
I. Intoduceion 

S e m a n t i c n e t w o r k s ( o r n e t s ) mean d i f f e r e n t 
t h i n g s t o d i f f e r e n t p e o p l e . They a r e v e r j o u r . l v 
t h o u g h t o f a s d i a g r a m s o n p a p e r , a s a b s t r a c t s^\t-
o f n - t u p l e s o f some so r t , a s d a t a s t r u c t u r e s i n . 
c o m p u t e r s , o r even a s i n i o i n a t i o n s t r u c t u r e s : n 
b r a i n s . M y c o n c e r n h e r e w i l l b e w i t h s e m a n t i c ne t s ; 
as g r a p h i c a l e n a l o g u s o f d a t a s t i u c t u K ^ . 
r , e p r e i e n t i r g " U r l r " i n a c o m p u t e r s y s t e m l o r 
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 . They a i d b o t h : n 
t h e f o r a u l a t i c n and e x p o s i t i o n o f t h e da*a 
s t r u c t u r e s t h e y r e s e m b l e . E x a m p l e s o f such 
g r a p h i c a l a i d s a r e f o u n d i n t h e work o f O u i l l i a n 
( 1 9 6 8 , 1 9 6 9 ) , Palme ( 1 9 7 1 ) , Schank ( 1 9 7 2 , 1 9 7 ? ) , 
Simmons 6 B r u c e (1971) , A n d e r s o n £ Bower (1973) , 
H e n d r i x e t a l . ( 1 9 7 3 ) , R u m e l h a r t e t a l . ( 1 9 7 2 ) , 
M y l o p c u l o s e t a l . ( 1 9 7 3 ) , and many o t h e r w r i t e r s . 
S e m a n t i c n e t s a r e a l s o used t o a d v a n t a g e i n t h e 
m e c h a n i z a t i o n o f o t h e r f o r m s o f u n d e r s t a n d i n g , 
p a r t i c u l a r l y s c e n e u n d e r s t a n d i n g , e . g . , b y f c x i i s t t n 
( 1970 ) , Gtwean (1971) , and r i r s c h e i n ε F i s c h l e r 
( 1 9 7 1 ) . 

The i n f e r n a l and d i s p a r a t e ways i r w h i c h 
s e m a n t i c n e t s have been used p r e c l u d e t h e i r 
p r e c i s e d e f i n i t i c n i n a n o n r e s t i r t i v r way. 
H o w t v r , t h e y have g e n e r a l l y s h a r e d t h e i c l l o w i n g 
c h a r a c t e r i s t i c s : 

P a r t i c u l a r a s w e l l a s g e n e r a 1 c o n c e p t s a r e 
r e p r e s e n t e d a s l a b e l e d o r u n l a b e l e d r o d e s o f 
a g r a p h . 
P r o p o s i t i o n s c o n s i s t o f s u b g r a phs w i t h l i n k s . 
t o a p r e d i c a t i v e c o n c e p t and t o a s u i t a b l e 
number o f c o n c e p t u a l a r g u m e n t s f o r t h e 
p r e d i c a t e . E x p l i c i t p r o p o s i t i o n n o d e s a i e 
s o m e t i m e s i n t r o d u c e d a s p o i n t s o f a t t a c h m e n t 
f o r t h e s e l i n k s , and a s u n i t s or: w h i c h 
p r e p o s i t i o n a l o p e r a t o r s ( e . g . , " k n o w s t h a t " ) 
can o p e r a t e . 

D u p l i c a t i o n o f n o d e s d e n o t i n g t h e same 
c o n c e p t i s a v o i d e d . Thus s e v e r a l a r c s 
a s s o c i a t e d w i t h s e v e r a l d i s t i n c t p r o p o s i t i o n s 
may r h a r e t h e s a t e c o n c e p t n o d e . Such n o d e s 
a r e u s u a l l y r e g a r d e d a s c o r r e s p o n d i n g t o a 
u n i g u e c o m p u t e r s t o - rage l o c a t i o n , i . e . , t h e 
e n t r y p o i n t f o r a c c e s s i n g k n o w l e d g e a b o u t 
t h a t c o n c e p t . S i m i l a r l y p r o p o s i t i o n n o d e s a r e 
r e g a r d e d a s u n i g u e . 

I n c o m p a r i s o n w i t h P r e d i c a t e C a l c u l u s 
e n c o d i n g s o f f a c t u a l k n c w l f d g e , s e m a n t i c n e t s seem 

o r e n a t u r a l and u n d e r s t a n d a b l e . T h i s i s due t o 
t h e c n e - t o - o n e c o r r e s p o n d e n c e be tween n c d e s a n d 
t h e c o n c e p t s t h e y d e n o t e , t o t h e c l u s t e r i n g a b o u t 
a p a r t i c u l a r node o f p r o p o s i t i o n s a t o u t a 
p a r t i c u l a r t h i n g , and t o t h e v i s u a l i m m e d i a c y o f 
" i n t e r r e l a t i o n s h i p s " among c o n c e p t s , i . e . , t h e i r 

c o n n e c t i o n s v i a s e q u e n c e s o f p r o p o s i t i o n a l l i n k s 
These p r o p e r t i e s o f s e m a n t i c n e t s a i d i n t h e 
d e s i g n o f c o m p a r i s o n a l g o r i t h m s , such c s t h a t o f 
O u i l l i a n ( 1 9 6 8 , 1 9 6 9 ) f o r f i n d i n g i n t e r s e c t i c n 
n o d e s f o r two r e l a t e d c o n c e p t s , o r t h a t o f W i n s t o n 
(1970) f o r c o m p a r i n g t w o comp lex s c e n e 
d e s c r i p t i o n s . C e r t a i n k i n d s o f d e d u c t i v e i n f e r e n c e 
a l s o a p p e e r t o b e f a c i l i t a t e d b y t h e n e t w o r k 
r e p r e s e n t a t i o n ( S a n d e w a l l , 1 9 7 0 ) . 

( l a v i n g a c k n o w l e d g e d some a d v a n t a g e s o f 
s e m a n t i c n e t s o v e r t h e P r e d i c a t e C a l c u l u s 
r e p r e s e n t a t i o n , I s h o u l d l i k e t o e m p h a s i z e t h a t I 
r e g a r d t h e t w o f c r m s o f r e p r e s e n t a t i o n a s c l o s e l y 
a k i n 1 . I w i l l o f t e n s u p p l y p r e d i c a t e C a l c u l u s 
e q u i v a l e n t s o f n e t w o r k p r o p o s i t i o n s i n o r d e r t o 
i l l u s t r a t e t h e i r n e a r - i s o m o r p h i s m . F u r t h e r m o r e , 
s e m a n t i c n e t w o r k s p r o p o s e d s o f a r h a v e b e e n 
e x p r e s s i v e l y weake r t h a n P r e d i c a t e C a l c u l u s , 
p a r t i c u l a r l y i n t h e i r h a n d l i n g o f q u a n t i f i c a t i o n 
and o f h i g h e r - o r d e r s t a t e a e n t s . I n t h e f o l l o w i n g 
s e c t i o n s 2 w i l l d e v e l o p a n e t w o r k r e p r e s e n t a t i o n 
w h i c h p e r m i t s t h e use o f n - a r y p r e d i c a t e s 
(n = 1 , 2 , 3 . . . ) , l o g i c a l c c n n i c t i v c s , u n i e s t r i c t i d 
q u a n t i f i c a t i o n ( i n c l u d i n g q u a n t i f i c a t i o n o v e r 
p r e d i c a t e s ) , lambda a b s t r a c t i o n , and 
n o r e x t e n s i o n a l o p e r a t o r s such a s b e l i e f a n d 
c o u n t e r f a c t u a l i m p l i c a t i o n . The r e p r e s e n t a t i o n 
e a s i l y a c c o m o d a t e s p r o p o s i t i o n s o f t h e t y p e 
e n c o d e d b y O u i l l i a n ( 1 9 6 8 , 1 9 6 9 ) , w i r r t o n ( 1 9 7 0 ) , 
Schank ( 1 9 7 2 ) , and F u m e l h a r t e t a l . ( 1 9 7 2 ) i n 
t h t i r n e t w o r k s . C o m p a r i s o n w i t h n e t w o r k 
r e p r e s e n t a t i o n s used b y t h e s e and o t h e r a u t h o r s 
a r e made a s f a r a s space p e r m i t s . Sec . I I 
i n t r o d u c e s t h e f a s i c p r o p o s i t i o n a l n o t a t i o n , and 
S e c s . I I I - V p r o g r e s s i v e l y e x t e n d t h e power o f t h e 
n o t a t i e n . 

I I . A t o m i c P r o r o s i t i o n s 

The b a s i c node t y p e i n t h e n o t a t i o n t o b e 
d e v e l o p e d i s t h e c o n c e p t n o d e . C o n c e p t n c d e s may 
d e n o t e i n d i v i d u a l s s u c h a s J o h n , C a n a d a , a 
p a r t i c u l a r c h a i r , o r a p a r t i c u l a r r e a l n u m b e r ; 
t h e y may d e n o t e s e t s such as a s e t o f o f c h i l d r e n , 
a s e t o f n u m b e r s , o r a s e t o f p r o p e r t i e s ; o r t h e y 
may d e n o t e p r e d i c a t i v e c o n c e p t s such a s ( t h e 
u n i v e r s a l c o n c e p t ) c h a i r , r e d , h o n e s t , v i r t u e , 
l a r g e r t h a n , i n f r o n t o f , b e t w e e n , o r a i v e s . Nodes 
may b e l a b e l e d w i t h names f o r t h e c o n c e p t s t h e y 
d e n o t e , e . g . , J c h n , c h a i r , c h a i r l , c h a i r 2 ; 
o r d i n a r y a t t r i b u t i v e - t e r m s such a s " c h a i r " a r e 
r e s e r v e d f o r t h e c o r e s p o n d i n g u n i v e r s a l c o n c e p t s , 
w h i l e n u m e r i c a l l y s u f f i x e d wo rds such a s " c h a i r l " 
a r e used t o r p a r t i c u l a r i n s t a n c e s o f t h e c o n c e p t s . 

The s m a l l e s t u n i t o f i n f o r m a t i o n i n a 
s e m a n t i c r e t i s t h e a t o m i c p r o p o s i t i o n . A n a t o m i c 
p r o p o s i t i o n c o n s i s t s c f a p r o p o s i t i o n n p d e , a PRED 
l i n k t o a p r e d i c a t i v e n o d e , and l i n k s t o a 
s u i t a r l e number o f c o n c e p t n o d e s s e r v i n g a s 
a r g u m e n t s o f t h * p r e d i c a t e . The a r g u m e n t l i n k s a r e 
marked i a some s y s t e m a t i c w a y , e . g . . A , B , C , 
e t c . , t o d i s t i n g u i s n t h e f i r s t , s e c o n d , t h i r d , 
e t c . , a r g u m e n t s . E x a m p l e s a r e shown i n F i g . 1 ( a ) * 
(c) , a l c r g w i t h t h e i r P r e d i c a t e C a l c u l u s 
r e p r e s e n t a t i o n s . A l l n o d e s i n F i g . 1 ( a ) - ( c ) a r e 
r e g a r d e d a s t y p e nodes i n Q u i l l i a n ' s (1966) s e n s e 
and c o r r e s p o n d t o u n i q u e s t o r a g e l o c a t i o n s . N o t e 
t h a t t he l i n k s i n a p r o p o s i t i o n a r e d i r e c t e d f r o m 
t h e f i o p o s i t i o n node t o t h e c o m p o n e n t s o f t h e 
p r o p o s i t i o n . The o n l y s i g n i f i c a n c e o f t h i s 
c o n v e n t i o n i s t h a t i t e n s u r e s n o n a m b i g u i t y o f t h e 

1 F o r m a l l o g i c a l r e p r e s e n t a t i o n s a r e o f t e n w r o n g l y 
a l i g n e d f o r s u p p o s e d l y c o m m i t t i n g t h e d e s i g n e r t o 

t h e a p p l i c a t i o n o f s y n t a c t i c a l l y o r i e n t e d u n i f o r m 
i n f e r e n c e p r o c e d u r e s . T h i s c r i t i c i r n c o n f u s e s t h e 
l anguege o f l o g i c w i t h i t s c a l c u l u s . N o t h i n g 
w h a t e v e r p r e v e n t s t h e a p p l i c a t i o n o s h e u r i s t i c o r 
p l a u s i b l e i n f e r e n c e r o u t i n e s t o P r e d i c a t e C a l c u l u s 
a s s e r t i o n s . I n d e e d , F L A t i K E R - l i k c s y s t e m s c o m b i n e 
h e u r i s t i c i n f e r e n c e p r o c e d u r e s w i t h a r e s t r i c t e d 
f o r a c f P r e d i c a t e C a l c u l u s i n t h e d a t a b a s e . 
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L. K, S c h u b e r t 
U n i v e r s i t y o f A l b e r t a 

K d o o n t o n , A l b e r t a 

A b s t r a c t " F a c t u a l k n o w l e d g e " used b y 
n a t u r a l l a n g u a g e p r o c e s s i n g s y s t e m s can 
b e cos.vcn i t r . t l y r e p r e s e n t e d i n t h e f o r m 
o f s e m a n t i c n e t w o r k s . Compared t o a 
" l i n e a r " r e p r e s e n t a t i o n such a s t h a t o f 
t h e P r e d i c a t e C a l c u l u s h o w e v e r , s e m a n t i c 
n e t w o r k s p r e s o r t r r e c i a l p r o b l e m s w i t h 
r e s p e c t t o t h e use o f l o g i c a l 
c o n n e c t i v e s , q u a n t i f i e r s , d e s c r i p t i o n s , 
and c e r t a i n o t h e r c o n s t r u c t i o n s . 
S y s t e m a t i c s o l u t i o n s t o t h e s e p r o b l e m s 
w i l l b e p r o p o s e d , i n t h e f o r m o f 
e x t e n s i o n s t o a more o r l e s s 
con v e n t i o r ia l n e t work r o t a t i o n . P r e d i c a t e 
C a l c u l u s t r a n s l a t i o n s o f n e t w o r k 
p r o p o s i t i o n s w i l l f r c g u e n t l y b e g i v c n 
f o r c o m p a r i s o n , t o i l l u s t r a t e t h e c l o s e 
k i n s h i p o f t h e t w o f o r m s o f 
r e p r e s e n t a t i o n . 

<3) 



F i g . 3 . Comparison w i t h Schank 's n o t a t i o n 
"John t r a n s f e r s t h e book f r o a John to Mary" 

III. Logical Connectioes. 

I D most v a r i e t i e s o f semant i c n e t s v e r y 
l i t t l e use i s made o f l o g i c a l c o n n e c t i v e s . There 
i s l i t t l e need f o r c o n j u n c t i o n , s i n c e u s u a l l y a l l 
p r o p o s i t i o n s in t h e net a re assumed to be 
a s s e r t e d , and o f c cu r se t h i s i s e g u i v e l e n t t o 
a s s e r t i o n c f t h e i r c o n j u n c t i o n . That s e v e r a l 
r e s e a r c h e r s have chosen to do w i t h o u t d i s j u n c t i o n 
a s w e l l i s perhaps t r a c e a b l e t o the f a c t t h a t 
a s s e r t i o n c f " p v g " i s i n a sense o n l y h a l f as 
i n f c r e a t i v e as a s s e r t i o n o f any o f t he b i n a r y 
c o n j u n c t s which i m p l y i t ( p ε g , - p ε g , o r p ε -g ) , ye t 
i s j u s t a s b u l k y . 

Neve r t he l ess d i s j u n c t i o n and o t h e r 
c o n n e c t i v e s are commonplace i n o r d i n a r y d i s c o u r s e 
and in any case t hey a r e needed f o r t r u t h -
f u n c t i o n a l comp le teness . NOW everyone who uses 
semant ic ne t s employs some s o r t o f n e g a t i o n d e v i c e 
and c f course n e g a t i o n t o g e t h e r w i t h c o n j u n c t i o n 
i s t r u t h - f u n c t i o n a l l y c o r p l r t e . The p r o b l e r w i t h 
most o f the n e g a t i o n d e v i c e s , however, i s t h a t 
t hey are a p p l i c a b l e t o a t o m i c sen tences o n l y 
( e . g . , p u t t i n g " n o t " i n f r o n t o f a p r e d i c a t e , o r 
c r o s s i n g o f f a s u b j e c t - p r e d i c a t e l i n k ) ; and 
n e g a t i o n o f atoms t o g e t h e r w i t h c o n j u n c t i o n i s no t 
t r u t h - f u n c t i o n a l l y comp le te . I t i s q u i t e c l e a r 
what the a l t e r n a t i v e s a r e . I f we want t o r e s t r i c t 
n e g a t i o n to atoms, we need to i n t r o o u c e an 
a d d i t i o n a l l o g i c a l c o n n e c t i v e ( e . g . , d i s j u n c t i o n 
o r i m p l i c a t i o n ) . I f we want t o s t a y w i t h n e g a t i o n 
and c o n j u n c t i o n , we heve to ex tend t h e n e g a t i o n 
c o n v e n t i o n s o t h a t i t i s a p p l i c a b l e t o cor, J u n e ' s , 
In e i t h e r case we need to c r e a t e g r a p h i c a l 
e n t i t i e s which co r respond t o compos i te s e n t e n c e s 
Composed of a r b i t r a r i l y many a tomic s e n t e n c e s . The 
o b v i o u s s o l u t i o n l i e s i n the i n t r o d u c t i o n o f 
e x p l i c i t nodes f o r l o g i c a l compounds o f 
p r e p o s i t i o n s (or open s e n t e n c e s ) , w i t h g r a p h i c a l 
l i n k s t o t h e components. F i g . 4 i l l u s t r a t e s t h e 
f o r m a t i o n o f d i s j u n c t i o n s by the use o f g r a p h i c a l 
l i n k s t o tokens o f the d i s j u n c t i o n o p e r a t o r . The 
net s t a t e s "Mary i s not a t home; she i s e i t h e r a t 
s c h o o l , o r e n the p l a y g r o u n d , o r a t t h e zoo; i f 
she is no t a t s c h c o l , her mother w i l l be a n g r y " . I 

f i g . u . "r tary i s r o t a t hone; she i s e i t h e r a t 
s c h o o l , ox on t h e p l a y g r o u n d , o r a t th? 
z c o ; i f she i s r o t e t s c h o o l , her ne the r 
w i l l b e a n g r y . " 

w i l l assume t h a t the o p e r a t o r "V " t a k e s cue o r 
so re operands . I t s g e n e r a l f o r t i s shewn i n 
F i g . 5. 
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network s y n t a x . In a computer i m p l e m e n t a t i e n the 
l i n k s c o u l d be reve rsed or two-way, depend ing on 
c o m p u t a t i o n a l needs. 

The p r o p o s i t i o n a l d iagrams may be s i m p l i f i e d 
ar. f e l l o w s . Any e x p l i c i t p r o p o s i t i o n node a l o n g 
w i t h i t s l i n k to t h e p r e d i c a t i v e node way be 
r e p l a c e d by a p r e d i c a t e t o k e n . v i z . , t h e 
( n o n o n c i r c l e d ) nane of t h e p r e d i c a t e . S ince 
p r e d i c a t e tokens i m p l i c i t l y e s t a b l i s h p r o p o s i t i o n 
nodes , s e p a r a t e tokens ous t be used in s e p a r a t e 
p r o p o s i t i o n s , even i f t h e p r e d i c a t e s i n v o l v e d ere 
the same. Another p e r m i s s i b l e s i m p l i f i c a t i o n o f 
t h e d iagrams is the o m i s s i c n o f l i n k markers when 
the p r e d i c a t e i s monadic ( i . e . , denotes a 
p r o p e r t y ) o r dyad ic ( i . e . , deno tes a b i n a r y 
r e l a t i o n ) ; i n t h e dyad i c case t h e f i r s t and second 
arguments a re t hen d i s t i n g u i s h e d by o m i t t i n g t h e 
arrowhead o n t h e l i n k t o t h e f i r s t argument . The 
s i m p l i f i e d d iagrams f o r t h e p r o p o s i t i o n s i n 
F i g . 1 ( a ) - ( c ) a r e shown i n F i g . 1 ( d ) - ( f ) . I w i l l 
u s u a l l y op t f o r the s i m p l i f i e d n o t a t i o n i n t h e 
s e q u e l , excep t i n d iagramming c e r t a i n h i g h e r - o r d e r 
c o n s t r u c t i o n s . 

The proposed p r o p o s i t i o n a l n o t a t i o n i s 
c l o s e l y r e l a t e d t o v a r i o u s e x t a n t n o t a t i o n s . 
F ig 1 (e) i s e s s e n t i a l l y in the s t y l e o f Winston 
(1970 ) , a l t h o u g h Winston does not i n t r o d u c e 
p r o p o s i t i o n nodes as d i s t i n c t f rom concept nodes. 
I r e g a r d F i g . 1(d) as t h e p roper monadic analogue 
o f the d y a d i c n o t a t i o n . Diagrams 1 ( a ) - (c) c l o s e l y 
resemble the p r e p o s i t i o n a l g raphs o f Rumelhar t e t 
a l . ( 1 9 7 2 ) . F i g s . 2 and 3 i n d i c a t e how the present 
c o n v e n t i o n s r e l a t e t o t hose o f Q u i l l i a n (1969) and 
Schank (1972) r e s p e c t i v e l y . A f u l l e r compar ison 
w i t h a d i s c u s s i o n of " c a s e s " can be found in 
Schuber t ( 197« ) . 



a r b i t r a r i l y mary an teceden t s and a c o n j u n c t o f 
a r b i t r a r i l y many consequen ts . No l a b e l s are needed 
i n t h e a b b r e v i a t e d r o t a t i o n i f consequent and 
a n t e c e d e n t l i n k s are shown emerg ing f o r t and a f t 
o f t h e i m p l i c a t i o n symbol r e s p e c t i v e l y . 
E q u i v a l e n c e i s d e f i n e d a n a l o g o u s l y (symbol <=> ) , 
a l l o w i n g a r b i t r a r y s e t s o f c o n j u n c t s t o b e 
e g u i v a l e n c « d . 

For a semant ic ne t c o n t a i n i n g l o g i c a l 
compounds, we must r e v i s e the u s u a l convent ion of 
r e g a r d i n g a l l p r o p o s i t i o n s i n t h e net a s a s s e r t e d . 
The c o n v e n t i o n I w i l l adopt i s t h a t t h e comp le te 

modal o p e r a t o r s ) . G r a p h i c a l l y t h i s m e a n n s t h a t 
e x a c t l y those p r o p o s i t i o n s are a s s e r t e d which a re 
no t p c i n t e d t o . T u s i n F i g . 4 , f o r examp le , "Mary 
i s n o t a t hone" end "mary i s a t schoo l o r her 
mother w i l l be angry " ar t a s s e r t e d whereas "mary 
i s a t the zoo" and "Nary i s a t s c h o o l " a i c n o t . 
T h i s r a i s e s the q u e s t i c n of how to a s s e r t a 
p r o p o s i t i o n which is a l s o a c o n s t i t u e n t o f a 
compound p r o p o s i t i o n . F i r s t , f o r l o g i c a l compounds 
t h i s need never occu r . Tor example , i f a 
c o n s t i t u e n t p of a d i s j u n c t i o n pVgVr is knewn to 
be a s s e r t a b l e , then t h a t e n t i r e d i s j u n c t i o n can be 

* I am t a k i n g a r a t h e r l i t e r a l i n t e r p r e t a t i o n of 
t h e s e n t e n c e , i g n o r i n g the i m p l i c i t c a u s a l 
p r o p o s i t i o n . 

r e p l a c e d by the p r o p o s i t i o n p and the a l t e r n a t i v e r . 
qVr d e l e t e d . The reason is t h a t pMpVqVr) < = > p-
S i m i l d r s i m p l i f i c a t i o n s r e s u l t i f a c o n s t i t u e n t o f 
5n_y l o g i c a l compound is a s s e r t e d . For 
p r o p o s i t i o n a l a t t i t u d e s , c a u s e s , i n t e n t i o n s end 
t h e l i k e , however, we may indeed want to a s s e r t a 
c o n s t i t u e n t i n d e p e n d e n t l y o f t he compound. I n t h i s 
case we can use d is j u n c t i o n w i t h a s i n g l e o p e r a n d , 

V - - > p , 
as a way of s a y i n g "p I so l ds " . S ince t h e "compound" 
p r o p o s i t i o n e s t a b l i s h e d by the token V is no t 
p o i n t e d t o , i t i s a u t o m a t i c a l l y a s s e r t e d . 
A l t e r n a t i v e l y we cou ld use c o n j u n c t i o n of a s i n g l e 
p r o p o s i t i o n ( w i t h an e x p l i c i t "ε") o r even double 
n e g a t i c n to the sane e f f e c t . Examples are shown in 
F i g . 7 . The " b e l i e f s " diagrammed i n t h i s f i g u r e 

a re examples c f " p r o p o s i t i o n a l a t t i t u d e s " ; t h e y 
are governed by modal o p e r a t o r s about wh ich 1 w i l l 
have a l i t t l e more to say in Sec. V. 

? w i l l conc lude t h i s s e c t i o n w i t h some 
remarks o n e x i s t i n g n o t a t i o n s . Q u i l l i a n (1968) 
used a "hopp ing a r r o w " t o c o n j o i n o r d i s j o i n s e t s 
of p r o p o s i t i o n s . However, any such a r row was 
a s s o c i a t e d w i t h a p a r t i c u l a r s u h j e c t , and as one 
o f t h e d i s j u n c t i o n s i n F i g . 4 i l l u s t r a t e s , 
d i s j o i i c d p r o p o s i t i o n * ne-?d not have any s u b j e c t 
(or o b j e c t ) in common. Winston (1 37 0) re s - t r i c t t d 
h i m s e l f t c i m p l i c i t c o n j u n c t i o n p l u s n e g a t i o n o f 
a toms , a l t h o u g h he o b t a i n e d some of the e f f e c t of 
d i s j u n c t i c n by means of a "may-be" o p e r a t o r . 
Rumelhar t e t a l . (1972) s t a t e t h a t t h e y a l l o w 
a r b i t r a r y compound p r o p o s i t i o n s i n the i n t e r n a l 
r e p r e s e n t e t i o n , but i n t h e i r g r a p h i c a l n o t a t i o n 
t hey a l l o w e n l y c h a i n i n g t o g e t h e r o f p r o p o s i t i o n s 
making up an " e p i s o d e " . Schank (197 2,1973) makes 
l i t t l e a t t emp t t o d e a l g r a p h i c a l l y w i t h l o g i c a l l y 
connec ted p r o p o s i t i o n s , as he i s u s u a l l y n o t 
concerned w i t h d i s p l a y i n g more than 2 or 3 r e l a t e d 
p r o p o s i t i o r s . He uses n e g a t i o n o f a t o m i c 
p r o p o s i t i o n s and p l a c e s c o n n e c t i v e s i n t h e spaces 
between p r e p o s i t i o n a l subg raphs 
( " c o n c e p t u a l i z a t i o n s " ) t o i n d i c a t e t h e i r l o g i c a l 
r e l a t i o n s . Andersen 5 Bower (1973) c o u l d e a s i l y 
have i n t r o d u c e d u n r e s t r i c t e d b i n a r y c o n n e c t i v e s 
s i n c e t hey use e x p l i c i t p r o p o s i t i o n nodes , but i t 
i s ne t c l e a r to me whether o r not they d i d . They 
d i s c u r s d i s j u n c t i o n o n l y i n c o n n e c t i o n w i t h 
c h e c k i n g the seman t i c net f o r the p resence o f 
e i t h e r o f two p r o p o s i t i o n s , r a t h e r t han i n s e r t i n g 
e x p l i c i t d i s j u n c t i o n s . A s f o r i m p l i c a t i o n , i t 
appears t h a t t h e y r e g a r d t h e i r p a r t i c u l a r manner 
o f us ing subset r e l a t i o n s a s g i v i n g t h e f u l l power 
o f i m p l i c a t i o n . A l l o f t h e i r examp les , hewever , 
i n v o l v e a tcm ic a n t e c e d e n t s , and i t i s not c b v i o u s 
how a sentence l i k e "The customs o f f i c i a l d e t a i n e d 
a l l bearded men who were wear ing beads" would be 
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r e p r e s e n t e d , i n w h i c h " m a n " , " b e a r d e d " , and 
" w e a r i n g L e a d s " a r e i m p l i c a t i v e a n t e c e d e n t r . No te 
t h a t t h e g i v e n s e n t e n c e must b e d i s t i n g u i s h e d f r o m 
b o t h "A nu0mber of b e a r d e d men w e a r i n g b e a d s w e r e 
d e t a i n e d b y t h e c u s t c m s o f f i c i a l " a n d " A I l o f 
t h o s e d e t a i n e d b y t h e c u s t o m s o f f i c i a l we re 
b e a r d e d men w e a r i n g b e a d s " . 

I V . Q u a n t i f i e r s 

I t i s i m p o r t a n t t o have l o g i c a l q u a n t i f i e r s 
w i t h i n s e m a n t i c n e t n o t a t i o n f o r s e v e r a l r e a s o n s : 
many s t a t e m e n t s o f o r d i n a r y d i s c o u r s e i n v o l v e 
q u a n t i f i e r s ("He c a l l e d e v e r y day b u t t h e phone 
was a l w a y s b u s y " ) ; t h e r e p r e s e n t a t i o n o f q e n e r a j . 
k n o w l e d g e i n d e c l a r a t i v e f o r m r e q u i r e s q u a n t i f i e r s 
( " A l l c h i l d r e n l i k e s w e e t s " ) ; t h e d e f i n i t i o n o f 

c o m p l e x c o n c e p t s r e q u i r e s q u a n t i f i e r s ( " A t a l l 
t i m e s when a n i n d i v i d u a l i s w a l k i n g some f c o t o f 
t h a t i n d i v i d u a l x s t o u c h i n g t h e g r o u n d . . . " ) ; and 
d e f i n i t e d e s c r i p t i o n s o f s e t s r e q u i r e q u a n t i f i e r s 
( " t h e p e o p l e o f Canada" ) . 

Yet t h e t r e a t m e n t o f q u a n t i f i e r s i n semant i c -
n e t s has g e n e r a l l y been r e t h e r c u r s o r y . O f t e n 
q u a n t i f i e r s a r r e g a r d e d a s m o n a d i c m o d i f i e r s o f 
c o n c e p t n o d e s , i n d i c a t i v e o f "how many t h e r e a r e " 
o f t h a t i t e m ( i . e . , s e t c a r d i n a l i t y ) . U n i v e r s a l 
q u a n t i f i e r s a r e t h e n a t t a c h e d i n t h e same way , 
even t h o u g h t h e l o g i c a ! o p e r a t o r A ( " f o r a l l " ) i s 
n o t a t a l l i n d i c a t i v e o f c a r d i n a l i t y . The o n l y 
s y s t e m a t i c a t t e m p t s t o i n c l u d e q u a n t i f i e r s i n 
s e m a n t i c r o t s o f w h i c h I a m aware a r e t h o s e o f 
Palme (1971) and a n d e r c n ε Bower (1973) . F e l i n e ' s 
s y m b o l i s m i s b a s e d o n S s r d e w a l l ' s (1970) a r a l y s i s 
o f p r o o c r t y - ^ t r u c t u r e s . I n . t h a t a p p r o a c h 
q u a n t i f i e r s a r e a t t a c h e d s i n g l y o r i n p a i r s t o 
p r e d i c a t e s , e . g . , t o s y r b o l i z e a t r a n r f c r m a t i o n 
f r o m a b i n a r y r e l a t i o n R o n i n d i v i d u a l s t o a 
b i n a r y r e l a t i o n on s e t s ARA <=> l a m b d a XY[ 
(Ax) (Ay) member ( x , X ) C member ( y , Y ) => P ( x , y ) ] . 
H o w e v e r , t h i s d o e s n ' t a l l o w f o r 3 o r more 
q u a n t i f i e r s i n a p r o p o s i t i o n ("Any p o l i t i c i a n can 
f o o l some o f t h e p e o p l e a l l o f t h e t i m e " ) ■ 
A n d e r s o n ε B o w e r ' s t r e a t m e n t i s n o t e n t i r e l y 
s a t i s f a c t o r y e i t h e r . F i r s t , t h e r e i s a d i f f i c u l t y 
a b o u t q u a n t i f i e d i m p l i c a t i v e p r o p o s i t i o n s w i t h 
c o m p l e x a n t e c e d e n t s , w h i c h s te i ns f r o m t h e 
d e f i c i e n t i m p l i c a t i v e n c t a t i o n . One way o f 
c h a r a c t e r i z i n g t h e d i f f i c u l t y i s t h a t t h e r e i s n o 
a p p a r e n t me thod f o r d i s t i n g u i s h i n g d e f i n i t e and 
i n d e f i n i t e s e t d e s c r i p t i o n s , such a s " t h e s e t o f 
a l l d e g s t h a t c h a s e c a t s " v e r s u s " a s e t o f d o g s 
t h a t c h a s e c a t s " , and hence n o way o f 
d i s t i n g u i s h i n g s t a t e m e n t s i n v o l v i n g s u c h 
d e s c r i p t i o n s a n t e c e d e n t l y . S e c o n d , t h e r u l e t h a t 
q u a n t i f i e r s i n t h e s u b j e c t p o s i t i o n o f t h e 
p r o p o s i t i o n a l t r e e have t h e l a r g e s t s c o p e l e a d s t o 
d i f f i c u l t i e s . I n p a r t i c u l a r , i t i s awkward t o 
r a i s e a p r o p o s i t i o n a l o b j e c t t o t h e l e v e l o f 
maximum s c o p e , as A n d e r s or. ε Bower a r e w e l l a w a r e . 
Fo r e x a m p l e , t h e y a r e f o r c e d t o r e n d e r " T h e r e i s a 
c a t t h a t a l l d o g s c h a s e " a s " T h e r e i s a c a t 
d i s t i n g u i s h e d b y t h e t a c t t h a t a l l d o g s c h a s e i t " , 
where " d i s t i n g u i s h e d b y " i s a p s e u d o - p r e d i c a t e 
i n t r o d u c e d t o a l l o w o b j e c t s t o b e r a i s e d t o 
s u b j e c t p o s i t i o n . A d d i t i o n a l p r o b l e m s a r e 
e n c o u n t e r e d i n q u a n t i f i c a t i o n o v e r t i m e , s i n c e i n 
A n d e r s o n ε B o w e r ' s n o t a t i o n t h e " t i m e c o n t e x t " 
i n c l u d e s a n e n t i r e p r o p o s i t i o n i n i t s s c o p e . Fo r 
e x a m p l e , t h e r e i s n o d i r e c t way t o h a n d l e t h e 
d i s t i n c t i o n be tween " T h e r e i s a l w a y s someone 
t h e r e " a n d " T h e r e i s scmeone who i s a l w a y s t h e r e " . 
F i n a l l y A n d e r s o n ε Dower n e g l e c t t o s u p p i y 
q u a n t i f i e r p r e c e d e n c e r u l e s when t h e s c o p e o f a 
q u a n t i f i e r e x t e n d s o v e r l o g i c a l c o m b i n a t i o n s o f 
p r o p o s i t i o n s , a s i t c e r t a i n l y may. 

The n o t a t i o n I w i l l p r o p o s e i s a n a l o g o u s t o 
q u a n t i f i e r - f r e e n o r m a l f o r m i n P r e d i c a t e C a l c u l u s . 
P r o p o s i t i o n s a r e e x p r o s s e d i n p r e n e x fo rm ( i . e . , 
q u a n t i f i e r s have maximum s c o p e ) , e x i s t e n t i a l l y 
q u a n t i f i e d v a r i a b l e s a r e S k o l e m i z e d , and u n i v e r s a l 
q u a n t i f i c a t i o n i s i m p l i c i t . T h i s f i r s t c f a l l 
r e q u i r e s a d i s t i n c t i o n b e t v e e n e x i s t e n t i a l l y and 
u n i v e r c a l l y q u a n t i f i e d n o d e s , A s i m p l e m e t h o d i s 

2 Which is no t to say t h a t we do n o t 
communicate about n o n e x i s t e n t e n t i t i e s . 
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t he use o f s c l i d l i n e s f o r t x i s t f n t i a l l y 
q u a n t i f i e d concept nodes (as i n a l l p r e v i o u s 
f i g u r e s ) , and broken l i n e s f o r u n i v e r s a l l y 
q u a n t i f i e d nodes. G r a p h i c a l S k o l e m i z a t i o n t h e n 
c o n s i s t s o f l i n k i n g each e x i s t e n t i a l l y q u a n t i f i e d 
node to a l l u n i v e r s a l l y q u a n t i f i e d nodes on wh ich 
i t depends ( i . e . , whose u n i v e r s a l q u a n t i f i e r s 
precede the e x i s t e n t i a l q u a n t i f i e r i n p re rex 
f o r m ) . I s h a l l use d o t t e d l i n e s f o r t hese 
dependency l i n k s f o r easy d i s t i n g u i s h a b i l i t y f rom 
p r o p o s i t i o r . a l and l o g i c a l l i n k s , " o r examp le , " A l l 
dogs chase some c a t " is r e p r e s e n t e d as shown in 
F i g , ε (a) . I n P r e d i c a t e C a l c u l u s n o t a t i o n t h i s i s 

(Ex) (dog (x) => ( E y ) [ c a t ( y ) E c h a s e ( x , y ) ]) , 
or dog(x) => [ c a t ( f ( x ) ) echase (x f (x) ) ], 
Sko lem ized . Now i f we can assume ( E y ) c a t ( y ) , i . e . , 
t h e r e i s a t l e a s t one ca t (o r a l t e r n a t i v e l y , t h a t 
t h e r e i s a t l e a s t one d o g ) , then t h i s becomes 

ca t ( f ( x ) ) ε [ d o g ( x ) => cha se ( x , f (x) ) ] 
which c o r r e s p o n d s t o the s l i g h t l y s i m p l e r d iagram 
shown i n F i g . 8 ( b ) . Here the " c a t " p r o p o s i t i o n i s 
no l o n g e r regarded as a consequent of t h e " d o g " 
p r o p o s i t i o n . T h i s t ype o f s i m p l i f i c a t i o n i s o f t e n 
a p p r o p r i a t e f o r encod ing n a t u r a l language 
s t a t e m e n t s , s i n c e we do not u s u a l l y communicate in 
te rms o f p r o p o s i t i o n s which are t r i v i a l l y t r u e b y 
v i r t u e o f t h e nonex i s tence o f t h e i r r e f e r e n t s 3 . . 
f u r t h e r s i m p l i f i c a t i o n i s i n d i c a t e d i n F i g , 8 ( c ) , 
which i s based or. t h e i m p l i c i t n o t a t i o n f o r 
i m p l i c a t i o n e x p l a i n e d i n Schuber t ( 1 9 7 4 ) . The 
d iagram f o r t h e p r o p o s i t i o n "There i s a c a t which 
a l l dogs chase" d i f f e r s f rom F i g . 8 o n l y i n t h e 
absence o f t h e dependency l i n k between t h e " c a t " 
and " d o g " nodes. As a n o t h e r example c o n s i d e r t h e 
p r o p o s i t i o n "There i s a lways someone t h e r e " . T h i s 
might be diagrammed as in F i g . 9 ( a ) , a f t e r add ing 
the assumpt i on t h a t t h e r e i s a t l e a s t one moment 
of t i m e . Note t h a t a t i m e argument has been added 

to the p r e d i c a t e " a t " . The r e p r e s e n t a t i o n reems a 
l i t t l e u r . n a t u r a l because o f t h e reed t o r e s t r i c t 
the u n i v e r s a l l y q u a n t i f i e d node to "moments" and 
the i m p l i c a t i v e dependence o f t h e main 
r e l a t i o n s h i p e n t h a t r e s t r i c t i o n . T h i s sugges t s 
t h a t i t would be more n a t u r a l to use a m a n y - s o r t e d 
l o g i c , w i t h each argument o f each p r e d i c a t e 
r e s t r i c t e d to a p a r t i c u l a r subdomain o f t he domain 
o f d i s c o u r s e , and w i t h t ime f o rm ing a d i s t i n c t 
s o r t . Then g u a n t i f i c a t i c n over a t ime argument 
would a u t o m a t i c a l l y be r e s t r i c t e d to moments o f 
t i m e . T h i s i s the course 1 w i l l t a k e , a t l e a s t 
n o m i n a l l y . S o r t a l d i s t i n c t i o n s c o u l d be made 
e x p l i c i t b y us i ng d i s t i n c t nods shapes l o r 
d i s t i n c t f o r t s , o r b y us ing a d i s t i n c t k i n d o f 
argument marker on argument p o i n t e r s to e n t i t i e s 
o f each d i s t i n c t s o r t , e . g . , a lways u s i n g OBJi 
( i = 1 , 2 , . . . ) t o p o i n t t o arguments o f t h e s o r t 
" p h y s i c a l o b j e c t " . I n f a c t t h e l a t t e r t e c h r i q u e i s 
used by Rumelhar t et a l . (1972) . Fa the r t h a n 



F i g . 1 1 . "John has a l l o f h i s f a t h e r ' s f a u l t s , 
and c a r e l e s s n e s s is one o f t h e m " 

Here I shcu ld renark t h a t past c l a i m s about 
t h e e q u i v a l e n c e o f c e r t a i n v a r i e t i e s o f r e m a n t i c 
ne t n o t a t i o n t o second (or h i g h e r ) o r d e r l o g i c 
have not been tacked by adequate q u a n t i f i c a t i o n a 1 
a p p a r a t u s . S ta tements about p r e d i c a t e s a lone do 
not demons t ra te a secc r .d -o rde r c a p a b i l i t y , as t h e y 
can be made in a many-sor ted f i r s t - o r d e r l o g i c . 

F i n a l l y I shou ld p o i n t ou t t h a t t h e l o g i c a l 
q u a n t i f i e r s are u n s u i t e d f o r e x p r e s s i n g many 
n a t u r a l language q u a n t i f i e r s . I b e l i e v e t h a t 
n a t u r a l language q u a n t i f i e r s n o t r e a d i l y 
e x p r e s s i b l e i n te rms o f t h e l o g i c a l q u a n t i f i e r s , 
such as " s e v e r a l " , "many" , "most o f " , "a few more 
t h a n " , e t c . , can t e handled s y s t e m a t i c a l l y by t h e 
use o f ( fuzzy) p r o p e r t i e s o f se t c a r d i n a l i t y and 
r e l a t i o n s between se t c a r d i n a l i t i e s , p l u s s t a n d a r d 
set r e l a t i o n s such as s e t i n c l u s i o n . For examples 
see Schuber t (1974) and Cercone ε Schuber t ( 1 9 7 4 ) . 

V. Further Fxtensions 

I n t h i s s e c t i o n I w i l l b r i e f l y i l l u s t r a t e t h e 
r e p r e s e n t a t i o n o f d e f i n i t e and i n d e f i n i t e 
d e s c r i p t i o n s , lambda e x p r e s s i o n s , and modal 
c o n s t r u c t i o n s . A f u l l e r e x p o s i t i o n i s g i v e n 
e lsawhere (Schube r t , 1974) . 

R u s s e l l i a n d e s c r i p t i o n s o f i n d i v i d u a l s and 
s e t s a re i l l u s t r a t e d in F i g s . 12 and 13 
r e s p e c t i v e l y ( e . g . , Qu ine, 1960) . The d e s c r i p t i o n s 

are u n d e r l i n e d i n the f i g u r e l e g e n d s , and 
P r e d i c a t e C a l c u l u s t r a n s l a t i o n s a re g i v e n f o r 
compar i son . A r o n g e n e r a l but f r e q u e n t l y u s e f u l 
aethod c f a b b r e v i a t i n g such d e s c r i p t i o n s i s 
proposed in Schubert ( 1974 ) . 

In diagramming R u s s e l l i a n d e s c r i p t i o n s , I am 
no t do ing so as an u n c r i t i c a l a d v o c a t e o f 
R u s s e l l ' s t h e o r y . C e r t a i n l y i t i s i n c o r r e c t t o 
r ega rd r e f e r e n t i a l d e s c r i p t i o n s a s n o t h i n g b u t 
d i s g u i s e d a s s e r t i o n s (see S t r a w s o n , 1 9 5 0 ) . The 
r o l e I env isage f o r R u s s e l l i a n d e s c r i p t i o n s i n a 
semant ic ne t -based language u n d e r s t a n d i n g sys tem 
is best seen by example. Suppose t h a t t h e l anguage 
unde rs tand ing system i s t o l d " J o h n ' s ca r i s r e d " . 
The s y s t e a would f i r s t l ook f o r an e x i s t i n g node 
to use as r e f e r e n t of " J o h n ' s c a r " . We need n o t be 
concerned w i t h the d e t a i l s o f t h i s s e a r c h h e r e , 
n o t i n g o n l y t h a t i f i t succeeds , n o new 
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commi t ing myse l f to a p a r t i c u a r method h e r e , I 
s h a l l l eave s o r t a l d i s t i n c t i o n s i m p l i c i t , except 
i n t h e case o f t i e e . Time c a l l s f o r s p e c i a l 
t r e a t m e n t because o f i t s c e n t r a l i m p o r t a n c e i n 
s t r u c t u r i n g e v e n t s . I w i l l use p a i r s o f 
pa ren theses i n s t e a d o f c i r c l e s f o r moments o f t i m e 
and mark p o i n t e r s to morcnts of t i n e " T " . A name 
f o r a moment of t ime can be p laced between the 
p a r e n t h e s e s . Broken pa ren theses i n d i c a t e 
u n i v e r s a l l y q u a n t i f i e d t ime v a r i a b l e s . W i th these 
c o n v e n t i o n s F i g . 9(a) can be redrawn as shewn in 
F i g . 9 ( b ) . "The re i s sorreone who i s a lways t h e r e " 
would mere ly l a c k the dependency l i n k o f F i g . 9 . 
The r e p r e s e n t a t i o n of t ime dependence can be 
s i m p l i f i e d f u r t h e r w i t h the a i d o f two a d d i t i o n a l 
c o n v e n t i o n s . The f i r s t i s t o p l a c e t h e t ime a t 
which a p r o p o s i t i o n h c l d s d i r e c t l y a l o n g s i d e the 
p r e d i c a t e t oken o f t h a t p r o p o s i t i o n , a s i n 
F i g . 9 ( c ) . The second i s t o use t ime i n t e r v a l s as 
t i m e arguments (an some s u i t a b l e sense o f i n t e r v a l 
- e . g . , see B ruce , 1972) . I f T i s a t i n e i n t e r v a l , 
t hen a p r o p o s i t i o n o f t he fo rm P ( x , y , . . . , T ) i s 
taken as an a b b r e v i a t i o n of ( A t ) [ m e m b e r ( t , T ) => 
P(x , y , , . . , t ) J . In the g r a p h i c a l n o t a t i o n I w i l l 
use square t r a c k e t s i n s t e a d o f pa ren theses f o r 
nodes d e n o t i n g t ime i n t e r v a l s , and mark p o i n t e r s 
( i f any) t o such nodes " 7 1 " i n s t e a d o f " T " . Two 

e q u i v a l e n t ways o f r e p r e s e n t i n g "The sun r o s e " a re 
shown i n F i g . 10 . I n bo th v e r s i o n s q u a n t i f i c a t ic r . 

over moments of t ime has been e n t i r e l y suppressed 
by means o f the i n t e r v a l n o t a t i o n . "Then" i s taken 
as a r e l a t i o n between a d j a c e n t t ime i n t e r v a l s , and 
" b e f o r e " as a r e l a t i o n between moments or 
i n t e r v a l s o f t i m e . For comple te s e t s o f t i m e 
r e l a t i o n s see F i n d l e r ε Chen (1971 ) , Bruce (1972) , 
or Schank et al. (1973) . 

mary h i q h e r - o r d e r c o n s t r u c t i o n s are e a s i l y 
expressed w i t h t h e n o t a t i o n a l r e a d y i n t r o d u c e d . 
For examp le , "John has a l l o f h i s f a t h e r ' s f a u l t s , 
and c t r e l e e s n e s s i s one o f t h e a " i s r e p r e s e n t e d as 
shown i n F i g . 1 1 . Note t h a t bo th the a b b r e v i a t e d 
and u n a b b r e v i a t e d n o t a t i c n f o r p r o p o s i t i o n s have 
been used he re . Three of the p r o p o s i t i o n nodes e re 
e x p l i c i t , w h i l e " f a t h e r - o f " and t h e two 
occu r rences o f " f a u l t " e s t a b l i s h t h r e e i m p l i c i t 
p r o p o s i t i o n nodes. The h i g h e r - o r d e r p r e d i c a t e i s 
o f course " f a u l t " , and the u n i v e r s a l l y q u a n t i f i e d 
node shou ld t e read " f o r a l l p r e d i c a t e s " . Here the 
i m p l i c i t r e s t r i c t i o n o f q u a n t i f i c a t i o n t o 
a p p r o p r i a t e s o r t s has been extended to a p p l y t o 
t y p e s a s w e l l , i . e . , s i n c e " f a u l t " i s a p r e d i c a t e 
o n p r e d i c a t e s , i t s argument i n any p r o p o s i t i o n i s 
i m p l i c i t l y r e s t r i c t e d t o the t ype " p r e d i c a t e " . 



d e s c r i p t i o n i s p l a c e d i n memory. O n l y " l e d " i s 
p r e d i c a t e d a b o u t t h e node f o u n d ( p r o v i d e d t h i s 
p r e d i c a t i o n i s c o n s i s t e n t w i t h p r i o r k n o w l e d g e ) . 
I f t h e s e a r c h f a i l s , h o w e v e r , t h e s y s t e m c r e a t e s a 
new e x i s t e n t i a l l y q u a n t i f i e d node w i t h t h e 
a t t a c h e d p r o p o s i t i o n t h a t t h i s i s t h e one and o n l y 
c a r John h a s , p o s s i b l y i n a sense o f " h a s " 
d e t e r m i n e d b y c o n t e x t . T h i s P u s s e l l i a n e x i s t e n c e 
a s s e r t i o n i s p l a c e d i n memory , p r o v i d e d i t i s 
c o n s i s t e n t w i t h p r i o r k n o w l e d g e . I f a l l goef : w e l l , 
t h e n e t o f F i g . 1 2 ( b ) i s t h e f i n a l r e s u l t . Bu t 
suppose t h a t t h e e x i s t e n c e a s s e r t i o n c o n t r a d i c t s 
p r i o r i n f o r m a t i o n t o t h e e f f e c t t h a t John has n o 
c a r . Then t h e a t t e m p t t o i n s e r t a new r o d e i n 
memory i s a b o r t e d , and t h u s n o r e f e r e n t f c r t h e 
p r e d i c a t i o n "is r e d " i s made a v a i l a b l e . S e e k i n g a 
r e s o l u t i o n o f t h e d i f f i c u l t y e n c o u n t e r e d , t h e 
s y s t e m m i g h t w e l l r e s p o n d " C u t I t h o u g h t J o h n 
d o e s n ' t have a c a r " . Thus 1 see " p r e s u p p o s i t i o n 
f a i l u r e " a s a n o p e r a t i o n a l p h e n o u e n o n , r a t h e r t h a n 
a s a l o g i c a l phencnenon c a l l i n g f o r c o m p l e x m o d e l -
t h e o r e t i c B ianoeuvei i n g ( e . g . , r i s k , 1 9 6 9 ) . 

I h e p r o b l e m r a i d e d b y lambda a b s t r a c t i o n and 
medal o p e r a t o r s such as " n c c a s s a r i 1 y " , " k n o w s " , 
• 'want i " , and " c a u s e s " i s t h a t s t a t e m e n t s i n v o l v i n g 
t h o o c a n n o t i n qenttel b e c o n v e r t e d t o p r e r e x 
f o r m . Ihus t h e scope c o n v e n t i o n s i n t r o d u c e d f o r 
q u a n t i f i e r s a r e i n a d e q u a t e . ThP c o n v e r t i o n s can b e 
g e n e r a l i z e d b y a l l o w i n g ( d o t t e d ) scope d e p e n d e n c y 
l i n k s b e t w e e n p r o p o s i t i o n nodes and q u a n t i f i e d 
n o d e s , t o i n d i c a t e t h a t t h e q u a n t i f i e r s l i e w i t h i n 
t h e s c o p e s o f t h e ope r o t o r s w h i c h f o r m t h o s e 
p r o p o s i t i o n s . The new l i n k s s u p p l e m e n t t h e d o t t e d 
l i n k s a l r e a d y i n t r o d u c e d t o i n d i c a t e t h e r e l a t i v e 
s c o p e s o f q u a n t i f i e r s . Two e x a m p l e s a r e g i v e n i n 
f i g * 1 4 . The lambda p o i n t e r i n F i g . 1 4 ( a ) f r o m t h e 

c o n j u n c t i v e p r o p o s i t i o n node t o t h e f i r s t argumen* 
o f " l o v e s " a b s t r a c t s the p r e d i c a t e " l o v i n g 
someone" f r o » the open sentence "x l o v e s someone". 

The operands o f the modal o p e r a t o r " o u g h t " i n 
F i g . 14(b) a re regarded a s i m p l i c i t l y c o n j o i n e d . 
D e l e t i o n of some of the scope dependency l i r . k s m, 
the two d iagrams y i e l d s o t h e r ( l e s s p l a u s i b l e ) 
r e a d i n g s o f the sen tences . 

V I - ££Ii£i.a£il!.SLJ&£5i£rKE 

I h a v e p u t f o r w a r d seme v i e w s on t h e p r o p e r 
c o n s t r u c t i o n and i n t e r p r e t a t i o n o f s e m a n t i c 
n e t w o r k s , and s u g g e s t e d s y s t e m a t i c m e t h o d s t o r 
e x p r e s s i n g o p e r a t i o n s s u c h a s l o g i c a l c o m b i n a t i o n 
and q u a n t i f i c a t i o n i n t h e s e n e t w o r k s . The p r o p o s e d 
r e p r e m e n t a t i o n i s a f a i r l y d i r e c t e x t e n s i o n o f 
s e v e r a l q u i t e s u c c e s s f u l , s u p e r f i c i a l l y d i s p a r a t e 
r e p r e s e n t a t i o n s , such a s S c h a D k ' s 
c o n c e p t u a l i z a t i o n s , W i n s t o n ' s d e s c r i p t i v e n e t s , 
and S a n d e w a l l * s p r o p e r t y - s t r u c t u r e s . C o n s e q u e n t l y 
t h e c o m p u t a t i o n a l p r o c u r e s t h a t c r e a t e end 
u t i l i 2 e t h e i r d a t a s t r u c t u r e s can r e a d i l y b e 
a d a p t e d t o s t r u c t u r e s bas»d o n t h e p r e s e n t 
r e p r e s e n t a t i o n . T h i s i n d i c a t e s t h a t t h e i n c r e a s e d 
e x p r e s s i v e power t h e s u g g e s t e d r e p r e s e n t a t i o n 
p r o v i a e s s h o u l d b e o f r e a l v a l u e i r . t h e d e s i g n o f 
u n d e r t t a n d i r . q s y s t e m s . 

A v a r i e t y c f p r o b l e m s i n t h e r e p r e s e n t a t i o n 
o f k n o w l e d g e c o u l d r a i s e a d d i t i o n a l g u e s t i e n s o f 
n o t a t i o n a l a d e q u a c y . E x a m p l e s a r e t h e h a n d l i n q o f 
v a g u e n e s s , e v e n t s , t h e l e x i c a l m e a n i n g s o f c o m p l e x 
c o n c e p t s , and o v e r a l 1 k n o w l e d g e o r g a r . i z a t i c n . w e 
a r e c u r r e n t l y s t u d y i n g sone o f t h e s e p r o b l e m s i n 
t h e c c n t e x t o f a p r a c t i c a l a t t e m p t t o d e s i g n a 
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 . 
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