

Similarly, we can get Ss, S, and S; from {5, Ss},
{853, 53} and {5, Sz, S3} respectively. Therefore, ev-
ery desired resulting state can be generated from the
corresponding subset of Res(S, i) by using the above
procedure. O

Before we explain the above procedure in detail, we
first introduce a useful concept. Let Iy and /2 be two
interpretations, and a; V - -- V ay a disjunction that is

"Clearly. M odels(Ontable(Boz) A (5)) is the set of all
possible states of the world in which Ontuable(Bor) is truc.
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satisfied in I, and I,. We say that I, includes I5’s
interpretation for this disjunction iff for any disjunct
a;, I |= a; implies I = a;.

In the above example, as the disjunction
Inred(Boz)VInwhite(Boxz)VInblack(Boz) is alogical
consequence of the update effect Ontable(Boz) and the
constraint (5), different states in Res(S, u) also repre-
sent different interpretations for this disjunction. But,
because of the minimal change principle, Res(S,u)
may only include partial interpretations for the dis-
Jjunction. For instance, using the PMA, we get the
possible resulting states Sy, S and S3 which only rep-
resent three possible interpretations for this disjunc-
tion. To describe the update with disjunctive effect
properly, as we have observed previously, we need to
represent every possible interpretation of the disjunc-
tion but without losing the minimal change criterion
for other information.

It is not hard to see that conditions (i) and (ii) above
achieve this purpose. In particular, given a subset Sp
of Res(S, p), condition (i) states that for every state S;
in 8p, 5’ is the state which includes S;’s interpretation
for the disjunction, while condition (ii) restricts this S’
to minimal change on other literals with respect to S.
Fohevery subset Sp of Res(S, i), we can get the corre-
sponding S’. So, we take all such S’s to be the possible
resulting states that include mazimal possible interpre-
tations of the disjunction without losing the minimal
change criterion on other information. Therefore, this
approach is so called the minimal change with mazimal
disjunctive inclusions.

Formal Descriptions

Based on the above discussion, we now develop our
method formally. Similar to the previous presentation,
we first define the state update in the MCD.

Definition 5 Let C be the state constraint, S a state
of the world, i.e., S = C, and p a propositional for-
mula. Then the set of all possible states of the world
resulting from updating S with p by the MCD, denoted
as Res(S, p)™¢, is defined as follows:

Res(S, p)™°¢ = U  Dis(s,sp)®,  (8)

spezﬂel(s,p)

where

Dis(5,8p) = {5’ | S" € Models(C A p) such that
(i) for each S; in Sp, Dif f(S,S;) C
Diff(S,5"), and (ii) there does not ezist
other S in Models(C A p) satisfying (i)
but Diff(S,S") C Diff(S,S")}.

Note that in Definition 5, we consider the power set
of Res(S, 1), so that any element Sp of 2Res(5:4) i5 5
subset of Res(S,p). Dis(S,Sp) represents the set of
states that include the interpretations of the disjunc-
tive information represented by all states of Sp without

®Recall that Res(S, p) is defined by (1) in section 2.
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losing the minimal change criterion on other informa-
tion. Clearly, if there is only one element S’ in Sp,
then Dis(S,Sp) = Sp = {5'}.

After specifying the state update, we then define the
MCD update operator oy,.4 for knowledge bases as fol-
lows.

Definition 6 Let v be a knowledge base and p a
propositional formula. ¥ opmeq p denotes the update of
Y with p by the MCD, where

1. If+ entails p or ¢ is inconsistent, then Yo, capt = V¥,
otherwise

2. Models( omea p) = UseModexa(¢) Res(S, p)™.

Example 3. Continue considering the extended
dropping-box example. The initial knowledge base is

¥ = ~Ontable(Boz) A ~Inred(Boxz)A
—Inwhite(Boz) A —Inblack(Boz) A (5).

Now, we update 9 with p = Ontable(Boz). From
Definition 5, we have

US'EModela(d;) RBS(S, I‘L)mCd =
{Sla S?) 53; 54’ 55) 567 S?})

where Sy, - - -, S7 have been given in 4.1 previously. Fi-
nally, from Definition 6, we get the desired resulting
knowledge base

) Omed b = Ontable(Bozx) A (Inred(Boz)V
Inwhite(Boz) V Inblack(Boz)) A (5).

0

Existence as Disjunctive Information

So far, we have only considered the propositional
knowledge base update, while a disjunctive informa-
tion related to the update is simply a propositional
disjunction. If we consider the first order knowledge
base update, on the other hand, disjunctive informa-
tion may be also represented by a formula with an
existential quantifier. For instance, a formula

Occupied(Table) = 3z.0On(z, Table), (7)

represents a constraint that the table is occupied iff
there exists (exist) some object (objects) on the table,
but we can not determine how many objects there are
and what the exact object (objects) is (are). A natural
question is: can the MCD also deal with this kind of
disjunctive information?

Consider a first order language Lp with equality. We
can extend the MCD in the following way. A knowl-
edge base Yp is represented by a closed first order for-
mula. Let Cp and pp be two closed first order for-
mulas, where Cr represents the state constraints (Cr
can be viewed as the conjunction of a set of closed first
order formulas)®, and pur represents a new knowledge
(information). Then the update of y¥p with pp is de-
fined exactly the same as the propositional knowledge

®Note that ¥ should satisfy the condition ¥r |= Cr.



base update as defined in Definition 5 and 6, except
that propositional formulas C, ¥ and p in Definition
and 6 are replaced by formulas Cr, ¥p and pp respec-
tively.

Suppose a knowledge base is Y =
—Occupied(Table)A(7). Then, updating Yr with pp =
Occupied(table) implies an effect 3z.0On(z,Table), i.e.
(7Y A pr | J2.0On(z,Table). Using the extended
MCD as described above, the resulting knowledge base
YF Omed pr Will imply a consequence that there may
be one or more objects on the table. That is, every
posstble interpretation of 3z.On(x, Table) will be rep-
resented by ¥F omed pr- If we use the PMA, on the
other hand, the solution implies that there is only one
object on the table, which seems too restricted.

Equivalence between MCE and MCD

Restricting the MCD to propositional case, we can
show that the MCD and MCE are equivalent for propo-
sitional knowledge base updates.

Theorem 1 Let ¢ be a propositional knowledge base
and p a propositional formula. Then for any proposi-

tional formula ¢, ¥ Omee p = @ ff ¥ Omed p = 0.

Since the MCD is model-theoretic while the MCE is
syntax-based, the MCD in fact provides a semantics
for the MCE. The following result further shows the
relationship between the MCD (MCE) and the PMA.

Theorem 2 Let i be a propositional knowledge base
and p a propositional formula. Then for any propo-
sitional formula ¢, Y Omea tt = ¢ (07 Y Omee b = @)
tmplies 1 Opma p = ¢.

Relationship with KM Update
Postulates

In this section, we discuss how our update approaches
relate to Katsuno and Mendelzon’s update theory
(Katsuno & Mendelzon 1991a; 1991b). As Theorem
1 states that the MCE and MCD are equivalent for
propositional knowledge base updates, we need only
address the relationship between the MCD and the
Katsuno and Mendelzon’s update theory.

The motivation of Katsuno and Mendelzon’s pro-
posal for update is an observation on the difference
between revision and update. Basically, revision is
intended to represent changes of an agent’s belief
state reflecting new information about the static world,
while update is intended to represent changes of agent’s
belief in response to a dynamic world. Based on this
observation, differently from the AGM postulates for
revision (Gardenfors 1988), Katsuno and Mendelzon
proposed the following alternative postulates for any
update operator ¢ (Katsuno & Mendelzon 1991a).

(U1) % o p implies p.

(U2) If ¥ implies u then ¥ o p = 9.

(U3) If both v and u are satisfiable
then 1 o p is also satisfiable.

(U4) If ¢y = 12 and py = po
then ¥ o u; = 2 0 .

(Us) (¢ op)A ¢ implies ¢ o (p A ).

(U6) If ¥ o py implies po and 3 o o implies py

then ¥ o p1 = ¥ o po.

(UT) If ¥ is complete then (¢ o 1) A (¥ 0 p2)

implies ¥ o (p1 V p2).

(U8) (¥1Vip)ou=(Yrop)V (Y2on).

In fact, the Katsuno-Mendelzon’s update postulates
characterize the update semantics for a class of update
operators that are based on the principle of minimal
change. For instance, the PMA update operator opmq
satisfies all postulates (U1) — (U8).

In order to investigate the relationship between the
MCD and Katsuno-Mendelzon’s update postulates, we
first introduce the following useful notations and con-
cepts. Let Z be the set of all interpretations of the
propositional language £. A preordering < over 7 is
reflexive and transitive relation on Z. < is called a
partial ordering if it is an antisymmetric preordering,.
Let M C Z. We denote min(M, <) to be the set of all
interpretations in M that are minimal with respect to
<.

Definition 7 Let Z be the set of all interpretations of

L, I CZI, and S an interpretation of L. We define

an ordering over I with respect to I, and S as follows.

For any two 51,52 €I, 51 <z,;5 S2 ff S1 = Sa; or

(i) Forall S; € I,, Dif f(S,S;) C Diff(S,S1), and

(ir) If for all S; € I,, Dif f(S,S:) C Dif f(S,S2),
then Dif£(S,51)'C DifF(5, S2).

Lemma 1 <z,.5 t5 a pertial ordering.

Intuitively, <z,.s represents a measure on
Diff(S,S’) for any state S’ in Z with respect to Z;. In
particular, if S; <7z,.s S, it means that (i) Dif f(S, S;)
is an upper bond for the set {Dif f(S,S;) | S; € I;}
with respect to set inclusion C, while Dif f(S, S2) is
not an upper bond for this set; or (i) both Dif f(S, S1)
and Dif f(S, S2) are upper bonds for set { Dif f(S, S;) |
Si € I}, but Diff(S,S1) is a smaller one than
Diff(S,5,) is (ie. Diff(S,S1) C Diff(S, ). We

can extend the ordering <z,.s to the general case.

Definition 8 Let II be a class of sets of interpreta-
tions. We define S1 <m;s S2 iff there erists some
Iy € 11 such that Sy <1,,5 So or there erists some
S’ such that S <m;5 S’ <m;s S2.

Clearly, the ordering <p.s is the union of <z,.s for
every Zp in II. For instance, if I = {7;,Z,}, then
S1 <m,s S if one of the following cases holds: (i)
S1 £1,;5 S2; (i1) Sy <71,:5 S2; or (iii) there is S’ such
that S <z,.5 S’ (or S} <1,s S’y and &’ <z1,.5 Sa (or
S <1,;5 S2)-

Lemma 2 <y.5 is a partial ordering.

Theorem 3 Let ¢ be a propositional knowledge base,
where C is the state constraint, and p a propostiional
formula. Then
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Models(1p omeq p2) =
USeMode,3(¢) min(Models(C Ap), <oree(smy.s)-

The above theorem shows that our MCD (and the
same as the MCE) can be characterized by an alter-
native minimal change criterion. Therefore, it is not
surprising that we have the following solution.

Theorem 4 The MCD update operator o, .q satisfies
Katsuno-Mendelzon’s postulates (Ul1) - (U8).

Theorem 4 reveals an important fact that Katsuno-
Mendelzon’s postulates (U1) — (U8) are not necessarily
contradictious with the semantics of updating knowl-
edge base with disjunctive information.

Concluding Remarks

In this paper, we proposed two different approaches,
called the MCE and MCD respectively, to deal with the
problem of updating knowledge bases with disjunctive
information.

In fact, the problem of dealing with the incomplete
(disjunctive) information in dynamic systems has been
studied by many researchers recently (eg. (Brewka &
Hegtzberg 1993; Kartha & Lifschitz 1994; Lin 1996;
Zhang & Foo 1995)). However, most of their work
concentrated on reasoning about action. Restricted by
the formalizations, their methods, therefore, seemed
not directly applicable for general knowledge base up-
dates as we discussed in this paper. On the other hand,
some of their approaches only dealt with the direct dis-
Junctive effect (Brewka & Hertzberg 1993). We did
extend our previous work to deal with knowledge base
updates (Zhang & Foo 1995). However, as our previous
method is syntax-based, there is no proper semantics
to support the theory.

There are some features of our approaches repre-
sented in this paper. First, our approaches can deal
with both direct and indirect disjunctive effects of up-
dates. For instance, in the dropping-box problem (i.e.
Example 1), the update effect p = Ontable(Boz) is
definite. Together with the constraint (2), however, it
implies an indirect disjunctive effect Inwhite(Boz) V
Inblack(Boz). In this case, our approaches produce
the desired result. Second, due to the equivalence be-
tween the MCE and MCD for propositional knowledge
base updates, the MCD provides a proper semantics
for the MCE. Moreover, the MCD is also suitable for
first order knowledge base updates. Third, as the MCD
and MCE satisfy Katsuno and Mendelzon’s postulates
(U1) - (UB), we can see that in general, the principle of
minimal change can be independent from the update
with disjunctive information.

Many related problems remain open. One is the
computational tractability of our approaches. Another
is the extension of our ideas to solve the problem of
reasoning about actions with nondeterministic effects.
An obvious difference between update and action is
that the change caused by an action will not obey KM

568 Knowledge Representation

update postulate (U2) if the action implies a nonde-
terministic effect. For instance, tossing a coin. In
this case, our current approaches can not derive de-
sired solutions. A third is the connection of the prin-
ciples of minimal change with exceptions and minimal
change with maximal disjunctive inclusions to other
nonmonotonic mechanisms such as default logic and
circumscription. These issues are being addressed in
our current work.

Acknowledgements

This research is supported in part by a grant from the
Australian Research Council. We thank Tyrone ONeill
for suggestion in simplifying our formalizations.

References

Baral, C. 1994. Rule based updates on simple knowl-
edge bases. In Proceedings of the Eleventh National
Conference on Artificial Intelligence (AAAI’94), 136—
141. AAAI Press.

Brewka, G., and Hertzberg, J. 1993. How do things
with worlds: On formalizing actions and plans. Jour-
nal of Logic and Computation 3:517-532.

Dalal, M. 1988. Investigations into a theory of knowl-
edge base revision: Preliminary report. In Proceedings
of Seventh National Conference on Artificial Intelli-
gence (AAAI’88), 475~479. Morgan Kaufmann Pub-
lishers, Inc.

Friedman, N., and Halpern, J. 1994. A knowledge-
based framework for belief change, part ii: revision
and update. In Proceedings of KR’94, 190~201. Mor-
gan Kaufmann Publishers, Inc.

Gardenfors, P. 1988. Knowledge in Fluz. Cambridge,
Massachusetts: MIT Press.

Kartha, G., and Lifschitz, V. 1994. Actions with
indirect effects. In Proceedings of KR’94, 341-350.
Morgan Kaufmann Publishers, Inc.

Katsuno, H., and Mendelzon, A. 1991a. On the dif-
ference between updating a knowledge database and
revising it. In Proceedings of KR’91, 387-394. Morgan
Kaufmann Publishers, Inc.

Katsuno, H., and Mendelzon, A. 1991b. Proposi-
tional knowledge base revision and minimal change.
Artificial Intelligence 52:263-294.

Lin, F. 1996. Specifying the effects of indeterminate
actions. In Proceedings of the Thirteenth National
Conference on Artificial Intelligence (AAAI’96), to
appear in this volume. AAAI Press.

Winslett, M. 1988. Reasoning about action using
a possible models approach. In Proceedings of the
Seventh National Conference on Artificial Intelligence
(AAAI’88), 89-93. Morgan Kaufmann Publishers,
Inc.

Zhang, Y., and Foo, N. 1995. Applying the persis-
tent set approach in temporal reasoning. Annals of
Mathematics and Artificial Intelligence 14:75-98.



