
Soundness and Completeness Theorems for Th ree Formal izat ions of 
A c t i o n * 

G . N e e l a k a n t a n K a r t h a 
Department of Computer Sciences 

University of Texas at Aust in 
Aust in , 78712 

email: kartha@cs.utexas.edu 

A b s t r a c t 

Instead of t r y i n g to compare methodologies for 
reasoning about act ion on the basis of specific 
examples, we focus here on a general class of 
problems, expressible in a declarat ive language 
A. We propose three t ranslat ions, P, R and B 
f r o m A, representing respectively the first order 
methods of reasoning about act ion proposed by 
Pednaul t and Reiter and the c i rcumscr ipt ive 
approach of Baker. We then prove the sound
ness and completeness of these t ranslat ions rel
at ive to the semantics of A. Th is lets us com
pare these three methods in a mathemat ica l l y 
precise fashion. Moreover, we apply the meth 
ods of Baker in a general set t ing and prove a 
theorem which shows tha t i f the domain of i n 
terest can be expressed in A, c i rcumscr ip t ion 
yields results wh ich are i n tu i t i ve l y expected. 

1 I n t r o d u c t i o n 
Most of the past work in reasoning about act ion has 
been done using nonmonoton ic logics. Several nonmono
tonic formal isms have appeared in the l i te ra ture [Mc
Car thy , 1980; Rei ter , 1980; M c D e r m o t t and Doyle, 1980; 
Moore , 1985J and a number of technical results about 
these have been obta ined. Moreover, there has been a 
f lurry of formal isms wh ich are var iat ions of the above 
which were designed to handle instances in which the 
or ig ina l formal isms y ie ld counter in tu i t i ve resul ts1 . How
ever, the focus of most of th is work has been on for
ma l i z ing specific problems. Th i s makes i t very d i f f icu l t 
to compare the different approaches as to the range of 
app l i cab i l i t y of each. 

There also have been a t tempts recently to reason 
about act ion in f i rst order logic [Pednaul t , 1989; Schu
bert , 1990; Reiter, 199 l ] . A g a i n , most of the work has 
been in terms of specific examples. 

In th is paper, we focus on a general class of problems, 
which are expressible in a s imple declarat ive language 
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] The most notorious among such instances is the Yale 
shooting problem [Hanks and McDermott, 1987], for which a 
large number of solutions have been proposed. 

A, in t roduced in [Gelfond and Li fschi tz, 1992]. In tha t 
paper, the authors also define a t rans la t ion f r om A in to 
the language of extended logic programs and prove its 
soundness. Our work is s imi lar in tha t we provide sim
ple t ranslat ions f r om A i n to three different methodolo
gies which have been proposed in the l i te ra ture , bu t we 
prove b o t h the soundness and completeness of the three 
t ranslat ions relat ive to the semantics of A. Our mo
t i va t i on is to precisely characterize the strengths and 
l im i ta t ions of various formal izat ions of act ion and in 
tha t , our work is is related to tha t in [Li fschitz, 1991; 
L i n and Shoham, 1991]. 

The f irst two t ranslat ions we prov ide use the f irst order 
methods for reasoning about ac t ion, suggested by Ped
nau l t [Pednault , 1989] and Reiter [Reiter, 1991]. The 
t h i r d one is the nonmonoton ic fo rmal ism of c ircumscrip
t i on . The soundness and completeness of the three trans
lat ions is interest ing since it lets us compare these three 
methodologies in a mathemat ica l l y precise fashion: we 
get the result tha t they are equivalent in the sense tha t 
they a l l f a i th fu l l y capture the semantics of A. Many 
problems which have been discussed extensively in the 
l i te ra ture, such as the Yale shoot ing prob lem, are spe
cial cases of the formal iza t ion presented here. Thus , our 
work yields three classes of successful formal izat ions of 
wide appl icabi l i ty . Unl ike other approaches l ike tha t in 
[Shoham, 1988], in add i t ion to reasoning fo rward in t ime, 
the formal izat ions support reasoning backwards in t ime 
as wel l . They also let us deal w i t h incomplete ly specified 
i n i t i a l s i tuat ions. 

The technical ly most d i f f icu l t par t of th is paper is the 
fo rmal iza t ion based on c i rcumscr ip t ion . It is based on 
the fo l lowing idea of Baker [Baker, 1991]: When the 
abnorma l i t y predicate Ab is c i rcumscr ibed, the Result 
func t ion and the s i tua t ion constant corresponding to the 
i n i t i a l s i tua t ion , So are al lowed to vary. A theorem is 
proved which shows tha t the c i rcumscr ip t ion yields re
sults which are in tu i t i ve ly expected. Th i s result shows 
how to apply the methods in [Baker, 1991] in a general 
set t ing. The theorem is proved in a fashion which makes 
i t plausible t ha t the methods of p roo f can be employed 
in other s i tuat ions as wel l . 

In the next section, we describe the language A which 
is used to formal ize the domain of act ions. Section 3 de
scribes Pednaul t 's approach and a t rans la t ion of actions 
described in A which uses his scheme. Section 4 presents 
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a translation based on Reiter's approach. In Section 5, 
we provide a translation which uses the circumscriptive 
approach. Section 6 contains concluding remarks. The 
proofs of all the theorems are omitted. 

2 The Language A 
In this section, we describe the languge A introduced 
in [Gelfond and Lifschitz, 1992]. The reader who is in
terested in more examples and motivation is referred to 
that paper. 

Consider two disjoint nonempty sets of symbols, called 
fluent names and action names. A fluent expression is 
a fluent name possibly preceded by -. A v-proposition 
specifies the value of a fluent after performing zero or 
more actions from the init ial situation. It is of the form 

A causes F. 
A proposition is a v-proposition or an e-proposition. A 

domain description, or simply domain, is a set of propo
sitions (not necessarily finite). 

Examp le 1. The Blocks World domain D B , motivated 
by problem DA from [Lifschitz, 1989], is defined as fol
lows. The fluent names are Ontable and Inhand; the 
action names are Putdown, Pickup, Lower and Wait. 
The propositions of DB are: 

i n i t i a l l y - Ontable, 
Ontable a f ter Wait; Putdown, 
Putdown causes Ontable if Inhand, 
Putdown causes - Inhand if Inhand, 
Pickup causes Inhand if Ontable, 
Pickup causes -iOntable if Ontable, 
Lower causes Ontable if Inhand. 
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6 Summary and Discussion 
In th is paper, we have shown tha t the methods in [Ped-
nau l t , 1989; Reiter, 1991; Baker, 1991] are applicable to 
a large class of problems. These methods support rea
soning fo rward as well as backward in t ime. We have 
also compared these methods in a mathemat ica l ly pre
cise fashion. Moreover, we have shown how to apply 
the methods in [Baker, 1991] to reason about actions 
using c i rcumscr ip t ion , in a general set t ing. The results 
of th is paper, in combinat ion w i t h the soundness the
orem for the t rans la t ion in to logic p rogramming f rom 
[Gelfond and Li fschi tz , 1992], suggest tha t the computa
t iona l mechanism of logic p rogramming can be used for 
imp lement ing the theories of act ion proposed by Ped-
nau l t , Reiter and Baker. 

One ma jo r assumpt ion we make is tha t the problem 
domain under considerat ion can be formalized in A. As 
is po in ted ou t in [Gelfond and Li fschitz, 1992], A is 
rather l im i ted in i ts expressive power. For instance, we 
assume here tha t the fluents are al l independent. Th is 
means tha t we are spared the task of coping w i t h the 
" rami f i ca t ion p rob lem" . Another issue we do not ad
dress here is the qual i f icat ion problem. 

I t seems, however, tha t the methods out l ined in this 
paper w i l l prove capable of being extended to more com
plex domains. T h i s is the topic of our ongoing research. 
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