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A b s t r a c t 

In [del Val and Shoham, 1992] we showed tha t 
the postulates for belief update recently pro
posed by Katsuno and Mendelzon [ l 9 9 l ] can 
be ana ly t ica l ly derived using the formal theory 
of act ion proposed by L in and Shoham [ l 9 9 l ] . 
The cont r ibu t ion of this paper is twofo ld ; 

• Whereas in [del Val and Shoham, 1992] we 
only showed tha t our encoding of the up
date problem satisfied the KM postulates, 
here we use an independent ly mot iva ted 
general izat ion of the theory of act ion used 
in tha t paper to provide a one-to-one cor
respondence between our construct ion and 
KM update semantics 

• We show how the KM semantics can be 
generalized by re lax ing our construct ion in 
a number of ways, each just i f ied in cer
ta in in tu i t i ve circumstances and each cor
responding to one specific postulate. It fol
lows that there are reasonable update op
erators outside the KM fami ly . 

1 I n t r o d u c t i o n 

Katsuno and Mendelzon [ l 9 9 l ] have recently proposed 
a character izat ion of belief update in terms of a set of 
postulates that every update operator should satisfy. 
Though these postulates are s imi lar in spiri t 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 tha t update and revision should be seen 
as two distinct types of belief change. Loosely speaking, 
the lat ter says that the beliefs may have been wrong and 
in need of revis ion, whereas the former says that the be
liefs were correct, but the wor ld has in the meanwhi le 
evolved and the beliefs must be updated. According to 
this proposal, therefore, the problem of update is fun
damenta l ly one of reasoning about change, a problem 
which has received substant ia l a t tent ion over the years 
in research on non-monotonic tempora l reasoning 

The question we set out to answer in [del Val and 
Shoham, 1992] is the fo l lowing: Why should the KM 
postulates be accepted? Our answer was based on the 

idea tha t since the basic i n tu i t i on under ly ing update was 
one about change, i t should be possible to reduce the KM 
proposal to a theory of act ion and change. Specifically, 
the logic behind our answer was as fol lows: 

• We began w i th an independent ly mot iva ted the
ory of ac t ion, namely the one proposed in [L in and 
Shoham, 1991]. 

• We provided a natura l encoding of the update prob
lem in this theory of act ion. 

• Final ly, we showed tha t th is encoding allowed us to 
analy t ica l ly derive the KM postulates. 

This argument can be subject to a number of cr i t 
ic isms, some of which have been ar t icu la ted by Go ld-
szmid! and Pearl [1992]. 

• The construct ion 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 tha t the representation theorem 
for KM operators ( [Katsuno and Mendelzon, 1991], 
reviewed in section 2) provides sufficient va l idat ion 
for the KM proposal . 

These are qui te reasonable concerns, and our goal in 
this paper is to meet t hem. We retain the i n tu i t i on tha t 
theories for reasoning about act ion and change should be 
at the basis of a solut ion to the prob lem of update, bu t 
t ry 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 independent ly mot i va ted general izat ion of 
our construct ion ( in a nutshel l , a l lowing the set of 
facts tha t "persist by defau l t " to depend on the cur
rent state of the wor ld ) , we strengthen our previous 
results so a,s to ident i fy a class of theories of act ion 
which stands in a one-to-one correspondence w i t h 
the fami ly of KM operators. We thus address the 
f i rst potent ia l concern. 

• We show tha t th is correspondence is only achieved 
by impos ing certain a rb i t ra ry restr ict ions on the 
theory of act ion. Each of the restr ict ions we w i l l 
consider corresponds to exact ly one postulate, and 
thus the KM proposal can be seen as embody ing 
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these same restr ict ive assumptions. We wi l l show 
how relaxing these assumptions leads to reasonable 
update operators outside the KM fami ly . We thus 
address the second concern. 

In add i t ion to answering these concerns, our construc
t ion w i l l also al low us to shed some l ight on the predi
cate frame, which plays a key technical role in a num
ber of papers in reasoning about act ion [Lifschitz, 1990; 
L in and Shoham, 1991], but whose in tu i t ive meaning was 
somewhat unclear. 

One final question concerns our specific choice of a 
given fo rma l f ramework to encode update. Admi t ted ly , 
our fo rmal iza t ion of update is comparat ively compl i 
cated, bu t we believe the added compl icat ion is worth 
the price in tha t we can thereby make expl ic i t the tempo
ral evolut ion of the database, provide greater f lexibi l i ty 
for update operators, and explicate the impact on up
date of some fundamenta l problems in reasoning about 
change. As regards to language, we use the s i tuat ion 
calculus, which allows us to make explicit the temporal 
evolut ion of the database in a relatively simple way, and 
w i t h the convenience of using FOL . More generally, the 
idea of encoding update using techniques from reasoning 
about act ion and non-monotonic temporal reasoning is 
just i f ied because these techniques have proven f ru i t fu l in 
f o rmu la t i ng , and then proposing solutions to, some key 
problems in reasoning about change. To i l lustrate the 
connection between non-monotonic temporal reasoning 
and update, suppose we have a database of facts about 
universi ty l i fe, and that we want to update the database 
w i th the fact that Smi th is enrolled in CS205 this quar
ter. Clearly, this new fact should not affect many other 
facts in the K B , such as the composit ion of the faculty or 
the color of the university bui ldings. On the other hand. 
it. should have an effect on, say, her schedule and the 
to ta l number of units she is tak ing , and these changes 
can in tu rn have other indirect effects, e.g. on whether 
she is a fu l l - t ime student and the amount of tu i t ion she 
has to pay, which in tu rn may depend on other factors 
such as whether she is an undergraduate, etc. These are 
clear instances of the f rame and ramif icat ion problems. 
In par t icu lar , 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
mant ics must be defended in terms of its abil its to pro
vide solut ions to these problems, as lias also been ar
gued by Reiter [ l992a] . The theory of action of [bin 
and Shoham, 1991 ] has some well established properties 
in this regard in the case of actions w i th determinist ic 
(direct and indirect.) effects, and our generalization of it 
appears to provide enough flexibil i ty to deal w i th these 
problems in the context of indeterminist ic actions1 . In 
pr inc ip le, any other satisfactory solut ion to these prob
lems could provide a foundat ion for update, but the gen
eral i ty of the results presented in this paper provides 
strong evidence for the reasonableness of our encoding 

The st ructure of this paper is as follows Section '1 

]See 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 s i tua t ion calcu
lus. Sections 4 and 5 provide the one-to-one correspon
dence between KM semantics and a class of theories of 
act ion. Section 6 considers the consequences of relaxing 
some of the restr ict ive assumptions on the theory of ac
t ion , thus generalizing the KM proposal. Related work 
is discussed in the concluding section. 

2 Update in proposit ional languages: 
Review 

Katsuno and Mendelzon proposed eight postulates tha t 
should be satisfied by update operators. Let o be an 
update operator for a proposi t ional language C w i t h a 
f ini te number of proposi t ional variables Vc The KM 
postulates are the fo l lowing: 

3 The update problem in si tuat ion 
calculus 

The basic idea of our encoding of update is discussed in 
more detai l in [del Val and Shoham, 1992]. A l though 
update is supposed to reflect changes tha t have taken 
place in the world over t ime, the update problem (l ike 
t hat of belief revision) is almost always fo rmula ted using 
a language incorporat ing no model of t ime or change. 
Our approach consists in t rans la t ing the update prob
lem into the richer language of s i tuat ion calculus, so as 
to make explicit this tempora l i n fo rmat ion . The in i t ia l 
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As in the representat ion theorem for proposi t ional up
date, th is can be seen as selecting for each state of 
the or ig ina l theory (for each mode l , in the proposi t ional 
case) the set of closest states (models) sat isfy ing the up
date fo rmu la . S imi la r character izat ions can be obta ined 
w i thout the SDP condi t ion ( in which case several par t ia l 
orders w i l l be associated to each state, corresponding to 
the various specif ications of persistent at tha t state con
sistent w i t h the persistence ax iom) and for sequences of 
updates. Using these character izat ions, we can obta in 
the converse of theorem 2: 

T h e o r e m 4 Suppose the PDS, SDP, and Tl conditions 
are satisfied. Then the update operator o of definition 1 
satisfies postulates (Ul)-(US). 

6 Beyond KM semantics 
So far we have achieved hal f the goal of this paper, 
w i t h theorems 2 and 4 p rov id ing a very t igh t correspon
dence between theories of act ion and KM semantics As 
said, though, since our i n tu i t i on is that theories of ad ion 
should fo rm the basis for update, we believe that fur ther 
insight can be achieved by re laxing some of the assump
t ions embodied by the theories of act ion we have con
sidered. The KM postulates ident i fy an interest ing class 
of operators, but there are i m p o r t a n t operators outside 
this class. Specif ically, it can be shown tha t postulates 
( U l ) , (U3) , (U5) , (U6) and (US) s t i l l hold if we lift the 
SDP, PDS and TI assumptions f rom theorem 4. but the 
remain ing postulates are lost. 

How reasonable is (U2)? Consider the fo l lowing ex
ample, due to Go ldszmid t and Pearl [1992]. Suppose we 
order a robot to paint a wal l in blue or whi te. If the wall 
is in i t i a l l y wh i te , then (U2) entails tha t i t w i l l remain 
whi te after the act ion. If the robot has no way of know
ing the or ig ina l color, however, there is no reason wh> 
the color of the wal l should persist after the act ion For 
another example, suppose we know that Fred decided 
today whether to leave his current j ob to accept another 
offer, but we do not know his specific decision; according 
to (U2) , the result of upda t i ng the database current-job 
wi th current-job V new-job should be tha t Fred rejects 
the offer! In bo th cases, the prob lem arises because (V'2) 
requires the database to remain unchanged when a dis
junc t i ve update arrives and the d is junct ion is already 
satisfied by the database. 

T h e o r e m 5- In the presence of TI, the operator o satis
fies (U2) iff the PDS condition holds 4. 

Both Go ldszmid t and Pearl , and Katsuno and Mendel-
zon, have a possible solut ion to this type of problem (the 
lat ter th rough the operat ion of "erasure") . In our view. 
the key issue is whether certain facts should persist or 
not when d is junct ive updates arr ive; our construct ion al
lows for an expl ic i t ax iomat iza t ion of default persistence. 
and thus we suggest tha t it w i l l provide the greatest flex-
ib i l i t y in hand l ing th is p rob lem. 

4Throughout this section, o is assumed to he based on 
definition 1. Without T I , 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 

The TI condi t ion can also result overrestr ict ive in forc
ing the set of persistent f luents at any state to be inde
pendent of past states. Th i s assumpt ion is connected to 
postulate (U4) , according to which the update of equiv
alent databases w i t h equivalent formulas should produce 
equivalent results. In the timeless f ramework in which 
the update prob lem is fo rmu la ted in the KM proposal , 
the postulate appears to encode a pr inc ip le of syntax in 
dependence. If we consider the evo lu t ion of the database, 
however, i t is clear tha t i t impl ies more than tha t . Sup
pose the database is represented by ψ 1at some t ime 1, is 
updated w i t h ji to y ie ld a database ψ'2) and after a series 
of updates the database ends up at t ime t in a state in 
which it can be represented by some fo rmu la ψ1t which is 
equivalent to ψ1 according to (U4) , upda t i ng ψt w i t h / i 
should result in a database equivalent to ψ2-

Clearly, this is not always reasonable. Myers and 
Smi th [1988] present a number of examples in which the 
reasonableness of t rea t ing a fact as persistent by default 
depends on the way in which we came to know tha t fact. 
S imi lar ly , it is easy to find examples in which some fact 
should be treated a,s persistent or not in v i r tue of what 
causes i t . For example, the pract ice of moun ta in c l imb
ing results in a high risk of in ju ry , bu t the risk w i l l dis
appear as soon as the practice is given up; whereas the 
professional practice of tennis m igh t result in a h igh risk 
of (elbow) in ju ry long after the pract ice is qu i t . Thus, 
whether "h igh in ju ry r isk" needs to be treated as persis
tent depends on the circumstances tha t cause the risk. 

I 

T h e o r e m 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. 

Final ly , (U7) is connected to SDP. In tu i t i ve ly , a (non-
t r i v ia l ) v io la t ion of SDP corresponds to s i tuat ions in 
which we do not regard our knowledge of the domain 
to be sufficient to uniquely determine which facts are 
l ikely to persist, or in which we want to consider the ef
fects of a l ternat ive assumptions about persistence. Th is 
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is a perhaps rare but certainly conceivable circumstance. 
which is not covered by K M . We have: 

T h e o r e m 7 

/. I f the SDP condi t ion holds then o satisfies (U7) . 
2. If o satisfies (U7) , and the PDS condit ion 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 interact ion between 
(U2) and (U7) , which is why the PDS condit ion appears 
to be needed in order to derive SDP f rom (U7) in the 
second par t of the theorem. 

7 Discussion 
In th is paper, we have shown that there is a very t ight 
correspondence between a certain class of theories of ac
t ion and the class of update operators satisfying Katsuno 
and Mendelzon's update postulates. In addi t ion to pro
v id ing a one-to-one correspondence between these two 
classes, we have shown tha t there are reasonable opera
tors tha t do not satisfy all the postulates, and thus that 
the KM semantics can sometimes be too restrictive. The 
fai lure of each of the postulates than can be violated in 
our const ruct ion, fur thermore, can be directly traced to 
an specific assumpt ion on the specification of the set of 
facts tha t should "persist by defau l t " . We hope to have 
demonstrated tha t the greater compl icat ion of our con
st ruct ion in comparison w i th the KM approach is worth 
its price in the expanded expressivity and flexibil i ty to 
be gained f rom i t . 

Reiter [1992b; 1992a] has proposed an account of 
database update in terms of recent proposals for solving 
the f rame prob lem. The relat ion between his approach 
and ours is s t i l l unclear, as it is based on a sl ightly differ
ent theory of act ion. The theory that Reiter uses appears 
vulnerable to the rami f icat ion problem, though it is too 
early to say whether this is a fundamental l im i ta t i on ; 
in contrast, we can handle ramif icat ions in exactly the 
same way as in [del Val and Shoham, 1992], without a 
need to exp l ic i t ly l ist all the conceivable circumstances 
in which a f luent can change its value as a result of an 
act ion or update. Goldszin idt and Pearl [1992] have also 
provided an a l ternat ive, in this case probabi l ist ical ly mo
t iva ted, account of database update satisfying the KM 
postulates, under some special handl ing for disjunctive 
updates. T i m e is only imp l i c i t in their proposal, and. 
as any other KM operator, theirs is covered by our con
st ruct ion if d is junct ive updates are handled as required 
for KM compl iance. 

Our results show tha t impor tan t insights can be ob
tained by encoding the problem of database update in a 
theory of act ion. We are current ly invest igat ing whether 
s imi lar insights can also be obtained for database n-
v is ion, an area in which we expect to report positive 
results in the near future. 
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