
Chapter 1 

INTRODUCTION 

I gave  her  one, t hey  gave h i m  two,  
You gave u s  three or move;  

They all r e t u ~ e d  f r o m  h i m  to you,  
Though t h e y  w e r e  m i n e  before.  

- Lewi s  Carroll I 

1.1. Natural language understanding 

This thesis addresses a problem central to the understanding of natural 
language by computer. 2 There are two main groups of reasons for wanting a 
computer to understand natural language: practical and theoretical. 

In the set of practical reasons is useful human-machine communication. At 
present, computer programs, database queries and the like must be expressed 
in some artificial computer language, human use of which requires training and 
practiee. If people were able to specify their instructions to computers in their 
own natural language, then they would be able to avail themselves of computer 
services without the need to learn special languages. 

Presently, there are some prototypieal systems which answer questions or 
write programs in response to commands expressed in a subset of English. Of 
these, few other than LSNLIS (Woods, Kaplan and Nash-Webber 1972) and ROBOT 
(Harris 1977, 1978) have been tested in the real world of potential users. Each 
system uses a slightly different subset of English, providing varying coverage 
and habitability; 3 however, none is without important gaps. For more discus- 
sion of this point, and a survey of some systems, see Petrick (1976). 

Also of practiced use would be a machine translation system which could 
translate documents from one natural language to another. Some such sys- 
tems are already in everyday use (Hutchins 1978), but their performance still 
leaves much to be desired. 

The theoretical reasons for studying NLU are to create, test and study 
models of language. Presently, major models of language such as 

1From: Alice's Adve•tzeres i~ Wonderland. Chapter 12. 

~ " N a t u r a l  l a n g u a g e  u n d e r s t a n d i n g "  m a y  be a b b r e v i a t e d  "'NLU". 

3The HABITABILITY (Watt 1968) of a s u b s e t  of Eng l i sh  is the ease with  wh ich  a u s e r  c a n  c o n f o r m  
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t r a n s f o r m a t i o n a l  g r a m m a r s  ( C h o m s k y  1957,  1965)  a n d  g e n e r a t i v e  s e m a n t i c s  
( L a k o f f  1968,  1971;  M c C a w l e y  1968; r e v i e w e d  b y  G e l b a r t  t 9 7 6 )  h a v e  i n  p r a c t i c e  
b e e n  s y n t h e t i c  r a t h e r  t h a n  a n a l y t i c ;  t h a t  is,  t h e y  a c c o u n t  f o r  s e n t e n c e  s t r u c -  
t u r e  b y  g e n e r a t i n g  t h e  s e n t e n c e  f r o m  a DEEP REPRESENTATION. 4 H o w e v e r ,  t h i s  i s  
o n l y  o n e  h a i l  of t h e  c o m m u n i c a t i o n  p r o c e s s ;  t h e  o t h e r  is  p e r c e i v i n g  a n d  u n d e r -  
s t a n d i n g  t h e  s e n t e n c e .  So  f a r  t h e r e  h a s  b e e n  n o  e q u a l l y  s i g n i f i c a n t  m o d e l  f o r  
t h i s ,  t h e  a n a l y t i c  c o m p o n e n t  of l a n g u a g e .  R e s e a r c h  i n t o  c o m p u t e r  p r o g r a m s  
w h i c h  u n d e r s t a n d  c a n  h e l p  fill t h i s  g a p .  N o t  o n l y  d o e s  s u c h  r e s e a r c h  l e a d  in  t h e  
d i r e c t i o n  of a m o d e l ,  b u t  i m p l e m e n t a t i o n  a s  a c o m p u t e r  p r o g r a m  p r o v i d e s  a 
m e a n s  fo r  t e s t i n g  a n d  e v a l u a t i n g  a n a l y t i c  t h e o r i e s  a n d  m o d e l s ;  i n  a s e n s e ,  t h e  
i m p l e m e n t a t i o n  Is t h e  m o d e l  (cf  W i n s t o n  1977 :258 ;  W e i z e n b a u m  1 9 7 6 : 1 4 0 - 1 5 3 ) .  5 

In  t h i s  t h e s i s ,  we s h a l l  b e  i n t e r e s t e d  in  t h e  s e c o n d  r e a s o n  as  m u c h  as  t h e  
f i r s t .  T h e r e f o r e ,  we will, a s  m u c h  a s  p o s s i b l e ,  b e  i n v e s t i g a t i n g  t h e  w h o l e  of a 
n a t u r a l  l a n g u a g e ,  s p e c i f i c a l l y  E n g l i s h ,  r a t h e r  t h a n  r e s t r i c t i n g  o u r s e l v e s  t o  a 
h a b i t a b l e  s u b s e t  f o r  h u m a n - m a c h i n e  c o m m u n i c a t i o n .  F u r t h e r ,  we s h a l l  b e  c o n -  
s i d e r i n g  c o n n e c t e d  d i s c o u r s e  r a t h e r  t h a n  i s o l a t e d  s e n t e n c e s .  T h e  m o t i v a t i o n  
f o r  t h i s  i s  t h a t  m a n y  of t h e  i n t e r e s t i n g  p r o b l e m s  of l a n g u a g e ,  s u c h  a s  c o h e s i o n  
a n d  r e f e r e n c e ,  d o  n o t  o c c u r  in  t h e i r  fu l l  g l o r i o u s  c o m p l e x i t y  in  a s i n g l e  s e n -  
t e n c e .  (Th i s  i s  n o t  t o  i m p l y ,  h o w e v e r ,  t h a t  t h e r e  a r e  n o t  s t i l l  p r o b l e m s  a p l e n t y  
i n  s i n g l e  s e n t e n c e s . )  

The t e r m  ana_phora does not  appear in  m a n y  tex t s  and 
monographs  on Linguistics, or i t  appears only in  pca~sing 
- an omiss ion  not  at  all surpris ing,  g iven  the f a c t  that  
the concept  o f  anaphora is o f  cen t ra l  impor tance  to 
discourse s t ruc ture .  

- WiLliam 0 Hendr icks  (1976:65) 

1.Z. R e f e r e n c e  and a n a p h o r a  

T h e  p a r t i c u l a r  p r o b l e m  we s h a l l  b e  c o n s i d e r i n g  is  t h a t  of a n a p h o r a  a n d  r e f e r -  
e n c e .  R e f e r e n c e  i s  a c e n t r a l  c o n c e p t  i n  l a n g u a g e ,  a n d  i s  o n e  t h a t  p h i l o s o p h e r s  
h a v e  s t u d i e d  a n d  p o n d e r e d  f o r  m a n y  y e a r s  ( f o r  e x a m p l e ,  R u s s e l l  ( 1905) ,  S t r a w -  
s o n  (1950 ) ,  L i n s k y  ( 1 9 6 3 )  a n d  D o n n e l l a n  ( i 9 6 6 ) ) .  In  r e c e n t  y e a r s ,  l i n g u i s t s ,  

to i ts restr ic t ions.  

4Theoretically, this  s t a t e m e n t  is not  correct .  Chomsky (1957:48) emphasizes  the  neutra l i ty  in 
principle of t rans format iona l  g r a m m a r s  with r e spec t  to synthesis  or analysis of sentences .  In 
pract ice ,  however, t r ans format iona l  g r a m m a r s  have not proved useful in au tomat ic  NLU; s e e  

sect ion 3.2.5 and Woods (1970:596-597)~ 

5] am aware tha t  whether  an implementa t ion  can cons t i tu te  a theory  is a controvers ia l  point, 
and I do not wish to pursue  it here, as it has been  discussed at m u c h  length in the oral presen-  
ta t ions  at  (but, regret tably,  not in the wr i t ten  proceedings of) the second conference on 
Theoretical  Issues in Natural  Language Processing, at  the Universi ty of Illinois at Urbana-  
Champaign, July 1978. (For a summary  of the views expressed at the  conference on this  
mat te r ,  see Hirst (1978a).) It is necessary  here  only to asse r t  the  weaker view tha t  an imple- 
menta t ion,  if not itself a theory, can aid unders tand ing  of a theory.  Friedman, Moran and 
Warren's  (1978) compute r  programs for Montague g rammars  exemplify this. 

1.2 Re f e rence  and anaphora 
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p s y c h o l o g i s t s  a n d  a r t i f i c i a l  i n t e l l i g e n c e  (AI) w o r k e r s  h a v e  s e e n  i t s  r e l e v a n c e  t o  
t h e i r  f i e lds ,  a n d  h a v e  r e s e a r c h e d  m a n y  a s p e c t s  of i t .  

T h e  p r o b l e m  e s s e n t i a l l y  i s  t h a t  of  h o w  w o r d s  a r e  a b l e  t o  d e n o t e  c o n c e p t s ,  
a n d  i n  p a r t i c u l a r  h o w  a c e r t a i n  s e q u e n c e  of w o r d s  c a n  d e n o t e  a u n i q u e  c o n c e p t .  
F o r  e x a m p l e ,  if I m e e t  y o u  a n d  s a y ,  a p r o p o s  of n o t h i n g :  

(1-1)  The  c h i n c h i l l a  a t e  m y  p o r t r a i t  of R i c h a r d  N i x o n  l a s t  n i g h t .  I t  
d e v o u r e d  i t  so  f a s t ,  I d i d n ' t  e v e n  h a v e  a c h a n c e  t o  s a v e  t h e  f r a m e .  

y o u  a r e  s o m e h o w  a b l e  t o  d e t e r m i n e  t h a t  b y  R i c h a r d  N i x o n  I m e a n  R i c h a r d  
M i l h o u s  Nixon ,  e x - P r e s i d e n t  of t h e  U n i t e d  S t a t e s  of A m e r i c a ,  a n d  n o t  R i c h a r d  
C h o m s k y  Nixon ,  s a n i t a t i o n  e n g i n e e r  of M o m e n c e ,  I l l ino i s .  Y o u  f u r t h e r  u n d e r -  
s t a n d  w h i c h  c h i n c h i l l a ,  of all  i n  t h e  w o r l d ,  I m e a n  b y  the  c h i n c h i l l a f i  t h a t  i t  
d e v o u r e d  i t  r e f e r s  t o  t h e  a f o r e m e n t i o n e d  c h i n c h i l l a ' s  a f o r e m e n t i o n e d  a c t  of  
e a t i n g  t h e  a f o r e m e n t i o n e d  p o r t r a i t ,  a n d  t h a t  the  f r a m e  is  t h e  f r a m e  of t h e  
a f o r e m e n t i o n e d  p o r t r a i t .  

A n y  l a n g u a g e  c o m p r e h e n d e r  n e e d s  t o  m a k e  d e c i s i o n s  al l  t h e  t i m e  s i m i l a r  t o  
t h o s e  y o u  m a d e  i n  r e a d i n g  t h e  l a s t  p a r a g r a p h .  I t  n e e d s  t o  i d e n t i f y  c o n c e p t s  
w h e n  t h e y  a r e  i n i t i a l l y  r e f e r e n c e d  a n d  t o  i d e n t i f y  s u b s e q u e n t  r e f e r e n c e s  t o  
t h e m .  L o o s e l y  s p e a k i n g  - we s h a l l  h a v e  a m o r e  f o r m a l  d e f i n i t i o n  i n  t h e  n e x t  
c h a p t e r  - ANAPHORA is  t h e  p h e n o m e n o n  of  s u b s e q u e n t  r e f e r e n c e .  7 

B e c a u s e  n o  c o h e r e n t  d i s c o u r s e  is w i t h o u t  b o t h  i n i t i a l  a n d  s u b s e q u e n t  r e f e r -  
e n c e ,  i t  is  e s s e n t i a l  t h a t  a n y  ( c o m p u t e r )  NLU s y s t e m  n o t  l i m i t e d  t o  s i n g l e  s e n -  
t e n c e  i n p u t  b e  a b l e  t o  h a n d l e  r e f e r e n c e .  ( I t  is  a l s o  a d v i s a b l e  e v e n  in  s y s t e m s  so  
l i m i t e d ,  s i n c e  i n t r a s e n t e n t i a l  r e f e r e n c e  is  v e r y  c o m m o n . )  T h a t  is t h e  m o t i v a t i o n  
f o r  t h i s  t h e s i s .  

{]Note t ha t  it is not enough tha t  the chinchilla identify the par t icu lar  chinchil la uniquely to 
each  of us. We must  also both  know tha t  it identifies the same chinchil la to bo th  of us. It is 
somet imes  necessa ry  t ha t  such mutua l  knowledge regress  to infinity to ensure  the  felicity of 
such definite references;  see Clark and Marshall (197B) for a demons t r a t ion  of this, and a solu- 
t ion to the  problems it raises. 

7Do not confcuncI this  sense of the word anaphova with its use in rhe tor ic  to m e a n  the deli- 
be ra te  repe t i t ion  of a word or phrase  at  the  s t a r t  of several  successive verses or paragraphs ,  
nor  with its liturgiologicat meanings.  

1.2 R e f e r e n c e  a n d  a n a p h o r a  


