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PREFACE 

I w a s  a v i c t i m  o f  a s e r i e s  o f  a c c i d e n t s .  

- K u r t  V o n n e g u t  J r  1 

This r e p o r t  was s t a r t e d  in t h e  b o r e a l  s u m m e r  of 1976, m a k i n g  i ts  f i rs t  a p p e a r -  
a n c e  as Hi r s t  (1976b), and  was c o m p l e t e d  a l m o s t  t h r e e  y e a r s  l a t e r ,  a f t e r  a 
n u m b e r  of l a p s e s  and r e l apses .  Like a ch inch i l l a  one is t r y i n g  to  p h o t o g r a p h ,  
t h e  field I was t ry ing  to  d e s c r i b e  would n o t  s i t  still .  T h e re fo r e ,  while  I have  
t r i e d  to  i n c o r p o r a t e  all t he  c h a n g e s  t h a t  o c c u r r e d  in t h o s e  years ,  t h e r e  m a y  be  
s o m e  b lu r r ing  a t  t he  edges .  

I have  t r i e d  to  m a k e  th is  s u r v e y  c o m p r e h e n s i b l e  b o t h  to  t h e  c o m p u t e r  
s c i e n t i s t  who has  no g round ing  in l inguis t ics ,  and  to t he  l ingu i s t  who knows 
no th ing  of c o m p u t e r s .  However ,  i t  has  b e e n  n e c e s s a r y  to p r e s u m e  s o m e  infor-  
ma t ion ,  s ince  d ig r e s s ions  to exp la in  t r a n s f o r m a t i o n a l  g r a m m a r  o r  F i l l m o r e ' s  
ca se  t heo ry ,  for  e x a m p l e ,  were  c l e a r l y  i m p r a c t i c a l .  ( R e a d e r s  n o t  f ami l i a r  wi th  
these may wish to read an introductory text on transformational grammars 
such as Jacobsen (1977), Akmajian and Heny (1975) or Grinder and Elgin (1973), 
and F-illmore's (1968) introduction to cases. The reader not familiar with 
artificial intelligence will find Winston (1977), Boden (1977) or Bundy (1979) use- 
ful i n t r o d u c t i o n s . )  

I t  i s  to be n o t e d ,  t h a t  w h e n  a n y  p a r t  o f  t h i s  p a p e r  
a p p e a r s  dulL, t h e r e  i s  a d e s i g n  i n  i t .  

- R i c h a r d  S t e e l e  2 

How t o  r e a d  t h i s  r e p o r t  

This is a long r e p o r t ,  b u t  few p e o p l e  will n e e d  to  r e a d  i t  all. The C h a p t e r  ou t -  
lines below will help you find the sections of greatest interest to you. 

Chapter 1 introduces and motivates work on natural language understand- 
ing and in particular anaphora. If you are already motivated, skip to Chapter 2. 

1From: The s/zens ojr P~tan. London: Coronet, 1967, page 161. 

2In: The taller, number 38, Thursday 7 July 1709. Reprinted in: The t a l l e r ,  qzri2h notes  and il lus- 
2rat/ons. Edinburgh: Robert Martin, I845, volume 1, page 236. 
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Chap te r  3 def ines  a n a p h o r a  formal ly ,  and  m o t i v a t e s  the  idea  of " c o n s c i o u s -  
n e s s "  as a r e p o s i t o r y  for a n t e c e d e n t s .  Sec t ion  2.3 is an  expos i t ion  of the  var i -  
ous t ypes  of anapho ra .  I sugges t  t h a t  r e a d e r s  fami l i a r  with a n a p h o r a  n e v e r t h e -  
less  a t  l eas t  sk im th is  sec t ion ,  as I have i n c l u d e d  a n u m b e r  of u n u s u a l  e x a m p l e s  
a n d  c o u n t e r e x a m p l e s  which a re  o f t en  igno red  b u t  which  should  be  c o n s i d e r e d  
by a n y o n e  c l a iming  to  have a c o m p l e t e  a n a p h o r - h a n d l i n g  s y s t e m  or theory .  

C h a p t e r  3 reviews t r a d i t i o n a l  a p p r o a c h e s  to a n a p h o r a  r e so lu t ion ,  and  shows 
why t h e y  a re  i n a d e q u a t e .  Sec t ion  3.1 d i scusses  the  work of Bobrow, Winograd, 
Woods and  his assoc ia tes ,  S c h a n k  a n d  his s t u d e n t s ,  Taylor, Hobbs  and  Wilks. 
Then  in s e c t i o n  3.2 I a b s t r a c t  and  eva lua t e  the  a p p r o a c h e s  these  people  took. 

In Chap te r  4, I show the  i m p o r t a n c e  of d i scour se  t h e m e  a nd  a na pho r i c  
focus  in r e f e r e n c e  r e so lu t ion .  

]n Chap t e r  5 I review five c u r r e n t  d i s c o u r s e - o r i e n t e d  a p p r o a c h e s  to ana -  
p h o r a  - those  of Kantor ,  Grosz, Sidner ,  Webber,  a n d  the  d i s cou r se  cohes ion  
a p p r o a c h  of L o c k m a n  and  o thers .  Approaches  to non-NP a n a p h o r a  a re  also ou t -  
l ined  here .  

Chap t e r  6 d e s c r i b e s  the  role of anaphor - spec i f i c  i n f o r m a t i o n  in  reso lu t ion ,  
and  i n t e g r a t e s  t h e o r i e s  of causa l  va l ence  in to  a m o r e  g e n e r a l  f ramework .  

C h a p t e r  7 d i s cus se s  some i ssues  r a i s ed  in  ea r l i e r  c ha p t e r s ,  such  as psycho-  
l inguis t ic  t e s t ing ,  and  also the  p r o b l e m s  of a n a p h o r a  in  l anguage  g e n e r a t i o n .  
The r e p o r t  c o n c l u d e s  with a review of o u t s t a n d i n g  p r o b l e m s .  

Copious b ib l iog raph ic  r e f e r e n c e s  will keep  you b u s y  in  the  l i b r a r y  for hours ,  
and  a n  index  of n a m e s  will he lp  you  find ou t  where  in  th i s  work your  favor i te  
work is d i scussed .  A s u b j e c t  i ndex  is also provided.  

N o t a t i o n  

In t he  s a m p l e  t ex t s  in  th is  r epo r t ,  I use  u n d e r l i n i n g  to i n d i c a t e  t he  anaphor ( s )  
of i n t e r e s t ,  t he  symbo l  ¢ to  expl ic i t ly  m a r k  the  p lace  where  an  el l ipsis  
occu r r ed ,  and  smal l  cap i t a l s  to  i n d i c a t e  words  t h a t  a re  s t r e s s e d  when the  sen-  
t e n c e  is spoken.  S u p e r s c r i p t  n u m b e r s  in  p a r e n t h e s e s  a re  s o m e t i m e s  u sed  to 
expl ic i t ly  labe l  d i f f e ren t  o c c u r r e n c e s  of the  s a m e  word in  a text .  Var i an t  r ead -  
ings of a t e x t  a re  enc lo sed  in  b races ,  with the  va r i a t i ons  s e p a r a t e d  by a ve r t i ca l  
bar .  A s e n t e n c e  which is g r a m m a t i c a l  b u t  u n a c c e p t a b l e  in  the  g iven  c o n t e x t  is 
d e n o t e d  by  "#" .  As usual ,  "*" and  "?"  d e n o t e  t ex t  which is i l l - formed and  of 
q u e s t i o n a b l e  wel I - formedness ,  r e spec t ive ly .  

In the  m a i n  body  of t he  r epo r t ,  I u se  smal l  cap i t a l s  for  e m p h a s i s  or to indi-  
ca te  t h a t  a new t e r m  is be ing  defined.  I ta l ics  have t h e i r  usua l  m e t a l i n g u i s t i c  
role  in  r e f e r r i ng  to  words  and  ph rases .  N P  and  VP s t a n d  for n o u n  p h r a s e  a nd  
v e r b  p h r a s e .  

By L I m e a n  myself ,  G r a e m e  Hirst ,  t h e  wr i t e r  of th i s  d o c u m e n t ,  and  by we, I 
m e a n  you, the  r e a d e r ,  and  me  toge the r .  So, for example ,  when  I say I 
t h i n k  . . . .  I a m  e x p r e s s i n g  a p e r s o n a l  opinion;  whe reas  when  I say w e  s e e  . . . .  t 

a m  po in t i ng  ou t  s o m e t h i n g  a b o u t  which the  r e a d e r  and  I u n d o u b t e d l y  ag ree  - 
and  we don ' t ,  t he  fau l t  is p r o b a b l y  in  t he  r e a d e r .  

N o t a t i o n  



PREFACE TO THE SPRINGER EDITION 

I o r ig ina l ly  wrote  th is  r e p o r t  as a thes i s  for the  Mas te r  of Sc ience  d e g r e e  in  the  
D e p a r t m e n t  of E n g i n e e r i n g  Physics ,  A u s t r a l i a n  Nat ional  Univers i ty .  The thes i s  
was also pub l i shed  as t e c h n i c a l  r e p o r t  79-2 (May 1979) by the  D e p a r t m e n t  of 
C o m p u t e r  Sc ience ,  Un ive r s i t y  of Br i t i sh  Columbia ,  

In the  y e a r  or so p r e c e d i n g  the  f i rs t  p u b l i c a t i o n  of the  r epo r t ,  the  s t u d y  of 
a n a p h o r a  in  n a t u r a l  l anguage  u n d e r s t a n d i n g  was a ve ry  c u r r e n t  topic,  with the  
p u b l i c a t i o n  of seve ra l  i m p o r t a n t  doc to ra l  t h e s e s  (which are rev iewed in  C h a p t e r  
5). t had  or ig ina l ly  be l i eved  t h a t  the  field was c h a n g i n g  so fas t  t h a t  the  su rvey  
would be s u b s t a n t i a l l y  ou t  of da te  wi th in  a year .  This has  n o t  p roved  to be the  
case;  r a t he r ,  work in  the  a r e a  has  slowed, as r e s e a r c h e r s  pa use  to eva lua t e  a n d  
r e c o n s i d e r  the  a p p r o a c h e s  t aken .  I now t h i n k  t h a t  th is  r e p o r t  has  a longer -  
than-anticipated life expectancy, and that it will continue to be helpful to those 
constructing natural language understanding systems. 

The present edition was typeset with a text-formatting system that is unfor- 
tunately typical of many found in computer science departments, in that it was 
designed by people who know a lot about computers but not very much about 
typography or book design. I hope therefore that you will forgive the occa- 
sional footnote that runs onto a new page when it shouldn't have, some ludi- 
crous hyphenation, the funny shape of certain letters, and the awkward widows 
that turn up in a few places. The page numbers in the indexes should be 
regarded as approximate only, especially where the reference is in a footnote 
carried over to the next page. 

Provi, de~ce, I May 1981 
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