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The i n f e r e n c i n g t a s k o f f i g u r i n g out words 
f r o m c o n t e x t i s imp lemented i n the p resence o f a 
l a r g e da tabase o f w o r l d know ledge . The program 
does n o t r e q u i r e i n t e r a c t i o n w i t h the u s e r , b u t 
r a t h e r uses i n t e r n a l p a r s e r e x p e c t a t i o n s and 
knowledge embodied i n s c r i p t s t o f i g u r e o u t 
l i k e l y d e f i n i t i o n s f o r unknown w o r d s , and t o 
c r e a t e c o n t e x t - s p e c i f i c d e f i n i t i o n s f o r such 
w o r d s . 

INTRODUCTION 

" I woke up y e s t e r d a y , t u r n e d o f f my a l a r m 
c l o c k , t o o k a shower , and cooked m y s e l f two 
g r i m p s f o r b r e a k f a s t . " Wha t ' s a gr imp? On the 
b a s i s o f t h i s one s t o r y , i t c a n ' t b e d e t e r m i n e d . 
I t seems, however , t h a t a g r imp must be some s o r t 
o f f o o d , i n o r d e r f o r i t t o make sense i n the 
c o n t e x t o f t he s t o r y . The f a c t t h a t a g r imp i s a 
p h y s i c a l o b j e c t , and thus a n o u n , i s such a n a t ­
u r a l i n f e r e n c e t h a t i t i s t a k e n f o r g r a n t e d . The 
p r o c e s s by wh i ch these c o n c l u s i o n s about " g r i m p s " 
a r e a r r i v e d a t i s commonly c a l l e d " f i g u r i n g ou t a 
word f rom c o n t e x t " . T h i s p r o c e s s i s mode l l ed b y 
t h e FOUL-UP p rog ram. FOUL-UP e n a b l e s t h e SAM 
sys tem (see Schank e t a l , 1975) t o read s t o r i e s 
such as the above , and to make an educa ted guess 
as to what a " g r i m p " s h o u l d b e . The methods em­
p loyed by FOUL-UP a r e based on i n t u i t i o n s about 
how t h e ana logous t asks a r e pe r fo rmed by p e o p l e . 
Thus i t s a b i l i t i e s and l i m i t a t i o n s s h o u l d r e f l e c t 
those o f p e o p l e . FOUL-UP p r o v i d e s t he f o l l o w i n g 
p u r e l y p r a c t i c a l a s s e t s t o SAM: ( 1 ) i t a l l o w s 
r e a d i n g o f u n e d i t e d newspaper s t o r i e s , w h i c h 
t y p i c a l l y assume a l a r g e v o c a b u l a r y , and ( 2 ) i t 
c r e a t e s d i c t i o n a r y d e f i n i t i o n s f o r unknown w o r d s , 
w h i c h would o t h e r w i s e have to be done by hand f o r 
eve ry word i n SAM's d i c t i o n a r y . O ther n a t u r a l 
l anguage-based systems have a t t e m p t e d to a l l o w 
f o r the occu rance o f unknown words d u r i n g u n d e r ­
s t a n d i n g , (see Woods & K a p l a n , 1971 , and 
W i n o g r a d , 1971 ) , bu t t hese u s u a l l y I n v o l v e hav ing 
the user a i d the system in d e f i n i n g the unknown 
w o r d . FOUL-UP a c t s i n d e p e n d e n t l y o f the u s e r , 
t a k i n g i t s i n f o r m a t i o n e n t i r e l y f r o m the i n t e r n a l 
r e p r e s e n t a t i o n o f knowledge t h a t e x i s t s i n the 
SAM s y s t e m . 

T h i s work was s u p p o r t e d i n p a r t by t h e Ad ­
vanced Research P r o j e c t s Agency o f t h e Depar tment 
o f Defense and m o n i t o r e d under the O f f i c e o f Na­
v a l Research under c o n t r a c t N 0 0 0 1 4 - 7 5 - C - 1 1 1 1 . 

BACKGROUND: THE SAM SYSTEM 

1. Overv iew of SAM 

FOUL-UP was des i gned as an i n t e g r a l p a r t o f 
t h e SAM s y s t e m , so any d i s c u s s i o n o f i t s p e r ­
fo rmance w i l l i n v o l v e some knowledge o f SAM i t ­
s e l f . The SAM sys tem e x i s t s as t h r e e main mod­
u l e s , ELI ( E n g l i s h Language I n t e r p r e t e r ) , TOK 
( T o k e n i z e r ) and APPLY ( S c r i p t A p p l i e r ) . Every 
i n p u t sen tence i s f i r s t pa rsed b y EL I i n t o a 
Concep tua l Dependency (CD) r e p r e s e n t a t i o n o f t h e 
s e n t e n c e . Then TOK i n c o r p o r a t e s s p e c i f i c o b j e c t s 
i n t o memory p o i n t e r s , f o r use i n d i s a m b i g u a t i n g 
l a t e r a n a p h o r i c r e f e r e n c e s . F i n a l l y , APPLY, 
w h i c h c o n t a i n s the s c r i p t s , a t t e m p t s t o match 
e v e r y C D i n t o the c u r r e n t l y a c t i v e s c r i p t . 

When an u n d e f i n e d word l i k e " g r i m p " o c c u r s 
i n a s e n t e n c e , i t i s ELI t h a t w i l l f i r s t encoun ­
t e r i t , and i t w i l l " f o u l up " the normal p r o ­
c e s s i n g p r o t o c o l , b y c a l l i n g FOUL-UP w i t h t h e 
word t h a t caused the t r o u b l e . I d e a l l y , a t t h i s 
p o i n t FOUL-UP s h o u l d a t t e m p t to guess the w o r d ' s 
meaning b y l o o k i n g i n t o the c o n t e x t o f the s u r ­
r o u n d i n g s c r i p t ( e . g . " t h e G e t - U p - I n - T h e - M o r n i n g 
s c r i p t " ) , t o see what o b j e c t was expec ted i n the 
p o s i t i o n t h a t the unknown word " g r i m p " o c c u r r e d 
in (see R iesbeck &. Schank, 1976 ) . The " p o s i t i o n " 
o f t he unknown word does n o t r e f e r to the s u r f a c e 
p o s i t i o n i n the. s e n t e n c e , b u t r a t h e r t h e 
c o n c e p t u a l s l o t i n the CD, c o r r e s p o n d i n g t o the 
unknown w o r d ' s mean ing . T h i s p rocess canno t be 
i m m e d i a t e l y i n v o k e d a t the t ime o f E L I ' s f o u l - u p , 
f o r t h r e e r e a s o n s : 
(1) although the sc r i p t has already been entered, 
we have not yet APPLYed the CD conceptua l iza t ion 
fo r the cur rent sentence in to the s c r i p t , so we 
therefore do not yet have the spec i f i c l oca l 
s c r i p t in format ion that wc need to f i nd the ex­
pected meaning of the unknown word; 
(2) ELI has not yet f in ished i t s parse of the 
cur rent sentence, so there does not yet ex i s t a 
complete CD to match i n to the s c r i p t ; 
(3) since ELI has not f i n i shed the parse, we do 
not yet know which s l o t of the CD w i l l be f i l l e d 
by the unknown word, so we could not f i nd the 
corresponding s l o t in the s c r i p t , even if we 
could match the CD i n t o the s c r i p t . 

FOUL-UP cou ld , of course, attempt to com­
p le te the CD by I t s e l f , use ELI 's expectat ions to 
f i n d the co r rec t s l o t fo r the unknown word, match 
the CD i n t o the s c r i p t , and thus guess a possib le 
meaning fo r the word. However, w i th a few modi­
f i c a t i o n s , the normal operat ion of the SAM system 
w i l l do a l l t h i s fo r us. Thus FOUL-UP makes a 
note of the cur rent ELI expectat ions fo r fu tu re 
re ference, and then proceeds to pass back a 
"p lace-ho lder " fo r ELI to use In const ruc t ing the 
cur rent CD. This place-holder is so constructed 
as to s a t i s f y any cur rent ELI expec ta t ion , so 
when con t ro l re turns to ELI , i t w i l l automat i ­
c a l l y put t h i s p lace-holder i n to the s l o t tha t 
the unknown word belongs i n . The expectat ions 
that ELI has fo r such incoming words consis t of 
both syn tac t i c and semantic r u l e s . Thus ELI ex-
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p e c t s t h e i n c o m i n g word to be a n o u n , and a PP 
( " p i c t u r e p r o d u c e r " ) (see Schank, 1 9 7 5 ) . A l l o f 
E L I ' s e x p e c t a t i o n s a r e such t h a t t h e e x p e c t e d 
word w i l l f i t a p p r o p r i a t e l y i n t o t he s e n t e n c e i n 
w h i c h i t a p p e a r s . EL I i s n o t c a p a b l e o f e n s u r i n g 
t h a t t h e word w i l l f i t a p p r o p r i a t e l y i n t o the 
s t o r y , o r any o t h e r c o n t e x t l a r g e r t h a n a s e n ­
t e n c e . I t i s t h e s c r i p t a p p l i e r (APPLY) t h a t 
checks l a r g e r c o n t e x t s , s p e c i f i c a l l y , t h e s c r i p t 
c o n t e x t o f t h e s t o r y . W e w i l l c a l l E L I ' s e x p e c ­
t a t i o n s " i n t r a - s e n t e n c e " e x p e c t a t i o n s , w h i l e AP-
PLY ' s a r e c a l l e d " i n t e r - s e n t e n c e " e x p e c t a t i o n s . 

2 . S c r i p t C o n t e x t 

Once c o n t r o l has been thus r e t u r n e d t o E L I , 
and i t has i n c o r p o r a t e d the p l a c e - h o l d e r i n t o t he 
CD, t h e n c o n t r o l c o n t i n u e s t h r o u g h t h e r e s t o f 
t h e sys tem as t hough t h e f o u l - u p had n o t o c c u r ­
r e d . M e a n w h i l e , FOUL-UP has n o t i f i e d the sys tem 
t h a t a p l a c e - h o l d e r e x i s t s i n the c u r r e n t CD, s o 
t h a t i t can b e h a n d l e d b y each module c o r r e c t l y . 
Thus TOK i s a b l e t o t o k e n i z e the p l a c e - h o l d e r 
c o r r e c t l y , and t h e n APPLY is c a l l e d . APPLY now 
has a CD c o n t a i n i n g a p l a c e - h o l d e r to a t t e m p t to 
match i n t o the s c r i p t . I t p e r f o r m s a p a r t i a l 
p a t t e r n - m a t c h , a l l o w i n g f o r the e x i s t e n c e o f t h e 
p l a c e - h o l d e r , and n o t i n g w h i c h s c r i p t - s l o t c o r ­
responds t o the p l a c e - h o l d e r s l o t i n t he CD. 

A t t h i s p o i n t i n the p r o c e s s i n g , a l l t h r e e 
o f t h e above n e c e s s a r y p r o c e s s e s have been p e r ­
f o r m e d : a s l o t has been found f o r the unknown 
w o r d , a CD has been c r e a t e d , and t h a t CD has been 
matched i n t o t he s c r i p t . Now FOUL-UP i s c a l l e d 
back in by APPLY. S i n c e the CD has been matched 
I n t o the s c r i p t , t h e r e i s a c o n c e p t u a l i z a t i o n i n 
t h e s c r i p t w h i c h c o r r e s p o n d s t o the CD. T h i s 
s c r i p t c o n c e p t u a l i z a t i o n c o n t a i n s a t t r i b u t e s a s ­
s o c i a t e d w i t h each s l o t i n the CD, i n c l u d i n g t h a t 
o f t h e p l a c e - h o l d e r c o r r e s p o n d i n g t o the unknown 
w o r d . These a t t r i b u t e s a r e o r d i n a r i l y used t o 
e n s u r e t h a t t h e c o n c e p t u a l i z a t i o n a p p e a r i n g i n a 
g i v e n s l o t i s c o m p a t i b l e w i t h t h e l a r g e r c o n t e x t 
s u r r o u n d i n g t h a t s l o t . T h u s , f o r e x a m p l e , i t 
e x p e c t s t o see a food as t he o b j e c t o f t h e i n ­
s t r u m e n t a l s c r i p t " c o o k " i n t he o p t i o n a l "Make-
B r e a k f a s t " scene o f t h e " G e t - U p - I n - T h e - M o r n i n g " 
s c r i p t . FOUL-UP l o o k s a t t h e s l o t i n the s c r i p t 
c o r r e s p o n d i n g t o t he p l a c e - h o l d e r , and n o t e s t h e 
a t t r i b u t e s a s s o c i a t e d w i t h t h a t s l o t . Then i t 
compares t h e s e i n t e r - s e n t e n c e e x p e c t a t i o n s w i t h 
t h e i n t r a - s e n t e n c e e x p e c t a t i o n s t h a t ELI had f o r 
t h e s l o t . I t combines t h e c o m p a t i b l e s e t o f a t ­
t r i b u t e s i n t o a d i c t i o n a r y e n t r y f o r the unknown 
w o r d , and w r i t e s t h i s d e f i n i t i o n o n t o a f i l e , 
c a l l e d t he P r i m e r , w h i c h t h e p a r s e r f r o m t h e n o n 
uses a s p a r t o f i t ' s d i c t i o n a r y . Thus i f t h e 
word " g r i m p " appears a g a i n i n a s i m i l a r c o n t e x t , 
SAM w i l l " remember" i t as b e i n g a noun and a PP, 
and h a v i n g appeared b e f o r e as a f o o d in a 
" B r e a k f a s t " s t o r y , s o i t w i l l s u c c e s s f u l l y f i l l 
t h e a p p r o p r i a t e s l o t i n a CD, and w i l l c o r r e c t l y 
match i n t o the s c r i p t . 

OPERATION OF THE FOUL-UP PROGRAM 

1" A n n o t a t e ^ Run-Time Ou tpu t 

The f o l l o w i n g r e p r e s e n t s a c t u a l a n n o t a t e d 
r u n - t i m e o u t p u t o f t h e FOUL-UP p rog ram r u n n i n g 
c o n c u r r e n t l y w i t h t he SAM s y s t e m . The i n p u t to 
t h e sys tem i s t h e s i m p l e s t o r y : 

" F r i d a y , a c a r swerved o f f Route 6 9 . The 
c a r s t r u c k a n e l m . " 

I t i s g i v e n t h a t t h e sys tem knows a l l the words 
in the s t o r y e x c e p t " e l m " . The APPLY module has 
a s c r i p t c a l l e d $ V e h a c c i d e n t , w h i c h c o n t a i n s t h e 
n e c e s s a r y r e a l - w o r l d knowledge abou t v e h i c l e a c ­
c i d e n t s ( see C u l l i n g f o r d , 1 9 7 7 ) . The f i r s t s e n ­
t e n c e i n the s t o r y goes s t r a i g h t t h r o u g h t h e 
sys tem w i t h o u t i n c i d e n t , s i n c e a l l the words a r e 
d e f i n e d . The m a j o r e f f e c t o f t h e f i r s t sen tence 
i s t o a c t i v a t e the s c r i p t " $ V e h a c c i d e n t " , r e c o g ­
n i z i n g t h a t t h i s s e n t e n c e i n d i c a t e s t h e b e g i n n i n g 
o f an a c c i d e n t s t o r y . The f o l l o w i n g o u t p u t comes 
f r o m the p r o c e s s i n g o f t he second s e n t e n c e . 

>EL1< 

The ca r s t r u c k an e l m . 

ELI has n o d e f i n i t i o n f o r the word " e l m " . 

>FOUL-UP< 
FOUL-UP n o t i f y i n g TOK & APPLY of unknown word ELM 
O b t a i n i n g CONINFO and SYNINFO f r om ELI 
R e t u r n i n g t o E L I w i t h bogus p l a c e - h o l d e r : 
(//BOGUS LEXVAL (ELM) REF (DEF)) 

FOUL-UP has now c r e a t e d a p l a c e - h o l d e r f o r t he 
unknown w o r d . I t has a l s o s t o r e d c o n c e p t u a l & 
s y n t a c t i c e x p e c t a t i o n s a s s o c i a t e d w i t h t he 
w o r d . These w i l l b e used l a t e r , d u r i n g FOUL-
UP 's c o n s t r u c t i o n o f a d e f i n i t i o n f o r " e l m " . 

>EL1< 
((ACTOR (//PHYSOBJ TYPE (*CAR*) REF (DEF)) <-> 
(*PROPEL*) OBJECT (//BOGUS LEXVAL (ELM) REF 
( I N D E F ) ) ) TIME ( T I M 2 ) ) 

ELI c r e a t e s as much of a CD f r o m t h i s sen tence 
a s i t c a n , i n c l u d i n g the p l a c e - h o l d e r f r om 
FOUL-UP. A l l i t r e a l l y knows i s : t h e a c t o r 
i s a c a r , and " s t r i k e " i n d i c a t e s a " p r o p e l " . 

>APPLY< 
APPLY l o c a t i n g unknown PPs in t o p - l e v e l TOK atom 
Bound s c r i p t v a r i a b l e : ^OBSTRUCTION to BOGO 

APPLY does a p a r t i a l p a t t e r n - m a t c h , and p o i n t s 
o u t s l o t i n the match w h i c h c o r r e s p o n d s t o 
p l a c e - h o l d e r i n the c o n c e p t u a l i z a t i o n f r o m EL I 

>FOUL-UP< 
Attempt ing to p a r t i a l l y understand E1M 
ELI expectat ions were: 
((AND (OR (POBJ) (HUMAN)) (NP))) 

ELI 's expectat ions are look ing fo r e i t he r a 
phys ica l ob jec t or a human, and a noun phrase. 
These are simply in t ra -sen tence expec ta t ions . 
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APPLY e x p e c t a t i o n s w e r e : 
( S c r i p t r o l e SUBSTRUCTION in $VEHACCIDENT) 

APPLYs i n t e r - s e n t e n c e e x p e c t a t i o n s e x p e c t t h i s 
s l o t f i l l e r t o p l a y t h e r o l e o f S u b s t r u c t i o n i n 
t h e s c r i p t $ V e h a c c i d e n t . Now FOUL-UP w i l l p i c k 
a c o m p a t i b l e s u b s e t o f t h e s e e x p e c t a t i o n s , and 
c o n s t r u c t a d e f i n i t i o n f o r the word " e l m " . 

FOUL-UP guesses t h e f o l l o w i n g d e f i n i t i o n f o r ELM: 
(PROG NIL 

(DEFPROP ELM T PP) ( 1 ) 
(DEFPROP ELM *PHYSOBJ* ISA) 
(DEFPROP ELM T NOUN) 
(DEC ELM ( 2 ) 

(T (N IL ((SHAPE NP)) N IL 
(QUOTE (NOUNGROUP)) 
(QUOTE (STARTNOUNGR)))))) 

(DENG ELM ( 3 ) 
(VAL (//PHYSOBJ FUNCTION 

( ( < - > ($VEHACCIDENT 
OBSTRUCTION MODFOCUS))))) 

(MARKER NOUN)) 

T h i s d e f i n i t i o n i s i n t h r e e p a r t s : 
( 1 ) p u t t h e p r o p e r t i e s PP, PHYSOBJ, and 
NOUN o n the w o r d , t o f i l l EL I e x p e c t a t i o n s ; 
( 2 ) a t t a c h n o u n - g r o u p e r (see Gershman, 1 9 7 7 ) ; 
( 3 ) d e f i n e t he c o n c e p t u a l s t r u c t u r e t h a t t he 
word w i l l b u i l d i n a CD, s a y i n g t h a t i t i s o f 
t h e c o n c e p t u a l c l a s s //PHYSOBJ & p l a y s t h e r o l e 
o f a n o b s t r u c t i o n i n a c a r a c c i d e n t s c r i p t . 

2 - N o t e : C o n t e x t - S p e c i f i c i t y o f D e f i n i t i o n s 

A f t e r the above r u n o f SAM, t h e r e s u l t i n g 
d i c t i o n a r y d e f i n i t i o n f o r " e l m " wou ld become a 
permanent p a r t o f SAM's d i c t i o n a r y . L e t us now 
t a k e a c l o s e r l o o k a t e x a c t l y what i n f o r m a t i o n i s 
c o n t a i n e d i n t h e d e f i n i t i o n f o r " e l m " . A t t h i s 
p o i n t , " e l m " has been d e f i n e d as no more no r l e s s 
t h a n a p h y s i c a l o b j e c t w h i c h p l a y s t h e r o l e o f a n 
o b s t r u c t i o n i n a n a c c i d e n t s c r i p t . T h i s does n o t 
seem t o r e f l e c t t h e t r u e meaning o f t h e word 
" e l m " a t a l l , b u t r a t h e r seems o n l y t o embody t h e 
meaning o f t h e s p e c i f i c use o f t h e word i n t h i s 
one s t o r y . Most words have more t h a n one meaning 
o r f u n c t i o n , d e p e n d i n g o n the c o n t e x t t h e y appear 
i n . S ince FOUL-UP i s g i v e n o n l y one c o n t e x t , t h e 
s t o r y i t s e l f , i t can o n l y guess the s i n g l e mean­
i n g ap ropos o f t h a t s i n g l e s t o r y . The r e a s o n i t 
seems l i k e a poo r d e f i n i t i o n to us i s because we 
i n f a c t have seen t h e word " e l m " many t i m e s b e ­
f o r e , and a l r e a d y have r a t h e r comp le te d e f i n i ­
t i o n s f o r i t , i n many c o n t e x t s . Note t h a t i f t h e 
sample r u n had c o n t a i n e d the word " b o g o s i t y " i n 
t h e p l a c e o f " e l m " , ( "The c a r s t r u c k a b o ­
g o s i t y " ) , t h e n FOUL-UP's d e f i n i t i o n may s t i l l 
have seemed s k e t c h y , b u t i t w o u l d b e a b o u t a s 
much as a p e r s o n c o u l d have f i g u r e d ou t f r om j u s t 
t h a t one e x p o s u r e t o t he w o r d . From the s i n g l e 
use o f " e l m " ( o r " b o g o s i t y " ) i n t h e s t o r y , i t 
c o u l d be d e f i n e d as a t r e e , o r a t e l e p h o n e p o l e , 
o r one o f t h o s e l a r g e o r a n g e b a r r e l s o f t e n seen 
b y t h e s i d e o f t h e r o a d , o r any number o f o t h e r 
t h i n g s . ( I t m i g h t seem a t f i r s t t h a t a " b o g o s ­
i t y " c o u l d b e a n o t h e r c a r , o r a p e r s o n , i n s t e a d 

o f a n i n a n i m a t e o b j e c t . I t i s t h e f i r s t s e n ­
t e n c e , " A c a r swerved o f f Route 6 9 " t h a t causes 
APPLY (pe rhaps p r e m a t u r e l y ) t o p r e f e r the o n e - c a r 
a c c i d e n t t r a c k , i n w h i c h b y s t a n d e r s and o t h e r 
c a r s p l a y n o p a r t . T h i s t r a c k i s assumed i n t he 
absence o f f u r t h e r i n f o r m a t i o n . ) The o n l y c o n ­
c r e t e t h i n g we can say abou t a " b o g o s i t y " i s t h e 
w a y I t f u n c t i o n s i n the c o n t e x t o f t h e s c r i p t and 
s t o r y i t a p p e a r s i n . T h a t i s p r e c i s e l y t h e i n ­
f o r m a t i o n t h a t a s c r i p t r o l e conveys i n t h e SAM 
s y s t e m , and t h a t i s why FOUL-UP d e f i n e d " b o g o s ­
i t y " i n t e rms o f a s c r i p t r o l e . I n f a c t , w i t h o u t 
t h e i n t e r - s e n t e n c e e x p e c t a t i o n s p r o v i d e d b y t h e 
s c r i p t , t h e d e f i n i t i o n wou ld have been even 
w e a k e r . On l y E L I ' s i n t r a - s e n t e n c e e x p e c t a t i o n s 
c o u l d have been u s e d , and the d e f i n i t i o n w o u l d 
have s i m p l y s a i d t h a t a n " e l m " ( o r " b o g o s i t y " ) 
was a noun and a p h y s i c a l o b j e c t . 

CATEGORIES OF FOUL-UPS 

1. Nouns 

The FOUL-UP p rog ram works s o l e l y on the 
b a s i s o f i n t r a - and i n t e r - s e n t e n c e e x p e c t a t i o n s , 
b u i l t i n t o t he p a r s e r and the s c r i p t a p p l i e r , 
r e s p e c t i v e l y . Thus any c o n c e p t u a l i z a t i o n w h i c h 
can be " e x p e c t e d " in t h i s sense by SAM s h o u l d be 
a b l e t o b e f i g u r e d out f r om c o n t e x t b y t h e 
FOUL-UP p r o g r a m , and FOUL-UP s h o u l d be a b l e to 
use the a v a i l a b l e e x p e c t a t i o n s t o c o n s t r u c t a 
c o n t e x t - s p e c i f i c d e f i n i t i o n f o r the w o r d , r e ­
g a r d l e s s o f i t s s y n t a c t i c o r semant i c c l a s s . 
However , t h e examples s o f a r g i v e n have d e a l t 
o n l y w i t h n o u n s . I n t h i s s e c t i o n , Fou l -Ups o f 
o t h e r p a r t s o f speech w i l l b e d e m o n s t r a t e d , and 
i t w i l l b e shown why each d i f f e r e n t s y n t a c t i c 
c l a s s p r e s e n t s i t s own un ique d i f f i c u l t i e s t o t he 
FOUL-UP p r o g r a m . 

2* A n a p h o r i c R e f e r e n c e s 

C o n s i d e r the s i m p l e s t o r y : 

" A c a r swerved o f f Route 6 9 . The f l i v v e r 
s t r u c k a t r e e . " 

A g a i n , w e assume a l l t he words a r e d e f i n e d b u t 
" f l i v v e r " , and we assume a r u n of t h e SAM sys tem 
w i t h t h i s s t o r y a s i n p u t . Once a g a i n , t he f i r s t 
s e n t e n c e p r e s e n t s n o d i f f i c u l t y , and s e r v e s t o 
i n v o k e the s c r i p t c o n t e x t w h i c h i s n e c e s s a r y f o r 
s e t t i n g u p t h e i n t e r - s e n t e n c e e x p e c t a t i o n s t h a t 
FOUL-UP uses t o f i g u r e o u t t h e meaning o f t h e 
w o r d . The f l o w o f c o n t r o l o f t h e SAM r u n o f t h i s 
s e n t e n c e w o u l d b e p r a c t i c a l l y i d e n t i c a l t o t h a t 
o f t h e p r e v i o u s e x a m p l e . E L I ' s e x p e c t a t i o n s a r e 
a l s o s i m i l a r . However , t h e i n t e r - s e n t e n c e e x ­
p e c t a t i o n s f r o m APPLY a r e o f a d i f f e r e n t f o r m 
t h a n those i n t h e p r e v i o u s e x a m p l e s . APPLY s t i l l 
matches t h e CD f o r t h e second s e n t e n c e i n t o the 
$ V e h a c c i d e n t s c r i p t , and s t i l l n o t e s t h e a t t r i b ­
u t e s o f t h e s l o t i n t he s c r i p t c o n c e p t u a l i z a t i o n 
c o r r e s p o n d i n g t o t h e p l a c e - h o l d e r s l o t i n t h e CD. 
Those a t t r i b u t e s , h o w e v e r , a r e n o l o n g e r i n t h e 
f o r m o f a s c r i p t r o l e s p e c i f i c a t i o n . I n s t e a d , 
a s s o c i a t e d w i t h t h a t s l o t i s a p o i n t e r , s a y i n g 
t h a t the o b j e c t i n t h i s s l o t i s t h e same o b j e c t 
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as tha t which appeared in the ACTOR s l o t of the 
prev ious sentence. This is obvious when we note 
tha t (1) the s c r i p t must know tha t the ob jec t 
t ha t "swerves o f f the road" in an accident is the 
same as the ob jec t t ha t l a t e r is sa id to " s t r i k e " 
something, and (2) SAM as a whole has the capa­
b i l i t y t o reso lve general anaphoric re fe rences . 
Thus the second sentence in the s to r y might have 
read simply " I t s t r uck a t r e e " , and the anaphoric 
re ference to " i t " would be resolved as " the car " 
t ha t appeared e a r l i e r . 

When such a s i t u a t i o n occurs , FOUL-UP takes 
advantage of the po in te r to the r e f e r e n t , and 
cons t ruc ts a d e f i n i t i o n based on t h i s p o i n t e r . 
Such a d e f i n i t i o n w i l l simply dup l i ca te the de f ­
i n i t i o n o f the word tha t f i l l e d the po in ted - to 
s l o t , s ince the unknown word is presumably j u s t 
another re ference to the same o b j e c t . Thus, the 
d e f i n i t i o n f o r an unknown word in t h i s c i rcum­
stance w i l l be b e t t e r than the "FUNCTION" d e f i ­
n i t i o n of "e lm" in the previous example. The 
d e f i n i t i o n w i l l not s imply g ive the f unc t i on o f 
the word in t h i s s c r i p t con tex t , but ra the r w i l l 
g ive as complete a d e f i n i t i o n as e x i s t s f o r the 
a l ready def ined word " ca r " which the unknown word 
is an anaphoric reference t o . Thus in t h i s ex­
ample, the d e f i n i t i o n created fo r " f l i v v e r " w i l l 
be i d e n t i c a l to tha t fo r " c a r " : 

(PROG NIL 
(DEFPROP FLIVVER T PP) 
(DEFPROP FLIVVER *PHYSOBJ* ISA) 
(DEFPROP FLIVVER T NOUN) 
(DEC FLIVVER (T (N IL ((SHAPE NP)) N IL 

(QUOTE (NOUNGROUP)) 
(QUOTE (STARTNOUNGR))))) 

(DENG FLIVVER (VAL (//PHYSOBJ TYPE ( * C A R * ) ) ) 
(MARKER NOUN))) 

The "TYPE" s p e c i f i c a t i o n i n t h i s d e f i n i t i o n i s a 
r e f e r e n c e t o t he e n t r y " * C A R * " i n a g e n e r a l d i c ­
t i o n a r y w h i c h d e f i n e s a t t r i b u t e s o f g e n e r i c o b ­
j e c t s such a s c a r s , and t h e i r uses i n c e r t a i n 
c o n t e x t s . Thus a n y t h i n g t h a t SAM knows abou t 
c a r s i t now a l s o knows a b o u t f l i v v e r s . F u r t h e r ­
m o r e , i t i s l i k e l y t h a t t h e t e r m " f l i v v e r " r e f e r s 
t o a s p e c i f i c s u b s e t o f a l l c a r s , ( e . g . " s e d a n " , 
" j e e p " ) . T h e r e f o r e , t h e t e rm i s s a v e d , and 
FOUL-UP g i v e s the t e rm to SAM's g e n e r a t o r p rog ram 
(see Go ldman , 1975) t o use when r e f e r r i n g t o the 
c a r i n t h i s s t o r y . 

3 . Ve rbs 

a . S t r u c t u r e - b u i l d e r s v s . S l o t - f i l l e r s 

C o n s i d e r t h e s t o r y 

" A c a r swerved o f f Route 6 9 . The c a r h i e d 
i n t o a t r e e . " 

The unknown word I n t h e s e n t e n c e , ( " h i e d " ) , i s 
r e c o g n i z e d as b e i n g a v e r b by E L I e x p e c t a t i o n s 
and b y t h e f a c t t h a t i t ends i n a r e g u l a r v e r b 
e n d i n g . A s i m p l e p l a c e - h o l d e r c a n n o t b e 
s t r a i g h t f o r w a r d l y c o n s t r u c t e d f o r t h e w o r d , a s 
was t h e case f o r n o u n s . T h i s i s because the v e r b 

i n a s e n t e n c e d e t e r m i n e s most o f t h e s t r u c t u r e o f 
t h e C o n c e p t u a l Dependency r e p r e s e n t a t i o n f o r t h a t 
s e n t e n c e . ( see Schank , 1975, and R i e s b e c k & 
Schank , 1976) E s s e n t i a l l y , t h e v e r b b u i l d s t h e 
f r amework o u t l i n e f o r t h e CD, and s e t s up most o f 
t h e e x p e c t a t i o n s a s t o what w i l l come n e x t . Then 
t h e nouns b u i l d s t r u c t u r e s w h i c h f i l l s l o t s i n 
t h a t v e r b - f r a m e . T h i s can b e I l l u s t r a t e d b y 
l o o k i n g a t a p a r s e o f a sample s e n t e n c e , " J o h n 
wen t to New Y o r k " . P a r t i a l l y " k e r n e l i z e d " CD 
r e p r e s e n t a t i o n s f o r s e n t e n c e s w i l l b e used f o r 
c o n v e n i e n c e , t o f a c i l i t a t e r e f e r e n c e s t o s p e c i f i c 
p i e c e s o f t h e c o n c e p t u a l i z a t i o n . The i n t e r n a l 
r e p r e s e n t a t i o n s o f CDs i n ELI a r e e n t i r e l y " k e r ­
n e l i z e d " I n t h i s f a s h i o n . A p a r t i a l l y k e r n e l i z e d 
CD f o r t he above s e n t e n c e f o l l o w s : 

K l : ((ACTOR (K2) <-> (PTRANS) 

OBJECT (K2) TO ( K 3 ) ) ) 

K2 : (//PERSON FIRSTNAME (JOHN)) 

K3: (//LOCALE STATE ( * N Y * ) ) 
The word " w e n t " b u i l d s t h e s t r u c t u r e K l , w i t h 
empty s l o t s in t h e ACTOR, OBJECT and TO p o s i ­
t i o n s . The word " J o h n " b u i l d s t h e s t r u c t u r e K2, 
w h i c h s i m p l y f i l l s i n t he ACTOR and OBJECT s l o t s 
i n K l , and "New Y o r k " b u i l d s K3, w h i c h f i l l s t h e 
T O s l o t i n K l . A l t h o u g h t h e s e c o n s t r u c t s may 
l o o k a b o u t t h e same s i z e and c o m p l e x i t y , I t i s i n 
f a c t K l , t h e v e r b - f r a m e , w h i c h d r i v e s t h e p a r s e 
o f t h e r e s t o f t h e s e n t e n c e . The v e r b i t s e l f 
s e t s up t h e e x p e c t a t i o n s t h a t a //PERSON s h o u l d 
l i l l t he ACTOR and OBJECT s l o t s , and t h a t a 
//LOCALE s h o u l d f i l l t he T O s l o t . Then when t h e 
words " J o h n " and "New Y o r k " b u i l d such s t r u c ­
t u r e s , t h o s e e x p e c t a t i o n s d i c t a t e how t h e y a r e 
i n c o r p o r a t e d i n t o t h e CD. By c o n t r a s t , t h e CD 
r e p r e s e n t a t i o n f o r the s e n t e n c e " J o h n h i e d t o New 
Y o r k " , assuming the unknown word " h i e d " i s i g ­
n o r e d , w o u l d s i m p l y b e : 

K l : (//PERSON FIRSTNAME (JOHN)) 

K2 : (//LOCALE STATE ( * N Y * ) ) 

T h i s r e p r e s e n t a t i o n i s s i m p l y a n u n o r d e r e d bag o f 
noun g r o u p s , l a c k i n g t h e s t r u c t u r e u s u a l l y i m ­
posed upon i t b y t h e v e r b . Assuming t h a t t h i s 
k i n d o f s t r u c t u r e was b u i l t i n t he e v e n t o f a 
v e r b f o u l - u p , t h e l a t e r s t a g e s o f p r o c e s s i n g 
w o u l d b e q u i t e d i f f i c u l t . T h i s u n s t r u c t u r e d bag 
o f noun g r o u p s c a n n o t be matched i n t o a s c r i p t , 
a t l e a s t n o t b y t h e u s u a l m e t h o d s . The FOUL-UP 
p r o g r a m p e r f o r m s a f o u r - s t e p p r o c e s s t o e n a b l e 
u n d e f i n e d v e r b s t o b e c o r r e c t l y d e f i n e d i n t e rms 
o f t h e c o n t e x t i n w h i c h t h e y a p p e a r . 

b . S tep 1 : A " C a t c h - A l l " V e r b Frame 

I n the e v e n t t h a t t he unknown word i n a 
s e n t e n c e Is a v e r b , FOUL-UP must c r e a t e a v e r b -
f r ame w h i c h i s c a p a b l e o f e x p e c t i n g a l l t h e s u b ­
s e q u e n t noun g r o u p s o r o t h e r s l o t - f i l l e r s t h a t 
may o c c u r . Such a " c a t c h - a l l " v e r b f r ame l o o k s 
l i k e t h e f o l l o w i n g : 
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((ACTOR ( N I L ) <-> ( N I L ) OBJECT ( N I L ) TO ( N I L ) 
FROM ( N I L ) ) TIME ( N I L ) ) 

F u r t h e r m o r e , e a c h o f t h e s l o t s i n t h i s CD- f rame 
has a s s o c i a t e d w i t h i t a s e t o f e x p e c t a t i o n s t h a t 
w i l l a c c e p t v i r t u a l l y any c o n c e p t u a l c l a s s o f 
noun t h a t may a p p e a r . T h i s e n s u r e s t h a t a l l 
w o r d s i n t h e s e n t e n c e w i l l a t l e a s t b e a s s i g n e d 
some p o s i t i o n i n t h e CD. No te t h a t t h e r e s u l t i n g 
CD, b u i l t b y E L I and FOUL-UP, w i l l become i n p u t 
t o APPLY's p a t t e r n - m a t e h e r , when i t a t t e m p t s t o 
m a t c h t h e C D i n t o t h e s c r i p t . T h u s , i t i s c r u ­
c i a l t h a t t h e noun g r o u p s a r e pu t i n t o t he c o r ­
r e c t s l o t s w i t h i n t h e c o n c e p t u a l i z a t i o n , i f t h e 
CD i s t o be r e c o g n i z e d c o r r e c t l y by APPLY's 
p a t t e r n - m a t c h e r . 

S tep 2 : P r e p o s i t i o n M a t c h i n g 

T h i s s t e p c o n s i s t s o f u s i n g know ledge o f 
p r e p o s i t i o n s t o t e n t a t i v e l y p l a c e nouns I n t o 
t h e i r a p p r o p r i a t e s l o t s . Thus t h e p r e p o s i t i o n s 
TO, TOWARDS, INTO, AT e x p e c t to f i l l the TO s l o t 
i n t h e CD, w h i l e FROM, OFF, OUT e x p e c t t o f i l l 
t h e FROM s l o t . F i n a l l y , i f n o p r e p o s i t i o n i s 
p r e s e n t , t h e OBJECT s l o t i s assumed. T h i s h e u r ­
i s t i c i s d e p e n d a b l e u p t o a p o i n t , b u t d i f f i c u l ­
t i e s a r i s e when i d i o m a t i c uses o f p r e p o s i t i o n s 
o c c u r . As an e x a m p l e , assume t h e second s e n t e n c e 
i n t h e above s t o r y had r e a d "The c a r caromed o f f 
a t r e e " , where " c a r o m e d " i s unknown to SAM. Then 
t h e c o n c e p t u a l i z a t i o n f o r " t r e e " w o u l d b e pu t 
i n t o t h e FROM s l o t i n t h e CD, b y t h e h e u r i s t i c 
j u s t s t a t e d f o r t he p r e p o s i t i o n " o f f " . However , 
t h e s c r i p t p a t t e r n w i l l b e l o o k i n g f o r t h e o b ­
s t r u c t i o n " t r e e " i n t he OBJECT s l o t , c o r r e s p o n ­
d i n g t o t h e n o r m a l c o n s t r u c t i o n "The c a r s t r u c k a 
t r e e " . Thus t h e p o s i t i o n o f t h e nouns i n t h e C D 
must b e t h o u g h t o f a s t e n t a t i v e , and APPLY w i l l 
o f t e n have t o s e a r c h more t h a n one c o n c e p t u a l ­
i z a t i o n b e f o r e i t f i n d s t h e a p p r o p r i a t e m a t c h . 

d . S tep 3 : ACT P r e f e r e n c e 

The APPLY s e a r c h can be l i m i t e d to t h o s e 
c o n c e p t u a l i z a t i o n s I n t h e s c r i p t w h i c h c o n t a i n a t 
l e a s t t h e same noun g r o u p s a s t h e i n p u t c o n c e p ­
t u a l i z a t i o n , even i f t h e y ' r e n o t i n t h e c o r r e c t 
s l o t s . T h e r e a r e s t i l l l i k e l y t o b e two o r more 
such p o t e n t i a l ma t ches i n t he s c r i p t , w h i c h APPLY 
can n o t d e p e n d a b l y d e c i d e b e t w e e n . Thus FOUL-UP 
uses a n a d d i t i o n a l h e u r i s t i c t o a i d t he s e a r c h , 
t h a t o f "ACT P r e f e r e n c e " . Based o n t h e p r e p o s i ­
t i o n a l ph rase t h a t a p p e a r s i n t h e s e n t e n c e , t h e r e 
i s q u i t e o f t e n a u n i q u e p r i m i t i v e ACT i m p l i e d , 
a l o n g w i t h a s e t o f e x p e c t a t i o n s f o r t h e s l o t -
f i l l e r s . Thus i f w e see a s e n t e n c e l i k e " J o h n 
h i e d t o New Y o r k " , w e e a s i l y i n f e r , even i n t h e 
absence o f a s c r i p t o r o t h e r l a r g e c o n t e x t , t h a t 
t h e ACT i n t he C D f o r t h i s s e n t e n c e w i l l p r o b a b l y 
b e a PTRANS, because o f t h e p r e p o s i t i o n " t o " 
f o l l o w e d b y a l o c a t i o n . The p r e p o s i t i o n a l 
p h r a s e s c o n s i d e r e d a r e t h o s e w h i c h c o n t a i n a 
p r e p o s i t i o n f o l l o w e d by a noun g r o u p . The SAM 
s y s t e m i s a b l e t o c l a s s i f y noun g r o u p s i n t o 
c o n c e p t u a l c l a s s e s , s u c h a s #PHYSOBJ ( p h y s i c a l 
o b j e c t ) , #PERSON (human b e i n g ) , #CONCEPT ( s u b ­
c l a u s e ) , #LOCALE ( p l a c e ) , e t c . When c e r t a i n 

p r e p o s i t i o n s o c c u r i n a p r e p o s i t i o n a l p h r a s e 
combined w i t h c e r t a i n c o n c e p t u a l c l a s s e s o f 
n o u n s , t h e p r i m i t i v e ACT i n t h e s e n t e n c e can o f ­
t e n b e p r e d i c t e d s i m p l y f r o m t h i s i n f o r m a t i o n . 
The f o l l o w i n g t a b l e i s a segment o f a t a b l e o f 
such c o r r e l a t i o n s , used i n FOUL-UP t o h e l p p r e ­
d i c t what t h e ACT i n t h e s e n t e n c e w i l l b e . G i v e n 
i n t h e t a b l e a r e common p r e p o s i t i o n s o n one a x i s , 
and common c o n c e p t u a l c l a s s e s o f nouns a l o n g t h e 
o t h e r a x i s . Fo r each p o s s i b l e c o m b i n a t i o n o f 
p r e p o s i t i o n and noun i n a p r e p o s i t i o n a l p h r a s e 
( e . g . " t o " and "//PERSON" i n "He gave t h e book _to 
M a r y " ) , t h e c o r r e s p o n d i n g p r e f e r r e d ACT i s l o o k e d 
u p i n t h e t a b l e ( e . g . ATRANS), a s w e l l a s t h e 
p r e d i c t e d s l o t i n t h e C D f o r t he noun t o f i l l 
( t h e T O s l o t ) . 

| //PHYSOBJ //PERSON //LOCALE //CONCEPT //BODYPART 

OFF PTRANS? 
FROM 

BY | S c r i p t ? 
| INSTR 
I 

TO | 

PTRANS MTRANS 
FROM MOBJECT 

? PTRANS ? ? 
INSTR LOC INSTR INSTR 

ATRANS PTRANS 
TO TO 

INTO| PROPEL PROPEL PTRANS MTRANS INGEST 
I TO TO TO MOBJECT TO 

For each of these p a i r s of ca tegor ies ( p r e p o s i ­
t i o n / noun c l a s s ) , sample sentences are abun­
dant . For example, the pa i r (OFF / //LOCALE) 
could a r i se from the sentence "The man jumped o f f 
the b u i l d i n g " , and the pa i r (INTO / //CONCEPT) 
occur in the sentence "He looked i n t o the i n c i ­
d e n t " . The idea of " p r e f e r r i n g " a c e r t a i n set of 
a t t r i b u t e s when in the presence o f p a r t i a l i n ­
fo rmat ion has been used In other systems (see 
W i l k s , 1975). Note tha t the tab le is incomple te , 
and thus can not always prov ide enough in fo rma­
t i o n to a l low the c o r r e c t concep tua l i za t i on to be 
chosen from the s c r i p t . Fur ther work is being 
done in t h i s a rea . 

e. Step 4: Matching 

Recal l the s to ry t ha t began t h i s s e c t i o n . 
Based on the above t a b l e , the second sentence, 
"The car hied i n t o a t r e e " , would be represented 
as f o l l o w s : 

K l : ((ACTOR (K2) <-> (BOGUS-ACT LEXVAL (HIED) 
PREFER (PROPEL)) TO (K3)) 

K2: (//PHYSOBJ TYPE (*CAR*)) 

K3: (#PHYSOBJ TYPE (*TREE*)) 

Note tha t the ACT "PROPEL" is p r e f e r r e d , and the 
concep tua l i za t i on f o r the noun " t r e e " i s put in 
the "TO" s l o t . When APPLY at tempts to match t h i s 
c onc ep tua l i z a t i on i n t o the s c r i p t , i t d iscovers 
one t e n t a t i v e match, which has the same noun 
c o n c e p t u a l i z a t i o n s , corresponding to " c a r " and 
" t r e e " , but the one f o r " t r e e " is in the OBJECT 
s l o t in the s c r i p t c o n c e p t u a l i z a t i o n , and in the 
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The d e f i n i -
looks l i k e 

( 1 ) 

(2) 

TO s l o t i n t h e CD, so t h e ma tch can o n l y be c o n ­
s i d e r e d t e n t a t i v e . ( T h i s i s a n examp le o f t h e 
i d i o m a t i c usage o f v e r b - p r e p o s i t i o n p a i r s men­
t i o n e d e a r l i e r . ) APPLY now l o o k s a t t h e i n f o r m a ­
t i o n i n t h e PREFER s l o t o f t h e "BOGUS-ACT" 
p l a c e - h o l d e r , w h i c h says t h a t t h e ACT s h o u l d be a 
PROPEL. S i n c e t h i s i s i n f a c t t h e ACT i n t h e 
s c r i p t c o n c e p t u a l i z a t i o n , t h e ma tch i s c o n s i d e r e d 
s u c c e s s f u l , and t h e word " h i e d " i s d e f i n e d a s 
b u i l d i n g a PROPEL i n t h i s c o n t e x t , 
t i o n t h a t FOUL-UP c r e a t e s f o r " h i e d " 
t h e f o l l o w i n g : 
(PROG NIL 

(DEFPROP HIED T VERB) 
(DEFPROP HIED *CONCEPT* I S A ) 
(DC HIED 

(T (N IL (BOGACTFRAME) N IL 
ACTORSUGG BYSUGG TOSUGG 
(OBJECT CONREQ) TIMESUGG MODESUGG 
(FROM CONREQ) (TO CONREQ)) 

( N I L (THREEFRAME (QUOTE H I E D ) ) N I L ( 3 ) 
SUBJSUGG (OBJ SYNREQ) RECIPSUGG))) 

A g a i n , t h e d e f i n i t i o n i s i n t h r e e p a r t s : p a r t 
( 1 ) p u t s t h e a p p r o p r i a t e i n t e r n a l p r o p e r t i e s 
" v e r b " and " c o n c e p t " o n t h e w o r d ; p a r t ( 2 ) d e ­
f i n e s t h e c o n c e p t u a l ( s e m a n t i c ) s t r u c t u r e -
b u i l d e r s and t h e e x p e c t a t i o n s f o r t h e s u b s e q u e n t 
s l o t - f i l l e r s ; and ( 3 ) d e f i n e s t h e s y n t a c t i c e x ­
p e c t a t i o n s and s l o t - f i l l e r s ( see R i e s b e c k and 
Schank , 1 9 7 6 ) . No te t h a t a l l t he i n f o r m a t i o n 
p r o v i d e d b y t h e f i r s t t h r e e s t e p s ( v e r b - f r a m e , 
p r e p o s i t i o n ma tch and ACT p r e f e r e n c e ) was i n f a c t 
r e q u i r e d b y t h e m a t c h i n g p r o c e s s b e f o r e t h e c o n ­
c e p t u a l i z a t i o n c o u l d be r e c o g n i z e d as a f o r m o f 
t h e p a t t e r n i n t h e s c r i p t . 

f . No tes o n how h a r d t h i s a l l i s 

The p r o c e s s j u s t d e s c r i b e d depends o n t h e 
c u r r e n t s t a t e o f k n o w l e d g e o f ( 1 ) p r e p o s i t i o n s 
and ( 2 ) c o n c e p t u a l c l a s s e s o f n o u n s . The t h e o ­
r i e s b e h i n d each o f t h e s e a r e q u i t e p r i m i t i v e (no 
pun i n t e n d e d ) , and t h e above p r o c e s s f o r f o u l - u p s 
o f v e r b s I s a t a c o r r e s p o n d i n g l y e a r l y s t a g e o f 
d e v e l o p m e n t . The p r o b l e m o f r e s o l v i n g t h e case 
a m b i g u i t y o f t e x t p r e p o s i t i o n s has p r o v e d i n ­
t r a c t a b l e i n many n a t u r a l l a n g u a g e s y s t e m s . 
G e n e r a l r u l e s f o r p r e p o s i t i o n s a r e r i d d l e d w i t h 
e x c e p t i o n s and s p e c i a l c a s e s , and e v e r y p r e p o s i ­
t i o n seems t o have a m y r i a d d i f f e r e n t u s e s . For 
a n example o f t h e d i v e r s i t y o f uses o f a s i n g l e 
p r e p o s i t i o n ( " f o r " ) , see ( H e m p h i l l , 1 9 7 3 ) . S im­
i l a r l y , t h e t h e o r y b e h i n d c o n c e p t u a l c l a s s e s i n 
SAM i s c o n s i d e r a b l y l e s s d e v e l o p e d t h a n t h a t o f 
p r i m i t i v e ACTs. O t h e r s e t s o f c o n c e p t u a l c l a s s e s 
and o b j e c t p r i m i t i v e s have been p r o p o s e d i n t he 
p a s t , and p e r h a p s t h e SAM s y s t e m (and FOUL-UP) 
w o u l d b e n e f i t f r o m a r e - e x a m i n a t i o n o f t h e c u r ­
r e n t c l a s s i f i c a t i o n s y s t e m f o r n o u n s . (See 
Weber , 1 9 7 1 , and L e h n e r t , 1 9 7 7 ) . 

4 . A d j e c t i v e s 

C o n s i d e r t h e s t o r y : 

" F r i d a y , a c a r swerved o f f 
f l i b b y v e h i c l e s t r u c k a t r e e . " 

Route 6 9 . The 

The mean ing o f t h e word " f l i b b y " i n t he second 
s e n t e n c e i s n o t a t a l l c l e a r , n o r can I t b e 
e a s i l y f i g u r e d o u t f r o m t h e c o n t e x t . I n f a c t , i t 
i s n o t c l e a r w h e t h e r o r n o t the a d j e c t i v e even 
changes t h e mean ing o f t h e s e n t e n c e a t a l l , s i n c e 
t h e s e n t e n c e can b e u n d e r s t o o d i n t h i s case b y 
i g n o r i n g t h e unknown w o r d . I n f a c t , FOUL-UP a t ­
t e m p t s t o i g n o r e unknown a d j e c t i v e s whe reve r 
p o s s i b l e , and canno t guess mean ings f o r them i n 
g e n e r a l . The methods used f o r nouns and v e r b s 
t o t a l l y b r e a k down when a p p l i e d t o a d j e c t i v e s . 
T h e r e a r e t h r e e c l o s e l y r e l a t e d r e a s o n s f o r t h i s : 
( 1 ) A d j e c t i v e s a r e n o t e x p e c t e d i n a s e n t e n c e , i n 
t h e sense o f e x p e c t a t i o n we have been d e a l i n g 
w i t h . R a t h e r a n a d j e c t i v e a p p e a r s a s a m o d i f i e r , 
a f f e c t i n g t h e mean ing o f t h e noun f o l l o w i n g i t . 
( 2 ) T h e r e e x i s t n o p r i m i t i v e s f o r a d j e c t i v e s 
c o r r e s p o n d i n g t o the r e l a t i v e l y c o m p r e h e n s i v e 
s e t s o f p r i m i t i v e s w i t h i n t he r e a l m s o f nouns and 
v e r b s i n CD r e p r e s e n t a t i o n . 
( 3 ) The c o n c e p t u a l i z a t i o n b u i l t b y a n a d j e c t i v e 
u s u a l l y o c c u p i e s a n " e x t r a " s l o t i n a CD, a t ­
t a c h e d t o t h e s l o t f i l l e d b y t h e noun w h i c h t h e 
a d j e c t i v e m o d i f i e s . Thus t h e r e i s n o p u r e l y 
" t o p - d o w n " way to guess a mean ing f o r an unknown 
a d j e c t i v e , s i n c e i t i s i n h e r e n t l y u n e x p e c t e d . 

No te t 
c o n c e p t u a l 
c l o s e l y r e l a 
and APPLY 
v a r i o u s cone 
s l o t s a r e 
t i o n s . Thus 
a d j e c t i v e s 
t hey s h o u l d 
l e m s . 

h a t t h e i d e a s o f e x p e c t a t i o n , 
c l a s s e s , and s l o t - f i l l i n g a r e a l l 
t e d . The e x p e c t a t i o n s i n b o t h EL I 
a r e based o n d i f f e r e n t i a t i o n be tween 
e p t u a l c l a s s e s o f o b j e c t s , and t h e 
f i l l e d o n t h e b a s i s o f t h e e x p e c t a -

the l a c k o f c o n c e p t u a l c l a s s e s o f 
causes t h e o t h e r d i f f i c u l t i e s , and 
no t be v i e w e d as i n d e p e n d e n t p r o b -

CONCLUSION: L IMIT ING CASES 

* • S y n t a c t i c C l a s s L i m i t a t i o n s 

I t was s t a t e d e a r l i e r t h a t t h e r e m i g h t b e n o 
t h e o r e t i c a l l i m i t a t i o n o n t h e c l a s s e s o f words 
t h a t FOUL-UP c o u l d f i g u r e o u t f r o m c o n t e x t , a s 
l o n g as t h e r e e x i s t e d EL I and APPLY e x p e c t a t i o n s 
f o r t h e c o n c e p t u a l i z a t i o n s b u i l t by a w o r d . We 
have now s e e n , h o w e v e r , t h a t d i f f e r e n t s y n t a c t i c 
c l a s s e s o f words p r e s e n t v a r y i n g deg rees o f d i f ­
f i c u l t y t o t h e FOUL-UP p r o g r a m . The d i f f i c u l t i e s 
a r i s e d e p e n d i n g o n ( 1 ) t h e c o n s i s t e n c y and com­
p l e t e n e s s o f t h e e x i s t i n g r e p r e s e n t a t i o n a l 
schemes f o r a g i v e n s y n t a c t i c c l a s s , and ( 2 ) t he 
amount o f i n f o r m a t i o n c o n t a i n e d i n t h e s t r u c t u r e s 
t y p i c a l l y b u i l t b y words i n t h a t s y n t a c t i c c l a s s . 
F u r t h e r m o r e , w e have seen t h a t t he i s s u e s o f e x ­
p e c t a t i o n o n the one h a n d , and c o n c e p t u a l c l a s s 
o n t h e o t h e r , c a n n o t b e e a s i l y s e p a r a t e d . Thus 
t h e e x p e c t a t i o n s f o r the members o f c e r t a i n s y n ­
t a c t i c c l a s s e s a r e s t r o n g e r t h a n f o r o t h e r s , d e ­
p e n d i n g o n the r e l a t i v e t h o r o u g h n e s s o f t h e r e p ­
r e s e n t a t i o n schemes f o r t h o s e c l a s s e s . Thus 
s t r e n g t h o f e x p e c t a t i o n i s a l s o a ( d e p e n d e n t ) 
f a c t o r c o n t r i b u t i n g t o t h e ease o r d i f f i c u l t y o f 
t h e FOUL-UP t a s k w i t h i n a g i v e n s y n t a c t i c c l a s s . 
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Nouns are t y p i c a l l y s l o t - f i l l e r s , b u i l d e r s 
o f smal l s t r uc tu res con ta in ing r e l a t i v e l y l i t t l e 
of the o v e r a l l i n fo rma t ion present in a given 
concep tua l i za t i on . They a lso have a reasonably 
cons is ten t and complete rep resen ta t ion in terms 
of conceptual c lasses . Thus the process f o r 
f i g u r i n g out unknown nouns from context is r e l a ­
t i v e l y s t r a i g h t f o r w a r d . Verbs are b u i l d e r s o f 
l a rge s t ruc tu res which conta in most of the ex­
pec ta t ions f o r a g iven sentence, and which supply 
most of the s t r u c t u r e to concep tua l i za t i ons . 
They also have a cons is ten t and complete repre ­
sen ta t i on in terms of p r i m i t i v e ACTs. Thus they 
are more d i f f i c u l t to f i g u r e out from context 
than nouns. Ad jec t i ves are not we l l def ined or 
c o n s i s t e n t l y represented in CD, and they b u i l d 
s t r u c t u r e s of vary ing s ize and complex i ty . Fur­
thermore, being conceptual m o d i f i e r s , they lack 
p re -de f ined s l o t s t o f i l l i n a concep tua l i za t i on . 
Thus i t is n a t u r a l that they should be most d i f ­
f i c u l t , i f not imposs ib le , t o f i g u r e out from 
con tex t . 

2. Conceptual Class L i m i t a t i o n s 

Assuming t h a t a l l words can e v e n t u a l l y have 
t h e i r mean ings r e p r e s e n t e d i n s o m e t h i n g a k i n t o 
C o n c e p t u a l Dependency r e p r e s e n t a t i o n , t h e n t h e r e 
w o u l d s t i l l b e l i m i t a t i o n s o n FOUL-UP's a b i l i t y 
t o f i g u r e o u t words f r o m c o n t e x t . T o p e r f o r m the 
p r o c e s s , a s t r o n g t op -down c o n t e x t , l i k e a 
s c r i p t , i s needed t o p r o v i d e the e x p e c t e d a t ­
t r i b u t e s o f unknown w o r d s . O t h e r l a r g e top -down 
f r a m e w o r k s , such as p l a n s (see Schank & A b e l s o n , 
1977) o r b e l i e f sys tems ( s e e A b e l s o n , 1 9 7 3 ) , 
s h o u l d t h e o r e t i c a l l y p r o v i d e enough c o n t e x t t o 
e n a b l e words t o b e f i g u r e d ou t f r o m those c o n ­
t e x t s . For e x a m p l e , c o n s i d e r the f o l l o w i n g 
" p l a n n y " s t o r y : 

" J o h n saw a menac ing f i g u r e a p p r o a c h i n g h i s 
s t o r e . He reached i n t o the desk d rawer and 
p u l l e d out a magnum." 

The word "magnum" i n t h i s s t o r y i s h i g h l y e x ­
p e c t e d to be some k i n d o f weapon o r o t h e r p r o ­
t e c t i v e d e v i c e . T h a t e x p e c t a t i o n c o u l d b e s e t u p 
by a p l a n - a p p l i e r mechanism (PAM) (see W i l e n s k y , 
1 9 7 6 ) , and a v e r s i o n o f FOUL-UP c o u l d t h e o r e t i ­
c a l l y use such e x p e c t a t i o n s t o guess t h e meaning 
o f t h e unknown w o r d . However , s c r i p t s a r e v e r y 
e x p l i c i t l y d e f i n e d sequences o f a c t i o n s , w h i l e 
p l a n s a r e much l e s s e x p l i c i t l y s e q u e n c e d , and 
b e l i e f sys tems s t i l l l e s s s o . I t i s t o b e e x ­
p e c t e d t h a t t h e a b i l i t y t o f i g u r e o u t words f r o m 
c o n t e x t w i l l d i m i n i s h a s t h e s t r i c t l y e p i s o d i c 
n a t u r e (and thus t h e s t r e n g t h o f t h e e x p e c t a ­
t i o n s ) o f t h e knowledge d a t a b a s e d i m i n i s h e s . 
Thus s c r i p t y s t o r i e s a r e i d e a l l y c o n s t r u c t e d f o r 
f i g u r i n g o u t words f r o m c o n t e x t , p l a n s a r e l e s s 
s o , and b e l i e f sys tems s t i l l l e s s . I t i s w o r t h ­
w h i l e t o r e i t e r a t e t h a t t h e r e p r e s e n t a t i o n s b e i n g 
d i s c u s s e d a r e i n t e n d e d as mode ls o f t h e human 
u n d e r s t a n d i n g p r o c e s s , and thus t h a t t he a b i l i ­
t i e s and l i m i t a t i o n s o f t h e p rog rams a r e m o d e l l e d 
a f t e r ana logous p r o c e s s e s i n p e o p l e . The FOUL-UP 
p rog ram was d e s i g n e d to s i m u l a t e a known human 
a b i l i t y , and t o add t h i s a b i l i t y t o the a l r e a d y 

e x i s t i n g SAM s y s t e m . S i n c e SAM is i n t e n d e d to 
mode l t h e human u n d e r s t a n d i n g p r o c e s s w i t h i n t h e 
r e a l m o f s c r i p t - b a s e d s t o r i e s , i t i s e n c o u r a g i n g 
t o n o t e t h a t t h e l i m i t a t i o n s o f t h e FOUL-UP seem 
t o c l o s e l y p a r a l l e l t he l i m i t a t i o n s o f p e o p l e ' s 
a b i l i t y t o p e r f o r m the same t a s k . C e r t a i n l y a 
p rog ram i n t e n d e d t o model humans w i l l n o t b e a b l e 
t o o u t - p e r f o r m t hem, b u t r a t h e r s h o u l d show t h e 
same s o r t s o f a b i l i t i e s and s h o r t c o m i n g s t h a t 
p e o p l e show. I n t h a t s e n s e , t h e FOUL-UP p r o g r a m 
has d e m o n s t r a t e d some p s y c h o l o g i c a l v a l i d i t y f o r 
t he SAM s y s t e m , and f o r C o n c e p t u a l Dependency 
r e p r e s e n t a t i o n I t s e l f . 
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