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ABSTRACT 

This work is concerned wi th the problem of rea
soning about physical objects and t h e i r pos i t ions 
in the space. The main goal is to develop a system 
which is able to " imagine" the scene in which a 
s tory takes p lace, i n f e r r i n g by means of su i tab le 
ru les the items which are not e x p l i c i t l y named, 
in order to v e r i f y the relevance of knowledge about 
the physical environment in the process of s to r ies 
understanding. The spec i f i c top ic covered by t h i s 
work is the problem of objects i n s t a n t i a t i o n and 
a set of ru les fo r i n f e r r i n g the existence of 
an object is proposed. 

I INTRODUCTION 

The problem of processing v isua l in format ion can 
be approached under several points of view and wi th 
d i f f e r e n t goals. F i r s t l y , the concept i t s e l f o f 
" v i sua l in format ion" can cover a wide range of 
in format ion types, from elementary v isual pat terns 
to the knowledge about physical objects and t h e i r 
organizat ion in complex scenes, possibly i nvo l v ing 
the i n t e r p r e t a t i o n of actors goals from t h e i r 
movements. Secondly such a knowledge can be handl 
ed, f o r instance, wi th the aim of support ing a 
recogn i t ion process or w i th the goal of v e r i f y i n g 
the ro le of imagination in the process of s to r i es 
understanding. This second goal d id not receive 
in the past the same a t t en t i on deserved to the 
f i r s t one. Basic works are due to (Boggess, 1979), 
(Heskovits, 1980), (Keirsey, 1978), (Lehnert, 1978), 
(Sondheimer, 1976), (Waltz, 1980), and to the 
" g e s t a l t i s t e n " (Kani tza, Legrenzi and Meazzini, 
1975), but up to now the problem has been only 
scratched. 

In t h i s work we are faced w i th high l eve l v isua l 
in format ion, tha t is the representat ion and manipu
l a t i o n of knowledge about phys ica l ob jec ts , t h e i r 
pos i t ions in a given environment, act ions invo lv ing 
t h e i r use and so on. Our main long term goal is to 
analyze how the i n f e r e n t i a l a c t i v i t i e s required to 
understand a story are a f fec ted by the knowledge 
about the physical cha rac te r i s t i c s of the env i ron
ment of the story i t s e l f , what spec i f i c reasoning 
ru les are used to handle physica l objects and how 
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such a reasoning c a p a b i l i t i e s can be implemented 
in an "anthropomorphic" robot . The f i r s t step t o 
wards the i n teg ra t i on of what we ca l l "v isua l knowl 
edge" i n t o a general purpose i n f e r e n t i a l system 
consists of bu i l d ing the scene sketched in a s to ry . 
This generat ion a c t i v i t y requires a basic c a p a b i l i 
ty of i n s t a n t i a t i n g and pos i t i on ing ob jects , which 
can seem a t r i v i a l problem but needs a su rp r i s i ng l y 
large amount of knowledge, due to the fac t that 
most of the scene is usual ly not d i r e c t l y described 
in the s to ry . 

In the fo l l ow ing we w i l l discuss some basic 
i n f e r e n t i a l ru les r e s t r i c t e d to the case of s t a t i c 
scenes and deal ing wi th " loca l reasoning", that is 
reasoning based on knowledge which can be ext racted 
from a s ing le conceptual izat ion or a s ing le spatial-
re la t i onsh ip between two ob jec ts . This set of ru les 
is under implementation in a conversational system, 
ca l led NAUSICA, which uses I t a l i a n language as 
communication mean and a conceptual dependency 
l i k e formalism fo r i t s i n te rna l conceptual represen 
t a t i o n (Adorni , Ansald i , Di Manzo and S t r inga , 
1981), (Adorni , Boccalatte and Di Manzo, 1982), 
(Schank, 1975). 

II PART-OF INSTANTIATION MECHANISM 

The PART-OF r e l a t i o n is used to express a func
t i o n a l connection between ob jec ts , as, fo r instance 
" leg PART-OF t a b l e " , "branch PART-OF t r e e " , " lock 
PART-OF door". The existence of a PART-OF r e l a t i o n 
does not always imply a physical connection between 
the involved ob jec ts ; however such a connection 
is necessary in order use the ob jec t , which is 
PART-OF, in accordance to i t s normal func t iona l 
c h a r a c t e r i s t i c s , and t h i s gives r i s e to the expecta 
t i o n of a physical, connect ion, i f there are no 
spec i f i c reasons to r e j e c t t h i s hypothesis. In the 
fo l l ow ing we present some examples of condi t ions 
tha t have been proved to be usefu l in order to 
accept or r e j e c t the i m p l i c i t i n s t a n t i a t i o n . From 
here on, if "A is PART-OF B", A w i l l be re fe r red to 
as the sub-part ob ject and B as the whole ob jec t . 
A. Consistency checks 

When the whole is i n s t a n t i a t e d , the pos i t i on of 
the sub-part w i th respect to the whole can be i n 
fe r red from the s t r u c t u r a l descr ip t ion of the whole 
i t s e l f , even w i t h i n approximate cons t ra in t s . The 
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pos i t i on of the whole must be in turn in fer red from 
knowledge about i t s t yp i ca l locat ions in a 
given (or assumed) environment. Thus, fo r instance, 
the sentence "the branch on the roof" allows us to 
assume an outdoor environment because of the on r e 
l a t i o n and the roof ob jec t , while the branch can be 
considered PART-OF a t ree . A t ree , in an outdoor 
environment, suggests something l i k e a garden (a 
garden can be in fe r red from knowledge about the l i v 
ing environment of a t r e e ) , where i t s t yp i ca l pos i 
t i o n is v e r t i c a l and in physical contact wi th the 
ground. From the s t r uc tu ra l descr ip t ion of 
a t ree we obtain a possible pos i t ion of the branch 
which is consistent wi th the r e l a t i on "on the roof", 
given that a roof is PART-OF a house, and a 
garden can be around a house. We w i l l ca l l th i s 
kind of consistency check a POSITION check. Other 
consistency checks are re la ted to object DIMENSIONS 
and SUPPORTING c a p a b i l i t i e s . 
B. Containers 

When the sub-part object is in x, where x is 
any object having the basic funct ion of s to r ing 
th ings , the i n s t a n t i a t i o n of the whole object is 
o f ten uncer ta in . Le t ' s consider the sentence "the 
lock in the store-room": even if an ins tan t ia ted 
door can be put inside a store-room, without f a i l 
ing the previously mentioned consistency checks, 
th i s is not the scene commonly imagined; it is much 
more l i k e l y that the l i s tener th inks simply of a 
stored lock . 
C. Supports 

If we hear that "the engines were roar ing on 
the t r ack " , we probably i ns tan t ia te a number of 
cars rac ing or ready to s t a r t ; on the contrary, 
i t is un l i ke l y that the sentence "the engine is 
roar ing on the bench" suggests a car on the bench. 
In the second sentence the sub-part object is on an 
object having the funct ion of g iv ing support; i f 
there are not spec i f i c reasons to do the opposite, 
a d i r e c t support is supposed and the whole object 
is not i ns tan t i a t ed . 

1ll CONTAINED INSTANTIATION MECHANISM 

There is a class of objects which usual ly need 
to be contained by some spec i f i c container. We w i l l 
r e fe r to objects of t h i s class as " f l u i d " ob jects . 
Liquids are a t yp i ca l example of f l u i d ob jects , 
but also s o l i d objects made of a large number of 
smal l , disconnected parts e x i b i t s im i la r propert ies, 
at leas t from the po in t of view of the use of con
t a i ne r s , and therefore they can c l a s s i f i e d as f l u 
i ds . When a f l u i d object is addressed,some spec i f i c 
containers must be i m p l i c i t l y i n s t a n t i a t e d , i f there 
are no e x p l i c i t references to them. The kind of con 
ta iner may depend on the type of f l u i d or on the 
assumed environment or both . There are however 
some const ra in ts to f u l f i l l in order to make reason
able the i m p l i c i t i n s t a n t i a t i o n of a container. 

A. Consistency checks 
Unlike what happens wi th the PART-OF i n 

s t a n t i a t i o n mechanism, i f the f l u i d is the subject 
of a spa t i a l r e l a t i onsh ip , then the supposed con
ta iner usual ly i nhe r i t s such a r e l a t i o n s h i p ; 
therefore consistency can be checked using those 
i n te rp re ta t i on ru les which are t yp i ca l of the i n 
volved r e l a t i o n . For instance, the phrase 'the beer 
on the tab le " implies a r e l a t i o n l i k e "a glass on 
the t a b l e " , which can be accepted, whi le in the 
phrase "the sugar in the lock" , the i n t e r p r e t a t i o n 
ru les of the in re la t ionsh ip re jec t the hypothesis 
of "a sugar-basin in the lock". 
B. Locations 

The i n s t a n t i a t i o n of a container is usual ly r e 
jected i f i t s in fe r red locat ion i s very unusual, 
in our everyday experience. I f , for instance, we 
say "the coffee on the w a l l " , probably the l i s t ene r 
w i l l not imagine the coffee inside a cof fee-pot 
hung up on the w a l l ; it is much more l i k e l y to sup
pose t h a t , f o r some accident, coffee splashed up 
to the wa l1 . 
C. Object cha rac te r i s t i cs 

Some kind of f l u i d objects usual ly do not lead 
to the i n s t a n t i a t i o n of spec i f i c containers. They 
are t y p i c a l l y "na tura l f l u i d s " which ex i s t in 
outdoor environments in a free s ta te , or the r e 
mainder of some physical or manufacturing process 
("the sand on the f l o o r " ) . The assumed environment 
can play a relevant r o l e . Some f l u i d s , fo r i n 
stance, are much more l i k e l y to require a spec i f i c 
container in an indoor than in an outdoor env i ron
ment ("the water on the tab le " against " the water 
on the s t r e e t " ) . 

IV STATE CONDITIONS 

Some objects require the presence of other ob
j e c t s , of ten depending on the environment, in order 
to mantain a good physical s ta te . Such s ta te cond i 
t ions are t yp i ca l of l i v i n g ob jec ts ; so, i f we say 
"the f i s h on the t a b l e " , some water must be i n 
s tan t ia ted in order to create a su i tab le l i v i n g 
environment fo r the f i s h . In most cases the imp l i c 
i t i n s t a n t i a t i o n is based on the assumption tha t 
the l i v i n g object is in a good physical s t a t e ; t h i s 
assumption is acceptable i f there is no contrary 
evidence. Some environments, however, can lead to 
re jec t i on of such an assumption, and therefore no 
i m p l i c i t i n s t a n t i a t i o n is requ i red: an example can 
be "the f i s h in the f ishmonger's shop". State condi 
t ions can hold also fo r not l i v i n g ob jec ts . The 
most common case is re la ted to not-embedding assump 
t i ons ; hence, if we say " the plane is hidden in 
the mountain", a cave is i n s t a n t i a t e d . 

V OTHER INSTANTIATION MECHANISMS 

There is a set of basic mechanisms which can 
be used both to d i r e c t l y i ns tan t i a te objects and 
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to check i n s t a n t i a t i o n s made by means of PART-OF or 
CONTAINED r e l a t i o n s . I n t h i s s e c t i o n w e w i l l 
b r i e f l y d i s c u s s t h r e e o f them, namely t he SUB-PART, 
t h e SUPPORT and the CONTENT. 
A. S u b - p a r t 

When the g e o m e t r i c s t r u c t u r e o f the p r o t o t y p e 
o f a c l a s s o f o b j e c t s i s d e s c r i b e d , u s u a l l y o n l y 
few e lements can be assumed to be a lways p r e s e n t in 
every i n s t a n t i a t i o n ; a number o f o p t i o n a l v a r i 
a t i o n s must, be taken i n t o a c c o u n t , wh ich a re not. 
i n s t a n t i a t e d u n l e s s t h e r e a re s p e c i f i c reasons t o 
d o i t . G e n e r a l l y , a n o p t i o n a l s u b - p a r t ( a drawer 
f o r a t a b l e , f o r i n s t a n c e ) i s i n s t a n t i a t e d o n l y 
i f i t i s e x p l i c i t l y m e n t i o n e d ; however , t h e r e a re 
cases in wh ich i t must be i n f e r r e d to make a spa 
t i a l r e l a t i o n r e a s o n a b l e . For example , i f w e say 
t h a t " t h e p e n c i l i s i n the t a b l e " , we must i n f e r a 
s u b - p a r t o f t h e t a b l e usab le as a c o n t a i n e r , o t h e r 
w ise we shou ld suppose the p e n c i l embedded in the 
t a b l e ; t h e r e f o r e , i f a n o p t i o n a l drawer i s d e s c r i b 
e d i n the t a b l e p r o t o t y p e , i t . w i l l b e i n s t a n t i a t 
e d . 
B. Suppor t 

The SUPPORT i n s t a n t i a t i o n mechanism may be a c t i 
v a t e d when a s u p p o r t i n g a c t i o n between two o b j e c t s 
i s i n f e r r e d ; t h i s u s u a l l y happens when an on r e 
l a t i o n i s a s s e r t e d o r assumed. To accept the s u p 
p o r t h y p o t h e s i s a number of c o n s i s t e n c y checks must 
succeed , i n v o l v i n g the w e i g h t o f t he s u p p o r t e d o b 
j e c t , m a t e r i a l and s t r u c t u r e o f the s u p p o r t i n g one 
and so o n . One o f t h i s check i s concerned w i t h the 
c a p a b i l i t y o f the s u p p o r t e d o b j e c t to man t a i n a 
p h y s i c a l c o n t a c t w i t h the s u p p o r t e r ; f o r i n s t a n c e , 
a f l y on the w a l l has t h i s c a p a b i l i t y , w h i l e a pic 
t u r e on the w a l l has n o t . In the second case , an 
i n t e r m e d i a t e s u p p o r t must b e i n f e r r e d , i f p o s s i b l e 
( a n a i l i n the case o f the p i c t u r e on the w a l l ) . 

C. Con ten t 
Many o b j e c t s , e x p e c i a l l y i f they d e f i n e e n v i r o n 

ments ( l i v i n g room, garden and so on) may cause 
e x p e c t a t i o n s f o r some s p e c i f i c c o n t e n t . F o r example , 
t o say " l i v i n g room" sugges ts a p a r t i c u l a r i n d o o r 
v iew w i t h some t y p i c a l p i e c e s o f f u r n i t u r e . 

T h e r e f o r e , a sen tence a s " t h e p l a n t i n the l i v i n g 
room" r e s u l t s i n the i m p l i c i t i n s t a n t i a t i o n , f o r 
i n s t a n c e , o f a r m c h a i r s , s o f a , smal1 t a b l e s and ever 
y o t h e r o b j e c t wh ich is commonly in such a room. 

VI CONCLUDING REMARKS 

We w i l l conc lude g i v i n g one s i m p l e example o f 
a c o o r d i n a t e use of the proposed mechanisms and 
o f t h e system c a p a b i l i t i e s a t t h e c u r r e n t s t a g e 
o f i m p l e m e n t a t i o n . 
Le t u s c o n s i d e r t he p h r a s e : " a p l a n t i n t h e l i v i n g 
r o o m " . The l i v i n g room, t h r o u g h t h e CONTENT mecha
n i s m , r e s u l t s i n t he i n s t a n t i a t i o n o f a room w i t h 
i t s t y p i c a l a c c e s s o r i e s . The s t r u c t u r e o f t he room 
( d i m e n s i o n s , p o s i t i o n o f d o o r , windows and so on) 

as w e l l as t he p o s i t i o n o f i t s c o n t e n t i s chosen by 
d e f a u l t ; i n t he same way i s f i x e d the p o i n t o f v iew 
under which the whole scene is gene ra ted .The p lan t - , 
because of STATE c o n d i t i o n s , r e q u i r e s some 
e a r t h ( i n a l i v i n g room a p l a n t i s supposed a l i v e ) ; 
STATE c o n d i t i o n s g i v e a l s o t h e expec ted r e l a t i v e po 
s i t i o n s o f the p l a n t and t.he e a r t h . E a r t h in an in -
door env i ronment has f l u i d c h a r a c t e r i s t i c s , 
so i t r e q u i r e s a p r o p e r c o n t a i n e r (a b i g pot. i n an 
indoor e n v i r o n m e n t ) , whose d e f a u l t l o c a t i o n i s o n 
the f l o o r , i f a n o t h e r s p a t i a l r e l a t i o n f o l l o w s , a s , 
f o r i n s t a n c e , " t h e p lan t , i s on the t a b l e " , t he same 
assumed env i ronment (a l i v i n g room) i s man ta ined , 
s i n c e i t can c o n t a i n the ob jec t , (a t a b l e ) used as 
new l o c a l r e f e r e n c e . The p r i n c i p l e of "minimum num
ber o f o b j e c t s " i s f o l l o w e d , a v o i d i n g t o i n s t a n t i a t e 
another p l a n t , and p o s s i b l y a n o t h e r t a b l e , 
i f one i n s t a n c e o f such o b j e c t s a l r e a d y e x i s t s ; h e n c e 
the new sentence s i m p l y r e s u l t s in remov ing one o f 
the i n f e r e n c e s done d u r i n g the a n a l y s i s o f 
the f i r s t one ( t h e po t o n the f l o o r ) , p o s i t i o n i n g 
aga in the po t in accordance to t.he new i n f o r m a t i o n . 
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