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l i n e a r l y ordered and unbounded in t i m e . 
Plans are bounded, h i e r a r c h i c a l , and 
n o n l i n e a r l y ordered based on the 
l o g i c a l connec t ion between an endur ing 
outcome of one a c t i o n and the 
p r e c o n d i t i o n of some subsequent a c t i o n . 
F u r t h e r , a p lan is w e l l - f o r m e d w i t h 
re fe rence t o the p l a n n e r ' s b e l i e f s 
about the wor ld ra the r than w i t h 
respect to the a c t u a l s t a t e o f the 
w o r l d . For these and s i m i l a r reasons, 
we have argued t ha t any process of p lan 
r e c o g n i t i o n must use meta-knowledge 
about p lans and the p s y c h o l o g i c a l 
c o n s t r a i n t s which d e f i n e a w e l l - f o r m e d 
p l a n . Knowledge of on l y the p h y s i c a l 
c o n s t r a i n t s on a c t i o n does not p rov ide 
s u f f i c i e n t i n f o r m a t i o n t o recogn ize 
p lans [ 8 ] . 

In t h i s paper we p r e s e n t , by means 
of an example, those aspects of a p lan 
r e c o g n i t i o n process t h a t have been 
implemented in BELIEVER. The 
p r o p e r t i e s of t h i s process have been 
mot i va ted p r i m a r i l y by our d e s i r e to 
i n c o r p o r a t e w i t h i n t h i s process c e r t a i n 
p s y c h o l o g i c a l assumptions about 
c h a r a c t e r i s t i c s of the human p lan 
r e c o g n i t i o n p rocess . The two major 
assumptions are t h a t the human process 
i s : (1) a genera l n o n - s p e c i a l i z e d 
p rocess ; and (2) is based on a 
hypothes ize and r e v i s e s t r a t e g y . The 
remainder o f t h i s paper is concerned 
w i t h conveying the meaning of these 
l a b e l s . However, i t w i l l b e u s e f u l t o 
f i r s t e x p l i c a t e these ideas in an 
i n f o r m a l way. 

Because o f i n t e r e s t i n a p p l i c a t i o n 
or fo r me thodo log ica l reasons, much of 
the recen t work in AI has been 
concerned wxth the r e p r e s e n t a t i o n of 
exper t knowledge w i t h i n a r e l a t i v e l y 
narrow domain. Chess, r e s t a u r a n t s , 
f l u s h t o i l e t s and p a r t i c u l a r e l e c t r o n i c 
c i r c u i t s are wel l -known examples o f 
t h i s approach. An e x p e r t ' s knowledge 
i s , b y d e f i n i t i o n , h i g h l y s p e c i a l i z e d 
and customized to a p a r t i c u l a r domain. 
Th i s has led researchers to encode t h i s 
knowledge in s i m i l a r l y s p e c i a l i z e d and 
customized forms which are o f t e n 
g e n e r i c a l l y r e f e r r e d t o a s s c r i p t s [ 3 ) . 
The use of s c r i p t - l i k e knowledge is an 
impor tan t aspect of the human 
i n f o r m a t i o n process ing c a p a b i l i t y . 

A g rea t dea l of research has 
focused on the problem of how to 
generate a p lan t h a t s a t i f i e s a g iven 
goa l [ 2 ] . The problem of p lan 
r e c o g n i t i o n is to take as i npu t the 
sequence of a c t i o n s performed by an 
ac tor and to i d e n t i f y the goal pursued 
by the actor and a lso to o rgan ize the 
a c t i o n sequence in terms of a p lan 
s t r u c t u r e . Th is p lan s t r u c t u r e 
e x p l i c i t l y desc r i bes the goa l - subgoa l 
r e l a t i o n s among i t s component u n i t s . 
Our concern w i t h p lan r e c o g n i t i o n has 
a r i s e n from our research [ 4 , 5 , 6 , 7 ] in 
the development of a theory of how 
persons understand the observed a c t i o n s 
of o t h e r s . A v a r i e t y o f exper iments 
[7] have demonstrated t h a t the summary 
as w e l l as the r e c a l l p r o t o c o l s of an 
a c t i o n sequence can be p r e d i c t e d i f i t 
is assumed tha t the observer is 
a c t i v e l y r e c o n s t r u c t i n g from the 
obse rva t i ons the p lan or p lans t h a t the 
ac to r i s e x e c u t i n g . 

The p s y c h o l o g i c a l theory of p lan 
r e c o g n i t i o n , BELIEVER, c o n s i s t s of a 
set of knowledge s t r u c t u r es and 
processes d e f i n e d w i t h i n the AIMDS 
system ( 1 1 ] . The s p e c i f i c a t i o n of the 
knowledge sources fo r the BELIEVER 
model arose from c o n s i d e r a t i o n s of the 
p r o p e r t i e s of the problem domain and do 
not r e s t on any p a r t i c u l a r 
p s y c h o l o g i c a l assumptions about 
p r o p e r t i e s of the human i n f o r m a t i o n 
process ing system. For example, the 
observed sequence of a c t i o n s t h a t serve 
as i npu t to a p l an r e c o g n i t i o n system 
do not p rov i de i n f o r m a t i o n t h a t 
i d e n t i f i e s which of the set o f outcomes 
assoc ia ted wxth an a c t i o n sequence 
corresponds to the goa l or goa ls of the 
a c t o r . I n f a c t , the a c t o r ' s p lan may 
have f a i l e d or been abandoned or 
i n t e r r u p t e d in which case the goa l 
outcome would not be represented at a l l 
in the a c t i o n sequence. I f cases such 
as these are to be r e c o g n i z e d , then a 
p lan r e c o g n i t i o n process must be 
capable o f counter f a c t u a l reasoning 
t h a t shows how a hypothes ized goa l 
cou ld have been achieved had some 
aspect of the p h y s i c a l wor ld been 
o t h e r w i s e . F u r t h e r , a c t i o n s are 



Howeve r , v e r y few o f u s a r e e x p e r t i n 
e v e r y t h i n g and none o f u s a r e b o r n t h a t 
way . S p e c i a l i z e d , c u s t o m i z e d knowledge 
must b e a c q u i r e d u s i n g q u i t e g e n e r a l 
and s c h e m a t i c know ledge [ 9 ] , 
A c c o r d i n g l y , t h e sys tem we have 
d e s i g n e d and i m p l e m e n t e d uses m u l t i p l e 
c o m m u n i c a t i n g know ledge s o u r c e s t o 
c u s t o m i z e and s p e c i a l i z e t h e g e n e r a l 
k n o w l e d g e a b o u t a c t s and p l a n s t o 
s p e c i f i c o b s e r v a t i o n a l i n p u t . 

r e d u c e d t o v a r i o u s t y p e s o f m a t c h i n g 
D r o c e s s e s . 

The r e q u i r e m e n t s d e r i v e d f r o m t h e 
c u r r e n t E S a r e l o g i c a l r e q u i r e m e n t s 
t h a t must b e met i f t h e a c t i o n s a r e t o 
b e i n t e r p r e t e d u s i n g t h a t p a r t i c u l a r 
ES. C o n s e q u e n t l y , a m i s m a t c h s i g n a l s 
t h e v i o l a t i o n o f a n e x p e c t a t i o n and 
i n d i c a t e s t h a t t h e ES must be r e v i s e d . 
A f t e r p r e s e n t i n g t h e o p e r a t i n o f t h i s 
b a s i c m a t c h i n g o r o c e s s we w i l l show how 
t h e r e s u l t s o f t h i s m i s m a t c h can b e 
used t o t r i g g e r and g u i d e a s t r a t e g y o f 
ES r e v i s i o n . T h i s h y p o t h e s i z e and 
r e v i s e s t r a t e g y i s c o n g r u e n t w i t h our 
g o a l o f u s i n g know ledge s t a t e d a t a 
g e n e r a l l e v e l i n p l a n r e c o g n i t i o n . The 
r e v i s i o n r u l e s a r e a n c h o r e d o n c l a s s e s 
o f m i s m a t c h e s be tween ES r e q u i r e m e n t s 
and t h e o b s e r v a t i o n s . C o n s e q u e n t l y , we 
have been a b l e t o a v o i d a n c h o r i n g t h e s e 
r e v i s i o n r u l e s t o p a r t i c u l a r E S 
s t r u c t u r e s . 

T h i s h y p o t h e s i z e and r e v i s e 
s t r a t e g y i s f u r t h e r m o t i v a t e d b y our 
a s s u m p t i o n t h a t human o b s e r v e r s d o n o t 
use a s t r a t e g y o f h e u r i s t i c s e a r c h t o 
e x p l o r e a l a r g e space o f p o s s i b l e 
i n t e r p r e t a t i o n s o f a sequence o f 
a c t i o n s . Ra the r t h e o b s e r v e r i s 
assumed t o e x p l o r e o n l y a f e w , u s u a l l y 
o n l y o n e , h y p o t h e s e s a t a t i m e . T h i s 
h y p o t h e s i s i s a d a p t e d t o t h e r e a l i t i e s 
o f t h e o b s e r v a t i o n s by a p r o c e s s o f 
r e f i n e m e n t and r e v i s i o n . T h i s s t r a t e g y 
does n o t i n s u r e c o r r e c t n e s s nor 
c o m p l e t e n e s s . However , t h i s i s n o t our 
g o a l . R a t h e r , w e hope t h a t t h i s 
s t r a t e g y w i l l a l l o w u s t o p r e d i c t t h e 
c o n d i t i o n s under w h i c h t h e human 
o b s e r v e r w i l l succeed o r f a i l i n t h e 
t a s k o f p l a n r e c o g n i t i o n . 

The P r o c e s s o f I n t e r p r e t a t i o n 

The p r o c e s s we d e f i n e b e l o w t a k e s 
a sequence o f a c t d e s c r i p t i o n s and by 
r e - r e p r e s e n t m g them a s p l a n u n i t s , 
p r o d u c e s a p l a n s t r u c t u r e t h a t i s 
s u p p o r t e d b y and i s c o n s i s t e n t w i t h t h e 
w o r l d model and t h e p e r s o n m o d e l . 

H y p o t h e s i z e and R e v i s e 

The t h r e e ma in s t e p s o f t h e 
p r o c e s s a r e : (1) [SETUPES] An 
app rop r i a te ES is set up and t h i s ES is 
customized fo r use in the c u r r e n t 
c o n t e x t . The ES may be s imp ly summoned 
from memory, cons t ruc ted by a p lan 
generator from knowing the goa l of the 
p l anne r , or may be p o s t d i c t i v e l y 
assembled u n i t by u n i t f rom the 
incoming o b s e r v a t i o n s . (2) [ACTINPUT] 
The i npu t act d e s c r i p t i o n is used to 
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The knowledge needed by a process 
of p lan r e c o g n i t i o n has been decomposed 
i n t o th ree major knowledge sources. 
These knowledge sources together w i t h 
some of the major l i n e s of 
communicat ion between them arc shown in 
F igure 1 . In t h i s f i g u r e the knowledge 
sources are r e f e r r e d to as the Person, 
P lan , and World Domains. Each 
knowledge domain de f i nes the concepts , 
r e l a t i o n s , and l o g i c a l dependencies 
oetween concepts t h a t govern the 
r e p r e s e n t a t i o n o f p a r t i c u l a r ins tances 
of o b j e c t s w i t h i n t ha t domain. The 
boxes l abe led Person Model (PM) , 
Expec ta t i on S t r u c t u r e (EG), and World 
Model (WM) g r a p h i c a l l y represent the 
d i f f e r e n t con tex t s w i t h i n which 
p a r t i c u l a r a s s e r t i o n s are ma in ta ined . 
The WM c o n s i s t s of the a s s e r t i o n s tha t 
the system b e l i e v e s to be t r ue of the 
c u r r e n t p h y s i c a l s i t u a t i o n . Th is set 
o f a s s e r t i o n s i s c o n s t a n t l y changing 
and being updated as a new d e s c r i p t i o n 
of an observed a c t i o n is i npu t to the 
system. In F igure 1 the beginn ing of 
such an i npu t stream is shown and 
r e f e r r e d to as Inpu t Ac t i on Sequence. 
The PM c o n t a i n s a s s e r t i o n s about what 
the sytem b e l i e v e s the actor b e l i e v e s , 
wants , and l i k e s , e t c . 

The ES represen ts the p lan 
s t r u c t u r e t h a t the system c u r r e n t l y 
b e l i e v e s the ac to r i s e x e c u t i n g . Th is 
a t t r i b u t i o n of a p lan to the actor 
r e q u i r e s t h a t : (1) the incoming act 
sequence match the p a r t i a l order of the 
p lan s t r u c t u r e ; (2) the actor have 
c e r t a i n b e l i e f s and wants ( the Person 
Model Requi rements) ; and (3) t h a t 
c e r t a i n a s s e r t i o n s about the phys i ca l 
wor ld be t r u e ( the World Model 
Requ i rements) . We w i l l show t h a t by 
d e f i n i n g the ES a p p r o p r i a t e l y and using 
t h i s knowledge decompos i t i on , the ES 
can be used by the p lan r e c o g n i t i o n 
process to compute the PM and WM 
requ i remen ts . F u r t h e r , by matching the 
p lan u n i t s of the ES to the incoming 
a c t i o n s the schema v a r i a b l e s of the ES 
can be bound and used to f u r t h e r 
customize and s p e c i a l i z e the ES to the 
o b s e r v a t i n a l c o n t e x t . In t h i s way the 
bas ic process o f p lan r e c o g n i t i o n i s 



u p d a t e t h e w o r l d mode 
ma tched a g a i n s t an expec 
in t h e ES. A p r o p e r 
b i n d i n g s f o r t h e v a r i a b l 
t h u s mak ing t h e f u r t h 
more s p e c i f i c . The de 
e x p e c t a t i o n g u i d e d ma tch 
r epor t e d i n [ 1 0 ] . 
C o n f l i c t s t h a t a r i s e 
e x p e c t a t i o n s and o b s e r v 
r u l e s f o r h y p o t h e s i s r e v 

1 and is t h e n 
t e d p l a n u n i t 

ma t ch p r o d u c e s 
es i n t h e E5 
e r e x p e c t a t i o n s 
t a i l s o f t h i s 
i n g p r o c e s s a r e 

(3) [REVISE] 
be tween t h e 

a t i o n s t r i g g e r 
l s i o n . 

The s t r u c t u r e o f ES schemata 

a r e s a t i s f i e d i n b o t h t h e s e m o d e l s , t h e 
i n o r d e r t o p r o p s a r e c h e c k e d . I f t h e 
p r o p o s i t i o n m e n t i o n e d i n a n 
i n o r d e r t o p r o p s was i n f a c t a c c o m o l i s h e d 
b y a n e a r l i e r p l a n b u t i s n o l o n g e r 
t r u e t h e n t h e a s s u m p t i o n o f " i n o r d e r t o " 
be tween t h e two p l a n s i s n o t 
s u p p o r t a b l e . 

The d i agnos i s and a n a l y s i s of the 
c u r r e n t l y a t t r i b u t e d p lan i s performed 
by a d e c i s i o n t r ee [8] us ing 
i n f o r m a t i o n ma in ta ined in a s t r u c t u r e 
c a l l e d INTERPRETATION . Each t e r m i n a l 
node o f t h i s d e c i s i o n t r e e c a l l s fo r a 
cor respond ing r e v i s i o n r u l e . The 
r e v i s i o n r u l e s per form a c t i o n s t h a t 
cou ld range from accommodating the next 
observed a c t i o n as being o p t i o n a l , or 
i n c l u d i n g i t as pa r t o f the present 
p l a n , or gene ra t i ng and i n s e r t i n g p lans 
to accompl ish f a i l e d mode l requ i rements , 
o r c l a i m i n g tha t the planner f a i l e d in 
s u c c e s s f u l l y c a r r y i n g out h i s p l a n , o r 
as d r a s t i c as abandoning the c u r r e n t 
assumptions and deve lop ing a d i f f e r e n t 
p lan s t r u c t u r e using whatever 
i n f o r m a t i o n can be m e a n i n g f u l l y c a r r i e d 
over from the p resen t p lan s t r u c t u r e . 
We i l l u s t r a t e below the a c t i o n s of the 
th ree components of the 
h y p o t h e s i z e - r e v i s e procedure . 

Example of D a s I c Match Process and 
C o n f l i c t Reso lu t i on 

An example e x p e c t a t i o n s t r u c t u r e 
is presented below using KRL- l i ke [1] 
conven t i ons . The n o t a t i o n [ r e f e r : V) 
i n t r oduces a v a r i a b l e name and a l l 
subsequent uses of the v a r i a b l e 
des igna te the same e n t i t y . Th is ES is 
cons t ruc ted by SETUPES from e i g h t p lan 
u n i t s t h a t use v a r i a b l e s to make 
re fe rences to o b j e c t s and l o c a t i o n s in 
the wor ld model . The e i g h t p lan u n i t s 
form a connected p a r t i a l l y ordered 
s t r u c t u r e shown in F igure 1 . 

(a EXPECTATION STRUCTURE 
A s s e r n b l e / a n d / E a t w i t h 
[ V a r l a b l e s 

( L I S T A LI L2 L3 01 02 03 0 4 ) ] 
( a g e n t ( a PERSON [ r e f e r : A ] ) ] ) 

The a c t i o n s embedded w i t h i n t h e ES a r e 
l i s t e d b e l o w . 
DESCRIPTION o f A s s e m b l e / a n d / E a t 
E x p e c t a t i o n S t r u c t u r e : 

(a WALK w i t h 
[ t o l o c ( a LOCATION [ r e f e r : L I ] ) ] ) 

(a TAKE w i t h 
[ o b j e c t ( a OBJECT [ r e f e r : 0 1 ] 

w i t h [ l o c L I ] 
w h i c h I s E d i b l e ) ] 

[ i n o r d e r t o o f ( t h e l a s t WALK) ] ) 
(a CARRY w i t h 
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S c h m i d t 

The ES c o n s i s t s of a number of 
p lan u n i t s w i t h s p e c i f i e d " m o r d e r t o " 
r e l a t i o n s among them which c o n s t i t u t e s 
a p a r t i a l o r d e r . The s t a r t i n g p lan 
u n i t s and the f i n a l u n i t are 
i d e n t i f i e d . The goal o f the f i n a l u n i t 
is a lso the goa l assigned to the ES. 
The set of t r i p l e s [PI S 92] c a l l e d the 
" i n o r d e r t o p r o p s " is formed from those 
p lans PI and P2 such t h a t the goal 
p r o p o s i t i o n S of PI is among the 
p r e c o n d i t i o n s o f P2. For t h i s i t 
should a l so be the case t ha t no other 
p lan u n i t occu r ing in between P1 and P2 
undoes the p r o p o s i t i o n S. The 
"mode l requ i rements" are p a i r s [S P] 
w i t h p r o p o s i t i o n s S, which are 
o p p o r t u n i t i e s for a p lan u n i t P in the 
ES, such t h a t there is no other p lan 0 
set up to accompl ish S. Each such 
p r o p o s i t i o n is r e q u i r e d to be s a t i s f i e d 
i n the i n i t i a l wor ld model . 

M o n i t o r i n g these p r o p o s i t i o n s a ids 
the i n t e r p r e t a t i o n process in 
deve lop ing f u r t h e r e x p e c t a t i o n s and j.n 
the r e c o g n i t i o n o f c o n f l i c t s and f a i l e d 
p l a n s . As i npu t a c t i o n s are matched 
aga ins t expected p lan u n i t s , they are 
s h i f t e a i n t o the Hypothesis set H, to 
des igna te t ha t they are supported by 
o b s e r v a t i o n s and are no longer 
"expec ted" t o occur . Th is d i s t i n c t i o n 
between 11 and E is represented 
g r a p h i c a l l y in F igure 1 where those 
u n i t s in H are l i n k e d to i npu t a c t i o n s 
tha t have been taken up by the system. 
As a p lan u n i t is s h i f t e d from the set 
E to the set H, other members of E are 
cons idered to be "next expected" p lan 
u n i t s . A next expected member has i t s 
modelrequi rements checked aga ins t the 
wor ld model . I f such a 
modelrequirement p r o p o s i t i o n i s t r u e i n 
the person model and f a l s e in the wor ld 
model , then t h i s p lan u n i t i s f l agged 
as "expected to f a i l " . I f a 
modelrequirement p r o p o s i t i o n i s f a l s e 
in both the person model and wor ld 
model , then a p lan to accompl ish the 
p r o p o s i t i o n i s generated and i n s e r t e d 
i n t o the ES. I f the model requi rements 


