
V ariables in Action Descriptions: Merging C + with ADL

Vladimir Lifsc hitz and W an w an Ren

Univ ersit y of T exas, Austin, USA

f vl,rww6 g @cs.utexas.edu

Abstract

Action description language C + is more expres-

siv e than ADL in man y w a ys; for instance, it

addresses the rami�cation problem. On the

other hand, ADL is based on �rst-order logic,

while C + is only prop ositional; expressions with

v ariables, whic h are frequen tly used when ac-

tion domains are describ ed in C +, are merely

sc hemas describing �nite sets of causal la ws

that are formed according to the same pattern.

In this pap er w e prop ose a new approac h to

the seman tics of action descriptions with v ari-

ables that com bines attractiv e features of ADL

and C +.

1 In tro duction

Curren t researc h on the design of action description lan-

guages con tin ues the line of w ork that started with the

in v en tion of ADL

[

P ednault, 1994

]

. Seman tically , an ac-

tion description represen ts a transition system (\state-

transition mo del," in P ednault's terminology), that is, a

directed graph, with v ertices corresp onding to states of

the w orld, and edges corresp onding to transitions that

ma y b e caused b y the execution of actions.

Mo dern action description languages, suc h as C +

[

Giunc higlia et al. , 2004

]

, are more expressiv e than ADL

in man y w a ys. In particular, they solv e the rami�cation

problem, that is, allo w the user to c haracterize e�ects of

actions indirectly . But in one sense ADL is more expres-

siv e than C +: the former is based on �rst-order logic,

and the latter is only prop ositional. In

[

P ednault, 1994

]

,

state-transition mo dels for a �rst-order language are de-

�ned (De�nition 2.3); their states are seman tic struc-

tures, or in terpretations, in the sense of �rst-order logic.

In C +, on the other hand, a state is an in terpretation

of a (m ulti-v alued) prop ositional signature

[

Giunc higlia

et al. , 2004, Section 4.4

]

. There are no v ariables in C +,

strictly sp eaking. Expressions with v ariables, whic h are

frequen tly used when action domains are describ ed in

C +, are merely sc hemas describing �nite sets of causal

la ws that are formed according to the same pattern.

F or example, the description of the blo c ks-w orld action

Put ( b; l ) in

[

P ednault, 1994, Figure 2

]

has the form ula

On ( b; l ) on its add list. In this form ula, b and l are

ob ject v ariables in the sense of �rst-order logic, and On

is a binary predicate constan t. In C + w e can express the

same idea b y writing

Put ( b; l ) causes On ( b; l ) : (1)

But here b and l are meta v ariables, and w e need to

sp ecify their p ossible v alues when w e sa y that (1) is

part of an action description. W e can sa y , for instance,

that b stands for an y of the sym b ols Blo ck1 , Blo ck2 ,

Blo ck3 , and that l stands for Blo ck1 , Blo ck2 , Blo ck3 or

T able . Expression (1) will denote then a set of 12 causal

la ws, obtained from (1) b y grounding. The expression

On ( Blo ck2 ; T able ), o ccurring in one of them, is a 
uen t

constan t, according to the syn tax of C +, but the three

parts that this expression is built from | On , Blo ck2

and T able | ha v e no syn tactic status in the de�nition

of the language.

In this pap er w e sho w ho w to de�ne a seman tics of

action descriptions that is similar to the seman tics of C +

and, at the same time, allo ws us to use gen uine ob ject

v ariables. Lik e the seman tics of ADL, it is based on

state-transition mo dels for �rst-order languages.

The to ol that helps us ac hiev e this is the �rst-order

causal logic prop osed in

[

Lifsc hitz, 1997

]

. Recall that

the seman tics of C + is c haracterized in

[

Giunc higlia et

al. , 2004, Section 4.2

]

b y a translation that turns an y

action description D in to a sequence of prop ositional

causal theories D

0

; D

1

; : : : . Mo dels of D

m

corresp ond

to the p ossible b eha viors of the state-transition system

describ ed b y D o v er successiv e time instan ts 0 ; 1 ; : : : ; m .

In particular, mo dels of D

0

are the states of the system,

and mo dels of D

1

are its transitions. In our mo di�cation

of this approac h, D

m

b ecomes a �rst-or der causal the-

ory . As a result, the new seman tics of causal la ws with

v ariables a v oids an y references to grounding. W e argue

that this feature will bring signi�can t adv an tages when

applied to more complex action languages.

The cen tral part of this pap er is Section 5, whic h de-

scrib es a new w a y to represen t action descriptions b y

causal theories. It is preceded b y the discussion of the

syn tax of action descriptions with v ariables adopted in

this pap er and a review of �rst-order causal logic, and

follo w ed b y the in v estigation of mathematical prop erties

of the new seman tics.



sorts

R o om ;

ob jects

R o om1 , R o om2 : R o om ;

constan ts

L o c ation : 
uen t ( R o om );

GoT o ( R o om ): action ;

v ariables

r : R o om ;

axioms

caused L o c ation = r if L o c ation = r

after L o c ation = r ;

caused GoT o ( r ) if GoT o ( r );

caused : GoT o ( r ) if : GoT o ( r );

caused L o c ation = r if > after GoT o ( r );

Figure 1: Action description R

2 Example

W e assume that the reader has some familiarit y with

the syn tactic constructs of C +

[

Giunc higlia et al. , 2004,

Section 4.2

]

.

An example illustrating the syn tax of action descrip-

tions used in this pap er is sho wn in Figure 1. The abbre-

viations for causal la ws of sp ecial kinds that are in tro-

duced in

[

Giunc higlia et al. , 2004, App endix B

]

w ould

allo w us to write the last four lines of Figure 1 more

concisely:

inertial L o c ation ;

exogenous GoT o ( r );

GoT o ( r ) causes L o c ation = r ;

but in the list of axioms all causal la ws are written in

full, b ecause, for simplicit y , w e do not in tro duce these

abbreviations in our grammar (see Section 3).

A de�nition in Section 5 b elo w sho ws ho w to turn this

action description R in to a sequence R

0

; R

1

; : : : of causal

theories. It turns out that for an y m , a mo del I of the

causal theory R

m

can b e sp eci�ed b y selecting

� its univ erse j I j | a non-empt y set;

� a subset I [ R o om ] of j I j | the set of ro oms in the

mo del;

� distinct elemen ts I [ R o om1 ], I [ R o om2 ] of j I j | the

ro oms represen ted b y the ob ject names | suc h that

I [ R o om ] = f I [ R o om1 ] ; I [ R o om2 ] g ;

� for eac h i 2 f 0 ; : : : ; m g , an elemen t I [ i : L o c ation ]

of I [ R o om ] | the lo cation of the agen t at time i ;

� for eac h i 2 f 0 ; : : : ; m � 1 g , a subset I [ i : GoT o ] of

I [ R o om ] | the set of ro oms to whic h the agen t go es

b et w een times i and i + 1 | suc h that

{ I [ i : GoT o ] is either empt y or a singleton, b e-

cause actions in this domain cannot b e exe-

cuted concurren tly ,

{ if it is empt y then I [ i + 1 : L o c ation ] =

I [ i : L o c ation ], b ecause the 
uen t L o c ation is

inertial,

{ if it is a singleton then its elemen t equals

I [ i + 1 : L o c ation ], b ecause after going to a

ro om, the agen t is in that ro om.

3 Syn tax of Action Descriptions

An action description consists of �v e parts, as in the

example ab o v e. The �rst of them is a list of sort names:

< sort declarations > ::= sorts f < sort name > `;' g

The ob ject declaration part is a list of ob ject sp eci�-

cations. An ob ject sp eci�cation is a list of ob ject names

follo w ed b y a sort name:

< ob ject declarations > ::= ob jects f < ob ject sp ec > `;' g

< ob ject sp ec > ::= f < ob ject name > `,' g

< ob ject name > `:' < sort name >

The constan t declaration part is a list of constan t sp ec-

i�cations. Eac h constan t represen ts either a simple 
u-

en t or an action; for simplicit y , w e do not allo w stati-

cally determined 
uen t constan ts (see

[

Giunc higlia et al. ,

2004, Section 4.2

]

). A 
uen t constan t can b e Bo olean

or non-Bo olean. F or simplicit y , w e do not allo w non-

Bo olean action constan ts; also, non-Bo olean 
uen t con-

stan ts are not allo w ed to tak e argumen ts:

< constan t declarations >

::= constan ts f < constan t sp ec > `;' g

< constan t sp ec > ::= < Bo olean 
uen t sp ec > j

< non-Bo olean 
uen t sp ec > j

< action sp ec >

< Bo olean 
uen t sp ec >

::= f < Bo olean 
uen t sc hema > `,' g

< Bo olean 
uen t sc hema > `:' 
uen t

< non-Bo olean 
uen t sp ec >

::= f < non-Bo olean 
uen t name > `,' g

< non-Bo olean 
uen t name >

`:' 
uen t `(' < sort name > `)'

< action sp ec > ::= f < action sc hema > `,' g

< action sc hema > `:' action

< Bo olean 
uen t sc hema >

::= < Bo olean 
uen t name >

[`(' f < sort name > `,' g < sort name > `)']

< action sc hema >

::= < action name >

[`(' f < sort name > `,' g < sort name > `)']

The form of the v ariable declaration part is similar to

the form of the ob ject declaration part.

The axiom part is a list of causal la ws:

< axioms > ::= axioms f < causal la w > `;' g

< causal la w > ::= < static la w > j

< action dynamic la w > j

< 
uen t dynamic la w >

< static la w > ::= caused < 
uen t form ula >

if < 
uen t form ula >

< action dynamic la w > ::= caused < action form ula >

if < form ula >

< 
uen t dynamic la w > ::= caused < 
uen t form ula >

if < 
uen t form ula >

after < form ula >



< 
uen t form ula > ::= < form ula >

< action form ula > ::= < form ula >

F orm ulas are formed using prop ositional connectiv es;

for simplicit y , quan ti�ers are not allo w ed:

< form ula > ::= < atom > j `(' < term > `=' < term > `)' j

? j > j ` : ' < form ula > j

`(' < form ula > < binary connectiv e >

< form ula > `)'

< atom >

::= ( < Bo olean 
uen t name > j < action name > )

[`(' f < argumen t > , g < argumen t > `)']

< argumen t > ::= < ob ject name > j < v ariable name >

< term > ::= < non-Bo olean 
uen t name > j

< ob ject name > j < v ariable name >

An y name o ccurring in an action description should

b e declared exactly once. In declarations, atoms and

terms, a name can only b e used in accordance with its

declaration.

A 
uen t form ula cannot con tain action names. An

action form ula should con tain an action name, but it

cannot con tain 
uen t names.

4 Review of Causal Logic

The review of the syn tax and seman tics of causal theories

in this section follo ws

[

Lifsc hitz, 1997, Section 2

]

.

A causal rule is an expression of the form

F ( G; (2)

where F and G are �rst-order form ulas, called the head

and the b o dy of the rule. Expression (2) reads: there is

a cause for F if G holds. A causal theory is de�ned b y

� a �nite subset of the signature

1

of the underlying

language, called the explainable sym b ols of the the-

ory , and

� a �nite set of causal rules.

In the de�nition of the seman tics of causal theories b e-

lo w, w e use the substitution of v ariables for the explain-

able sym b ols in a form ula. In connection with this, it is

con v enien t to denote form ulas b y expressions lik e F ( E ),

where E is the list of all explainable sym b ols. Then, for

an y tuple e of v ariables that is similar

2

to E , the result

of replacing all o ccurrences of the constan ts E in F ( E )

b y the v ariables e can b e denoted b y F ( e ).

Consider a causal theory T with the explainable sym-

b ols E and the causal rules

F

i

( E ; x

i

) ( G

i

( E ; x

i

) ( i = 1 ; : : : ) ;

1

The signature of a (nonsorted) �rst-order language is the

set of its function constan ts and predicate constan ts (other

than equalit y). This includes, in particular, ob ject constan ts

(function constan ts of arit y 0) and prop ositional constan ts

(predicate constan ts of arit y 0).

2

The similarit y condition means that (i) e has the same

length as E , (ii) if the k -th mem b er of E is a function constan t

then the k -th mem b er of e is a function v ariable of the same

arit y , and (iii) if the k -th mem b er of E is a predicate constan t

then the k -th mem b er of e is a predicate v ariable of the same

arit y .

where x

i

is the list of all free v ariables of the i -th rule.

T ak e a tuple e of new v ariables similar to E . By T

�

( e )

w e denote the form ula

^

i

8 x

i

( G

i

( E ; x

i

) ! F

i

( e; x

i

)) :

Note that the o ccurrences of explainable sym b ols in the

heads are replaced here b y v ariables, and the o ccurrences

in the b o dies are not. W e will view T as shorthand for

the sen tence

8 e ( T

�

( e ) $ e = E ) : (3)

(The expression e = E stands for the conjunction of the

equalities b et w een the mem b ers of e and the corresp ond-

ing mem b ers of E .) F or instance, b y a mo del of T w e

mean a mo del of (3); a form ula is en tailed b y T if it is

en tailed b y (3). Note that the tuple e ma y con tain func-

tion and predicate v ariables, so that (3) is, generally , a

second-order form ula.

In tuitiv ely , the condition T

�

( e ) expresses that the p os-

sible v alues e of the explainable sym b ols E are \causally

explained" b y the rules of T . Sen tence (3) sa ys that the

actual v alues of these sym b ols are the only ones that are

explained b y the rules of T .

F or instance, let T b e the causal theory with the rules

R o om ( R o om1 ) ( > ;

R o om ( R o om2 ) ( > ;

: R o om ( x ) ( : R o om ( x ) ;

(4)

where the predicate constan t R o om is explainable, and

the ob ject constan ts R o om1 , R o om2 are not explainable.

In tuitiv ely , the last line of (4) expresses the closed-w orld

assumption for R o om in the language of causal logic:

if x is not a ro om then there is a cause for this. In this

case, E is R o om , e is a unary predicate v ariable r o om ,

and T

�

( r o om ) is

r o om ( R o om1 ) ^ r o om ( R o om2 )

^ 8 x ( : R o om ( x ) ! : r o om ( x )) :

The second-order sen tence

8 r o om ( T

�

( r o om ) $ r o om = R o om )

can b e equiv alen tly rewritten as the �rst-order sen tence

8 x ( R o om ( x ) $ x = R o om1 _ x = R o om2 ) : (5)

5 Seman tics of Action Descriptions

Giv en an action description D and a nonnegativ e in te-

ger m , the corresp onding causal theory D

m

is formed as

follo ws.

Its signature �

D

m

consists of

� an explainable unary predicate constan t S for eac h

sort name S declared in D ;

� a non-explainable ob ject constan t V for eac h ob ject

name V declared in D ;

� an explainable predicate constan t i : P for eac h

Bo olean 
uen t name P declared in D , and ev ery

i 2 f 0 ; : : : ; m g ; the arit y of i : P is the same as the

arit y of P ;



� an explainable ob ject constan t i : C for eac h non-

Bo olean 
uen t name C declared in D , and ev ery

i 2 f 0 ; : : : ; m g ;

� an explainable predicate constan t i : P for eac h

action name P declared in D , and ev ery i 2

f 0 ; : : : ; m � 1 g ; the arit y of i : P is the same as

the arit y of P .

F or instance, the signature �

R

m

corresp onding to the

action description R sho wn in Figure 1 consists of the

ob ject constan ts

R o om1 ; R o om2 ; i : L o c ation

and the unary predicate constan ts

R o om ; i : GoT o :

Among these, R o om1 and R o om2 are non-explainable.

F or an y ob ject name V declared in D , S O R T

V

stands

for the sort name assigned to V in the ob ject declara-

tion part, and similarly for v ariable names and for non-

Bo olean 
uen t names. By i : F w e denote the result of

prep ending i : to all 
uen t names and action names in F .

The causal theory D

m

consists of the follo wing rules:

(i) : S ( x ) ( : S ( x ) for eac h sort name S , where x

is an ob ject v ariable;

(ii) S O R T

V

( V ) ( > for eac h ob ject name V ;

(iii) V

1

6= V

2

( > for eac h pair of distinct ob ject

names V

1

, V

2

;

(iv) the rules

0 : P ( x

1

; : : : ; x

n

) ( 0 : P ( x

1

; : : : ; x

n

)

^ S

1

( x

1

) ^ � � � ^ S

n

( x

n

) ;

: 0 : P ( x

1

; : : : ; x

n

) ( : 0 : P ( x

1

; : : : ; x

n

)

^ S

1

( x

1

) ^ � � � ^ S

n

( x

n

)

for eac h Bo olean 
uen t sc hema P ( S

1

; : : : ; S

n

)

from D , where x

1

; : : : ; x

n

are distinct ob ject v ari-

ables;

(v) the rules

: i : P ( x

1

; : : : ; x

n

) ( : S

j

( x

j

) (1 � j � n )

for eac h Bo olean 
uen t sc hema P ( S

1

; : : : ; S

n

)

from D and 0 � i � m , and for eac h action

sc hema P ( S

1

; : : : ; S

n

) from D and 0 � i < m , where

x

1

; : : : ; x

n

are distinct ob ject v ariables;

(vi) the rules

0 : C = x ( 0 : C = x ^ S O R T

C

( x )

and

: ( i : C = x ) ( : S O R T

C

( x ) (0 � i � m )

for eac h non-Bo olean 
uen t name C , where x is an

ob ject v ariable;

(vii) the rules

i : F ( i : G ^

^

x

S O R T

x

( x ) (0 � i � m )

for eac h static causal la w

caused F if G

in D , where the conjunction is o v er all v ariables x

o ccurring in F or G ;

: R o om ( x ) ( : R o om ( x ) ;

R o om ( R o om1 ) ( > ;

R o om ( R o om2 ) ( > ;

R o om1 6= R o om2 ( > ;

: i : GoT o ( x ) ( : R o om ( x ) (0 � i < m ) ;

0 : L o c ation = x ( 0 : L o c ation = x ^ R o om ( x ) ;

: ( i : L o c ation = x ) ( : R o om ( x ) (0 � i � m ) ;

i + 1 : L o c ation = r ( i + 1 : L o c ation = r

^ i : L o c ation = r ^ R o om ( r ) ;

i : GoT o ( r ) ( i : GoT o ( r ) ^ R o om ( r ) ;

: i : GoT o ( r ) ( : i : GoT o ( r ) ^ R o om ( r ) ;

i + 1 : L o c ation = r ( i : GoT o ( r ) ^ R o om ( r )

(0 � i < m ) :

Figure 2: Rules of causal theory R

m

(viii) the rules

i : F ( i : G ^

^

x

S O R T

x

( x ) (0 � i < m )

for eac h action dynamic causal la w

caused F if G

in D , where the conjunction is o v er all v ariables x

o ccurring in F or G ;

(ix) the rules

i + 1 : F ( i + 1 : G ^ i : H ^

V

x

S O R T

x

( x )

(0 � i < m )

for eac h 
uen t dynamic causal la w

caused F if G after H

in D , where the conjunction is o v er all v ariables x

o ccurring in F , G or H .

Clauses (vii){(ix) in this de�nition generalize the pro-

cess of translating causal la ws of C + in to prop ositional

causal logic describ ed in

[

Giunc higlia et al. , 2004, Sec-

tion 4.2

]

.

In tuitiv ely , the mo dels of D

m

in the sense of Section 4

represen t the p ossible b eha viors, or \histories," of the

state-transition system describ ed b y D o v er successiv e

time instan ts 0 ; 1 ; : : : ; m .

F or instance, the causal theory R

m

corresp onding to

the action description R from Figure 1 is sho wn in Fig-

ure 2. The mo dels of this theory are describ ed in Sec-

tion 2 ab o v e.

F or an y sort name S , b y j S j w e denote the set of all

ob ject names of sort S .

Prop osition 1 F or any sort name S , D

m

entails

8 x

0

@

S ( x ) $

_

V 2j S j

x = V

1

A

:

In other w ords, the exten t of an y sort in a mo del of D

m

is the set of elemen ts of the univ erse represen ting the

ob jects of that sort. F or instance, an y mo del of R

m

satis�es (5).



6 States and T ransitions

The mo dels of D

0

will b e called states ; the mo dels of D

1

are transitions .

In the theory of C +, the view that histories of length m

can b e though t of as paths in a transition system is jus-

ti�ed b y t w o theorems, Prop ositions 7 and 8 from

[

Giun-

c higlia et al. , 2004

]

. The �rst of them sho ws that an y

transition \starts" in a state and \ends" in a state. Ac-

cording to the second theorem, an in terpretation of the

signature of D

m

is a mo del of D

m

if and only if it \con-

sists of m transitions." Prop ositions 2 and 3 b elo w are

similar to these theorems.

Let D b e an action description. F or an y in terpreta-

tion I of �

D

1

, b y I

0

and I

1

w e denote the in terpretations

of �

D

0

de�ned as follo ws:

j I

i

j = j I j ;

I

i

[ S ] = I [ S ] for ev ery sort name S;

I

i

[ V ] = I [ V ] for ev ery ob ject name V ;

I

i

[0 : C ] = I [ i : C ] for ev ery 
uen t name C

( i = 0 ; 1) :

Prop osition 2 F or any tr ansition I , the interpr etations

I

0

and I

1

ar e states.

F or an y in terpretation I of �

D

m

, b y I

( i )

(0 � i < m )

w e denote the in terpretations of �

D

1

de�ned as follo ws:

j I

( i )

j = j I j ;

I

( i )

[ S ] = I [ S ] for ev ery sort name S;

I

( i )

[ V ] = I [ V ] for ev ery ob ject name V ;

I

( i )

[0 : C ] = I [ i : C ] for ev ery 
uen t or action name C ;

I

( i )

[1 : C ] = I [ i + 1 : C ] for ev ery 
uen t name C :

Prop osition 3 F or any p ositive inte ger m and any in-

terpr etation I of �

D

m

, I is a mo del of D

m

i� every I

( i )

( 0 � i < m ) is a tr ansition.

7 Reduction to C +

As discussed in the in tro duction, our seman tics treats

v ariables in essen tially the same w a y as the seman tics

of classical logic. On the other hand, when actions are

describ ed in C +, v ariables can b e only used in sc hematic

expressions that represen t groups of causal la ws obtained

from these expressions b y grounding. T o relate these t w o

views to eac h other, w e sho w in this section that ground-

ing allo ws us to c haracterize the new seman tics in terms

of the seman tics of C +, at least under the assumption

that the \exten t" j S j of ev ery sort S is non-empt y . This

assumption corresp onds to the requiremen t, in the se-

man tics of C +, that the domain of ev ery constan t b e a

non-empt y set.

Giv en an action description D in the sense of Section 3

suc h that j S j 6= ; for eac h of its sort names S , the corre-

sp onding C + action description D

0

is formed as follo ws.

Its signature consists of

� Bo olean simple 
uen t constan ts C ( V

1

; : : : ; V

n

) for

eac h Bo olean 
uen t sc hema C ( S

1

; : : : ; S

n

) in the

constan t declaration part of D , where V

i

(1 � i � n )

is an ob ject name of sort S

i

;

� a simple 
uen t constan t C with domain j S O R T

C

j ,

for eac h non-Bo olean 
uen t name C declared in D ;

� Bo olean action constan ts C ( V

1

; : : : ; V

n

) for eac h ac-

tion sc hema C ( S

1

; : : : ; S

n

) in the constan t declara-

tion part of D , where V

i

(1 � i � n ) is an ob ject

name of sort S

i

.

F or instance, the signature of the C + action descrip-

tion R

0

corresp onding to action description R (Fig-

ure 1) consists of three constan ts: the simple 
u-

en t constan t L o c ation with domain f R o om1 ; R o om2 g

and the Bo olean action constan ts GoT o ( R o om1 ) and

GoT o ( R o om2 ).

The presence of v ariables in causal la ws in the sense of

Section 3 is not the only feature that mak es them more

general than the causal la ws of C +. In a form ula of the

form t

1

= t

2

, w e allo w eac h of the terms t

1

, t

2

to b e

an arbitrary ob ject name or an arbitrary non-Bo olean


uen t name. In atoms in the sense of C +, on the other

hand, the left-hand side m ust b e a constan t, and the

righ t-hand side m ust b e an elemen t of the domain of

that constan t. (Also, Bo olean constan ts and equalities

b et w een t w o constan ts can b e used as abbreviations; see

[

Giunc higlia et al. , 2004, Section 2.1

]

.) F or this reason,

the causal la ws of D

0

are obtained from the causal la ws

in the axioms part of D in t w o steps: �rst grounding,

then adapting the form of equalities to the requiremen ts

of the syn tax of C +.

By D

0

w e denote the C + action description obtained

from D b y

� grounding all causal la ws of D so that the sym b ols

substituted for eac h v ariable x are arbitrary ob ject

names of the sort S O R T

x

,

� then mo difying the parts t

1

= t

2

in the expressions

obtained after result of grounding, as follo ws:

{ whenev er t

1

and t

2

are ob ject names, replace

t

1

= t

2

with > if t

1

equals t

2

, and with ? oth-

erwise;

{ then, whenev er t

1

is an ob ject name and t

2

is

a 
uen t name, replace t

1

= t

2

with t

2

= t

1

;

{ then, whenev er t

1

is a 
uen t name and t

2

is an

ob ject name of a sort di�eren t from S O R T

t

1

,

replace t

1

= t

2

with ? .

(See Figure 3 for an example.)

Prop osition 4 b elo w sho ws ho w mo dels of D

m

in the

sense of Section 5 can b e c haracterized in terms of mo dels

of D

0

m

in the sense of C +. In its statemen t, w e refer to the

follo wing t w o conditions on an in terpretation I of �

D

m

:

(a) I j = V

1

6= V

2

for an y distinct ob ject names V

1

, V

2

;

(b) I j =

_

V 2j S O RT

C

j

i : C = V for an y non-Bo olean


uen t name C and an y i 2 f 0 ; : : : ; m g .

F or an y in terpretation I of �

D

m

satisfying these con-

ditions, b y I

0

w e denote the in terpretation (in the sense

of C +) of the signature �

D

0

m

suc h that



caused L o c ation = R o om1

if L o c ation = R o om1 after L o c ation = R o om1 ,

caused L o c ation = R o om2

if L o c ation = R o om2 after L o c ation = R o om2 ,

caused GoT o ( R o om1 ) if GoT o ( R o om1 ),

caused GoT o ( R o om2 ) if GoT o ( R o om2 ),

caused : GoT o ( R o om1 ) if : GoT o ( R o om1 ),

caused : GoT o ( R o om2 ) if : GoT o ( R o om2 ),

caused L o c ation = R o om1

if > after GoT o ( R o om1 ),

caused L o c ation = R o om2

if > after GoT o ( R o om2 ).

Figure 3: C + action description R

0

� for eac h Bo olean constan t i : C ( V

1

; : : : ; V

n

),

I

0

[ i : C ( V

1

; : : : ; V

n

)] = I [ i : C ]( I [ V

1

] ; : : : ; I [ V

n

]);

� for eac h non-Bo olean constan t i : C , I

0

[ i : C ] is the

ob ject name V suc h that I [ i : C ] = I [ V ].

(Conditions (a) and (b) guaran tee the existence and

uniqueness of suc h V .)

Prop osition 4 A n interpr etation I of �

D

m

is a mo del

of D

m

i�

� I j = 8 x

0

@

S ( x ) $

_

V 2j S j

x = V

1

A

,

� I satis�es c onditions (a) and (b),

� I

0

is a mo del of D

0

m

(in the sense of C +) .

Th us for the in terpretations satisfying the form ula

from Prop osition 1 and the conditions needed to de-

�ne the mapping I 7! I

0

, the new seman tics of action

descriptions can b e reduced to the seman tics of C + b y

grounding.

8 Conclusion

The seman tics of action descriptions prop osed in this pa-

p er com bines attractiv e features of ADL and C +. Lik e

the former, it is based on state-transition mo dels for lan-

guages with v ariables and do es not refer to grounding;

lik e the latter, it uses a nonmonotonic causal logic to

solv e the rami�cation problem.

W e exp ect that the adv an tages of the new approac h

to the seman tics of action descriptions will b ecome es-

sen tial when w e extend it to additional syn tactic con-

structs, imp ortan t for the purp oses of kno wledge repre-

sen tation. Here are t w o examples of suc h features, b oth

implemen ted in the input language of the Causal Calcu-

lator ( CCalc )

3

.

The syn tax de�ned in Section 3 allo ws the list of argu-

men ts in an atom to include ob ject names and v ariable

names, but not constan t names. But it is sometimes

con v enien t to write, for instance, C

1

( C

2

), where C

1

is

3

http://www.cs.utexas.edu/use rs/t ag/cc alc/ .

a Bo olean 
uen t name and C

2

is a non-Bo olean 
uen t

name; this expression has the same meaning as

9 x ( C

2

= x ^ C

1

( x )) ;

where x is a v ariable of the same sort as C

2

. A seman tics

based on grounding has to b e explicit ab out \expansion

steps" lik e this; the seman tics de�ned in Section 5 applies

to the extended syn tax without an y c hanges.

Second, it is often con v enien t to declare one sort to b e

a subsort of another. In the new approac h, the assertion

that S

1

is a subsort of S

2

can b e understo o d as

S

1

( x ) ! S

2

( x ) ( > :

Explaining subsort declarations in terms of grounding is

more cum b ersome.

Our seman tics of action descriptions is somewhat sim-

ilar to the seman tics of logic programming prop osed

in

[

F erraris, Lee, & Lifsc hitz, 2007

]

: b oth refer to non-

monotonic translations in to classical second-order logic

and are, in this sense, similar to circumscription

[

Mc-

Carth y , 1986

]

. W e exp ect that these parallel approac hes

to action descriptions and to stable mo dels will help us

extend the results on represen ting actions b y logic pro-

grams from

[

Lifsc hitz & T urner, 1999

]

to action descrip-

tions with v ariables.
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