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"Of what a strange nature is knowledge! It clings 
to the mind, when it has once seized on it, like a 
lichen on the rock," 

- F r a n k e n s t e i n ' s Monster 
(M. She l ley , Frankenstein or the Modern Pro

metheus, 1818) 

A b s t r a c t 

We d e s c r i b e a t h e o r e t i c a l system i n t e n d e d to 
f a c i l i t a t e the use o f knowledge In an u n d e r s t a n d 
i n g sys tem. The n o t i o n o f s c r i p t i s i n t r o d u c e d t o 
account f o r knowledge about mundane s i t u a t i o n s . A 
p rogram, SAM, i s capab le o f u s i n g s c r i p t s to under
s t a n d . The n o t i o n o f p lans is i n t r o d u c e d to ac 
count f o r g e n e r a l knowledge about nove l s i t u a 
t i o n s . 

I . P re face 

In an a t t emp t to p r o v i d e theory where t h e r e 
have been m o s t l y u n r e l a t e d sys tems, Minsky (1974) 
r e c e n t l y d e s c r i b e d the work o f Schank ( 1 9 7 3 a ) , 
Abe lson ( 1 9 7 3 ) , Charn iak ( 1 9 7 2 ) , and Norman (1972) 
a s f i t t i n g i n t o the n o t i o n o f " f r a m e s . " Minsky a t 
tempted to r e l a t e t h i s w o r k , in what i s e s s e n t i a l l y 
language p r o c e s s i n g , t o areas o f v i s i o n r e s e a r c h 
t h a t conform to the same n o t i o n . 

M l n s k y ' s frames paper has c rea ted q u i t e a 
s t i r in AI and some immediate s p i n o f f r esea rch a-
l o n g the l i n e s o f d e v e l o p i n g frames m a n i p u l a t o r s 
( e . g . Bobrow, 1975; W inog rad , 1975 ) . We f i n d t h a t 
we agree w i t h much of what Minsky s a i d about frames 
and w i t h h i s c h a r a c t e r i z a t i o n o f our own wo rk . The 
frames idea i s so g e n e r a l , however, t h a t I t does 
n o t l end i t s e l f t o a p p l i c a t i o n s w i t h o u t f u r t h e r 
s p e c i a l i z a t i o n . T h i s paper i s a n a t t emp t t o d e v e l 
op f u r t h e r the l i n e s o f thought se t o u t i n Schank 
(1975a) and Abelson (1973; 1975a ) . The ideas p r e 
sen ted here can be v iewed as a s p e c i a l i z a t i o n of 
the frame i d e a . We s h a l l r e f e r to our c e n t r a l con-
s t r u c t s a s " s c r i p t s . " 

I I . The Problem 

Researchers i n n a t u r a l language u n d e r s t a n d i n g 
have f e l t f o r some t ime t h a t the e v e n t u a l l i m i t on 
the s o l u t i o n o f ou r p rob lem w i l l b e our a b i l i t y t o 
c h a r a c t e r i z e w o r l d knowledge. Var ious r e s e a r c h e r s 
have approached w o r l d knowledge in v a r i o u s ways. 
Winograd (1972) d e a l t w i t h the problem by s e v e r e l y 
r e s t r i c t i n g the w o r l d . T h i s approach had the po 
s i t i v e e f f e c t o f p r o d u c i n g a w o r k i n g system and 
the n e g a t i v e e f f e c t o f p r o d u c i n g one t h a t was o n l y 
m i n i m a l l y e x t e n d a b l e . Charn iak (1972) approached 
the prob lem f rom the o t h e r end e n t i r e l y and has 
made some i n t e r e s t i n g f i r s t s t e p s , bu t because h i s 
work i s no t grounded i n any r e p r e s e n t a t i o n a l s y s 
tem or any w o r k i n g c o m p u t a t i o n a l system the r e s 
t r i c t i o n o f w o r l d knowledge need not c r i t i c a l l y 
concern h im . 

Our f e e l i n g i s t h a t a n e f f e c t i v e c h a r a c t e r i 

z a t i o n o f knowledge can r e s u l t i n a r e a l under 
s t a n d i n g system in the not too d i s t a n t f u t u r e . We 
expec t t h a t programs based on the t heo ry we o u t 
l i n e here and on our p rev i ous work on concep tua l 
dependency and b e l i e f systems w i l l combine w i t h 
the MARGIE system (Schank et a l . , 1973 a; R iesbeck , 
1975; R iege r , 1975) to produce a w o r k i n g under -
s t a n d e r . We see u n d e r s t a n d i n g as the f i t t i n g of 
new i n f o r m a t i o n i n t o a p r e v i o u s l y o r g a n i z e d v iew 
of the w o r l d . We have t h e r e f o r e extended our work 
on language a n a l y s i s (Schank, 19 73a; Riesbeck 
1975) to u n d e r s t a n d i n g - an u n d e r s t a n d e r , l i k e an 
a n a l y z e r , shou ld b e " b o t t o m up" u n t i l i t ge ts e -
nough i n f o r m a t i o n to make p r e d i c t i o n s and become 
" t o p down. " E a r l i e r work has found v a r i o u s ways 
In wh ich a word in a s i n g l e sentence s e t s up e x 
p e c t a t i o n s about what i s l i k e l y t o be found i n the 
r e s t o f the sen tence . A s i n g l e sentence and i t s 
c o r r e s p o n d i n g c o n c e p t u a l i z a t i o n s se t up e x p e c t a 
t i o n s about what i s t o f o l l o w i n the r e s t o f a 
d i s c o u r s e o r s t o r y . These e x p e c t a t i o n s c h a r a c t e r 
i z e the w o r l d knowledge t h a t bears on a g i v e n s i 
t u a t i o n , and i t i s these e x p e c t a t i o n s t h a t w e w i s h 
t o e x p l o r e . 

I I I . S c r i p t s 

A s c r i p t , as we use I t , Is a s t r u c t u r e t h a t 
d e s c r i b e s an a p p r o p r i a t e sequence of even ts in a 
p a r t i c u l a r c o n t e x t . A s c r i p t is made up of s l o t s 
and requ i remen ts about what can f i l l those s l o t s . 
The s t r u c t u r e is an I n t e r c o n n e c t e d w h o l e , and what 
i s in one s l o t a f f e c t s what can be in a n o t h e r . 
S c r i p t s hand le s t y l i z e d everyday s i t u a t i o n s . They 
are not s u b j e c t to much change, nor do they p r o 
v i d e the appara tus f o r h a n d l i n g n o v e l s i t u a t i o n s , 
as p l ans do (see s e c t i o n V ) . 

For our purposes , a s c r i p t is a p r e d e t e r 
m ined , s t e r e o t y p e d sequence o f a c t i o n s t h a t d e f i n e 
a w e l l - k n o w n s i t u a t i o n . A s c r i p t i s , i n e f f e c t , a 
ve ry b o r i n g l i t t l e s t o r y . S c r i p t s a l l o w f o r new 
r e f e r e n c e s t o o b j e c t s w i t h i n them j u s t a s i f t hese 
o b j e c t s had been p r e v i o u s l y men t i oned ; o b j e c t s 
w i t h i n a s c r i p t may take " t h e " w i t h o u t e x p l i c i t 
i n t r o d u c t i o n because the s c r i p t i t s e l f has a l 
ready i m p l i c i t l y i n t r o d u c e d them. ( T h i s can be 
found be low , i n the r e f e r e n c e t o " t h e w a i t r e s s " i n 
a r e s t a u r a n t , f o r example . ) 

S t o r i e s can i nvoke s c r i p t s I n v a r i o u s ways. 
U s u a l l y a s t o r y i s a s c r i p t w i t h one o r more i n 
t e r e s t i n g d e v i a t i o n s . 

I . John went i n t o the r e s t a u r a n t . 
He o r d e r e d a hamburger and a coke . 
He asked the w a i t r e s s f o r the check and 

l e f t . 

I I . John went t o a r e s t a u r a n t . 
He o rde red a hamburger. 
I t was c o l d when the w a i t r e s s b rough t i t . 
He l e f t her a ve ry sma l l t i p . 

I I I . H a r r i e t went t o a b i r t h d a y p a r t y . 

t The work of the second a u t h o r was f a c i l i t a t e d by N a t i o n a l Sc ience Foundat ion Crant CS-35768. 
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She put on a green paper h a t . 
Jus t when they sat down to ea t the cake , a 

p i e c e o f p l a s t e r f e l l f rom the c e i l i n g 
on to the t a b l e . 

She was l u c k y , because the dus t d i d n ' t get 
a l l over her h a i r . 

I V . H a r r i e t went t o J a c k ' s b i r t h d a y p a r t y . 
The cake t a s t e d a w f u l . 
H a r r i e t l e f t J a c k ' s mother a v e r y s m a l l t i p . 

Paragraph I i s an unmod i f i ed s c r i p t . I t i s 
d u l l . I t wou ld b e even d u l l e r i f a l l the events i n 
the s t a n d a r d r e s t a u r a n t s c r i p t (see be low) were 
i n c l u d e d . 

Paragraph I I i s a r e s t a u r a n t s c r i p t w i t h a 
s t o c k v a r i a t i o n , a c u s t o m e r ' s t y p i c a l r e a c t i o n 
when t h i n g s go wrong . 

Paragraph I I I invokes the b i r t h d a y p a r t y 
s c r i p t , bu t someth ing w h o l l y o u t s i d e the range o f 
normal b i r t h d a y p a r t i e s occu rs - the p l a s t e r f a l l s 
f rom the c e i l i n g . T h i s d e v i a t i o n f r om the s c r i p t 
takes over the i n i t i a t i v e i n the n a r r a t i v e u n t i l 
t he problem i t r a i s e s i s r e s o l v e d , b u t the b i r t h 
day s c r i p t I s s t i l l a v a i l a b l e i n the i n d i r e c t r e 
f e rence to the p a r t y hat and i n the p o s s i b i l i t y 
t h a t normal p a r t y a c t i v i t i e s b e resumed l a t e r i n 
the n a r r a t i v e . I t seems n a t u r a l f o r r e f e r e n c e t o 
be made to dus t i n the h a i r f o l l o w i n g the p l a s t e r ' s 
f a l l i n g , wh ich i m p l i e s t h a t t h e r e i s a k i n d o f 
s c r i p t f o r f a l l i n g p l a s t e r t o o . ( T h i s k i n d o f 
s c r i p t we c a l l a v i g n e t t e (Abe l son , 1975a) . ) No
t i c e t h a t " t h e c e i l i n g " r e f e r s t o a n u n i n t e r e s t i n g 
" room" s c r i p t , wh ich can be used f o r r e f e r e n c e s to 
doors and windows t h a t may o c c u r . Thus i t is pos
s i b l e to be in more than one s c r i p t a t a t i m e . 

Paragraph IV i l l u s t r a t e s the k i n d o f a b s u r d i 
t y t h a t a r i s e s when an a c t i o n f rom one s c r i p t i s 
a r b i t r a r i l y i n s e r t e d I n t o ano the r . That one f e e l s 
the a b s u r d i t y i s a n i n d i c a t i o n t h a t s c r i p t s are i n 
inadmlssab le c o m p e t i t i o n . I t i s c o n c e i v a b l e t h a t 
w i t h adequate i n t r o d u c t i o n the a b s u r d i t y i n p a r a 
graph IV cou ld be e l i m i n a t e d . 

Wi th these examples, a number of Issues have 
been r a i s e d . Le t us at t h i s p o i n t g i v e a more ex 
t e n s i v e d e s c r i p t i o n of s c r i p t s . We have d i scussed 
p r e v i o u s l y (Schank, 1975b) how paragraphs are r e p 
resen ted in memory as causa l c h a i n s . T h i s work 
i m p l i e s t h a t , f o r a s t o r y t o be u n d e r s t o o d , i n f e r 
ences must connect each i n p u t c o n c e p t u a l i z a t i o n to 
a l l the o t h e r s i n the s t o r y t h a t r e l a t e t o i t . 
T h i s connec t i on p rocess i s f a c i l i t a t e d t remendous
l y b y the use o f s c r i p t s . 

S c r i p t s a re e x t r e m e l y numerous. There is a 
r e s t a u r a n t s c r i p t , a b i r t h d a y p a r t y s c r i p t , a f o o t 
b a l l game s c r i p t , a c l ass room s c r i p t , and so o n . 
Each s c r i p t has p l a y e r s who assume r o l e s in the 
a c t i o n . A s c r i p t takes the p o i n t o f v iew o f one 
o f these p l a y e r s , and i t o f t e n changes when i t i s 
v iewed f rom another p l a y e r ' s p o i n t o f v i e w . 

The f o l l o w i n g is a ske t ch of a s c r i p t f o r a 
r e s t a u r a n t f rom the p o i n t o f v iew o f the cus tomer . 
A c t i o n s a re s p e c i f i e d i n terms o f the p r i m i t i v e 
ACTs of concep tua l dependency theory (Schank, 
1973b. 

s c r i p t : r e s t a u r a n t 
r o l e s : cus tomer , w a i t r e s s , c h e f , c a s h i e r 
r e a s o n : to get food so as to go up in p l e a s u r e 

and down in hunger 

scene 1 : e n t e r i n g 
PTRANS s e l f i n t o r e s t a u r a n t 
ATTEND eyes to where empty t a b l e s a re 

I n t h i s s c r i p t , the i n s t r u m e n t s f o r p e r f o r m 
i n g an a c t i o n might va ry w i t h c i r c u m s t a n c e s . For 
example, in scene 2 the o r d e r might be spoken, or 
w r i t t e n down wi th p redes igna ted numbers f o r each 
i t e m , o r even ( i n a f o r e i g n c o u n t r y w i th an u n f a 
m i l i a r language) i n d i c a t e d by p o i n t i n g o r ges
t u r e s . 

Each ac t sequence uses the p r i n c i p l e o f cau 
s a l c h a i n i n g (Schank, 1973b,Abelson, 1973) . That 
i s , each a c t i o n r e s u l t s i n c o n d i t i o n s t h a t enab le 
the nex t to o c c u r . To pe r f o rm the next ac t in the 
sequence, the p r e v i o u s a c t s must be completed s a t 
i s f a c t o r i l y . I f they cannot b e , the h i t c h e s must 
be d e a l t w i t h . Perhaps a new a c t i o n no t p r e 
s c r i b e d i n the s c r i p t w i l l b e genera ted i n o r d e r 
t o get t h i n g s moving a g a i n . Th i s " w h a t - i f " b e 
h a v i o r , t o be d i scussed l a t e r , i s an i m p o r t a n t 
component o f s c r i p t s . I t i s a s s o c i a t e d w i t h many 
o f the d e v i a t i o n s i n s t o r i e s such as paragraph I T . 

I n a t e x t , new s c r i p t i n f o r m a t i o n i s i n t e r 
p r e t e d in terms o f i t s p lace in one o f the causa l 
cha ins w i t h i n the s c r i p t . Thus in paragraph 1 the 
f i r s t sentence d e s c r i b e s the f i r s t a c t i o n i n scene 
1 o f the r e s t a u r a n t s c r i p t . Sencence 2 r e f e r s to 
the l a s t a c t i o n of scene 2, and Sentence 3 to the 
f i r s t and l a s t a c t i o n s o f scene A . The f i n a l i n 
t e r p r e t a t i o n o f paragraph I c o n t a i n s the e n t i r e 
r e s t a u r a n t s c r i p t , w i t h s p e c i f i c s ta temen ts f i l l e d 
in and m i s s i n g s ta tements ( t h a t he sa t down, f o r 
example) assumed. 

I n paragraph I I , t he f i r s t two sentences d e s 
c r i b e a c t i o n s in scenes 1 and 2. Pa r t o f the 
t h i r d sentence i s i n the s c r i p t a s the f i r s t a c 
t i o n o f scene 3 , b u t t h e r e i s a l s o the i n f o r m a t i o n 
t h a t the hamburger i s c o l d . The f o u r t h sentence 
("He l e f t her a ve ry s m a l l t i p " ) i s a m o d i f i c a t i o n 
o f the t h i r d a c t i o n o f scene 4 . The m o d i f i e r , 
" v e r y s m a l l , " i s presumably r e l a t e d t o the unex 
pec ted i n f o r m a t i o n about the " c o l d hamburge r . " 
Even a s t u p i d p r o c e s s o r , check ing paragraph I I a -
g a i n s t the s tandard r e s t a u r a n t s c r i p t , cou l d come 
u p w i t h the l o w - l e v e l h y p o t h e s i s t h a t the s m a l l 
s i z e o f the t i p must have someth ing to do w i t h t h e 
tempera tu re of the hamburger , s i nce these two 
I tems o f I n f o r m a t i o n a re the o n l y d e v i a t i o n s f rom 
the s c r i p t . They must be r e l a t e d d e v i a t i o n s , b e 
cause i f they were u n r e l a t e d the n a r r a t i v e wou ld 
have no bus iness end ing w i t h two such u n e x p l a i n e d 
f e a t u r e s . 

Of course we do n o t want our p rocesso r to be 
s t u p i d . I n s l i g h t l y more complex examples, ade 
quate u n d e r s t a n d i n g r e q u i r e s a t t e n t i o n t o the n a -
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t u r e o f d e v i a t i o n s f rom the s c r i p t . A smar ter 
p rocessor can i n f e r f rom a c o l d hamburger t h a t the 
INCEST in scene 3 w i l l then v i o l a t e the p l e a s u r e 
goa l f o r go ing to a r e s t a u r a n t . The concept of a 
ve ry sma l l t i p car s t o r e d w i t h the r e s t a u r a n t 
s c r i p t as a w h a t - i f a s s o c i a t e d w i t h v i o l a t i o n s o f 
the p l e a s u r e g o a l . 

The genera l form f o r a s c r i p t , t h e n , is a set 
o f paths j o i n e d a t c e r t a i n c r u c i a l p o i n t s t h a t de 
f i n e the s c r i p t . For r e s t a u r a n t s the c r u c i a l 
p a r t s are the INGEST and the ATRANS of money. 
There are many normal ways to move f rom p o i n t to 
p o i n t . O r d e r i n g may be done by MTRANSing to a 
w a i t e r o r by s e l e c t i n g and t a k i n g what you l i k e 
( i n a c a f e t e r i a ) . L i k e w i s e the ATRANS of money 
may be done by g o i n g to the c a s h i e r , or pay ing the 
w a i t r e s s , o r s a y i n g , "Pu t i t o n m y b i l l . " There 
are a l s o pa ths to take when s i t u a t i o n s d o n ' t go as 
p l anned . Paragraphs I I I and IV c a l l up d e v i a n t 
pa ths i n the b i r t h d a y p a r t y s c r i p t . A l l these 
v a r i a t i o n s I n d i c a t e t h a t a s c r i p t i s not a s imp le 
l i s t o f even ts b u t r a t h e r a l i n k e d causa l c h a i n ; a 
s c r i p t can branch i n t o m u l t i p l e p o s s i b l e paths 
t h a t come t o g e t h e r a t c r u c i a l d e f i n i n g p o i n t s . 

To know when a s c r i p t is a p p r o p r i a t e , s c r i p t 
headers a re necessary . These headers d e f i n e the 
c i r cums tances under wh ich a s c r i p t i s c a l l e d i n t o 
p l a y . The headers f o r the r e s t a u r a n t s c r i p t are 
concepts hav ing to do w i t h hunger , r e s t a u r a n t s , 
and so on In the c o n t e x t of a p l a n of a c t i o n f o r 
g e t t i n g f e d . Obv ious l y c o n t e x t s must b e r e s t r i c t 
e d t o a v o i d c a l l i n g u p the r e s t a u r a n t s c r i p t f o r 
sentences tha t use the word " r e s t a u r a n t " as a 
p lace ( "Fue l o i l was d e l i v e r e d t o the r e s t a u r a n t " ) . 

S c r i p t s o rgan ize new i n p u t s i n terms o f p r e 
v i o u s l y s t o r e d knowledge. I n paragraph I , many 
i t e n f i . t h a t are p a r t o f the r e s t a u r a n t s c r i p t a re 
added t o the f i n a l i n t e r p r e t a t i o n o f the s t o r y . 
We d o n ' t need to say t h a t a w a i t r e s s took the c u s 
t o m e r ' s o r d e r or t h a t he a te the hamburger. These 
ideas are f i r m l y a p a r t o f the s t o r y because the 
r e s t a u r a n t s c r i p t r e q u i r e s them. I n u n d e r s t a n d i n g 
a s t o r y t h a t c a l l s up a s c r i p t , the s c r i p t becomes 
p a r t o f the s t o r y even when i t i s no t s p e l l e d o u t . 
The answer to the q u e s t i o n "Who served John the 
hamburger?" seems o b v i o u s , because our w o r l d know
l e d g e , a s embodied i n s c r i p t s , answers i t , 

What-Ifs 
There a re a t l e a s t t h r e e major ways in wh ich 

s c r i p t s can be thrown o f f normal cou rse . One is 
d i s t r a c t i o n , i n t e r r u p t i o n b y ano the r s c r i p t , such 
as the p l a s t e r ' s f a l l i n g f rom the c e l l i n g . We 
w i l l no t pursue here a n a n a l y s i s o f the c o n d i t i o n s 
and consequences of d i s t r a c t i o n . The o t h e r two 
ways, o b s t a c l e and e r r o r , a re i n t i m a t e l y connected 
w i t h w h a t - i f b e h a v i o r . An o b s t a c l e t o the normal 
sequence occurs when someone or someth ing p reven ts 
a normal a c t i o n f rom o c c u r r i n g or some usua l ena
b l i n g c o n d i t i o n f o r the a c t i o n i s a b s e n t . A n 
e r r o r occurs when the a c t i o n i s completed i n a n i n 
a p p r o p r i a t e manner, so t h a t the normal consequen
ces of the a c t i o n do no t come abou t . 

In p r i n c i p l e , every s imp le ACT in a s tanda rd 
s c r i p t has p o t e n t i a l o b s t a c l e s and e r r o r s . We a s 
sume t h a t , every t ime an o b s t a c l e or e r r o r occu rs 
i n a s c r i p t t h a t i s b e i n g l e a r n e d , the methods 
used to remove the o b s t a c l e or redeem the e r r o r 
a r e s t o r e d w i t h the s c r i p t a s w h a t - i f s . The r e 
s u l t of many r e p e t i t i o n s is t h a t most of the com
mon w h a t - i f s are a t t a c h e d to the s c r i p t . 

Every o b s t a c l e has one or more c h a r a c t e r i s t i c 

w h a t - i f s . I n scene 2 o f the r e s t a u r a n t s c r i p t , i f 
the w a i t r e s s i g n o r e s the cus tomer , h e w i l l t r y t o 
c a t c h her eye or c a l l to her when she passes nea r 
b y . I f he c a n ' t make out the menu or needs f u r 
t h e r i n f o r m a t i o n , h e w i l l ask the w a i t r e s s . I f 
she d o e s n ' t speak h i s language, he w i l l a t t emp t 
her language, or make g e s t u r e s , or seek ano ther 
customer to t r a n s l a t e , o r accept her s u g g e s t i o n o f 
what to o r d e r . In scene 3 , i f the w a i t r e s s does 
not b r i n g the f o o d , h e w i l l a g a i n t r y t o ca t ch her 
eye . I f the food i s no t f i t , h e w i l l send i t 
back . 

E r r o r s have a s l i g h t l y d i f f e r e n t c h a r a c t e r 
f rom o b s t a c l e s b u t f o l l o w the same genera l r u l e s . 
Rece i v i ng the menu i s e r r o r f u l i f the w a i t r e s s 
ATRANSes a p r i n t e d sheet to the customer b u t i t i s 
y e s t e r d a y ' s menu, o r the b r e a k f a s t i n s t e a d o f the 
d i n n e r menu. Reading the menu may y i e l d an e r r o r 
i f the customer ge ts the wrong idea o f what i t 
says - say, he t h i n k s f i l e t mignon is a f i s h . 
Here i t i s up t o the w a i t r e s s t o supp ly the w h a t -
i f c o r r e c t i v e . D e c i d i n g what t o o r d e r may y i e l d 
an e r r o r i f the customer goes through the d e c i s i o n 
process but f o r g e t s the s t o r e d outcome. The w h a t -
i f i s to rev iew the MBUILD ( " L e t ' s see now, what 
d i d 1 dec ide?" ) G i v i n g the o r d e r to the w a i t r e s s 
may be in e r r o r i f she w r i t e s down someth ing o t h e r 
than what the customer s a i d , o r om i t s a p o r t i o n o f 
i t . The w h a t - i f i s t o repeat the o r d e r , a s k i n g 
the w a i t r e s s whether she i s sure she got a l l o f 
I t . 

I V . The SAM Program 

We have c r e a t e d a program t h a t uses s c r i p t s 
to make i n f e r e n c e s in domains i t knows about and 
have added i t to the MARGIE program r e p o r t e d at 
31JCAI. SAM ( S c r i p t A p p l i e r Mechanism) r e c e i v e s 
Conceptua l Dependency s t r u c t u r e s as i n p u t ( t h e s e 
are g o t t e n f rom E n g l i s h by u s i n g R iesbeck ' s p a r s e r 
( 1 9 7 5 ) ) . SAM i d e n t i f i e s the s c r i p t to be used 
(by u s i n g R i e s b e c k ' s request f o rma t ) and f i l l s i n 
the i d e n t i f i e d s c r i p t w i t h the new i n p u t s as they 
a re r e c e i v e d . I t makes the i n fe rences t h a t a re 
necessary to complete a causa l cha in between i n 
put c o n c e p t u a l i z a t i o n s (see Schank ( 1 9 7 3 b ) f o r a 
d i s c u s s i o n o f causa l c h a i n s ) . The r e s u l t a n t com
p l e x s t r u c t u r e can then be q u e r i e d by i n p u t Eng
l i s h q u e s t i o n s or be used to make summaries and 
paraphrases o f the i n i t i a l s t o r y . SAM was w r i t 
t en by C h r i s R iesbeck , R icha rd C u l l i n g f o r d and 
Wendy L e h n e r t . Goldman's g e n e r a t i o n program (1975) 
is used to map the answers of paraphrases i n t o 
E n g l i s h . I t was m o d i f i e d f o r t h i s purpose b y 
Gera ld DeJong and W . J . Stutzman. An example of 
SAM's input and o u t p u t i s : 
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Summary: 

JOHN WENT TO A RESTAURANT AND ATE LOBSTER. 

Th i s program rune on the PDP-10 at Y a l e . I t 
c u r r e n t l y has o n l y a sma l l amount of knowledge and 
a sma l l v o c a b u l a r y . But we f e e l encouraged t h a t 
our s c r i p t t heo ry i s workab le because o f the s im
p l i f i c a t i o n i n the i n f e r e n c e process t h a t has r e 
s u l t e d f rom the use o f s c r i p t s . 

V, Plans 

Plans a re r e s p o n s i b l e f o r the d e l i b e r a t e b e 
h a v i o r t h a t peop le e x h i b i t . P lans d e s c r i b e the 
se t of cho ices t ha t a person has when he s e t s ou t 
to accompl i sh a g o a l . In l i s t e n i n g to a d i s 
course , people use p lans to make sense of seeming
ly d i sconnec ted sen tences . By f i n d i n g a p l a n , an 
unders tander can make guesses about the i n t e n t i o n s 
o f an a c t i o n in an u n f o l d i n g s t o r y and use these 
guesses to make sense of the s t o r y . 

Cons ider the f o l l o w i n g pa rag raph : 

John knew t h a t h i s w i f e ' s o p e r a t i o n would 
be very expens i ve . 

There was always Uncle Har ry . . . 
He reached f o r the suburban phone book. 

How are we to make sense of such a paragraph? It 
makes no use o f headers or the s c r i p t s they s i g 
n a l . I t wou ld be unreasonable t o p o s i t a " p a y i n g 
f o r a n o p e r a t i o n " s c r i p t w i t h a l l the necessary 
a c t s l a i d ou t a s i n our r e s t a u r a n t s c r i p t . B u t , 
o n the o t h e r hand, the s i t u a t i o n i s no t e n t i r e l y 
n o v e l , e i t h e r . The problem o f unde rs tand ing t h i s 
paragraph would not b e s i g n i f i c a n t l y d i f f e r e n t i f 
" w i f e ' s o p e r a t i o n " were changed to " s o n ' s educa
t i o n " or "down payment on the m o r t g a g e . " There is 
a gene ra l goa l s t a t e in each case, r a i s i n g a l o t 
of money f o r a l e g i t i m a t e expense, and t h e r e is a 
g e n e r a l i z e d p lan or group of p lans t h a t may l ead 
t o the goa l s t a t e . 

Plans s t a r t w i t h one or more g o a l s . A h i g h -
l e v e l goa l i s i l l u s t r a t e d b y the sequence: 

John wanted to become k i n g . 
He went to get some a r s e n i c . 

There i s a l s o a se t o f l o w e r - l e v e l d e l t a c t s ( A b e l -
son , 1975a ) . Plans a re made up of d e l t a c t s . When 
a c o l l o c a t i o n o f d e l t a c t s i s used o f t e n enough, i t 
becomes a s c r i p t . 

A p lan i n c l u d e s a se t o f p lanboxes , l i s t s o f 
a c t i o n s t h a t w i l l y i e l d s t a t e changes and the p r e 
c o n d i t i o n s f o r these a c t i o n s , a l o n g w i t h a se t o f 
q u e s t i o n s f o r choos ing the a p p r o p r i a t e p l a n b o x . 

For i n s t a n c e , the TAKE p l a n has the g o a l of 
e n a b l i n g the t a k e r to do someth ing w i t h an o b j e c t , 
whatever i s g e n e r a l l y done w i t h i t . To TAKE some
t h i n g you must be c l o s e t o i t , so e i t h e r the o b 
j e c t and the t ake r must be in the same l o c a t i o n or 
the t a k e r must use a subp lan ∆PROX. E i t h e r no one 
e l s e must have CONTROL of the o b j e c t or at l e a s t 
t h e r e must be no bad consequences in the t a k e r ' s 
a t t emp t to PTRANS the o b j e c t to h i m s e l f . The 
TAKE p lan c a l l s a PTRANS o f the o b j e c t i f a l l t h e 
p r e c o n d i t i o n s a re p o s i t i v e . 

But i f , say , someone e l s e CONTROLS the o b 
j e c t , a p l a n f o r the t a k e r ' s g a i n i n g CONTROL must 
be c a l l e d . Th is subp lan is ∆CONT. ∆CONT has a 
se t o f p lanboxes a t t a c h e d t o i t . These p lanboxes 
d e f i n e a d e l t a c t Jus t as i n f e r e n c e s d e f i n e a 
p r i m i t i v e ACT. A p lanbox i s a l i s t o f p r i m i t i v e 
ACTs t h a t w i l l ach ieve a g o a l . A s s o c i a t e d w i t h 
each ACT are I t s p r e c o n d i t i o n s , and a p lanbox 
checks them. A se t o f p o s i t i v e c o n d i t i o n s a l l o w s 
the d e s i r e d ACT. Nega t i ve c o n d i t i o n s c a l l up new 
p lanboxes o r d e l t a c t s t h a t have as t h e i r g o a l the 
r e s o l u t i o n o f the n e g a t i v e s t a t e . 

P r e c o n d i t i o n s f a l l i n t o t h r e e c l a s s e s . A 
c o n t r o l l e d p r e c o n d i t i o n can b e f i x e d when i t i s 
n e g a t i v e by do ing an ACT. A n e g a t i v e u n c o n t r o l l e d 
p r e c o n d i t i o n cannot be f i x e d , and ano ther p lanbox 
must be t r i e d . Negat ive m e d i a t i n g p r e c o n d i t i o n s 
can be a l t e r e d but r e q u i r e p lans o f t h e i r own to 
change. M e d i a t i n g p r e c o n d i t i o n s u s u a l l y r e f e r t o 
the w i l l i n g n e s s o f o t h e r p a r t i e s t o p a r t i c i p a t e i n 
p l a n s . F u r t h e r d e t a i l s o n p lanboxes appear i n 
Schank (1975c ) . 

To see why an unders tander needs p l a n s , c o n 
s i d e r the f o l l o w i n g sequence: 

W i l l a was hung ry . 
She took o u t the M i c h e l i n Guide. 

Most readers unders tand t h a t W i l l a was u s i n g the 
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Q: What happened when John went to the t ab l e? 
A: THE HOSTESS CAVE HIM A MENU AND JOHN SAT DOWN. 
Q: Why d i d John get a menu? 
A: SO HE COULD ORDER. 
Q: Why d i d John g i v e the w a i t e r a l a r g e t i p ? 
A: BECAUSE HE WAS SERVED QUICKLY. 

JOHN DECIDED HE WAS GOING TO GO TO A RESTAU
RANT. JOHN WENT TO A RESTAURANT. JOHN I N D I 
CATED TO THE HOST HE WOULD LIKE TO BE AT A 
TABLE. THE HOST INDICATED TO JOHN HE COULD 
GO TO A TABLE. JOHN WENT TO THE TABLE. THE 
HOST WENT TO THE TABLE. JOHN SAT DOWN IN THE 
CHAIR. JOHN GOT THE MENU FROM THE HOST. 
JOHN READ THE MENU. THE WAITER SAW JOHN WAS 
AT THE TABLE. THE WATTER WENT TO THE TABLE. 
JOHN ORDERED LOBSTER. THE CHEF PREPARED THE 
LOBSTER. THE WAITER GOT THE LOBSTER FROM THE 
CHEF. THE WAITER SERVED JOHN THE LOBSTER. 
JOHN ATE THE LOBSTER. JOHN INDICATED TO THE 
WAITER HE WOULD LIKE TO GET THE CHECK FROM 
HIM. JOHN GOT THE CHECK FROM THE WAITER. 
JOHN LEFT THE WAITER A LARGE T I P . JOHN PAID 
THE CHECK. JOHN LEFT THE RESTAURANT. 

Paraphrase : 

A l o w - l e v e l goa l i s i l l u s t r a t e d by : 

John wanted to c u t h i s s t e a k . 
He c a l l e d to h i s w i f e i n the k i t c h e n . 

A p l a n i s a s e r i e s o f a c t i o n s t h a t w i l l r e a l 
i z e a g o a l . O f t en i n o r d e r t o r e a l i z e one goa l 
ano the r must be dec ided on and a p l a n drawn up to 
ach ieve i t . I n the f i r s t example above, a g o a l t o 
a t t a i n power i s reduced to a goa l to ge t a r s e n i c . 
H i g h - l e v e l goa ls are more i n t e r e s t i n g and we have 
c o n c e n t r a t e d on them f i r s t . 

We d e f i n e a " d e l t a c t " as an a c t i o n or a group 
o f a c t i o n s t h a t l eads to a d e s i r e d s t a t e . De l -
t a c t s c o n s t i t u t e subp lans t h a t a re pursued b e 
cause o f t h e i r i n tended e f f e c t s . There a re f i v e 
d e l t a c t s i n the p resen t sys tem: 



M i c h e l i n Gu ide t o f i n d a good r e s t a u r a n t . Bu t i f 
t h e f i r s t s e n t e n c e w e r e s u b j e c t e d t o s t r a i g h t f o r 
wa rd i n f e r e n c e ( a l a R i e g e r , 197 5 ) , p r e d i c t i n g 
t h a t W i l l a I s l i k e l y t o d o s o m e t h i n g t o e n a b l e h e r 
s e l f t o INGEST f c t h e s e c o n d s e n t e n c e w o u l d 
seem t o answer t h i s p r e d i c t i o n o n l y i n t h e w e i r d 
i n t e r p r e t a t i o n t h a t she w i l l e a t t h e M i c h e l i n 
G u i d e . A n u n d e r s t a n d e r w i l l r e j e c t t h i s i n f a v o r 
o f any b e t t e r p a t h t h a t i t can f i n d . The f i r s t 
s e n t e n c e w i l l b e a n a l y z e d f o r any g o a l t h a t m i g h t 
g e n e r a t e a p l a n . " H u n g r y " i s l i s t e d i n t h e d i c 
t i o n a r y as i n d i c a t i n g t h e need f o r a p l a n t o do a 
ACONT o f f o o d . One means f o r g a i n i n g c o n t r o l o f 
f o o d i s a r e s t a u r a n t . A n e n a b l e m e n t f o r t h i s 
means i s g o i n g t o a r e s t a u r a n t , w h i c h r e q u i r e s 
APROX. T h i s i n t u r n r e q u i r e s k n o w i n g w h e r e you 
a r e g o i n g , w h i c h may r e q u i r e AKNOW. 

I n t h e d i c t i o n a r y , a l l b o o k s a r e l i s t e d a s 
means o f s a t i s f y i n g AKNOWs and t h e M i c h e l i n Gu ide 
i s l i s t e d a s a b o o k . T o c o m p l e t e t h e p r o c e s s i n g 
o f t h i s sequence i t w o u l d , o f c o u r s e , b e n e c e s s a r y 
t o have t h e i n f o r m a t i o n t h a t t h e M i c h e l i n Gu ide 
l i s t s r e s t a u r a n t s . W i t h o u t t h i 6 i n f o r m a t i o n , t h e 
sequence m i g h t b e a s n o n s e n s i c a l a s " W i l l a was 
h u n g r y . She t o o k o u t I n t r o d u c t i o n t o A r t i f i c i a l 
I n t e l l i g e n c e . " 

W i t h t h e i n f o r m a t i o n t h a t t h e M i c h e l i n Gu ide 
i s a s o u r c e o f k n o w l e d g e a b o u t r e s t a u r a n t s , w e 
know why t h e s e c o n d a c t i o n was done and can p r e 
d i c t f u t u r e a c t i o n s . We have t r a n s f o r m e d a seem
i n g l y d i s c o n n e c t e d sequence i n t o one t h a t p r o v i d e s 
t h e e x p e c t a t i o n s t h a t a r e s o v i t a l t o u n d e r s t a n d 
i n g . I f t h e n e x t s e n t e n c e i s " W i l l a g o t i n h e r 
c a r , " w e w i l l know t h a t t h e p l a n i s b e i n g e f f e c t e d . 
B y u s i n g w h a t w e know a b o u t c a r s ( t h a t t h e y a r e 
i n s t r u m e n t s o f PTRANS) and t h e s c r i p t f o r r e s t a u 
r a n t s ( t h a t i s s t a r t s w i t h a PTRANS), w e can make 
t h e i n f e r e n c e t h a t W i l l a i s o n h e r way t o a r e s 
t a u r a n t . Some r e s t a u r a n t h e a d e r w o u l d s t i l l b e 
r e q u i r e d t o i n i t i a t e t h e r e s t a u r a n t s c r i p t i n i t s 
f u l l g l o r y . 

The p r o c e d u r e o f t a k i n g o u t t h e M i c h e l i n 
Gu ide when h u n g r y , w h i l e s e e m i n g l y n o v e l , c o u l d 
c o n c e i v a b l y b e r o u t i n e f o r a c e r t a i n i n d i v i d u a l i n 
a c e r t a i n c o n t e x t . I f w e know t h a t W i l l a i s a 
gou rmet t o u r i s t s t a y i n g i n P a r i s who e n j o y s g o i n g 
t o a d i f f e r e n t r e s t a u r a n t e v e r y e v e n i n g , t h e n t h e 
p r o c e d u r e o f l o o k i n g i n t h e G u i d e m i g h t become 
p a r t o f h e r r e s t a u r a n t s c r i p t . Fo r h e r t h e r e i s a 
scene b e f o r e scene 1 i n w h i c h she ATTENDS to t h e 
G u i d e , MBUILDs a c h o i c e , and MTRANSes a r e s e r v a 
t i o n . A r o u t i n i z e d p l a n can become a s c r i p t , a t 
l e a s t f r o m t h e p l a n n e r ' s p o i n t o f v i e w . 

V I . C o n c l u s i o n and P r o g n o s i s 

I t i s c l e a r t h a t i n o r d e r t o u n d e r s t a n d one 
needs k n o w l e d g e . Knowledge i s a p o t e n t i a l l y u n 
w i e l d y t h i n g , s o w h a t w e must d o i s d e t e r m i n e t h e 
t y p e s o f k n o w l e d g e t h a t t h e r e a r e and f i n d o u t how 
t o a p p l y t h e m . The SAM s y s t e m i s a f i r s t s t e p a t 
adding s t r u e t u r e d k n o w l e d g e t o t h e MARGIE s y s t e m 
(Schank e t a l , 1 9 7 3 ) . W e a r e c u r r e n t l y b u i l d i n g 
u p o u r k n o w l e d g e base b y a d d i n g more s c r i p t s t o 
SAM. In a d d i t i o n we a r e a d d i n g a p l a n component 
PAM. These two p r o g r a m s s h o u l d b r i n g us up to t h e 
l e v e l o f u n d e r s t a n d i n g s i m p l e s t o r i e s a b o u t a l a r g e 
range o f known d o m a i n s . 

B u t w h a t a b o u t c o m p l e x s t o r i e s ? I s t h e k i n d 
o f u n d e r s t a n d i n g t h a t humans e x h i b i t o n r e a l s t o r 
i e s l i k e l y t o r e s e m b l e t h e mechan isms t o b e f o u n d 
in SAM? 

When a p e r s o n r e a d s a 300 page n o v e l he does 
n o t ( u n l e s s h e i s v e r y u n u s u a l ) remember a l l t he 
c o n c e p t u a l i z a t i o n s s t a t e d i n t h e s t o r y i n t h e f o r m 
o f a g i a n t c a u s a l c h a i n . R a t h e r h e remembers t h e 
g i s t o f t h e b o o k . Maybe 5 o r 10 pages o f summary 
c o u l d b e e x t r a c t e d f r o m h i m a f t e r r e a d i n g t h e 
b o o k . P r e v i o u s l y w e have s a i d t h a t C o n c e p t u a l 
Dependency T h e o r y w i l l a c c o u n t f o r memory f o r 
g i s t o f s e n t e n c e s . Bu t i t c a n n o t b e s e r i o u s l y 
p r o p o s e d t h a t t h i s I s a l l t h a t i s needed f o r g i s t 
o f l o n g and comp lex s t o r i e s . Some o t h e r e x p l a n a 
t i o n must b e g i v e n . 

I n a r e c e n t e x p e r i m e n t , Abe l son [ 1 9 7 5 b ] 
showed t h a t p e o p l e remember s t o r i e s b e t t e r when 
t h e y a r e asked t o t a k e some p a r t i c u l a r p o i n t o f 
v i e w ( o f one o f t h e p a r t i c i p a n t s o r o f a n o b s e r v 
e r i n a p a r t i c u l a r p l a c e ) , and t h a t w h a t t h e y r e 
member i s c o n t i n g e n t o n w h i c h p o i n t o f v i e w t h e y 
h a d . The r a m i f i c a t i o n s o f t h i s e x p e r i m e n t f o r a 
t h e o r y o f l a n g u a g e u n d e r s t a n d i n g have t o b e t h a t 
when p e o p l e have a c l u e o f what t o f o r g e t t h e y do 
b e t t e r a t r e m e m b e r i n g . I n o t h e r w o r d s , good f o r 
g e t t i n g i s t h e key t o r e m e m b e r i n g . L i k e w i s e , I f 
w e w a n t t o b u i l d p r o g r a m s t h a t remember , w e h a d 
b e s t t e a c h them how t o f o r g e t . One me thod o f 
f o r g e t t i n g i s s i m p l y n o t n o t i c i n g l e v e l s o f d e 
t a i l t h a t a r e t h e r e . T h i s can b e done b y t r e a t i n g 
t h e i n s t r u m e n t s f o r a n a c t i o n a t a d i f f e r e n t l e v e l 
t h a n t h e ma in ACTs t h a t t h e y e x p l a i n . When l o o k 
i n g a t a s t o r y a t one l e v e l o f d e t a i l w e w o u l d n o t 
see t h e l e v e l o f d e t a i l u n d e r n e a t h i t u n l e s s s p e 
c i f i c a l l y c a l l e d upon t o d o s o . 

F o r e x a m p l e , c o n s i d e r t he s e n t e n c e , " J o h n 
w e n t t o New Y o r k b y b u s . " W e have p r e v i o u s l y r e p 
r e s e n t e d t h i s s e n t e n c e by a s i m p l e ACT (PTRANS), 
and a n i n s t r u m e n t a l a c t (PROPEL). Bu t i t mus t b e 
r e a l i z e d t h a t a s w i t h any o t h e r s c r i p t , q u e s t i o n s 
c o u l d b e answe red a b o u t t h i s s e n t e n c e t h a t w e r e 
n o t s p e c i f i c a l l y i n i t . S u b j e c t s a l l seem t o 
a g r e e t h a t t h e answer t o "Was t h e r e a b u s d r i v e r ? " 
i s " Y e s " and t o " D i d John pay money t o g e t o n t h e 
b u s ? " i s " P r o b a b l y . " T h i s seems t o I n d i c a t e t h a t 
t h e i n s t r u m e n t o f J o h n ' s PTRANS i s , i n a c t u a l i t y , 
t h e e n t i r e bus s c r i p t . 

S h o u l d w e , a s u n d e r s t a n d e r s , g o s o f a r a s t o 
p l a c e t h e e n t i r e bus s c r i p t i n w h a t w e o b t a i n f r o m 
u n d e r s t a n d i n g t h e above s e n t e n c e ? The answe r 
seems o b v i o u s . You d o n ' t want t o d o a l l t h a t u n 
l e s s you need t o , b u t y o u wan t t o have q u i c k a c 
c e s s t o I t i n case you need t o . 

C o n s i d e r t h e f o l l o w i n g s t o r y : 

John w a n t e d some c h e e s e c a k e . He d e c i d e d to 
go to New Y o r k . He w e n t to New Y o r k by b u s . 
On t h e bus he met a n i c e o l d l a d y who he 
t a l k e d t o a b o u t t h e p r i c e s i n t h e s u p e r m a r 
k e t . When h e l e f t t h e bus h e t h a n k e d t h e 
d r i v e r f o r t h e r i d e and f o u n d t h e subway t o 
go to L i n d y ' s . On t h e subway he was r e a d i n g 
t h e ads when s u d d e n l y he was r o b b e d . He 
w a s n ' t h u r t t h o u g h and h e g o t o f f t h e t r a i n 
and e n t e r e d L i n d y ' s and had h i s c h e e s e c a k e . 
When t h e c h e c k came, he s a i d he c o u l d n ' t pay 
and was t o l d h e w o u l d have t o wash d i s h e s . 
L a t e r he wen t back to New H a v e n . 

I d e a l l y , o u r r e p r e s e n t a t i o n o f t h i s s t o r y s h o u l d 
a c c o u n t f o r t h e f a c t t h a t h e a r e r s o f t h i s s t o r y 
i n v a r i a b l y f o r g e t t h e s e n t e n c e s a b o u t t a l k i n g t o 
t h e o l d l a d y and t h e bus d r i v e r , b u t a lwayB r e 
member t h e m u g g i n g , i t s consequence o f d i s h w a s h i n g , 
and t h e m a i n g o a l o f g o i n g t o New Y o r k t o e a t 
c h e e s e c a k e . 
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We propose to rep resen t s t o r i e s t h e r e f o r e in 
the f o l l o w i n g way: There w i l l be a causa l cha in 
connec t i ng the main events o f the s t o r y . (Here 
the PTRANS to the r e s t a u r a n t , the INGEST, and the 
PTRANS back home.) Underneath each of these main 
events w i l l b e the i n s t r u m e n t a l s c r i p t t h a t under 
l i e s each of them. (The bus s c r i p t , the subway 
s c r i p t , and the r e s t a u r a n t s c r i p t . ) These s c r i p t s 
w i l l b e " f o r g o t t e n " t o b e r e c o n s t r u c t e d l a t e r , 
w i t h the e x c e p t i o n t h a t any event t h a t occu r red 
w i t h i n them t h a t was not p r e d i c a t e d by them w i l l 
be p laced on a " w e i r d l i s t " to be s p e c i a l l y remem
b e r e d . 

The f i n a l r e p r e s e n t a t i o n o f a s t o r y w i l l c o n 
s i s t o f the events connected d i r e c t l y t o the goa ls 
and p l ans to r e a l i z e those goa ls made by the p a r 
t i c i p a n t s . These goa ls w i l l be t i e d t o the events 
t h a t a c t u a l l y occu r red and to the w e i r d events and 
t h e i r consequences. Thus f o u r l i s t s r ep lace our 
o r i g i n a l (and growing) causa l c h a i n . An event 
l i s t ( w i t h s c r i p t events l e f t o u t ) ; a goa l l i s t ; a 
p l a n l i s t ; and a w e i r d l i s t . What these l i s t s do 
i s h e l p us f o r g e t . And o f course f o r g e t t i n g he lps 
us remember. 

There are two ways in wh ich t h i s o c c u r s : by 
omiss ion and by p r o t o t y p i n g . Events which e n t e r 
none o f the four l i s t s (such as the c o n v e r s a t i o n 
w i t h the o l d l a d y ) , a re dropped e n t i r e l y . (More 
p r e c i s e l y , they are r e t a i n e d on l y u n t i l t he con 
s t r u c t e d f i n a l r e p r e s e n t a t i o n i s t r a n s f e r r e d f rom 
w o r k i n g memory to l o n g - t e r m memory. Any th ing not 
i n t h i s f i n a l r e p r e s e n t a t i o n i s l o s t . ) A l s o , the 
event l i s t and p l a n l i s t are condensed by us i ng 
p o i n t e r s t o p r o t o t y p e s . The d e t a i l s are thus 
" n o r m a l i z e d " ( B a r t l e t t , 1932) ; what is remembered 
i s t h a t a normal p l a n f o r s a t i s f y i n g such-and-such 
g o a l was used, i n c l u d i n g normal enactments of 
a p p r o p r i a t e s c r i p t s . The f u n c t i o n o f the w e i r d 
l i s t i s to mark the i n t e r e s t i n g depa r t u res f rom 
these n o r m a l i t i e s . 

What we are s a y i n g then is t h a t one of the 
major i ssues i n A r t i f i c i a l I n t e l l i g e n c e resea rch 
much be the c r e a t i o n o f the theo ry o f f o r g e t t i n g . 
I t s i m p l y is not p o s s i b l e to assume t h a t people 
do , o r t h a t machines s h o u l d , remember e v e r y t h i n g 
they encoun te r . in l i s t e n i n g to a speaker , r e a d 
i n g a book, or engaging in a c o n v e r s a t i o n , people 
c o u l d no t p o s s i b l y remember e v e r y t h i n g they a re 
t o l d v e r b a t i m . In a t t e m p t i n g to get the g i s t o f a 
sequence, they must employ what we c a l l f o r g e t t i n g 
h e u r i s t i c s . As pa r t o f these f o r g e t t i n g h e u r i s 
t i c s , a re h e u r i s t i c s t h a t search out i tems o f 
major impor tance . The s e l e c t i o n of these major 
i tems is the key to f o r g e t t i n g . We d o n ' t r e a l l y 
w ish t o asse r t t h a t people c o u l d n ' t p o s s i b l y r e 
member e v e r y t h i n g they hear . Rather we w ish to 
f i n d a procedure t h a t w i l l l e t us see on l y the ma
j o r i t e m s , ye t a l s o f i n d , w i t h some d i f f i c u l t y , 
t he though ts or s ta tements t h a t u n d e r l i e them, and 
the ideas t h a t u n d e r l i e t h o s e , and so on . 

Thus, the key to unde rs tand ing must b e , in 
o rde r to f a c i l i t a t e search among what has been 
unders tood , an o r g a n i z a t i o n of the new i n f o r m a t i o n , 
in such a f ash ion as to seem to f o r g e t the un im
p o r t a n t m a t e r i a l and to h i g h l i g h t the impo r t an t 
m a t e r i a l . F o r g e t t i n g h e u r i s t i c s must d o t h i s f o r 
us . S o the f i r s t t ask b e f o r e u s i s t o e s t a b l i s h 
what the most s i g n i f i c a n t i tems in a t e x t are 
l i k e l y t o b e , and then t o e s t a b l i s h the h e u r i s t i c s 
wh ich w i l l e x t r a c t and remember e x a c t l y those 
i t e m s . 

References 

Abe l son , R.P. (1973 ) . The s t r u c t u r e o f b e l i e f 
systems. In R.C. Schank and K.M. Colby ( e d s . ) . 
Computer models of thought and language. San 
F r a n c i s c o : Freeman. 

Abe lson , R.P. (1975a ) . Concepts f o r r e p r e s e n t i n g 
mundane r e a l i t y in p l a n s . In D. Bobrow and A. 
C o l l i n s ( e d s . ) , R e p r e s e n t a t i o n and u n d e r s t a n d -
i n g : S tud ies i n c o g n i t i v e s c i e n c e . New Y o r k : 
Academic. 

Abe l son , R.P. (1975b) . Does a S to ry Unders tander 
need a p o i n t of view? In R.C. Schank and B. 
Nash-Webber ( e d s . ) , Us ing Knowledge to Under
s t a n d , in Proceedings o f the Conference on 
T h e o r e t i c a l I ssues i n N a t u r a l Language P roces 
s i n g . 

B a r t l e t t , F . ( 1932 ) . Remembering. O x f o r d U n i v e r 
s i t y P ress . 

Bobrow, D. ( 1975 ) . Dimensions of r e p r e s e n t a t i o n . 
In D. Bobrow and A. C o l l i n s ( e d s . ) . Rep resen ta 
t i o n and u n d e r s t a n d i n g : S tud ies i n C o g n i t i v e 
Sc ience . New Yo rk : Academic. 

Charn iak , E. ( 1972 ) . Towards a model of c h i l 
d r e n ' s s t o r y comprehension. A I TR-266, Mass. 
I n s t i t u t e o f Techno logy , Cambridge, Mass. 

Goldman (1975 ) . Conceptua l g e n e r a t i o n . In R. 
Schank, E d . , Conceptua l I n f o r m a t i o n P r o c e s s i n g . 
N o r t h Ho l l and P u b l i s h i n g , Amsterdam. 

Minsky , M. ( 1974 ) . Frame-systems. AI Memo. 
Mass. I n s t i t u t e o f Techno logy , Cambr idge, Mass. 

Norman, D. ( 1 9 7 2 ) . Memory, knowledge, and the a n 
swer ing o f q u e s t i o n s . Center f o r Human I n f o r 
mat ion P rocess ing Memo CHIP-25. U n i v . of C a l 
i f o r n i a a t San D iego . 

R iege r , C. ( 1975 ) . Conceptua l memory. In R. 
Schank, e d . , Conceptua l I n f o r m a t i o n P r o c e s s i n g . 
Nor th H o l l a n d P u b l i s h i n g , Amsterdam. 

Riesbeck, C. ( 1 9 7 5 ) . Conceptual a n a l y s i s . In R. 
Schank, e d . , Conceptua l I n f o r m a t i o n P r o c e s s i n g . 
Nor th Ho l l and P u b l i s h i n g , Amsterdam. 

Schank, R. (19 73a) . I d e n t i f i c a t i o n of c o n c e p t u a l 
i z a t i o n s u n d e r l y i n g n a t u r a l l anguage. I n 
Schank and Colby ( e d s . ) . Computer Models of 
Thought and Language. W.H. Freeman P r e s s . 

Schank, R. (1973b) . C a u s a l i t y and r e a s o n i n g . 
T e c h n i c a l Report # 1 . I s t i t u t o per g l i s t u d l 
Semant i c i e C o g n i t i v i . Cas tagno la , S w i t z e r 
l a n d . 

Schank, R. ( 1975a ) . The Role of Memory In Lan 
guage P r o c e s s i n g . To appear in C. Cofer and 
R. A t k i nson ( e d e . ) . The Nature of Human Memory. 
W.H. Freeman P r e s s . 

schank, R. (1975b ) . The s t r u c t u r e of ep isodes in 
memory. In D. Bobrow and T. C o l l i n s ( e d s . ) , 
Rep resen ta t i on and u n d e r s t a n d i n g : S tud ies i n 
c o g n i t i v e s c i e n c e . New Yo rk : Academic. 

156 



Schank et a l . ( 1973 ) . R. Schank, N. Goldman, C. 
R iege r , and C. R iesbeck . MARGIE: Memory A n a l 
y s i s Response Genera t i on and I n f e r e n c e on Eng
l i s h . Proceedings o f the 3 I J C A I . 

Schank, R. (197 . , Us ing Knowledge to Under
s t a n d . Tn R. Schank and B. Nash-Webber ( e d s . ) , 
Proceed ings o f the Conference on T h e o r e t i c a l 
Issues in L a t u r a l Language P r o c e s s i n g . 

Winograd , T . ( 1 9 7 2 ) . Unders tand ing N a t u r a l Lan
guage. Academic P ress . 

Winograd, T. ( 1 9 7 5 ) . Frame Rep resen ta t i ons and the 
D e c l a r a t i v e / P r o c e d u r a l Con t rove rsy . In D. Bob-
row and A. C o l l i n s ( e d s . ) , R e p r e s e n t a t i o n and 
U n d e r s t a n d i n g : S t u d i e s i n C o g n i t i v e Sc ience . 
New York : Academic. 


