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Abstract 

I . INTRODUCTION 

The p r i e a , . f a c i e a p p e a l o f many n a t u r a l l a n g u a g e 
u n d e r s t a n d i n g s y s t e m s d i a i n i s h e s u n d e r c l o s e 
s c r u t i n y . T n i s i s duo i n p a r t t o a l a c k o f d e t a i l e d 
c o n s i d e r a t i o n o t aany c l a s s a s o f p r o b l e a s i n h e r e n t 
i n l a n g u a g e u n d e r s t a n d i n g . O f t e n t i m e s a n e x i s t i n g 
t h e o r y c a n n o t be a u g a e n t e d t o a c c o u n t f o r a new 
c l a s s o f p r o b l e a s . Thus t h e o r i g i n a l t b e o t y a u s t b e 
r e s t r u c t u r e d o r r e p l a c e d . 

The n e x t s e c t i o n e n u m e r a t e s what w e b t l i e v e t o 
b e t h e a d v a n t a g e s o f t w o r e l a t e d a p p r o a c h e s t o t h e 
p r o b l e m o t r e p r e s e n t i n g n a t u r a l l a n g u a g e i n t e r n s o f 
m e a n i n g s t r u c t u r e s . Those a p p r o a c h e s a r e t h o s e o f 
Schank ( 1 9 7 2 , 1 9 7 3 ) , M i l k s ( 1 9 7 3 a , 1 9 7 3 b , 1 9 7 3 c ) , 
and Schank e t a l . ( 1 9 7 3 ) . w e b e l i e v e t h e i r work 
e x e m p l i f i e s t h e c o r r e c t a p p r o a c h t o t h e p r o b l e m o f 
r a p r e t e n t i n g t h e c o n c e p t u a l c o n t e n t o f n a t u r a l 
l a n g u a g e u t t e r a n c e s . 

I I . TWO RELATED APPROACHES 

The c o n c e p t u a l d e p e n d e n c y a p p r o a c h o f Schank 
and t h e p r e f e r e n c e s e m a n t i c s a p p r o a c h o i M i l k s have 
t h e f c l l o w m g d e s i r a b l e f e a t u r e s r e g a r d i n g know ledge 
r e p r e s e n t a t i o n . These f e a t u r e s have n o t a l l been 
a r t i c u l a t e d b y e i t h e r Schank o r w i l k s and t h e y w o u l d 
p e r h a p s d i s p u t e t h i s c h a r a c t e r i z a t i o n o f t h a i r 
r e s p e c t i v e a p p r o a c h e s . 

a m a j o r p a r t o f o u t i n t e r p r e t a t i v e e f f o r t i n 
u n d e r s t a n d i n g n a t u r a l l a n g u a g e i s f o c u s o d o n 
e v e n t s , i . e . , t i m e - d e p e n d o n t r e l a t i o n s h i p r . . B y 
c o n t r a s t , " s t a t i c " r e l a t i o n s h i p s i n t h e w o r l d 
a r e r e l a t i v e l y easy t o u n d e r s t a n d . T h e r e f c r e t h e 
s e a r c h f o r f u n d a m e n t a l s e n a n t i c s t r u c t u r e s and 
p r i a i t i v e s s h o u l d c o n c e n t r a t e o n t h e 
r e p r e s e n t a t i o n o f e v e n t s . 

( i v ) S i m p l i c i t y o f p r i m i t i v e s 
b o t h Scbank and w i l ks have shown t h a t t h e r e 

does e x i s t t s m a l l , m c r e o r l e s s a d e q u a t e , s e t 
o f a c t i o n p r i m i t i v e s t h r o u g h w h i c h a s u r p r i s i n g 
n u e b e r o f a c t i o n c o n c e p t s car. be ex p r e s s e d . K 
m i n i m a l s e t o f a » i a n t i c p r i m i t i v e s s h o u l d b e 
s o u g h t t h a t makes i t r e l a t i v e l y easy t o use t h e 
■ e a r i n g r e p r e s e n t a t i o n s i n a l a r . g u a g t (and 
p a r a p h r a s e ) i n d a p e n d e n t way. R e l a t i v e l y few 
i n f e r e n c e s e c h a n i s s s w i l l t h e n b e r e q u i r e d . 

M e w i l l now c o n s i d e r s p e c i f i c d i f f i c u l t i e s w i t h 
t h e s e two r e l a t e d a p p r o a c h e s and s u g g e s t p o s s i b l 
ways o f o v e r c o a i n j S O B ' c t t h o s e d i f f i c u l t i e s . 
P e r h a p s t h e most i m p o r t a n t d i f f i c u l t i e s a r e t hos ^ 
e n c o u n t e r e d when a t t e m p t i n g t o r e p r e s e n t c o m p l e x 
c o n c e p t s and a d v e r b i a l s . H o w e v e r , o t h e r p o i n t s ne^d 
t o b e d i s c u s s e d f i r s t . I n t he f o l l o w i n g d i s c u s s i o n 
v e have i n mind S c h a n k 1 s t h e o r y more f r e q u e n t l y t h a n 
s i l k s * . How3V£r , M i l k s * t h e o r y i s q u i t e c l o s s t o 
S c h a n k ' s i n i t s g e n e r a l a p p r o a c h . 

I I I . VAGOENESS AND UNCERTAINTY 

Under t h i s f i r s t h e a d i n g w e b r i s t l y c o n f r o n t 
t w o r e l a t e d , v e r y p e r v a s i v e p r o b l e a s , b u t o f f e r n o 
d e f i n i t e s o l u t i o n s . 

C o n c e p t u a l v a g u e n e s s i s a s e e m i n g l y i n e s c a p a b l e 
f e a t u r e o f n e a r l y e v e r y o r d i n a r y c o n c e p t , 
s p e c i f i c a l l y v a g u e n * s s i n t h e e x t e n s i o n o f a c o n c e p t 
( I s a 1000 f o o t h i l l a m o u n t a i n o r t h e n i s s i s s i p p i -
H i s s o u r i a r i v s r ? ) and v a g u e n e s s i n t h e e x t e n t o f a n 
i n s t a n c e o f a c o n c e p t (where does a m o u n t a i n o r 
r i v e r end ?) . 

I t i s n o t c l e a r t o u s a t p r e s e n t how t o a l l o w 
f o r v a g u e n e s s i n c o n c e p t u a l r e p r e s e n t a t i o n s . w e 
e x p e c t t o a d o p t Zadehes ( 1 9 0 5 ) a p p r o a c h , bu t have 
n o t f o l l o w e d t h i s t h r o u g h . z a d e h a s s o c i a t e s a d e g r e e 
o f t r u t h w i t h e v e r y p r o p o s i t i o n and c a l c u l a t e s t h : 
t r u t h v a l u e o f compound p r o p o s i t i o n s f r o m 
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T h i s p a p e r d i s c u s s e s r e p r e s e n t a t i o n s o f 
s e a a n t i c i n f o r R a t i o n d e r i v e d f r o i t h e s e o f 
S c h a n k ( 1 S 7 2 , 197 1 ) , M i l k s (19 7 3 a , 1 9 7 3 b , 197 3 c ) , 
and Schank e t a l . ( 1 9 7 3 ) . A c r i t i c a l r e v i e w o t t h - ^ i r 
r e l a t e d a p p r o a c h e s i s g i v e n t h a t s h o e s 
r e p r e s e n t a t i o n a l i n a d e q u a c i e s f o r l a n g u a g e 
c o s p r e h e n s i o n i n t h e i r t h e o r i e s . r .ore ger. s r a l l y , 
v a r i o u s p i o b l * a s i n r e p r e s e n t i n g k n o w l e d g e a r » 
i n v e s t i g a t e d and a e t h o d s s u g g e s t e d f o r h a n d l i n g soae 
o f t h e e . These p r o b l c s s c o n c e r n t h e r e p r e s e n t a t i o n 
o f s t a t e s , e v e n t s , a c t i o n s , and c a s e s , a s v e i l a s 
t h e h a n d l i n g o f l o g i c a l and n a t u r a l l a n g u a g e 
q u a n t i f i e r s , a d v e r b i a I s , f u z z i n e s s , and t h e a e a n i n g s 
o f c o » f 1 « x c o n c e p t s , 

S u b s e q u e n t s e c t i o n s o u t l i n e s e v e r a l 
d i f f i c u l t i e s w i t h S c h a n k ' s and w i l k s » t h o o i i e s . 
These d i f f i c u l t i e s c o n c e r n t h e r e p r e s e n t a t i o n o t 
s t a t e s , « v e n t s , a c t i o n . ' . , and c a s e s , as »t?l 1 AS th * 
h a n d l i n g o f l o g i c a l and n a t u r a l l a n g u a g e 
q u a n t i f i e r s , a d v e r b i a l s , r e f e r e n t i a l o p a c i t y , 
f u z z i n e s s , and t h e a e a n i n g s o f c o a p l e x c o n c e p t s . 

T o f a c i l i t a t e t h e f o r a u l a t i o n o f a g e n e r a l 
t h e o r y o f n a t u r a l l a n g u a g e u r . d t r s - a n d i n g , a 
r e p r e s e n t a t i o n a l &cbeaa i s r e q u i r e d t h a t has 
s u f f i c i e n t e x p r e s s i v e p o v * r t o r e p r o s e n t t h e a e a n i n g 
c o n t e n t o f o r d i n a r y l a n g u a g e . T h i s e n t a i l s a a k i n g 
e x a c t l y t h o s e p r e d i c t i o n s and i n f e r e n c s s f r o m t h e 
r e p r e s e n t a t i o n o f a n u t t e r a n c e t h a t can b e m a d e f r o m 
t h e o r i g i n a l u t t e r a n c e . The f o l l o w i n q i s a 
d e v e l o p m e n t o f soae i d e a s c o n c e r r . i n q t h e 
r e p r e s e n t a t i o n c f i n d i v i d u a l i t e m s o f " f a c t u a l 
k n o v l e d g e " i n a c o a p u t e r , where t h i s k n o w l e d g e i s 
t h o u g h t o f a s b e i n g c o n v e y e d t o t h e c c m p u t e r i n 
n a t u r a l l a n g u a g e . 

t h e n e a n i r . g s t r u c t u r e s c o r r e s p o n d i n g t o 
n a t u r a l l a n g u a g e u t t e r a n c e s a r o f o r d A c c o r d i n g 
t o s i a p l e s t r u c t u r a l r u l e s . P o w e r f u l h e u r i s t i c 
c r i t e r i a , based o n t h e c e n t r a l r o l e o t v e r b s and 
o n p r e f e r r e d s e a a n t i c c a t s g o r i o s f o r t h e 
s u b j e c t s and o b j e c t s o f v e r b s , g u i d e e a c h c h o i c e 
i n t h e c r w i t i o n o f m e n i n g s t r u c t u r e s . 
I n t e r p r e t a t i o n o f u t t e r a n c e s t h e n t a k e s o n a 
" s l c t and f i l l s r " c h a r a c t e r , th«-r t h a n 
r e q u i r i n g e j r t e n t i i v e t r i a l and e r r o r s e a r c h . 

Schank d e a a n d s t h a t h i s s e a a n t i c s t r u c t u r e s 
e x p r e s s i d e a s u r . a e b i g u o u s l y and p r e c i s e l y . Ye t t h ? 
c o n c e p t s w h i c h a r e t h e a s e l v a s t h e b u i l d i n g b l o c k s o f 
c o n c e p t u a l i z a t i o n s a r e " v a g u e " t o a g r e a t e r o r 
l e s s e r i x t « n t . V i r t u a l l y any o r d i n a r y c o n c e p t w i l l 
• e r v » a s ar. e x a n p l e , e . g . h o u s e , a o u n t a i r , r i v e r . 
T y p i c a l l y a house has r i g i d w a l l s , a r o o f , w i n d o w s , 
s e p a r a t e r o o o s , and i s s u i t a b l e f o r huear. 
h a b i t a t i o n . Y e t w e c a n t h i n k o f u n u s u a l h o u s e s w h « r e 
any one o r a o r e o t t h e s e f e a t u r e s i s l a c k i n g . Fach 
o f t h e s e f e a t u r e s c o n t r i b u t e s t o " h o u s e n e r s " w i t h o u t 
b e i n g n e c e s s a r y . S i a i l a r l y one can show t h a t 
p e r c e p t u a l l y r e l a t e d a o d i f i e r s such a s " t r o w n " o r 
d y n a m i c e o d i f i e r s such a s " w a l k i n g " a r e vague ( w h e r s 
i s t h e b o u n d a r y be tween w a l k i n g and r u n n i n g ? i s 
c l i a b i n g a s t r - p p h i l l , c r a l a d d e r w a l k i n g ? Does a 
• a n w i t h c r u t c h e s w a l k ? D o c e n t i p e d e s w a l k ? C o s e a l s 
v a l k E t c e t e r a ) . T h i s c o n c e p t u a l v a g u e n e s s 
i n e v i t a b l y c a r r i e s o v e r i n t o c o n c e p t u a l i z a t i o n s . N o 
l o n g e r can v e say t h a t i t e i t h s r i s o r i s n o t t h e 
c a s e t h a t " J o h n b u i l t a nous-?" o r " J o h n was w a l k i n g 
h o s e " ; a l l w e c a n s e y i s t h a t thesse a r e t o r e o r l o r r , 
a p t d e s c r i p t i o n s o r wha t J o h n was d o i n g . 
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o r m o r e s ) , and t he s e c o n d c c a p a r i n g se t s i z e t o an 
a v e r a g e s e t s i z e , a s i n D a r t d c h and Vnnnr-aann 
( 1 9 7 2 ) . In the c o n s t r u c t i o n " a v g " i s r r q a r d e d as a 
f u n c t i o n o n c l a s s e s o f s e t s whose v a l u e i s t h e 
a v e r a g e c a r d i n a l i t y o f t h e s e t s i n a g i v e n c l a s s o f 
s e t s . 

which i n t u i t i v e l y j u s t "happen" as i n s t i g a t e d by 
soaeone or s o a e t h i n g . " 

Jus t as we are c o a p e l l e d to r ega rd c e r t a i n 
ongoing a c t i v i t i e s as i n s t i q a t e d by sosebody or 
s o a e t h i n g , we are denied the o p t i o n of r ega rd ing 
c e r t a i n a c t i o n s as hav ing an agent as shown in 

John was h u r t i n g nary by p u l l i n g hor h a i r <5.2> 

I n < 5 . 2 > t h e " h u r t i n g " n o t b e i n g a n a c t i o n , has n o 
a c t o r w h e r e a s i n 

John was d r a g g i n g Nary by p u l l i n g he r h a i r . <5 . 3> 

t h e " d r a g g i n g " , i n s o f a r a s i t i n v o l v e s F T S A N S ' i r g 
d o e s have John a s a n a c t o t . 

the He aay wonder by what c r i t e r i o n we draw the 
l i n e between what an a c t o r does and what be causes. 
In <5 ,2> , acco rd ing to Schank, we a r e to r ega rd t h f 
" h u r t i n g " as caused by the " p u l l i n g " a c t i o n . 3ut th? 
sane is t r u e ot P?fcNS' ir.g in <5, 3>. F u r t h e r m o r e , 
even d i r e c t b o d i l y a c t i c n such as Bowing a r an can 
be viewed as caus td by BUSCIO c o n t r a c t i o n o r , 
s u b j e c t i v e l y , as caused by an ac t o f w i l l , e i t h e r o f 
which aga in Bay hava antecedent causes . 

S i m i l a r l y we propose to sepa ra te v\\y something 
happened (causes, e n a b l i n g c o n d i t i o n s , r easons , 
e x p l a n a t i o n s , j u s t i f i c a t i o n s , and tha lik=») f r o a 
what happened. Ks w i t h " i g ^ n t s " , t h i s does not 
p revent us f r o a i n c l u d i n g cauna l p r o p o s i t i o n s in tho 
r e p r e s e n t a t i o n and r e l y i n g h e a v i l y on th^» f o : 
i n t e r p r e t a t i o n and i n f ^ r t i nce . However, t i n - * 
r e l a t i o n s and changes o f . s t a te , not cau&es, w i l l 
g i v e coherence to a se t of p r o p o s i t i o n s as an 

H e f e e l t h a t S c h a n k ' s l n g t . r u a t ? n t a l r e l a t i o n 
b- j tween a c t i o n s can and s h o u l d b e r e p r e s e n t e d i n 
t e r a s o f c a u s a t i o n a i td i r . t o n t i o n . For e x a m p l e , i f a 
s y s t e a has a c o n c e p t u a l i z a t i o n t o t h » e f f e c t t h a t 
John was T T i U N S M n g t h e b a l l b £ P B O P n ' i r . g i t , t h e r 
t h i s c o n c e p t u a l i i a * i o n s h o u l d a l s o e x p r e r s t h a t t :h° 
f R O P E L ' i n g was C J U S ^ E J t h e PTRANSMnq. I n f a c t , 
p h r a s e s o s t e n s i b l y e x p r e s s i n g i n s t r u m e n t a l a c t i o n s 
o f t e n e x p r e s s n o a o r e t h a n c a u s a t i o n . A n c x a a p l e i s 
t h e " t y " c l a u s e I n 

The e f f l u e n t s were k i l l i n g t h e f i s h b y 
r a i s i n g t h e t ^ a p e r a t u r e o f t h e w a t e r . <5 . <4> 

When t h e r e I s a d i f f e r e n c e , i t l i e s i n t h e 
I n t i m a t i o n o f p u r / p p s i v g c a u s a t i o n . I n 

J c h n woke n a r y b y b l o w i n g h i s 
t i u a p e t . < 5 . 5 > 

p u r p o s i v e c a u s a t i o n l a e x p r e s s e d , w h i l e I n 
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Hi th respec t to the < a c t o r - a c t i o n - o b j e c t > 
f o r a a l i s a , i t E « ° I E t o u s t h a t n o s t r u c t u r a l 
p r i a i t i v ^ s s h o u l d b e a t s o c i s t e J w i t h a c t o r s a * a l l . 
I n s tead we w i l l propose a n e u t r a l t e p r e s c r . t a ' . i o n ir . 
which e v j n t s arc expressed as seguer.cts of s t a t e s of 
the p a r t i c i p a n t s . The Euccesr.i v,> s t a t e s s i » p l y 
express "what h a p i e n t d " , w i thou t e x p l i c i t c c » » i r m p r * 
as to "who d i d i t " . However, tho ag«nt (s) in -w. 
event can be i d e n t i f i e d by supplem^n* ir y 
p r o p o s i t i o n s . Thus the n o t i o n of an ig?n* can 
c o n t i n u e to bo us*d to a i d i n t e r p r e t a t i o n ind 
i n f t r t n e a . However, i t would b a regarded as a r a t h - t 
" f u z z y " h igher l e v e l c o n c e p t , unde rs tood by tU* 
s y s t ^ n in t e n s of the r o l e o f a supposed ag-»r* 
w i t h i n a sequ^nc-? of c a u s a l l y and t e l » o l o g i c s 11 y 
r e l a t e d s t a t e s . Fcr e x a s p l e , i n t h * sentence "John 
uprooted the s a p l i n q " t h ; t-»r» agent would b^ 
cons ide r ?d h i g h l y a p p l i c a b l e zo John • s r o l e in ' h e 
event w h i l e i n the s p n t r n c j "The ava lancn* uprooted 
the t r e e " i t s a p p l i c a b i l i t y t o th-s r o l t o f t h r t 

avalanche would b-? c o n s i d ^ r ^ d r e l a t i v e l y low. Two 
f a c t o i s d e t e r B i n i n g the d e g r » " o f a p p l i c a b i l i t y o f 
the t e r a " a g e n t " to an o b j i c t in a sequ e nc* o t 
s t a t e s (event) would be the degree tc whtcn 
autoncBous c c n t r c l o f i t s behav iour can be a s c r i b e d 
to the o b j e c t and the ex ten t to which a s t a t e o f th? 
o b j e c t can b* held e x c l u s i v e l y r e s p o n s i b l e fo r 
i n i t i a t i n g the sequence o f s t a t e s . 
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A D e x p l a n a t o r y p a r a p h r a s e i s t h a f o l l o v i r g . " S o m -
unknown mode o f b e h a v i o u r o f John c a u s e d scme o b j e c t 
t o move q u i c k l y t o w a r d M a r y . S u b q u e n t l y t h e o b j e c t 
r e a c h e d Nary and e x e r t e d a f o r c - i o n h e r . " Note t h a t 
we have a s t a t e and an e v e n t h e r e , v i z . J o h r ' s 
unknown s t a t e and t h a e v e n t o f t h e o b j e c t a o v i n g 
t o w a r d n a r y and s t r i k i n g h e r . I n a c c o r d a n c e w i t h o u r 
e a r l i e r r e m a r k s a b c u t c a u s a t i o n , t h e c a u s a l 
c o n n e c t i o n s be tween J o h n ' s s t a t e and t h e e n s u i n g 
e v e n t does n o t sake J o h n ' s s t a t e p a r t o f t h a t e v e n t . 
O n l y e x c l u s i v e and s u c c e s s i v e s t a t e s o f a ( a r t i c u l a r 
s y s t e a o f o b j e c t s f o r a e v e n t s . A n a t u r a l i n f - r a n c ? 
i n F i g u r e 5 w o u l d b e t h a t J o h n i n t ' n t i o r . a l l v h i * 
M a r y , i . e . t h a t t h e a i s s i n g s t a t e o f John i s t h a * h-» 
was t r y i n g t o b r i n y a b o u t t h e e v * n t i n q u e s t i o n . w*1 

w o u l d r e p r e s e n t " t r y i n g * * b y th-? s t a t e p r e d i c a t e " « 
h a s a c t i v e g o a l y a t t i a a t * . k n a d d i t i o n a l e x a a p l e 
4 x ■ h n i t n in y \ eiitr e> 7. 



The e x p l a n a t o r y p a r a p h r a s e goes an f o l l o w s . The cuv 
was somewhere o n t h e g r o u n d , p r o p e l l i n g i t s e l f 
t o w a r d s a l o c a t i o n a b o v e t h e moon; t h e n i t was 
m o v i n g t o w a r d t h a t l o c a t i o n ; t h e n i t W a s a t t h a t 
l o c a t i o n ; t h e n i t WAS m o v i n g t o w a r d s a p l a c o f 
d e s t i n a t i o n o n t h e te j iour .d, s u c h t h a t t h e moon i s 
b e t w e e n t h e ( i l d c v o t d e p a r t u r e and p l a c e o f 
d e s t i n a t i o n ; t h e n i t was a t t h e p l a c s e t 
d e s t i n a t i o n . N o t " t h a t " m o v i n g t o w a r d s " c c u l d h a v e 
been r e p r e s e n t e d i n t e r n s o f " d i s t a n c e d e c r e a s i n g " 
as in F i g u r e 4 . 

A n i m p o r t a n t co r . seguenc t : o f o u r v e r y b r o e d 
c o n c e p t i o n o f s t a t e s i s t h a t new c o m p l e x s t a t e g 
(modes o f b e h a v i o u r ) c a n b e d e f i n e d i n t e r m s o f 

e v e n t s i n v o l v i n g p r i m i t i v e o r a l r e a d y d e f i n e d 
s t a t e s . The t i m e o f o c c u r r e n c e o f t h e s e e v e n t s can 
e x t e n d some d i s t a n c e b a c k w a r d and f o r w a r d f r om t h e 
■ o i e n t a t w h i c h t h ? new s t a t e i s d e f i n e d t o h o l d . 
f o r e x a m p l e " w a l k i n g " i s d e f i n e d i n t e r m s o f 
s u c c e s s i v e s t a t e s o f m o t i o n a n i d i s p l a c e m e n t o f t h e 
v a l k a r ' s f e e t and body o v e r a " p e r i o d o f 
O b s e r v a t i o n " e n c e m p a r s i n g ( say ) two s t e p s , s i n c e i n 
i n s t a n t a n e o u s " s n a p s h c t " c f a p e r s o n i s i n s u f f i c i . _ - r . t 
f o r d e c i d i n g w h e t h e r o r ne t t h a t p e r s o n i s w a l k i n g 
( a l t h o u g h i t i a y o f c o u r s e s u p p l y enough cuas tc> 
p r o s p t t b t i£l?tt£I}£* t h a t t h e p-?rson i s w a l k i n g ) . A 
t e n a t i v e d e f i n i t i o n o f " w a l k i n g " w i l l t e g i v e n 
b e l o w . 

C o a p l c x d y n a a i c s t a t e s ( aodes o f b e h a v i o u r ) 
s u c h a s w a l k i n g , r u n n i n g , d a n c i n g , t u s b l i n g , 
f l i c k e r i n g , ' t c , can b e c o n s t r u c t e d i n t e r n s o f 
■o re e l ^ a ^ n t a r y s t a t e s . The c o n s t r u c t i o n s a : - -
n e c e s s a r i l y a s c o m p l e x a s t h e s t a t e s t h e y d e s c r i b e . 
C o a p l e i i t y can r e s u l t f r o a t h e i n t r i c a t e 
c o o r d i n a t i o n o f s o v ^ r a l s i m u l t a n e o u s a c t i v i t i e s 
( e . g . " r o l l i n g " ^ x p r o t s ^ F r o t a t i o n and t r a n s l a t i o n 

a t c o o r d i n a t e d r a t e s ) , o r f r o a c o a p l c x t i n ? 
d e p e n d e n c i e s ( e . g - f l i c k e r i n g ) , o r t r e e b o t h 
( e . g . " w a l k i n g " o r oven " b u i l d i n g a s n o w a a n " ) . 

A t t h i s p o i n t t h e r e a d e r nay wonder w h e t h e r w ? 
f r o pose t o a i k e any u s e o f " c a s o s " i n o u r a p p r o a c h 
t o r e p r e s e n t a t i o n . The answer i s y e s i n t h e sense 
t h a t w ? i n t e n d t o e x p l o i t f u l l y t h e s e m a n t i c 
" p r e f e r e n c e s " t h a t any g i v e n p r e d i c a t e i n d u c e s o n 
I t s a r g u m e n t s . Fo r e x a m p l e t h e p r e d i c a t e " l o v i n q " 
p r e f e r s a p h y s i c a l o b j e c t a s I t s f i r s t a r g u a e n t and 
a p h y s i c a l l o c a t i o n a s i t s s e c o n d a r g u m e n t ; 'h-s 
p r e d i c a t e " h a s - a c * : i v e - q o a l " p r - f e r s a s e n t i e n t b e i n g 
a s i t s f i r s t a r g u m e n t and a s t a t e p r o p o s i t i o n a s i t s 
s e c o n d a r g u a e n t . F u r t I n m o r e , t h e r e a t e b r o a d 
s i a i l a r i t i t s bet*«»«n t h * a rgumen t p r e f e r e n c e s o f 
d i f f e r e n t p r ? J i c a t e s . T o r e x a a p l e , s e v e r a l 
p r e d i c a t e s p r e f e r a n i m a t e o b j e c t s i n c e r t a i n 
a r g u a e n t p o s i t i o n s . U e c e r t a i n l y can (and f o a e t i a ? s 
do) a c k n c w l e d g d s u c h s i m i l a r i t i e s and g i v e a r o u g h 
I n d i c a t i o n o f t h e s o r t o f p r e f e r e n c e s i n v c l v e d b y 
u s i n g s u g g e s t i v e a r g u a e n t w r i t e r s s u c h a s ANTfl , 
THING, PLACE, D IRECTION, e t c . , i n s t e a d o f 
n o n c o a a i t t a l B a r k e r s s u c h as A, B , C, . . . , . 
Howeve r , we do n o t t h i n k t h a t t h e s e a a r k e r s can be 
c h o s e n s o t h a t t h e y e x p r e s s n o t a e r e l y s i f i l a r b u t 
i £ £ D l i £ l l a r g u m e n t r o l ^ s and s e a a n t i c p r e f e r e n c e s , 
n o a a t t - a r i n w h i c h p r e d i c a t e t h e y o c c u r . T h i s vi«jw 
i s s u f p o r t e d b y B a r t s c h and v«nneaann ( 1 9 7 2 ) : 

" . . . ' c a s e * i s e n t i r e l y a s u r f a c e c a t e g o r y and 
n o t , a s F i l l a o r e (1S68) s u g g e s t s , a c a t e g o r y o f 
u n i v e r s a l s e a a n t i c s . S e a a n t i c r e p r e s e n t a t i o n s 
a r e b a s e d o n p r o p o s i t i o n s , w h i c h c o n s i s t o f a 
r e l a t i o n ( n - a r y p r e d i c a t e w i t h n>*0 ) w i t h a 
f i n i t e n u a b e r o f a r g u e e n t s f i l l e d e i t h e r w i t h 
c o n s t a n t s o r w i t h bound v a r i a b l e s . The ' a e a n i n g * 
o f a n a r g u i e n t a s a r g u m e n t i r . e n t i r e l y 
d e t e r m i n e d b y i t s r e l a t i o n . T h e r e f o r * 1 , n o two 
a r g u m e n t s h a t * p r e c i s e l y t h e saae a e a n i n g , a s 
a r g u a e n t s . T h u s , i f t h e a e a n i n g o f a n a i g u a e n t 
a s a r g u m e n t i s c a l l e d a c a s e , t h e n t h e r e a r e a s 
• a n y c a s e s a s t h e r e a r c a r g u a e n t s , and t h i s 
number , i f i t i s f i n i t e a t a l l , i s a v e r y l a r g e 
o n e . " 

Thus s e a a n t i c c a s e s , w h i l e c e r t a i n l y u s e f u l 
h * u r i s t i c a l l y i n f i n d i n g c r i n f e r r i n g a r g u a e n t s o f 
p r e d i c a t e s havo n o u n i v e r s a l o r p r i m i t i v e s t a t u s . 

V I . COHPLEX CONCEPTS 

A c c o r d i n g t o s c h a n k ' s d i c t i o n a r y . I f X gaXKS t o 
Z (where X is huann and 2 is a l o c a t i o n ) t h e n X 
PTRANS's I by X HOVUng t h e f e n t o f X in t h * 
d i r e c t i o n o f Z . A u n c i c r i t i c i s e o f t n i s f c r a u l n i1. 
t h a t i t r u l e s o u t w a l k i n g o n o n e ' s handr. and kn* . v , , 
o r w a l k i n g on o n e ' s h i m l - . ( a d a i t t v d l y <» r a t e s k i l l ) . 
Wore i a p c r t a n t l y , t h * t o r m u l a a d a i t s r u n n i n g , 
s k i p p i n g , h o f p i n g , l o g - i i n g , s h u f f l i n g , and ^ v ■•') 
s k a t i n g . P r n s u a a b l y , t l ; i , th - * d i e t ion.-* r y p n t r y i r . 
n o t i n t ^ n d - j d t o c a p t u r e t h e f u l l a e a n i n g o f 
"wa I k i n g " as we sees to u n d e r s t a n d i t , t u t or. 1 y 
t h o s e a r r e t s w h i c h a t - no-st u>r,s»n'. l a l t o l a n g u a g e 
under s t a n d i n g and ( i m m e d i a t e ) i n f e r e n c e . 

S i a i l a r l y M i l k s ' f o r a u l a s a r e a l s o m c c a p l e t o . * 
f o r e x a a p l e , i t i s c o r r e c t t o say t h a t DRINK i a p l i c - s 
( ( *AN I SUCJ) ( ( (FLOW STUFF) OBJE) ( ( » A M IN) ( ( (THIS 
( •AHI (THhll PART) ) ) TC) (3E C A U J E ) ) ) ) ) bu t r o t t h -

c o n v e r s e ( w h i c h c o u l d mean scaeone was r e c e i v i n g an 
e n e e a ) . S o a g a i n a s e l e c t i o n o f l i n g u i s t i c a l l y 
i a p o r t a n t f e a t u r e s h a s a p p a r e n t l y been a a d r . 

w « f e e l t h a t i t i s i a p o r t a n t t o f o r a u l a t e ao r -
c o a p l e t c a e a n i n g r e p r e s e n t a t i o n s f o r two r e * s o n s . 
F i r s t , w e b e l i e v e t h a t somewhat ao ro i r f c r a a t i o n 
w i l l b e r e q u i r e d f c r a d e g u a t o c o a p r e h e n s i o n o f 
" o r d i n a r y " d i s c o u r s e . S e c o n d l y , a u y h n o r " 
i n f o r a a t i c n w i l l s u i t l y b e r e q u i r e d t o l a t c h t h . • 
huaan a b i l i t y t o d e s c r i b e c o n c e p t s and r ^ a r c n a b o u t 
t h e e . For e x a a p l e , s u p p o s e we ask a r e a s o n a b l y 
a r t i c u l a t e p e r s o n t o d e s c r i b e huaan " w e l k i r g " i n a s 
much d e t a i l as p o s s i b l e . We B i g h t e l i c i t a*, l eas* , 
t h e f o l l o w i n g I n f o r a a t i o r . : lAch f o o t o f t h e w a l k e r 
r e p e a t e d l y l o a v e s t h e g r o u n d , aoves f r ' t l y i n - n » 
w a l k i n g d i r e c t i o n f o r a d i s tance? c o m p a r a b l e t o th . -
l e n g t h o f t h e w a l k e r ' s le-gs ( w h i l e s t a y i n q C I O S T T O 
t h e g r o u n d ) , t h e n i s s e t down a g a i n , and r u a i r - s m 
p o s i t i o n e n t h e g r o u n d , s u p p o r t i n g t he n a l k r r , w h i l -
t h e e t h e r f o o t goes t h r o u g h a s i a i l a r n o t u n . 7 h > 
r e p e t i t i o n r a t e i s a b c u t cne r e p e t i t i o n p e r s - c e n d . 
The l e g s r e m a i n a o r e o r l e s s e x t e n d o d . Th2 body 
r e a a i n s a o i e o r l e s s e r e c t and i s c a r r i a d f r r w a r d a t 
a f a i r l y c o n s t a n t r a t e . 

F u r t h e r d e t a i l s c c u l d b e added abou*- f l r x i r . g 
a c t i o n s o f f t e t , kne- *s , and h i p s , t h e s l i g h t u p - a n d -
down a o t i c n o f t h ? b o d y , t y p i c a l arm a c t i o n , ar.d 
f o r c e s e x r r t * > d on t h e g r o u n d . F i g u r e 8 shows * 
n e t w o r k w h i c h d e s c r i b e s " w a l k i n g " ( r e g a r d e d a s a 
s t a t e p r e d i c a t e w i t h th r *» r a r g u a e n t s b e s i d e s t i « * M 
a l o n g th« abovu l i n e s , k few p r o p o s i t i o n s h a v b->en 
o m i t t e d so as n o t t o c l u t r e r t h ^ d i a g r a a . These a r : ■ 
t h a t each f o o t i s a l s o abov» t h e g r o u n d (and c l o s e 
t o i t ) w h i l e a o v i n g , t h a t «iach f o o t i s a l s o 
s u p p o r t i n g x w h i l e s t a t i o n a r y ; t h a t t h e d u r a t i o n o f 
each o f t h e u n l a b e l e d t i n - i n t e r v a l s [ ] i s 
a p p r o x i a a t e l y ha I f a s e c o n d ; and t h a t t h e spe*d o f 
a o t i o n o f t h e w a l k e r ' s body i s a p p r c x i a a t e l y 
c o n s t a n t . T h e r e i s n o d i f f i c u l t y i n a d d i n g t h e s * 
s t a t e p r o p o s i t i o n s , e x c e p t t h a t t h e l a s t r e q u i r r - s 
" a o v i n g " t o have a n a d d i t i o n a l a r g u a e n t , r .aao ly th-^ 
speed o f a o t i o n . Note t h a t [ t i ] i s t h e " t i a * 
i n t e r v a l c f o b s e r v a t i o n " o f t h a w a l k e r , and t h a t i t 
c o n t a i n s t , t h e t i a e a t w h i c h x i s s a i d t o b+> 
w a l k i n g . Thus " w a l k i n g " i s d e f i n e d b y b e h a v i o u r i n 
t h e t e a p o r a l v i c i n i t y o f t h e aoaen t o f p r e d i c a t u r , 
s p e c i f i c a l l y a b o u t two s e c o n d s o f a o t i o n a l l o w i n g 
a b o u t t h r e e o r f o u r s t e p s . 

A l i a i t a t i o n o f o u r r e p r e s e n t a t i o n o f " w a l k i n g " 
i s t h a t I t i s n o t a p p l i c a b l e t o u n u s u a l aod»s o t 
w a l k i n g ( e . g . o n hands and kn^»s ) o r t o e n i i a l s . Or-' 
q u e s t i o n t h i s r a i s e s i s how aany " k i n d s " c f w a l k i n g 
s h o u l d b e r e p r e s e n t e d s e p a r a t e l y . A l s o , i s t h e r e a 
r e p r e s e n t a t i o n w h i c h e x p r e s s e s t h e C o n o r , f e a t u r e s 
o f a l l k i n d s o f w a l k i n g ? U e have a t t e m p t e d s u c h a 
r e p r e s e n t a t i o n i n F i g u r e 9 . The r e p r e s e n t a t i o n i ~s 
bas9d o n t h e f o l l o w i n g c h a r a c t e r i s t i c s o f w a l k i n g i n 
g e n e r a l : 

(1) I t i s done u s i n g l i a b s t h a t a r e a s u b s e t o f t h e 
l i a b s o f t h e i n d i v i d u a l i n v c l v a d i n t h e w a l k i n g ; 

(2) t h e number o f l i r b s l n v c l v > d i s g r e a t e r t h a n o r 
e q u a l t o t w o ; 

(3) a t a l l t i m e s s o i » o f t h e l i m b s used f o r w a l k i n g 
a r e i n n o n s l i d i n g c o n t a c t w i t h t h e w a l k i n g s u r f a r 
( t h i s i s no t t h e same as s a y i n g com-? o t th°> l i m b ' . 

a r c i n c o n t a c t w i t h t h e s u r f a c e a t a l l t i * ° . s ) ; 
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VII. ADVEREIALS 

The i n t e r e s t i n g f e a t u r e o f o u r r e p r e s e n t a t i o n 
i s t h e use o f q u a n t i f i c a t i o n t o d e s c r i b e t h e r o l > o f 
any neabec o f l e g s i n t h e w a l k i n g . Note t h a t w i t h o u t 
q u a n t i f i c a t i o n d e s c r i b i n g t h e l o c o a o t i o n c f s a y , a 
■ i l l i p e d e w o u l d b e v e r y t i r e s o m e . 

A s e r i o u s f l a w i n o u r r e p r e s e n t a t i o n o f 
" w a l k i n g " , and one f o r w h i c h we have no r y r . t e a a t i c 
r o e e d j , i s t h a t w e have i g n o r e d t h e " f u z z l n e r . s " o f 
many o f t h e a e a n i n q c o e p o n e n t s . For e x a m p l e , i t 
seas n e c e s s a r y t o pu t some c o n s t r a i n t s on the 
l e n g t h o f s t r i d e ( l e s t a huaan w a l k e r b e a l l o w e d t o 
e i n c e f o r w a r d i n B i l l i a e t « r i n c r s a e n t s ) , y e t t o g i v * 
a n e x a c t d i s t a n c e w o u l d b o a b s u r d . 

Our p u r p o s e i n t h i s s e c t i o n i s t o d n w 
a t t e n t i o n t o t h e a a j o r p r c b l e s o f r e p r e s e n t i n g 
a d v e r b i a l a e a n i n g s . I n p a r t i c u l a r w e c o n s i d e r 

a r t s c h and V e n n e r a n n ' s (1972) a p p r o a c h , w h i c h seems 
p r o a i s i n g b u t w i l l b e seen t o have s e r i o u s d e f e c t s . 

B a r t a c h and Venneaann (1972) s u g g e s t t h a t 
a d v e r b i a l a o d l f i e r s o p e r a t e o n v e r b a o a n i r . q s i n t h e 
saae Banner t h a t a d j e c t i v a l a o d i f i e r s o p e r a t e o n 
noun a e a n i n g s . O n e p r o b l c e i n t h i s a p p r o a c h i s b e s t 
i l l u s t r a t e d b y t h e f o l l o w i n g e x a a p l e . 

John owns a l a r g e c a r . 
J o h n i s r u n n i n g q u i c k l y . 

<7.1> 
<7.2> 
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Schank (1972) d i a g r a m s a d v e r b s a s a c t i o n 
a o d i f i e r s w i t h o u t f u r t h e r a n a l y s i s . A p p a r e n t l y h e 
has n e t c o n c e r n e d h i a s e l f w i t h t h * l r B t a t i n q s s o 
f a r * I n t h e case c f aany a d v e r b s (as i a t h e c a s g o f 
• a n y a d j - s c t i vt»s) t h i s n e g l e c t i s p r o b a b l y j u s t i f i e d , 
s i n c e l o s t o f t h-j a e a n i n g c o n t e n t d e r i v e s t r o * 
p e r c e p t u a l p r o c e s s e s . For e x a a p l e , i n t h e s ? n t e n c 
" n a r y w a l k e d g r a c e f u l l y " i t i s d i f f i c u l t t o 
p a r a p h r a s e " g r a c e f u l l y " i r . s o r e e l e a e n t a i y t e n s . 
E s s e n t i a l l y we knew g r a c e f u l n e s s » h * n we see i t . 
Thus p e r c e p t u a l u n d e r s t a n d i n g n^eds t o b e 
s u p p l e a e n t e d o n l y b y a few a d d i t i o n a l f a c t s f o r 
l a n g u a g e c o m p r e h n s i c n P u r r o s e s , s u c h a s t h e f a c t 
t h a t g r a c e f u l a o t i o n i s g e n e r a l l y p l e a s i n g , i s s o r ° 
o r l e s s t h e o f p o s i t e o f awkward a c t i o n , i s s B o o t h 
and w e l l - c o o r d i n a t e d , and t h e l i k e . O t h e r a d v e r b i a l 
■ o d i f i e r s , howevRr , c l e a r l y r e q u i r e s y j t ^ i a t i c 
a n a l y s i s ; " q u i c k l y " i s a g o o d e x a a p l e . I h i s t e n 
a p p e a r s t o say s o a e t n i n g a b o u t t h * £j>££d o f a n 
a c t i o n o r a c t i v i t y , c o a p a r i n g i t t o soae s t a n d a r d . 
A D a d e q u a t e a u a n i n g r e p r e s e n t a t i o n f o r " q u i c k l y " 
s h o u l d s p e l l t h i s o u t p r e c i s e l y . 

F i n a l l y w o w i s h t o p o i n t o u t t h a t a a r y ( p e r h a p s 
B o s t ) c o n c e p t s c a n b e u n d e r s t o o d i n d i t f t i t n t k i n d . ; 
o f w a y s , f o r e x a B f l e , i n " J o h n was l i s t e n i r g t o t h o 
i n c e s s a n t c h i r p i n g o f t h e c r i c k e t s , " i & " c h i r p i n g " 
u n d e r s t o o d s i a p l y b y i t s corr*>spond<*nc» t o a 
p a r t i c u l a r a u d i t o r y s e n s a t i o n , o r i s i t u r . d - ~ r r s r . o o d 
a s a r a p i d l y f l u c t u a t i n g , s o r e o r l e s s u n i f o r m l y 
h i g h - p i t c h e d s o u n d , o r evpn a s a c o n p l c i v a r i a t i o n 
o f a i r p r e s s u r e w i t h t i s e ? ( I i n s k y ' s (197U) r e c a n t 
work o n " f r a i e e y s t e a s " s t r c n g l y s u g g e s t s t h a t t h r 

k i n d c f u n d e r s t a n d i n g o f a c o n c e p t we use a t a g i von 
t i a e i s e x t r e m e l y t a s k and c o n t e x t d e p e n d * i t t . T h i s 
c e r t a i n l y c a s t s d c u b t o n t h e o n e - c a n c e p t - o r * * - f o i n i u l r t 
a p p r o a c h t o l a n g u a g e u n d e r s t a n d i n g . 



c h e e t a h ' s r u n n i n y as compated to the avo r «!>»•.of a r c f ' J i e n c * set of l u n n i n g s (by chee tahs in dens 
f o r e s t s ) . 
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FCOTNOTFS 

1 C f . t h e s e l e c t i o r . a l r e s t r i c t i o n s o f K a t z ( 1 9 6 4 ) . 
* F o r a more c o m p l e t e d e s c r i p t i o n see b e l o w . 
2 T h i a s o a e t h i n g i n c l u d e s n a t u r a l f o r c e s i n a vague 
u n s p e c i f i e d s e n s e . 
* U n l i k e Schank we do n o t r e g a r d "he vas g o i n g " and 
" h e w e n t " as e q u i v a l e n t ; we c l a i m t h a t " he wen*. 
t h e r e , " u r l i k e ' ' h e was g o i n g t h e r e , " a f f i r m s t h a t h e 
d i d a r r i v e a t h i s d e s t i n a t i o n , and t h a t i t i s 
d e c i d e d l y odd to say "he went t h e r e b u t dide". . g e t 
t h e r e . * * 
* Po r e i a a p l e , A * s o l i d , B » l i q u i d ; A g r o u n d , 

r e c t a n g u l a r . 
* C f . L a k o f f ' s (1972) l e i i c a l d e c o s p o s i t i o r t n ^ s . 
1 I t w o u l d s e e s t h a t t h e huean i n t * » i f r e t a t i v 
p r o c e s s d o e s n o t t r o c c e d o n th-? b a s i s o f t h e a i n i a a l 
c o n c e p t u a l i z a t i o n f o r s « d b y e e b a d d i n g t h e u r a n l 
c o n t e n t o f t e r a £ i n t o t h e c o n c o p t u a l i z a t i o n . P a t h e r 
t h e o r i g i n a l i £ X J i l * £ l l s u g g e s t s what w e c o u l d 
I n f e r i n a d d i t i o n t o t h e a i n i s a l c o n t e n t . T h i s s r : m s 
l i k a a r e a s o n a b l e v i e w o n t h e b a s i s o f e f f i c i e n c y 
c o n s i d e r a t i o n ! a s w e l l . I t s h o u l d b e such s i a p l ^ r t o 
I n s e r t p r o b a b l e i n f e r e n c e s i n a s s s a n t i c s t r u c t u r e 
b y d i r e c t r e f e r e n c e t o t h * word d e f i n i t i o n s i n s t e a d 
o f a n a l y z i n g t h e a i n i e a l r e p r e s e n t a t i o n and t h e n 
l o o k i n g f o r a p p l i c a b l e i n f e r e n c e r u l e s . 
* A n opaque c o n t e i t i s one w h i c h does n e t a l l o w 
s u b s t i t u t i o n o f 
r e f e r e n t l a l l y e q u i v a l e n t e t p r e n s i o n s o r do-? s n o t 
a l l o w e i i & t e n t i a l q u a n t i f i c a t i o n . T h i s i s a w e l l 
known p r o t l e a d i s c u s s e d a t l e n g t h b y Q u i n e ( I 9 6 0 ) 
a n d i n A r t i f i c i a l I n t e l l i g e n c e b y M c C a r t h y and Hay«s 
(1969 ) and n o o r e ( 1 9 7 3 ) . 
* See P a r t e e (1972) f o r d e t a i l s . 


