
Towards a Modular Action Description Language

Vladimir Lifschitz and Wanwan Ren
University of Texas at Austin
f vl,rww6 g@cs.utexas.edu

Abstract

This is a preliminary report on the design of a mod-
ular language for describing actions. In the new lan-
guage, an action description consists of several mod-
ules; each module describes a set of interrelated 
u-
ents and actions. \Import statements" allow the user
to provide references to other modules and thus char-
acterize new 
uents and actions by relating them to
others, introduced earlier. This capability is essential
for designing a repository of background knowledge in-
volving actions, because descriptions of speci�c action
domains will need to \import" parts of the repository.

Introduction
This is a preliminary report on the design of a new
language for describing actions. ThisM odular Action
Description language, or MAD, is based on the action
languageC+ (Giunchiglia et al. 2004) but di�ers from
it in that a MAD action description generally consists
of several modulesM 1; : : : ; M n that may contain ref-
erences to other modules. A moduleM i can use, or
\import," any of the modules M 1; : : : ; M i � 1, possibly
in several ways. Each module describes a set of interre-
lated 
uents and actions. Import statements allow the
user to characterize new 
uents and actions by relating
them to others, introduced earlier. When a moduleM i
imports a module M j , it \inherits" the knowledge en-
coded inM j , possibly restricted to a specialized context
and expressed in di�erent notation.

The new expressive capabilities of MAD are essential
for designing a repository of background knowledge in-
volving actions, because descriptions of speci�c action
domains will need to import parts of the repository.
MAD will also help us organize a repository of back-
ground knowledge in a hierarchical way, with modules
of a more general nature imported by more specialized
modules.

Erdo�gan and Lifschitz (2005) argue that ability to
de�ne more speci�c kinds of actions in terms of more
general kinds is important because this is what human
often do when they describe actions informally. For in-
stance, the dictionary explainswalk as \move by foot,"
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and climb as \go up or down." These explanations of
the words walk and climb do not list the e�ects of these
actions; rather, they present these actions as special
cases of some other actions that are supposed to be al-
ready familiar to us. The most fundamental actions still
need to be described directly in terms of the changes
that they cause. The word move, for instance, means
\cause to change position," according to the dictionary.
But in many cases the best way to describe an action
is to relate it to something more general. The language
MAD will allow us to do this on the basis of a precisely
de�ned semantics.

Besides actions, some authors introduce \strategies,"
or \programs" (McCarthy and Hayes 1969; Levesque
et al. 1998), which are formed from actions using op-
erations similar to the programming constructs found
in procedural programming languages (sequential and
parallel composition, loop, etc.) Actions are charac-
terized in terms of their behavior; strategies, in terms
of their structure. In this note we limit attention to
actions and do not discuss strategies.

Reusable modules in the context of declarative pro-
gramming and knowledge representation have been dis-
cussed by many authors; see, for instance, (Bugliesiet
al. 1994), (Amir 1999), (Barker et al. 2001), (Gustafs-
son and Kvarnstr•om 2004), (Ianni et al. 2004). This
paper is di�erent from the earlier work in that its goal is
to de�ne a language for describing transition systems|
directed graphs whose vertices are states, and whose
edges are labeled by events.

Assuming that the reader has some familiarity with
action languageC+, we discuss here a series of exam-
ples illustrating the main elements of the syntax and
semantics of MAD and the applicability of the new lan-
guage to the problem of compiling a general-purpose
database of knowledge about 
uents and actions. The
last part of the paper outlines the syntax and semantics
of a fragment of MAD.

Single-module action descriptions
MAD as a superset of C+

MAD is a superset of C+ in the sense that any action
description in C+ can be easily rewritten as a MAD



module SUITCASE;

constants
Up, Open: 
uent ;
Toggle: action ;

axioms
inertial Up, Open;
exogenous Toggle;
Toggle causes Up if : Up;
Toggle causes : Up if Up;
Open if Up;

endmodule

Figure 1: Module SUITCASE

module. Take as an example the simpli�ed version of
the suitcase domain from (Lin 1995) in which the suit-
case has one latch, rather than two; the latch can be
toggled, and whenever it is in the up position, the suit-
case opens. This domain can be described inC+ us-
ing the Boolean action constant1Toggle and the simple
Boolean 
uent constants2 Up and Open, as follows:3

inertial Up, Open
exogenous Toggle
Toggle causes Up if : Up
Toggle causes : Up if Up
caused Open if Up

According to the semantics ofC+ (Giunchiglia et al.
2004, Section 4.4), this action description represents a
transition system|a directed graph whose vertices are
states, and whose edges are labeled by events. Each
state assigns a truth value to the 
uent constants Up
and Open; there are only 3 states, becauseOpen cannot
be false whenUp is true. Each event assigns a truth
value to the action constant Toggle, so that 2 events are
possible: toggle the latch or do nothing.

A translation of this action description into MAD is
shown in Figure 1. It di�ers from the C+ description
in three ways. First, as any MAD module, it has a
name; giving a name to a module allows us to refer
to this module in import statements. Second, besides
causal laws (grouped under the headingaxioms ), it
contains declarations of action and 
uent constants; in
this respect, MAD is similar to the input language of
the system CCalc , which implements C+. 4 Third, we

1Recall that the syntax of C+ includes also action con-
stants with non-Boolean values (Giunchiglia et al. 2004,
Sections 4.2, 5.6).

2The word \simple" distinguishes these symbols from
statically determined 
uent constants (Giunchiglia et al.
2004, Sections 4.2, 4.4).

3See (Giunchiglia et al. 2004, Appendix B) for an expla-
nation of most abbreviations used in this example. We also
combine here two expressions of the form inertial c into
one.

4http://www.cs.utexas.edu/users/tag/ccalc/ .

module SUITCASE-V;

sorts
Latch;

constants
Up(Latch), Open: 
uent ;
Toggle(Latch): action ;

variables
l : Latch;

axioms
inertial Up(l), Open;
exogenous Toggle(l);
Toggle(l) causes Up(l) if : Up(l);
Toggle(l) causes : Up(l) if Up(l);
Open if 8lUp(l);

endmodule

Figure 2: Module SUITCASE-V

simpli�ed the syntax of the last causal law by dropping
the word caused; this di�erence is not essential.

Variables in MAD
Module SUITCASE-V (Figure 2) uses a variable of sort
Latch to describe suitcases with an arbitrary number of
latches. Note the use of a quanti�er in the last causal
law of SUITCASE-V to express that the suitcase is open
whenever all latches are up.

This module represents a family of transition systems
(\models"), not a single system. According to the se-
mantics of MAD, SUITCASE-V tells us how to turn
any �nite non-empty set L of symbols into a transi-
tion system in which L plays the role of the set of all
objects of the sort Latch.5 This transition system has
2n +1 � 1 states, wheren is the cardinality of L ; the
states correspond to all assignments of truth values to
the 
uent constants Up(l) ( l 2 L ) and Open except
for the one that is eliminated by the last causal law of
SUITCASE-V. Each of its edges is labeled by one of 2n

events|by an assignment of truth values to the action
constants Toggle(l) ( l 2 L ). If L is a singleton then the
corresponding model of SUITCASE-V is isomorphic to
the model of SUITCASE.

Importing a module
Import statements
A simple example of the use of import statements in
MAD is shown in Figures 3 and 4. Module LATCH is a
simpli�ed version of SUITCASE-V, which describes the
e�ect of Toggle(Latch) on Up(Latch) but does not men-
tion the 
uent constant Open. Module SUITCASE-V 0

5 In the semantics of MAD, the sets representing sorts
are always non-empty, just as the universe of a model in the
semantics of �rst-order logic is non-empty.



module LATCH;

sorts
Latch;

constants
Up(Latch): 
uent ;
Toggle(Latch): action ;

variables
l : Latch;

axioms
inertial Up(l);
exogenous Toggle(l);
Toggle(l) causes Up(l) if : Up(l);
Toggle(l) causes : Up(l) if Up(l);

endmodule

Figure 3: Module LATCH

module SUITCASE-V 0;

import LATCH;

constants
Open: 
uent ;

variables
l : Latch;

axioms
inertial Open;
Open if 8lUp(l);

endmodule

Figure 4: Module SUITCASE-V0

imports LATCH and adds the declaration of Open along
with the causal laws from Figure 2 in which Open is
mentioned. The action description

LATCH SUITCASE-V 0 (1)

has the same meaning as SUITCASE-V.
Note that SUITCASE-V 0 includes a declaration of

a variable for latches, even though such a variable is
already declared in LATCH. This declaration is neces-
sary because in MAD each variable is considered local
to the module in which it is declared; the variable l from
LATCH is not \visible" in SUITCASE-V 0.

As another example of the use of import statements
in MAD, consider the action description

LATCH SUITCASE-V 0 SUITCASE-V 0
2: (2)

The module SUITCASE-V0
2, shown in Figure 5, imports

SUITCASE-V 0 and then declaresL 1 and L 2 to be ob-
jects of sort Latch. Action description (2) describes
suitcases that have at least the two latchesL 1, L 2. The
models of (2) can be characterized as the models of

module SUITCASE-V 0
2;

import SUITCASE-V 0;

objects
L 1, L 2: Latch;

endmodule

Figure 5: Module SUITCASE-V0
2

SUITCASE-V corresponding to the �nite sets L such
that L 1; L 2 2 L.

In the \standard" model of (2), L = f L 1; L 2g. The
standard model of a MAD action description is, intu-
itively, the model in which every sort has the smallest
possible extent. The only model of the action descrip-
tion SUITCASE (Figure 1) is trivially standard, be-
cause SUITCASE does not contain sort declarations.
Action description (1) does not have a standard model,
because its sortLatch is not \populated": the smallest
possible extent ofLatch is empty. (Recall that, in any
MAD model, every sort is represented by a non-empty
�nite set.) No MAD action description can have more
than one standard model.

The functionality of the future implementation of
MAD will allow the user to get answers to queries about
the standard model of a given action description. In the
standard model, quanti�ers (such as8l in Figure 2) can
be equivalently replaced by �nite conjunctions and dis-
junctions. In view of this fact, many queries about the
standard model of a MAD action description can be an-
swered by invoking a propositional satis�ability solver
or an answer set solver, such assmodels .6

Turning an action description into a single
module
The semantics of MAD speci�es, for any action descrip-
tion M 1 � � � M n , what its models are, and which model
(if any) is standard. The basic form of the semantics
de�nes the models and the standard model for the ac-
tion descriptions that consist of a single module, such
as SUITCASE and SUITCASE-V. This de�nition is
extended to arbitrary action descriptions using a pro-
cedure for rewriting an action description consisting of
several modules as one module. This procedure elimi-
nates all import statements from given action descrip-
tion; each of them is replaced by a modi�ed copy of the
imported module.

As an example, consider the application of this pro-
cedure to action description (1). The �rst|and only|
import statement in (1) is

import LATCH (3)

in module SUITCASE-V 0. The result of the elimination
process, shown in Figure 6, is the module obtained from
SUITCASE-V 0 by removing this import statement and

6http://www.tcs.hut.fi/Software/smodels/ .



module SUITCASE-V 0;

sorts
Latch;

constants
Open: 
uent ;
Up(Latch): 
uent ;
Toggle(Latch): action ;

variables
l : Latch;
I1:l : Latch;

axioms
inertial Open;
Open if 8lUp(l);
inertial Up(I1:l );
exogenous Toggle(I1:l );
Toggle(I1:l ) causes Up(I1:l ) if : Up(I1:l );
Toggle(I1:l ) causes : Up(I1:l ) if Up(I1:l );

endmodule

Figure 6: A single module corresponding to action de-
scription (1)

including instead the contents of module LATCH, as
follows:

� the sort declaration part of LATCH is included in the
new module without change;

� the constant declaration part of LATCH is merged
with the constant declaration part of SUITCASE-V 0;

� the variable declaration part of LATCH is merged
with the variable declaration part of SUITCASE-V 0

after renaming the variable l in LATCH|prepending
to it I1, which stands for \Import 1";

� the list of causal laws from LATCH is merged with
the list of causal laws from SUITCASE-V0 after re-
naming the variables in LATCH as above.

Generally, to turn an action description M 1 � � � M n
into a single module, we eliminate all import statements
from M 2, then from M 3, and so on, using distinct sym-
bols, one per import statement, to rename variables.
After eliminating all import statements from M n , the
modules M 1; : : : ; M n � 1 are dropped. For instance, to
apply this procedure to (2), we �rst replace the second
term of (2) by the version of SUITCASE-V 0 shown in
Figure 6, then eliminate

import SUITCASE-V 0

from the last term of (2), and then drop the �rst two
terms, which have now become irrelevant. The result
is shown in Figure 7. (Placing object declarations af-
ter sort declarations and before constant declarations is
required by the syntax of MAD.)

module SUITCASE-V 0
2;

sorts
Latch;

objects
L 1, L 2: Latch;

constants
Open: 
uent ;
Up(Latch): 
uent ;
Toggle(Latch): action ;

variables
I2:l : Latch;
I2:I1:l : Latch;

axioms
inertial Open;
Open if 8I2:lUp(I2:l );
inertial Up(I2:I1:l );
exogenous Toggle(I2:I1:l );
Toggle(I2:I1:l ) causes Up(I2:I1:l )

if : Up(I2:I1:l );
Toggle(I2:I1:l ) causes : Up(I2:I1:l )

if Up(I2:I1:l );

endmodule

Figure 7: A single module corresponding to action de-
scription (2)

Importing background knowledge
We are interested in import statements because in de-
scriptions of action domains they may be used as refer-
ences to a repository of background knowledge.

As an example, consider the module in Figure 8,
which provides an abstract description of the action
Get and its e�ect on the 
uent Has. A module like
this may serve as part of a general-purpose repository
of knowledge. A description of a speci�c action domain
can import GET and provide additional information
about the domain by \populating" the sorts Agent and
Thing , for instance:

import GET;

objects
Surgeon: Agent;
Scalpel1, Scalpel2, Scalpel3: Thing ;

Specialization
We would like to use import statements to de�ne more
speci�c kinds of actions in terms of more general kinds.
For instance, we may wish to use a module describing
general properties of moving things to characterize a
special kind of moving, say walking or climbing. There
is no reason to include the whole general theory of mov-
ing in the modules that describe walking and climbing;
what such a specialized module needs to import is only
a \special case" of the general theory.



module GET;

sorts
Agent; Thing ;

constants
Has(Agent, Thing ): 
uent ;
Get(Agent, Thing ): action ;

variables
a; a0: Agent;
x: Thing ;

axioms
inertial Has(a; x);
exogenous Get(a; x);
: Has(a0; x) if Has(a; x) ^ a 6= a0;
Get(a; x) causes Has(a; x);

endmodule

Figure 8: Module GET

module SCALPEL;

sorts
Agent; Thing ;

objects
Surgeon: Agent;
Scalpel1, Scalpel2, Scalpel3: Thing ;

constants
GetScalpel: action ;

variables
a: Agent;
x: Thing ;

import GET;
Get(a; x) is

GetScalpel^ a = Surgeon^ x = Scalpel3;

endmodule

Figure 9: Module SCALPEL

The syntax of MAD allows us to say which special
case of a module is imported. For instance, in Fig-
ure 9 we import the special case of the module GET
that deals with the e�ect of the action Get(a; x) when
a = Surgeon and x = Scalpel3. This action is given
the name GetScalpel;7 the other actions of the form
Get(a; x) cannot be even referred to in the module
SCALPEL. Syntactically, this is achieved by including
the \ is clause"

Get(a; x) is GetScalpel^ a = Surgeon^ x = Scalpel3

at the end of the import statement in Figure 9.
7 In the context of an operation, when the surgeon says,

\Scalpel", this may be equivalent to the sentence, \Please
give me the number 3 scalpel" (McCarthy 1993).

module SCALPEL;

sorts
Agent; Thing ;

objects
Surgeon: Agent;
Scalpel1, Scalpel2, Scalpel3: Thing ;

constants
GetScalpel: action ;
Has(Agent, Thing ): 
uent ;
I1.Get(Agent, Thing ): action ;

variables
a: Agent;
x: Thing ;
I1:a; I1:a0: Agent;
I1:x: Thing ;

axioms
I1:Get(a; x) �

GetScalpel^ a = Surgeon^ x = Scalpel3;
inertial Has(I1:a; I1:x);
exogenous I1:Get(I1:a; I1:x);
: Has(I1:a0; I1:x) if Has(I1:a; I1:x) ^ I1:a 6= I1 :a0;
I1:Get(I1:a; I1:x) causes Has(I1:a; I1:x);

endmodule

Figure 10: A single module corresponding to action de-
scription (4)

The result of eliminating the import statement from
the action description

GET SCALPEL (4)

is shown in Figure 10. After merging the sort declara-
tion sections of the modules GET and SCALPEL, each
of the sortsAgent, Thing is declared twice, and the rep-
etitions are removed. The presence of anis clause in
the import statement a�ects the translation process in
two ways. First, the constant Get is renamed: it be-
comes I1.Get . Renamed constants from an imported
module, like variables declared in an imported module,
are \invisible"|they cannot be referred to. Second,
an additional causal law is included|an equivalence
expressing that the left-hand side of the is clause is
synonymous to its right-hand side. The use of causal
laws of this kind to express synonymity is discussed in
(Erdo�gan and Lifschitz 2005, Section 2).

Importing a module several times
Next we consider a general-purpose module MOVE
(Figure 11), describing the e�ect of the action
Move(x; p) (\move object x to place p"), and use that
module to describe a domain that involves moves of
three di�erent kinds. This is a simpli�ed version of the
familiar Monkey and Bananas domain that includes the
monkey and the box, but not bananas; furthermore,



module MOVE;

sorts
Thing ; Place;

constants
Location(Thing ): 
uent (Place);
Move(Thing ,Place): action ;

variables
x: Thing ;
p: Place;

axioms
inertial Location(x);
exogenous Move(x; p);
Move(x; p) causes Location(x) = p;

endmodule

Figure 11: Module MOVE

the box cannot be moved. The monkey can walk to
another place and can climb on and o� the box. All
these actions are viewed as special cases ofMove. In
all cases, the object that moves is the monkey; on the
other hand, walking changes the monkey's \horizontal
location," and climbing changes his \vertical location."
Figure 12 uses module MOVE twice to represent all
these actions as special cases of the \library action"
Move.

To distinguish between the two meanings of the word
\location" in the monkey domain, we declare a new
sort, VPlace. In the second import statement, not only
the constantsMove and Location are renamed, but also
a sort: here \place" means \vertical place."

The single module corresponding to the action de-
scription

MOVE MONKEY (5)
is shown in Figure 13.

Syntax of MAD
In this section we describe a partial syntax of MAD
that covers all examples discussed above.

A context-free grammar
An action description in the MAD language is a list of
modules:

< action description> ::= f < module> g < module>

A module consists of a name and a body, enclosed be-
tween the reserved wordsmodule and endmodule :

< module> ::= module < module name> `;'
< module body> endmodule

The body of a module contains several parts, in a
�xed order: sort declarations, object declarations, con-
stant declarations, variable declarations and axioms.
Additionally, import statements may appear anywhere
between these parts:

module MONKEY;

sorts
Thing ; Place; VPlace;

objects
Monkey, Box: Thing ;
P1, P2: Place;
BoxTop, Floor : VPlace;

constants
OnBox: 
uent ;
Walk(Place), ClimbOn, ClimbO� : action ;

variables
x: Thing ;
p: Place;
vp: VPlace;

import MOVE;
Move(x; p) is Walk(p) ^ x = Monkey;

import MOVE;
Place is VPlace;
Location(x) = vp is

(x = Monkey ^ vp = BoxTop ^ OnBox) _
(x = Monkey ^ vp = Floor ^ : OnBox) _
(x = Box ^ vp = Floor );

Move(x; vp) is
(x = Monkey^ vp = BoxTop^ ClimbOn) _
(x = Monkey ^ vp = Floor ^ ClimbO� );

axioms
Location(Monkey) = p

if OnBox ^ Location(Box) = p;
nonexecutable Walk(p) if OnBox;
nonexecutable ClimbOn

if Location(Monkey) 6= Location(Box);
nonexecutable ClimbOn ^ Walk(p);

endmodule

Figure 12: Module MONKEY

< module body> ::= f < import statement> g
[< sort declaration part> ]
f < import statement> g
[< object declaration part> ]
f < import statement> g
[< constant declaration part> ]
f < import statement> g
[< variable declaration part> ]
f < import statement> g
[< axiom part> ]
f < import statement> g

The sort declaration part consists of the reserved
word sorts and a list of sort names:

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

The object declaration part consists of the reserved



module MONKEY;

sorts
Thing ; Place; VPlace;

objects
Monkey, Box: Thing ;
P1, P2: Place;
BoxTop, Floor : VPlace;

constants
OnBox: 
uent ;
Walk(Place), ClimbOn, ClimbO� : action ;
Location(Thing ): 
uent (Place);
I1.Move(Thing ,Place): action ;
I2.Location(Thing ): 
uent (VPlace);
I2.Move(Thing ,VPlace): action ;

variables
x: Thing ;
p: Place;
vp: VPlace;
I1:x: Thing ;
I1:p: Place;
I2:x: Thing ;
I2:p: VPlace;

axioms
Location(Monkey)= p

if OnBox ^ Location(Box)= p;
nonexecutable Walk(p) if OnBox;
nonexecutable ClimbOn

if Location(Monkey) 6= Location(Box);
nonexecutable ClimbOn ^ Walk(p);
I1:Move(x; p) � Walk(p) ^ x = Monkey;
inertial Location(I1:x);
exogenous I1:Move(I1:x; I1:p);
I1:Move(I1:x; I1:p) causes Location(I1:x)=I1 :p;
I2:Location(x) = vp

� (x = Monkey ^ vp= BoxTop ^ OnBox) _
(x = Monkey ^ vp= Floor ^ : OnBox) _
(x = Box ^ vp= Floor );

I2:Move(x; vp)
� (x = Monkey ^ vp= BoxTop ^ ClimbOn) _

(x = Monkey ^ vp= Floor ^ ClimbO� );
inertial I2:Location(I2:x);
exogenous I2:Move(I2:x; I2:p);
I2:Move(I2:x; I2:p)

causes I2:Location(I2:x)=I2 :p;

endmodule

Figure 13: A single module corresponding to action de-
scription (5)

word objects and a list of object speci�cations. An
object speci�cation is a list of object names followed by
a sort name:

< object declaration part>
::= objects f < object spec> `;'g

< object spec>
::= f < object name> `,'g < object name> `:'

< sort name>
< object name> ::= < name>

The constant declaration part consists of the reserved
word constants and a list of constant speci�cations. A
constant speci�cation shows, for each constant that is
declared, the number of arguments that it takes and
their sorts. It shows also whether the constants repre-
sent actions or 
uents, and what the sort of the value
is:

< constant declaration part>
::= constants f < constant spec> `;'g

< constant spec>
::= f < constant expr> `,'g < constant expr> `:'

< constant type> [`('< sort name> `)']
< constant expr>

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

< constant type> ::= action j 
uent
< constant name> ::= < name>

The form of the variable declaration part is similar
to the form of the object declaration part:

< variable declaration part>
::= variables f < variable spec> `;'g

< variable spec>
::= f < variable name> `,'g < variable name> `:'

< sort name>
< variable name> ::= < name>

The axiom part consists of the reserved wordaxioms
and a list of causal laws:

< axiom part> ::= axioms f < causal law> `;'g
< causal law> ::= < static law> j

< action dynamic law> j
< 
uent dynamic law >

< static law>
::= < 
uent formula > [if < 
uent formula > ]

< action dynamic law>
::= < action formula> [if < formula> ] j

exogenous < action constant>
< 
uent dynamic law >

::= < 
uent formula > [if < 
uent formula > ]
[after < formula> ] j

< action formula> causes < 
uent formula >
[if < formula> ] j

nonexecutable < action formula>
[if < formula> ] j

inertial < 
uent constant >
< action constant>

::= < constant name>
[`(' f < argument> `,'g < argument> `)']



< 
uent constant >
::= < constant name>

[`(' f < argument> `,'g < argument> `)']
< argument> ::= < variable name> j

< object name>

We skip here the syntax of formulas, and turn to
import statements. An import statement consists of the
reserved word import and the name of the imported
module; it may also include sort renaming clauses and
constant renaming clauses:

< import statement>
::= import < module name> `;'

f < sort renaming clause> `;'g
f < constant renaming clause> `;'g

< sort renaming clause>
::= < sort name> is < sort name>

< constant renaming clause>
::= < constant name> [`(' f < variable name> `,'g

< variable name> `)'] [`=' < variable name> ]
is < formula>

A name is an identi�er or a list of identi�ers separated
by dots:

< name> ::= f < identi�er > `.'g < identi�er >

Context-dependent conditions
In an action description

M 1 � � � M n

the names of the modulesM i should be di�erent from
each other. For every import statement IS occurring
in M i , its module name should be the name of one of
the modules M j with j < i ; we will say that IS refers
to this module M j .

The condition that a name should not be declared
more than once, and that a name should not be used
unless it has been declared earlier, applies to MAD ac-
tion descriptions with three caveats.

First, this condition applies within each module M i
separately. For instance, using an identi�er as a sort
name in M 1 and as a constant name inM 2 is not con-
sidered a syntax error (at least if M 1 is not imported
by M 2; see below).

Second, a name can be declared not only explicitly|
in a declaration, but also implicitly|in an import state-
ment. For instance, import statement (3) in the sec-
ond module of action description (1) implicitly declares
Latch to be a sort name andUp, Toggle to be constant
names.

To give the general de�nition of \implicitly declared,"
note that any import statement has the form

import NAME ;
s1 is s0

1;
� � �
sk is s0

k ;
c1 � � � is F1;
� � �
cl � � � is Fl ;

(6)

where NAME is a module name, s1; : : : ; sk are sort
names, andc1; : : : ; cl are constant names. (The dots af-
ter each cj represent the two optional parts in the rule
for < constant renaming clause> above.) We de�ne the
relation \implicitly declared" recursively, as follows. An
occurrence of an import statement (6) in M i implicitly
declaresa name z to be a sort name (or object name,
or constant name) if

(i) z is declared to be a sort name (respectively, object
name or constant name), explicitly or implicitly, in
the module that (6) refers to, and

(ii) z is di�erent from s1; : : : ; sk ; c1; : : : ; cl .

Note that, according to this de�nition, a variable
name cannot be declared implicitly; as we have seen,
each variable name in MAD is \local" to the mod-
ule in which it is declared. Clause (ii) expresses that
s1; : : : ; sk ; c1; : : : ; cl are \renamed" in the specialization
of M j that is described by (6). For instance,Get is not
declared, even implicitly, in the second module of ac-
tion description (4). (The name I1:Get is not declared
in that module either, even though it is declared and
used in the corresponding single module shown in Fig-
ure 10.)

For any import statement (6) occurring in M i , the
names s1; : : : ; sk ; c1; : : : ; cl should be declared, explic-
itly or implicitly, in the module that (6) refers to. Oth-
erwise, each name used in any of the modulesM i should
be declared inM i , explicitly or implicitly, before it is
used.

Third, multiple declarations of the same name in a
module are allowed as long as

� at most one of these declarations is explicit, and

� all of them declare the name in the same way.

For instance, the sort namesAgent and Thing are de-
clared twice in the second module of action descrip-
tion (4)|explicitly at the beginning of the module, and
implicitly at the end.

Semantics of MAD
The �rst part of the semantics of MAD shows how
to turn an arbitrary action description into a single-
module action description that is considered to have the
same meaning. The second part describes the process
of grounding, which turns an arbitrary single-module
action description into a family of action descriptions
in the languageC+.

Generating a single-module action
description

We begin by de�ning three auxiliary functions. The
function � turns a module M that does not contain
import statements into its \specialized form" in accor-
dance with an import statement IS . The function �
\merges" a module M with a module M 0 that does not
contain import statements. (Here we understand the



module GET;

sorts
Agent; Thing ;

constants
Has(Agent, Thing ): 
uent ;
I1.Get(Agent, Thing ): action ;

variables
I1:a; I1:a0: Agent;
I1:x: Thing ;

axioms
I1:Get(a; x) �

GetScalpel^ a= Surgeon^ x = Scalpel3;
inertial Has(I1:a; I1:x);
exogenous I1:Get(I1:a; I1:x);
: Has(I1:a0; I1:x) if Has(I1:a; I1:x) ^ I1:a 6= I1 :a0;
I1:Get(I1:a; I1:x) causes Has(I1:a; I1:x);

endmodule

Figure 14: The result of applying � to the module
shown in Figure 8 and to the import statement from
Figure 9, with m = 1

word \module" in the sense of the context-free gram-
mar above.) The function 
 eliminates the �rst import
statement from a given action description.

Without loss of generality, we can assume that ev-
ery module under consideration includes each of the
reserved words

sorts objects constants variables axioms

|they can be inserted at appropriate places, if neces-
sary.

Let M be a module without import statements, IS
an import statement (6) such that NAME is the name
of M , and m a positive integer. By � (M; IS ; m) we
denote the module obtained fromM by

(i) prepending `Im:' to every occurrence of every vari-
able name;

(ii) replacing every occurrence of each of the sort
namessi with s0

i (i = 1 ; : : : ; k);

(iii) inserting the equivalences

cj : : : � Fj

(j = 1 ; : : : ; l ), corresponding to the constant re-
naming clauses from (6), at the beginning of the
axiom part;

(iv) prepending `Im:' to every occurrence of each of the
constant namescj (j = 1 ; : : : ; l ).

See Figure 14 for an example.
Let M and M 0 be modules such thatM 0 does not

contain import statements. By � (M; M 0) we denote
the module obtained from M by

(i) appending the sort names declared inM 0 at the
end of the sort declaration part and removing rep-
etitions;

(ii) appending the object speci�cations from M 0 at the
end of the object declaration part and removing
repetitions;

(iii) appending the constant speci�cations from M 0 at
the end of the constant declaration part and re-
moving repetitions;

(iv) appending the variable speci�cations from M 0 at
the end of the variable declaration part and re-
moving repetitions;

(v) appending the causal laws fromM 0 at the end of
the axiom part.

Let M 1 � � � M n be an action description containing at
least one import statement. By 
 (M 1 � � � M n ) we denote
the action description obtained by replacing M i with

� (M; � (M j ; IS ; m))

where

� M i is the �rst module in M 1 � � � M n that contains an
import statement,

� IS is the �rst import statement in M i ,

� M is the module obtained from M i by dropping IS ,

� M j is the module that IS refers to,

� m is the smallest positive integer such that the string
`Im:' does not occur in M 1 � � � M n .

It is clear that applying 
 to an action descrip-
tion decrements the number of import statements
by 1. If M 1 � � � M n contains p import statements then

 p(M 1 � � � M n ) is an action description M 0

1 � � � M 0
n that

does not contain import statements. We denote its last
term M 0

n by � (M 1 � � � M n ). This is the single-module
action description that we consider to have the same
meaning asM 1 � � � M n .

Consider, for example, the application of� to action
description (4). In this case, n = 2, M 1 is the module
shown in Figure 8, and M 2 is the module shown in
Figure 9. This action description contains one import
statement IS , so that p = 1 and � (M 1 M 2) is the second
module in 
 (M 1 M 2). According to the de�nition of 
 ,
that module is

� (M; � (M 1; IS ; 1));

where the �rst argument M is obtained from Figure 9
by dropping the import statement, and the second ar-
gument is shown in Figure 14. We have seen the result
of this computation in Figure 10.

Grounding
Recall that a (multi-valued propositional) signature
is a set � of symbols called constants, along with a
nonempty �nite set Dom(c) of symbols (the domain
of c), disjoint from � , assigned to each constantc
(Giunchiglia et al. 2004, Section 2.1). Aformula of � is



a propositional combination of atoms of the form c = v
where c 2 � and v 2 Dom(c). To specify a C+ ac-
tion description, we �rst choose a signature, partitioned
into simple 
uent constants, statically determined 
u-
ent constants, and action constants; then we specify a
set of causal laws formed from formulas of this signature
(Giunchiglia et al. 2004, Section 4.2).

Take a single-module action descriptionM . A uni-
verse functionfor M is a function U that assigns a �nite
nonempty set of symbols to each sort names of M so
that U(s) contains all object names of sort s but no
other names declared inM ; we call U(s) the universe
of sort s. For instance, a universe function for the ac-
tion description shown in Figure 10 is de�ned by a �nite
\universe of agents" U(Agent) and a �nite \universe of
things" U(Thing ) such that

Surgeon2 U(Agent);
Scalpel1; Scalpel2; Scalpel3 2 U(Thing ):

Relative to a universe function U, M has the same
meaning as a C+ action description M U , which is
formed according to several simple rules, as follows.

The signature � of M U is determined by the constant
declaration part of M , as follows. If the constant dec-
laration part contains a constant speci�cation

: : : ; c; : : : : 
uent (s)

then � includes the simple 
uent constant c with the
domain U(s). If the constant declaration part contains
a constant speci�cation

: : : ; c(s1; : : : ; sk ); : : : : 
uent (s)

then � includes the symbols c(z1; : : : ; zk ) for all
z1 2 U(s1); : : : ; zk 2 U(sk ), designated as simple 
u-
ent constants with the domain U(s). If the constant
type 
uent in the constant speci�cation is not followed
by (s) then the corresponding constants in� are con-
sidered Boolean (that is, their domain is f f ; t g). If the
constant type is action rather than 
uent then the
corresponding symbols in� are action constants. (The
fragment of MAD discussed in this paper does not allow
us to declare statically determined 
uent constants.)

For instance, if M is the action description shown in
Figure 10, and the universe functionU is de�ned by the
formulas

U(Agent) = f Surgeong;
U(Thing ) = f Scalpel1; Scalpel2; Scalpel3g; (7)

then � consists of the Boolean simple 
uent constants

Has(Surgeon,Scalpel1); Has(Surgeon,Scalpel2);
Has(Surgeon,Scalpel3)

and the Boolean action constants

GetScalpel; I1:Get(Surgeon,Scalpel1);
I1:Get(Surgeon,Scalpel2); I1:Get(Surgeon,Scalpel3):

The causal laws ofM U are obtained from the causal
laws in the axiom part of M by grounding; the sym-
bols substituted for each variable v in the process of

grounding are arbitrary elements of U(s), where s is
the sort assigned tov in the variable declaration part
of M . Quanti�ers (as, for instance, in the second causal
law of Figure 7) are replaced by conjunctions and dis-
junctions.

According to the semantics of MAD, the model of an
action description D corresponding to a universe func-
tion U of � (D ) is the transition system represented by
the C+ action description � (D )U .

Assume that for every sort names declared in � (D )
the set of object names of sorts in � (D ) is nonempty.
In this case, the function that maps every sort names
to the set of object names of sorts is a universe func-
tion. The model of D corresponding to this universe
function is the standard model of D . For instance, the
standard model of action description (4) corresponds to
the universe function characterized by formulas (7).

Conclusion
A MAD action description consists of modules that in-
clude causal laws in the sense ofC+ and may also con-
tain references to other modules. It de�nes a family of
transition systems; at most one of them is \standard."

A module can be used to encode knowledge about
actions of a general nature, such asGet and Move. A
collection of modules of this kind may serve as a repos-
itory of background knowledge that complements the
domain-speci�c information provided in knowledge rep-
resentation and reasoning problems involving actions.

Our plans for the future include adding a few more
useful features to the fragment of MAD presented
above, implementing MAD on the basis of a satis�-
ability solver or an answer set solver, and using the
new language to compile a general-purpose database of
knowledge about actions.
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