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Abst rac t 

We descr ibe a theory of na tu ra l language 
understanding w i t h i n which we i d e n t i f y two separate 
components, a language centered one and a context 
centered one. xn5 rdrme*1 component uses a knowledge 
Dase cons i s t i ng of p a i r i n g s of phrases w i th the 
concepts associated w i th them to determine the 
meaning of u t te rances . The l a t t e r component 
c l a r i f i e s the meaning found by the f i r s t one and 
makes i t more s p e c i f i c by a t tempt ing to reconc i l e i t 
w i t h the context o f the u t te rance . 

We have constructed a program ca l l ed PHRAN 
(PHRasal ANalyzer) which performs the task of the 
language centered component. 

At the root o f t h i s approach is the r e a l i z a t i o n 
tha t previous at tempts to process n a t u r a l language 
in separate stages — f i r s t f i n d i n g a s y n t a c t i c parse and then us ing semantic i n fo rma t ion to 
etermine the meaning of an u t te rance — were in 

e r r o r . Much research has been done in recent years 
demonstrat ing tha t semantic i n fo rma t ion is and 
should be used c o n t i n u a l l y when processing t e x t , and 
t ha t i t is wrong to assume tha t a separate syn tac t i c 
pars ing stage e x i s t s . But in arguing against the 
syntax-semant ics d i s t i n c t i o n in process ing, these 
n a t u r a l language researchers have denied the 
ex is tence of any d i s c e r n i b l e l e v e l s , or s tages, in 
the process of understanding language and have 
argued tha t i t i s t o t a l l y un i fo rm. 

We c la im tha t in f a c t there are two d i s t i n c t 
l e v e l s o f processing in the language understanding 
process: 

• Research sponsored by the O f f i ce of Naval Research 
under con t rac t N0O014-8O-C-0732. 

We w i l l descr ibe our model b r i e f l y here, and 
w i l l then go over the separate components in more 
d e t a i l . A system ca l led PHRAN (PHRasal ANalyzer) 
based on our view of the language centered component 
has been implemented, and w i l l be ex tens i ve l y 
descr ibed in most of the paper. An o u t l i n e of some 
of the ideas behind context centered processing w i l l 
be given in sec t ion 5. 

1.1 B r i e f Ou t l i ne 

According to our model, in understanding a tex t 
the language centered component reads the t e x t , 
recognizes the words and phrasal pat terns in i t , and 
produces conceptual fragments represent ing the 
meaning of the pat terns p lus other contex tua l 
i n fo rma t ion i t may determine from i t s knowledge of 
the language. These fragments are accumulated in a 
b u f f e r which is considered the context of the 
u t te rance . The context centered component looka at 
the conceptual fragments as they are introduced to 
t h i s b u f f e r and uses some world knowledge to 
in t roduce to i t ye t other re la ted 
concep tua l i za t i ons . I t matches the appropr ia te 
fragments to s l o t s that were l e f t empty by the 
language centered process, and i t c l a r i f i e s the 
meaning of some fragments in the manner described in 
sec t i on 5 . , thereby forming more complete 
concep tua l i za t ions in the b u f f e r . These conceptual 
fragments are then used to represent the complete 
meaning of the tex t the system is read ing. Context 
is a lso used by the language centered process when 
needed to resolve amb igu i t i es . 

In our model of language understanding, the 
language centered component has knowledge about the 
meaning of words, but in a d d i t i o n , much of the 
knowledge is about l a r g e r forms of u t te rances . This 
knowledge is s tored in the form of pat tern-concept 
p a i r s , where the pa t te rn is a phrasal cons t ruc t oi 
va ry ing s p e c i f i c i t y , and the concept is a no ta t i on 
tha t represents the meaning of the phrase. 
Together, t h i s pa i r associates var ious forms of 
u t terances w i th t h e i r meaning, and poss ib ly w i th 
o ther aspects of the context in which they may 
appear. 

The understanding process matches incoming 
ut terances against known pat terns and uses the 
concepts associated w i th the matched pat terns to 
represent the meaning of the t e x t . 

PHRAN (PHRasal ANalyzer) is a system we have 
developed that models the language centered 
component of na tu ra l language understanding. I t 
reoas Engl ish t ex t and produces s t ruc tu res tha t 
represent i t s meaning, so that a context centered 
component may act upon them. As it reads an 
u t te rance , PHRAN searches i t s knowledge base of 
pat tern-concept pa i r s f o r pa t te rns tha t best 
i n t e r p r e t the t e x t . The concept po r t i on of these 
pa i r s is then used to produce the meaning 
representa t ion f o r the u t t e rance . 

PHRAN is able to handle phrasal language u n i t s 
- - which are found w i th great frequency in o rd inary 
speech and common na tu ra l language t ex t — in the 
same manner tha t i t handles the res t of the t e x t . 
Since con t ro l and representa t ion are kept separate, 
i t is qu i t e simple to add new in fo rmat ion to the 
system. A l l one needs to do to extend PHRAN is add 
new pat tern-concept pa i r s to the data-base. Mike 
Morgan, a graduate student at Berkeley, has 
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These two components together perform the task of 
understanding the language of the u t te rance . A f t e r 
these processes have done t h e i r j ob the f u l l range 
of knowledge we have a v a i l a b l e to us may be appl ied 
to the r e s u l t . This f i n a l a p p l i c a t i o n o f knowledge 
w i l l enable us to make in fe rences , e t c . , in order to 
comprehend the i n p u t . 

1.0 INTRODUCTION 

A recent tendency among some researchers in 
na tu ra l language processing has been towards a 
un i fo rm, s i ng le stage process o f understanding t e x t . 
In such an understanding process, a l l the knowledge 
the system has is a v a i l a b l e f o r use at any t ime, and 
any e x i s t i n g rou t i ne may be run at any p o i n t . One 
vers ion of t h i s view has been c a l l e d , by Schank et 
al (1980) and Lebowitz (1960), "the in teg ra ted 
parser . 
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c o n s t r u c t e d d a t a - b a s e s o f p a t t e r n - c o n c e p t p a i r s t h a t 
e n a b l e PHRAN to a n a l y z e S p a n i s h and Ch inese 
s e n t e n c e s , w i t h e s s e n t i a l l y no know ledge o f PHRAN s 
c o n t r o l . The knowledge base used by PHRAN is 
d e c l a r a t i v e , and i s s h a r e a b l e b y a sys tem f o r 
l a n g u a g e p r o d u c t i o n . Such a s y s t e m , named PHRED 
(PHRasal E n g l i s h D i c t i o n ) , has been c o n s t r u c t e d a t 
B e r k e l e y b y S teve U p s t i l l . * 

2 . 0 PHRASAL LANGUAGE CONSTRUCTS 

Many n a t u r a l l anguage p r o c e s s i n g sys tems assume 
t h a t t h e meaning o f u t t e r a n c e s can be computed as a 
f u n c t i o n o f t h e i r c o n s t i t u e n t s , w i t h t h e 
c o n s t i t u e n t s assumed t o b e w o r d s . Thus a l l t h e 
know ledge abou t t h e s e m a n t i c s o f t h e l anguage i s 
s t o r e d , a t t h e word l e v e l (B i r nbaum and S e l f r i d g e . 
1979) ( R i e s b e c k and Schank , 1975) ( W i l k s . 1973) 
(Woods, 1 9 7 0 ) . However , many n a t u r a l l anguage 
u t t e r a n c e s have i n t e r p r e t a t i o n s t h a t c a n n o t b e found 
b y e x a m i n i n g t h e i r componen ts . I d i o m s , canned 
p h r a s e s , l e x i c a l c o l l o c a t i o n s , and s t r u c t u r a l 
f o r m u l a s a r e i n s t a n c e s o f l a r g e c l a s s e s o f l anguage 
u t t e r a n c e s whose i n t e r p r e t a t i o n r e q u i r e s know ledge 
a b o u t t h e e n t i r e ph rase i n d e p e n d e n t o f i t s 
i n d i v i d u a l words ( B e c k e r , 1975) ( M i t c h e l l , 1 9 7 1 ) . 

Fo r t h i s r e a s o n t h e l anguage c e n t e r e d p r o c e s s 
needs to know more a b o u t t h e l anguage t h a n t h e 
mean ing o f w o r d s . 

By t h e t e r m " p h r a s a l l anguage c o n s t r u c t s " we 
r e f e r t o t h o s e l anguage u n i t s o f w h i c h t h e l anguage 
u s e r has s p e c i f i c k n o w l e d g e . Our n o t i o n o f a 
p h r a s a l l anguage c o n s t r u c t i s s i m i l a r t o a 
s t r u c t u r a l f o r m u l a ( F i l l m o r e , 1 9 7 9 ) . Our c o n s t r u c t s 
v a r y g r e a t l y i n f l e x i b i l i t y , f r om f i x e d e x p r e s s i o n s 
sucn a s " a p e r f e c t s t r a n g e r ' t o most g e n e r a l ph rases 
e x p r e s s i n g t h e usage o f a word s e n s e . Fo r e x a m p l e , 
t o e x p r e s s one usage o f t h e v e r b k i c k , t h e p h r a s e 
"<pe rson> < k i c k - f o r m > < o b j e c t > " i s u s e d . ( T h i s 
d e n o t e s a p e r s o n f o l l o w e d by some v e r b f o r m 
i n v o l v i n g k i c k ( e . g . , k i c k , k i c k e d , " w o u l d have 
k i c k e d " ) f o l l o w e d by some u t t e r a n c e d e n o t i n g an 
o b j e c t . ) 

3 . 0 PHRAN** 

PHRAN is a sys tem w h i c h models t h e p r o c e s s i n g 
done by t h e l anguage c e n t e r e d component w h i l e 
u n d e r s t a n d i n g E n g l i s h t e x t . PHRAN i n t e g r a t e s b o t h 
ge n e r a t i v e and n o n - p r o d u c t i v e l anguage a b i l i t i e s , 

t has knowledge abou t i n d i v i d u a l words combined 
w i t h know ledge a b o u t l o n g e r u t t e r a n c e s o f t h e 
E n g l i s h l a n g u a g e . 

Here a r e some examples o f s e n t e n c e s f o r w h i c h 
PHRAN i s a b l e t o p roduce c o n c e p t u a l f r a g m e n t s 
r e p r e s e n t i n g t h e i r m e a n i n g . These f r a g m e n t s s h o u l d 
t h e n be passed on to t he b u f f e r upon w h i c h a sys tem 
m o d e l i n g t he c o n t e x t c e n t e r e d p r o c e s s s h o u l d a c t t o 
r e c o n c i l e them w i t h t h e c o n t e x t and p roduce more 
c o m p l e t e c o n c e p t u a l i z a t i o n s . S i n c e no such sys tem 
e x i s t s as y e t , PHRAN has been ex tended to do some of 
i t s p r o c e s s i n g . The u n d e r s t a n d i n g o f t h e f o l l o w i n g 
i s done , t h e r e f o r e , e n t i r e l y b y PHRAN. 

* O i lmen a r e encouraged by t h e amount o f n a t u r a l 
gas d i s c o v e r e d i n t h e B a l t i m o r e Canyon, a n 
undersea t r o u g h a b o u t 100 m i l e s o f f t h e New 
J e r s e y c o a s t . (Newsweek, Feb 1980) 

* Tenneco , one o f 39 companies engaged i n d r i l l i n g 
i n t h e a r e a , t h i n k s i t s l e a s e d t r a c t c o n t a i n s a 
m a r k e t a b l e s u p p l y o f g a s . 

* The young man has g o t t e n i n t o an a n o t h e r 
a rgument w i t h h i s b o s s . 

* W i l l s w i l l d r i v e B i l l t o The B i g A p p l e i f she i s 
g i v e n t w e n t y f i v e d o l l a r s . 

* Fo r more i n f o r m a t i o n on t h e s e p r o j e c t s see 
R . W i l e n s k y ' s paper i n t h i s v o l u m e . 

* * For a more e x t e n s i v e d i s c u s s i o n o f PHRAN and 
p h r a s a l p a t t e r n s see W i l e n s k y and Arens ( 1 9 8 0 ) . 

* B i l l r ewarded Mary f o r m a r r y i n g h im by m a k i n g a 
payment on h e r e x p e n s i v e c a r . 

(These s e n t e n c e s a r e a n a l y z e d by an u n c o m p i l e d 
v e r s i o n of PHRAN on t h e DEC KL10 sys tem at UC 
B e r k e l e y i n f r o m 1/2 to 6 seconds o f CPU t i m e ) . 

PHRAN is c e n t e r e d a round a know ledge base o f 
p h r a s a l p a t t e r n s . These range f r o m l i t e r a l s t r i n g s 
such a s " b y hook o r b y c r o o k and i n a j i f f y , 
t h r o u g h p a t t e r n s such a s " v i c e < t i t l e > " a n d 
" < p a r e n t > i n l a w " , t o most g e n e r a l p h r a s e s such a s 
"<number> < p l u r a l noun> and <person> <go> to 
< l o c a t i o n > " . 

A s s o c i a t e d w i t h each p h r a s a l p a t t e r n i s a 
c o n c e p t u a l t emp la te - . A c o n c e p t u a l t e m p l a t e i s a 
p i e c e o f meaning r e p r e s e n t a t i o n w i t h p o s s i b l e 
r e f e r e n c e s t o p i e c e s o f t h e a s s o c i a t e d p h r a s a l 
p a t t e r n . Fo r e x a m p l e , t h e c o n c e p t u a l t e m p l a t e 
a s s o c i a t e d w i t h t h e p a t t e r n < p a r e n t ) i n l aw 
d e n o t e s t h e < p a r e n t > o f t h e spouse o f t h e p e r s o n 
i n v o l v e d ; and w i t h t h e p h r a s a l p a t t e r n "<pe rson> 
<go> t o < l o c a t i o n > " i s a s s o c i a t e d a t e m p l a t e 
d e n o t i n g t h e movement o f <person> f r o m t h e p l a c e 
s / h e was t o < l o c a t i o n > . 

4 . 0 HOW PHRAN WORKS 

4 . 1 O v e r a l l A l g o r i t h m 

PHRAN is made up of t h r e e p a r t s - a da tabase of 
p a t t e r n - c o n c e p t p a i r s , a s e t o f comprehens ion 
r o u t i n e s , and a r o u t i n e w h i c h s u g g e s t s a p p r o p r i a t e 
p a t t e r n - c o n c e p t p a i r s . PHRAN t a k e s a s i n p u t E n g l i s h 
t e x t , and a s i t r eads i t f r o m l e f t t o r i g h t , i t 
compares t h e i n p u t a g a i n s t p a t t e r n s f r o m t h e 
d a t a b a s e . Whenever a m a t c h i n g p a t t e r n i s f o u n d , 
PHRAN i n t e r p r e t s t h a t p a r t o f t h e s e n t e n c e t h a t 
matched t h e p a t t e r n a s d e s c r i b i n g t h e c o n c e p t 
a s s o c i a t e d w i t h t h e p a t t e r n i n t h e p a t t e r n - c o n c e p t 

?a i r , and passes t h e r e s u l t i n g c o n c e p t u a l i z a t i o n s o n 
o t h e b u f f e r where f u r t h e r p r o c e s s i n g w i l l b e 

p e r f o r m e d b y t h e c o n t e x t c e n t e r e d l e v e l . 

4 . 1 . 1 O v e r v i e w Of P r o c e s s i n g -

When PHRAN a n a l y z e s a s e n t e n c e , i t r eads t h e 
words one a t a t i m e , f r o m l e f t t o r i g h t . The 
p a t t e r n s u g g e s t i n g r o u t i n e d e t e r m i n e s i f any new 
p a t t e r n s s h o u l d b e t r i e d , and PHRAN checks a l l t h e 
new p a t t e r n s t o see i f t h e y ag ree w i t h t h a t p a r t o f 
t h e s e n t e n c e a l r e a d y a n a l y z e d , d i s c a r d i n g t h o s e t h a t 
d o n ' t . A w o r d ' s mean ing i s d e t e r m i n e d s i m p l y b y i t s 
m a t c h i n g a p a t t e r n c o n s i s t i n g o f t h a t l i t e r a l w o r d . 
A t t h i s p o i n t a t e r m i s fo rmed w i t h t h e p r o p e r t i e s 
s p e c i f i e d i n t h e c o n c e p t u a l t e m p l a t e a s s o c i a t e d w i t h 
t h e w o r d , and t h i s t e r m i s added t o t h e b u f f e r PHRAN 
u s e s . PHRAN checks i f t h e t e r m i t j u s t added t o t h e 
l i s t c o m p l e t e s o r e x t e n d s p a t t e r n s t h a t had a l r e a d y 
been p a r t i a l l y matched b y t h e p r e v i o u s t e r m s . I f a 

Pa t t e r n i s c o m p l e t e l y m a t c h e d , t h e t e rms m a t c h i n g 
h a t p a t t e r n a r e removed f r o m PHRAN's b u f f e r and a 

new t e r m , s p e c i f i e d b y t h e c o n c e p t p a r t o f t h e 

?a t t e r n - c o n c e p t p a i r , i s fo rmed and r e p l a c e s t h e 
erms t h e p a t t e r n matched i n i t s b u f f e r . I n 

a d d i t i o n , a n a p p r o p r i a t e c o n c e p t u a l f r a g m e n t i s 
passed o n t o t n e b u f f e r o n w h i c h t h e c o n t e x t 
c e n t e r e d p r o c e s s o p e r a t e s , f o r f u r t h e r p r o c e s s i n g . 

When PHRAN f i n i s h e s p r o c e s s i n g one word i t 
r e a d s t h e n e x t , i t e r a t i n g t h e p r o c e d u r e j u s t 
d e s c r i b e d , p e r i o d i c a l l y p a s s i n g c o n c e p t u a l f r a g m e n t s 
t o t h e c o n t e x t c e n t e r e d l e v e l o f p r o c e s s i n g . 

4 . 1 . 2 O v e r v i e w Of PHRAN P a t t e r n s -

A p a t t e r n - c o n c e p t p a i r c o n s i s t s o f a 
s p e c i f i c a t i o n o f t h e p h r a s a l u n i t , a n a s s o c i a t e d 
c o n c e p t , and some a d d i t i o n a l i n f o r m a t i o n a b o u t how 
t h e two a r e r e l a t e d . When PHRAN i n s t a n t i a t e s a 
c o n c e p t i n i t s b u f f e r , i t c r e a t e s a n i t e m c a l l e d a 
t e r m t h a t i n c l u d e s t h e c o n c e p t a s w e l l a s some 
a d d i t i o n a l i n f o r m a t i o n . 

A p a t t e r n i s a sequence o f c o n d i t i o n s t h a t must 
h o l d t r u e f o r a sequence o f t e r m s . A p a t t e r n may 
s p e c i f y o p t i o n a l t e rms t o o , t h e p l a c e where t h e s e 
may a p p e a r . „ and what e f f e c t ( i f a n y ) t h e i r 
appea rance w i l l have o n t h e p r o p e r t i e s o f t h e t e r m 
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formed i f the p a t t e r n is matched. For example, 
consider the f o l l o w i n g in fo rma l d e s c r i p t i o n of one 
of the pa t te rns suggested by the mention of the verb 
' t o take ' i n c e r t a i n con tex ts . 
{ pa t te rn to recognise -

[ < f i r s t term: represents a person> 
<second term: is an a c t i v e form of TAKE> 
< t h i r d term: represents a phys ica l object> 

OPTIONAL p a r t : 
< four th term: the word FROM> 
< f i f t h term: represents a person>>J 

term to form -
(PTRANS [ACTOR < f i r s t term>) 

(OBJECT < t h i r d term>) 
(FROM < f i f t h term i f p resent . 

otherwise consu l t context>) 
(TO < f i r s t term>)) ] 

Not ice tha t the f o u r t h and f i f t h terms are 
marked as o p t i o n a l . I f they are not present in the 
t e x t , PHRAN w i l l not f i l l the FROM s l o t , and the 
context centered process w i l l use the context to 
f i n d the r i g h t s l o t f i l l e r . 

4 .1 .3 Simple Example -

The f o l l o w i n g is a h i g h l y s i m p l i f i e d example of 
how PHRAN processes the sentence John dropped out 
of h igh school : 

F i r s t the word "John" is read. "John" matches 
the pa t te rn cons i s t i ng of the l i t e r a l John , and 
the concept associated w i th t h i s pa t t e rn causes a 
term to he formed tha t represents a noun phrase and 
a p a r t i c u l a r male person named John. No other 
Pa t t e rns are suggested. This term is added to 

PHRAN-BUF41, the l i s t of terms PHRAN keeps and in 
which i t does i t s process ing. So at t h i s po in t 
*PHRAN-BUF* is , 

< [J0HN1 - person, NPJ > 

"Dropped" i s read nex t . I t matches the l i t e r a l 
"dropped" , and an appropr ia te term is formed. The 
pa t te rn suggesting rou t i ne i n s t r u c t s PHRAN to 
consider the basic pa t te rn associated w i th the 
verb ' t o d r o p ' , which i s : . r -. , 

{ [<person> <DROP> <object>] [ . . . ] } 

I t s i n i t i a l cond i t i on i s found to be s a t i s f i e d 
by the f i r s t term in *PHRAN-BUF* — t h i s f a c t is 
s tored under tha t term so tha t succeeding ones w i l l 
be checked to see i f t h i s p a r t i a l match cont inues. 
The term tha t was formed a f t e r reading dropped is 
now added to the l i s t . *PHBAN-BUF* is now , 

< [J0HN1 - person, NP] , [DROP - verb ] > 

PHRAN now checks to see if the pa t te rn stored 
under the f i r s t term matches the term j u s t added to 
#PHRAN-BUF* too , and indeed it does. This new f a c t 
is now stored under the l a s t term. 

Next the word " o u t " is read. The pa t te rn 
suggest ion mechanism is a l e r t e d by the occurrence of 
the verb drop fo l lowed by the word out , and it 
i n s t r u c t s PHRAN to consider the pat tern. , -

T [<person> <DROP> " o u t " "of" <school>] [ . . . J ) 

The l i s t in *PHRAN-BUF* is checked against t h i s pa t t e r n t o see i f i t matches i t s f i r s t two terms, 
t does, and t h i s f a c t is s tored under the second 

term. A term associated w i t h ou t ' is now added to 
*PHRAN-BUF*: . 

< [J0HN1 - person, NPJ , [DROP - verb ] , [OUT] > 

The two pat terns tha t have matched up to DROP 
are checked to see if the new term extends them. 
This is t rue only f o r the second p a t t e r n , and t h i s 
f a c t is stored under the next term. The pa t te rn 
l<person> <DROP> <object>J is d iscarded. 

Now the word " o f " is read. A term is formed 
and added to *PHRAN-BUF*. The p a t t e r n tha t matched 
up to OUT is extended by OF so t h i s f a c t is s tored 
under the f ou r t h term. 

The word " h i g h " is read and a term is formed 
and added to *PHRAN-BUF*. Now the pa t te rn tha t matched up to OF is compared against HIGH. It 

oesn t s a t i s f y the next c o n d i t i o n . PHRAN reads 

" s c h o o l " . and the pa t te rn suggest ion rou t ine 
presents PHRAN w i t h two pa t t e rns : 

1 . | [ " h igh " "schoo l " ] [ representa t ion denot ing a 
school f o r 10th through 12th 
graders ] J 

2. i [<ad jec t ive> <noun>] [ representa t ion denot ing, 
noun modif ied by ad jec t i veJ | 

Both pa t te rns are s a t i s f i e d by the previous 
term and t h i s f a c t is stored under i t . The new term 
is added to *PHRAN-BUF*, now: 

< [J0HN1 - person, Np] ,r[DR0P - verb ] , [OUTL, 
[OF] , [HIGH - a d j ] , [SCHOOL - schoo l , noun] > 

The two pat terns are compared against the l a s t 
term, and both are matched. The l a s t two terms are 
removed from #PHRAN-BUF*, and the pa t te rns under OF 
are checked to determine which or the two poss ib le 
meanings we have should be chosen. Pat terns are 
suggested such tha t the more s p e c i f i c ones appear 
f i r s t , so that the more s p e c i f i c i n t e r p r e t a t i o n w i l l 
be chosen i f a l l pa t te rns match equa l l y we l l and i f 
there is no p o s s i b i l i t y o f f u r t h e r pat terns being 
suggested tnat w i l l c l a r i f y mat te rs . That i s the 
case here s ince we have reached the end of the 
sentence. 

A term is formed and added to #PHRAN-BUF#, 
which now contains 

< [J0HN1 - person, NPl . [DROP - verb ] , [OUT"L, 
[OFJ , [HIGH-SCH00L1 - school , NPJ > 

The pa t te rn under OF is checked against the 
l a s t term in *PHRAN-BUF«. PHRAN f i nds a complete 
match, so a l l the matched terms are removed and 
replaced by the concept associated w i th t h i s 
p a t t e r n . 

•PHRAN-BUF* now conta ins t h i s concept as the 
f i n a l r e s u l t : 

< [ (SSCHOOLING (STUDENT J0HN1) 
(SCHOOL HIGH-SCH00L1) NX . 
(TERMINATION PREMATURE)) ] > 

4 .2 Pat tern-concept Pai rs In Some More D e t a i l 

4 .2 .1 The Pat tern -

The pa t te rn p o r t i o n of a pat tern-concept p a i r 
cons is ts of a sequence of p red ica tes . These may 
take one of severa l forms: 

1. A word; which w i l l match only a term 
represent ing t h i s exact word. 

2. A c lass name ( i n parentheses); w i l l match 
any term represent ing a member of t h i s 
c lass ( e . g . *(FOQDr or 
"(PHYSICAL-OBJECT)"). 

3. A p a i r , the f i r s t element of which is a 
proper ty name and the second is a va lue ; 
w i l l match any term having the requi red 
value of the . . proper ty (e. g. 
" (Part -Of-Speech VERB)"). 

In a d d i t i o n , we may negate a cond i t i on or 
spec i f y tha t a con junc t ion or d i s j u n c t i o n of several 
must h o l d . 

The f o l l o w i n g is one of the pat te rns which may 
be suggested by the occurrence of the verb g ive in 
an u t te rance : v , . . . . v . 

[(PERSON) (ROOT GIVE) (PERSON) (PHYSOB)] 
4 .2 .1 .1 Opt ional Parts -

To i n d i c a t e the presence of op t iona l terms, a 
l i s t o f pa t t e rn concept -pa i rs i s inser ted i n t o the 
pa t t e rn at the appropr ia te p lace . These pa i r s have 
as t h e i r f i r s t element a suo-pat te rn tha t w i l l match 
the op t i ona l terms. The second par t descr ibes how 
the new term to be formed if the main pa t te rn is 
found should be modi f ied to r e f l e c t the existence of 
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the op t iona l sub-pa t te rn . 
The concept corresponding to the op t i ona l par t 

o f a pa t te rn is t rea ted in a form s l i g h t l y d i f f e r e n t 
from the way we t r e a t regu lar concept par ts of 
pat tern-concept p a i r s . As usua l , i t cons is ts o f 
p a i r s o f expressions. The f i r s t o f each pa i r w i l l 
6e placed as is at the end of the p roper t ies of the 
term to be formed, and the second w i l l be evaluated 
f i r s t and then placed on tha t l i s t . 

For example, another pa t te rn suggested when 
' g i ve is seen is the f o l l o w i n g : 

[(PERSON) (ROOTGIVE^ [PHYSOB) 

(TO (OPT-VAL & CD-FORM))])] 

The terms of t h i s pa t te rn descr ibe a person, 
the verb g i v e , and then some phys ica l o b j e c t . The 
l as t term descr ibes the op t iona l terms, cons i s t i ng 
of the word to fo l lowed by a person d e s c r i p t i o n . 
Associated w i t h " t h i s pa t te rn is a concept par t that 
spec i f i e s what to do w i th the op t i ona l par t i f i t i s 
the re . Here i t s p e c i f i e s tha t the second term in 
the op t i ona l pa t te rn should f i l l in the TO s l o t in 
the concep tua l i za t ion associated w i th the whole 
p a t t e r n . 

4 .2 .2 The Concept -

When a pa t te rn is matched. PHRAN removes the 
terms tha t match it from *PHRAN-BUF* and replaces 
them wi th a new term, as def ined by the second par t 
of the pat tern-concept p a i r . For example, here is a 
pat tern-concept p a i r tha t may be suggested when the 
verb eat is encountered: 

([(PERSON) (ROOT EAT) ([((FOOD)) . . 
(FOOD (OPT-VAL 1 CD-FORM))])] 

[P-O-S 'SENTENCE , . . NX 
CD-FORM '(INGEST (ACTOR ?ACTOR) (OBJECT ?F00D)) 
ACTOR (VALUE 1 CD-FORM) 
FOOD ' ( "F IND* (FOOD))]) 

.the concept po r t i on of t h i s pa i r descr ibes a 
term cover ing an e n t i r e sentence, and whose meaning 
is the ac t i on of INGESTing some food (Schank, 1975). 
The next two desc r i p to rs spec i fy how to f i l l in 
va r i ab l e par ts of t n i s a c t i o n . The expression 
(VALUE n prop) spec i f i e s the ' p rop ' proper ty of the 
n ' t h term in the matched sequence of the pa t te rn 
(not count ing op t i ona l terms) . OPT-VAL does the 
same th i ng wi th regards to a matched op t i ona l 
9ub -pa t te rn . Thus the concept d e s c r i p t i o n above 
s p e c i f i e s that the ac tor of the ac t ion is to be the 
term matching the f i r s t c o n d i t i o n . The ob jec t eaten 
w i l l be the term corresponding to the op t iona l 
pa t te rn i f i t i s founa, o r e lse i t w i l l b e 
determined by the context centered process from 
con tex t . 

4.3 Pat te rn Manipulat ion In More De ta i l 

4 .3 .1 Reading A Word -

When a word is read PHRAN compares the pa t te rns 
o f fe red by the pa t te rn suggest ing rou t ine w i th the 
l i s t *PHRAN-BUF* in the manner described in the 
example in sec t ion 4 . 1 . 3 . I t d iscards those 
pa t te rns tha t c o n f l i c t w i th the in fo rmat ion a l ready 
in i t . Then PHRAN t r i e s to determine which meaning 
of the word to choose, us ing the a c t i v e pa t te rns 
(those tha t have matched up to the po in t where PHRAN 
has r e a d ; . I t checks i f there i s a p a r t i c u l a r 
meaning tha t w i l l match the next s l o t in some 
pa t te rn o r , i f n o such d e f i n i t i o n e x i s t s , i f there 
is a meaning tha t might be the beginning of a 
sequence of terms whose meaning, as determined v i a a 
pat tern-concept p a i r , w i l l s a t i s f y the next s l o t i n 
one o f the a c t i v e pa t t e rns . I f t h i s i s the case, 
t ha t meaning of the word is chosen. I f not enough 
in fo rmat ion i s ava i l ab l e to f a c i l i t a t e a d e c i s i o n , 
a l l meanings are recorded w i th the hope tha t a 
p a t t e r n suggested at a l a t e r point w i l l make a 
choice poss ib le then. 

In p r i n c i p l e , o f course, the context centered 
l e v e l should be able to he lp in such s i t u a t i o n s , 
us ing the con tex t . 

A new term is formed and is both passed the 
b u f f e r of the context centered l e v e l and recorded in 
♦PHRAN-BUF*. I f i t s a t i s f i e s the next cond i t i on i n 
one of the a c t i v e pa t t e rns , the appropr ia te pa t te rn 
is moved to the p a t t e r n - l i s t of the new term. I f 
the next cond i t i on in the pa t te rn i nd i ca tes tha t the 
term spec i f i ed is o p t i o n a l , then PHRAN checks f o r 
these op t i ona l terms, and i f i t i s convinced tha t 
they are not present , i t checks to see i f the new 
term s a t i s f i e s the cond i t i on f o l l o w i n g the op t i ona l 
ones in the p a t t e r n . 

4 .3 .2 A Pat tern Is Matched -

When a pa t te rn has been matched complete ly , 
PHRAN cont inues checking a l l the other pa t te rns on 
the p a t t e r n - l i s t . When i t has f i n i s h e d , PHRAN w i l l 
take the longest pa t te rn tha t was matched and w i l l 
consider the concept o f i t s pat tern-concept p a i r to 
be the meaning of the sequence. If there are 
severa l pa t te rns of the same length tha t were 
matched PHRAN w i l l group a l l t h e i r meanings 
together . 

New pat te rns are suggested and a disambiguat ion 
process f o l l o w s , exac t l y as in the case of a new 
word being read, w i t h the r e s u l t i n g meaning(s) being 
passed to the context centered process. 

For example, the words " the b ig app le " , when 
recognized, w i l l have two poss ib le meanings; one 
being a la rge f r u i t , the other being New York C i t y . 
PHRAN w i l l check the pa t te rns a c t i v e at tha t t ime to 
determine i f one of tnese two meanings s a t i s f i e s the 
next cond i t i on in one o f the pat terns,and i f so, 
t ha t meaning w i l l be chosen. Otherwise, both 
meanings w i l l be en te r ta ined u n t i l f u tu re 
in fo rmat ion conf i rms one of them. 

4 .3 .2 .1 Possib le Extension Of A Pat te rn -

It sometimes happens tha t we have two pat te rns 
where the smal ler one ends before the longer one. 
For example, consider % , v n 

[ (PERSON) (ROOT SIT) (EVENT) OUT ] 

[ (PERSON) (ROOT SIT) ], 
when PHRAN reads the sentence "Jane sat the, game 
out . In t h i s case, upon ana lyz ing the word s i t . 
PHRAN rea l i zes tha t the second pa t t e rn has matched 
complete ly , but i t i s a lso aware o f the f ac t that 
there e x i s t s a pa t te rn which has matched up to the 
same point ana which a lso may be present in the 
t e x t . Since PHRAN is intended to matcn the longest 
pa t t e rn poss ib le , i t w i l l not t r e a t the shor ter 
pa t t e rn as matched y e t . PHRAN w i l l cont inue reading 
and analyz ing the t e x t u n t i l e i t h e r the longer 
p a t t e r n is found to be present , in which case i t 
w i l l be used to f i n d the meaning of the sentence, or 
u n t i l the longer pa t te rn f a i l s and PHRAN concludes 
tha t i t is not present . In the l a t t e r case PHRAN 
w i l l back up 5ha consider the shor te r pa t te rn 
matched. 

4.4 Indexing And Pat te rn Suggestion 

Re t r i ev i ng the phrasal pa t te rn matching a 
p a r t i c u l a r u t terance from PHRAN's knowledge base is 
an important problem that we have not yet solved to 
our complete s a t i s f a c t i o n . We f i n d some conso la t ion 
in the f a c t tha t the problem of index ing a la rge 
data base is a necessary and f a m i l i a r problem fo r 
a l l knowledge based systems. 

In the cur rent vers ion we index the 
pat tern-concept pa i r s of the database in a t r e e . As 
words are read, the pa t te rn suggest ing mechanism 
t r a v e l s down t h i s t r e e , choosing branches according 
to the meanings of the words. It suggests to PHRAN 
the pa t te rns found at the nodes at which i t has 
a r r i v e d . This l i s t of nodes is remembered, and when 
the next word is read the rou t i ne cont inues to 
branch from them, in a d d i t i o n to s t a r t i n g from the 
r o o t . In p r a c t i c e , the number o f nodes in the l i s t 
i s sma l l . 



For example, whenever a noun-phrase is fo l lowed 
by an a c t i v e form of some verb , the node the 
suggest ing rou t ine a r r i ves a t in the t ree i n s t r u c t s 
PHKAN to consider the simple dec l a ra t i ve forms of 
the verb. The phrasal pa t te rn tha t w i l l recognize 
the expression 'by and l a rge " is found at the node 
reached only a f t e r seeing those three words 
consecu t i ve ly . In t h i s manner t h i s pa t te rn w i l l be 
suggested only when necessary. 

The main problem w i th t h i s scheme is tha t i t 
does not lend i t s e l f we l l to a l l ow ing contextua l 
cues to in f luence the choice of pa t te rns PHRAN 
should t r y . 

5.0 CONTEXT CENTERED PROCESSING AND RECONCILIATION 

5.1 The Context, And Reconci l ing Conceptual 
Fragments With I t 

Consider the we l l known example of 
d isambiguat ion: 

(1) The o ld man's glasses were f i l l e d wi th sher ry . 

When most people read t h i s sentence, the word 
"g lasses" is i n t e rp re ted as meaning "eye-glasses , 
as opposed to " d r i n k i n g g lasses" . This dec is ion is 
basea on the f a c t tha t the mention of " the o ld man" 
ac t i va tes some knowledge concerning o lder people and 
t h e i r normal phys ica l appearance. 

The d i f f i c u l t y people have w i th t h i s sentence 
supports the c la im that in understanding tex t people 
form a con tex t , which inc ludes the concepts 
appearing up to the po in t where they 've read and 
re la ted knowledge. upon processing fu tu re 
ut terances and producing a d d i t i o n a l conceptual 
f ragments, the understander at tempts to reconc i le 
these fragments — whether they descr ibe ob jec ts or 
h igher l e v e l concepts — w i th the con tex t , we c a l l 
t h i s process r e c o n c i l i a t i o n . 

The existence of a context w i l l a lso he lp the 
understanding system in the processing of the 
f o l l o w i n g sentence: 

(2) Mary cut the sa lami . 

Here, r e c o n c i l i n g the general no t ion o f c u t t i n g w i th 
t h i s p a r t i c u l a r context w i l l enable the system to 
r e a l i z e t h a t , among other t h i n g s , the c u t t i n g was 
done w i t h a k n i f e , i t was done in a d i r e c t i o n 
perpendicu lar to the length of the sa lami , or at a 
s l i g h t angle to i t , and tha t the salami was probably 
peeled too. 

On the other hand, when we hear mention of 
c u t t i n g in the context of a meal, the r e c o n c i l i a t i o n 
process enables the system to r e a l i z e tha t the 
instrument used was a k n i f e , and tha t w i th the help 
of a f o r k the person doing the c u t t i n g separated 
b i t e s ized pieces from the food and proceeded to 
ingest them. 

In comparing the l i m i t e d number of in ferences 
tha t can oe made from a general ized concept of 
c u t t i n g to what can be understood from the r u l l y 
spec i f i ed one the system a r r i v e s at a f t e r 
r e c o n c i l i n g i t w i th the con tex t , we see the u t i l i t y 
of t h i s process to the na tu ra l language 
understander. 

5.2 The Context Centered Process 

In view of the previous d iscuss ion we have 
decided to inc lude in our model of na tu ra l language 
understanding another component, the context 
centered component. This component "aTteinjpTs £0" 
reconc i l e conceptual fragments wnich are introduced 
to the b u f f e r w i th what is a l ready known about the 
context o f the u t te rance . 

No program has yet been w r i t t e n implementing 
t h i s component of our model. However, we can at 
t h i s po in t s t a t e i n general terms what i t i s 
expected to do: 

1. Add recognized concepts to the con tex t . 

Recall re la ted concepts from memory and add 
them to context (making use of other 
r o u t i n e s ) . 

3. Whenever adding a concept to con tex t , check 
i f context requi res a p a r t i c u l a r 
i n t e r p r e t a t i o n of i t . (Thus reso lv ing some 
ambigu i t ies tha t the language centered 
leve l is unable to resolve by i t s e l f . ) 

4. Determine references (based on the known 
c o n t e x t ) . 

In performing i t s task the context centered 
process makes use of the context of the ut terance as 
p rev ious ly recognized. In determining references, 
f o r ins tance , i t w i l l not be able to resolve a 
reference i f the t h i ng refered to has not been 
p rev ious ly introduced to the con tex t . 

Unl ike the knowledge base used by the language 
centered process, much of the knowledge used at t h i s 
stage is not re levant only to understanding ideas 
communicated to us. We apply here, among other 
t h i n g 3 , the same knowledge we might use in orofer to 
understand someone's observed a c t i o n s , or to plan 
our own. For example, the knowledge about c u t t i n g 
salami used to understand the sentence dea l t w i th 
e a r l i e r may be h e l p f u l when we decide to serve some 
to f r i e n d s , or when we are t r y i n g to f i g u r e out what 
someone is doing when we see them benaing over a 
salami w i th a sharp k n i f e in t h e i r hand. Thus, the 
context centered component may c a l l on other 
rou t ines t o supply i t w i t h f u r t h e r re la ted 
conceptua l i za t ions — which w i l l con t r i bu te to the 
context of the u t te rances . 

One should keep in mind that the two procenses 
described in t h i s paper are cons tan t l y i n f l u e n c i n g 
each o the r . Obviously, the language centered 
component supp l ies the context centered component 
w i tn fragments to work on; but there is i n t e r a c t i o n 
in the other d i r e c t i o n too . As we have seen, 
fragments recognized by the language centered 
process may be used as cons t i t uen ts in f u r t h e r 
processing by i t . The context centered l e v e l , 
however, may add in fo rmat ion to the fragment found 
by the previous l e v e l , and in t h i s manner modify the 
meaning of any fragments of which t h i s one is a 
p a r t . In a d d i t i o n , tne in fo rmat ion concerning the 
context ? which is co l l ec ted dur ing context centered ?rocess ing, is used, when necessary, to determine 

he appropr ia te meaning of a word or phrase the 
language centered component has found. 

5.3 Example 

In order c l a r i f y some of the ideas described in 
the previous s e c t i o n , l e t us s imulate the processing 
o f the f o l l ow ing s t o r y : 

It was duck hunt ing season. 
Mary went hun t ing . 
She aimed at a b i rd and pu l led the t r i g g e r . 
She got the b i r d . 
When the f i r s t sentence is processed by the 

language centered l e v e l , an appropr ia te conceptual 
fragment is produced, namely one represent ing the 
f ac t that the t ime of year described was tha t du r ing 
which one could hunt ducks. When the context 
centered process sees tha t duck hunt ing is 
mentioned, it consu l ts memory about ducks and about 
hunt ing them. I t adds to the con tex t , in a d d i t i o n 
to the fragment represent ing the f i r s t s tatement, 
conceptua l i za t ions rep resen t ing : 

P ro to t yp i ca l knowledge about ducks, 
knowledge about hun t i ng , and in p a r t i c u l a r , funs and how they are used ( e . g. representa t ions 

or aiming and shoot ing J, 
and perhaps others ( the precise concep tua l i za t ions 
introduced to context w i l l be a f unc t i on of how 
memory is organized: c f . MOPS in Schank. 1980). 
Among the conceptua l i za t ions added there w i l l be one 
of the form (SHUNT (HUNTER ?Y) (OBJECT DUCK)), w i th 
some i n d i c a t i o n tha t i t has not ye t been seen in the 
t e x t . This fragment w i l l be of use l a t e r . 
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When reading the second sentence, the language 
centered l e v e l produces a fragment represent ing tne 
f a c t described i n i t : i . e . something l i k e 
(SHUNT (HUNTER MARY) (OBJECT ?X) ) . Then the context 
centered process, in a t tempt ing to reconc i le the 
fragment w i th the con tex t , i d e n t i f i e s the hunt ing in 
the context ( i . e . hunt ing duck, p lus the a d d i t i o n a l 
i n fo rmat ion there) w i t h the hunt ing Nary was do ing . 
This w i l l happen because in the context we have, as 
we r e c a l l , (SHUNT (HUNTER ?Y) (OBJECT DUCK)), which 
the previous fragment w i l l match. 

When the word ' she ' is read the person is 
i d e n t i f i e d as Nary, s ince the context conta ins 
knowledge of only one person. The concept of aiming 
is i d e n t i f i e d w i th the aiming of a gun a l ready in 
the con tex t , in a fash ion s i m i l a r to that descr ibed 
f o r the previous sentence. The b i r d is i d e n t i f i e d 
w i t h a ducK, s ince the system is t o l d that Nary 
aimed at a b i r d , context inc ludes the concept of 
aiming at a duck, and spec i f y ing the b i r d as a duck 
is both poss ib le — in t h i s case because a duck is a 
b i r d — and enhances the match between the t e x t and 
the con tex t . Since the aiming in the context is 
marked as par t of the shoot ing which is par t of 
hun t i ng , we w i l l get tha t the aiming mentioned in 
the t e x t is a lso understood as par t of the process 
o f hunt ing duck. The p u l l i n g o f the t r i g g e r i s . 
aga in , understood in terms of using the gun and 
hun t i ng . 

When reading the l a s t sentence, the language 
centered component comes up w i th severa l poss ib le 
meanings, among them that 'Mary received the b i r d 
from an unknown p a r t y ' , and that 'Mary succeeded in 
doing what she wanted to do to the b i r d ' . The 
in fo rmat ion about hunt ing al ready in the context 
enables the context centered component to decide in 
favor of the second meaning, because we know noth ing 
about anyone g i v i n g Nary any th ing , but we have 
represented the f a c t tha t Nary wanted to do 
something t o the b i r d ( i . e . k i l l i t ) . This 
concep tua l i za t ion w i l l match par t of the second 
poss ib le meaning of the phrase, so the l a s t sentence 
w i l l be understood as Nary succeeded in k i l l i n g the 
b i r d ' . 
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