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This  paper  d e s c r i b e s  a new p a r s e r  t h a t  combines t o p  

down and bot tom up s t r a t e g i e s  and the  n a t u r a l  l a n g u a g e  p r o -  

c e s s i n 6  sys tem PET which u s e s  t h e  p a r s e r .  PET i s  d e s l g n e d  t o  

f a c i l i t a t e  t h e  i n t e r a c t i v e  c o n s t r u c t i o n  o f  n a t u r a l  l anguage  

f r o n t  ends and t o  suppo r t  e x p e r i m e n t s  i n  c o m p u t a t i o n a l  l i n g -  

u i s t i c s °  The sys tem,  which has  been implemented  i n  UT-LISP, 

p r o v i d e s  f a c i l i t i e s  f o r  p e r f o r m i n g  t h e  f o l l o w i n g  t a s k s :  n a t u r -  

e l  l anguage  p a r s i n g  a c c o r d i n g  t o  c o n t e x t - f r e e  and t r a n s f o r a a t -  

i o n a l  grammars;  d t s e m b t ~ a t i o n  o f  word s e n s e s  by p a t t e r n -  

- d i r e c t e d  i n f e r e n c e !  c o n s t r u c t i o n  o f  a s e m a n t i c  ne twork  d a t a  

base  from E n g l i s h  s e n t e n c e s ;  d e d u c t i v e  i n f o r m a t i o n  r e t r i e v a l  

t o  answer s i m p l e  E n g l i s h  q u e s t i o n s °  

Most e x t a n t  n a t u r a l  l a n g u a g e  p r o c e s s i n g  sys t ems  have 

v e r y  c o m p l i c a t e d  c o n t r o l  s t r u c t u r e s  and a r e ,  t h e r e f o r e ,  

d i f f i c u l t  t o  ex t end  m o d u l a r l y .  I t  appea r s  t h a t  t he  l a c k  o f  

m o d u l a r i t y  o f  t h e s e  sys tems  i s  due to  t h e  f a c t  t h a t  t h e i r  

s y n t a c t i c  e x p e r t i s e  i s  no t  -oonven£eht ly  l o c a t e d  i n  one r o u t -  

i n e  b u t ,  i n  e f f e c t ,  d i s t r i b u t e d  t h r o u g h o u t  t h e  e n t i r e  p r o ~ a m .  

I n  t h e  sys tem d e s c r i b e d  h e r e ,  m o d u l a r i z a t i o n  i s  a c h i e v -  

ed by maklD~ t h e  c o n t r o l  s t r u c t u r e  l a r g e l y  t r a n s p a r e n t ,  i c e .  

by a l l o w i n g  i t  t o  r e s i d e  i n  t h e  p a r s e r °  

The method,  i n  a n u t s h e l l ,  i s  t h i s :  t h e  p a ~ s s r  o u t p u t s  

a phrase  s t r u c t u r e  t r e e ,  o r ,  i f  t he  a n a l y z e d  s e n t e n c e  i s  

s t r u c t u r a l l y  ambiguous,  a l i s t  o f  s e v e r a l  ph ra se  s t r u c t u r e  
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t r e e s .  A t r e e  f o r  a s e n t e n c e  i s  g e n e r a t e d  i n  b o t t o m  up  f a s h i o n  

u n d e r  t h e  c o n t r o l  o f  c o n t e x t - f r e e  r u l e s  and  r e s t r i c t e d  c o n t e x t -  

- s e n s i t i v e  r u l e s .  The l a t t e r  c o n s i s t  o f  t e s t s  and  t r e e - m o d i -  

f y i n g  f u n c t i o n s .  The c o n t e x t - s e n s i t i v e  t e s t s  i n s p e c t  t h e  

i m m e d i a t e  e n v i r o n m e n t  o f  a n o d e  a b o u t  t o  b e  e n t e r e d  i n t o  t h e  

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

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

The i n t e r i o r  n o d e s  o f  t h e  t r e e  a r e  o c c u p i e d  by  f u n c t i o n s  c o r -  

r e s p o n d i n g  t o  t r a n s f o r m a t i o n a l  a n d / o r  s e m a n t i c  r u l e s ,  and  t h e  

l e a f  n o d e s  a r e  o c c u p i e d  by  t h e  d i c t i o n a r y  e n t r i e s  o f  t h e  w o r d s  

i n  t h e  s u r f a c e  s t r i n g .  S i n c e  L I S P ,  u n l i k e  o t h e r  h i g h  l e v e l  

l a n g u a g e s ,  m a k e s  no  d i s t i n c t i o n  b e t w e e n  p r o g r a m s  and  d a t a  

s t r u c t u r e s ,  t h e  t r e e  g e n e r a t e d  b y  t h e  p a r s e r  c a n  b e  i a ~ n e d i a t e -  

l y  e x e c u t e d  a s  a p r o g r a m .  The  t r e e ,  i n t e r p r e t e d  a s  p r o g r a m ,  

c o n s t i t u t e s  t h e  c o n t r o l  s t r u c t u r e  r e f e r r e d  t o  a b o v e ,  a n d  g o -  

y a r n s  t h e  s e m a n t i c  i n t e r p r e t a t i o n  o f  t h e  s e n t e n c e  whose  s t r u c t -  

u r e  i t  r e f l e c t s .  

As c a n  be  s e e n  f r o m  t h i s  v e r y  r o u g h  d e s c r i p t i o n ,  c o n t r o l  

i s s u e s  i n v o l v e d  i n  p r o c e s s i n g  n a t u r a l  l a n g u a g e  t e x t  a r e  i n -  

d e e d  l a r g e l y  t a k e n  c a r e  o f  by  t h e  s y n t a c t i c  c o m p o n e n t .  Howeve r ,  

t o  e l i m i n a t e  s e m a n t i c a l l y  u n i n t e r p r e t a b l e  p a r s e s  a n d  t o  h e l p  

r e s o l v e  s u b t l e  s y n t a c t i c  a m b i g u i t i e s ,  t h e  p a r s e r  m u s t  o c c a s i o n -  

a l l y  c o ~ u i c a t e  w i t h  t h e  s e m a n t i c  c o m p o n e n t .  

The p a r s e r  a t t e m p t s  t o  e l i m i n a t e  t h e  o v e r h e a d  i n c u r r e d  

by  p u r e  t o p  down (TD) o r  b o t t o m  up (UP) a l g o r i t h m s .  TD a l g o -  

r i t h m s  may h a v e  t o  do a l o t  o f  b a c k t r a c k i n g  b e c a u s e  o f  w r o n g -  

l y  p r e d i c t e d  g o a l s .  BU a l g o r i t h m s  b u i l d  many t e m p o r a r y  s t r u c t -  

u r e s  w h i c h  w i l l  n o t  f i g u r e  i n  t h e  f i n a l  p a r s e .  B o t h  b a c k t r a c k -  

i n g  a n ~  t h e  g e n e r a t i o n  o f  a l l  p o s s i b l e  BU i n t e r p r e t a t i o n s  c a n  

b e  a v o i d e d  by  s u i t a b l y  c o m b i n i n g  TD a n d  BU s t r a t e g i e s "  TD 

e x p e c t a t i o n s  b a s e d  o n  t h e  g r ammar  i t s e l f  a n d  on  wha t  h a s  b e e n  

p a r s e d  so  f a r  g u i d e  and  c o n s t r a i n  t h e  BU s e a r c h ,  w h i l e  BU 

r e s u l t s  a r e  u s e d  a t  o n c e  t o  r e f u t e  o r  c o n f i r m  TD e x p e c t a t i o n s .  / 
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The p a r s e r  i s  d e s c r i b e d  and  c o n t r a s t e d  w i t h  s e v e r a l  

other TD and BU parsers. 

The most notable features of the operation of the par- 

ser are the follov~ng, As the sentence is traversed from left 

to right, TD expectations a r e  associated with each position 

in the sentence. Each word in the sentence is thought of as 

lylnE between a beginnlng and an ending position, so that the 

i-th word lies between positions i-I and i, Nodes are built 

only when they agree with prior expectations and when they 

meet additional context-sensitive tests. 

At each moment, the parser attempts to keep the forest 

of partial trees as shallow as possible. After the input words 

have been processed from left to right, the roots of the 

trees constructed so far are visited in alternating right to 

left and left to right order. With each pass the height of 

some trees in the parse forest increases until the root for 

the entire sentence is built. 

- 216 - 


