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Abstract

In [del Val and Shoham, 1992] we showed that
the postulates for belief update recently pro-
posed by Katsuno and Mendelzon [I991] can
be analytically derived using the formal theory
of action proposed by Lin and Shoham [I1991].
The contribution of this paper is twofold;

* Whereas in [del Val and Shoham, 1992] we
only showed that our encoding of the up-
date problem satisfied the KM postulates,
here we use an independently motivated
generalization of the theory of action used
in that paper to provide a one-to-one cor-
respondence between our construction and
KM update semantics

» We show how the KM semantics can be
generalized by relaxing our construction in
a number of ways, each justified in cer-
tain intuitive circumstances and each cor-
responding to one specific postulate. It fol-
lows that there are reasonable update op-
erators outside the KM family.

1 Introduction

Katsuno and Mendelzon [I991] have recently proposed
a characterization of belief update in terms of a set of
postulates that every update operator should satisfy.
Though these postulates are similar in spirit to those
proposed by Gardenfors and colleagues [Alchourron et
al., 1985; Gardenfors, 1988] to characterize belief revi-
sion, one of the most novel aspects of the KM proposal
is the suggestion that update and revision should be seen
as two distinct types of belief change. Loosely speaking,
the latter says that the beliefs may have been wrong and
in need of revision, whereas the former says that the be-
liefs were correct, but the world has in the meanwhile
evolved and the beliefs must be updated. According to
this proposal, therefore, the problem of update is fun-
damentally one of reasoning about change, a problem
which has received substantial attention over the years
in research on non-monotonic temporal reasoning

The question we set out to answer in [del Val and
Shoham, 1992] is the following: Why should the KM
postulates be accepted? Our answer was based on the
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idea that since the basic intuition underlying update was
one about change, it should be possible to reduce the KM
proposal to a theory of action and change. Specifically,
the logic behind our answer was as follows:

* We began with an independently motivated the-
ory of action, namely the one proposed in [Lin and
Shoham, 1991].

* We provided a natural encoding of the update prob-
lem in this theory of action.

* Finally, we showed that this encoding allowed us to
analytically derive the KM postulates.

This argument can be subject to a number of crit-
ic isms, some of which have been articulated by Gold-
szmid! and Pearl [1992].

* The construction of [del Val and Shoham, 1992] sat-
————— the postulates, but so do others, e.g. [Gold-
szmidt and Pearl, 1992]. The KM proposal, how-
ever, seems to be more general.

*+ It can be argued that the representation theorem
for KM operators ([Katsuno and Mendelzon, 1991],
reviewed in section 2) provides sufficient validation
for the KM proposal.

These are quite reasonable concerns, and our goal in
this paper is to meet them. We retain the intuition that
theories for reasoning about action and change should be
at the basis of a solution to the problem of update, but
try to answer a more general question than in [del Val
and Shoham, 1992], namely: Under what circumstances
should the KM postulates be accepted? Our answer has
two parts:

* Using an independently motivated generalization of
our construction (in a nutshell, allowing the set of
facts that "persist by default" to depend on the cur-
rent state of the world), we strengthen our previous
results so as to identify a class of theories of action
which stands in a one-to-one correspondence with
the family of KM operators. We thus address the
first potential concern.

« We show that this correspondence is only achieved
by imposing certain arbitrary restrictions on the
theory of action. Each of the restrictions we will
consider corresponds to exactly one postulate, and
thus the KM proposal can be seen as embodying



these same restrictive assumptions. We will show
how relaxing these assumptions leads to reasonable
update operators outside the KM family. We thus
address the second concern.

In addition to answering these concerns, our construc-
tion will also allow us to shed some light on the predi-
cate frame, which plays a key technical role in a num-
ber of papers in reasoning about action [Lifschitz, 1990;
Lin and Shoham, 1991], but whose intuitive meaning was
somewhat unclear.

One final question concerns our specific choice of a
given formal framework to encode update. Admittedly,
our formalization of update is comparatively compli-
cated, but we believe the added complication is worth
the price in that we can thereby make explicit the tempo-
ral evolution of the database, provide greater flexibility
for update operators, and explicate the impact on up-
date of some fundamental problems in reasoning about
change. As regards to language, we use the situation
calculus, which allows us to make explicit the temporal
evolution of the database in a relatively simple way, and
with the convenience of using FOL. More generally, the
idea of encoding update using techniques from reasoning
about action and non-monotonic temporal reasoning is
justified because these techniques have proven fruitful in
formulating, and then proposing solutions to, some key
problems in reasoning about change. To illustrate the
connection between non-monotonic temporal reasoning
and update, suppose we have a database of facts about
university life, and that we want to update the database
with the fact that Smith is enrolled in CS205 this quar-
ter. Clearly, this new fact should not affect many other
facts in the KB, such as the composition of the faculty or
the color of the university buildings. On the other hand.
it. should have an effect on, say, her schedule and the
total number of units she is taking, and these changes
can in turn have other indirect effects, e.g. on whether
she is a full-time student and the amount of tuition she
has to pay, which in turn may depend on other factors
such as whether she is an undergraduate, etc. These are
clear instances of the frame and ramification problems.
In particular, it would be unreasonable to require the
database user to specify in advance all what, should or
should not change as a result of the update

We believe, therefore, that any proposed update se-
mantics must be defended in terms of its abilits to pro-
vide solutions to these problems, as lias also been ar-
gued by Reiter [I992a]. The theory of action of [bin
and Shoham, 1991] has some well established properties
in this regard in the case of actions with deterministic
(direct and indirect.) effects, and our generalization of it
appears to provide enough flexibility to deal with these
problems in the context of indeterministic actions'. In
principle, any other satisfactory solution to these prob-
lems could provide a foundation for update, but the gen-
erality of the results presented in this paper provides
strong evidence for the reasonableness of our encoding

The structure of this paper is as follows Section '1

ISee section (> for examples of how indeteniiinisiie actions
can complicate the frame problem

reviews Katsuno and Mendelzon's approach to update.
Section 3 encodes the update problem in situation calcu-
lus. Sections 4 and 5 provide the one-to-one correspon-
dence between KM semantics and a class of theories of
action. Section 6 considers the consequences of relaxing
some of the restrictive assumptions on the theory of ac-
tion, thus generalizing the KM proposal. Related work
is discussed in the concluding section.

2 Update in propositional languages:
Review

Katsuno and Mendelzon proposed eight postulates that
should be satisfied by update operators. Let o be an
update operator for a propositional language C with a
finite number of propositional variables Vc The KM
postulates are the following:

(U1} v o u implies p.
{U2) If ¢ implies u then ¥ o g is equivalent to .

(U3} If ¥ and p are satisfiable then ¥ o p is also satis-
fiable.

(U4y T E vy = v and = gy = po then 3y o puy s
eqrivalent Lo e ¢ g,

(US) (o p) A ¢ implies ¢ o (g A g).

(UGY H ¢ o py 1mnplies pa and o o g implies y; then
¢ o gty 18 equtvalent to 1 o g,

{U7) If ¢ 15 complete then (¥ o 13) A (¢ 0 22} implies
oy Vo).

(UB) (4 v tm} o p is equivalent to (¢ op) V {2 o )

t pedate operators satisfying these postulates can be
rharacterized as follows, An update assignment is a func-
tion which assigns to each interpretation I a relation <y
wver the set of nlerpretations of the language. We say
that this assignment is fauthful iff for any J, i 1 # J
then f <; .4 and J £ {. Let Mod(¢) stand for the mod-
els of the formula ¢, and Min(S, <), for any set S and
relation € over 8. denote the set of elements of S that
are ninimal under <.

Theorem 1 fKalsuno and Mendelzon, 1991] An update
uperator o satisfies conditions (U1)-(U8) aff there ezists
w furihful assigument that maps each interprelation I to
a parfral erder <y such that:

U Min(Mod(p), <).
1€ Modiy)

Mod{¢ o p) =

3 The update problem in situation
calculus

The basic idea of our encoding of update is discussed in
more detail in [del Val and Shoham, 1992]. Although
update is supposed to reflect changes that have taken
place in the world over time, the update problem (like
t hat of belief revision) is almost always formulated using
a language incorporating no model of time or change.
Our approach consists in translating the update prob-
lem into the richer language of situation calculus, so as
to make explicit this temporal information. The initial
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database is taken to describe a particular sitnation, and
the update formula is taken to describe the occurrece
of a special action, denoted by Af:, whose intuitive read-
ing is ‘that action which, when taken in S, causes p'.
The updated database is taken to describe the situation
result(AS,S). A formal theory of action is then used to
infer facts about the result of taking the particular action
in the particular situation. Finally, anything inferred
about the resulting situation can be backtrauslated to
the timeless {ramework of belief update.

We use the standard situation calculus fornalistu, a
three sorted predicate calculus with action, situation
and fluent sorts, the binary predicate holds, with argu-
ments of sort fluent and situation, respectively, and the
binary function result, with arguments of sorts action
and situation, respectively. The constant action terms
have the form Aﬁ, with the intuitive meaning just de-
scribed, where 5 is any situation term and y is any sat.
1sfiable formula of the original propositional Janguage £
over the variables Pe. Situation terms include Sy, n-
tuitively denoting the initial situation, together with all
terms of the form result{4, S) for 4 an action term and
& a situation term. The set. P of fluent terms includes
all variables in P, together with the “nouw-prinntive”
fluent terms of the form not(y) and or(v’), for v a Auent
term. Non-primitive fluent terms are required to satisfy
the following axioms:

Yp.s. holds{not(p), s} = ~holds(p, s).
¥p.q.s. holds(or(p, g}, s) = holds(p, s) V holds(y. 5)

We can now translate the formulas of £ tnto situation
calculus. We first map any formula ¢ € £ into a Auent
term ¢! as foilows:

PV=pifpeP;
(~w)! = not(4')
(v v o) =or{y ¢).

{Other propositional connectives are assumed to be de-
fined in terms of - and v.) Propositional formulas are
then transiated as holding at a particular situation. \We
denote the translation of v' at situation & by ¢ defined
simply as v° = holds(y', 5).

We now present. the theory of action that we use 10
encode the update problem. The “causal theory™ 7 for
the actions we have introduced is given by the scheima:

holds(y', result{ A5, S)).

where g’ is the fluent term corresponding to a satisfiable
propositional formula g, and A3 and § are closed 1erins
of the appropriate sorts.

We will now define a circumseription policy to apply 1o
this theory. Intuitively, our goal is to minimize changes
{“abnormalities” ) hetween successive states of the world,
one situation at a time. Following [Lin and Shoham.
1991}, in [del Val and Shoham, 1992] we used ab{p.«. s}
as an abbreviation for:

frame(p) A tholds(p, s) = —holds{p, result(a. s))).

As it is clear from this definition, the role of the
frame predicate (first introduced in [Lifschitz. 1990])
is to select a set of fluents for which changes inust be
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minimized, or in other words, a set of fluents whose
value “persists by default’. In {Lin and Shoham, 1991;
del Yal and Shoham, 1992], the set of changes that
should be minimized was assumed to be fixed once and
for all, by means of some axiom F uniquely determining
sone set F of “frame fiuents”. This assumption is unnec-
essary, and is lifted in this paper. The set of facts that
we think likely to persist in any given situation might
well depend on the state of the world at the time. To
allow for this dependence, we need to add a situation
argnment ta the predicate frame. For greater clarity,
we will in fact replace frame by a new binary predicate
persistent with first argument of sort fluent and second
argument of sort situation, redefining the abnormality
predicate ab{p, a, s) to be an abbreviation for

persistent(p, 8) A (holds(p, s) = —holds(p, result(a, 5))).

We assume that knowledge about which facts are to
he treated as persistent in each state is encoded in our
theory of action by means of some persistence aziom (P),
which we leave as a parameter in the theory of action.
This axiom. might, as a very simple example, deciare
every primitive fluent to be persistent at any situation.
We want maximum generality, but some assumptions are
needed 1 order to ensure that the persistence axiom ful-
fills its intende<| role. In particanlar, we require that the
addition of the petsistence axiom results in a conserva-
tive extension of the theory of action with respect to the
language obtained by removing the predicate persistent;
some further requirements are needed in order to en-
sure that the extension of persistent at any state de-
pends only on the current and possibly past state of the
Jdatabase, not on future states or states along alternative
“time hranches™. The formal statement of these require-
ments i given in the full paper and in [del Val, 1993).

Onr circimscription policy is then as follows. Let N1
and A2 be unique names for Auents and situations, re-
spectively, let holds' and persistent’ be two new pred-
tcates with arguments of the same sort as holds and
persistent, and let W(s) be the set of formulas:

TU{P.N1,N2,¥p. holds(p, s) = holds'(p, 8),
Y. persistent(p, 5) = persistent’(p, s)}.

Our final theory of action, which we denote Comp(T),
stands for the union over all closed terms A and § of the
appropriate sorts of

Civewmn(W(S);,ab(p,a/A, 8/5),; holds, persistent},
i.¢. the cirenmmmscription of ab{p, a/A, §/5) in W($) with
holdds and persistent allowed to vary. Intuitively, what
this policy does is to minimize changes one situation at
i timie. For any situation S, the mimimization will allow
holds Lo vary at any other point except at S, since holds’
1= kept fixed.

Suppose now that we are given an initial propositional
database 1. Let 3% be the translation of ¢ into sit-
uation calculus as holding at S;. We can then take
e result of updating ¥ with u as the set of conse-
quences abhout the situation resul!(Aﬁ’,Sn) entailed by
Comp(T) U {¥%}. To capture this, let
{¢ | Comp(T) = ¥°° D p, and y contains

result( Aﬁ",Sg) as only situation term}

ey =



Define now the update operator o, for any database -
and satisfiable formula g, as follows:

Definition 1 vop = ¢ iff holds(¢*, result( A5 Sy €
Uy, u).

The result of sequences of updates can be similavly
defined.

4 From KM semantics to theories of
action

The operator o just defined depends on the persistence
axiom (), which constrains the set of persistent fluents
at each particular state of the world. Definition | does
not therefore characlerize any specific operator. but a
family of them. Interesting subfamilies can be obtained
by making further restrictions on the persistence axiom.

We will consider three such restrictions. The first one
(SDP, for “state determines persistent fluents”) requires
that complete knowledge of the state of the worid in any
given situation be sufficient to uniquely determine the
set of persistent facts o that situation. The second one
(PDS. for “persistent fluents detennine state™) cnsires
that the values of the persistent fluents (at a situation
S, a model of W({5)) are sufficient to copletely char-
acterize a stale. Finally, the “time independence™ con-
dition (T1) requires the set of persistent fhuents 1o e
identical for idenlical states at different timies.

Before giving these restrictions, we need first to be
more precise about the notion of “state™. For any situ-
ation term 5 we say that g ts a state of situation S)ff
there is some set of closed fluent terms Fosuch thal

Rs = {holds(8,5) |8 € FlU{-holds(#.5) |8 € P\F}".

and Rs is consistent with the axioms for non prunitive
fluents. Intuitively, a state of a situatzon is a complere
specification of the values of all fluents at that situation.
By analogy with the notation Med(#) for the models of 11
for any set of formulas I'(S) with helds as culy predicate
and $§ as only situation term, we use Stafes{1'(5)}) 14
denote the set of states R of 5 such that K E 'is).
Intuitively, the set of states of I'(S) corresponds to the
maodels of the translation of I'(S) nto £

The optional restrictions on the persistence axiom are
then as follows:

Definition 2 (SDP condition) 4 theory of arhon
satisfies the SDP condihien off the persisfouie ariom
is such that for any srtuatrom derm S. any slatr H
of S consisient wth W(S), und any fluent term 6.
etther W(SLR B persistend(8.5) or W(SLAR R
—persistent(8.5).

Definition 3 (PDS condition) 3 A theory of actean
satisfies the PDS condition iff for any stluntion ferm
S, any two states Ry and Ro of S, and any sct of flu-
ent terms P such that {persistent(8.5) 1 f € Py
{—persistent(8.5) | 8 € P\ P} is consstcut with

2Recall that P is the set of closed fluent terms of the
language

3This condition generalizes the “frame completeness con-
dition” of {del Val and Shoham, 1992}.

W{S) U R;: of R1 and R; agree on the value of every
P E P then Ry = Ra.

Definition 4 (TI condition) A theory of action sal-
isfies the T1 condition if the persisience ariom hax the
form Ys. P(s), where P(s) contains no situation ferm
other than s.

We can now prove the following key result:

Theorem 2 For any update operaior o satisfying (U1)-
{18} there exists an operator o' based on definstion I and
sulisfying the PDS, SDP, and TI conditions such that:
Mod(y) o i) = Mod(3 o' ).
The key part of the proof is the choice of persistence
axiom. the construction is given in the appendix. We
remark that this theorem holds for arbitrary sequences

of updates as well, and thus we can capture the temporal
¢ rofutron of the database under any KM operator.

5 From theories of action to KM
semantics

Though we have shown that every KM operator can be
caplured in our generalized framework, a natural ques-
tion is whether this generalization is “the right one”.
Does this construction still satisfy the KM postulates
an L tnore restricted one of [del Val and Shoham, 1992
hiedd? The answer is, under certain conditions, positive.

The circumseription of ab for each situation and action
results in a set of strict partial orderings <gp 45,5 Over
situation caleulus interpretations, such that 1 <ab,45.8"
Fiff I and J have the same domains and agree on every-
thing except holds, persistent and ab, and the extension
of ab(p.afd,.s/5") in I is a proper subset of its exten-
sion i /. As in [del Val and Shoham, 1892], models of
Comp{T) can also be characterized in terms of orderings
over states rather than over interpretations. The intu-
ition here is (hat the results of update should only de-
pend on the inmediately preceding state and the action
corresponding 1o the update formula, modulo some set of
persistent fleents assoctaled to the preceding state. As
the wext lemma shows, the circumscription selects states
of re .m!r[fl:.b") whicly are “closest” to a given state of
S i e sense of differing in set-inclusion fewer persis-
tent fluents than any other state. The ordering we use
i~ defined as follows:

Definition & Let £ and T be stales of some situation
SN und My a state of some sttuation S, and let F be a
sct of flucnt terms. We say thet B S{,s Tiff

e F|Ri==holds(8,5') ff Ms = holds(8,5)} C

{#e F|TE~holds(0, 5} ff Ms |= holds(8, 5)}

We can use these orderings to characterize Comp(T).
For example, for a single update, we have:
Lemuna 3 Seppose the SDP condilion holds, and for
any stafe R of So, et Fr be the unique sel of fluent
terms {# ] W(So) U R [ persistent(6,50)}. Then
Stabe{ [y 1)} =

U Mm(States(holds(y*, resuH(Aﬁ" ,Sol), S;")

e stateay T
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As in the representation theorem for propositional up-
date, this can be seen as selecting for each state of
the original theory (for each model, in the propositional
case) the set of closest states (models) satisfying the up-
date formula. Similar characterizations can be obtained
without the SDP condition (in which case several partial
orders will be associated to each state, corresponding to
the various specifications of persistent at that state con-
sistent with the persistence axiom) and for sequences of
updates. Using these characterizations, we can obtain
the converse of theorem 2:

Theorem 4 Suppose the PDS, SDP, and TI conditions
are satisfied. Then the update operator o of definition 1
satisfies  postulates (U)-(US).

6 Beyond KM semantics

So far we have achieved half the goal of this paper,
with theorems 2 and 4 providing a very tight correspon-
dence between theories of action and KM semantics As
said, though, since our intuition is that theories of ad ion
should form the basis for update, we believe that further
insight can be achieved by relaxing some of the assump-
tions embodied by the theories of action we have con-
sidered. The KM postulates identify an interesting class
of operators, but there are important operators outside
this class. Specifically, it can be shown that postulates
(Ul), (U3), (U5), (U6) and (US) still hold if we lift the
SDP, PDS and Tl assumptions from theorem 4. but the
remaining postulates are lost.

How reasonable is (U2)? Consider the following ex-
ample, due to Goldszmidt and Pearl [1992]. Suppose we
order a robot to paint a wall in blue or white. If the wall
is initially white, then (U2) entails that it will remain
white after the action. If the robot has no way of know-
ing the original color, however, there is no reason wh>
the color of the wall should persist after the action For
another example, suppose we know that Fred decided
today whether to leave his current job to accept another
offer, but we do not know his specific decision; according
to (U2), the result of updating the database current-job
with currentjob V new-job should be that Fred rejects
the offer! In both cases, the problem arises because (V2)
requires the database to remain unchanged when a dis-
junctive update arrives and the disjunction is already
satisfied by the database.

Theorem 5- In the presence of Tl, the operator o satis-
fies (U2) iff the PDS condition holds 4.

Both Goldszmidt and Pearl, and Katsuno and Mendel-
zon, have a possible solution to this type of problem (the
latter through the operation of "erasure"). In our view.
the key issue is whether certain facts should persist or
not when disjunctive updates arrive; our construction al-
lows for an explicit axiomatization of default persistence.
and thus we suggest that it will provide the greatest flex-
ibility in handling this problem.

4Throughout this section, o is assumed to he based on
definition 1. Without TI, PDS is still sufficient for (U2). but
is only necessary if restricted to states of the database that
are "reachable" as a result of some sequence of updates
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The Tl condition can also result overrestrictive in forc-
ing the set of persistent fluents at any state to be inde-
pendent of past states. This assumption is connected to
postulate (U4), according to which the update of equiv-
alent databases with equivalent formulas should produce
equivalent results. In the timeless framework in which
the update problem is formulated in the KM proposal,
the postulate appears to encode a principle of syntax in-
dependence. If we consider the evolution of the database,
however, it is clear that it implies more than that. Sup-
pose the database is represented by y 1at some time 1, is
updated with ji to yield a database y'2) and after a series
of updates the database ends up at time t in a state in
which it can be represented by some formula w1t which is
equivalent to w1 according to (U4), updating wt with /i
should result in a database equivalent to yw2-

Clearly, this is not always reasonable. Myers and
Smith [1988] present a number of examples in which the
reasonableness of treating a fact as persistent by default
depends on the way in which we came to know that fact.
Similarly, it is easy to find examples in which some fact
should be treated as persistent or not in virtue of what
causes it. For example, the practice of mountain climb-
ing results in a high risk of injury, but the risk will dis-
appear as soon as the practice is given up; whereas the
professional practice of tennis might result in a high risk
of (elbow) injury long after the practice is quit. Thus,
whether "high injury risk" needs to be treated as persis-
tent depends on the circumstances that cause the risk.

Sinee the results of our circumscriptive policy at any
given situation depend only on the set of persistent flu-
eiits at that situation, it is easy to drop this assump-
lion as well, while preserving all postulates except (U4).
This does ot mean that updates depend on the syntac-
tie form of the database, only that they depend on the
sl of persistent facts, which might differ for identical
~tates at different times.

Ax the next theorem states, there is a very close con-
neetion between (114) and the TI condition. In order
16 establish this connection, we need a way to compare
theories of action with different persistence axioms, so
an o filter oul “inconsequential” violations of TI. Let us
first explicitly include the persistence axiom in our nota-
tion for the update function, writing op to indicate that
tHie wiederlying theory of action contains the persistence
axiom (P). We say that two theories of action with per-
sistenee axioms {P} and (P*), respectively, are update-
cqureatont i they are equivalent with respect to update,
¢ e ff for any propositional ¥, satisfiable propositional
TR iy, we have: (... ((¢op p1)op pa)...)op fin =
[ ({eopegry)ops fin)...) Ops .

Theorem G The update operator o satisfies (U4) iff it
is based on a theory of action which is update equivalent
1o a theory of action satisfying the TI condition.

Finally, (U7) is connected to SDP. Intuitively, a (non-
trivial) violation of SDP corresponds to situations in
which we do not regard our knowledge of the domain
to be sufficient to uniquely determine which facts are
likely to persist, or in which we want to consider the ef-
fects of alternative assumptions about persistence. This



is a perhaps rare but certainly conceivable circumstance.
which is not covered by KM. We have:

Theorem 7

/. If the SDP condition holds then o satisfies (U7).

2. If o satisfies (U7), and the PDS condition holds,
then o is based on a theory of action which is update
equivalent to a theory of action satisfying SDP.

There appears to be some subtle interaction between
(U2) and (U7), which is why the PDS condition appears
to be needed in order to derive SDP from (U7) in the
second part of the theorem.

7 Discussion

In this paper, we have shown that there is a very tight
correspondence between a certain class of theories of ac-
tion and the class of update operators satisfying Katsuno
and Mendelzon's update postulates. In addition to pro-
viding a one-to-one correspondence between these two
classes, we have shown that there are reasonable opera-
tors that do not satisfy all the postulates, and thus that
the KM semantics can sometimes be too restrictive. The
failure of each of the postulates than can be violated in
our construction, furthermore, can be directly traced to
an specific assumption on the specification of the set of
facts that should "persist by default". We hope to have
demonstrated that the greater complication of our con-
struction in comparison with the KM approach is worth
its price in the expanded expressivity and flexibility to
be gained from it.

Reiter [1992b; 1992a] has proposed an account of
database update in terms of recent proposals for solving
the frame problem. The relation between his approach
and ours is still unclear, as it is based on a slightly differ-
ent theory of action. The theory that Reiter uses appears
vulnerable to the ramification problem, though it is too
early to say whether this is a fundamental limitation;
in contrast, we can handle ramifications in exactly the
same way as in [del Val and Shoham, 1992], without a
need to explicitly list all the conceivable circumstances
in which a fluent can change its value as a result of an
action or update. Goldszinidt and Pearl [1992] have also
provided an alternative, in this case probabilistically mo-
tivated, account of database update satisfying the KM
postulates, under some special handling for disjunctive
updates. Time is only implicit in their proposal, and.
as any other KM operator, theirs is covered by our con-
struction if disjunctive updates are handled as required
for KM compliance.

Our results show that important insights can be ob-
tained by encoding the problem of database update in a
theory of action. We are currently investigating whether
similar insights can also be obtained for database n-
vision, an area in which we expect to report positive
results in the near future.
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Appendix

Proof of theorem 2. {Construction.) Since o satisfies
(UL}-{U8). there exists a faithful update assignment of
a partial order <pr Lo every M € W such that o can be
defined in terms of the representation theorem I, where
W s the set of all {propositional) interpretations of £.
The crucial part on the proof is providing an adequate
persistence axiom. For any W C W, choose one formula
By such that Mod{fyw )= W. Forany M € W, let Epr =
{on | W = {1 |1 <p J}forsomed € W}, and let
Mis) be a finite axiomatization of the state of situation
s ~ucl that M = 0 1ff M(s) | holds(#*,5). Let M, be
the finite) sot of all such finitely axiomatized states, and
lor eacly Af{s) € M,, let Pp(s) be a finite first order
axiomatization of ‘persistent(f*,s) iff # € Zp'. (The
{inite vocabulary of £ guarantees finitariness in all these
cises. ) Then ¢ is defined as in definition 1 in terms of
a theory of action whose persistence axiom is:

¥s. A\ M(s) D Puls).
Af{alE,

It is now easy to show that the TI, SDP, and PDS con-
ditious are satisfied by this persistence axiom, the latter
hecause of faithfuiness. The rest of the proof uses the
results of section 5 to map operators definable in our con-
struction to “update assignments”, and will be provided
in the full paper (see also [del Val, 1993]). O

del Val and Shoham 737



