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1 f Introd.u,ctiQn 

The use  of  p r e d i c t i o n  as the  b a s i s  f o r  i n f e r e n t i a l  
a n a l y s i s  mechanisms f o r  n a t u r a l  l anguage  has become i n c r e a s -  
i n g l y  popu l a r  i n  r e c e n t  y e a r s .  Examples of sys tems which u s e  

p r e d i c t i o n  a re  FRUMP (DeJong 79) and(Schank 75a ) .  The p r o p e r -  
t y  of  i n t e r e s t  he re  i s  t h a t  t h e i r  b a s i c  mode of  w o r k i ~  i s  t o  
d e t e r m i n e  whether  an i n p u t  t e x t  f o l l o w s  one of  the sys tems 
p ~ s - s p e c i f i e d  p a t t e r n s ;  i n  o t h e r  words t hey  p r e d i c t ,  to  some 

e x t e n t ,  the  form t h e i r  i n p u t  t e x t s  w i l l  t a k e .  A c r u c i a l  p r o -  
blem f o r  such systems i s  the  s e l e c t i o n  of  s u i t a b l e  s e t s  of  
p r e d i c t i o n s ,  o r  p a t t e r n s ,  to  be a p p l i e d  t o  any p a r t i c u l a ~  

t e x t ,  a n d  i t  i s  t h i s  problem 1 want to  a dd r e s s  i n  the  paper .  

I w i l l  assume t h a t  the  p r e d i c t i o n s  a r e  organised i n t o  
b u n d l e s  a c o o r d i ~  to  the  t o p i s  o f  the  t e x t s  t o  which t h e y  
a p p l y .  This  i s  a g e n e r a l i s a t i o n  of the  s c r i p t  i d e a  employed 

b~ (DeJong 79) and (Schank75a) .  l w i l l  c a l l  such bund le s  

s~e reo tyDes .  

The b a s i s  of the  t e c h n i q u e  d e s c r i b e d  he re  i s  a d i s t i n c t -  

i o n  between the  p rocess  of  s u ~ e s t i n ~  p o s s i b l e  t o p i c s  of a 
s e c t i o n  of  t e x t  and the  p rocess  of  e l i m i n a t i n ~  c a n d i d a t e  
t o p i c s  (and a s s o c i a t e d  p r e d i c t i o n s )  which a r e  n o t ,  i n  f a c t ,  
a p p r o p r i a t e  f o r  the  t e x t  s e c t i o n .  Those c a n d i d a t e s  which a re  
n o t  e l i m i n a t e d  a r e  t h e n  i d e n t i f i e d  as the  t o p i c s  of  the t e x t  
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s e c t i o n .  (There  may o n l y  be one such  c a n d i d a t e . )  Th is  approach  

a l l o w s  the  use  o f  a l g o r i t h m s  f o r  s u g g e s t i n g  p o s s i b l e  t o p i c s  

which t r y  to  e n s u r e  t h a t  i f  t h e  sys tem p o s s e s s e s  a s u i t a b l e  

s t e r e o t y p e  f o r  a t e x t  s e c t i o n  i t  i s  a c t i v a t e d ,  even  a t  t he  

expense  o f  a c t i v a t i n g  l a r E e  numbers o f  i r r e l e v a n t  s t e r e o t y p e s .  

This  t e c h n i q u e  has been t e s t e d  i n  a computer  sys tem 

c a l l e d  S c r a b b l e .  

2!  S u ~ e s t i n ~  C a n d i d a t e  Top ics  

The d i s c o v e r y  o f  c a n d i d a t e  t o p i c s  f o r  a t e x t  s e c a n t  i s  

d r i v e n  by t h e  a s s o c i a t i o n  o f  a s e t  o f  p a t t e r n s  o f  s e n ~ n t i o  

p r i m i t i v e s  w i t h  each s t e r e o t y p e .  ( F o r  t he  pu rposes  o f  t h i s  

pape r  i t  i s  assumed t h a t  the  sys tem has a c c e s s  t o  a l e x i c o n  

c o n t a i n i n g  e n t r i e s  whose s e m a n t i c  component 18 someth ing  l i k e  

t h a t  used  by (Wilks  7 7 ) . )  As a word i s  i n p u t  to  t he  sys tem 

t h e  s e n s e s  o f  t h e  word a r e  examined t o  d e t e r m i n e  i f  any o f  

them have a s eman t i c  d e s c r i p t i o n  which c o n t a i n s  a p a t t e r n  

a s s o c i a t e d  w i t h  any of  the  sys tem s s t e r e o t y p e s .  I f  any do 

c o n t a i n  such a p a t t e r n  t he  c o r r e s p o n d i n g  s t e r e o t y p e s  axe 

l o a d e d  i n t o  t he  a c t i v e  workepace o f  t h e  s y s t e  m, u n l e s s  t h e y  

a r e  a l r e a d y  a c t i v e .  

3 t  Rl4~4n~!~m- I r r e l e v a n t  CandtdLates 

I n  p a r a l l e l  w i t h  t h e  s u g g e s t i o n  p r o c e s s ,  t h e  p r e d i o t i o n m  

o f  each  s t e r e o t y p e  i n  t h e  a c t i v e  workspace a r e  compared w i t h  

t h e  t e x t .  I n  S c r a b b l e ,  the  s e n t e n c e s  o f  t he  t e x t  a r e  f i r s t  

p a r s e d  i n t o  a v a r i a n t  o f  Concep tua l  Dependency (CD) r e p r e s e n t -  

a t i o n  (Schank 75b) by a program d e s c r i b e d  i n  ( C a t e r  8 0 ) .  The 

s e m a n t i c  r e p r e s e n t a t i o n  scheme lxas been  e x t e n d e d  to  i n c l u d e  

nomina l  d e s c r i p t i o n s  s i m i l a r  i n  power to  t h o s e  used  by (Wilke 

7 7 ) .  T h e ~ p r e d i c t i o n s  a r e  compared w i t h  t h e  CD r e p r e s e n t a t i o n  

s t r u c t u r e s  a t  t he  end o f  each  s e n t e n c e !  but  nothAng i n  t h e  

scheme d e s c r i b e d  i n  t h i s  pape r  cou ld  not  be a p p l i e d  t o  a 
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sys tem whloh i n t e K r a t e d  t h e  p r oc e s s  of  p a r e f u t  w i t h  t h a t  o f  
d e t e r m i n i n g  whether  o r  n o t  a f ragment  of  the t e x t  s a t i s f i e s  
some p r e d i c t i o n ,  as  i s  done i n  (DeJon8 7 9 ) .  

I t  i s  l i k e l y  t h a t  s t e r e o t y p e s  which a re  no t  r e l e v a n t  to  

t h e  t o p l o  o f  t he  ourz~n t  t e x t  8eKment w i l l  h a t s  been  loaded  

sm a r e s u l t  o f  the  magKest ion procesS' ,  S ince  t he  cos t  of  the  
compar ison  of  .a p r e d i c t i o n  w i t h  the  C D - r e p r e s e n t a t t o n  of  a 
s e n t e n c e  of  t h e  t e x t  t 8  no t  t r i v i a l  I t  i s  i m p o z ~ o n t  t h a t  i r -  

r e l e v a n t  s t e r e o t y p e s  a r e  removed from the  a c t i v e  workepsoe as  
r a p i d l y  a s  p o s s i b l e ,  The pztmax7 a l g o r i t h m  used  by S c r a b b l e  
removes any s t e r e o t y p e  which has faAled  to  p r e d i c t  mOre of the  
p ~ o p o s i t i o n g  i n  lnoomlng the  t e x t  t h a n  i t  has  s u c c e s s f u l l y  
p r e d i c t e d ,  Th l s  s lmple  a l g o r t t h a  has  proved adequa te  i n  t e s t s  
and i t s  s i m p l i c i t y  a l s o  e n s u r e s  t h a t  t h e  cos t  o f  r e u o v t n 6  

i r r e l e v a n t  s t e r e o t p y e s  i s  m l n l m l s e d ,  

F u r t h e r  p r o c e s s i n g  I s  s u b s e q u e n t l y  done to  s e p a r a t e  
s t e r e o t y p e s  whloh were n e v e r  a p p r o p r i a t e  f o r  the  t e x t  from 
s t e r e o t y p e s  whloh were u s e f u l  f o r  the  a n a l y s i s  of  some p a r t  

o f  t he  t e x t ,  bu t  a r e  no lonKer  u s e f u l .  

4 ,  Jbl EXample 

Cons ide r  the  ~ollowAng s h o r t  t e x t ,  adap ted  from (Char -  

nAak 7 8 ) ,  

Jaok p toked a oem of t u n a  e l f  t he  s h e l f ,  He put  i t  i n  
h i e  b a s k e t .  He psAd f o r  i t  and went home. 

Assume t h a t  a s s o c i a t e d  w i th  t he  p r i m i t i v e  p a t t e r n  f o r  
food t he  system has s t e r e o t y p e s  f o r  ea t t nK  i n  a r e s t e r ,  
shopping  a t  a supe rmarke t ,  and p r e p a r t ~  a ms8~ I n  the  k i t c h -  

en ,  The Xextoon en.tz7 f o r  t u n a  ( a  l a r g e  sea  f l e h  whloh 18 
Qaught f o r  food)  w a l l  ¢ontaAn t h i s  p a t t e r n ,  and t h i s  w a l l  

oause  t he  l o a d l n g  of  the  above t h r e e  s t e r e o t y p e s  i n t o  the  

a c t i v e  workspaoe.  The r e s t a u r a n t  s t e r e o t y p e  w i l l  no t  p r e d i c t  

t he  f i r s t  s e n t e n c e ,  and so w i l l  ~ - m e d t a t e l y  be un loaded .  Both 
t he  supermarke t  and k i t c h e n  s t e r e o t y p e s  expec t  s e n t e n c e s  l l k e  
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t he  f i r s t  i n  t h e  t e x t .  When t h e  s c o l d  s e n t e n c e  i 8  r e a d ,  t h e  

supermarke t  s t e r e o t y p e  w i l l  be q~xpeoting i t  ( s i n c e  i t  e x p e c t s  

pul~ohases t o  be put  i n t o  basket l~) ,  but  t h e  k i t c h e n  s t e r e o t y p e  

w a l l  n o t .  However the  k i t c h e n  s t e r e o t y p e  w i l l  no t  be un loaded  

s i n c e ,  8o f a r ,  i t  has p r e d i c t e d  88 many p r o p o s i t i o n s  as  i t  has  

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

supermarke t  s t e r e o t y p e  has  p r e d i c t e d  p r o p o s i t i o n s  of  t h i s  

form,  but  t he  k i t c h e n  s t e r e o t y p e  has  n o t .  T h e r e f o r e  t h e  k i t c h -  

en s t e r e o t y p e  i s  removed from t h e  a c t i v e  workspace ,  and t h e  

t o p i c  o f  t e x t  i s  f i r m l y  i d e n t i f i e d  a8 a v i s i t  t o  t h e  s u p e r -  

market.  

I t  s h o g l d  b e n o t e d  t h a t  a c o m p l e t e l y  r e a l i s t i c  sys tem 

would have t o  pe r fo rm much more complex p r o c e s s i n g  t o  a n a l y s e  

t h e  above example. I n  such a sys t em a d d i t i o n a l  s t e r e o t y p e s  

would p robab ly  be a c t i v a t e d  by t h e  o c c u r r e n c e  o f  t he  p r i m i t i v e  

p a t t e r n  f o r  f o o d ,  and i t  i s  l i k e l y  t h a t  y e t  more s t e r e o t y p e s  

would be a c t i v a t e d  by d i f f e r e n t  p r i m i t i v e  p a t t e r n s  i n  t h e  

l e x i c o n  e n t r i e s  f o r  the  words i n  t h e  i n p u t  t e x t .  

5J C o n c l u s i o n s  

The t e c h n i q u e  d e s c r i b e d  i n  t h i s  paper  f o r  t h e  i d e n t i f i c -  

a t i o n  o f  t he  t o p i c  o f  a t e x t  s e c t i o n  has a number o f  a d v a n t -  

aKe8 o v e r  p r e v i o u s  schemes.  F i r s t ,  i t s  use  o f  i n f o r m a t i o n  

which  w i l l  p r o b a b l y  a l r e a d y  be s t o r e d  i n  t h e  n a t u r a l  l anguage  

p r o c e s s i n g  s y s t e m ' s  l e x i c o n  has  obv ious  a d v a n t a g e s  o v e r  

schemes which r e q u i r e  l a r g e ,  s e p a r a t e  d a t a - s t r u c t u r e s  p u r e l y  

f o r  t o p i c  i d e n t i f i c a t i o n ,  as  w e l l  as  f o r  making t h e  p r e d i c t -  

i o n s  u s s o o l a t e d  w i t h  a t o p i c °  I n  p r a c t i c e ,  S c r a b b l e  u s e s  a 

s l i g h t l y  d o c t o r e d  l e x i c o n  t o  improve  e f f i c i e n c y ,  but  t h e  

n e c e s s a r y  work cou ld  be done by an a u t o m a t i c  proprooess~Lng 
o f  t he  l e x i c o n .  

Second,  t he  scheme d e s c r i b e d  h e r e  can make use  o f  

nominal8  which s u g g e s t  a c a n d i d a t e  t o p i c ,  and a s s o c i a t e d  

s t e r e o t y p e s ,  w i t h o u t  complex m a ~ t p u l a t i o n  o f  s e m a n t i c  i n f o r m -  

a t i o n  which I s  no t  u s e f u l  f o r  thAs p u r p o s e .  The scheme o f  
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(DeJong 79 ) ,  f o r  example,  would per form complex opeZa t tons  

on seman t i c  r e p r e s e n t a t i o n s  a s s o c i a t e d  w i t h  "p i ck"  b e f o r e  I t  
p rocessed  the  more u s e f u l  word " t u n a "  i f  I t  p r oc e s se d  the  

above example t e x t .  

Thi rd  the  use  of semantl.o p r i m i t i v e  p a t t e r n s  has g r e a t -  , 
e r  g e n e r a l i t y  t h a n  t e c h n i q u e s  which s e t  up d i r e c t  l i n k s  b e t -  

ween words and b u n d l e s  of  p r e d i c t i o n s ,  as  appeared  t o  be done 
i n  e a r l y  v e r s i o n s  of the  SAM program (Sohank 75a ) .  

One f i n a l  p o i n t .  The t e c h n i q u e  f o r  t o p i c  i d e n t i f i c a t i o n  
i n  t h i s  paper  would no t  be p r a c t i c a l  e i t h e r  i f  i t  was v e r y  

expens ive  to  l oad  s t e r e o t y p e s  which t u r n  ou t  to  be I r r e l e v a n t ,  
o r  i f  the  cos t  o f  comparing the  p r e d i c t i o n s  of such s t e r e o -  

t ypes  w i th  the  t e x t  r e p r e s e n t a t i o n  was h i gh .  The Sc r~bb le  
sys tem,  r u n n i n g  unde r  Cambridge LISP on an IBM 370/165 took  

8770 m i l l i s e c o n d s  to  a n a l y s e  the  example t e x t  above of  which 
756 m i l l i s e c o n d s  was used by l o a d i n g  and a c t i v a t i D g  the  two 
i r r e l e v a n t  s t e r e o t y p e s  and 103 m i l l i s e c o n d s  was spe n t  compar- 
i n g  t h e i r  p r e d i c t i o n s  w i t h  t h e  C D - x ~ p r e s e n t a t i o n  of  the t e x t .  
The system d e s i g n  i s  such t h a t  t h e s e  f i g u r e s  would no t  i n -  

c r e a s e  d r e m a t i c a l l y  i f  more s t e r e o t y p e s  were c o n s i d e r e d  w h i l s t  
p r o c e s s i n g  the  example.  
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