
Chapter 3 

TRADITIONAL APPROACHES TO ANAPHORA 

They w e n t  about  and  sang  o f  R a m a ' s  deeds; and  R f f m a  
heard  o f  it, and  he cal led an  a s s e m b l y  o f  the B r a h m a n s  
and  all h inds  o f  g r a m m a r i a n s . . ,  a n d  the h e r m i t  chil- 
d ren  sang  befoTe t h e m  all. 

- -  The R ~ m ~ y a n a  l 

In th i s  c h a p t e r  and  Chap t e r  5 I d e s c r i b e  and  e v a l u a t e  some  of the  a p p r o a c h e s  
t h a t  have b e e n  t a k e n  to anaphora ,  with r e s p e c t  to NLU sys t ems ,  over  the  p a s t  
years .  I have  d iv ided  t h e m  very  rough ly  in to  two c lasses :  t r a d i t i o n a l  a n d  
m o d e r n .  The t r a d i t i o n a l  s y s t e m s  t e n d  no t  to r ecogn ize  as a s e p a r a t e  p r o b l e m  
the question of what is or isn't in consciousness. Rather, they assume that, 
other things being equal, the set of possible referents is exactly the set of NPs 
(or whatever), from the whole of the preceding text, in strict order of recency. 
Their resolution methods tend to work at the sentence level, and may bring to 
bear world knowledge and low-level linguistic knowledge. Antecedents not 
explicit in the text are not handled. This characterization is of course a gen- 
eralization; not all approaches classified as traditional fit this description in 
every detail. On the other hand, modern methods recognize the importance of 
focus and discourse-level knowledge for resolution. Implicit antecedents may 
also be handled. 

In this chapter, I review the traditional methods; in Chapter 5, the modern 
methods are presented. 

3. i. Some traditional systems 

First we will look at some of the systems that employed traditional anaphor 
resolution methods. 

iFrom the translation in: Coomaraswamy, Ananda K and The Sister Nivedita of 
Rarnakrishna--Vivek~nanda (Margaret E Noble). Myths of the H i ~ u s  gc Buddhists. [1] Harrap, 
1913. [2] NewYork: Dover, 1967, page 110. 
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I l isp 'd i n  N u m b e r s .  

- ALexander Pope g 

3.1 .1 .  STUDENT 

The h igh - schoo l  a l g e b r a  p r o b l e m  a n s w e r i n g  s y s t e m  STUDENT (Bobrow 1964), a n  
e a r l y  s y s t e m  wi th  n a t u r a l  l a n g u a g e  i npu t ,  h a s  on ly  a few l i m i t e d  h e u r i s t i c s  for  
r e so lv ing  a n a p h o r s  and,  m o r e  p a r t i c u l a r l y ,  a n a p h o r - I i k e  p a r a p h r a s e s  a n d  
i n c o m p l e t e  r e p e t i t i o n s .  F o r  e x a m p l e ,  in a q u e s t i o n  s u c h  as  (3-1): 

(3-1) The n u m b e r  of s o l d i e r s  t h e  R u s s i a n s  have  is hal f  t h e  n u m b e r  of guns  
t h e y  have .  The n u m b e r  of guns  is 7000. What  is t h e  n u m b e r  of sol-  
d i e r s  t h e y  h a v e ?  

t h e  s y s t e m  will f i r s t  t r y  to  solve t h e  p r o b l e m  t r e a t i n g  the n u m b e r  o f  soldiers  
the R u s s i a n s  have  and  the n u m b e r  o f  soldiers  t hey  have as  two s e p a r a t e  a n d  
d i s t i n c t  v a r i a b l e s .  Upon  f a i lu re ,  i t  will e v e n t u a l l y  i d e n t i f y  t h e  two p h r a s e s  b y  
n o t i n g  t h a t  t h e y  a r e  i d e n t i c a l  up  to  t h e  p r o n o u n  in t h e  s e c o n d .  S imi l a r ly ,  i t  will 
i d e n t i f y  the n u m b e r  o f  g u n s  wi th  the n u m b e r  o f  g u n s  t h e y  have  b y  t h e  f a c t  
t h a t  t h e  f o r m e r  is  c o n t a i n e d  in  a n d  o c c u r s  a f t e r  t h e  l a t t e r .  STUDENT does  n o t  
a c t u a l l y  r e s o l v e  t h e  p r o n o u n s  a t  all.  P h r a s e s  c o n t a i n i n g  th is  a r e  u s u a l l y  t a k e n  
to  r e f e r  to  t h e  c o n s e q u e n c e  of t h e  i m m e d i a t e l y  p r e c e d i n g  i t e m  w i t h o u t  look ing  
a t  t h e  r e s t  of t h e  p h r a s e .  Thus,  in  (3-2): 

(3-2) A n u m b e r  is m u l t i p l i e d  b y  6. This p r o d u c t  is i n c r e a s e d  b y  44. 

t h e  word  p r o d u c t  cou ld  be  c h a n g e d  to  r e s u l t  or  s a s q u a t c h  w i t h o u t  c h a n g i n g  t h e  
a s s u m e d  r e f e r e n t  of this.  Cases  l ike  (3-3): 

(3-3) The p r i c e  of a r a d i o  is 69.70 do l la r s .  This p r i c e  is 15% le s s  t h a n  t h e  
m a r k e d  p r i c e .  

a r e  a p p a r e n t l y  r e s o l v e d  t h r o u g h  t h e  two o c c u r r e n c e s  of t h e  word  pr ice .  

Clear ly ,  t h e s e  s i m p l e  h e u r i s t i c s  a r e  ea s i l y  foo l ed  s ince  t h e  s e n t e n c e  is n o t  
even  p a r s e d  in  a n y  r e a l  s e n s e .  F o r  e x a m p l e ,  in  (3-4) t h e  two r e f e r e n c e s  to  
s a i l o r s  would  n o t  b e  m a t c h e d  up,  a l t h o u g h  m o d i f i c a t i o n s  to  t h e  h e u r i s t i c s  m a y  
c h a n g e  th is :  

(3-4) The n u m b e r  of s o l d i e r s  t h e  R u s s i a n s  have  is twice  t h e  n u m b e r  of 
s a i l o r s  t h e y  have .  The n u m b e r  of s o l d i e r s  is 7000. How m a n y  s a i l o r s  
do t h e  R u s s i a n s  have?  

2From: An epistle to Dr Arbuthnot. 2 January 17S5, line 128. in, inter alia: Pope, Alexander. 
Imitations of Horace with an epistle to Dr Arbuthnot and the Epilogue to the Satires. (= The 
Twickenham edition of the poems of Alexander Pope 4). London: Methuen, 1939. 

3.1.1 S T U D E N T  
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However  a s o p h i s t i c a t e d  p a r a p h r a s e  of (3-4) would s t a n d  no chance :  

(3-5) If t he  Russ ians  have twice as m a n y  so ld ie r s  as sai lors ,  a n d  t h e y  have 
7000 soldiers ,  how m a n y  sa i lo r s  a re  t h e r e ?  

"No, no" ,  s a i d  A n n e .  " T h a t  w o n ' t  do. You  m u s t  do 
s o m e t h i n g  m o r e  t h a n  t h a t .  "' 

" B u t  w h a t ?  Al l  the  g o o d  j o b s  are  t a k e n ,  a n d  al l  I c a n  

do i s  l i sp  i n  n u m b e r s .  "" 
"" Well, t h e n ,  y o u  m u s t  l i sp  ", c o n c l u d e d  A n n e .  

- A l d o u s  L e o n a r d  H u x l e y  8 

3.1.2. SHRDLU 

Winograd ' s  (1971, 1972) c e l e b r a t e d  SHRDLU s y s t e m  employs  h e u r i s t i c s  m u c h  
m o r e  complex  t h a n  those  of STUDENT, provid ing  impre s s ive  and, for the  m o s t  
pa r t ,  s o p h i s t i c a t e d  hand l ing  of anaphor s ,  i nc lud ing  r e f e r e n c e s  to e a r l i e r  p a r t s  
of the  c o n v e r s a t i o n  b e t w e e n  the  p r o g r a m  and  i ts  user .  The m o s t  i m p o r t a n t  
a s p e c t  of SHRDLU's hand l ing  of a n a p h o r s  is t h a t  in  check ing  pre~dous n o u n  
g roups  as poss ib le  r e f e r e n t s ,  i t  does no t  seize the  f i rs t  l ikely c a n d i d a t e  for use,  
b u t  r a t h e r  checks  all poss ib i l i t i es  in the  p r e c e d i n g  t ex t  and  ass igns  e a c h  a r a t -  
ing w h e r e b y  the  m o s t  p laus ib le  answer  is se lec ted ,  If n o n e  c l ea r ly  s t a n d s  ou t  as 
a winner ,  the  u s e r  is a sked  for help in choosing b e t w e e n  the  se r ious  con-  
t e n d e r s .  

Gross h e u r i s t i c s  cover  some  s i m p l e r  cases.  If i t  or t h e y  o c c u r s  twice in the  
s a m e  s e n t e n c e ,  or  i n  two a d j a c e n t  s e n t e n c e s ,  t he  o c c u r r e n c e s  a re  a s s u m e d  to 
be e o r e f e r e n t i a l .  This u sua l ly  works,  b u t  t h e r e  are ,  as always, easy  e o u n t e r e x -  
amples ,  s u c h  as (3-6) ( f rom Minsky 1968): 

(3-6) He pu t  the  box on the  tab le .  Because  i t  w a s n ' t  level, i t  slid off. 

An a n a p h o r  which is p a r t  of i ts  own r e f e r e n t ,  as (3-7): 

(3-7) a b lock  which is b igge r  t h a n  a n y t h i n g  which s u p p o r t s  i t  

c a n  be d e t e c t e d  a n d  i n t e r p r e t e d  c o r r e c t l y  by  SHRDLU wi thou t  inf in i te  r e g r e s -  
sion. R e f e r e n c e  to even t s ,  as in  (3-8): 

(3-8) Why did you  do i t?  

is r e so lved  t h r o u g h  always r e m e m b e r i n g  t he  l a s t  e v e n t  r e f e r r e d  to. 

3From: 5Yome yellow. New York: Harper, 19~. 

3 . 1 . 2  S H R D L U  
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Some c o n t r a s t i v e  uses  of one c a n  be  hand led ,  as in  (3-9): 

(3-9) a big g r e e n  p y r a m i d  and  a l i t t le  one 

A l is t  of pa i r s  of words like big and  little t h a t  are  of ten  u s e d  c o n t r a s t i v e l y  is 
e m p l o y e d  to work ou t  t h a t  little one he re  m e a n s  little green  p y r a m i d  and  no t  
little p y r a m i d  or little big green  pyramid .  This m e t h o d  a s s u m e s  no r e d u n d a n t  
i n f o r m a t i o n  is given. Suppose  you r  un ive r se  had t h r e e  py r a mi ds :  a big b lue  
one, a big g r e e n  one and  a l i t t le  b lue  one. Then  the  above i n t e r p r e t a t i o n  of (3- 
9) would have you  looking for a l i t t le  g r e e n  p y r a m i d  which you  d o n ' t  have, when  
t he  s p e a k e r  obviously  m e a n t  the  l i t t le  b lue  one.  Al though t h e  big in (3-9) is 
r e d u n d a n t  and  has  r e s u l t e d  in  a n  e r r o n e o u s  i n t e r p r e t a t i o n ,  i t  is a pe r f e c t l y  
a c c e p t a b l e  p h r a s e  which re f lec t s  the  way peop le  o f t en  talk.  

The m e t h o d s  u s e d  for one are  also u sed  for i n c o m p l e t e s  t h a t  a re  c a r d i n a l  
n u m b e r s ,  s u c h  as in  (3-10): 

(3-10) F ind  the  r ed  b locks  and  s t a c k  up th ree .  

3.1.3. I,%'N LIS 

The Luna r  S c i e n c e s  Na tu ra l  Language  I n f o r m a t i o n  S y s t e m  (LSNLIS - also known  
as LUNAR) (Woods, Kaplan  and  Nash-Webber  1972; Woods 1977) uses  an  ATN 
p a r s e r  (Woods 1970) and  a s e m a n t i c  i n t e r p r e t e r  ba se d  on the  p r i n c i p l e s  of pro-  
c e d u r a l  s e m a n t i c s  (Woods 1968).4 It is in  th is  l a t t e r  c o m p o n e n t  t h a t  the  s y s t e m  
reso lves  a n a p h o r i c  r e f e r e n c e s ,  giving full m e a n i n g  to p r o n o u n s  found  in  the  
pa r s e  t ree .  

The s y s t e m  d i s t i ngu i shes  two c lasses  of a na pho r s :  PARTIAL a n d  COMPLETE. A 
c o m p l e t e  a n a p h o r  (of which t h e r e  a re  t h r e e  types)  is a p r o n o u n  which re fe r s  to 
a c o m p l e t e  a n t e c e d e n t  n o u n  ph rase ,  while a p a r t i a l  one r e f e r s  to  only p a r t  of a 
p r e c e d i n g  NP; t h a t  is, t he  f i r s t  is a n  IRA and  the  s e c o n d  an  ISA. (3-11) shows a 
c o m p l e t e  a n a p h o r i c  r e f e r e n c e  and  (3-12) a pa r t i a t  one: 

(3-11) Which c o a r s e - g r a i n e d  rocks  have b e e n  ana lyzed  for  coba l t ?  Which 
ones  have b e e n  a n a l y z e d  for s t r o n t i u m ?  

(3-12) Give m e  all ana ly se s  of s ample  10046 for hydrogen .  Give m e  t h e m  
for oxygen.  

Note t h a t  in  (3-12), t hem r e f e r s  to all analyses  of  sample  10048, whereas  the  
NP in  the  a n t e c e d e n t  s e n t e n c e  was all analyses  o f  sample  lO046 f o r  hydrogen. 
Such  p a r t i a l  a n a p h o r s  a re  s igna l l ed  by  the  p r e s e n c e  of a r e l a t ive  c lause  or 

4A useful overview of the whole LSNLIS system, together with a detailed critique of its anaphor 
handling capabilities, may be found in Nash-Webber (1976). 

3.1.3 LSNLIS  
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p r e p o s i t i o n a l  p h r a s e  mod i fy ing  t h e  p ronoun ;  h e r e  i t  is f o r  oxygen. 

P a r t i a l  a n a p h o r s  a re  r e s o l v e d  by s e a r c h i n g  t h r o u g h  a n t e c e d e n t  n o u n  
p h r a s e s  for  one  with  a pa ra l l e l  s y n t a c t i c  and s e m a n t i c  s t r u c t u r e .  In (3-12), for  
e x a m p l e ,  t h e  a n t e c e d e n t  NP is found,  and  f o r  oxygen s u b s t i t u t e d  for  f o r  hydro- 
gen. This m e t h o d  is no t  un l ike  Bobrow ' s  in STUDENT (see  s e c t i o n  3. t .1) ,  b u t  i t  
works  on the  s y n t a c t i c  and s e m a n t i c  level  r a t h e r  t h a n  a t  t h e  m o r e  super f i c i a l  
level  of l ex iea l  m a t c h i n g  wi th  a l i t t le  a d d e d  syntax .  It  suf fers  h o w e v e r  f r o m  the  
s a m e  bas ic  l imi t a t ion ,  n a m e l y  t h a t  i t  c a n  only r e s o l v e  a n a p h o r s  w h e r e  t he  
a n t e c e d e n t  is of a s imi l a r  s t r u c t u r e .  N e i t h e r  (3-13) no r  (3-14), for e x a m p l e ,  
could  have  b e e n  u s e d  as the  s e c o n d  s e n t e n c e  of (3-12): 

(3-13) Give me  the  oxygen  ones.  

(3-14) Give me  those  t h a t  have  b e e n  done  fo r  oxygen.  

Three  d i f f e r e n t  m e t h o d s  a r e  u s e d  for  c o m p l e t e  a n a p h o r i c  r e f e r e n c e s ,  t he  
one c h o s e n  d e p e n d i n g  on t h e  e x a c t  f o r m  of t h e  anaphor .  The f i rs t  f o r m  
inc ludes  a n o u n  and uses  t he  a n a p h o r  as a d e t e r m i n e r :  

(3-15) Do any  b r e c c i a s  c o n t a i n  a l u m i n i u m ?  What a r e  t h o s e  b r e c c i a s ?  

The s t r a t e g y  u s e d  h e r e  is to  s e a r c h  for  a n o u n  p h r a s e  whose h e a d  n o u n  is bree- 
c/as.  Note t h a t  if t he  s e c o n d  s e n t e n c e  c o n t a i n e d  i n s t e a d  a p a r a p h r a s e ,  s u c h  as 
those samples, th is  m e t h o d  would e i t h e r  find the  wrong a n t e c e d e n t ,  or  none  a t  
all, as t h e r e  is no m e c h a n i s m  for  r e c o g n i z i n g  the  p a r a p h r a s e .  

The s e c o n d  f o r m  is a s ingle p ronoun :  

(3-16) How m u c h  t i t a n i u m  is in t y p e  B r o c k s ?  How m u c h  s i l icon is in t h e m ?  

In th is  case ,  m o r e  s e m a n t i c  i n f o r m a t i o n  n e e d s  to be used.  The s e m a n t i c  t e m -  
p la t e  which  m a t c h e s  "ELEMENT BE IN" r e q u i r e s  t h a t  t h e  o b j e c t  of t h e  v e r b  be  a 
SAMPLE, and  this  f a c t  is u sed  in s e a r c h i n g  fo r  a su i t ab l e  a n t e c e d e n t  in th is  
example .  This is i s o m o r p h i c  to a weak  use  of a c a s e - b a s e d  a p p r o a c h  (see  sec -  
t ions  3.1.5 and  3.2.4). 

The t h i r d  t y p e  of c o m p l e t e  a n a p h o r  is one and  ones, as in (3-11). These  a r e  
r e s o l v e d  e i t h e r  wi th  or  w i thou t  m o d i f i e r s  l ike too and also. (Not ice  t h a t  if 
e i t h e r  of t h e s e  mod i f i e r s  were  a p p e n d e d  to  (3-11), t h e  m e a n i n g  would be  c o m -  
p l e t e l y  changed ,  t he  a n a p h o r  r e f e r r i n g  no t  to  t he  f i rs t  q u e s t i o n  bu t  r a t h e r  to 
i ts  answer . )  R e s o l u t i o n  is by  a m e t h o d  s im i l a r  to  t h a t  u s e d  for  s ingle  p r o n o u n s .  

The p r i m a r y  l i m i t a t i o n  of LSNLIS is t h a t  i n t r a s e n t e n t i a l  a n a p h o r s  c a n n o t  be 
reso lved ,  b e c a u s e  a noun  p h r a s e  is not  ava i l ab le  as an  a n t e c e d e n t  unt i l  p ro-  
cess ing  of t h e  s e n t e n c e  c o n t a i n i n g  it is c o m p l e t e .  

3. 1.3 LSNLIS 
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3.1.4 .  MARGIE a n d  SAM 

So far, the natural language systems based on conceptual dependency theory 
(Sehank 1973), MARGIE (Schank, Goldman, Rieger and Riesbeck 1975; Schank 
1975) and SAM (Schank and the Yale AI Project 1975; Schank and Abelson 1977; 
Nelson 1978), have apparently not been able to handle any form of anaphor 
much beyond knowing that ]%e always refers to John (a pathetic victim of social 
brutalization) and she to Mary (a pathetic victim of John, who frequently beats 
a n d  m u r d e r s  her) .  

However,  t he  C o n c e p t u a l  Memory s e c t i o n  of MARGIE (Rieger  1975) is able  to 
resolve  some  l imi t ed  fo rms  of def in i te  r e f e r e n c e  by  i n f e r e n c e .  Concep tua l  
Memory  o p e r a t e s  u p o n  non l i ngu i s t i c  r e p r e s e n t a t i o n s  of c o n c e p t s  ba se d  on  
S e h a n k ' s  c o n c e p t u a l  d e p e n d e n c y  theory ,  .and c a n  p e r f o r m  s ix t een  types  of 
i n f e rence ,  i nc lud ing  mot iva t iona l ,  n o r m a t i v e ,  c a usa t i ve  a n d  re su l t a t ive .  For  
example ,  if t he  s y s t e m  knows of two peop le  n a m e d  Andy, one an  adu l t  a nd  one 
an  in fan t ,  i t  c a n  work ou t  which is the  s u b j e c t  of (3-17): 

(3-17) Andy's diaper is wet. 

That conceptual dependency-based systems should be so limited with 
respect to reference is disappointing, as conceptual dependency may prove to 
be an excellent framework for inference on anaphors (see section 3~2.6). 

3.1.5 .  A case~dr iven  p a r s e r  

In his case-driven parser, Taylor (1975; Taylor and Rosenberg 1975) uses case 
analysis (Fillmore 1968, 1977) to resolve anaphors. 

Pronouns are only encountered by the parser when a particular verb case 
is being sought, thereby giving much information about its referent. Previous 
sentences and nonsubordinate clauses 5 are searched for a referent that fits the 
case  and  which pas se s  o t h e r  tes ts ,  u sua l ly  SHOULD-BE a nd  MUST-BE p red i ca t e s ,  
to ensure that it fits semantically. As the search becomes more desperate, the 
SHOULD-BE tests are relaxed. Locative and dummy-subject anaphors can also 
be resolved.  

The p a r s e r  will always t ake  the  f i rs t  c a n d i d a t e  t h a t  pas ses  all t i le t e s t s  as 
the  r e f e r e n t .  This occas iona l ly  leads  to p rob l ems ,  where  t h e r e  a re  two or  m o r e  
a c c e p t a b l e  c a n d i d a t e s ,  b u t  t he  f irst  one  found  is n o t  the  c o r r e c t  one. 

5Subordinate clauses in English can contain anaphors, but Taylor's system will not find them. 

3. 1, 5 A case-dr4ven p a r s e r  
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How is fhis  done? B y  f u c k i n g  around w i f h  syn tax .  

- -  Torn Robbins 6 

39 

3.1.6. Parse tree  searching  

An a l g o r i t h m  for  s e a r c h i n g  a p a r s e  t r e e  of a s e n t e n c e  to  f ind t h e  r e f e r e n t  fo r  a 
p r o n o u n  h a s  b e e n  g iven  by J e r r y  Hobbs  (1976, 1977). The a l g o r i t h m  t a k e s  in to  
c o n s i d e r a t i o n  va r ious  s y n t a c t i c  c o n s t r a i n t s  on p r o n o m i n a l i z a t i o n  (see  s e c t i o n  
3.2.2) to  s e a r c h  the  t r e e  in an  o p t i m a l  o r d e r  s u c h  t h a t  t he  NP u p o n  which  it  
t e r m i n a t e s  is p r o b a b l y  t h e  a n t e c e d e n t  of t h e  p r o n o u n  a t  wh ich  the  a l g o r i t h m  
s t a r t e d .  (For  de t a i l s  of t he  a lgo r i t hm,  which  is too  long to  give he re ,  a n d  an  
e x a m p l e  of i t s  use,  see  Hobbs  (1976:8-13) o r  Hobbs  (I977:2-7) . )  

B e c a u s e  t h e  a l g o r i t h m  o p e r a t e s  p u r e l y  on the  pa r se ,  i t  d o e s  no t  t a k e  in to  
a c c o u n t  t he  m e a n i n g  of the  t ex t ,  no r  c a n  i t  find n o n - e x p l i c i t  a n t e c e d e n t s .  
None the l e s s ,  Hobbs  found  t h a t  it g ives  t h e  r i g h t  a n s w e r  a l a rge  p r o p o r t i o n  of 
t h e  t ime .  

To t e s t  t h e  a lgo r i t hm,  Hobbs  took  t e x t  f r o m  an a r c h a e o l o g y  book, an  A r t h u r  
Hal ley  novel  and  a c o p y  of Newsweek .  F r o m  e a c h  of t h e s e  as m u c h  c o n t i g u o u s  
t e x t  as was  n e c e s s a r y  to  ob t a in  one  h u n d r e d  o c c u r r e n c e s  of p r o n o u n s  was 
t aken .  He t h e n  app l i ed  the  a l g o r i t h m  to e a c h  p r o n o u n  and c o u n t e d  t h e  
n u m b e r  of t i m e s  i t  worked .  7 He r e p o r t s  (1976:25) t h a t  t h e  a l g o r i t h m  w o r k e d  88 
p e r c e n t  of t he  t ime ,  and 92 p e r c e n t  when  a u g m e n t e d  with  s imp le  s e l e e t i o n a l  
c o n s t r a i n t s .  In m a n y  cases ,  t h e  a l g o r i t h m  w o r k e d  b e c a u s e  t h e r e  was only one 
ava i lab le  a n t e c e d e n t  anyway; in t he  c a s e s  w h e r e  t h e r e  was m o r e  t h a n  one,  t he  
a l g o r i t h m  c o m b i n e d  with  s e l e e t i o n a l  r e s t r i c t i o n s  was c o r r e c t  fo r  82 p e r c e n t  of 
the time. 

Clearly, the algorithm by itself is inadequate, However Hobbs suggests that 
it may still be useful, as it is computationally cheap compared to any semantic 
method of pronoun resolution. Because it is frequently necessary for semantic 
resolution methods to search for inference chains from reference to referent, 
time may frequently be saved, suggests Hobbs (1976:38), by using a bidirec- 
tional search starting at both the reference and the antecedent proposed by 
the algorithm, seeing if the two paths meet in the middle. 

6From: Even co~ug/v/s get the blues. New York: Bantam, t977, pafie 379. 

7To the best of my knowledge, Hobbs is the only worker in NLU to have ever quantitatively 
evaluated the efficacy of a language understanding mechanism on unrestricted real-world text 
in this manner. Clearly, such evaluation is frequently desirable. 

3. 1.6 Parse  tree searching  
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3 . 1 . 7 .  P r e f e r e n c e  s e m a n t i c s  

Wilks (1973b, 1975a, 1975b) describes an English to French translation system 8 
which uses four levels of pronominal anaphor resolution depending on the type 
of anaphor and the mechanism needed to resolve it. The lowest level, type "A", 
uses only knowledge of individual lexeme meanings. For example, in (3-18): 

(3-18) Give the bananas to the monkeys although they are not ripe, 
because they are very hungry. 

each ~hey is interpreted correctly using the knowledge that monkeys, being 
animate, are likely to be hungry, and bananas, being a fruit, are likely to be 
(not) ripe. The system uses "fuzzy matching" to make such judgements; while 
it chooses the most likely match, future context or information may cause the 
decision to be reversed. The key to Wilks's system is very general rules which 
specify PREFERRED choices but don't require an irreversible commitment in ease 
the present situation should turn out to be an exception to the rule. 

If word meaning fails to find a unique referent for the pronoun, inference 
methods for type "]3" anaphors - those that need analytic inference - or type 
"C" anaphors - those that require inference using real-world knowledge beyond 
simple word meanings - are brought in. These methods extract all case rela- 
tionships from a template representation of the text and attempt to construct 
the shortest possible inference chain, not using real-world knowledge unless 
necessary. 

If the anaphor is still unresolved after all this, "focus of attention" rules 
attempt to find the topic of the sentence to use as the referent. 

Wilks's system of rules exhibiting undogmatic preferences, as well as his 
stratification of resolution requirements, is intuitively appealling, and appears 
the most promising of the approaches we have looked at; it could well be 
applied to forms of anaphora other than pronouns. My major disagreement is 
with Wilks's relegation of (rudimentary) discourse considerations to use only in 
last desperate attempts. I will show in the next chapter that they need to play 
a more important role. 

3 .1 .8 .  S u m m a r y  

We h a v e  s e e n  s ix  b a s i c  t r a d i t i o n a l  a p p r o a c h e s  t o  a n a p h o r a  a n d  c o r e f e r e n t i a l i t y :  

1 a f ew t o k e n  h e u r i s t i c s ;  

2 m o r e  s o p h i s t i c a t e d  h e u r i s t i c s  w i t h  a s e m a n t i c  b a s e ;  

3 a c a s e - b a s e d  g r a m m a r  t o  g ive  t h e  h e u r i s t i c s  e x t r a  p o w e r ,  u s i n g  w o r d  m e a n -  
i n g s  a s  well;  

8For an  unbiased descr ipt ion of Wilks's system, see Browse (1978). 

3.1.8 Summary 
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4 lots and lots of undirected inference; 

5 dumb parse-tree searching, with semantic operations to keep out of trou- 
ble; 

6 a s c h e m e  of f lexible p r e f e r e n c e  s e m a n t i c s  with word m e a n i n g s  a n d  in fe r -  
ence .  

In  t he  n e x t  sec t ion ,  we will eva lua t e  in  g r e a t e r  de ta i l  t h e s e  a n d  o t h e r  
app roaches .  

The Hodja was  wallcing home  w h e n  a m a n  c a m e  u p  
behind  h i m  and  gave h i m  a t h u m p  on the head. When 
the Hodja t u r n e d  round,  the m a n  began to apologize,  
say ing  that  he had t a k e n  h i m  f o r  a f r i e n d  o f  his. The 
Hodja, however ,  was  v e r y  angry  at  this  as sau l t  u p o n  his 
digni ty ,  and  dragged the m a n  of f  to the court .  I t  hap- 
pened ,  however ,  tha t  his a s sa i lan t  was  a close f r i e n d  o f  
the cadi  [magis tra te] ,  and  a f t e r  l i s t en ing  to the two par -  
t ies  i n  the d ispute ,  the cadi  sa id  to his  f r i e nd :  

"'You are in  the urreng. You shall  p a y  the Hodja  a 
f a r t h i n g  damages .  '" 

His  f r i e n d  said t ha t  he had  no t  tha t  a m o u n t  o f  m o n e y  
on h im,  and  w e n t  off, s a y i n g  he w ou l d  ge t  it. 

Hodja w a i t e d  and  wai ted ,  and  st i l l  the m a n  did n e t  
r e tu rn .  When an  hour  had passed ,  the Hodja got  u p  and  
gave the cadi  a m i g h t y  t h u m p  on  the back o f  his  head. 

" / c a n  w a i t  no longer" ,  he said. "When he comes ,  the 
f a r t h i n g  is yours .  "9 

3 .2 .  A b s t r a c t i o n  of  t r ad i t iona l  approaches  

Before continuing on to the discourse-oriented approaches to anaphora in the 
next two chapters, I would like to stand back and review the position so far. 

It is a characteristic of research 4n NLU that, as in many new and smallish 
fields, the best way to describe an approach is to give the name of the person 
with whom it is generally associated. This is reflected in the organization of 
both section 3.1 and Chapter 5. However, in this section I would like to categor- 
ize approaches, divorcing them from people's names, and to formalize what we 
have seen so far. 

9From: Charles Downing (reteller). T~/es of the Hod]=. Oxford University Press, 1964, page I0. 
This excerpt is recommended for anaphor resolvers not only as a useful moral lesson, but also 
as a good test of skill and ruggedness, 

3.2 Abstraction of tvad~tio'naL appT"oaches 
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3.2 .1 .  A f o r m a l i z a t i o n  of  t h e  p r o b l e m  

David  K l a p p h o l z  a n d  Abe  L o c k m a n  (1975)  ( h e r e a f t e r  K&L), w h o  w e r e  p e r h a p s  
t h e  f i r s t  in  NLU t o  e v e n  c o n s i d e r  t h e  p r o b l e m  of r e f e r e n c e  a s  a w h o l e ,  s k e t c h  
o u t  t h e  b a s i c s  of a r e f e r e n c e  r e s o l v e r .  T h e y  s e e  i t  a s  n e c e s s a r i l y  b a s e d  u p o n  
a n d  o p e r a t i n g  u p o n  r e p r e s e n t a t i o n s  of m e a n i n g ,  a s e t  of w o r l d  k n o w l e d g e  a n d  a 
m e m o r y  of t h e  FOCUS d e r i v e d  f r o m  e a c h  p a s t  s e n t e n c e ,  i n c l u d i n g  n o u n  p h r a s e s ,  
verb phrases, and events. I0 One then matches up anaphors with previous noun 

phrases and other constituents, and uses semantics to see what is a reasonable 
match and what isn't, hoping to avoid a combinatorial explosion with the aid of 

the world knowledge. 

Specifically, K&L envisaged three focus sets - for noun-objects, events and 

time. II As each sentence comes in, a meaning representation is formed for it; 

then the focus sets are updated by adding entities from the new sentence, and 
discarding those from the nth previous sentence, which are now deemed too 

far back to be referred to. (K&L do not hazard any guess at what a good value 

for n is.) A hypothesis set of all triples (N I, N 2, r) is generated, where N I is a 

reference needing resolution, N 2 is an entity in focus and r is a possible refer- 

ence relation (see section 2.4.2). A judgement mechanism then tries to winnow 
the hypotheses with inference, semantics and knowledge, until a consistent set 

is left. 

This method is, of course, what Winograd and Woods (see sections 3.1.2 and 
3.1.3) were trying to approximate. However, in their formalization of the prob- 

lem K&L are aiming for higher things, namely a solution for the general prob- 
lem of definite reference, from which an anaphor resolver will fall out as an 
immediate corollary. I believe their model however still represents less than 

the minimum equipment for a successful solution to the problem. For example 

(as K&L themselves point out) their model cannot handle examples like (2- 
106) 12 where determining the reference relationship requires inference. 

Further, as we shall soon see, the model of focus as a simple shift register is 
overly simplistic. Is 

101n general, we will mean by the FOCUS of a point in text all concepts and entities from the 
preceding text that are referable at that point. As should soon be clear, focus is just what we 
have been calling "consciousness". 

llln Hirst (1978b), I proposed that their model really requires three other focus sets - loca- 
tive, verbal and actional - for the resolution of locative, pro-verbial and proaetional anaphors, 
respectively. 

i~(~-i08) "It's nice having dinner with candles, but there's something funny about the two 
we've got tonight", Carol said. "They were the same length when you first lit them. Look at 
them now." 

John chuckled, "The girl did say one would burn for four hours and the other for five", he 
replied... 

18K&L have since developed their model to eliminate some of these problems, and we will see 
their later work in sect ion 5.5. My reason for presenting their  earlier work here  is that  it 
serves as a useful conceptual  scaffold from which to build both  our review of traditional ana- 
phora resolution methods and our exposition of modern  methods.  

3.2. 1 A f o r ~ a t i z a t i o n  of  tAe problem 
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3.2.2. Syntax methods 

Linguis ts  have found  m a n y  s y n t a c t i c  c o n s t r a i n t s  on p r o n o m i n a l i z a t i o n  in  sen-  
t e n c e  g e n e r a t i o n .  These c a n  be u s e d  to  e l i m i n a t e  o therwise  a c c e p t a b l e  
a n t e c e d e n t s  in  r e s o l u t i o n  fair ly  easily.  We will look a t  a couple  of examples :  14 

The m o s t  obvious c o n s t r a i n t  is REFLEXIVIZATION. Consider :  

(B-19) Nadia says  t h a t  Sue is k n i t t i n g  a s w e a t e r  for  her .  

Hey is Nadia  or, in  the  r igh t  con tex t ,  some  o t h e r  female ,  b u t  c a n n o t  be  Sue, as 
Engl ish  s y n t a x  r e q u i r e s  t he  ref lexive h e r s e l f  to  be  used  if Sue is the  i n t e n d e d  
r e f e r e n t .  In g e n e r a l  a n  a n a p h o r i c  NP is c o r e f e r e n t i a l  with t he  s u b j e c t  NP of the  
s a m e  s imple  s e n t e n c e  if and  only if t he  a n a p h o r  is reflexive.  

Ano the r  c o n s t r a i n t  p r o h i b i t s  a p r o n o u n  in a m a i n  c l ause  r e f e r r i n g  to  an  NP 
in  a s u b s e q u e n t  s u b o r d i n a t e  clause:  

(3-20) Because  Ross s lep t  in, h___ee was la te  for work. 

(3-21) Because  he s l ep t  in, Ross was la te  for work. 

(3-22) Ross was la te  for work b e c a u s e  h_A s lep t  in. 

(3-23) H__ee was la te  for work b e c a u s e  Ross s l ep t  in. 

In the  f i rs t  t h r e e  s e n t e n c e s ,  he and  Ross  c a n  be c o r e f e r e n t i a l .  In  (3-23), how- 
ever,  he c a n n o t  be Ross b e c a u s e  of the  above  c o n s t r a i n t ,  a nd  e i t h e r  he is some -  
one in  t he  wider  c o n t e x t  of the  s e n t e n c e  or the  t e x t  is i l l - formed.  

We have a l r e a d y  s e e n  t h a t  s y n t a x - b a s e d  m e t h o d s  by t h e m s e l v e s  a re  n o t  
enough.  However, s y n t a x - o r i e n t e d  m e t h o d s  m a y  sti l l  p lay a role  in  a n a p h o r a  
reso lu t ion ,  as we saw in  s e c t i o n  3.1.6. 

The foo t  h a t h  sa id  i n  his  h e a ~ ,  
There is no God. 

- David15 

3.2.3. The  h e u r i s t i c  approach 

This is where  p r e j u d i c e s  s t a r t  showing. Many hi workers ,  myse l f  i nc luded ,  
a d h e r e  to the  m a x i m  "One good t h e o r y  is wor th  a t h o u s a n d  h e u r i s t i c s " .  Peop le  
l ike Yorick Wilks (1971, 1973a, 1973b, 1975c) would d i sagree ,  a r g u i n g  t h a t  
l a n g u a g e  by  i t s  ve ry  n a t u r e  - i ts  l ack  of a s h a r p  b o u n d a r y  - does  n o t  always 
allow (or  p e r h a p s  NEVER allows) the  f o r m a t i o n  of "100%-cor rec t "  theo r i e s ;  
l a n g u a g e  u n d e r s t a n d i n g  c a n n o t  be a n  exac t  sc ience ,  a n d  t h e r e f o r e  h e u r i s t i c s  
will a lways be  n e e d e d  to plug the  gaps.  tf t he  h e u r i s t i c  a p p r o a c h  has  fai led so 

14See Lang acker (1969) and Ross (1969) for more syntactic restrictions on pronominalization. 
15psalm-~ 14: i, 

3 .2 .3  The h e u r i s t i c  approach  
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far,  so th i s  v iewpoint  says,  t h e n  we ju s t  h a v e n ' t  found  the  r igh t  heur i s t i c s ,  t6 

While no t  to t a l ly  r e j e c t i n g  Wilks's a rgumen t s , 17  I be l ieve  t h a t  the  s e a r c h  for 
a good t h e o r y  on a n a p h o r a  r e s o l u t i o n  shou ld  no t  ye t  be  t e r m i n a t e d  a n d  
l abe l l ed  a fai lure.  Ga the r i ng  h e u r i s t i c s  m a y  suffice for  t he  c o n s t r u c t i o n  of a 
p a r t i c u l a r  p r a c t i c a l  sys t em,  such  as LSNLIS, b u t  the  a im of p r e s e n t  work is to 
find m o r e  g e n e r a l  p r inc ip les .  (Chap te r  5 d e s c r i b e s  severa l  t h e o r e t i c a l  
a p p r o a c h e s  to the  p rob l em. )  

This does no t  m e a n  t h a t  we have  no t i m e  for heur i s t i c s .  The e s s e n c e  of our  
ques t  is COMPLETENESS. Thus, a t a x o n o m y  of a n a p h o r s  or c o r e f e r e n c e s ,  t o g e t h e r  
with an  a lgo r i t hm which will r ecogn ize  e a c h  and  apply a h e u r i s t i c  to resolve it, 
would be a c c e p t a b l e  if i t  could  be shown to h a n d l e  every  case  the  Engl ish  
l a n g u a g e  has  to offer. And indeed ,  if we were  to  develop the  he u r i s t i c  approach ,  
th i s  would be  our  goal. 18 

However, ou r  p r o s p e c t s  for r each ing  th i s  goal a p p e a r  d ismal .  Cons ider  f i rs t  
t he  p r o b l e m  of a t a x o n o m y  of anaphors ,  c o r e f e r e n c e s  a n d  def in i te  r e f e r e n c e s .  
Hal l iday and  Hasan  (1976), in  a t t e m p t i n g  to  classify d i f f e ren t  usages  in t he i r  
s t udy  of cohes ion  in  English,  iden t i fy  26 d i s t i n c t  types  which c a n  f u n c t i o n  in 29 
d i s t i n c t  ways. (Compare  m y  loose and  i n fo rma l  c lass i f i ca t ion  in  s e c t i on  2.3.15.) 
While i t  is poss ib le  t h a t  some  of t h e i r  c a t e g o r i e s  c a n  be c o m b i n e d  in  a t axon-  
omy useful  for c o m p u t a t i o n a l  u n d e r s t a n d i n g  of text ,  i t  is equa l ly  l ikely t h a t  as 
many ,  if no t  more ,  of t h e i r  ca t ego r i e s  will n e e d  f u r t h e r  subdivis ion.  There  is, 
moreove r ,  no  way ye t  of e n s u r i n g  c o m p l e t e n e s s  in  s u c h  a t axonomy,  no r  of 
e n s u r i n g  t h a t  a h e u r i s t i c  will work p r o p e r l y  on  all app l i cab le  cases .  

Also, t h e r e  is the  p r o b l e m  of s e m a n t i c s  again.  Rules wh ich  will allow the  
r e s o l u t i o n  of a n a p h o r s  l ike those  of the  following e x a m p l e s  will r e qu i r e  e i t h e r  a 
fm- ther  f r a g m e n t a t i o n  of the  t axonomy ,  or  a f r a g m e n t a t i o n  wi th in  the  h e u r i s t i c  
for each  ca tegory :  

(3-24) When Sue wen t  to Nadia ' s  h o m e  for d inner ,  she  se rved  suk iyak i  a u  
gra t in .  

(3-25) When Sue w e n t  to Nadia ' s  h o m e  for d inne r ,  she a te  sukiyaki  au gra-  
t in.  

(These e x a m p l e s  will be  r e f e r r e d  to co l lec t ive ly  below as  t he  ' suk iyak i '  e xa m-  
ples.)  Here  she, superf ic ia l ly  ambiguous ,  m e a n s  Nadia in  (3-24) and  Sue in  (3- 

Thus, a h e u r i s t i c  a p p r o a c h  will e s s e n t i a l l y  d e g e n e r a t e  in to  a demon- l ike  
s y s t e m  (Charn iak  1972), in  which each  h e u r i s t i c  is j u s t  a d e m o n  watch ing  ou t  
for its own spec ia l  case.  Al though th is  is t h e o r e t i c a l l y  fine, t he  s h o r t c o m i n g s  of 
s u c h  s y s t e m s  a re  wel l -known (Charn iak  1976). 

16 For a discussion of Wilks's arguments in detail, see Hirst (1978a)~ 

17I confess that when in a slough of despond I sometimes fear he may be right, 

1B One attempt at the heuristic approach was made by Baranofsky (1970), who described such 
a taxonomy with appropriate algorithms. However, her heuristics made no attempt to be com- 
plete, but rather to cover a wide range with as few cases as possible. I have been unable to 
determine whether the heuristics were ever implemented in a computer program. 

3.2.3 The heuristic approach 
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All t h i s  i s  n o t  t o  d o  a w a y  w i t h  h e u r i s t i c s  e n t i r e l y .  As Wilks  p o i n t s  o u t ,  we 
m a y  b e  f o r c e d  t o  u s e  t h e m  t o  p l u g  u p  h o l e s  i n  a n y  t h e o r y ,  a n d ,  m o r e o v e r ,  a n y  
t h e o r y  m a y  c o n t a i n  o n e  o r  m o r e  l a y e r s  of  h e u r i s t i c s .  19 

3 .2 .4 .  T h e  c a s e  g r a m m a r  a p p r o a c h  

C a s e  " g r a m m a r s "  ( F i l l m o r e  1968,  I 9 7 7 ) ,  w i t h  t h e i r  w i d e  t h e o r e t i c a l  b a s e ,  a r e  
a b l e  t o  r e s o l v e  m a n y  a n a p h o r s  i n  a w a y  t h a t  is  p e r h a p s  m o r e  s i m p l e  a n d  
e l e g a n t  t h a n  h e u r i s t i c s .  T he  e x t r a  i n f o r m a t i o n  p r o v i d e d  b y  c a s e s  is  o f t e n  
s u f f i c i e n t  t o  e a s i l y  p a i r  r e f e r e n c e  w i t h  r e f e r e n t ,  g i v e n  t h e  m e a n i n g  of t h e  w o r d s  
i n v o l v e  d. 

F o r  e x a m p l e ,  t h i s  a p p r o a c h  is  a b l e  t o  h a n d l e  d i f f e r e n c e s  i n  t h e  m e a n i n g  of a 
w o r d  o r  a n a p h o r  i n  c o n t e x t .  C o m p a r e  (3 -26 )  a n d  (3 -27) :  

(3 -26)  R o s s  a s k e d  D a r y e l  t o  h o l d  hi__ss b o o k s  f o r  a m i n u t e .  

(3 -27)  R o s s  a s k e d  D a r y e l  t o  h o l d  h i s  b r e a t h  f o r  a m i n u t e .  

I n  t h e  f i r s t  s e n t e n c e ,  h / s  r e f e r s  t o  Ross ,  t h e  d e f a u l t  r e f e r e n t ,  z0 a n d  in  t h e  
s e c o n d ,  i t  r e f e r s  t o  D a r y e I .  F u r t h e r ,  i n  e a c h  s e n t e n c e ,  hold h a s  a d i f f e r e n t  
m e a n i n g  - s u p p o r t  a n d  r e t a i n  r e s p e c t i v e l y  zl  - a n d  h a n d l i n g  t h e  d i f f e r e n c e  
w o u l d  b e  d i f f i c u l t  f o r  m a n y  s y s t e m s .  A c a s e - d r i v e n  p a r s e r ,  s u c h  a s  T a y l o r ' s  
( 1 9 7 5 )  ( s e e  s e c t i o n  3 .1 .5) ,  w o u l d  h a v e  a d i c t i o n a r y  e n t r y  f o r  e a c h  m e a n i n g  of 
hold. In  t h i s  e x a m p l e ,  breath  c o u l d  o n l y  p a s s  t h e  t e s t s  a s s o c i a t e d  w i t h  t h e  
c a s e - f r a m e  f o r  o n e  m e a n i n g ,  w h i l e  books c o u l d  o n l y  p a s s  t h e  t e s t s  f o r  t h e  o t h e r .  
H e n c e  t h e  c o r r e c t  m e a n i n g  w o u l d  b e  c h o s e n .  I t  i s  t h e n  p o s s i b l e  t o  r e s o l v e  t h e  
a n a p h o r s .  In  (3 -26) ,  t h e r e  is  n o t h i n g  t o  c o n t r a i n d i c a t e  t h e  a s s i g n m e n t  of t h e  
d e f a u l t .  In  (3-27) ,  t h e  s y s t e m  c o u l d  d e t e r m i n e  t h a t  s i n c e  t h e  r e t a i n  s e n s e  of 
hold w a s  c h o s e n ,  h / s  m u s t  r e f e r  t o  D a r y e l .  T a y l o r ' s  p a r s e r  d o e s  n o t  h a v e  t h i s  
r e s o l u t i o n  c a p a b i l i t y ,  b u t  t o  p r o g r a m  i t  w o u l d  b e  f a i r l y  s t r a i g h t f o r w a r d ,  if a 
d e f a u l t  f i n d e r  c o u l d  b e  g i v e n .  

C a s e - b a s e d  s y s t e m s  a l s o  h a v e  a n  a d v a n t a g e  i n  t h e  r e s o l u t i o n  of s i t u a t i o n a l  
a n a p h o r s .  C o m p a r e  (2-40)  z2 w i t h  (3-28) :  

19 You may have not iced tha t  most  of my a rguments  in this  sect ion depend on precise ly  what  I 
m e a n  by a "heur is t ic" ,  and tha t  I have placed it somewhere on a cont inuum between " theo ry"  
and "demon" .  While this  is not  the place to discuss this m a t t e r  in detail, I am using the word 
to m e a n  one of a se t  of essentially uncoordina ted  rules of thumb which toge ther  suffice to pro- 
vide a me thod  of achieving an  end under  a var iety of conditions. 

20Some idiolects appea r  net  to accep t  this  default, and see the anaphor  as ambiguous. 

21That these  two uses of hold are not the  same is demons t r a t ed  by the  following examples: 
(i) Daryel held his books and his briefcase.  
(ii) ?Daryel held his books and his breath .  

22(2-40) The pres ident  was shot  while riding in a motorcade  down a major  Dallas boulevard to- 
day; i_t caused a panic on Wall Street .  

3.2 .4  The case g r a m m a r  approach  
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(3-28) The p r e s i d e n t  was sho t  while r id ing  in a m o t o r c a d e  down a m a j o r  
Dallas b o u l e v a r d  today ;  i t  wa~ c r o w d e d  wi th  s p e c t a t o r s  a t  t he  t ime .  

A g e n e r a l  h e u r i s t i c  s y s t e m  would have  t r o u b l e  d e t e c t i n g  t h e  d i f f e r e n c e  b e t w e e n  
t h e  i t  in e a c h  case .  A case  g r a m m a r  a p p r o a c h  can  use  t h e  p r o p e r t i e s  of t he  
v e r b  f o r m s  to be c r o w d e d  and  to c a u s e  to  r e c o g n i z e  t h a t  in (2-40) t he  r e f e r e n t  
m a y  be  s i tua t iona l .  To d e t e r m i n e  e x a c t l y  wha t  s i t u a t i o n  is be ing  r e f e r r e d  to, 
t hough ,  s o m e  UNDERSTANDING of s e n t e n c e s  will be  n e e d e d .  This p r o b l e m  d o e s n ' t  
a r i se  in th is  p a r t i c u l a r  e x a m p l e ,  s ince  t h e r e  is only one  p r e v i o u s  s i t u a t i o n  t h a t  
c a n  be  r e f e r e n c e d  p r o s e n t e n t i a l l y .  But  as  we have  seen ,  whole p a r a g r a p h s  a n d  
c h a p t e r s  c a n  be  p r o s e n t e n t i a l l y  r e f e r e n c e d ,  and  d e c i d i n g  which  p r ev ious  sen-  
t e n c e  or  g r o u p  of s e n t e n c e s  is i n t e n d e d  is a t a s k  which  r e q u i r e s  u se  of m e a n -  
ing. 

The c a s e  a p p r o a c h  would  no t  be  su f f i c i en t  to  r e s o l v e  ou r  ' suk iyak i '  e x a m -  
ples.  Reca l l  (3-24). 23 The p a r s e r  would look for a r e f e r e n t  for  she with  s u c h  
cond i t i ons  as MUST-BE HUMAN, MUST-BE FEMALE and  SHOULD-BE HOST. But  
how is it  to  know t h a t  Nadia, and n o t  Sue,  is t he  i t e m  to  be  p r e f e r r e d  as a 
HOST? H u m a n s  know th is  f r o m  the  l o c a t i o n  of t he  e v e n t  t ak ing  place .  How- 
ever ,  a c a s e - d r i v e n  p a r s e r  does  no t  have  this  knowledge ,  e x p r e s s e d  in t h e  
s u b o r d i n a t e  c lause  a t  t he  s t a r t  of t h e  s e n t e n c e ,  ava i lab le  to it. To ge t  th i s  
i n f o r ma t i on ,  an  i n f e r e n c i n g  m e c h a n i s m  is n e e d e d  to d e t e r m i n e  f r o m  the  v e r b  
w e ~ t  t h a t  t h e  se rv ing  took  p lace  at, or  on the  way to, ~4 Nadia ' s  home ,  and  to 
in fe r  t h a t  t h e r e f o r e  Nadia  is p r o b a b l y  the  host .  S u c h  an i n f e r e n c e r  will a lso 
n e e d  to  use  a d a t a b a s e  of i n f o r m a t i o n  f r o m  p r e v i o u s  s e n t e n c e s ,  as no t  all t he  
knowledge  n e c e s s a r y  for  r e s o l u t i o n  n e e d  be g iven  in t h e  one  s e n t e n c e  a t  hand .  
(For  e x a m p l e ,  in th i s  c a s e  t he  s e n t e n c e  m a y  be  b r o k e n  in to  two s:imple sen-  
t e n c e s . )  This d a t a b a s e  m u s t  c o n t a i n  s e m a n t i c  i n f o r m a t i o n  - m e a n i n g s  of, and  
inferences from, past sentences; that is, sentences must be, in some sense, 
UNDEESTOOD. 25 Thus we see once more that parsing with anaphor resolution can- 

not take place without understanding. 

Now consider (3-~5). 26 Here, a case approach has even less information - 

only MUST-BE ANIMATE and MUST-BE FEMALE - and no basis for choosing 
between Sue and Nadia as the subject of the main clause. The way we know 
that it is Sue is that she is the topic of the preceding subordinate clause and, in 

the absence of any indication to the contrary, the topic remains unchanged. 
Notice that this rule is neither syntactic nor semantic but pragmatic - a con- 
vention of conversation and writing. Apart from this, there is no other way of 
determining that Sue, and not Nadia, is the sukiyaki consumer in question. 

23(3-24) When Sue went to Nadia's home for dinner, she served sukiyaki au gratin. 

24 Sentence (i) shows that we cannot conclude from the subordinate clause that the location of 
the action expressed in subsequent verbs necessarily takes place at Nadia's home: 

(i) When Sue went to Nadia's home for dinner, she caught the wrong bus and arrived an 
hour late. 

25The database will also need common-sense real-world knowledge. 

28(3-25) When Sue went to Nadia's home for dinner, she ate sukiyaki au gratin. 

3 .2 .4  The case  g r a m m a r  a p p r o a c h  
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Another use of cases is in METAPHOR resolution for anaphor resolution. A 
system which uses a network of cases in conjunction with a network of concept 
associations to resolve metaphoric uses of words has been constructed by 
Roger Browse (1977, 1978). For example, it can understand that in: 

(3-29) Ross d r a n k  the bottle. 

what was drunk was actually the contents of the bottle. This is determined 
from the knowledge that bottles contain fluid, and d~'~zk requires a fluid object. 
Such metaphor resolution can be necessary in anaphor resolution, especially 
where the anaphor is metaphoric but its antecedent isn't, or vice versa. For 
example: 

(3-30) Ross picked up the bottle and drank i_t. 

(3-31) Ross drank the bottle and threw it away. 

We can conclude from this discussion that a ease-base is not enough, but a 
maintenance of focus (possibly by means of heuristics) and an understanding of 
what is being parsed are essential. We have also seen that cases can aid resolu- 
tion of metaphoric anaphors and anaphoric metaphors. 

How could such a case system resolve paraphrase coreferences and definite 
reference? Clearly, case information alone is inadequate, and will need assis- 
tance from some other method. Nevertheless, we see that a case "grammar" 
may well serve as a firm base for anaphora resolution. 

3.2.5. Analysis by synthesis 

Transformational grammarians have spent considerable time pondering the 
problem of where pronouns and other surface proforms come from, and have 
produced a number of theories which I will not attempt to discuss here. This 
leads to the possibility of anaphora resolution through analysis by synthesis, 
where we start out with an hypothesized deep structure which is generated by 
intelligent (heuristic?) guesswork, and apply transformational rules to it until 
we either get the required surface or fail. 

What this involves is a parser, such as the ATN parser of Woods (1970), to 
provide a deep structure with anaphors intact. Then each anaphor is replaced 
by a hypothesis as to its referent, and transformations are applied to see if the 
same surface is generated. If so, the hypotheses are accepted; otherwise new 
ones are tried. The hypotheses are presumably selected by a heuristic search. 

There are many problems with this method. First, the generation of a sur- 
face sentence is a nondeterministic process which may take a long time, espe- 
cially if exhaustive proof of failure is needed; a large number of combinations of 
hypotheses may compound this further. Second, this approach does not take 
into account meanings of sentences, let alone the context of whole paragraphs 

3. 2. 5 Analysis by s~th~s~s 
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or  wor ld  knowledge .  F o r  e x a m p l e ,  in (3-32): 

(3-32) Sue  v i s i t e d  Nad ia  for  d i n n e r  b e c a u s e  she  in~dted ~er .  

b o t h  the h y p o t h e s e s  she = Sue ,  her  = Nadia  and  she = Nadia,  h e r  = S u e  c o u l d  
b e  v a l i d a t e d  b y  t h i s  m e t h o d  a n d  w i t h o u t  r e c o u r s e  to  wor ld  k n o w l e d g e  t h e r e  is  
no way  of d e c i d i n g  wh ich  is  c o r r e c t .  Third,  t h e  m e t h o d  c a n n o t  h a n d l e  i n t e r s e n -  
t e n t i a l  a n a p h o r a .  We m u s t  c o n c l u d e  t h a t  a n a l y s i s  b y  s y n t h e s i s  is  n o t  p r o m i s -  
ing. 

3.2.6.  R e s o l v i n g  a n a p h o r s  by i n f e r e n c e  

If we a r e  to  b r i n g  b o t h  wor ld  k n o w l e d g e  and  word  m e a n i n g  to  b e a r  in  a n a p h o r a  
r e s o l u t i o n ,  t h e n  s o m e  i n f e r e n c i n g  m e c h a n i s m  w h i c h  o p e r a t e s  in th i s  d o m a i n  is 
n e e d e d .  P o s s i b l e  p a r a d i g m s  for  th i s  i n c l u d e  R i e g e r ' s  C o n c e p t u a l  Memory  
(1975) (see  3.1.4) and  Wilks 's  p r e f e r e n c e  s e m a n t i c s  (1973b, 1975a, 1975b) (see  
section 3.1.7). 

Although conceptual dependency, which Conceptual Memory uses, is not 
without its problems (Davidson 1976), it may be possible to extend it for use in 
anaphor resolution. This would require giving it a linguistic interface such that 
reasoning which involves world knowledge, sentence semantics and the surface 
structure can be performed together - clearly pure inference, as in Conceptual 
Memory, is not enough. An effective method for representing and deploying 
world knowledge will also be needed. A system using FRAMES (Minsky 1975), or 
SCRIPTS (Sehank and Abelson 1975, 1977) (which are essentially a subset of 
frames), appears promising. Frames allow the use of world knowledge to 
develop EXPECTATIONS about an input, and to interpret it in light of these. For 
instance, in the 'sukiyaki' examples, the mention of Sue visiting Nadia's home 
should invoke a VISITING frame, in which the expectation that Nadia might 
serve Sue food would be generated, after which the resolution of the anaphor is 
a m a t t e r  of e a s y  i n f e r e n c e .  

In Wilks 's  s y s t e m  i n f e r e n c e  is m o r e  c o n t r o l l e d  t h a n  in C o n c e p t u a l  Memory;  
w h e r e a s  t h e  l a t t e r  s e a r c h e s  for  a s  m a n y  i n f e r e n c e s  to  m a k e  as  i t  c an  w i thou t  
r e g a r d  to  t h e i r  p o s s i b l e  use ,  ~7 t h e  f o r m e r  t r i e s  to  f ind t h e  s h o r t e s t  p o s s i b l e  
i n f e r e n c e  c h a i n  to  a ch i eve  i t s  goal .  A l though  Wilks ' s  s y s t e m  does  n o t  u se  t he  
c o n c e p t  of e x p e c t a t i o n s ,  i t s  u s e  of p r e f e r r e d  s i t u a t i o n s  c a n  a c h i e v e  m u c h  t h e  
s a m e  ends .  In t h e  ' s u k i y a k i '  e x a m p l e s ,  t h e  h o s t  would  be  t h e  p r e f e r r e d  s e rve r .  

27Rieger has since developed a more controlled approach to inference generation (Rieger 
I978). 

3.2. 6 ResoLving anaphors  by i n f e r e n c e  
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8.2.7. S u m m a r y  and discuss ion 

I have discussed in this section five different approaches to anaphor resolution. 
They are: 

1 syntactic methods - which are clearly insufficient; 

2 heuristics - which we decided may be necessary, though we would like to 
minimize their inelegant presence, preferring as much theory as possible; 

3 case grammars - which we saw to be elegant and powerful, but not power- 
ful enough by themselves to do all we would like done; 

4 analysis by synthesis - which looks like a dead loss; and 

5 inference - which seems to be an absolute necessity to use world 
knowledge, but which must be heavily controlled to prevent unnecessary 
explosion. 

From this it seems that an anaphor resolver will need just about everything it 
can lay its hands on - case knowledge, inference, world knowledge, and word 
meaning to begin with, not to mention the mechanisms for focus determina- 
tion, discourse analysis, etc that I will discuss in subsequent chapters, and 
perhaps some of the finer points of surface syntax too. 28 

2~at a boots-and-all approach is necessary should perhaps have been clear [rom the earliest 
attempts in this area because el the very nature of language. For natural language was 
designed (if I may be so bold as to suggest a high order of teleology in its evolution) for com- 
munication between human beings, and it fellows that no part of language is beyond the limits 
of competence of the normal human mind, And it is not unreasonable to expect, a fortiori, that 
no part is far behind the limits of competence either, for if it were, either it could not meet the 
need for a high degree of complexity in our communication, or else language use would be a 
tediously simplistic task requiring long texts to communicate short facts. 

Consider our own problem, anaphora. Imagine what language would be like if we did not 
have this dev[ce to shorten repeated references to the same thing, and to aid perception of 
discourse cohesion, Clearly, anaphora is a highly desirable component of language. It is hardly 
surprising then that language should take advantage of all our intellectual abilities to anaphor- 
ize whenever it is intellectually possible for a listener to resolve it. Hence, any complete NLU 
system will need just about the full set of human intellectual abilities to succeed. (See also 
Rieger (1975:~88).) 

3. 2. 7 S~r,'~m~mj ~ d  d~cussio~ 


