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Abstract

“Toy worlds” involving actions, such as the Blocks
World and the Monkey and Bananas domain, are
often used by researchers in the areas of common-
sense reasoning and planning to illustrate and test
their ideas. Many of the axioms found in descrip-
tions of these toy worlds are expressions of general-
purpose knowledge, though they are often cast in
a form only useful for solving one specific prob-
lem and are not faithful representations of general
facts that can be used in other domains. Instead of
using such domain-specific axioms for each prob-
lem, we are building a general-purpose library of
action descriptions which can be referred to in de-
scriptions of many action domains. The library is
being written in the modular action description lan-
guage MAD, an extension of the action language
C+. In this paper we present an initial version of
some of our library modules, along with a new for-
malization of the Monkey and Bananas domain that
uses the library. Most of the axioms in this for-
malization come from the library, with only a few
domain-specific axioms needed.

Introduction

Being on the box and under the bananas is what guarantees
that this precondition is satisfied wheis a bunch of bananas
hanging from the ceiling.

Approaching the bananas in the horizontal plane can be
accomplished by performing a single action—walking. Ap-
proaching the bananas in the vertical direction is more of a
challenge, because the monkey can't float in the air. More
generally:

Normally, it is impossible for an object not to be

supported by anything. @)

For instance, the monkey is initially supported by the floor;
after climbing the box, he is supported by the box. The box is
always supported by the floor. If we adopt the general under-
standing of “supported” as “held in the current positioréih

we can also say that the bananas are supported by the ceiling
in the initial state, and by the monkey in the final state.

General principles (1) and (2) explain why the monkey
needs the box to get the bananas. Principle (1), applied to
the box ax, also explains why, before pushing the box to the
place under the bananas, the monkey needs to walk towards
the box.

We would like to design a general-purpose database, or li-
brary, of commonsense facts related to actions, such as (1)
and (2), which can be referred to in formal descriptions of
action domains. In this paper we present an initial, rudimen
tary version of the library (Section 2), along with a new for-

in the areas of commonsense reasoning and planning to iflPrary (Section 3). Most of the axioms in this formalizatio
lustrate and test their ideas. Many of the axioms found irfome from the library, with only a few domain-specific ax-
descriptions of these toy worlds are expressions of generaloms needed. The work on testing the library that we have

purpose knowledge, though they are often cast in a form onlglone so far is described in Section 4.

useful for solving one specific problem and are not faithful

The database is being written in the modular action de-

representations of general facts that can be used in other dgcription language MADLifschitz and Ren, 2006with sev-
mains.

For instance, familiar formalizations of the Monkey and

Bananas domaifiGreen, 1969, Section Il [Giunchigliaet ek L - - =
al., 2004, Section 4]3postulate that to perform the action of Sion is the possibility of referring to other action destdps

grasping the bananas, the monkey has to be on the box ar
at the same time, under the bananas. These preconditions A

be viewed as special cases of a general principle:

Normally, to perform an action that affects an (1)
objectx, an agent has to be at the same place as

eral additional constructs that we found useful. MAD is an
extension of the action langua@e-, described i Giunchi-
glia et al, 2004. The main distinctive feature of this exten-

g the definition of a new domaifErdogan and Lifschitz,
QOG, which is crucial for our purposes. A MAD action de-
scription is a list of “modules’M;, ..., M,,. A module M;

can use, or “import,” any of the modulé4, , ..., M; 1, pos-
sibly in several ways. Each module describes a set of interre
lated fluents and actions. Import statements allow the aser t



characterize new fluents and actions by relating them to othmodule tells us that this relation is subject to the closeddvo

ers, introduced earlier. When a modul§ imports a mod-
ule M;, it “inherits” the knowledge encoded i#¥;, possibly

assumption: by default, it is presumed not to hold.
Digression: This paper does not review details of the syntax

restricted to a specialized context and expressed in differ ang semantics of MAD, but we will say the following about

notation.

thedefault

construct. Its meaning in MAD is the same as

The idea of making a general-purpose database of comn ¢+ it can be characterized in terms of the nonmonotonic
monsense knowledge is not new. John McCarthy [1987Fausal logic described ifGiunchigliaet al, 2004, which
pointed out that Al programs suffer from a lack of gener-js closely related to the system of default logic froReiter,
ality and cited this as the key problem in Al. The CYC 198(. Similarly, the precise meaning of the MAD construct

project[Lenat and Guha, 1990; Matuszekal, 2004, under

inertial

, used in modul®LACEDbelow, is closely related

development for over 20 years, is the best known attempt tgo Reiter’s solution to the frame problem in terms of a normal
create a very large database of common sense. The KM Corgefault.

ponent LibraryBarkeret al., 2001 is a collection of reusable
general purpose knowledge components.

The knowledge

The next module is similar:

base that we are building differs from these projects mainlynodule THEME;

in two ways. First, we focus on properties of actions, rather

than commonsense knowledge in general. Reasoning about

sorts
Thing;

actions and causation is an important special case of com- constants

monsense reasoning, and in recent years research in this are

Theme(Thing,action): Boolean;

has led to significant advances. Second, we represent knowl- variables

edge in an action description language in the sen§&ef
fond and Lifschitz, 1998 The semantics of such languages
is based on a simple, well-understood concept of a transitio

system. The close relationship between action languagks an
endmodule;

logic programmindLifschitz and Turner, 1999will hope-
fully allow us to solve reasoning and planning problems in-

ods of answer set programmitigifschitz, 2003.

2 A General-Purpose Knowledge Base

The formalization of the “locality principle” (1) in Sectid2.5
below relies on three ideas. First, actions may be execyted b

“agents.” Second, actions may be associated with “themes"—

things that are affected by them. Third, things have “loca-

tions.” These ideas are formalized in the first three modules

x: Thing;
a: action;
axioms
default -Theme(x,a);

volving the knowledge base that we are building using meth2-2 Places and Movement

module PLACE;

sorts
Thing; Place;
constants
Location(Thing): fluent(Place);
variables
x: Thing;
axioms
inertial Location(x);

of the knowledge base. Then we introduce several actiongndmodule;
that change the locations of objects. The next group of modcomment: The location of a thing is a place-valued fluent.
ules deals with the “support principle” (2) and with actions (Tpys |ocations may change with time.) Locations satiséy th

that affect the support relation.

2.1 Actors and Themes

commonsense law of inertia: by default, they are presumed
not to change.

module MOVE;
module ACTOR,; import PLACE;
sorts constants
Agent; Move(Thing,Place): action;
constants variables
Actor(Agent,action): Boolean; x: Thing;
variables p: Place;
u: Agent; import THEME;
a: action; axioms
axioms exogenous Move(x,p);
default -Actor(u,a); Move(x,p) causes Location(x)=p;
endmodule;

Comment: The module above talks about objects of two

Theme(x,Move(x,p));

endmodule;

sorts, agents and actions. The first sort is declared at the b€omment: Moving a thingx to a placep is an action. This
ginning of the module; the second sort is predefined in (ouaction is exogenous (it can be executed or not executed at

extended version of) the language MABctor is a rela-

will), and it causes the location afto bep. Furthermorex

tion between an agent and an action. The only axiom in thigs a theme of this action. Note that the constdrasation



andTheme, used in the axioms, are not explicitly declared Actor(u,Carry(u,x,p));

here. According to the semantics of MAD, the effect of the Theme(x,Carry(u,x,p));

two import  statements in this module is essentially to in-endmodule;

clude in it all declarations and axioms of modulRsACE C +E tina th HOIT invol
andTHEME (However, the variables declared®.ACEand omment. Execuling the action arry(u,x,p) Invoives
THEMEare considered “local” to those modules and cannopOth moving and going, so that it affects the locations ohbot

be used iMMOVEnless they are explicitly declared.) X andu. This action is executed hy, and its theme i%.

module GO: 2.3 Support
sorts _ module SUPPORT;
_ Ag(_ent; Thing; Place; sorts
inclusions _ Thing; Supporter;
Agent << Thing; inclusions
constants _ Thing << Supporter;
(_30(Agent, Place): action; constants
variables Support(Thing): fluent(Supporter);
u: Ag_ent., Supported(Thing,Supporter): sdFluent;
x: Thing; variables
~ p: Place; X, y: Thing;
import MOVE; _ s: Supporter;
Move(x,p) is exists u (u=x & axioms
. _ Go(u,p)); inertial Support(x);
import ACTOR; Supported(x,s) if Support(x)=s;
axioms Supported(x,s) if Support(x)=y &
Actor(u,Go(u,p)); Supported(y,s);
endmodule; default -Supported(x,s);
Comment: This module tells us that constraint -Supported(x,x);
endmodule;

(i) the set of agents is a subset of the set of things,

(i) the actionGo has the same properties Eove except
that its first argumentis an agent, rather than an arbitrar

Comment: A thing is supported either by another thing or
by a “supporter” of a different kind, such as the surface of
Yhe earth (in the next module, such supporters will be called

thing, and “foundations”). This idea is expressed here by declariry th
(iii) this action is executed by the agent that moves. support of a thing to be a supporter-valued fluent. The first
Technically, (ii) is expressed using the statement axiom makes supports subject to the commonsense law of in-
ertia. The next three axioms defiBepported as the tran-
import MOVE; sitive closure of the relatioBupport(x)=s  .! This defini-
Move(x,p) is exists u (U=x & tion is needed to state the last axiom, which says that a thing
Go(u,p)); cannot support itself even indirectly.

(se€]Lifschitz and Ren, 20060on the semantics of statements module FOUNDATION:
of this form). The formula to the right d6 describes the import SUPPORT;

action that consists in executir@gp(x,p) if x is an agent, sorts
and is not executable otherwise. The statement asserts that  Foundation:
this action has the properties postulated¥tove(x,p) in inclusions
moduleMOVE Foundation << Supporter;
module CARRY; variables
sorts x: Thing; _
Agent; Thing; Place; f. Foundation;
constants axioms .
Carry(Agent, Thing,Place): action: constraint exists f Supported(x,f);
variables endmodule;
u: Agent; Comment: The axiom above formalizes the “support princi-
x: Thing; ple” (2): a thing is always supported by a foundation, possi-
~ p: Place; bly indirectly. It is not entirely satisfactory, becausealdes
import MOVE; not allow exceptions, such as objects in free fall; nothimg i
~ Move(x,p) is Carry(u,x,p); this axiom corresponds to the word “normally” in (2). We
import GO;
Go(u,p) is Carry(u,x,p); Technically, Supported is a “statically determined fluent”

axioms (sdFluent ); see[Giunchigliaet al, 2004, Section 4]2



would like to correct this eventually, using the nonmonaton Theme(x,Grasp(u,X));
features of MAD. endmodule;

The next three modules introduce actions that affect sup- . . .
ports:Mount and its special cas@imb andGrasp . 2.4 Relationship between Locations and Supports

dule TOP;
module MOUNT; T mport PLACE:
import SUPPORT, import SUPPORT;
constants ) constants
Mount(Thing,Supporter): action; Top(Thing): sdFluent(Place);
variables variables
X: Thing; X, y: Thing;
s: Supporter; p: Place;
import THEME: axioms '
axioms [ =p i =
Locat =p if S t(x)=y &
exogenous Mount(x,s); ocation()=p upp9|_r0(px()y));p.
Mount(x,s) causes Support(x)=s; endmodule; ’

Theme(x,Mount(x,s));
endmodule; Comment:If athingx is supported by a thing (and not by a
foundation) then the location of is determined by the loca-

mo_dule CLIMB; ] tion of y. In particular, moving to another place will usually
import. ACTOR; causex to move to another place too. To express this idea,
sorts _ we introduced here the fluefibp(y) , which represents the
: Th|_ng, Supporter; place where all things supported pyare located. This mod-
inclusions ] _ ule merely provides a mechanism for describing how the loca-
Agent << Thing << Supporter; tion of a thing is determined by the location of its suppout, b
constants ] . specific assumptions about what the top is need to be speci-
Climb(Agent,Supporter): action; fied whenever the module is imported.
variables
u: Agent; module AT;
x: Thing; import PLACE;
S. Supporter; import FOUNDATION;
import MOUNT; constants
Mount(x,s) is exists u (u=x & At(Foundation,Place): Boolean;
Climb(u,s)); variables
axioms x: Thing;
Actor(u,Climb(u,s)); f: Foundation;
Theme(x,Climb(u,x)); p: Place;
endmodule; axioms

default -At(f,p);
Location(x)=p if Support(x)=f &
At(f,p);

Comment: According to the last axiom, the supporteis a
theme ofClimb(u,s) if s is a thing. The declaration of
Theme does not allow an object that is not a thing to be a
theme of any action.

module GRASP;
import ACTOR;

endmodule;

Comment: The declaration of.ocation allows us to talk
about the location of a thing, but not about the location of
a foundation. It may happen, however, that a foundation

sortsh_ ) ) is associated with a plage in the sense that all things sup-
. |T ing; Supporter; ported byf are atp. For instance, all things supported by
Inclusions hi ) a horizontal surface are at the same level. This idea can be

Agent << Thing << Supporter; expresses using the Boolean flugagf,p)
constants _ _

Grtz;\lsp(Agent,Thlng): action; 2.5 General Properties of Actions
Y et module NOCONCURRENCY;

x: Tr?ing', variables N _

s: Supporter; axi?)’mzl: explicitAction;
import MOUNT; £ al=nd-

Mount(x,s) is exists u (U=s & nonex.ecutable a & al if al=al;

endmodule;

Grasp(u,x));
axioms Comment:By importing this module we can express the idea
Actor(u,Grasp(u,x)); that actions cannot be executed concurrently. The use of the



predefined sorexplicitAction , rather thanaction ,
indicates that, in the process of grounding, batland al

are to be replaced by action names which have been given

“explicitly” by the user, and not by action names that are in-
ternally generated by the system upon encountering an
clause of animport statement. For instance, the mod-
ule MBFbelow imports the library modul&Oto say that
Walk(P1) is synonymous wittGo(Monkey,P1) ; Walk

is an action name given explicitly in the module, though

p: Place;
import GO;
Go(u,p) is u=Monkey & Walk(p);

import CARRY;
Carry(u,x,p) is u=Monkey & x=Box &
PushBox(p);
import NOCONCURRENCY;

is redefined and will turn into an internally generated actio endmodule;
name. Since only one of them is an explicitly named actioncomment: There are no domain-specific axioms in this mod-

the axiom in modulNOCONCURREN@&Nows Walk(P1)
andGo(Monkey,P1) to be true at the same time.

ule. The properties diValk are described by a reference to
the library moduleGQ and the properties dfushBox by a

Finally, here is our formalization of the “locality princi- reference to the library modu@ARRY

ple” (1): module MBS;
dule LOCAL; import MBF;
moimupirt ACTOR; import FOUNDATION;
import THEME; objects -
inclusions Bananas: Thing;
Agent << Thing; ~ Floor, Ceiling: Foundation;
import PLACE; l:rgggtr;nl-sop;
. bI . - .
Varllfl :g;sent' ClimbOn, ClimbOff, GetBananas: action;
x Thing" variables
a: action; u: Agent;
axioms x: Thing;
nonexecutable a p: Place;

if Actor(u,a) & Theme(x,a) &
Location(u)!=Location(x);
endmodule;
Comment:This formalization is not entirely satisfactory, be-
cause it does not allow exceptions, such as the action of send

ing an e-mail, which affects a computer at another location.
See the comment after modlHOUNDATIONN Section 2.3.

3 Monkey and Bananas

There is a monkey in a room, and a bunch of bananas hanging

from the ceiling beyond his reach. There is also a box. The

monkey can walk to the box, push it under the bananas and

climb on it to reach the bananas.
We describe this domain in three steps. ModulBFde-

s: Supporter;
import GRASP;
Grasp(u,x) is u=Monkey & x=Bananas &
GetBananas;
import CLIMB;
Climb(u,s) is u=Monkey &
((s=Box & CIlimbOn) |
(s=Floor & ClimbOff));
axioms
constraint Support(Box)=Floor;
constraint Support(Monkey)=Floor |
Support(Monkey)=Box;
nonexecutable ClimbOff
if Support(Monkey)=Floor;
Top(x)=p if Location(x)=p;

scribes what goes on at the floor level of the room, wheréndmodule;

the monkey can walk or push the box. ModWd&S which
importsMBF, describes how the things in the domain are sup-
ported. Finally, modul®1B which importsMBS is a full de-

Comment:We did not include the axiom

nonexecutable ClimbOn
if Support(Monkey)=Box;

scription of the domain.

similar to the nonexecutability axiom faCZlimbOff , be-

module MBF; cause it would have been redundant: the locality principle

import LOCAL; for levels (“vertical locations”) introduced in the next chde

objects prevents the execution of the acti@imb(Monkey,Box)
Monkey: Agent; whenever the monkey (agent) and the box (theme) are at dif-
Box: Thing; ferent levels. In contrast, acti€@@limbOff is characterized
P1, P2, P3: Place; by Climb(Monkey,Floor) , which doesn't have a theme

constants sinceFloor is not a thing. The last axiom of this module
Walk(Place), PushBox(Place): action; tells us that things are straight: whatever is supporteda by

variables is at the same place as This assumption guarantees that
u: Agent; after climbing on the box that is placed under the bananas the
x: Thing; monkey will be under the bananas too.



module MB; In order to test our formalization we gave @CC queries
import MBS; and checked that its answers matched our expectations. For
all of these queries, there were 3 locatioRg, P2, P3, as
was declared in the moduMBF Here are some example
sorts queries. (Inthe queries below, all letters are in the lovesec
Level; to conform with the syntax of C&.C.)
objects . .
Lo, Hi: Level: 1. The monkey is g1, the bananas are hanging from the
constants ceiling over locatiorp2 and the box is ap3. We would like

to find the shortest possible plan (no longer than 10 steps) in

Elevation(Thing): fluent(Level) which the monkey gets the bananas

TopLevel(Thing): sdFluent(Level);

variab_ll_ehs.ng This planning problem can be described as follows:
X: ing;
I: Level; - query - _
import LOCAL; maxstep :: 1..10;
Place is Level; 0: location(monkey)=p1,
Location(x)=| is Elevation(x)=l; location(bananas)=p2,
import TOP; supp_ort(bananas):cell|ng,
Place is Level; location(box)=p3;
Location(x)=l is Elevation(x)=I; maxstep: support(bananas)=monkey.
Top(x)=Il is TopLevel(x)=l; ] . ] .
import AT; Given this query, C&Lc first reports that there is no solu-
Place is Level: tion within 3 steps, and gives a solution with four steps,-con
Location(x)=I is Elevation(x)=I; sisting of executing actionwalk(p3) , pushbox(p2) |,

axioms climbon andgetbananas one by one.
default TopLevel(x)=I
if Elevation(x)=l;
TopLevel(Box)=Hi;

2. Are there any other plans with four steps? What about
plans with exactly five steps?

At(FIo.o.r,Lo)g The CGuLc queries for these questions are very similar
At(Ceiling,Hi); to the previous query. As expected, there are no other plans
endmodule with four steps, though there are 16 plans with exactly five

steps. Of these, 5 involve waiting (i.e. performing no ac-
tions during a step). The others involve frivolous actiaag (
starting off by taking a walk tp3 before walking to the box
atp2—maybe the monkey just wanted to get a better look at
the bananas before pushing the box!) or trivial actions. (e.g
walking top1l when the monkey is already p1).

Comment: The import of TOPin this module allows us to
talk about “vertical locations” of things, that is to sayoalb
their elevations. According to the first axiom, normallynis
are not tall: whatever is supported kyis at the same level
asx. However, the box is an exception. The ceiling is high
above the floor.

According to the semantics of MAD, the list consisting of _ Besides making plans, we may also give queries testing
the 15 library modules and the three domain-specific module@dividual aspects of our library modules:
shown aboye decribes a transition system—a directed graph 3 The monkey is gil, and the box is someplace other
whose vertices correspond to poss!t_)le states of the systeqp,anpl_ Is it possible to push the box?
and edges correspond to the transitions between states that
can be caused by execution of actions, or simpy by the pas- We represent this as followst+ is disjunction in C@LC)

sage of time—such trivial transitions are self-loops. - query
maxstep :: 1;
4 Testing 0: location(monkey)=p1,

) ) ) _ ) location(box)\=p1,
We mentioned earlier that MAD is an extension of the action  pyshbox(p1l) ++ pushbox(p2) ++
language®+. The semantics of MAD is defined by translat- hb 3
. : > Ot VI e pushbox(p3).
ing a modular action description intoCa+ description. We

have implemented this process of translating a MAD descrip- cCaLc reports that no solutions can be found embodying
tion into aC+ description, though the implementation of the sych a scenario. The monkey cannot push the box because

reasoning engine is not yet complete. However, we were ablgjs would be a violation of the “locality principle” (1), ex
to use the Causal CalculatofCCALC), an implementation pressed in moduleOCAL

of a subset o'+, to test our formalization of the Monkey

and Bananas domain using the library modules. 4. The monkey is not supported by the box. Where may

things (the monkey, the box, the bananas) be and what may

2http://www.cs.utexas.edu/ tag/ccalc/ . they be supported by?



- query commonsense reasoning and planning.
maxstep :: O;
0: support(monkey)\=box. Acknowledgements
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As we built up the library modules shown in this paper, we
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The next step will be to extend the work described in this
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