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ABSTRACT 

I n  u n d e r s t a n d i n g  s t o r i e s  o r  n a t u r a l - l a n g u a g e  d i s c o u r s e ,  

h e a r e r s  draw upon a n  enormous b a s e  o f  s h a r e d  wor ld  knowledge 

a b o u t  common s i t u a t i o n s  l i k e  g o i n g  t o  r e s t a u r a n t s ,  t h e a t e r s  o r  

s u p e r m a r k e t s  t o  h e l p  e s t a b l i s h  t h e  needed c o n t e x t .   his paper  

p r e s e n t s  a n  app roach  t o  t h e  management o f  t h i s  type  of knowledge 

b a s e d  upon t h e  c o n c e p t  o f  a s i t u a t i o n a l  s c r i p t  [Schank and 

Abe l son ,  19751.  The a p p l i c a t i o n  of  s c r i p t s  - i n  s t o r y  

u n d e r s t a n d i n g  i s  i l l u s t r a t e d  via a  compute r  model c a l l e d  SAM 

( S c r i p t  A p p l i e r  Mechanism) . 
I n  simple o n e - s c r i p t  s t o r i e s ,  SAM c o n s t r u c t s  a t race  

t h r o u g h  a pre formed  da t a  s t r u c t u r e  c o n t a i n i n g  t h e  i n p u t ,  o t h e r  

e v e n t s  n o t  ment ioned  b u t  commonly assumed,  t h e  i m p o r t a n t  

The r e s e a r c h  d e s c r i b e d  i n  t h i s  pape r  was s u p p o r t e d  i n  p a r t  
by t h e  Advanced R e s e a r c h  P r o j e c t s  Agency of  t h e  Depar tment  of  
Defer.se and mon i to red  under  t h e  O f f i c e  o f  Naval  R e s e a r c h  under  
c o n t r a c t  N00014-75-C-1111. 



i n f e r e n c e s  asmciated with the e v e n t s ,  and the interconnecting 

causal  l i n k s .  In  more c o m p l i c a t e d  stories, SAM handles t h e  

i n v o c a t i o n  and c l o s i n g  of p a r a l l e l ,  nested and sequential 

s c r i p t s .  

1 . 0  I n t r o d u c t i o n  

Natural- language processing r e s e a r c h  in recent years h a s  

i n c r e a s i n g l y  focussed upon the model ing of human world knowledge 

and management of t h e  r e s u l t i n g  data base (I). T h i s  h a s  come 

about  l a r g e l y  because of the  enormous  problems encountered  i n  t h e  

p r o c e s s i n g  of t e x t s ,  as opposed to  single s e n t e n c e s ,  by 

t r a d i t i o n a l  methods based upon s y n t a c t i c  analysis and low-level 

s e m a n t i c s ,  This state of a f f a i r s  should n o t  be s u r p r i s i n g ,  since 

i t  i s  quite c l e a r  that people draw upon a huge s t o r e  of s h a r e d ,  

e x t r a - l i n g u i s t i c  world knowledge i n  understanding even the 

s i m p l e s t  stories or eng ag ing i n  the  most rudimentary 

c o n v e r s a t i o n ,  

Much of t h e  knowledge that h e a r e r s  u t i l i z e  to establish the 

background or c o n t e x t  o f  a s t o r y  appears  to be e p i s o d i c  i n  

h a t u r e ,  distilled from many e x p e r i e n c e s  i n  common s i t u a t i o n s  like 

g o i n g  t o  restaurants, football games and supermarkets. This 

paper p r e s e n t s  an approach t o  the r e p r e s e n t a t i o n  and hand l ing  of 

this type of mundane world-knowledge based upon the  concept of a 

s i t u a t i o n a l  script [Schank and A b e l s o n ,  19753. The application 

(1) See, f o r  example, t h e  emphasis o n  t h i s  area i n  
 h he ore tical Issues in Natural Language Processing", P r o c e e d i n g s  
of the I n t e r d i s c i p l i n a r y  workshop i n  Computational  Linguistics, 
10-13 June 1 9 7 5 ,  Cambridge, Mass. 



o f  sc r ip t s  i n  s t o r y  u n d e r s t a n d i n g  w i l l  be  i l l u s t r a t e d  v i a  a 
0 

compute r  model c a l l e d  SAM ( S c r i p t  Appl i e r  Mechanism) d e v i s e d  f o r  

a PDP-10 computer  a t  Ya le  U n i v e r s i t y .  

1.1 Examples o f  Story U n d e r s t a n d i n g  i n  SAM 

B e f o r e  a t t a c k i n g  t h e  v a r i o u s  a s p e c t s  o f  s c r i p t s  and t h e  

p a r t i c u l a r  a c t i v i t i e s  c a r r i e d .  on  by SAM'S s c r i p t  a p p l i e r ,  it 

seems a p p r o p r i a t e  t o  g i v e  some examples  o f  i n p u t  and t h e  v a r i o u s  

o u t p u t s  t h a t  SAM p r o d u c e s .  T h i s  w i l l  give t h e  r e a d e r  some 

f e e l i n g  f o r  t h e  kinds o f  h e a v i l y  s c r i p t - b a s e d  s t o r i e s  SAM can  

h a n d l e  and t h e  u n d e r s t a n d i n g  t a s k s  i t  performs. 

We p r e s e n t  t h r e e  d i f f e r e n t  t y p e s  o f  s t o r y  i n p u t .  The f i r s t  

s t o r y  makes r e f e r e n c e s  t o  a common s c r i p t  , t h e  r e s t a u r a n t  s c r i p t  , 
t h e n  s t ops  t h e  s c r i p t  i n  mids t ream:  

W n t  t o  a r e s t a u r a n t .  H e  s a t  down. H e  g o t  mad. - 

H e  l e f t .  

A ' l ong  p a r a p h r a s e '  o u t p u t  g e n e r a t e d  by SAM f o r  t h i s  s t o r y  i s  a s  

f o l l o w s  : 

J o h n  was hungry .  H e  decided t o  go t o  a r e s t a u r a n t .  
H e  went  t o  o n e ,  H e  sat down i n  a cha i r .  A w a i t e r  
d i d  n o t  go  t o  t h e  t a b l e .  J o h n  became u p s e t .  H e  
d e c i d e d  he  was g o i n g  t o  l e a v e  t h e  r e s t a u r a n t .  H e  
l e f t  it. 

N e x t  is  a t y p i c a l  b o r i n g  r e s t a u r a n t  s t o r y  conforming  c l o s e l y  

t o  e x p e c t e d  s c r i p t a l  data: 

S t o r y  I1 
John  went t o  a r e s t a u r a n t .  The h o s t e s s  s e a t e d  John .  
The  h o s t e s s  g a v e  John  a menu. John  o r d e r e d  a 
l o b s t e r .  H e  w a s  s e r v e d  q u i c k l y .  H e  l e f t  a  l a r g e  
t i p .  He l e f t  t h e  r e s t a u r a n t .  



SAM h a s  g e n e r a t e d  summary and q u e s t i o n - a n s w e r  i n g  o u t p u t  f o r  t h i s  

s t o r y :  

Summary 

John  went t o  a  r e s t a u r a n t  and he a t e  a  l o b s , t e r ,  

Q: Why d i d  t h e  h o s t e s s  g i v e  John  a menu? 
A :  So John could ask t h e  w a i t e r  f o r  a meal, 

Q: Why d i d  J o h n  g o  t o  a r e s t a u r a n t ?  
A: So John  c o u l d  ea t  a meal, 

Q: Did t h e  w a i t e r  g i v e  John  a menu? 
A: John  g o t  t h e  menu from the h o s t e s s .  

Q: Why d i d  John  l e a v e  t h e  w a i t e r  a l a r g e  t i p ?  
A: P r o b a b l y  John  remembered t h e  wai ter  s e r v e d  a 
l o b s t e r  t o  him q u i c k l y .  

Q: Di,d J o h n  pay t h e  b i l l ?  
A: John  paid t h e  check .  

The sys tem h a s  also p r o v i d e d  l o n g - p a r a p h r a s e  o u t p u t s  f o r  t h i s  

s t o r y ,  n o t  shown h e r e ,  i n  b o t h  E n g l i s h  and C h i n e s e .  

The f i n a l  example i n v o k e s  s e v e r a l  s c r i p t s ,  and calls up a n  

unusua l  path  i n  o n e  s c r i p t  b e c a u s e  of an  odd o c c u r r e n c e  i n  an 

e a r l i e r  one: 

%%%% t o  N e w  York b y  bus .  On t h e  b u s  h e  t a l k e d  
t o  an o l d  l a d y .  When he l e f t  t h e  b u s ,  he  t hanked  t h e  
d r i v e r .  H e  took  t h e  subway t o  ~ e o n e ' s .  On the 
subway his pocket was p i c k e d .  H e  g o t  off t h e  t r a i n  
and e n t e r e d  ~ e o n e ' s .  H e  had some l a s a g n a .  When t h e  
check came, h e  d i s c o v e r e d  he c o u l d n ' t  pay.  The 
management t o l d  him he would have  t o  wash d i s h e s .  



Long P a r a p h r a s e  
J o h n  went t o  a bus  stop.  He w a i t e d  a t  i t  a f e w  
m i n u t e s  , H e  entered- a bus .  The d r i v e r  g o t  t h e  
t i c k e t  from J o h n ,  H e  went t o  a s ea t .  He s a t  down i n  
i t .  While  John was on t h e  b u s  an o l d  l a d y  and John  
t a l k e d .  Phe d t i v e r  took  John  t o  N e w  York. H e  went 
t o  t h e  d r i v e r .  w h i l e  g e t t i n g  off t h e  b u s  John 
thanked t h e  d r i v e r .  John  g o t  o f f  it. 

H e  e n t e t e d  a s t a t i o n .  H e  p u t  a token  i n  t h e  
t u r n s t i l e .  H e  went to  t h e  platform. H e  wa i t ed  a t  i t  
a few m i n u t e s .  H e  e n t e t e d  a  subway car .  A t h i e f  
went t o  John .  The t h i e f  p i c k e d  ~ o h n ' s  p o c k e t .  H e  
wen t ,  John  went  t o  t h e  s ea t .  H e  s a t  down i n  i t .  
The d r i v e r  took  J o h n  t o  ~ e o n e ' s .  H e  left t h e  subway 
c a t ,  He l e f t  the s t a t i o n .  

H e  e n t e r e d  ~ e o n e ' s .  He looked  around i n s i d e  i t .  
H e  saw h e  c o u l d  g o  t o  a t a b l e .  H e  went t o  it. H e  
s a t  down i n  t h e  s e a t .  H e  o r d e r e d  some l a s a g n a .  The 
waiter indicated t o  the c h e f  John  would l i k e  him t o  
p r e p a r e  something.  The c h e f  p r e p a r e d  t h e  l a s a g n a .  
The waiter  g o t  i t  from t h e  c h e f ,  The w a i t e r  went t o  
t h e  t a b l e ,  H e  s e r v e d  t h e  l a s a g n a  t o  John.  H e  a t e  
it. H e  became f u l l .  

H e  asked t h e  waiter f o r  t h e  check .  John g o t  i t  
from t h e  w a i t e r .  John  r e a d  t h e  check .  John 
d i s c o v e r e d  he  was u n a b l e  t o  pay t h e  check .  H e  
i n d i c a t e d  t o  t h e  waiter h e  w a y u n a b l e  t o  pay t h e  
c h e c k .  The management t o l d  J o h n  h e  would have t o  
wash d i s h e s .  H e  e n t e r e d  t h e  k i t c h e n .  H e  washed 
d i s h e s .  H e  l e f t  ~ e o n e ' s .  

[ p a r a g r a p h i n g  has been added t o  t h e  
computer  o u t p u t  f o r  ease of  r e a d i n g ]  

I n  t h e s e  example s t o r i e s ,  SAM a n a l y z e s  e a c h  i n p u t  s e n t e n c e  

i n t o  a Conceptua l  Dependency ( C D )  r e p r e s e n  t a t  i o n .  I f  t h i s  

r e p r e s e n t a t i o n  fits a s c r i p t ,  t h a t  s c r i p t  is  ca l led  i n t o  memory 

and s u c c e s s i v e  i n p u t s  a r e  matched i n  t h e  s c r i p t  and l i n k e d  up by 

a SAM program c a l l e d  t h e  s c r i p t  a p p l i e r .  The s c r i p t  a p p l i e r  

o u t p u t  i s  p r o c e s s e d  by o t h e r  SAM programs  depending  on t h e  t y p e  

o f  f i n a l  o u t p u t  des i red ,  and E n g l i s h  o r ,  f o r  S t o r y  11, Chinese  is 

g e n e r a t e d ,  The p o i n t  t o  be stressed i s  t h a t  a l l  t h e  



' u n d e r s t a n d i n g '  p r o c e s s i n g  is done on  a s i n g l e  d a t a  s t r u c t u r e ,  

the s t o r y  r e p r e s e n t a t i o n  c o n s t r u c t e d  by t h e  s c r i p t  a p p l i e r .  W e  

discuss i n  p a r t i c u l a r  t h e  s c r i p t a l  d a t a  b a s e ,  t h e  s c r i p t  a p p l i e r  

and t h e  s t o r y  r e p r e s e n t a t i o n  in s u c c e e d i n g  s e c t i o n s .  Additional 

d e t a i l s  o n  t h e  o t h e r  pa r t s  of SAM can be found i n  [Schank e t  a l ,  
C_ _L 

19753. 

2 .0  S i t u a t i o n a l  S c r i p t s  

A s  implemented i n  SAM, a s i t u a t i o n a l  s c r i p t  i s  a network of  

CD p a t t e r n s  d e s c r i b i n g  t h e  major  p a t h s  and t u r n i n g  p o i n t s  

commonly unders tood  by m i d d l e - c l a s s  ~ m e r i c a n s  t o  occur  i n  

stereotyped a c t i v i t i e S  such a s  go ing  t o  t h e a t e r s ,  r e s t a u r a n t s  and 

supermarkets. The s c r i p t  i d e a  i s  v e r y  s i m i l a r  t o  the 

i n d e p e n d e n t l y  deve loped  ' f r  m e  s y s t e m '  f o r  s t o r y  u n d e r s t a n d i n g  

d e s c r i b e d  i n  [Charn iak ,  19751 , which i s  i t s e l f  based l o o s e l y  on  

t h e  ' £ 1  ame' c o n c e p t  [Minsky, 19741 c u r r e n t l y 4  used i n  vision 

r e s e a r c h .  

The p a t t e r n s  p rov ided  i n  s c r i p t s  a re  of two g e n e r a l  k i n d s :  

e v e n t s ,  which we w i l l  c o n s t r u e  b r o a d l y  a s  i n c l u d i n g  s t a t e s  and 

s t a t e - c h a n g e s  ( 2 )  a s  w e l l  as mental and physical ACTS; and 

carnal r e l a t k o n s  among t h e s e  e v e n t s  [Schank ,  1 9 7 3  and 19741. 

( 2 )  C e r t a i n  a c t i o n s  l i k e  d r i v i n g  a car o r  p r e p a r i n g  food  
i n v o l v e  complex, l e a r n e d  sensory-motor  s k i l l s  a s  w e l l  a s  scr i p t a l  
knowledge. Such a c t i o n s  a r e  summarized w i t h i n  a  s c r i p t  a s  a 
c a u s a l  r e l a t i o n  t e r m i n a t i n g  i n  t h e  c h i e f  s t a t e - c h a n g e  e f f e c t e d  by 
t h e  a c t i o n .  For example,  t h e  s e n t e n c e  "The cook p r e p a r e d  t h e  
mealn is r e p r e s e n t e d  i n  LISP CD f o r m a t  as: 

( (CON ( (ACTOR (*COOK*) <=> (*DO*) ) ) 
LEADTO 

( (ACTOR (*MEAL*) LEAVING (*COOKSTATE* VAL (0) ) ) ) ) ) 



P a t t e r n s  are used i n  s c r i p t s  n o t  o n l y  b e c a u s e  of t h e  v a r i e t y  of  

p o s s i b l e  f i l l e r s  f o r  t h e  r o l e s  i n  s c r i p t s ,  b u t  a l s o  t o  c o n s t r a i n  

t h e  amount of i n f o r m a t i o n  needed t o  i d e n t i f y  a s t o r y  i n p u t .  

T h u s ,  f a r  example,  t h e  s c r i p t  provides a LISP CD t e m p l a t e  l i k e :  

((ACTOR (X) <=> (*PTRANS*) OBJECT (X) T O  ( * ' I N S I D E *  
PART (RESWAURANT) ) ) ) 

t o  i d e n t i f y  i n p u t s  l i k e :  

John  went i n t o  ~ e o n e ' s .  
John  walked i n t o  Leone's .  
John  came i n t o  ~ e o n e ' s  from the subway. 

( X  and RESTAURANT a r e  dummy v a r i s a b l e s ) .   his a l l o w s  t h e  s c r i p t  

a p p l i e r  t o  i g n o r e  i n e s s e n t i a l  f e a t u r e s  o f  an i n p u t  ( l i k e  t h e  

I n s t r u m e n t  of t h e  u n d e r l y i n g  ACT o r  t h e  p l a c e  John came from i n  

t h e  examples  g i v e n  above) , and t h u s  p r o v i d e s  a  c r u d e  beg inn ing  

f o r  a t h e o r y  of f o r g e t t i n g .  

I n  t h e  p r e s e n t  i m p l e m e n t a t i o n ,  SAM p o s s e s s e s  three ' r e g u l a r '  

s c r ip t s ,  f o r  r i d i n g  a bus ,  f o r  r i d i n g  a  subway, and f o r  go ing  t o  

a r e s t a u r a n t  ( 3 ) .  These s c r i p t s  have been s i m p l i f i e d  i n  v a r i o u s  

ways. For example,  a l l  of them assume t h a t  there is o n l y  a 

s i n g l e  main a c t o r .  The bus  s c r i p t  h a s  been  r e s t r i c t e d  t o  a 

s i n g l e  t r a c k '  f o r  a l o n g - d i s t a n c e  bus r i d e ,  aHd t h e  r e s t a u r a n t  

s c r i p t  does n o t  have a ' ~ c ~ o n a l d ' s '  o r  a ' ~ e  ~ a v i l l o n  track. 

T h i s  w a s  done p r i m a r i l y  t o  have a d a t a  base c a p a b l e  o f  h a n d l i n g  

s p e c i f i c  s t o r i e s  of  i n t e r e s t  a v a i l a b l e  i n  a r e a s o n a b l e  time, 

s e c o n d a r i l y  t o  l i m i t  t h e  s t o r a g e  needed ( 4 ) .  N e v e r t h e l e s s ,  a s  

( 3 )  The data base a l s o  c o n t a i n s  s c r i p t - l i k e  s t r u c t u r e s  for 
'we i rd  ' o r  *unusual ' happen ings  l i k e  t h e  main a c t o r  s becoming 
ill, o r ,  a s  i n  Story 111, h a v i n g  h i s  pocket picked. Such 
a c t i v i t i e s  c o u l d  be handled by a g e n e r a l i z e d  i n f e r e n c i n g  program 
l i k e  t h e  one d e s c r i b e d  i n  [ R i e g e r ,  19751, 



the examples  of S e c t i o n  1.1 indicate, t h e  c u r r e n t  scripts are  a 

r e ~ s o n a b l e  first pass a t  the d u a l  problems  o f  c r e a t i n g  and 

managing t h i s  type of data s t r u c t u r e ,  

2.1 Goals,, Predictions and, Roles i n  Scr ip, ts  

Each s i t u a t i o n a l  script s u p p l i e s  a de fau l t  y o a l  s t a t e m e n t  

which is assumed, i n  t h e  absence o f  i n p u t  from h i g h e r  l e v e l  

cognitive processes like ' p l a n n i n g  ' [Schank and Abelson ,  19751 , 

to be what a s t o r y  r e f e r r i n g  to a s c r i p t  i s  about .  The 

r e s t a u r a n t  s c r i p t  for example,  d e f i n e s  the INGEST and t h e  

r e s u l t i n g  state-change i n  hunger as t h e  c e n t r a l  e v e n t s  o f  a s t o r y  

about e a t i n g  in restaurants. Closely related t o  the goal 

s t a t e m e n t  is t h e  sequence  of mutual o b l i g a t i o n s  t h a t  many s c r i p t s  

seem to e n t a i l .  Invoking  t h e  bus s c r i p t ,  for example ,  impl ies  

the c o n t r a c t  between the  r i d e r  and t h e  bus  management of a PTRANS 

t o  the desired l o c a t i o n  i n  r e t u r n  f o r  t h e  ATFWNS of t h e  fare. 

Such o b l i g a t i o n s  have a powerful  i n f l u e n c e  on t h e  p r e d i c t i o n s  the 

system makes about new i n p u t .  I n  t h e  r e s t a u r a n t  c o n t e x t ,  f o r  

example, an .input r e f e r r i n g  t o  an e v e n t  beyond o r d e r i n g  o r  e a t i n g  

is n o t  initially expected, b e c a u s e  t h e s e  e v e n t s  form t h e  i n i t i a l  

statement of ob l iga t ion .  Thus t h e  sys tem takes  l o n g e r  t o  

identify a s t o r y  sequence  l i k e :  

John went t o  a d i n e r ,  H e  l e f t  a l a r g e  t i p .  

Once an input about o r d e r i n g  has been p r o c e s s e d ,  SAM is  p r e p a r e d  

(4 )  The t e x t  for  t h e  r e s t a u r a n t  s c r i p t ,  p r e s e n t l y  t h e  
largest of t h e  scripts ,  o c c u p i e s  r o u g h l y  1 0 0  blocks of PDP-10 
disk storage, or about 64 ,000  ASCII c h a r a c t e r s .  



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

a s s o c i a t e d  with e a t i n g ,  or pay ing  t h e  b i l l ,  b u t  n o t  a b o u t  l e a v i n g  

t h e  r e s t a u r a n t .  T h i s  is because  t h e  main a c t o r  has n o t  f u l f i l l e d  

t h e  other h a l f  of t h e  o b l S g a t i o n .  

The b i n d i n g  of nomina l s  i n  t h e  s t o r y  i n p u t  t o  a p p r o p r i a t e  

f i l l e r s  i n  t h e  sc r ip t  t e m p l a t e s  is accompl i shed  i n  SAM by means 

o f  sc r ip t  v a r i a b l e s  with a s s ~ c i a t e d  f e a t u r e s .  I n  t h e  r a t h e r  

cxude system o f  f e a t u r e s  p r e s e p t l y  used ,  each s c r i p t  v a r i a b l e  i s  

assigned a s u p e r s e t  menibership class: e. g., a hamburger i s  a 

' food ' ,  whi$e  a waiter is a 'humane- c e r t a i n  v a r i a b l e s  a re  a l s o  

g i v e n  roles: e. g., a hostess o r  a waiter  can  f i l l  t h e  

'maitre'd'  ole. The former p r o p e r t y  would e n a b l e  t h e  sys tem t o  

d i s t i n g u i s h  between "The waiter b r o u g h t  Mary a hamburger" and 

"The waiter bropg-ht Mary t h e  check". The l a t t e r  p roper ty  

i d e n t i f i e s  i m p o r t a n t  r o l e s  i n  s c r i p t  c o n t e x t s ,  p r i m a r i l y  those  t o  

which it i s  p o s s i b l e  t o  make  d e f i n i t e  r e f e r e n c e  w i t h o u t  previous 

i q t r o d n c t i o n ,  like ' t h e  d r i v e r ' ,  ' t h e  cook'  o r  ' the  check'. For 

s t o r i e s  i n  which c e r t a i n  script v a r i a b l e s  a re  n o t  bound, t h e  

system p r o v i d e s  a set of d e f a u l t  b i n d i n g s  f o r  t h e  r o l e s  n o t  

ment ioned : t h u s ,  SAM f i l l s  i n  'meal '  f o r  a s t o r y  i n  which t h e  

food o r d e r e d  i s  n o t  e x p l i c i t l y  named. Variables  w i t h o u t  

d i s t i n g u i s h e d  r o l e s  d e f a u l t  t o  an  i n d e f i n i t e  f i l l e r ,  l i k e  

'someone' f o r  t h e  main a c t o r .  

2.2 Sc r ip t  S t r u c t u r e  

Each SAM script is  o r g a n i z e d  i n  a top-down manner a s  

follows : i n t o  t r acks ,  c o n s i s t i n g  of sceneg, which a re  i n  t u r n  



composed of subscenes .  Each t r a c k  of a s c r i p t  c o r r e s p o n d s  t o  a 

m a n i f e s t a t i o n  of t h e  s i t u a t i o n  d i f f e r i n g  i n  minor f e a t u r e s  o f  t h e  

s c r i p t  roles, o r  i n  a d i f f e r e n t  o r d e r i n g  of t h e  scenes. S o ,  for 

example, e a t i n g  in an  e x p e n s i v e  r e s t a u r a n t  and i n  ~ c ~ o n a l d ' s  

s h a r e  r e c o g n i z a b l e  s e a t i n g ,  o r d e r i n g  , p a y i n g ,  e t c . ,  a c t i v i t i e s ,  

b u t  c o n t r a s t  i n  t h e  p r ice  of t h e  f o o d ,  t y p e  of food s e r v e d ,  

number of r e s t a u t a n t  p e r s o n n e l ,  sequence of o r d e r i n g  and s e a t i n g ,  

and t h e  like. S c r i p t  scenes a r e  o r g a n i z e d  aroond t h e  main 

top-level ac t s ,  o c c u r r  ing  i n  some d e f i n i t e  s equence ,  t h a t  

characterize a s c r i p t a l  s i t u a t i o n .  The g i v i n g  of p r e s e n t s ,  f o r  

example, would be a scene focus i n  a b i r t h d a y  p a r t y  s c r i p t ,  but 

p u t t i n g  on a p a r t y  h a t  would n o t  be. The l a t t e r  would c o r r e s p o n d  

t o  a subscene ,  perhaps w i t h i n  t h e  ' p r e p a r  i n g - t o - c e l e b r a t e  ' s c e n e  

of t h a t  scr ip t .  I n  g e n e r a l ,  subscenes a re  o r g a n i z e d  around ac t s  

more or- less closely r e l a t e d  t o  the main ac t  of t h e  scene, e i t f i e r  

con'tr ibuting a precondition f o r  t h e  main act, a s  walking t o  a 

table precedes s i t t i n g  down; o r  r e s u l t i n g  from t h e  main a c t ,  a s  

a r r i v i n g  a t  t h e  desired locat ion follows from t h e  d r i v e r ' s  act  of 

d r i v i n g  t h e  bus .  An i n t u i t i v e  way of i d e n t i f y i n g  scene foci and 

scene b o u n d a r i e s  i s  t o  v i s u a l i z e  a s c r i p t  network of i n t e rwoven  

paths. I n  such a ne twork ,  t h e  s c e n e  f o c i  would c o r r e s p o n d  t o  

points of maximum c o n s t r i e t i o n ;  s c e n e  b o u n d a r i e s  t o  p o i n t s  of 

most constriction between foc i .  This e s s e n t i a l l y  means t h a t  all 

paths thrpugh a scene g o  t h r o u g h  t h e  main act  ( e x c e p t  a b o r t  

paths, d i s c u s s e d  below) , and relatively few e v e n t s  a r e  a t  scene 

edges. 



I t  is n e c e s s a r y ,  t h e r e f o r e ,  t o  d i s t i n g u i s h  c e r t a i n  e v e n t s  i n  

a sc r ip t :  s c r i p t s ,  t h e i r  t r a c k s ,  s c e n e s  and s u b s c e n e s  a l l  have  
f m a i n * ,  ' i n i t i a l '  and ' f i n a l '  e v e n t s .  For example ,  t h e  main 

e v e n t  of t h e  ' o r d e r i n g '  e v e n t  i n  a r e s t a u r a n t  is t h e  o r d e r i n g  a c t  

i t s e l f ;  a n  i n i t i a l  e v e n t  i s  r e a d i n g  t h e  menu; and a final e v e n t  

i s  t h e  waiter t e l l i n g  t h e  cook t h e  o r d e r .  A d d i t i o n a l l y ,  s c r i p t s  

and t racks  have associated ' summar ies ' ,  which  refer  t o  a s c r i p t  

i n  g e n e r a l  t e rms .  C o n s i d e r ,  f o r  example ,  t h e  f o l l o w i n g  s e n t e n c e  

from S t o r y  111: " J o h n  went  t o  New York by bus" .  T h i s  s e n t e n c e  

i s  marked i n  the u n d e r l y i n g  meaning r e p r e s e n t a t i o n  by t h e  SAM 

analyzer as a summary b e c a u s e  of t h e  p r e s e n c e  o f :  

( (ACTOR (*JOHN*)  <=> (*SDO*) OBJECT ( $ B U S ) ) )  

i n  t h e  I n s t r u m e n t  s l o t  ( 5 ) .  Such s e n t e n c e s  have two ccmmon 

f u n c t i o n s  i n  simple s t o r i e s .  They may i n d i c a t e  t h a t  a s c r i p t  was 

i nvoked  and c o m p l e t e d ,  and no f u r t h e r  i n p u t  should be e x p e c t e d  

f o r  t h i s  i n s t a n c e  o f  t h e  s c r i p t .  T h i s  f u n c t i o n  o f  t h e  summary 

of t e n  o c c u r s  with sc r ip t s  ( l i k e  those a s s o c i a t e d  w i t h  . t r a v e l l i n g )  
. which t e n d  t o  be used as i n s t r u m e n t s *  of o t h e r  s c r i p t s  (as i n  

g e t t i n g  t o  a  r e s t a u r a n t  o r  s t o r e ) .  A l t e r n a t i v e l y ,  t h e y  may 

signal t h a t  a wide r  range of  p o s s i b l e  next i n p u t s  i s  t o  be 

e x p e c t e d  t h a n  would be p r e d i c t e d  i f  t h e  script were e n t e r e d  v i a  

a n  i n i t i a l  e v e n t .  For example, t h e  s t o r y  sequence i n i t i a t e d  w i t h  

a summary: 

John  t o o k  a t r a i n  t o  N e w  York. Whi le  l e a v i n g  t h e  
t r a i n ,  h e  t i p p e d  t h e  c o n d u c t o r .  

( 5 )  The p r i m i t i v e  ACT SDO i s  an  e x t e n s i o n  of t h e  p r i m i t i v e  
dummy CD ACT DO, and s t a n d s  for an a c t o r  p e r f o r m i n g  h i s  scr ip t  
f o r  a g i v e n  s i t u a t i o n ,  in t h i s  case t h e  bus  s c r i p t  ($BUS). 



sounds more natural t han  a sequence b e g i n n i n g  w i t h  a n  i n i t i a l  

e v e n t :  

John got on a t r a i n .  w h i l e  l e a v i n g  t h e  train, h e  
t i p p e d  t h e  c o n d u c t o r .  

These two f u n c t i o n s  of  t h e  summary c o n t r e s , t  w ide ly  i n  t h e  r a n g e  

of p r e d i c t i o n s  they invoke.  However, a d d i t i o n a l  i n p u t s  after a 

summary, as i n  t h e  example above, o f t e n  g i v e  t h e  psychological 

Scenes are built up o u t  o f  s u b s c e n e s ,  which u s u a l l y  c o n t a i n  

a s i n g l e  chunk of c a u s a l  c h a i n  o r  'path' .  I n  SAM s c r i p t s ,  these 

p a t h s  are assigned a 'value* t o  i n d i c a t e  r o u g h l y  t h e i r  n o r m a l i t y  

in t h e  scrfptal  c o n t e x t .  Sever  a1 p a t h v a l u e s  have been found 

useful i n  s e t t i n g  up the story r e p r e s e n t a t i o n .  A t  one end of the 

normality range is  ' d e f a u l t ' ,  which d e s i g n a t e s  t h e  p a t h  the 

sctipt applier takes through a s c e n e  when t h e  i n p u t  does n o t  

explicitly refer t o  it. For example, t h e  i n p u t  sequence: 

John went to Consiglio's. H e  ordered l a s a g n a .  

makes no mention of ~ o h n ' s  s i t t i n g  down, which would commonly be 

assumed i n  this situation. The system, f o l l o w i n g  the default 

path, would fill i n  that John probably  looked  around inside the 

restaurant, saw an empty table, walked over  to it,  etc. Next  on 

the  n o r m a l i t y  scale is 'n~minal', d e s i g n a t i n g  paths which are 

usual in the a c t i p t ,  not i n v o l v i n g  errors or obstructions in the  

normal flow of e v e n t s .  The sentences in Story I1 which refer t o  

the hoetess a r e  examples of nominal i n p u t s .  F i n a l l y ,  t h e r e  are  

the 'interference/resolution' p a t h s  i n  a s c r i p t .  These a r e  

followed when an event occurs which blocks the normal f u n c t i o n i n g  



of t h e  s c r i p t .  I n  a r e s t a u r a n t ,  f o r  example ,  h a v i n g  t o  w a i t  f o r  

a t a b l e  i s  a, mild i n t e r f e r e n c e ;  i t s  r e s o l u t i o n  o c c u r s  when one  

becomes a v a i l a b l e .  More s e r i o u s  b e c a u s e  it c o n f l i c t s  d i r e c t l y  

w i t h  t h e  g o a l / o b l i g a t i o n  s t r u c t u r e  of t h e  s c r i p t  is t h e  main 

a c t o r ' s  d i s c o v e r y  t h a t  he h a s  no money t o  pay t h e  b i l l .  T h i s  i s  

r e s o l v e d  i n  S t o r y  I11 by h i s  d o i n g  d i s h e s .  An e x t r e m e  example  of 

a n  i n t e r f e r e n c e  is  the main a c t o r ' s  becoming i r r i t a t e d  when a 

waiter fails t o  take  h i s  o r d e r ,  a s  i n  S t o r y  I ,  f o l l o w e d  by h i s  

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

have  taken an ' a b o r t '  p a t h .  

I n  a d d i t i o n  t o  t h e  above ,  c e r t a i n  i n c o m p l e t e  p a t h s ,  i. e -  , 

p a t h s  h a v i n g  no d i r e c t  c o n s e q u e n c e s  w i t h i n  t h e  s c r i p t ,  have  been 

i ,nc luded  i n  t h e  s c r ip t a l  d a t a  base. The most  i m p o r t a n t  o f  t h e s e  

i n c o m p l e t e  p a t h s  are  t h e  i n f e r e n c e s  from, and p r e c o n d i t i o n s  f o r ,  

t h e  e v e n t s  i n  t h e  d i r e c t  c a u s a l  p a t h s .  Lumped under  t h e  

p a t h v a l u e  ' i n f e r e n c e ' ,  t h e s e  s u b s i d i a r y  e v e n t s  i d e n t i f y  c r u c i a l  

r e s u l t a t i v e  and e n a b l i n g  l i n k s  which a r e  u s e f u l  i n  p a r t i c u l a r  f o r  

q u e s t i o n - a n s w e r i n g  [ L e h n e r t ,  19751.  For example ,  t h e  main pa th  

e v e n t  ' ~ o h n  entered t h e  t r a i n  ' has a t t a c h e d  t h e  p r e c o n d i t i o n  t h a t  

t h e  train must have a r r i v e d  a t  the p l a t f o r m ,  which i n  t u r n  is  

given as a r e s u l t  of t h e  d r i v e r ' s  b r i n g i n g  t h e  t r a i n  t o  t h e  

s t a t i o n .  S imi la r ly ,  a r e s u l t  of t h e  main p a t h  e v e n t  ' ~ o h n  p a i d  

t h e  b i l l '  is  t h a t  h e  has less money t h a n  p r e v i o u s l y .  Both of 

t h e s e  t y p e s  of p a t h  amount t o  a  s e l e c t i o n  among t h e  v a s t  number 

of  i n f e r e n c e s  t h a t  c o u l d  be made from t h e  main p a t h  e v e n t  by an  

i n f e r e n c i n g  mechanism l i k e  ~ i e g e r ' s  C o n c e p t u a l  Memory program 

[ R i e g e r ,  19751. 



A Special class of  resu l  t a t i v e  i n f e r e n c e s '  a re  t h o s e  common 

events which are p o t e n t i a l i z e d  by main  p a t h  e v e n t s ,  though  t h e y  

may n o t  o c c u r  i n  a g i v e n  s t o r y .  L a b e l l e d  w i t h  t h e  pathvalue 

' p a r a l l e l ' ,  these e v e n t s  may either o c c u r  o f t e n  i n  a s p e c i f i c  

c o n t e x t  w i t h o u t  hav ing  i m p o r t a n t  c o h s e q u e n c e s ,  as i n  "The waiter 

filled ~ o h n ' s  water glass"; o r  t h e y  may happen i n  almost any 

c o n t e x t  w i t h o u t  c o n t r i b u t i n g  much t o  t h e  s t o r y ,  as i n  the 

sentence "On the b u s ,  John  talked t o  an o l d  l a d y " ,  from S t o r y  

111. Since such parallel p a t h s  o f t e n  lead n o w h e r e * ,  t h e y  are  

good c a n d i d a t e s  for  being f o r g o t t e n .  

3 .0  The S c r i p t  Applier 

C o n s t r u c t i o n  of a s t o r y  r e p r e s e n t a t i o n  from CD input 

supplied by t h e  SAM a n a l y z e r  i s  t h e  j o b  o f  t h e  s c r i p t  a p p l i e r  

( 6 ) .  Under c o n t r o l  of t h e  SAM e x e c u t i v e ,  t h e  appl ier  l o c a t e s  

each new i n p u t  i n  its c o l l e c t i o n  of s i t u a t i o n a l  scripts, l i n k s  i t  

u p  w i t h  what h a s  gone before, and makes p r e d i c t i o n s  a b o u t  what  i s  

l i k e l y  t o  happen n e x t .  Since t h e  SAM system as a whole i s  

$ntended t o  model human u n d e r s t a n d i n g  of s i m p l e ,  s c r i p t - l i k e  

s t o r i e s ,  t h e  s c r i p t  app l i e r  organizes i t s  o u t p u t  i n t o  a form 

s u i t a b l e  fo r  subsequent summary, p a r a p h r a s e  and 

q u e s t i o n - a n s w e r  ing a c t i v i t i e s .  

I n  the c o u r s e  of f i t t i n g  a new i n p u t  i n t o  t h e  story 

( 6 )  The current version of the app l ie r  is  programmed i n  
MLISP/LISP 1.6 and runs  in an 8 5 K  c o r e  image o n  a PDP-10 
compute r .  P r o c e s s i n g  of S t o r y  111, t h e  l o n g e s t  s t o r y  attempted 
t o  date, took approximately 8 minutes  with SAM as t h e  s i n g l e  user 
of t h e  t i m e s h a r i n g  system. 



r e p r e s e n t a t i o n ,  t h e  appl ier  p e r f o r m s  s e v e r a l  i m p o r t a n t  s u b t a s k s .  

I d e n t i f y i n g  an i n p u t  o f t e n  r e q u i r e s  an  i m p l i c i t  job of r e f e r e n c e  

s p e c i f i c a t i o n .  For  example ,  i n  t h e  s e n t e n c e  from S t o r y  I11 

b e g i n n i n g  "When t h e  check came. . ." , t h e r e  is s u r f a c e  a m b i g u i t y ,  

r e f l e c t e d  i n  t h e  p a r s e r ' s  outpuC,  r e g a r d i n g  donor  and r e c i p i e n t .  

T h i s  a m b i g u i t y  i s  s e t t l e d  i n  t h e  r e s t a u r a n t  c o n t e x t . b y  t h e  

a s s u m p t i o n  t h a t  t h e  r e c i p i e n t  i s  t h e  main  a c t o r  and t h a t  t h e  

d o n o r  i s  a member o f  t h e  r e s t a u r a n t  s t a f f ,  p r e f e r a b l y  t h e  w a i t e r .  

An a l l i e d  problem a r i s e s  whem t h e  a p p l i e r ,  i n  p l a c i n g  a new 

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

r e l e v a n t  t i m e  r e l a t i o n s .  C e r t a i n  t y p e s  o f  time d a t a  a r e  computed 

from t h e  o u t p u t  c o n c e p t u a l i z a t i o n  i t se l f  : for example ,  t h e  

r e l a t i o n  between an MTRANS and i t s  MOBJECT, which may d e t e r m i n e  

w h e t h e r  'remember ' o r  ' a s k  f o r '  i s  a p p r o p r i a t e  i n  t h e  f i n a l  

o u t p u t .  O the r  time r e l a t i o n s  a r e  d e f i n e d  by t h e  c a u s a l  s t r u c t u r e  

of t h e  s c r i p t  i t s e l f :  t h u s  ' e a t i n g  ' f o l l o w s  ' o r d e r i n g  ' . 

More complex time-order c o m p u t a t i o n s  have  t o  be made when 

t h e  appl ier  i d e n t i f i e s  two o r  more 's imple'  c o n c e p t u a l i z a t i o n s  i n  

a compound i n p u t  d e r i v e d  from s e n t e n c e s  c o n t a i n i n g  ambiguous 

words  l i k e  ' d u r i n g '  o r  'when'. Examples  of t h i s  were e n c o u n t e r e d  

d u r i n g  t h e  p r o c e s s i n g  of S t o r y  111, f o r  example ,  i n  t h e  s e n t e n c e  

'when h e  l e f t  t h e  bus, h e  thanked  t h e  d r i v e r ' .  The sys tem 

resolves t h i s  compound i n p u t  i n t o  t h e  p l a u s i b l e  s e q u e n c e  o f  a  

PTRANS t o  t h e  d r i v e r ,  t h e  MTRANS o f  t h e  ' t h a n k i n g  , and t h e  

PTRANS o f f  t h e  bus .  



3.1 Story ~ e p r e s e n t a t i o n  

The o u t p u t  of t h e  s c r ip t  a p p l i e r  c o n s i s t s  of  l i n k e d  s t o r y  

segmen t s ,  one  p e r  s c r i p t  invoked ,  g i v i n g  t h e  p a r t i c u l a r  script 

paths  traversed by the i n p u t  story. The backbone of t h e  story 

r e p r e s e n t a t i o n  is  t h e  eventlist of a J 1  the acts  and s t a t e - c h a n g e s  

t h a t  took  place. The e v e n t l i s t  is d o u b l y  l i n k e d ,  causally and 

t e m p o r a l l y ,  w i t h  t h e  type of c a u s a t i o n  and t i m e  r e l a t i o h s  filled 

i n  w i t h i n  a story segment by t h e  a p p l i e r  . 
At tached  t o  t h e  e v e n t l i s t  a re  t h e  appropr  i a t e  , i n s t a n t i a t e d  

p r e c o n d i t i o n s ,  inferences and p a r a l l e l  e v e n t s  for each  main p a t h  

e v e n t ,  A s  d i s c u s s e d  above, the i n f e r e n c e s  and p r e c o n d i t i o n s  have  

been s e l e c t e d  for t h e i r  expec ted  u t i l i t y  i n  ques t ion-answer  i n g  . 

Each s t o r y  segment i s  i d e n t i f i e d  by a l abe l  which g i v e s  

access t o  i m p o r t a n t  p r o p e r t i e s  of t h e  segment:  what  s c r i p t  it 

came from; what t h e  p a r t i c u l a r s  were o f  t h e  s c r ip t  summary, 

maincon, e n t r y c o n ,  and e x i t c o n  t h i s  time t h r o u g h ;  and what  

i n t e r f  e r e n c e / r e s o l u t i o n  cycles were e n c o u n t e r e d .  A d d i t i o n a l l y ,  

p o i n t e r s  a re  p rov ided  t o  e x t r a - s c r i p t a l  'weird ' e v e n t s  that 

happened i n  t h e  s t o r y .  A t  t h e  t o p ,  t h e  g l o b a l  i d e n t i f i e r  STORY 

g i v e s  t h e  g r o s s  s t r u c t u r e  of  t h e  s t o r y  i n  terms of s e q u e n t i a l ,  

p a r a l l e l  and n e s t e d  scripts and t h e  wei rd  t h i n g s .  T h i s  

hierarchical o r g a n i z a t i o n  f a c i l i t a t e s  summary and shor t  

p a r a p h r a s e  p r o c e s s i n g ,  w h i l e  r e t a i n i n g  the f i n e  s t r u c t u r e  needed 

for ex tended  p a r a p h r a s i n g  and ques t ion-answer  i n g  . 



S t o r y  I11 i l l u s t r a t e s  most  o f  t h e  p r e s e n t  c a p a b i l i t i e s  of  

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

accepts a CD r e p r e s e n t a t i o n  o f  t h e  n i n e  s e n t e n c e s  i n  t u r n  from 

t h e  analyzer and b u i l d s  an  e v e n t l i s t  c o n s i s t i n g  o f  56 m a i n  p a t h  

c o n c e p t u a l i z a t i o n s  and 39 a s s o c i a t e d  preconditions/inEerences. 

The ' p a r a l l e l '  e v e n t s  of  John  t a l k i n g  t o  t h e  o l d  lady and t h e  b u s  

d r i v e r  a l s o  appea r  i n  t h e  e v e n t l i s t .  The e v e n t l i s t  i s  d i v i d e d  

i n t o  f o u r  s t o r y  segments, o n e  e a c h  f o r  the b u s ,  subway and 

r e s t a u r a n t  s c r i p t s  and one f o r  t h e  ' w e i r d '  r o b b e r y  e v e n t .  The 

i d e n t i f i e r  f o r  t h e  subway segment  is  marked a s  c o n t a i n i n g  t h e  

w e i r d  e v e n t ,  a s  i s  t h e  g l o b a l  STORY. The r e s t a u r a n t  segment  

c o n t a i n s  t h e  i n t e r f e r e n c e / r e s o l u t i o n  p a i r  ' u n a b l e  t o  pay/wash 

d i s h e s ' .  A d d i t i o n a l l y ,  t h e  lack of money e n c o u n t e r e d  d u r i n g  t h e  

pay ing  s c e n e  w a s  checked  w i t h  t h e  SAM e x e c u t i v e  d u r i n g  t h e  

p r o c e s s i n g  of S t o r y  111, since i t  v i o l a t e s  o n e  o f  t h e  prime 

p r e c o n d i t i o n s  o f  t h e  r e s t a u r a n t  s c r i p t .  S i n c e  t h e  e x e c u t i v e  

found t h a t  t h e  l o s s  of money was a Consequence o f  t h e  s t e a l i n g  

e v e n t  t h a t  o q c u r r e d  e a r l i e r ,  t h i s  e v e n t  i s  n o t  marked as  weird. 

A p p r o p r i a t e  summaries are p r o v i d e d  f o r  e a c h  s t o r y  segment .  A t  

t h e  t o p ,  STORY c o n t a i n s  t h e  i n f o r m a t i o n  t h a t  the f o u r  segments  

a r e  organized as a sequence  o f  bus, subway and  r e s t a u r a n t ,  w i t h  

t h e  p i c k p o c k e t  e v e n t  n e s t e d  i n s i d e  t h e  subway segment .  

4 . 0  F u t u r e  Work 

As t h e  examples  show, SAM i s  c a p a b l e  o f  h a n d l i n g  f a i r l y  

complex s to r i e s  i n  i ts  p r e s e n t  s t a t e  o f  deve lopment .  However, 

s e v e r a l  e x t e n s i o n s  and a d d i t i o n s  t o  t h e  s c r i p t a l  d a t a  base and 

t h e  s c r i p t  appl ier  a p p e a r  t o  be needed before SAM can a c h i e v e  i t s  



u l t i m a t e  potential. 

F i r s t ,  a more f l e x i b l e  method of p a t t e r n - m a t c h i n g  i s  

r e q u i r e d  s o  t h a t  t h e  full d i v e r s i t y  of i n p u t  r o l e - f i l l e r s  can be 

accommodated. A method of comparing f e a t u r e s  o f  nomina l s  i n  t h e  

p a r s e r  o u t p u t  t o  t h e  a p p r o p r i a t e  s c r i p t  v a r i a b l e s  i s  needed so 

t h a t  over-  or  u n d e r s p e c i f i e d  i n p u t s  c a n  be c o r r e c t l y  i d e n t i f i e d .  

For example, t h e  a p p l i e r  shou ld  be a b l e  t o  r e c o g n i z e  t h e  p h r a s e  

' t h e  r e s t a u r a n t '  as a p a r t i a l l y  s p e c i f i e d  i n s t a n c e  of '~eone's' , 
found e a r l i e r .  

4s an e x t e n s i o n  o f  t h i s ,  i n p u t  c o n c e p t u a l i z a t i o n s  of  a 

d e s c r i p t i v e  n a t u r e  (e.  g., "The r e s t a u r a n t  was of red b r i c k " )  

need t o  be p r o c e s s e d  i n  a way t h a t  a l l o w s  t h e  sys t em t o  u p d a t e  
. its image' of t h e  r o l e - f i l l e r s  i n  a s c r i p t .  The f a c i l i t i e s  

needed a r e  s i m i l a r  t o  those prov ided  by t h e  ' o c c u r r e n c e  set '  i n  

~ i e g e r ' s  Conceptua l  Memory program [ R i e g e r ,  19751. 

The most  i m p o r t a n t  problem t o  b e  f a c e d ,  however,  i s  t h e  

g e n e r a l i z a t i o n  of  t h e  s t o r y  r e p r e s e n t a t i o n  t o  h a n d l e  s t o r i e s  w i t h  

b e v e r a l  main a c t o r s ,  o r  w i t h  non-synchronous events. I t  is c lear  

that the s imple  l i n e a r  e v e n t l i s t  s t r u c t u r e  d e s c r i b e d  i n  Section 

3.1 would n o t  be a d e q u a t e  for even s u c h  a s imple  s t o r y  sequence  

a s :  

"The cook made t h e  l a s a g n a ,  Meanwhile t h e  wine 
steward poured t h e  wine,  *I 
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