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ABSTRACT 

As a d ia log progresses the objects and 
ac t ions that are most re levant to the conversat ion, 
and hence in the focus of a t t e n t i o n of the d ia log 
p a r t i c i p a n t s , change. This paper describes a 
representa t ion of focus for language understanding 
systems, emphasizing i t s use in understanding task-
or ien ted d ia logs . The representat ion h i g h l i g h t s 
tha t par t of the knowledge base re levant at a given 
po in t in a d i a l o g . A model of the task is used 
both to s t ruc tu re the focus representat ion and to 
provide an index i n t o p o t e n t i a l l y re levant concepts 
in the knowledge base The use of the focus 
representa t ion to make r e t r i e v a l of items from the 
knowledge base more e f f i c i e n t is described. 

I INTRODUCTION 

To understand the sentences in a discourse, a 
computer system, l i k e a person, must have knowledge 
about the domain of the discourse. However, the 
knowledge required to understand even simple, r e a l -
l i f e domains is so extensive that i t w i l l overwhelm 
a system tha t does not apply i t s e l e c t i v e l y . This 
means tha t the a b i l i t y to focus on the subset of 
knowledge re levant to a p a r t i c u l a r s i t u a t i o n is 
c r u c i a l . This paper addresses the problem of focus 
from the perspect ive of bu i l d i ng a computer system 
that can p a r t i c i p a t e in a task-or iented d i a l og . A 
representa t ion for focus is presented; i t s use is 
i l l u s t r a t e d by showing how the re ferents of 
d e f i n i t e noun phrases are i d e n t i f i e d . 

A combination of contextual fac tors in f luences 
the i n t e r p r e t a t i o n of an ut terance. In f a c t , what 
is usua l ly meant by " the context of an ut terance" 
is p rec ise ly tha t set of cons t ra in ts which together 
d i r e c t a t t e n t i o n to the concepts o f i n t e r e s t in the 
discourse in which the ut terance occurs. Both the 
preceding discourse context -■- the utterances tha t 
have already occurred — and the s i t u a t i o n a l 
context — the environment in which an utterance 
occurs — a f f e c t the i n t e r p r e t a t i o n of the 
u t terance. For a d i a l o g , the s i t u a t i o n a l context 
includes the phys ica l environment, the soc ia l 
s e t t i n g , and the r e l a t i o n s h i p between the 
p a r t i c i p a n t s in the d i a l o g . This paper shows how 
the task and d ia log contexts combine to provide a 
focus on those concepts re levant to the 
i n t e r p r e t a t i o n o f ut terances in task-or ien ted 
d ia l ogs . 

This research is cu r ren t l y supported by the 
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DAAG29-76-C-0011, administered through the Army 

The fo l l ow ing two d ia log fragments i l l u s t r a t e 
the r o l e o f focus in i n t e r p r e t i n g ut terances. 

S I : The l i d is attached to the container 
w i th four 1/4-inch b o l t s . 

R1: Where are the bol ts? 

S2: Attach the l i d to the conta iner . 
R2: Where are the bo l ts? 

In the f i r s t sequence, statement S1 e x p l i c i t l y 
po ints out a set of bo l t s tha t are then re fe r red to 
in response R1. The d ia log context provides the 
focus fo r understanding the phrase In the second 
sequence, no such e x p l i c i t mention occurs. 
Instead, the a t tach ing re fe r red to in S2 i m p l i c i t l y 
focuses on the fasteners invo lved . In a p a r t i c u l a r 
task contex t , knowledge about the process of 
a t tach ing a s p e c i f i c l i d to a s p e c i f i c container 
focuses on a s p e c i f i c set of bo l t s Hence, the 
noun phrase in R2 is unambiguous. 

A. REQUISITES FOR. A FOU REPRESENTATUION 

proper t ies o f 
t c r u c i a l i s that i t 
in the knowledge base 
r t i o n of the world 

basis of relevance. 
the knowledge base 

cur rent discourse, 
es the system to 
ion f i r s t dur ing i t s 
ions. 

There are three r e q u i s i t e 
focus representa t ion . The mos 
d i f f e r e n t i a t e among the items 
( i . e . , the encoding of that po 
the system knows about) on the 
By h i g h l i g h t i n g those items in 
tha t are most re levant to the 
the focus representat ion enabl 
access more important informat 
r e t r i e v a l and deduction operat 

Second, the focus representat ion must account 
for i m p l i c i t l y focused items Spec i f i c mention of 
an ob ject br ings i n to focus not only the object 
i t s e l f , but a lso ce r ta in associated i tems. For 
example, mention of " the house" br ings i n t o focus 
such associated objects as " the l i v i n g room", " the 
r o o f " , " the ya rd " , and " the owner". Parts of 
ac t ions as we l l as objects may enter focus in t h i s 
way. For example, "sewing a dress" br ings i n t o 
focus " c u t t i n g out the s k i r t " . 

Th i rd , the focus representat ion must inc lude 
mechanisms for s h i f t i n g focus. As successive 
ut terances in a discourse are i n t e r p r e t e d , the 
items in focus change. Sh i f t s of focus occur both 
gradua l ly w i th t ime, and more abrupt ly wi th change 
of t o p i c . Not only the objects in focus, but a lso 
the p a r t i c u l a r way of viewing them, can change. 
For example, a doctor can be viewed as a member of 
the medical p ro fess ion, or aA having a r o l e in a 
fam i l y . 
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B. OVERVIEW OF PAPER 

The n e x t s e c t i o n d e s c r i b e s a f ocus 
r e p r e s e n t a t i o n t h a t s a t i s f i e s t h e s e r e q u i r e m e n t s . 
The r e p r e s e n t a t i o n was deve loped i n t h e c o n t e x t o f 
a sys tem f o r u n d e r s t a n d i n g language (Walker 1976) . 
The knowledge base o f t h i s system i s embodied i n a 
seman t i c n e t w o r k . In such a s y s t e m , i d e n t i f y i n g a 
n e t w o r k s t r u c t u r e i s t h e a n a l o g o f t h e human 
p r o c e s s o f i d e n t i f y i n g and r e t r i e v i n g a n i t e m f rom 
memory. Hence, t h e m a t c h i n g o f n e t w o r k s t r u c t u r e s 
i s a c r u c i a l p rocess i n i n t e r p r e t i n g u t t e r a n c e s . A 
ma jo r use o f t h e f ocus r e p r e s e n t a t i o n i s t o make 
t h i s m a t c h i n g p rocess more e f f i c i e n t . Once t h e 
f o c u s r e p r e s e n t a t i o n has been d e s c r i b e d , and i t s 
use i l l u s t r a t e d , mechanisms f o r s h i f t i n g focus i n 
t a s k - o r i e n t e d d i a l o g s a r e d i s c u s s e d . These 
mechanisms a r e t h e o n l y p a r t o f t h e focus 
r e p r e s e n t a t i o n t h a t i s s p e c i f i c t o t a s k - o r i e n t e d 
d i a l o g s . F i n a l l y , a d e s c r i p t i o n i s g i v e n o f how 
t h e focus r e p r e s e n t a t i o n can be ex tended to h e l p 
s o l v e two e s s e n t i a l p rob lems i n n a t u r a l l anguage 
u n d e r s t a n d i n g : f o c u s i n g o n d i f f e r e n t a t t r i b u t e s o f 
t h e same o b j e c t under d i f f e r e n t c i r c u m s t a n c e s , and 
f o r g e t t i n g i n f o r m a t i o n no l o n g e r r e l e v a n t t o a 
d i s c o u r s e . 

The focus r e p r e s e n t a t i o n was imp lemented in 
t he SRI speech u n d e r s t a n d i n g system ( W a l k e r , 1976) 
and used by t h e d i s c o u r s e component to r e s o l v e 
d e f i n i t e noun p h r a s e s . The p rocess r e p r e s e n t a t i o n 
used t o encode t h e t a s k m o d e l , w h i c h i s needed b o t h 
f o r i m p l i c i t f o c u s i n g and t o g u i d e s h i f t s o f f o c u s , 
i s des igned and c u r r e n t l y b e i n g imp lemen ted . (The 
speech u n d e r s t a n d i n g system i m p l e m e n t a t i o n used a 
s i m p l e r s h i f t s t r a t e g y t h a n t h e one d e s c r i b e d 
h e r e . ) 

II THE FOCUS REPRESENTATION 

T h i s s e c t i o n d e s c r i b e s a t w o - p a r t f ocus 
r e p r e s e n t a t i o n . One p a r t c o r r e s p o n d s t o e x p l i c i t 
f o c u s , t h e o t h e r t o i m p l i c i t f o c u s . The e x p l i c i t 
f ocus d a t a s t r u c t u r e c o n t a i n s t hose i t e m s t h a t a r e 
r e l e v a n t t o t h e i n t e r p r e t a t i o n o f a n u t t e r a n c e 
because t h e y have p a r t i c i p a t e d e x p l i c i t l y i n t h e 
p r e c e d i n g d i s c o u r s e . I m p l i c i t f o c u s c o n s i s t s o f 
t hose i t e m s t h a t a r e r e l e v a n t because t h e y a r e 
c l o s e l y connec ted t o i t e m s i n e x p l i c i t f o c u s . For 
i n s t a n c e , i n t h e d i a l o g f r a g m e n t s g i v e n i n t h e 
I n t r o d u c t i o n , b o t h S 1 and S 2 r e s u l t i n t h e l i d , t h e 
c o n t a i n e r , and t h e a t t a c h i n g o p e r a t i o n b e i n g i n 
e x p l i c i t f o c u s . The b o l t s i n v o l v e d i n t h e 
o p e r a t i o n a r e i n e x p l i c i t f o c u s f o l l o w i n g S 1 , b u t 
i m p l i c i t f ocus f o l l o w i n g S2. 

Concepts t h a t a r e i m p l i c i t l y f ocused a r e 
s e p a r a t e d f rom those t h a t a r e e x p l i c i t l y f ocused 
( i . e . , t h e y a r e n o t added t o t h e e x p l i c i t f ocus 
d a t a s t r u c t u r e ) f o r two r e a s o n s . F i r s t , t h e r e a r e 
numerous i m p l i c i t l y f ocused i t e m s , many o f w h i c h 
a r e never r e f e r e n c e d i n a d i a l o g . I n c l u d i n g t h e s e 
i t e m s i n t h e e x p l i c i t f o c u s d a t a s t r u c t u r e would 
c l u t t e r i t , weakening i t s h i g h l i g h t i n g f u n c t i o n . 
Second, r e f e r e n c e s t o i m p l i c i t l y f ocused i t e m s a r e 
c o n s i d e r e d i n d i c a t i o n s o f s h i f t s o f f o c u s . 

FOCUS 
EPRESENTATIQN QF EXPLICIT 

The r e p r e s e n t a t i o n o f e x p l i c i t f o c u s i s 
a c h i e v e d by p a r t i t i o n i n g a seman t i c n e t w o r k . A 
s e m a n t i c n e t w o r k i s a d i r e c t e d g r a p h : a s e t o f 
nodes , and a s e t o f ( l a b e l l e d , d i r e c t e d ) a r c s , 
c o n n e c t i n g p a i r s o f t hose nodes . Networks have 
been used i n s e v e r a l p r e v i o u s l anguage 
u n d e r s t a n d i n g sys tems ( e . g . , Q u i l l i a n . 1968; 
Simmons, 1973) . Conven t i ons f o r t h e use and 
meaning o f nodes and a r c s v a r y . The ne two rks 
d e s c r i b e d he re use t h e c o n v e n t i o n s o f 
H e n d r i x ( 1 9 7 5 ) — n o d e s a r e used t o r e p r e s e n t 
" o b j e c t s , " where " o b j e c t s " i n c l u d e such t h i n g s a s 
p h y s i c a l o b j e c t s , e v e n t s , r e l a t i o n s h i p s , and s e t s . 
Arcs a r e used o n l y t o encode t hose b i n a r y 
r e l a t i o n s h i p s t h a t d o n o t change over t i m e . 

P a r t i t i o n i n g adds t o t h e s t r u c t u r e o f a 
s e m a n t i c n e t w o r k by segmen t ing t h e nodes and a r c s 
o f t h e n e t w o r k i n t o u n i t s c a l l e d spaces . 
H e n d r i x (1975) i n t r o d u c e d t h e n o t i o n o f n e t w o r k 
p a r t i t i o n i n g , and d e s c r i b e d i t s use i n e n c o d i n g 
q u a n t i f i c a t i o n , a b s t r a c t i o n , and h y p o t h e t i c a l 
w o r l d s . I n a d d i t i o n t o s e p a r a t i n g t h e nodes o f a 
n e t w o r k i n t o s p a c e s , p a r t i t i o n i n g p r o v i d e s f o r 
g r o u p i n g t h e spaces i n t o o r d e r e d s e t s c a l l e d 
v i s t a s . V i s t a s t y p i c a l l y a r e used t o r e s t r i c t t h e 
n e t w o r k e n t i t i e s seen b y p r o c e d u r e s t h a t r e f e r e n c e 
t h e ne two rk ( i . e . , v i s t a s Impose v i s i b i l i t y 
c o n s t r a i n t s ) . When g i v e n a v i s t a , a p rocedu re can 
o p e r a t e a s t hough t h e o n l y nodes and a r c s i n t h e 
n e t w o r k a r e t h o s e c o n t a i n e d i n some space i n t h e 
v i s t a . A l t h o u g h any s e t o f spaces may be c o l l e c t e d 
i n t o a v i s t a , v i s t a s t y p i c a l l y a r e used t o g roup 
spaces h i e r a r c h i c a l l y . 

T o encode f o c u s , H e n d r i x ' s n o t i o n o f 
p a r t i t i o n i n g has been ex tended to a l l o w a n e t w o r k 
to be p a r t i t i o n e d in more t h a n one way. The nodes 
and a r c s a r e s e p a r a t e d i n t o d i f f e r e n t s e t s o f 
segments f o r d i f f e r e n t p u r p o s e s . I n p a r t i c u l a r , 
t h e n e t w o r k i s p a r t i t i o n e d t o encode f o c u s i n 
a d d i t i o n t o b e i n g p a r t i t i o n e d t o encode 
q u a n t i f i c a t i o n . The p a r t i t i o n i n g t o encode 
q u a n t i f i c a t i o n i s r e f e r r e d t o a s t h e " l o g i c a l 
p a r t i t i o n i n g , " and i s r e p r e s e n t e d b y dashed l i n e s 
i n t h e f i g u r e s i n t h i s r e p o r t . The p a r t i t i o n i n g t o 
encode focus i s r e f e r r e d t o a s t h e " f o c u s 
p a r t i t i o n i n g " and i s r e p r e s e n t e d b y s o l i d l i n e s . 
The spaces i n t h e f ocus p a r t i t i o n i n g a r e used t o 
h i g h l i g h t i t e m s t h a t become focused i n a d i s c o u r s e . 
The f ocus spaces a r e r e l a t e d i n a h i e r a r c h y t h a t 
r e f l e c t s t h e s t r u c t u r e o f t h e d i s c o u r s e ( t h i s i s 
i m p o r t a n t f o r s h i f t i n g f o c u s , a s w i l l b e d i s c u s s e d 
l a t e r ) . 

An example o f a p a r t i t i o n e d seman t i c n e t w o r k 
i s d i s p l a y e d i n F i g u r e 1 . The n e t w o r k i s d i v i d e d 
i n t o f o u r s p a c e s : SO, S 1 , S2, and S3- The 
c o n v e n t i o n s adop ted f o r f i g u r e s i n t h i s paper a r e 
t h a t a node l i e s o n t h e s p a c e ( s ) i n s i d e o f w h i c h I t 
i s d r a w n , and a n a r c l i e s o n t h e s p a c e ( s ) i n s i d e o f 
w h i c h i t s l a b e l a p p e a r s . I f t h e boxes r e p r e s e n t i n g 
two spaces o v e r l a p , b u t n e i t h e r c o n t a i n s t h e o t h e r , 
t h e n t h e nodes and a r c s i n t h e o v e r l a p l i e o n b o t h 
s p a c e s . In F i g u r e 1 , space SO g roups t h e nodes 
r e p r e s e n t i n g EXCHANGES ( t h e s e t o f a l l exchange 
s i t u a t i o n s ) , ATTACHINGS, BOLTS, PUMPS, and 
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PLATFORMS (the sets of a l l a t tach operat ions, 
b o l t s , pumps, and p la t fo rms, r e s p e c t i v e l y ) . Space 
S1 contains the s p e c i f i c exchange, represented by 
the node 'EX1' ( s ing le quotes denote node names), 
in which one ob jec t , the set of bo l ts B1. 
repressnted by the node B 1 ' , is exchanged for 
another, the amount of money represented by the 
node '$1». The e arc from 'EX1 ' to 'EXCHANGES' 
i nd ica tes tha t EX1 is an element of the set 
EXCHANGES. The s arc from 'B1» to 'BOLTS' 
i nd i ca tes tha t the set B1 is a subset of BOLTS. 
Space S2 contains the representat ion of a spec i f i c 
a t tach ing opera t ion , A1, of the minor pa r t , PU1, 
and the major p a r t , PL1. Space S3 also contains 
the s p e c i f i c a t tach ing operat ion A1 but shows tha t 
t h i s operat ion invo lves the spec i f i c set o f b o l t s , 
B1. 

The hierarchy of spaces in Figure 1 is shown 
by the heavy arrows between spaces. Each space is 
associated w i th a p a r t i c u l a r v i s t a tha t is the 
"or thodox" v i s t a for tha t space. In Figure 1, the 
orthodox v i s t a associated wi th each space S is 
composed of the space S i t s e l f and a l l spaces tha t 
can be reached from S by f o l l ow ing the heavy 
arrows. For ins tance, the orthodox v i s t a of SO is 
(SO) and the orthodox v i s t a of S3 is (S3 S2 SO). 

The v i s i b i l i t y cons t ra in ts tha t r esu l t from 
t h i s p a r t i t i o n i n g may be seen by consider ing 
d i f f e r e n t views of the bo l t s B1 and the a t tach ing 
operat ion A1. B1 is shown as tak ing par t in two 
d i f f e r e n t events. A1 is a 3 ing le operat ion shown 
at two d i f f e r e n t l eve l s of d e t a i l . From the v i s t a 
(S1 SO), the set of bo l t s B1 is seen only to be 
involved in the exchange EX1. However, from the 
v i s t a (S3 S2 SO), B1 is seen as the fasteners in 
the operat ion of a t tach ing PU1 to PL1. The two 
v i s t as give two a l t e r n a t i v e views of B1. A s im i l a r 
s i t u a t i o n occurs w i th A1. From the v i s t a (S2 SO), 
A1 is seen only as an a t tach ing between two pa r t s , 
w i th the fasteners l e f t unspec i f ied . When S3 is 
added as the bottom space in the v i s t a , A1 is seen 
to invo lve the s p e c i f i c fasteners B1. 

The focus p a r t i t i o n i n g makes it possible to 
h i g h l i g h t the p a r t i c u l a r way of look ing at a 
concept tha t is germane to a given point in a 
d i a l o g . When the same object enters the d ia log 
tw i ce , in two d i f f e r e n t subdialogs ( e . g . , a too l 
used in two d i s t i n c t subtasks) , the node 
corresponding to tha t ob jec t w i l l appear in two 
d i s t i n c t focus spaces. I f d i f f e r e n t aspects o f the 
ob jec t are focused on in the two subdialogs, 
d i f f e r e n t r e l a t i onsh ips in which the object 
p a r t i c i p a t e s w i l l be in the two focus spaces. For 
example, in Figure 1, B1 is focused on in S1 as a 
par t of an exchange. In con t ras t , in S3 i t is 
focused on as par t of an a t tach ing operat ion. 

The main reason for prov id ing the a b i l i t y to 
focus on d i f f e r e n t a t t r i b u t e s of an ob ject is to 
a l low d i f f e r e n t i a l access to the proper t ies of the 
ob jec t , and hence to order the r e t r i e v a l of 
der ivab le fac ts about tha t ob jec t . D i f f e r e n t i a l 
access is important fo r events and re la t i onsh ips as 
we l l as phys ica l ob jec ts . For example, when 
q u i l t i n g is considered as a kind of sewing, the 
subactions of c u t t i n g and pinning are accessed 
f i r s t , but when q u i l t i n g is considered as a soc i a l 

ga ther ing , the subactions of t a l k i n g and eat ing are 
more impor tant , and are selected f i r s t . 

There are two p r i nc i p l es governing what is 
contained in a focus space. F i r s t , i f a concept is 
in focus, type in format ion about tha t concept must 
also be in focus. (The type in fo rmat ion both 
ind ica tes the aspect of the concept being focused 
on and provides the key index to add i t i ona l 
knowledge about the concept.) Therefore, in the 
network represen ta t ion , every node in focus must 
have one outgoing element or subset arc also in 
focus. Second. i f a concept 's p a r t i c i p a t i o n in 
some s i t u a t i o n ( e . g . , a book's being the ob ject of 
a s p e c i f i c owning r e l a t i o n s h i p ) is in focus, then 
the s i t u a t i o n i t s e l f ( i . e . , the s p e c i f i c owning 
r e l a t i o n s h i p ) also must be in focus. Therefore, 
the node from which any focused case arc emanates 
must a lso be in focus. 

New focus spaces are created as the focus of a 
discourse s h i f t s . At any po in t in a d i a l o g , only 
one focus space is " a c t i v e , " but several may be 
considered "open." The ac t i ve focus space r e f l e c t s 
the focus of a t t e n t i o n at the cur rent po in t in the 
d i a l o g . The open focus spaces r e f l e c t previous 
ac t i ve spaces tha t conta in some unf in ished top ics 
and hence may become ac t i ve again; they are areas 
to which the d ia log may r e t u r n . The r e l a t i o n s h i p 
between focus spaces Is determined by (and hence 
r e f l e c t s ) the s t ruc tu re o f the p a r t i c u l a r discourse 
being processed For task d ia logs , the task 
h ierarchy provides a framework fo r t h i s s t ruc tu re 
(Grosz, 1977, discusses the s t ruc tu re of these 
d i a l ogs ) . 

B. IMPLICIT FOCUSING THROUGH A TASK 
REPRESENTATION 

The representa t ion of i m p l i c i t focus requ i res 
a dec is ion about what in fo rmat ion associated w i th a 
concept should be put in focus when tha t concept is 
in t roduced. The bounds on t h i s in fo rmat ion depend 
on the knowledge and expectat ions about the concept 
tha t are shared by speaker and hearer (see 
Kart tunen, 1968; Maratsos, 1976). The t radeof f 
between how much in fo rmat ion to associate w i th a 
given concept, and how many l eve l s of associat ions 
to consider fo r i m p l i c i t focus ing, must be 
reso lved. In genera l , these problems e n t a i l basic 
and complex issues about the representat ion of 
knowledge. They w i l l be addressed here only as 
they occur fo r events. 

For phys ica l ob jec ts , the subparts of the 
ob ject are among the concepts tha t must be 
i m p l i c i t l y focused when the ob ject is in focus. 
For events, the s i t u a t i o n is somewhat more 
compl icated. The d i r e c t analogy of subparts of an 
ob jec t is subevents of an event. However, the 
p a r t i c i p a n t s in the subevents of an event are also 
i m p l i c i t l y focused. The d ia log sequence S2-R2 
presented in the i n t r oduc t i on i l l u s t r a t e s t h i s 
p o i n t . S2 i m p l i c i t l y focuses on the bo l t s involved 
in the a t tach ing as we l l as the subevent of 
fas ten ing the l i d down. 

To enable i m p l i c i t focusing on both the 
subevents and the pa r t i c i pan t s involved in them, 
the representa t ion of an event ind ica tes both i t s 
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subevents and the p a r t i c i p a n t s in i t s subevents. 
Figure 2 shows a network representa t ion tha t 
accomplishes t h i s fOr the task step of a t tach ing a 
pump to a p la t f o rm . The l o g i c a l space 
KNOWLEDGESPACE, only part of which is shown here, 
contains representat ions fo r a l l items in the 
knowledge base. The set of 
ATTACHINGS.PUMP.PLATFORM is shown to be a subset of 
a l l ATTACHINGS. The de l i n arc from 'APP' to 
'ATTACHINGS.PUMP.PLATFORM' ind ica tes tha t APP is 
the p r o t o t y p i c a l element of the set of such 
a t tach ings (see Hendrix, 1975, fo r a discussion of 
d e l i n e a t i o n s ) . The two nodes 'APP' and 'APPD' 
together w i th the other s t ruc tu res ins ide the 
de l i nea t i on space, DS, describe the nature of 
events in which a pump is attached to a p la t fo rm. 
APP re l a tes the pa r t i c i pan t s in the event. The 
outgoing arcs from 'APP' i nd i ca te tha t these 
at tach ings invo lve a minor pa r t , which is an 
element of the set PUMPS, and a major pa r t , which 
is an element of the set PLATFORMS. 

APPD is the event descr ip to r fo r APP. It 
r e la tes the precond i t ions , e f f e c t s , and substeps of 
the event. The two const i tuents of APPD that are 
most re levant here are the p l o t space and the 
binding space. The p lo t space, PS, contains the 
breakdown of APP i n to two substeps, S1 and S2, 
spec i fy ing a POSITION opera t ion , 0P1, and a SECURE 
operat ion 0P2. The sue arcs ind ica te successor 
l i n k s between substeps. (Although not shown here, 
the representat ion al lows for p a r t i a l order ing of 
substeps, as in Sacerdot i , 1975.) The b inding 
space, BS, contains a set of four bo l ts tha t take 
part in the securing substep. When the task step 
of a t tach ing a p a r t i c u l a r pump to a p a r t i c u l a r 
p la t form is in ( e x p l i c i t ) focus, then the 
corresponding substeps for S1 and S2, and the set 
of bo l ts in the binding space are considered 
i m p l i c i t l y i n focus. 

In genera l , the b inding space contains a l l the 
pa r t i c i pan t s in any subevent tha t are at a l e v e l of 
d e t a i l too low to be mentioned e x p l i c i t l y as 
pa r t i c i pan t s in the main event. The i m p l i c i t focus 
fo r an event cons is ts of the v i s t a of the p l o t 
space and binding space, and thus contains both the 
subevents and the p a r t i c i p a n t s in those subevents. 
Because more in ferenc ing is requi red i f more l eve l s 
of assoc ia t ions ( e . g . , deeper l eve l s of the task 
h ierarchy) are referenced, when r e t r i e v a l requi res 
a search of i m p l i c i t focus ( e . g . , the concept 
sought is not in e x p l i c i t focus) , a b r e a d t h - f i r s t 
search is done. Subconcepts o f a l l re levant 
concepts are examined before any sub-subconcepts 
are examined. 

I m p l i c i t focus is used fo r the i n t e r p r e t a t i o n 
of both ob ject and ac t ion references ( c f . 
Rieger, 1975; the i m p l i c i t focus of the task 
representat ion provides the same task context as 
conceptual ove r lays ) . For example, i f the cur rent 
task is a t tach ing the pump to the p la t f o rm, then 
" the b o l t s " r e fe r s to the bo l t s tha t p a r t i c i p a t e in 
the securing operat ion and "pu t " r e f e r s to the 
pos i t i on ing subevent. 

I l l USING FOCUS FOR NETWORK STRUCTURE MATCHING 

The r e t r i e v a l of items from memory is one of 
the most f requent operat ions any knowledge-based 
system must do. In a system wi th a semantic 
network knowledge base, the cen t ra l process 
involved in r e t r i e v a l is matching a network 
fragment conta in ing var iab les w i th the knowledge 
base. This matching process t y p i c a l l y e n t a i l s 
considerable search tha t is guided only by l o c a l 
cons t r a i n t s . A major use of the focus 
representa t ion is to const ra in the search on the 
basis of discourse in fo rmat ion . In t h i s paper, the 
system component tha t performs t h i s matching 
process w i l l be ca l l ed the matcher. Fikes and 
Hendrix (1977) describes in d e t a i l how t h i s 
component works. Only enough d e t a i l w i l l be given 
here to e luc ida te the need for and the r o l e of the 
focus representa t ion in t h i s process. 

The matcher works w i th two ( l o g i c a l ) v i s t a s : a 
QVISTA (quest ion v i s t a ) and a KVISTA (knowledge 
v i s t a ) . The QVISTA is a set of spaces c o l l e c t i v e l y 
conta in ing a piece of network fo r which a match is 
sought. The KVISTA represents the set of a l l 
knowledge in which the match is sought. For 
example, when the matcher is ca l l ed as par t of the 
procedure fo r reso lv ing a d e f i n i t e noun phrase 
( e . g . , the red b o l t s ) , the QVISTA is a piece of 
network s t ruc tu re tha t describes the ob jec t 
re fe r red to by the noun phrase, as i t is described 
by the noun phrase ( e . g . , a net s t ruc tu re for a 
subset of bo l t s tha t are colored r ed ) . The KVISTA 
is the whole knowledge base. The match of the 
QVISTA fragment to the KVISTA corresponds to 
f i n d i n g a r e a l ob ject ( i . e . , an ob jec t tha t 
' e x i s t s ' in the knowledge base) that can be 
described by the d e f i n i t e noun phrase. 

In the process of a r r i v i n g at a match, the 
matcher binds each item ( i . e . , each node and arc) 
in the QVISTA to an element of the KVISTA. Two 
kinds of dec is ions a f f e c t the amount of computation 
done in a r r i v i n g at a match. F i r s t , at each step 
of the match, an item must be selected fo r matching 
from the QVISTA. The order of se lec t i on in f luences 
the e f f i c i e n c y of the matching computation. 
Second, once a QVISTA element is se lec ted , the 
matcher must se lec t an element of the KVISTA fo r 
t r i a l b inding to the QVISTA element. In genera l , 
there are many candidates and only l o c a l 
in format ion is ava i l ab le to guide the s e l e c t i o n . 

Each b ind ing of a QVISTA and a KVISTA element 
i s t e n t a t i v e . F i r s t , s ide e f f ec t s o f the b ind ing 
must be checked. For example, if a node is bound, 
the matcher must es tab l i sh tha t unbound element or 
subset arcs in QVISTA from tha t node are cons is tent 
w i th the arcs in KVISTA. The match w i l l be ca r r i ed 
f u r t h e r only i f such consistencies ho ld . Even so, 
the b ind ing may be re jec ted l a t e r if a match of the 
remainder of the QVISTA is not found. Hence, the 
number of b indings attempted is a s i g n i f i c a n t 
element of the cost of a r r i v i n g at a match. 

• I 
f In the SRI speech understanding system, t h i s 

This representat ion has been developed j o i n t l y component was implemented by Richard E. Fikes and 
wi th Gary G. Hendrix and Ann E. Robinson. was ca l l ed the deduct ion component. 

N a t u r a l L a n g u a g e C ross 
70 



Opt imal ly , f o r both kinds of dec is ion , the matcher 
w i l l choose the most const ra in ing element. In an 
unfocused match, the choice can be made only on the 
basis o f l o c a l s t r u c t u r a l in fo rmat ion . 

A. MATCHING IN FOCUS 

The focus representat ion is used to order the 
candidates considered for b inding by the matcher. 
The term "focused match" is used to denote matches 
tha t are constra ined by focu3. Focusing on ce r t a i n 
concepts (both nodes and arcs) constra ins the 
matcher to consider only objects germane to the 
d i a l o g . Since arcs provide ind ices from focused 
items i n t o general network (KVISTA) in fo rmat ion , 
focusing on an arc also guides the matcher in 
es tab l i sh ing proper t ies about nodes being matched. 
That i s , focused arcs provide a means of 
d i f f e r e n t i a l access to unfocused in fo rmat ion . 
Using the arcs in focus for d i f f e r e n t i a l access 
does not e l im ina te considerat ion of a concept from 
a d i f f e r e n t perspect ive . Instead, i t orders the 
way in which aspects of the concept are to be 
examined in look ing for new ( to the d ia log) 
in fo rmat ion about the concept. 

When a focused match is requested, the matcher 
is passed two arguments in add i t i on to the usual 
QVISTA and KVISTA: a focus v i s ta and a " f o r c e d - i n -
focus" l i s t . The focus v i s t a represents the set of 
nodes and arcs considered to be " i n focus . " 
D i f f e r e n t c a l l s on the matcher are made for 
e x p l i c i t and i m p l i c i t focus matches. For e x p l i c i t 
focus, the focus v i s t a may be e i the r the ac t i ve 
focus space a lone, or the e n t i r e v i s t a of open 
focus spaces. For I m p l i c i t focus, the focus v i s t a 
is the composite of the i m p l i c i t focus v i s tas for 
a l l items in e x p l i c i t focus ( e . g . , fo r each event, 
the v i s t a of p l o t space and binding space). The 
fo rced- in - focus l i s t contains those items in the 
QVISTA tha t must be bound to items in the focus 
v i s t a . As an example of the use of the f o r c e d - i n -
focus l i s t , consider the requirement that the 
re fe ren t of a d e f i n i t e noun phrase be in focus. 
This requirement corresponds to a focused match in 
which the fo rced- in - focus l i s t contains the QVISTA 
node corresponding to the head noun of the noun 
phrase. 

Forcing a QVISTA item to be in focus provides 
a strong cons t ra in t on the search for a matching 
KVISTA i tem. Hence, fo rced- in - focus items are 
selected as the f i r s t candidates from the QVISTA to 
be matched. If a successful match is obtained for 
such an i tem, i t const ra ins other items in the 
QVISTA. If no match can be found for a fo rced- in -
focus i t em, then no focused match of the QVISTA is 
poss ib le . 

The focus v i s t a is used to order the se lec t ion 
of KVISTA items for t r i a l b inding to a QVISTA i tem. 
Each step of the matching a lgor i thm f i r s t se lects 
re levant items in the focus v i s t a both fo r e x p l i c i t 
matches (the item in the QVISTA is bound to an item 
that e x p l i c i t l y e x i s t s in the KVISTA) and for 
der ived matches (app l i ca t i on of a general r u l e 
produces a new KVISTA element). Hence, focus 
in f luences the order in which deductions are made 
in the process of a r r i v i n g at a match. 
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Figure 3 i l l u s t r a t e s the use of focus to 
reduce the number of candidates considered fo r 
b inding by the matcher. Consider the KVISTA of 
Figure 3 and the QVISTA (q .w l ) of Figure 4. The 
KVISTA contains several wrenches: W1 is a box-end 
wrench tha t is in focus FS1; W2 is a box-end wrench 
in focus FS2; W3 is an open-end wrench also in 
focus FS2; W4 is another open-end wrench not in 
focus a t a l l . There is another ob jec t , 0 1 , w i th a 
box-end. The QVISTA represents the noun phrase 
"the box-end wrench". In an unconstrained match, 
the matcher would consider a l l the nodes w i th e 
arcs to 'WRENCHES', or a l l of the nodes w i th 
endtype arcs to 'BOX-END' (depending on which set 
is smal ler) as candidates fo r b inding to QW1. 
Eventual ly , it would t r y 'W1' or 'W2' and obta in a 
successful match. In the worst case, t h i s would 
e n t a i l one node and two arc bindings for each of 
the candidate nodes tha t f a i l s as a complete match. 
In genera l , there may be many such unsuccessful 
candidates ( e . g . , many wrenches tha t are not box-
end wrenches, but are considered by the matcher 
before i t se lects 'W1 or 'W2 ' ) . 

The focused match is able to avoid a l l t h i s 
searching. If focus space FS1 is used, only nodes 
' H 1 ' and *W1' are considered. ' H 1 ' w i l l be 
re jec ted immediately because the e arc to 'HAMMERS' 
is incompatible w i th the e arc from 'QW1' to 
'WRENCHES' (the matcher knows tha t the sets HAMMERS 
and WRENCHES have no i n t e r s e c t i o n from the ds arcs 
from 'WRENCHES' and 'HAMMERS' to 'TOOLS'). With 
focus space FS2 as the c o n s t r a i n t , both 'W3' and 
'W2' are considered, but 'W3' is e l iminated because 
of i t s incompat ib le endtype. In the worst case, 
one set (one e arc and one node) of unnecessary 
bindings is made. Even greater savings are 
obtained when deduction is necessary to achieve a 
match, tha t i s , when general ru les — chunks of 
in format ion stored in the net as app l i cab le to 
whole sets of concepts — must be appl ied (see 
Grosz, 1977). In such cases, focus const ra ins the 
app l i ca t i on of such r u l e s , avoid ing a combinator ia l 
explosion o f t r i a l b ind ings . 

IV SHIFTING FOCUS AND THE RESOLUTION OF 
DEFINITE NOUN PHRASES 

To complete the focus representa t ion , i t is 
necessary to provide a mechanism for decid ing when 
to s h i f t focus. A s h i f t in focus may be stated 
d i r e c t l y by some ut terance in a discourse ( e . g . , 
" I ' v e f i n i shed tha t s tep. What's next?" or " L e t ' s 
change the t o p i c " ) , but usual ly the cues are more 
sub t l e . For example, when the discussion of some 
a c t i v i t y tu rns to a d iscussion of one of the 
p a r t i c i p a n t s in the a c t i v i t y , the focus s h i f t s from 
the o v e r a l l a c t i v i t y to tha t p a r t i c i p a n t . What 
i nd ica tes a s h i f t in focus depends on both the kind 
of discourse being processed and on the top ic of 
d iscourse. The s h i f t s t ra tegy described here is 
s p e c i f i c t o task-or ien ted d ia logs . I t r e f l e c t s the 
task as the major top ic of such d ia logs , and hence 
the major i nd i ca to r of s h i f t s of focus. Although 
the res t o f the focus representat ion is genera l , 
t h i s aspect would need mod i f i ca t i on fo r a p p l i c a t i o n 
to other kinds of d iscourse. 
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In task d ia l ogs , a s h i f t in focus takes place 
whenever a new task is entered or an o ld one 
completed. A narrowing of focus takes place 
whenever a subtask of the ac t i ve task is opened for 
d iscuss ion . The focus s h i f t s back up to the higher 
l eve l task when tha t subtask is completed. Hence, 
when a subtask of the cur rent task is re ferenced, a 
new ac t i ve focus space is created below the cur rent 
ac t i ve focus space. When the subtask is completed, 
the new focus space is closed and the o ld space 
( i . e . , the higher space) becomes the ac t i ve focus 
space again. The top of the focus space h ierarchy 
is the focus of the o v e r a l l task . 

A s h i f t in focus may be cued by any par t of an 
u t te rance: a noun phrase, a verb phrase, or 
modifying phrases. Although an i n d i v i d u a l 
cons t i tuen t ( e . g . , a noun phrase) may i nd i ca te a 
s h i f t in focus, the cons t i tuen t alone cannot be 
used to determine the s h i f t , because the remainder 
of the utterance in f luences the dec is ion . For 
instance, an i so la ted noun phrase may seem to 
ind ica te a s h i f t to some task but , when considered 
w i th i t s embedding verb phrase, may ind i ca te a 
s h i f t to a d i f f e r e n t task . The fo l l ow ing 
discussion examines the r e l a t i o n s h i p between 
i d e n t i f y i n g the re fe ren t of a d e f i n i t e noun phrase 
and s h i f t i n g focus. Grosz (1977) describes the 
i n t e r a c t i o n of var ious cons t i tuen ts of an ut terance 
in determining a s h i f t . 

To i l l u s t r a t e how a noun phrase may ind i ca te a 
s h i f t in focus, consider the task h ierarchy in 
Figure 5 and the focus environment portrayed in 
Figure 6. Figure 5 is only fo r the reader 's 
b e n e f i t ; t h i s in fo rmat ion i s a c t u a l l y encoded in 
s t ruc tu res l i k e those in Figure 2 and Figure 6. 
The dotted l i n e s show the task h ierarchy and the 
s o l i d l i n e s show time sequencing. Suppose tha t 
task T2, i n s t a l l i n g the a f t e r c o o l e r , is the cur rent 
task. The focus spaces FSO, FS1, and FS2 in 
Figure 6 correspond to subtasks TO, T1 , and T2 
respec t i ve l y . FS2 is the ac t i ve focus space; the 
v i s t a (FS1 FSO) is the h ierarchy of open focus 
spaces. 

A reference to an ob jec t in e i t he r the ac t i ve 
focus space or one of the open focus spaces does 
not cause a s h i f t in focus. Those items in the 
ac t i ve focus space are considered f i r s t when 
reso lv ing a reference because the cu r ren t l y ac t i ve 
task is more in focus than i t s embedding tasks. 
The phrases " the a f t e r c o o l e r " , " the wrench", and 
" the crescent wrench" a l l r e fe r to ob jects in FS2, 
the ac t i ve focus space. Hence, the use of any of 
these phrases does not a f f e c t the focus of 
a t t e n t i o n . The re fe ren t can be re t r i eved 
immediately. The use of e i t he r " the a i r 
compressor", " the pump", or " the ra tche t wrench" 
also does not cause a change in focus. Since these 
objects are in open focus spaces, they are also in 
focus, but are accessed only a f t e r consider ing the 
objects in FS2. Note tha t the noun phrase, " the 
wrench," is not ambiguous because of the 
d i s t i n c t i o n between the ac t i ve focus and the open 
focus spaces ( t h i s d i s t i n c t i o n is evident in 
references occurr ing in ac tua l task d ia logs between 
two people; see Grosz, 1977). 

References to e i t he r a new subtask, or a new 
p a r a l l e l or higher task , or to subtasks of any of 
these, do change focus. In the example, space IADS 
contains the de l i nea t i on of the process for 
i n s t a l l i n g the a f t e r c o o l e r . The p l o t space of t h i s 
de l i nea t ion is the i m p l i c i t focus fo r node ' I A C I ' . 
I t shows tha t t h i s k ind of i n s t a l l a t i o n has two 
substeps (corresponding to T3 and TU in Figure 5 ) . 
The f i r s t substep involves a connection operat ion 
between the a f t e r coo le r and one of i t s subparts, an 
a f t e r coo le r elbow. In t h i s focus environment, 
s ince there is no a f te rcoo le r elbow in e x p l i c i t 
focus, the phrase, " the a f t e r coo le r elbow", 
i nd ica tes a poss ib le s h i f t in focus to task T3- I f 
the remainder of the ut terance concurs w i th such a 
s h i f t , a new focus space w i l l be created below FS2 
in the h ie ra rchy . The u t te rance, "At tach the 
a f t e r coo le r elbow", i nd i ca tes such a s h i f t , but the 
u t te rance, "The a f te rcoo le r elbow is broken", does 
not . Note tha t a s h i f t in focus may e n t a i l 
i n s t a n t i a t i n g new e n t i t i e s or i d e n t i f y i n g rea l 
e n t i t i e s corresponding to hypo the t i ca l e n t i t i e s i n 
i m p l i c i t focus. I f focus is sh i f t ed to task T3, 
the a f t e r coo le r elbow ACE1 is brought i n t o focus 
and the noun phrase " the a f t e r coo le r elbow" is 
i d e n t i f i e d w i th i t ; i . e . , the new focus space w i l l 
conta in the node 'ACEV. 

With a representa t ion of focus, the process of 
i d e n t i f y i n g the re fe ren t of a noun phrase looks 
qu i te d i f f e r e n t than in systems that search 
sequent ia l l y back through a discourse for a 
r e f e r e n t . The important quest ion is when and how 
to s h i f t focus, not how fa r back ( i . e . , how many 
sentences) to look for the r e f e r e n t . The search 
fo r the re fe ren t of a d e f i n i t e noun phrase takes 
i n t o account the d i f f e rence between those items 
which do and those which do not s h i f t focus. Items 
in e x p l i c i t focus, which do not i nd i ca te a s h i f t in 
focus, are checked before items in i m p l i c i t focus, 
which do. 

V EXTENSIONS 

This sec t ion explores the use of the focus 
space representa t ion in the s o l u t i o n of two other 
problems tha t a r i se in b u i l d i n g knowledge based 
systems. F i r s t , there is a space-time t radeo f f 
between s t o r i n g derived in fo rmat ion in the 
knowledge base and recomputing the i n fo rma t ion . 
I d e a l l y , the in fo rmat ion would be stored only as 
long as needed and then erased from the knowledge 
base. This issue is c lose ly re la ted to the general 
issue of f o r g e t t i n g in a knowledge based system. 
Second, any given ob jec t may be viewed from several 
d i f f e r e n t perspect ives. H igh l i gh t i ng a p a r t i c u l a r 
view may be used to capture the in format ion 
conveyed by the s p e c i f i c way an ob jec t is described 
in a given u t te rance. 
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A. DERIVED INFORMATION M.D FORGETTING 

I n t h e p r o c e s s o f m a t c h i n g n e t w o r k s t r u c t u r e s , 
i t i s o f t e n n e c e s s a r y t o deduce i n f o r m a t i o n about 
p a r t i c u l a r o b j e c t s f rom g e n e r a l r u l e s i n t he 
knowledge b a s e . In t h e p rocess o f compu t i ng a 
m a t c h , t h e matcher may c r e a t e new n e t w o r k 
s t r u c t u r e . I f t h e n e t w o r k s t r u c t u r e i s p e r m a n e n t l y 
s t o r e d i n t h e knowledge b a s e , t h e d e d u c t i o n w i l l 
never have to be r e p e a t e d . However, mak ing t h e 
s t r u c t u r e permanent uses u p v a l u a b l e s t o r a g e . 
Focus spaces p r o v i d e a mechanism f o r d e t e r m i n i n g 
how l o n g to s t o r e such i n f o r m a t i o n . When t h e new 
s t r u c t u r e i s d e r i v e d , i t can b e added t o t h e 
c u r r e n t f o c u s space . When t h e f ocus space i s 
c l o s e d , t h e new i n f o r m a t i o n can be e r a s e d . 

As an example o f t h i s use o f f ocus s p a c e s , 
c o n s i d e r t h e s i t u a t i o n p o r t r a y e d i n F i g u r e 7 . The 
( l o g i c a l ) space oew.dese r e p r e s e n t s t h e f a c t t h a t 
a l l e l emen ts o f t h e s e t 0-E have e n d t y p e OPEN-END. 
Bew.desc r e p r e s e n t s a s i m i l a r r u l e . Suppose t h a t 
i n i t i a l l y t h e nodes 'W1' and W2' were i n f ocus as 
e l emen ts o f t h e s e t s B-E and 0-E r e s p e c t i v e l y 
( e . g . , t h e wrenches were s e l e c t e d f rom two boxes 
each c o n t a i n i n g one t y p e o f w r e n c h ) . I f t h e 
matcher i s g i v e n t h e s t r u c t u r e f o r " b o x - e n d w rench " 
(see F i g u r e 4 ) t o m a t c h , i t w i l l c r e a t e two new 
a r c s , an end t ype a r c f rom 'W1 ' to 'BOX-END', and an 
e x p l i c i t e a r c f r om ' W 1 ' to 'WRENCHES'. These new 
a r c s a r e added to t h e focu3 space , FS, as shown in 
F i g u r e 7 . Any f u r t h e r matches sough t f o r " t h e b o x -
end w rench " w h i l e t h e focus i s F S w i l l b e a b l e t o 
t a k e advan tage o f t h i s e x p l i c i t l y s t o r e d 
i n f o r m a t i o n . When FS ceases to be o p e n , t h e a r c s 
w i l l b e e r a s e d . I f t h e d e d u c t i o n had r e s u l t e d i n 
new nodes b e i n g c r e a t e d , t h e y t o o c o u l d be e r a s e d . 
Us ing f ocus spaces i n t h i s way c r e a t e s t h e d o u b l e 
advan tage o f h a v i n g t h e i n f o r m a t i o n a v a i l a b l e when 
i t i s r e l e v a n t , and a l l o w i n g i t t o b e "ga rbage 
c o l l e c t e d " o r " f o r g o t t e n " a f t e r i t ceases t o b e 
r e l e v a n t . 

B. DIFFERENTIAL ACCESS and DESCRIPTION 

The r e p r e s e n t a t i o n of some concep t C may 
i n c l u d e d e s c r i p t i o n s o f C a s a n I n s t a n c e o f s e v e r a l 
d i f f e r e n t k i n d s o f o t h e r c o n c e p t s . Focus ing a l l o w s 
t h e p a r t i c u l a r way o f l o o k i n g a t C germane to a 
g i v e n p o i n t i n a d i a l o g t o b e h i g h l i g h t e d ( c f . t h e 
use o f m u l t i p l e p e r s p e c t i v e s i n Bobrow and 
W i n o g r a d , 1977 ) . The a r c s f rom focused i t e m s to 
u n f o c u s e d i t e m s p r o v i d e t h e ma tche r w i t h 
p r e f e r e n t i a l access t o i n f o r m a t i o n t h a t i s most 
l i k e l y t o become r e l e v a n t t o a d i s c o u r s e . 

T h i s use o f f o c u s i n g add resses one p a r t o f t h e 
"mayor of San D i e g o " p rob lem posed by Norman et 
a l . ( 1 9 7 5 ) . Cons ide r t h e s i t u a t i o n p o r t r a y e d i n 
F i g u r e 8. The pe rson r e p r e s e n t e d by t h e node 
'MNMSD' is shown to be b o t h D's n e i g h b o r and t h e 
mayor o f San D i e g o . I f MNMSD is r e f e r r e d to by D 
e i t h e r as " t h e mayor o f San D i e g o " o r " D ' s 
n e i g h b o r " , t h e n node 'MNMSD' r e p r e s e n t s t h e 
i n d i v i d u a l r e f e r r e d t o . The p rob lem i s t h a t 
l o o k i n g o n l y a t t h a t node p r o v i d e s n o r e f l e c t i o n o f 
t h e d i f f e r e n c e s between t h e two r e f e r e n c e s t o 
MNMSD, even though t h e s u r f a c e noun ph rases do 
e x p r e s s t h i s d i f f e r e n c e . Focus spaces p r o v i d e a 

means o f r e p r e s e n t i n g t h i s d i f f e r e n c e . Even though 
node 'MNMSD' w i l l be i n f ocus no m a t t e r w h i c h 
r e f e r e n c e i s used , a r c s f rom 'MNMSD' t h a t a r e i n 
focus i n t h e two cases w i l l d i f f e r . Focus spaces 
FS1 and FS2 i l l u s t r a t e t h i s d i f f e r e n c e . 

VI SVMMARX 

The focus r e p r e s e n t a t i o n g roups i t e m s r e l e v a n t 
to a p a r t i c u l a r p o i n t i n a d i s c o u r s e , p r o v i d i n g a 
s m a l l subse t o f t h e knowledge base on wh ich t h e 
u n d e r s t a n d i n g system can c o n c e n t r a t e . I n 
p a r t i c u l a r , t h e focus r e p r e s e n t a t i o n may be used to 
g u i d e t h e r e t r i e v a l o f i n f o r m a t i o n f rom the 
knowledge base . I t r educes the s i z e o f t h e s e a r c h 
space t h a t t h e r e t r i e v a l mechanism must t r a v e r s e . 
The r e p r e s e n t a t i o n o f e x p l i c i t f ocus i n focus 
spaces a l s o appears t o b e u s e f u l f o r r e l a t e d 
u n d e r s t a n d i n g system p r o b l e m s , such as d e s c r i b i n g 
o b j e c t s and f o r g e t t i n g i n f o r m a t i o n . A l t h o u g h the 
r e p r e s e n t a t i o n p r e s e n t e d i s i n te rms o f a semant i c 
n e t w o r k , p a r t i t i o n i n g a memory r e p r e s e n t a t i o n f o r 
t h e purpose o f r e f l e c t i n g focus o f a t t e n t i o n i s a 
g e n e r a l mechanism wh ich may be used in o t h e r 
r e p r e s e n t a t i o n schemes a s w e l l . 
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FIGURE 1 A SAMPLE PARTITIONED SEMANTIC NETWORK 

FIGURE 2 EVENT ENCODING SHOWING IMPLICIT FOCUS 
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FIGURE 4 QVISTA FOR "THE BOX-END WRENCH" 

FIGURE 3 A SIMPLE KVISTA WITH TWO FOCUS SPACES 
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FIGURF 6 FOCUS SPACFS AND IMPLICIT FOCUS FRAGMENT FOR SHIFTING FOCUS 

FIGURE 7 THE WRENCHES KVISTA WITH FOCUS ADDED FIGURE 8 MY NEIGHBOR THE MAYOR OF SAN DIEGO 
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