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UPD A TE BY MEANS OF INFERENCE R ULES

TEODOR C. PRZYMUSINSKI AND HUDSON TURNER

. Katsuno and Mendelzon ha v e distinguished t w o abstract framew orks for

reasoning ab out c hange: theory revision and theory up date. The ory r e-

vision in v olv es a c hange in kno wledge or b elief with resp ect to a static

w orld. By con trast, the ory up date in v olv es a c hange of kno wledge or b elief

in a c hanging w orld. In this pap er w e are concerned with theory up date.

Winslett has sho wn that theory up date should b e computed \one mo del

at a time." Accordingly , w e fo cus exclusiv ely on up date of in terpretations.

W e b egin with a study of r evision pr o gr amming , in tro duced b y Marek and

T ruszczy � nski to formalize in terpretation up date in a language similar to

logic programmi ng. While revision programs pro vide a useful and natural

de�nition of in terpretation up date, they are limited to a fairly restricted

set of up date rules. Accordingly , w e in tro duce the more general notion of

rule up date | in terpretation up date b y arbitrary sets of inference rules.

W e sho w that Winslett's approac h to up date b y means of arbitrary sets of

form ulae corresp onds to a simple sub class of rule up date. W e also sp ec-

ify a simple em b edding of rule up date in Reiter's default lo gic , obtained

b y augmen ting the original up date rules with default rules enco ding the

c ommonsense law of inertia | the principle that things c hange only when

they are made to. /

1. INTR ODUCTION

Katsuno and Mendelzon [KM91 ] ha v e distinguished t w o abstract framew orks for

reasoning ab out c hange: theory revision and theory up date. The ory r evision in-

v olv es a c hange in kno wledge or b elief with resp ect to a static w orld. F or example,

supp ose y ou are b o ok ed on a 
igh t, but told only that y our destination is either

Australia or Europ e, i.e., that austr alia _ eur op e holds. If sometime later y ou learn,
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in addition to what y ou already kno w, that y ou w eren't b o ok ed on a 
igh t to Eu-

rop e, i.e., that : eur op e holds, then y ou are lik ely to conclude that y our destination

is Australia, i.e., that austr alia holds.

By con trast, the ory up date in v olv es a c hange of kno wledge or b elief in a c hanging

w orld. Again supp ose y ou are b o ok ed on a 
igh t, and told only that y our destination

is either Australia or Europ e, i.e., that austr alia _ eur op e holds. Supp ose y ou

later learn that the situation has c hanged and all 
igh ts to Europ e ha v e just b een

cancelled, i.e., that : eur ope holds. Under these circumstances, y ou are not lik ely

to conclude that y ou are going to Australia, i.e., that austr alia holds. In fact, it

ma y b e the case that y our 
igh t has just b een cancelled.

In this pap er w e are concerned with theory up date. A k ey insigh t in to the

nature of up date is due to Winslett [Win88 ], who sho w ed that reasoning ab out

actions should b e done \one mo del at a time." That is, when reasoning ab out the

outcome of an action, w e m ust consider its e�ect in eac h one of the states of the

w orld that are consisten t with our (p ossibly incomplete) kno wledge of the curren t

state of the w orld. This insigh t is re
ected in the general de�nition of theory up date

due to Katsuno and Mendelzon, whic h can b e form ulated as follo ws. Let � and T

b e sets of prop ositional form ulae. A set T

0

of form ulae is a \theory up date" of T

b y � if

Mo dels ( T

0

) = f I

0

: 9 I 2 Mo dels ( T ) : I

0

is \an up date of I by � " g :

W e see b y the form of this de�nition that in order to determine \theory up date,"

it su�ces to de�ne when an in terpretation I

0

is an up date of an in terpretation I

b y a theory �. Accordingly , in this pap er w e fo cus exclusiv ely on \in terpretation

up date." Ho w ev er, in con trast to the w ork cited ab o v e, w e in v estigate a more

general case of up date b y means of sets R of inference rules, instead of sets � of

form ulae.

The �rst part of the pap er is dev oted to the study of r evision pr o gr ams , in-

tro duced b y Marek and T ruszczy � nski in a series of recen t pap ers [MT93 , MT94 ,

MT95a] to formalize in terpretation up date in a language similar to the language of

logic programmi ng. Revision programs are essen tially sets of p ositiv e logic program

rules, whic h can b e in terpreted as inference rules and used to up date in terpreta-

tions. Marek and T ruszczy � nski pro v ed that lo gic pr o gr ams with stable semantics

are em b eddable in to revision programs. W e sho w that, con v ersely , there is a simple

em b edding of revision programs in to logic programs with stable seman tics.

1

Th us

the t w o formalism s are precisely equiv alen t. W e go on to demonstrate that v arious

prop erties of revision programs are easily deriv ed from this translation and from

kno wn prop erties of logic programs.

Our translation of revision programs in to logic programs utilizes a simple and

in tuitiv e enco ding of the c ommonsense law of inertia , whic h is the principle that

things do not c hange unless they are made to. The fact that revision programming is

easily captured in logic programs using suc h inertia rules helps clarify the nature of

revision programmi ng, and, as w e will see, of in terpretation up date more generally .

While revision programs pro vide a useful and natural de�nition of in terpretation

up date, they are limited to a fairly restricted set of up date rules and th us are

not su�cien tly expressiv e to capture more complex in terpretation up dates whic h

1

Chitta Baral [Bar94 ] indep enden tl y found a somewhat more complex em b edding.
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ma y b e describ ed b y arbitrarily complex form ulae, or, more generally , b y arbitrary

inference rules. Accordingly , in the second part of the pap er w e in tro duce the

notion of rule up date | in terpretation up date b y arbitrary sets of inference rules.

The prop osed formalism is not only more general and expressiv e than revision

programming, but also has a v ery simple and natural de�nition.

W e sho w that Winslett's [Win88 ] approac h to up date b y means of arbitrary

sets of form ulae corresp onds to a simple sub class of rule up date. W e also in v es-

tigate ho w the \directionalit y" of inference rules con tributes to the expressiv eness

of rule up date. Finally , w e sp ecify a simple em b edding of rule up date in to default

lo gic [Rei80 ], obtained b y augmen ting the original up date rules with inertia axioms

analogous to those used in the translation of revision programs in to logic programs.

The translation in to default logic pro vides a bridge b et w een our newly in tro duced

formalism and a w ell-kno wn nonmonotonic formalism .

The in tro duction of rule up date pro vides a new framew ork for interpr etation

up date and th us also for the ory up date . In spite of its great simplicit y , rule up date

constitutes a p o w erful and expressiv e mec hanism whic h can b e used to determine

up dates of theories b y arbitrarily complex sets of inference rules and is applicable

to v arious kno wledge domains. F or example, in [MT95b ] McCain and T urner apply

rule up date to the problem of reasoning ab out the e�ects of actions. Moreo v er, the

simple em b edding of rule up date in default logic | obtained b y adding default rules

enco ding the commonsense la w of inertia | pro vides a crucial elemen t of prop osals

in [T ur96 , T ur97 ] for represen ting commonsense kno wledge ab out actions in default

logic and logic programmi ng.

Preliminary de�nitions app ear in Section 2. In Sections 3 and 4 w e sp ecify a

simple em b edding of revision programming in logic programmi ng and sho w that

basic results obtained b y Marek and T ruszczy � nski for revision programs are easily

deduced from this em b edding, using kno wn prop erties of logic programs. In Sec-

tion 5 w e in tro duce an alternativ e c haracterization of revision programmi ng, and in

Section 6 w e de�ne the more general notion of rule up date as a natural extension of

this alternativ e c haracterization. In Section 7 w e compare rule up date to Winslett's

[Win88 ] de�nition of up date b y means of prop ositional form ulae, and w e in v estigate

ho w the \directionalit y" of inference rules in
uences rule up date. In Section 8 w e

sp ecify an em b edding of rule up date in default logic. Section 9 consists of a few

concluding remarks.

2. PRELIMINAR Y DEFINITIONS

Let K b e a prop ositional language. F or an y set � of form ulae from K , b y Cn (�) w e

denote the least logically closed set of form ulae from K that con tains �. Inference

rules o v er K will b e written as expressions of the form

�

 

where � and  are form ulae from K . W e often �nd it con v enien t to iden tify a

prop ositional form ula � with the inference rule

T rue

�

:
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Let R b e a set of inference rules o v er K , and let � b e a set of form ulae from K . W e

sa y � is close d under R if for ev ery rule

�

 

2 R , if � b elongs to � then  do es to o.

W e write

� `

R

�

if � b elongs to the least logically closed set of form ulae from K that con tains � and

is closed under R .

A default rule o v er K is an expression of the form

� : �

1

; : : : ; �

n




(2.1)

where all of �; �

1

; : : : ; �

n

; 
 are form ulae from K . F or a default rule r as in (2.1), w e

de�ne pr er e quisite ( r ) = � , justi�c ations ( r ) = f �

1

; : : : ; �

n

g , and c onse quent ( r ) = 
 .

If pr er e quisite ( r ) = T rue , w e sometimes omit it and write

: �

1

; : : : ; �

n




instead. If

justi�c ations ( r ) is empt y , w e iden tify r with the corresp onding inference rule

�




. If

in addition pr er e quisite ( r ) = T rue , w e sometimes simply write 
 .

A default the ory o v er K is a set of default rules o v er K . Let D b e a default

theory o v er K and let E b e a set of form ulae from K . W e de�ne the r e duct of D

with r esp e ct to E , denoted b y D

E

, as follo ws.

D

E

=

�

pr er e quisite ( r )

c onse quent ( r )

: r 2 D and for al l � 2 justi�c ations ( r ) ; : � =2 E

�

W e sa y that E is an extension of D if E is the least logically closed set that is

closed under D

E

.

2

A lo gic pr o gr am o v er K is a set of lo gic pr o gr am rules o v er K , whic h are expres-

sions of the form

A  B

1

; : : : ; B

m

; not C

1

; : : : ; not C

n

where A , B

i

and C

j

are atoms from K ( m; n � 0). If n = 0 for all program rules,

then the program is called p ositive . By in terpreting lists of atoms in rule b o dies as

conjunctions of atoms, w e can iden tify a p ositiv e logic program with a prop ositional

Horn theory .

3

De�nition 2.1. (Stable Mo dels) [GL88 ] Let P b e a logic program o v er a language

K and let M b e an in terpretation of K . By the quotient of P mo dulo M w e mean

the p ositiv e logic program

P

M

obtained from P b y:

� remo ving from P all rules whic h con tain a negativ e premise \not C " suc h

that C is true in M , and

� deleting all negativ e premises \not C " from the remaining rules of P .

Since the program

P

M

is a Horn theory , it has a unique least mo del L e ast (

P

M

).

The in terpretation M is called a stable mo del of the program P if M = L e ast (

P

M

).

2

Default logic is due to Reiter [Rei80 ]. The de�nition of an extension giv en ab o v e follo ws

[GLPT91], and is equiv alen t to Reiter's de�nition.

3

Before con tin uing, w e recall the fact that prop ositional programs and default theories can b e

view ed as instan tiate d v ersions of programs and (quan ti�er- free ) theories with v ariables. Th us the

results in this pap er apply to the general case.
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De�nition 2.2. (Extended Logic Programs) [GL90 ] (see also [Prz95]) Let K b e

a prop ositional language. Let K

�

b e an extende d pr op ositional language obtained

b y augmen ting K with new prop ositional letters � A , for some (or all) prop osi-

tional letters A in K . The new prop ositional sym b ols � A are called str ong (or

\classical") negation of A . A logic program P o v er the extended language K

�

is

called an extende d lo gic pr o gr am . A stable mo del of P o v er K

�

is an extende d

stable mo del of P if there is no atom A 2 K suc h that b oth A and � A are true

in M .

3. EMBEDDING REVISION PR OGRAMS INTO LOGIC PR OGRAMS

Revision programs w ere in tro duced b y Marek and T ruszczy � nski in a series of pap ers

[MT93, MT94, MT95a] in order to formalize in terpretation up date in a language

similar to the language of logic programmi ng. In [MT93 ] they sho w ed that logic

programs with stable seman tics are em b eddable in to revision programs. In this

section w e sp ecify a remark ably simple em b edding of revision programs in to logic

programs with stable seman tics. Consequen tly , the t w o formalism s are precisely

equiv alen t. In the next section w e demonstrate ho w one can easily deriv e v arious

prop erties of revision programs from this translation and from kno wn prop erties of

logic programs.

3.1. R evision Pr o gr ams

W e �rst recall the de�nition of revision programs. F ollo wing [MT94 ] w e �x a coun t-

able set U .

De�nition 3.1. (Revision Programs) [MT94] A r evision in-rule or, simply , an

in-rule , is an y expression of the form

in ( p )  in ( q

1

) ; : : : ; in ( q

m

) ; out ( s

1

) ; : : : ; out ( s

n

) (3.1)

where p , q

i

, 1 � i � m , and s

j

, 1 � j � n , are all in U and m; n � 0. A r evision

out-rule or, simply , an out-rule , is an y expression of the form

out ( p )  in ( q

1

) ; : : : ; in ( q

m

) ; out ( s

1

) ; : : : ; out ( s

n

) (3.2)

where p , q

i

, 1 � i � m , and s

j

, 1 � j � n , are all in U and m; n � 0. A

collection of in-rules and out-rules is called a r evision pr o gr am . An y subset B of

U is called a know le dge b ase .

Clearly , revision programs can b e syn tactically view ed as p ositiv e logic programs

(or as prop ositional Horn theories). Ho w ev er, as w e will see b elo w, they are giv en a

sp ecial revision seman tics whic h di�ers signi�can tly from the least mo del seman tics

of p ositiv e logic programs. W e �rst need the de�nition of the necessary c hange

determined b y a revision program.

De�nition 3.2. (Necessary Change) [MT94 ] Let P b e a revision program with

least mo del M . The ne c essary change determine d by P is the pair ( I ; O ), where

I = f q : in ( q ) 2 M g and O = f q : out ( q ) 2 M g . The revision program is called

c oher ent if I \ O = ; .
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No w w e are ready to de�ne the so-called P -justi�ed revisions.

De�nition 3.3. (P-Justi �ed Revision) [MT94 ]

4

Supp ose that P is a revision

program, B

I

is the initial kno wledge base and B

R

is the revised kno wledge base.

The r e duct of P with r esp e ct to ( B

I

; B

R

) is de�ned as the revision program

P

B

R

j B

I

obtained from P b y:

� remo ving from the b o dy of eac h rule in P all atoms in ( a ) suc h that a 2

B

I

\ B

R

, and all atoms out ( a ) suc h that a = 2 B

I

[ B

R

;

� remo ving ev ery rule of t yp e (3.1) or (3.2) suc h that q

i

=2 B

R

, for some i ,

1 � i � m , or s

j

2 B

R

, for some j , 1 � j � n .

If ( I ; O ) is the necessary c hange determined b y P

B

R

j B

I

and P

B

R

j B

I

is coheren t

and B

R

= ( B

I

[ I ) � O , then B

R

is called a P -justi�e d r evision of B

I

.

The reader is referred to [MT94 ] for the motiv ation of the ab o v e de�nition. The

results established in the remainder of the pap er, e.g., Theorem 3.1, will further

clarify its in tuitiv e meaning and its relationship to other w ell-established notions.

According to the follo wing lemma, the last condition B

R

= ( B

I

[ I ) � O can b e

equiv alen tly stated as B

R

= ( B

R

\ B

I

) [ I and B

R

= ( B

R

\ B

I

) [ O , where b y A

w e denote the complemen t U � A of the set A .

L emma 3.1. Supp ose that B

I

; B

R

; O ; I ar e subsets of U such that O \ I = ; . The

fol lowing two c onditions ar e e quivalent:

(i) B

R

= ( B

I

[ I ) � O ;

(ii) B

R

= ( B

R

\ B

I

) [ I and B

R

= ( B

R

\ B

I

) [ O :

Pr oof . Supp ose that (ii) holds. W e ha v e to sho w that B

R

= ( B

I

� O ) [ I .

Clearly , (ii) implies that B

R

� I . Moreo v er, if q 2 B

I

� O then q do es not b e-

long to B

R

and therefore q 2 B

R

. This sho ws that B

R

� ( B

I

� O ) [ I .

If q 2 B

R

then, b y (ii), q 2 B

I

[ I . Moreo v er, q 62 O whic h sho ws that

B

R

� ( B

I

� O ) [ I and therefore B

R

= ( B

I

� O ) [ I = ( B

I

[ I ) � O .

Supp ose no w that (i) holds. W e ha v e to sho w that B

R

= ( B

R

\ B

I

) [ I and

B

R

= ( B

R

\ B

I

) [ O . Clearly , b y (i), B

R

� ( B

R

\ B

I

) [ I . Moreo v er, if q 2 B

R

then either q 2 I or q 2 B

I

whic h sho ws that B

R

� ( B

R

\ B

I

) [ I and therefore

B

R

= ( B

R

\ B

I

) [ I .

Since O is disjoin t from B

R

w e infer that B

R

� ( B

R

\ B

I

) [ O . Moreo v er, if

q 2 B

R

and q 62 O then q 62 B

I

whic h sho ws that B

R

� ( B

R

\ B

I

) [ O and therefore

B

R

= ( B

R

\ B

I

) [ O . 2

3.2. T r anslating R evision Pr o gr ams into L o gic Pr o gr ams

W e next sho w ho w to em b ed revision programs in to logic programs with stable

seman tics. W e emplo y a prop ositional language K whose set of prop ositional letters

is f in ( q ) : q 2 U g [ f out ( q ) : q 2 U g [ f in

I

( q ) : q 2 U g [ f out

I

( q ) : q 2 U g .

4

Although the de�nition giv en here di�ers sligh tly from the one giv en in [MT94] it is easily

seen to b e equiv alen t.
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De�nition 3.4. (T ranslating revision programs in to logic programs) The

translation of a revision program P and an initial kno wledge base B

I

in to a

logic program is de�ned as the logic program P ( P ; B

I

) = P

I

[ P

N

[ P o v er K

consisting of the follo wing three subprograms.

Initial Kno wledge Rules P

I

: All q 2 B

I

are initially in and all s 62 B

I

are

initially out:

in

I

( q )  (3.3)

out

I

( s )  (3.4)

for all q 2 B

I

and all s 62 B

I

.

Inertia Rules P

N

: If q w as initially in (resp ectiv ely , out) then after revision

it remains in (resp ectiv ely , out) unless it w as forced out (resp ectiv ely , in):

in ( q )  in

I

( q ) ; not out ( q ) (3.5)

out ( q )  out

I

( q ) ; not in ( q ) (3.6)

for all q 2 U .

Revision Rules P : All the in-rules and out-rules that b elong to the original

revision program P .

A stable mo del M of P ( P ; B

I

) is called c oher ent if it do es not con tain b oth in ( q )

and out ( q ), for an y q 2 U .

Observ e that the ab o v e translation is quite simple. It preserv es the original

revision program P and adds to it the set of facts represen ting the initial state B

I

and t w o simple inertia axiom sc hemas stating that things do not c hange from one

state to another unless they are forced to.

5

Example 3.1. Consider the revision program

P = f out ( a )  in ( b ) g

and the initial kno wledge base B

I

= f a; b g . Its translation P ( P ; B

I

) in to a logic

program consists of P together with the initial conditions and inertia axioms:

6

in

I

( a )

in

I

( b )

in ( a )  in

I

( a ) ; not out ( a )

in ( b )  in

I

( b ) ; not out ( b ) :

One easily c hec ks that program P ( P ; B

I

) has a unique stable mo del, whic h con tains

only the atoms:

7

f out ( a ) ; in ( b ) g

and therefore corresp onds to the unique P -justi�ed revision B

R

= f b g .

5

By comparison , the translation in [Bar94 ] is complicated b y the in tro duction of an auxiliary

abnormalit y predicate.

6

Notice that the inertia axioms for out can b e skipp ed in this case.

7

In addition to the initial state atoms in

I

( a ) ; in

I

( b ).



8

Example 3.2. Consider no w the revision program P :

in ( a )  out ( b )

in ( b )  out ( a )

and the initial kno wledge base B

I

= fg . Its translation P ( P ; B

I

) in to a logic pro-

gram consists of P together with the initial conditions and inertia axioms:

8

out

I

( a )

out

I

( b )

out ( a )  out

I

( a ) ; not in ( a )

out ( b )  out

I

( b ) ; not in ( b ) :

One easily c hec ks that program P ( P ; B

I

) has t w o stable mo dels M

1

and M

2

, whic h

con tain only the atoms:

9

M

1

= f out ( a ) ; in ( b ) g

M

2

= f in ( a ) ; out ( b ) g

and therefore corresp ond to the t w o P -justi�ed revisions f b g and f a g .

W e no w pro v e that the translation sp eci�ed in De�nition 3.4 indeed yields an

em b edding of revision programmi ng in to logic programmi ng under the stable se-

man tics.

The or em 3.1. (Em b edding revision programming in logic programming)

L et P b e a r evision pr o gr am and let B

I

b e an initial know le dge b ase. Ther e is

a one-to-one c orr esp ondenc e b etwe en P -justi�e d r evisions of B

I

and c oher ent

stable mo dels of its tr anslation P ( P ; B

I

) into a lo gic pr o gr am.

Mor e pr e cisely, to every P -justi�e d r evision B

R

of B

I

ther e c orr esp onds a

unique stable mo del M of P ( P ; B

I

) such that:

B

R

= f q : in ( q ) 2 M g (3.7)

U � B

R

= f q : out ( q ) 2 M g (3.8)

and, c onversely, for every c oher ent stable mo del M of P ( P ; B

I

) the set B

R

=

f q : in ( q ) 2 M g is a P -justi�e d r evision of B

I

.

Pr oof . ( ( ) Supp ose that M is a coheren t stable mo del of P ( P ; B

I

) and let B

R

=

f q : in ( q ) 2 M g . W e m ust sho w that B

R

is a P -justi�ed revision of B

I

.

By De�nition 2.1, M is the least mo del of the p ositiv e logic program Q =

P ( P ;B

I

)

M

,

namely the quotien t of P ( P ; B

I

) mo dulo M . Since b oth the initial kno wledge rules

P

I

and the original revision rules P in P ( P ; B

I

) = P

I

[ P

N

[ P are p ositiv e, only

the inertia rules P

N

:

in ( q )  in

I

( q ) ; not out ( q ) (3.9)

out ( q )  out

I

( q ) ; not in ( q ) (3.10)

8

Notice that the inertia axioms for in can b e skipp ed in this case.

9

In addition to the initial state atoms out

I

( a ) ; out

I

( b ).
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will b e a�ected b y the quotien t transformation and therefore Q = P

I

[

P

N

M

[ P .

De�ne B

0

R

= f q : out ( q ) 2 M g and let B

I

= U � B

I

. According to De�nition 2.1,

in order to construct the quotien t

P

N

M

w e ha v e to remo v e from P

N

all the inertia

clauses (3.9) suc h that q 2 B

0

R

and all inertia clauses (3.10) suc h that q 2 B

R

.

Subsequen tly , w e ha v e to remo v e all the negativ e premises from the remaining

clauses of P

N

. As a result of the quotien t transformation w e obtain therefore the

program

P

N

M

consisting of rules:

in ( q )  in

I

( q ) ; for all q =2 B

0

R

(3.11)

out ( q )  out

I

( q ) ; for all q =2 B

R

: (3.12)

Let us no w observ e that B

0

R

= B

R

= U � B

R

. Indeed, since M is coheren t,

the sets B

R

and B

0

R

are disjoin t. Supp ose that there is a q suc h that q =2 B

R

and

q =2 B

0

R

. Then b oth clauses in ( q )  in

I

( q ) and out ( q )  out

I

( q ) b elong to the

quotien t program Q . Since w e m ust either ha v e q 2 B

I

or q 2 B

I

and since M is

the least mo del of Q w e conclude that either in ( q ) or out ( q ) m ust b elong to M ,

whic h con tradicts our assumption that q =2 B

R

and q =2 B

0

R

.

Clearly M is also the least mo del of a mo di�ed program obtained b y remo ving

some premises whic h are true in M . Therefore, w e can further reduce the quotien t

P

N

M

of the set of inertia rules to the set

c

P

N

M

of all clauses (facts) of the form:

in ( q )  , for all q 2 B

R

\ B

I

(3.13)

out ( q )  , for all q 2 B

R

\ B

I

: (3.14)

In addition, the quotien t program Q con tains the initial kno wledge rules P

I

:

in

I

( q )  , for all q 2 B

I

(3.15)

out

I

( q )  , for all q 2 B

I

(3.16)

and all the original revision program in-rules (3.1) and out-rules (3.2) in P .

W e no w sho w that B

R

is a P -justi�ed revision of B

I

. According to De�nition 3.1,

in order to compute the reduct P

B

R

j B

I

of P w e �rst ha v e to remo v e from the b o dy

of eac h revision rule in P all atoms in ( q ) suc h that q 2 B

I

\ B

R

, and all atoms

out ( s ) suc h that s 2 B

I

\ B

R

. Notice that these are precisely the atoms that m ust

b e true in M due to the rules (3.13) and (3.14). Subsequen tly , w e remo v e from

the (already reduced) revision program ev ery rule of t yp e (3.1) or (3.2) suc h that

q

i

=2 B

R

, for some i , 1 � i � m , or, s

j

2 B

R

, for some j , 1 � j � n , th us obtaining

the reduct P

B

R

j B

I

. Notice that b y doing so w e are remo ving from P those rules

whose premises are false in M . As a result, the stable mo del M remains the least

mo del of the reduced quotien t program Q

�

= P

I

[

c

P

N

M

[ P

B

R

j B

I

.

Let M

0

b e the least mo del of the reduct P

B

R

j B

I

and let ( I ; O ) b e the necessary

c hange of P

B

R

j B

I

, i.e. I = f q : in ( q ) 2 M

0

g and O = f q : out ( q ) 2 M

0

g . The

program Q

�

= P

I

[

c

P

N

M

[ P

B

R

j B

I

consists of three indep enden t parts: the initial

kno wledge rules (3.15) and (3.16), the (reduced) inertia axioms (3.13) and (3.14)

and the reduct P

B

R

j B

I

whic h no longer con tains an y premises from the other t w o

parts. Consequen tly , the set of atoms that b elong to the stable mo del M , whic h is

the least mo del of this reduced quotien t program Q

�

, consists of:

� f in

I

( q ) : q 2 B

I

g [ f out

I

( q ) : q 2 B

I

g ;

� f in ( q ) : q 2 B

R

\ B

I

g [ f out ( q ) : q 2 B

R

\ B

I

g ;

� f in ( q ) : q 2 I g [ f out ( q ) : q 2 O g .
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This sho ws that:

B

R

= f q : in ( q ) 2 M g = ( B

R

\ B

I

) [ I ; (3.17)

B

R

= U � B

R

= f q : out ( q ) 2 M g = ( B

R

\ B

I

) [ O : (3.18)

Since P

B

R

j B

I

is coheren t b y assumption, in order to v erify that B

R

is a P -justi�ed

revision of B

I

it su�ces to establish that B

R

= ( B

I

[ I ) � O . Ho w ev er, this follo ws

immediately from Lemma 3.1.

( ) ) The pro of in the opp osite direction is v ery similar and th us will b e skipp ed.

W e b egin with a P-justi�ed revision B

R

of B

I

. F rom Lemma 3.1 w e conclude

that the conditions B

R

= ( B

R

\ B

I

) [ I and B

R

= ( B

R

\ B

I

) [ O m ust b e satis-

�ed. Using this fact and rev ersing the steps of the ab o v e pro of w e pro duce the

required stable mo del M . 2

4. PR OPER TIES OF REVISION PR OGRAMS

The em b edding of revision programs in to logic programs with stable seman tics

helps clarify the notion of revision programming, in part b ecause it allo ws us to

utilize our kno wledge of an already w ell-established and thoroughly in v estigated

nonmonotonic formalism . F or instance, man y of the results obtained b y Marek and

T ruszczy � nski in [MT93, MT94 , MT95a] are simple consequences of the em b edding.

In this section w e illustrate this claim with a few examples.

W e b egin with the follo wing result from [MT94 ] stating that logic programs with

stable seman tics are em b eddable in to revision programs.

The or em 4.1. [MT94 ] L et P b e a lo gic pr o gr am, which c onsists of rules of the form

p  q

1

; : : : ; q

m

; not s

1

; : : : ; not s

n

and let R ( P ) b e the r evision pr o gr am obtaine d by r eplacing e ach rule of P with

the c orr esp onding in-rule

in ( p )  in ( q

1

) ; : : : ; in ( q

m

) ; out ( s

1

) ; : : : ; out ( s

n

) :

A n interpr etation M is a stable mo del of P if and only if its set of atoms B

R

is

an R ( P ) -justi�e d r evision of B

I

= ; .

Pr oof . By De�nition 3.4, the translation P ( R ( P ) ; ; ) of the revision program R ( P )

in to a logic program consists of R ( P ) itself and the initial kno wledge rules out

I

( q )  

for all q 2 U , together with the inertia rules

10

:

out ( q )  not in ( q ) ; for all q 2 U:

After p erforming a single step of partial ev aluation on the premises out ( s

j

) of

rules from R ( P ) (b y using the ab o v e inertia rules), the rules of R ( P ) b ecome equiv-

alen t to

in ( p )  in ( q

1

) ; : : : ; in ( q

m

) ; not in ( s

1

) ; : : : ; not in ( s

n

)

and th us they are equiv alen t (up to renaming) to the rules of the original program P .

Theorem 3.1 no w easily implies the equiv alence b et w een stable mo dels of P and

R ( P )-justi�ed revisions of B

I

. 2

10

Notice that w e can skip the rules for in and remo v e the premises out

I

( q ).
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In ligh t of the em b edding of revision programmi ng in to logic programmi ng (The-

orem 3.1), this result sho ws that the t w o formalism s are in fact precisely equiv a-

len t. Giv en this equiv alence, the complexit y results obtained in [MT95a , Theorem

4.2], regarding the NP-completeness of some problems in v olving the computation

of P -justi�ed revisions, can b e easily seen to follo w from similar results already

kno wn ab out the computation of stable mo dels.

Finally , the fact that the translation P ( P ; B

I

) of a revision program is completely

symmetric with resp ect to in and out atoms immedia tely yields the follo wing result.

The or em 4.2. [MT94 ] L et P b e a r evision pr o gr am and let B

I

b e a know le dge b ase.

A know le dge b ase B

R

is a P -justi�e d r evision of B

I

if and only if U � B

R

is a

P

D

-justi�e d r evision of U � B

I

, wher e P

D

is the dual of the pr o gr am P obtaine d

by simultane ously r eplacing everywher e in by out and vic e versa.

5. AL TERNA TIVE A CCOUNT OF REVISION PR OGRAMMING

In this section w e consider an alternativ e em b edding of revision programming in

logic programmi ng, whic h is somewhat more compact than the previous one (Def-

inition 3.4), but otherwise v ery similar. This second em b edding suggests a simple

alternativ e c haracterization of revision programming , whic h serv es as the basis for

the de�nition of in terpretation up date b y arbitrary sets of inference rules | or rule

up date | that is in tro duced in the next section.

F or this alternativ e em b edding w e use extended logic programs under the sta-

ble seman tics (De�nition 2.2), and w e emplo y a more compact enco ding of the

commonsense la w of inertia | the principle that things c hange only when made to.

Giv en the set U asso ciated with a revision program P , let K

�

b e the prop ositional

language with the atoms U [ f � a : a 2 U g . W e will translate revision program P ,

along with an initial kno wledge base B

I

, in to an extended logic program o v er K

�

.

In this section it will b e con v enien t to represen t in terpretations of the extended

language K

�

as sets of atoms a and � a .

De�nition 5.1. (T ranslation of revision programming in to extended logic

programming) Let P b e a revision program, with initial kno wledge base B

I

.

Let � ( P ) b e the p ositiv e extended logic program o v er K

�

obtained from P b y

replacing eac h in-rule (3.1) in P with the corresp onding rule

p  q

1

; : : : ; q

m

; � s

1

; : : : ; � s

n

and similarly replacing eac h out-rule (3.2) in P with the corresp onding rule

� p  q

1

; : : : ; q

m

; � s

1

; : : : ; � s

n

:

Let P

�

( P ; B

I

) b e the extended logic program o v er K

�

that is obtained b y aug-

men ting � ( P ) with the rule

a  not � a (5.1)

for eac h atom a 2 B

I

and the rule

� a  not a (5.2)

for eac h atom a 2 U n B

I

.
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Unlik e the �rst translation from revision programming to logic programming

(De�nition 3.4), this second translation do es not include an explicit represen tation

of the initial kno wledge base B

I

, but instead uses B

I

to determine whic h rules of

the forms (5.1) and (5.2) are to b e added to the p ositiv e extended logic program

� ( P ). In tuitiv ely sp eaking, rules of the forms (5.1) and (5.2) corresp ond to a partial

ev alution of the Inertia Rules (3.5 and 3.6) with resp ect to the Initial Kno wledge

Rules (3.3 and 3.4). In this manner w e obtain a more compact translation whic h,

nonetheless, still re
ects the commonsense la w of inertia.

Example 5.1. Consider again the revision program P and initial kno wledge base

B

I

from Example 3.2. The program P

�

( P ; B

I

) consists of the follo wing four rules.

a  � b

b  � a

� a  not a

� b  not b

Recall that the t w o P -justi�ed revisions of B

I

are the kno wledge bases f a g and

f b g . Observ e that these t w o P -justi�ed revisions of B

I

corresp ond precisely to the

t w o extended stable mo dels of P

�

( P ; B

I

), whic h are f a; � b g and f� a; b g .

In order to state the correctness of this second translation, w e in tro duce the

follo wing auxiliary de�nition, relating kno wledge bases and in terpretations of K

�

in

the ob vious w a y .

De�nition 5.2. Let M b e the injectiv e function from the set of kno wledge bases

(that is, the set of subsets of U ) to the set of in terpretations of K

�

suc h that, for

an y kno wledge base B , M ( B ) = B [ f � a : a 2 U n B g :

The or em 5.1. (Em b edding revision programming in extended logic pro-

gramming) L et P b e a r evision pr o gr am, with initial know le dge b ase B

I

. A

know le dge b ase B

R

is a P -justi�e d r evision of B

I

if and only if the interpr e-

tation M ( B

R

) is an extende d stable mo del of P

�

( P ; B

I

) . Mor e over, for every

extende d stable mo del M of P

�

( P ; B

I

) , ther e is a unique know le dge b ase B

R

such that M = M ( B

R

) .

W e do not include a pro of of this theorem, whic h follo ws in straigh tforw ard

fashion from the correctness of the �rst translation (Theorem 3.1).

No w, it is easy to v erify that for an y kno wledge base B

R

, w e ha v e

P

�

( P ; B

I

)

M ( B

R

)

= � ( P ) [ ( M ( B

I

) \ M ( B

R

) ) :

This observ ation immedia tely yields the follo wing corollary to Theorem 5.1.

Cor ol lary 5.1. (Alternati v e c haracterization of revision programming) L et

P b e a r evision pr o gr am, with initial know le dge b ase B

I

. A know le dge b ase B

R

is a P -justi�e d r evision of B

I

if and only if M ( B

R

) is an extende d stable mo del

of � ( P ) [ ( M ( B

I

) \ M ( B

R

) ) .
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6. R ULE UPD A TE

Revision programs are sets of revision in-rules and out-rules, whic h can b e in ter-

preted as p ositiv e logic program rules, or as inference rules, and used to up date

in terpretations. In this section w e in tro duce a more general approac h to in terpre-

tation up date, whic h allo ws up date b y means of arbitrary sets of inference rules.

W e call this more general notion rule up date.

Rule up date has a simple �xp oin t de�nition whic h can b e view ed as an ex-

tension of the alternativ e c haracterization of revision programmi ng in tro duced in

Corollary 5.1 of the previous section. Rule up date not only extends revision pro-

gramming, but also includes as a sp ecial case the approac h to up date b y means of

form ulae in tro duced b y Winslett in [Win88 ]. F urthermore, rule up date has a sim-

ple em b edding in default logic, using essen tially the same inertia rules used in the

previous section to em b ed revision programming in extended logic programming .

In the remaining sections of the pap er, w e will represen t in terpretations of a

prop ositional language K as maxim al consisten t sets of literals from K . This c hoice

of represen tation allo ws us to c haracterize the set of facts that a pair I and I

0

of

in terpretations ha v e in common simply b y taking their in tersection I \ I

0

.

De�nition 6.1. (Rule Up date) Let R b e a set of inference rules. Let I and I

0

b e in terpretations. W e sa y that I

0

is an up date of I by R if

I

0

= f L : I \ I

0

`

R

L g

where L ranges o v er literals.

The literals in I \ I

0

can b e understo o d as the facts that are \preserv ed b y

inertia" as w e mo v e from in terpretation I to in terpretation I

0

. In accordance with

the commonsense la w of inertia, our de�nition of rule up date do es not require an y

additional \explanation" for the truth of these literals in I

0

. The de�nition do es

require though that all new facts in I

0

| that is, the literals in I

0

n I | b e explained

b y the rules in R , along with the literals in I \ I

0

. Accordingly , w e see that I

0

is

an up date of I b y R if and only if the follo wing t w o conditions are met:

� for all literals L in I

0

n I , I \ I

0

`

R

L ;

� Cn ( I

0

) is closed under R .

That is, roughly sp eaking, I

0

m ust b e \consisten t with" the rules in R , and ev ery

literal in I

0

m ust b e explained | either it held in I or it w as forced to b ecome true.

Example 6.1. Consider the follo wing.

I

1

= f a; b; c g R

1

=

n

a

: b _ : c

o

I

2

= f a; : b; c g

First w e will sho w that I

2

is an up date of I

1

b y R

1

. Notice that I

1

\ I

2

= f a; c g

and that I

1

\ I

2

`

R

1

: b : So for all literals L 2 I

2

n I

1

, I

1

\ I

2

`

R

1

L . And since

Cn ( I

2

) is closed under R

1

, w e ha v e sho wn that I

2

is an up date of I

1

b y R

1

.

A symmetric argumen t sho ws that the in terpretation f a; b; : c g is also an up date

of I

1

b y R

1

. On the other hand, if w e tak e I

3

= f: a; b; c g , then I

1

\ I

3

= f b; c g ; and

w e see that I

1

\ I

3

6`

R

1

: a : So I

3

is not an up date of I

1

b y R

1

. One can similarly

sho w that the in terpretation f a; : b; : c g is not an up date of I

1

b y R

1

.
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The follo wing theorem, establishing that rule up date indeed extends revision

programming, is easily seen to follo w from the alternativ e �xp oin t c haracterization

of revision programmi ng captured in Corollary 5.1, in ligh t of the strong resem-

blance b et w een that c haracterization of revision programmi ng and the de�nition of

rule up date.

The or em 6.1. (Rule up date subsumes revision programming) L et P b e a

r evision pr o gr am, with initial and �nal know le dge b ases B

I

and B

R

. L et R b e

the set of infer enc e rules obtaine d by r eplacing e ach in-rule (3 : 1) in P with the

c orr esp onding infer enc e rule

q

1

^ � � � ^ q

m

^ : s

1

^ � � � ^ : s

n

p

and similarly r eplacing e ach out-rule (3 : 2) in P with the c orr esp onding infer enc e

rule

q

1

^ � � � ^ q

m

^ : s

1

^ � � � ^ : s

n

: p

:

L et I and I

0

b e interpr etations such that I \ U = B

I

and I

0

\ U = B

R

. B

R

is a

P -justi�e d r evision of B

I

if and only if I

0

is an up date of I by R .

7. PR OPER TIES OF R ULE UPD A TE

In this section w e sho w that rule up date includes as a sp ecial case the approac h

to up date b y means of form ulae in tro duced b y Winslett [Win88 ].

11

More generally ,

w e brie
y in v estigate ho w the \directionalit y" of inference rules con tributes to the

expressiv eness of up date b y means of inference rules.

De�nition 7.1. (F orm ula-update)

12

Giv en in terpretations I , I

0

and I

00

, w e sa y

that I

0

is closer to I than I

00

is if I

00

\ I is a prop er subset of I

0

\ I .

Let � b e a set of form ulae. Let I and I

0

b e in terpretations. W e sa y that I

0

is

a formula-up date of I by � if I

0

is a mo del of � suc h that no mo del of � is closer

to I than I

0

is.

The \principle of minim al c hange" that is transparen tly captured in this de�ni-

tion is closely related to the commonsense la w of inertia that underlies rule up date,

as w e will see. In tuitiv ely sp eaking, the principle of minimal c hange stipulates

that there b e as few c hanges as p ossible, whereas the commonsense la w of inertia

assumes that things c hange only when made to.

In order to compare form ula-up date and rule up date in a precise fashion, w e

in tro duce the follo wing additional de�nition.

11

McCain and T urner [MT95b ] discuss this comparison at some length, in the framew ork of

reasoning ab out action. Prop ositions 7.1 { 7.3 b elo w are essen tially iden tical to Prop ositions 2{4

from [MT95b ].

12

The de�nition giv en here is equiv alen t, and almost iden tical, to the corresp ondin g de�nition

in [Win88 ]. (Recall that w e represen t in terpretatio ns as maximal consisten t sets of literals.)
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De�nition 7.2. Giv en a set R of inference rules, w e de�ne a corresp onding set of

form ulae The ory ( R ) as follo ws.

The ory ( R ) =

�

� �  :

�

 

2 R

�

Th us, for example, The ory ( R

1

) = f a � : b _ : c g .

Let R b e a set of inference rules and I an in terpretation. Notice that Cn ( I ) is

closed under R if and only if I is a mo del of The ory ( R ). Th us, ev ery up date of I

b y R is a mo del of The ory ( R ). In fact, w e ha v e the follo wing stronger result, whic h

sho ws that rule up date satis�es the principle of minim al c hange.

Pr op osition 7.1. L et R b e a set of infer enc e rules and I an interpr etation. Every

up date of I by R is a formula-up date of I by The ory ( R ) .

Pr oof . Assume that I

0

is an up date of I b y R . So I

0

is a mo del of The ory ( R ).

Let I

00

b e a mo del of The ory ( R ) suc h that I

0

\ I � I

00

\ I . W e need to sho w that

I

00

= I

0

. Since I

0

and I

00

are b oth in terpretations, it's enough to sho w that I

0

� I

00

.

I

0

= f L : I \ I

0

`

R

L g ( I

0

is an up date of I b y R )

� f L : I \ I

00

`

R

L g ( I

0

\ I � I

00

\ I )

� f L : I

00

`

R

L g ( I

00

\ I � I

00

)

= I

00

( I

00

is a mo del of The ory ( R ) )

2

The con v erse of Prop osition 7.1 do esn't hold in general. F or instance, w e ha v e

seen (Example 6.1) that I

3

is not an up date of I

1

b y R

1

, and y et it is easy to v erify

that I

3

is a form ula-up date of I

1

b y The ory ( R

1

).

On the other hand, the follo wing prop osition sho ws that if ev ery inference rule

in R has the form

T rue

�

then the up dates of I b y R will b e exactly the form ula-up dates of I b y The ory ( R ).

Th us, rule up date includes form ula-up date as a simple sp ecial case. And since

rule up date also subsumes revision programmi ng, w e see that rule up date b oth

generalizes and uni�es these t w o approac hes to in terpretation up date.

Pr op osition 7.2. L et R b e a set of infer enc e rules, e ach of which has the form

T rue

�

.

F or any interpr etation I , every formula-up date of I by The ory ( R ) is also an

up date of I by R .

Pr oof . Assume that I

0

is a form ula-up date of I b y The ory ( R ). Let I

00

b e a mo del

of ( I \ I

0

) [ The ory ( R ). So I

00

is a mo del of The ory ( R ). Also I

0

\ I � I

00

, so

I

0

\ I � I

00

\ I . Since no mo del of The ory ( R ) is closer to I than I

0

is, w e can

conclude that I

00

= I

0

. Th us, I

0

is the only mo del of ( I \ I

0

) [ The ory ( R ). It follo ws

that I

0

= f L : ( I \ I

0

) [ The ory ( R ) ` L g . Due to the sp ecial form of the rules in R ,

w e see that ( I \ I

0

) [ The ory ( R ) ` � i� I \ I

0

`

R

� , for ev ery form ula � . Therefore,

I

0

= f L : I \ I

0

`

R

L g . 2

W e ma y sa y that Prop osition 7.2 sho ws that \directionalit y" pla ys no essen tial

role in inference rules of the form

T rue

�

. T o consider another extreme case, the
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follo wing straigh tforw ard prop osition sho ws that rules of the form

�

F alse

only eliminate up dates.

Pr op osition 7.3. L et R b e a set of infer enc e rules. L et I and I

0

b e interpr etations.

F or any formula � , I

0

is an up date of I by R [

n

�

F alse

o

if and only if I

0

is an

up date of I by R such that I

0

6j = � .

In fact, w e see that if ev ery rule in R has the form

�

F alse

, then I

0

is an up date

of I b y R if and only if I is a mo del of The ory ( R ) and I

0

= I . In tuitiv ely sp eaking,

this is the most pronounced example of the e�ect of the directionalit y of inference

rules. A t the other extreme, w e ha v e seen that if ev ery rule in R has the form

T rue

�

, then I

0

is an up date of I b y R if and only if I

0

is a form ula-up date of I b y

The ory ( R ). Th us, in suc h cases, the directionalit y of rules has no e�ect at all. W e

brie
y explore in the remainder of this section the middle ground that lies b et w een

these t w o extremes.

De�nition 7.3. Let R , R

0

b e sets of inference rules. W e sa y R

0

is as str ong as R

if for all sets � of form ulae, if � is closed under R

0

then � is closed under R .

It is clear that if R

0

is as strong as R , then for an y form ula � , � `

R

0

� whenev er

� `

R

� . W e use this fact in the pro of of the follo wing prop osition.

Pr op osition 7.4. L et R and R

0

b e sets of infer enc es rules such

that Cn ( The ory ( R )) = Cn ( The ory ( R

0

)) . L et I b e an interpr etation. If R

0

is

as str ong as R , then every up date of I by R is also an up date of I by R

0

.

Pr oof . Assume that R

0

is as strong as R and that I

0

is an up date of I b y R .

Since Cn ( The ory ( R )) = Cn ( The ory ( R

0

)) and Cn ( I

0

) is closed under R , w e kno w

that Cn ( I

0

) is closed under R

0

. Consider an y L 2 I

0

. Since I \ I

0

`

R

L , and since

R

0

is as strong as R , it follo ws b y previous observ ation that I \ I

0

`

R

0

L . 2

No w w e de�ne an ordering on inference rules that, in tuitiv ely sp eaking, allo ws

us to compare the degree of directionalit y in (otherwise similar) rules.

De�nition 7.4. Let � , �

0

,  ,  

0

b e prop ositional form ulae.

�

 

�

�

0

 

0

i� � ` �

0

and ` ( � �  ) � ( �

0

�  

0

)

Example 7.1. By the preceding de�nition, w e ha v e the follo wing.

a ^ b ^ c

F alse

�

a ^ b

: c

�

a

: b _ : c

�

T rue

: a _ : b _ : c

Roughly sp eaking, the idea b ehind this ordering of rules is that, as w e mo v e from

left to righ t, the degree of directionalit y in the rule is lessened, whic h mak es the

rule \stronger." Belo w, w e mak e this claim precise.
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Let R b e a set of inferences rules, and let r and r

0

b e inference rules suc h that

r � r

0

. It is clear that Cn ( The ory ( R [ f r g )) = Cn ( The ory ( R [ f r

0

g )). Moreo v er,

it follo ws easily from the de�nitions that R [ f r

0

g is as strong as R [ f r g . Th us,

w e ha v e the follo wing corollary to Prop osition 7.4.

Cor ol lary 7.1. L et R b e a set of infer enc es rules and let r ; r

0

b e infer enc e rules such

that r � r

0

. L et I b e an interpr etation. Every up date of I by R [ f r g is also an

up date of I by R [ f r

0

g .

8. EMBEDDING R ULE UPD A TE IN DEF A UL T LOGIC

In this section w e sp ecify a v ery simple em b edding of rule up date in default logic,

using essen tially the same inertia rules used in Section 5 to em b ed revision program-

ming in logic programming. The resulting default theories use normal defaults to

enco de the commonsense la w of inertia.

13

De�nition 8.1. (T ranslating rule up date in to default logic) Giv en a set R

of inference rules and an in terpretation I , let

D ( R ; I ) = R [

�

: L

L

: L 2 I

�

:

The or em 8.1. (Em b edding rule up date in default logic) L et R b e a set of

infer enc e rules and I an interpr etation. The fol lowing hold.

� A n interpr etation I

0

is an up date of I by R if and only if Cn ( I

0

) is an

extension of D ( R ; I ) .

� F or every c onsistent extension E of D ( R ; I ) , ther e is an interpr etation I

0

such that E = Cn ( I

0

) .

Pr oof . F or part one, let I

0

b e an in terpretation. Observ e that

D ( R ; I )

Cn ( I

0

)

= R [ ( I \ I

0

)

whic h justi�es the last step b elo w.

I

0

is an up date of I by R i� I

0

= f L : I \ I

0

`

R

L g

i� Cn ( I

0

) = f � : I \ I

0

`

R

� g

i� Cn ( I

0

) is the extension of R [ ( I \ I

0

)

i� Cn ( I

0

) is an extension of D ( R ; I )

F or part t w o, assume that E is a consisten t extension of D ( R ; I ). Supp ose there

is no in terpretation I

0

suc h that E = Cn ( I

0

). So there is an atom A suc h that

A =2 E and : A = 2 E . But D ( R ; I ) includes one of the follo wing t w o inertia rules.

: A

A

: : A

: A

It follo ws that D ( R ; I )

E

includes either A or : A , and th us E do es also. Con tra-

diction. 2

13

See [T ur96 , T ur97 ] for application s of essen tially this enco ding of the commonsen se la w of

inertia in default theories and logic programs for represen tin g kno wledge ab out actions.
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9. CONCLUDING REMARKS

Rule up date is a simple and expressiv e framew ork for in terpretation up date whic h

extends b oth revision programming and Winslett's approac h to up date b y means

of form ulae. F urthermore, it has a simple em b edding in default logic, based on a

straigh tforw ard enco ding of the commonsense la w of inertia | the principle that

things c hange only when made to.

In [MT94 ] Marek and T ruszczy � nski prop osed a di�eren t extension of revision pro-

gramming, called disjunctive r evision pr o gr amming . Disjunctiv e revision programs

consist of rules of the follo wing form.

in ( p

1

) _ � � � _ in ( p

k

) _ out ( r

1

) _ � � � _ out ( r

l

)  

in ( q

1

) ; : : : ; in ( q

m

) ; out ( s

1

) ; : : : ; out ( s

n

)

Ho w ev er, the prop osed de�nition exhibits what ma y b e undesirable b eha vior. F or

example, giv en the disjunctiv e revision program

P = f in ( a ) _ in ( b ) g

and initial kno wledge base B

I

= f a g , w e obtain the kno wledge base B

R

= f a; b g as

one of the t w o P -justi�ed revisions of B

I

, whic h violates of the principle of minima l

c hange.

14

By con trast, the only up date of the in terpretation f a; : b g b y

R = f a _ b g

is f a; : b g itself. In fact, as noted earlier, Prop osition 7.1 sho ws that rule up date

nev er violates the principle of minima l c hange, although, as w e ha v e seen, it is

actually based on a principle of \causal" or \justi�ed" c hange.

Finally , since revision programming is equiv alen t to logic programmi ng under

the stable seman tics, computational metho ds dev elop ed for the stable seman tics

(or, p erhaps, for its appro ximations, suc h as the w ell-founded seman tics) can b e

used to pro vide a query answ ering mec hanism for revision programming. Similarly ,

since rule up date can b e em b edded in default logic, it should b e p ossible to use

computational metho ds dev elop ed for default logic to compute rule up date.
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