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Abstract. In a planning problem, some of the a v ailable actions ma y

b e irrelev an t for ac hieving the giv en goal. W e mak e this idea precise b y

de�ning, for an action description in language C +, when a subset of its

signature is \isolated." If all 
uen t constan ts men tioned in the goal of a

planning problem b elong to an isolated set � then an y v alid solution to

the problem will remain v alid if w e drop from it all actions that do not

b elong to � . F urthermore, this more economical plan will remain v alid if

w e drop all assumptions ab out the initial v alues of the 
uen t constan ts

that do not b elong to � . Iden tifying isolated sets can b e used to simplify

the statemen t of a planning problem.

1 In tro duction

In a planning problem, some actions can b e of no use for ac hieving the giv en goal.

John McCarth y [1998] in tro duced, for instance, an elab oration of the familiar

Missionaries and Cannibals puzzle in whic h the missionaries and the cannibals

ha v e hats, and the hats can b e exc hanged among them. He observ ed that ex-

c hanging hats is of no use if the goal is to cross the riv er. There exist v alid

solutions, of course, in whic h the missionaries and the cannibals execute the ac-

tion of exc hanging hats at v arious p oin ts in time, but these actions can b e alw a ys

dropp ed from a solution. Wh y is it ob vious, McCarth y asks, that exc hanging hats

is of no use?

Clearly , the extended Missionaries and Cannibals domain consists of t w o

parts, and one of them is, in tuitiv ely , \isolated" from the other. P art 1 in v olv es

the lo cations of ob jects (missionaries, cannibals and the b oat) and the action

of crossing the riv er. It is isolated from P art 2 that in v olv es the hats and the

action of exc hanging them. Since the goal (ev eryb o dy is at the other bank)

do es not refer to P art 2, the actions from P art 2 w ould not help us ac hiev e it.

In terestingly , P art 2 is apparen tly not \isolated" from P art 1. Indeed, if initially

t w o missionaries are at di�eren t banks and the goal is for one of them to w ear

the other's hat, it cannot b e ac hiev ed without crossing the riv er.

In this pap er, w e sho w ho w to mak e the idea of an isolated part precise. This is

imp ortan t for sev eral reasons. First, some computational metho ds used for plan

generation (for instance, satis�abilit y planning

[

Kautz and Selman, 1992

]

) ma y



Notation: m , m
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Simple 
uen t constan ts: Domains:
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1
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2

g

Bo olean action constan ts: Cr oss ( m )

Causal la ws:

Cr oss ( m ) causes L o c ( m ) = l ^ L o c ( B oat ) = l if L o c ( m ) 6= l

nonexecutable Cr oss ( m ) if L o c ( m ) 6= L o c ( B oat )

nonexecutable Cr oss ( M

1

) ^ Cr oss ( M

2

) ^ Cr oss ( M

3

)

exogenous c for ev ery action constan t c

inertial c for ev ery 
uen t constan t c

Fig. 1. Missionaries crossing

actually pro duce plans that con tain irrelev an t actions.

1

A metho d for iden tifying

suc h actions can help us mak e these plans more economical. Second, b y remo ving

the descriptions of useless actions from the de�nition of a planning problem w e

ma y b e able to reduce the size of the problem and mak e the planning task easier.

Third, w e will see later that, b esides b eing more economical, the plans that do

not con tain irrelev an t actions ha v e also another adv an tage: they remain v alid

after remo ving \irrelev an t assumptions" ab out the initial state.

In our analysis of the idea of a useless action, w e assume that the giv en

action domain is describ ed in language C +

[

Giunc higlia et al. , 2004

]

|one of the

\new generation" action description languages that are more expressiv e in some

w a ys

2

than the \classical" languages STRIPS and ADL. The use of suc h an

expressiv e represen tation language mak es the in v estigation of irrelev an t actions

a more c hallenging problem.

2 Example

Our approac h is illustrated here using a simpli�ed v ersion of the hat example

that in v olv es three missionaries and three hats, but no cannibals. Consider �rst

the C + description of the \three missionaries" domain sho wn in Fig. 1. The main

part of this description consists of the three causal la ws describing the e�ects

and preconditions of action Cr oss ( m ) (\missionary m crosses the riv er"). First,

executing this action causes b oth m and the b oat to b e at the bank l di�eren t

from the bank where m w as b efore. Second, this action cannot b e executed unless

m and the b oat are on the same bank. Third, the b oat only holds t w o.

1

This has b een observ ed in some of the exp erimen ts men tioned in Sect. 6 b elo w.

2

F or instance, C + allo ws us to describ e e�ects of actions indirectly . CCalc (see

http://www.cs.utexas.edu/user s/ta g/cca lc/ ) is a planner for action domains

represen ted in C + that is based on ideas of satis�abilit y planning.



Notation: i; j are in tegers suc h that 1 � i < j � 3.

Simple 
uen t constan ts: Domains:

Owner ( H
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2
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3

) f M

1

; M

2

; M

3

g

Bo olean action constan ts: Exchange ( H

1

; H

2
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1
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3
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2
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3
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Causal la ws:

constrain t Owner ( H

i

) 6= Owner ( H

j

)

Exchange ( H

i

; H

j

) causes Owner ( H

i

) = m

0

^ Owner ( H

j

) = m

if Owner ( H

i

) = m ^ Owner ( H

j

) = m

0

nonexecutable Exchange ( H

i

; H

j

)

if Owner ( H

i

) = m ^ Owner ( H

j

) = m

0

^ L o c ( m ) 6= L o c ( m

0

)

nonexecutable Exchange ( H

i

; H

j

)

if Owner ( H

i

) = m ^ Owner ( H

j

) = m

0

^ : ( Cr oss ( m ) � Cr oss ( m

0

))

Fig. 2. Additional actions: exc hanging hats. When these p ostulates are added to Fig. 1,

the sc hemas in the last t w o lines of Fig. 1 are understo o d to apply to the new 
uen t

and action constan ts as w ell

The planning problem P

1

, in whic h all missionaries and the b oat are initially

on B ank

1

and their goal is to get to B ank

2

, can b e solv ed in 3 steps:

1. f Cr oss ( M

1

) ; Cr oss ( M

2

) g

2. f Cr oss ( M

1

) g

3. f Cr oss ( M

1

) ; Cr oss ( M

3

) g

W e call this solution Plan A .

Consider no w the elab oration of the three missionaries domain obtained b y

adding hats (Fig. 2). According to the �rst of the four additional p ostulates, a

p erson do es not w ear t w o hats sim ultaneously . The second p ostulate describ es

the e�ect of the action Exchange ( H

i

; H

j

) (exc hanging the hats H

i

and H

j

).

Finally , this action is assumed to b e nonexecutable if the o wners of the hats

are on di�eren t banks of the riv er, and it cannot b e executed concurren tly with

crossing the riv er if one of the o wners is crossing and the other is not.

In the extended domain, consider the planning problem P

2

obtained b y

adding to P

1

the additional initial conditions sp ecifying the o wners of all hats:

Owner ( H

i

) = M

i

( i = 1 ; 2 ; 3) : Plan A solv es P

2

as w ell. Besides, P

2

has solutions

in v olving the action of exc hanging hats|for instance, the follo wing Plan B , in

whic h M

1

and M

2

exc hange their hats while crossing the riv er:

1. f Cr oss ( M

1

) ; Cr oss ( M

2

) ; Exchange ( H

1

; H

2

) g

2. f Cr oss ( M

1

) g

3. f Cr oss ( M

1

) ; Cr oss ( M

3

) g

But this plan can b e \impro v ed" b y dropping Exchange ( H

1

; H

2

). Generally , if a

sequence of ev en ts e

1

; : : : ; e

n

is a solution to the problem P

2

, then the sequence

e

1

n E ; : : : ; e

n

n E ; where E stands for f E xchang e ( H

i

; H

j

) : 1 � i < j � 3 g , is a

solution to o. In this sense, the action of exc hanging hats is irrelev an t.



Besides b eing more economical, Plan A is also more attractiv e than Plan B

for another reason, whic h is related to \conforman t planning"

[

Smith and W eld,

1998

]

|generating plans without branc hing when the initial conditions are in-

complete (or actions are nondeterministic). Imagine, for instance, that the form u-

las Owner ( H

i

) = M

i

are dropp ed from the list of initial conditions, so that the

giv en planning problem has 6 p ossible initial states. W e w an t to �nd a plan that

guaran tees ac hieving the goal in eac h of these states. Plan A has this prop ert y .

Plan B do es not: in some initial states, the redundan t action Exchange ( H

1

; H

2

) is

not executable concurren tly with Cr oss ( M

1

) and Cr oss ( M

2

), b ecause the o wner

of one of the hats H

1

, H

2

ma y b e crossing the riv er while the other is not.

In the follo wing sections w e mak e the idea of isolated parts of an action

description precise under the assumption that the action description is written

in C +. Then w e sho w that our t w o observ ations ab out Plan B |that it can b e

made more economical and that it can b e turned in to a solution to a conforman t

planning problem|are instances of a general theorem ab out isolated sets.

3

3 Action Descriptions, T ransition Systems, and Plans

The de�nitions of the syn tax and seman tics of language C + can b e found in

[

Giunc higlia et al. , 2004, Sect. 4

]

. Recall that the signature of an action de-

scription in this language consists of sym b ols of t w o kinds| 
uen t constan ts and

action constan ts . According to the syn tax of C +, an action description is a set

of \causal la ws" of three kinds|static la ws, action dynamic la ws, and 
uen t

dynamic la ws. Causal la ws of the �rst t w o kinds ha v e the form

caused F if G;

and 
uen t dynamic la ws ha v e the form

caused F if G after H

( F , G , H are form ulas satisfying certain syn tactic conditions). In Figs. 1 and 2

w e use abbreviations for causal la ws of sp ecial t yp es. F or instance,

nonexecutable a if F

stands for the 
uen t dynamic la w

caused ? if > after a ^ F :

See

[

Giunc higlia et al. , 2004, App endix B

]

for a complete list of abbreviations.

According to the seman tics of C +, ev ery action description denotes a \tran-

sition system"|a directed graph whose v ertices corresp ond to states, and whose

3

This pap er do es not address the problem of conforman t planning in full general-

it y . The example ab o v e is sp ecial in the sense that its initial conditions uniquely

determine the v alues of all \relev an t" 
uen t constan ts.



edges corresp ond to ev en ts leading from one state to another. Ev ery state is a

function that maps 
uen t constan ts to their v alues. Ev ery ev en t is a function

that maps action constan ts to their v alues. In the simple case when all action

constan ts are Bo olean, as in the example in Sec. 2, an ev en t e is understo o d as

the concurren t execution of all actions a suc h that e ( a ) = t , and w e iden tify e

with the set of all suc h actions.

Consider a transition system TS . A plan is a �nite sequence of ev en ts lab eling

the edges of TS . A history is an arbitrary path h s

0

; e

0

; s

1

; : : : ; e

n � 1

; s

n

i in TS

( s

0

; : : : ; s

n

are states, and e

0

; : : : ; e

n � 1

are ev en ts); n is the length of the history .

Histories of length 1 (that is, edges of TS ) are called transitions .

The follo wing de�nitions are based on

[

McCain and T urner, 1998

]

. W e de�ne

recursiv ely when a plan is executable in a giv en state:

(i) The empt y plan h i is executable in an y state;

(ii) a non-empt y plan h e

0

; : : : ; e

n

i is executable in a state s

0

if

{ h e

0

; : : : ; e

n � 1

i is executable in s

0

, and

{ for an y states s

1

; : : : ; s

n

suc h that h s

0

; e

0

; s

1

; : : : ; e

n � 1

; s

n

i is a history ,

there exists a state s

n +1

suc h that h s

n

; e

n

; s

n +1

i is a transition.

Let G b e a form ula that do es not con tain action constan ts. W e sa y that a

plan h e

0

; : : : ; e

n � 1

i is su�cien t for ac hieving the goal G in a state s

0

if, for an y

states s

1

; : : : ; s

n

suc h that h s

0

; e

0

; s

1

; : : : ; e

n � 1

; s

n

i is a history , s

n

satis�es G .

A plan is v alid for ac hieving G in a state s

0

if it is executable in s

0

and

su�cien t for ac hieving G in s

0

.

Consider, for instance, the \missionaries and hats" action description MH ,

sho wn in Figs. 1 and 2. Let the goal G b e

L o c ( M

1

) = Bank

2

^ L o c ( M

2

) = Bank

2

^ L o c ( M

3

) = Bank

2

: (1)

Both Plan A and Plan B de�ned in Sect. 2 are v alid for ac hieving the goal G in

the state satisfying the conditions

L o c ( M

i

) = L o c ( Bo at ) = Bank

1

; Owner ( H

i

) = M

i

( i = 1 ; 2 ; 3) : (2)

Plan A is also v alid for ac hieving G in the state

L o c ( M

i

) = L o c ( Bo at ) = Bank

1

( i = 1 ; 2 ; 3) ;

Owner ( H

1

) = M

1

; Owner ( H

2

) = M

3

; Owner ( H

3

) = M

2

;

(3)

but Plan B is not: in this state it is not executable.

4 Isolated Sets

Consider an action description D in the language C + with the set �

f l

of 
uen t

constan ts and the set �

act

of action constan ts. By �

all

w e denote �

f l

[ �

act

.

A subset � of �

all

is isolated with resp ect to D if, for ev ery causal la w L 2 D ,

(i) all constan ts o ccurring in L b elong to � , or



(ii) L do es not con tain constan ts from � , or

(iii) L is an action dynamic la w of the form

caused F if H ^ c ^ H

0

(4)

or a 
uen t dynamic la w of the form

caused F if G after H ^ c ^ H

0

; (5)

where c is a Bo olean action constan t that do es not b elong to � , and F and

G are form ulas that do not con tain constan ts from � .

In other w ords, � is isolated if constan ts from � and constan ts from �

all

n �

can o ccur together in a causal la w from D only when that causal la w has the

form (4) or (5), with constan ts from � o ccurring in the H and H

0

parts only .

F or instance, in the case of action description MH ,

�

f l

= f L o c ( M

i

) : 1 � i � 3 g [ f L o c ( B oat ) g [ f Owner ( H

i

) : 1 � i � 3 g ;

�

act

= f Cr oss ( M

i

) : 1 � i � 3 g [ f Exchange ( H

i

; H

j

) : 1 � i < j � 3 g :

De�ne

� = f L o c ( M

i

) : 1 � i � 3 g [ f L o c ( B oat ) g [ f Cr oss ( M

i

) : 1 � i � 3 g : (6)

This set is isolated with resp ect to MH . Indeed, the only causal la ws in MH

that con tain b oth constan ts from � and constan ts from �

all

n � are the last t w o

in Fig. 2, whic h stand for causal la ws of form (5) with E xchang e ( H

i

; H

j

) as c .

5 Main Theorem

Let � b e a subset of �

all

. States s and s

0

are � -equiv alen t to eac h other if the

v alue of ev ery 
uen t constan t from � in s is the same as its v alue in s

0

. F or

instance, if � is de�ned b y (6) then state (2) is � -equiv alen t to state (3).

In the theorem b elo w, D is an action description whose action constan ts are

Bo olean. The statemen t of the theorem refers to the follo wing condition on D :

(*) h;i is a plan executable in ev ery state.

This condition expresses that for ev ery state s there exists a state s

1

suc h

that h s; ; ; s

1

i is a transition. F or man y action descriptions, including MH , it

holds with s

1

= s .

Main Theorem Assume that D satis�es (*). L et � b e a subset of �

all

that

is isolate d with r esp e ct to D , and let G b e a formula of the signatur e �

f l

\ � .

If h e

0

; : : : ; e

n � 1

i is a plan valid for achieving the go al G in a state s

0

then the

se quenc e h e

0

\ � ; : : : ; e

n � 1

\ � i is a plan valid for achieving G in any state that

is � -e quivalent to s

0

.

The theorem tells us that if all 
uen t constan ts o ccurring in the goal of a

planning problem b elong to an isolated set � then dropping the action con-

stan ts that do not b elong to � from a v alid plan will result in a v alid plan also.



F or instance, the transformation of Plan B in to Plan A in Sect. 2 b y dropping

Exchange ( H

1

; H

2

) corresp onds to � de�ned b y (6), and to form ula (1) as G .

F urthermore, the \more economical" plan is v alid not only in state s

0

, but also

in an y state that is � -equiv alen t to s

0

. In the example from Sect. 2, from the

fact that Plan B is v alid in state (2) and all constan ts o ccurring in the goal (1)

b elong to (6) w e can conclude that Plan A is v alid for ac hieving this goal not

only in state (2), but also in state (3).

The pro of of the main theorem can b e found in the complete v ersion of the

pap er ( http://www.cs.ute xas .e du/ us er s/v l/ pap er s/i af .p s ).

Without condition (*), the statemen t of the theorem w ould b e incorrect.

6 Simplifying Action Descriptions

F rom the main theorem w e kno w that, under assumption (*), a solv able planning

problem remains solv able if w e limit atten tion to the plans that do not con tain

irrelev an t actions. This limitation can b e expressed b y declaring the irrelev an t

actions nonexecutable. Indeed, the e�ect of adding to D the causal la w

nonexecutable a (7)

is to remo v e from the corresp onding transition system the edges whose lab els

con tain a . F urthermore, in the presence of (7), remo ving causal la ws of the forms

nonexecutable a if F

and

a causes F if G

will ha v e no e�ect on the transition system. Suc h transformations can b e used

to simplify the statemen t of a planning problem b y remo ving p ostulates.

Consider, for instance, our missionaries and hats example|the planning

problem P

2

for action description MH , with initial conditions (2) and goal (1). If

w e are only in terested in the solutions that do not con tain the irrelev an t actions

Exchange ( H

i

; H

j

) then w e can remo v e the edges whose lab els con tain these ac-

tions b y adding to MH the causal la ws of form (7) with Exchange ( H

i

; H

j

) as a .

After that, the action description can b e simpli�ed b y dropping the last three

causal la ws from Fig. 2.

These observ ations suggest that the main theorem of this pap er can b e

sometimes used to replace planning problems with isolated parts b y equiv alen t,

smaller problems that ma y b e solv ed faster. This is con�rmed b y our exp eri-

men ts on the use of CCalc for solving the missionaries and hats problem (see

the full pap er for details).

7 Conclusion

In this pap er w e de�ned the concept of an isolated set of constan ts for action de-

scriptions in language C +. By iden tifying an isolated set w e can detect constan ts



that are irrelev an t for a giv en planning problem. After dropping irrelev an t ac-

tions, a v alid plan remains v alid for the same initial state, and it ma y also b ecome

v alid for other initial states. By declaring the irrelev an t actions nonexecutable

w e can sometimes mak e the planning problem easier.

P artitioning theories w as studied b oth in the con text of classical logic

[

Amir,

2001

]

and for nonmonotonic theories, suc h as logic programs under the answ er

set seman tics

[

Lifsc hitz and T urner, 1994

]

. The splitting set theorem from the

last pap er, in com bination with Prop osition 1 from

[

Lifsc hitz and T urner, 1999

]

,

can b e actually used to pro v e a sp ecial case of our main theorem.

W e exp ect that the main theorem of this pap er can b e used to extend the

computational p ossibilities of CCalc . T o this end, w e need to b e able to �nd the

minimal sets con taining all constan ts o ccurring in the goal of a giv en planning

problem. It turns out that suc h a set is alw a ys unique, and there is a simple

algorithm for computing it.
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