
A n a u g m e n t a t i o n o f s e m a n t i c n e t w o r k s i s p r e s e n t e d 
i n w h i c h t h e v a r i o u s nodes and a r c s a r e p a r t i 
t i o n e d i n t o " n e t s p a c e s . " These n e t spaces 
d e l i m i t t h e scopes o f q u a n t i f i e d v a r i a b l e s , 
d i s t i n g u i s h h y p o t h e t i c a l and i m a g i n a r y s i t u a t i o n s 
f rom r e a l i t y , encode a l t e r n a t i v e w o r l d s c o n s i d e r e d 
i n p l a n n i n g , and f o c u s a t t e n t i o n a t p a r t i c u l a r 
l e v e l s o f d e t a l l . 

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

S e m a n t i c n e t w o r k s as used by Simmons f 1973 ] , 
S h a p i r o [ 1 9 7 1 ] , R u m e l h a r t and Norman 1 1 9 7 2 ] , and 
Schank 11973 ! have p r o v e d t o b e v e r y s e r v i c e a b l e 
s t r u c t u r e s l o r t h e e n c o d i n g o f k n o w l e d g e , o f f e r i n g 
such r e c o g n i z e d a d v a n t a g e s a s a c o n v e n i e n t b i 
d i r e c t i o n a l l i n k a g e be tween s e m a n t i c a l l y r e l a t e d 
d a t a and a n i n h e r e n t f a c i l i t y f o r h a n d l i n g deep 
c o n c e p t u a l c a s e s y s t e m s . However , i n t h e i r c o n 
vert t i o n a l f o r m , n e t w o r k s a r e r a t h e r c l u m s y c o n 
s t r u c t s f o r t h e r e p r e s e n t a t i o n o f q u a n t i f i c a t i o n . 
T h i s c l u m s i n e s s i s l a r g e l y a r e s u l t o f t h e d i f f i -
c u l t l e s e n c o u n t e r e d i n s p e c i f y i n g t he scopes o f 
v a r i a b l e s . M a i n t a i n i n g mode l s o f s e v e r a l p o s s i b l e 
f u t u r e s w h i c h may be r e a c h e d f rom a c u r r e n t s t a t e 
b y f o l l o w i n g d i f f e r e n t sequences o f e v e n t s has 
a l s o been a f o r m i d a b l e p r o b l e m i n n e t w o r k s because 
o f t h e d i f f i c u l t i e s o f d i s t i n g u i s h i n g where t h e 
mode l o f one " f u t u r e w o r l d " ends and a n o t h e r 
b e g i n s . S i m i l a r l y , i t has been d i f f i c u l t t o 
d e t e r m i n e where t h e model o f r e a l i t y ends and 
mode l s o f i m a g i n a r y o r h y p o t h e t i c a l s i t u a t i o n s 
b e g i n . As a un i f o r m mechanism f o r h a n d l i n g t h e s e 
and o t h e r p r o b l e m s o f c o n v e n t i o n a l n e t s , t h i s 
pape r p r e s e n t s t h e n o t i o n o f n e t p a r t i t i o n i n g . 

I I B s s i c N e t w o r k N o t i o n s 

A s e m a n t i c n e t w o r k c o n s i s t s o f a c o l l e c t i o n 
o f nodes and a r c s where each node r e p r e s e n t s an 
o b j e c t ( a p h y s i c a l o b j e c t , s i t u a t i o n , e v e n t , s e t ) 
and each a r c r e p r e s e n t s a b i n a r y r e l a t i o n . For 
e x a m p l e , i n t he n e t o f F i g u r e 1 , t h e node 
'ANIMALS' ( s i n g l e q u o t e s d e l i m i t n o d e s ) r e p r e s e n t s 
t h e s e t ANIMALS, t h e s e t o f a l l a n i m a l s . L i k e 
w i s e , node 'DOGS' r e p r e s e n t s t h e s e t o f a l l d o g s . 
The a r c l a b e l e d " s " f r om 'DOGS' t o 'ANIMALS' 
i n d i c a t e s t h a t DOGS is a s u b s e t o f ANIMALS. The 
e a r c f r o m node ' F I D O * to node 'DOGS' i n d i c a t e s 
t h a t FIDO i s an e l e m e n t o f s e t DOGS and hence 
t h a t FI1>0 i s some p a r t i c u l a r d o g . Node ' H * 
encodes a n o w n i n g s i t u a t i o n , a n e l e m e n t o f t h e 
s i t u a t i o n s e t <own>. I n p a r t i c u l a r , ' H ' r e p r e s e n t s 
t h e o w n e r s h i p o f t h e dog FIDO by boy ELMO f r o m 
t i m e t l u n t i l t 2 . These components o f s i t u a t i o n 
H a r e a s s o c i a t e d w i t h ' H ' t h r o u g h a r c s . Fo r 
e x a m p l e , t h e a r c l a b e l e d " o w n e e " f r o m ' H ' t o 
' F I D O ' i n d i c a t e s t h a t FIDO i s t h e #@ownee o f 
s i t u a t i o n H , whe re t h e n o t a t i o n "#@ownee o f H " 
means t h e v a l u e ( # ) o f t h e ownee a t t r i b u t e ( @ ) 
o f H. 

The i d e a o f n e t p a r t i t i o n i n g i s t o s e p a r a t e 
t h e v a r i o u s nodes and a r c s i n t o u n i t s c a l l e d 
spaces s o t h a t e v e r y node and a r c i s a s s i g n e d 
t o e x a c t l y one space and a l l nodes and a r c s 
l y i n g i n t h e same space a r e d i s t i n g u i s h a b l e 
f r o m t h o s e o f o t h e r s p a c e s . Nodes and a r c s o f 
d i f f e r e n t spaces may b e l i n k e d , b u t t h e 
l i n k a g e must pass t h r o u g h " b o u n d a r i e s " w h i c h 
s e p a r a t e one space f r o m a n o t h e r . I t i s p o s s i b l e 
t h a t a node ( a r c ) may l i e i n a d i f f e r e n t space 
f r o m any o f i t s a s s o c i a t e d a r c s ( n o d e s ) . 

O r d i n a r i l y , spaces a r e used f o r s u c h p u r 
poses a s d e l i m i t i n g t h e scopes o f q u a n t i f i e d 
v a r i a b l e s - However , b e f o r e t a k i n g u p s u c h 
p r a c t i c a l a p p l i c a t i o n s , c o n s i d e r t h e s i m p l e r 
( i f a t y p i c a l ) p a r t i t i o n i n g shown i n F i g u r e 2 . 
Each space i s e n c l o s e d w i t h i n a d o t t e d l i n e . 
F o r e x a m p l e , space S A i s a t t h e t o p o f t h e 
f i g u r e and i n c l u d e s nodes ' A N I M A L S ' , 'DOGS' , 
' < l i v e - o n > ' and ' F L E A S ' . S A a l s o i n c l u d e s t h e 
two s a r c s ( " s u b s e t " ) w h i c h i n d i c a t e t h a t s e t 
DOGS and s e t FLEAS a r e s u b s e t s of ANIMALS. 
D i a g r a m m a t i c a l l y , a n a r c b e l o n g s t o a space i f 
t h e a r c ' s l a b e l i s w r i t t e n w i t h i n t h e d o t t e d 
l i n e b o u n d a r i e s o f t h e s p a c e . Thus t h e e a r c 
( " e l e m e n t " ) f r o m 'FERDINAND' t o 'FLEAS ' l i e s i n 
S 3 . 

The v a r i o u s spaces o f a p a r t i t i o n i n g a r e 
o r g a n i z e d i n t o a l a t t i c e such a s i n F i g u r e 3 . 
V i e w i n g t h e s e m a n t i c n e t f r o m some p o i n t S i n 
t h i s l a t t i c e , o n l y t h o s e nodes and a r c s a r e 
v i s i b l e w h i c h l i e i n S o r i n a space above S 
i n t h e l a t t i c e . Fo r e x a m p l e , f r o m space S 2 , 
o n l y t h o s e nodes and a r c s l y i n g i n S 2 o r S A a r e 
v i s i b l e . I n p a r t i c u l a r , i t i s p o s s i b l e t o see 
t h a t FIDO is a DOG and t h a t DOGS a r e ANIMALS, 
b u t i t i s n o t p o s s i b l e t o see t h a t FERDINAND i s 
a FLEA. From S 5 , i n f o r m a t i o n i n S 5 , S 3 , S 2 , 
and S A i s v i s i b l e . Hence , f r o m S 5 , t h e w h o l e 
o f t h e n e t o f F i g u r e 1 may be s e e n . (A space 
l a t t i c e a l w a y s has a s p e c i a l t o p space SA and a 
s p e c i a l b o t t o m space SZ. I n f o r m a t i o n encoded 
i n S A i s v i s i b l e f r o m a l l spaces w h i l e t h e t o t a l 
n e t i s v i s i b l e f r o m S Z . ) P a r t i t i o n e d n e t w o r k s 
a r e c o n s t r u c t e d b y c r e a t i n g empty n e t s p a c e s , 
a d d i n g them t o t h e l a t t i c e , and t h e n c r e a t i n g 
nodes and a r c s w i t h i n each n e w l y c r e a t e d s p a c e . 

i v . U s i n g P a r t i t i o n Spaces t o Encode Q u a n t f i i c a t i o n 

A p r i m a r y r e a s o n f o r i m p o s i n g p a r t i t i o n i n g 
upon s e m a n t i c n e t s i s t o d e l i m i t t h e scopes o f 
q u a n t i f i e d v a r i a b l e s . I n c o n s i d e r i n g q u a n t i f i e d 
s t a t e m e n t s , i t w i l l b e h e l p f u l t o b u i l d upon t h e 
n e t w o r k e n c o d i n g o f s p e c i f i c p i e c e s o f i n f o r m a t i o n . 

R e c o r d i n g a_ S p e c i f i c E v e n t 

As an examp le o f t h e n e t w o r k e n c o d i n g o f a 
s i n g l e e v e n t , c o n s i d e r 
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"A dog 1) b i t a postman P," 

encoded by the net of F igu re 4. Nodes 'DOGS', 
'<b i te> ' and 'POSTMEN' rep resen t the se ts o f a l l 
dogs , b i t i n g events and postmen r e s p e c t i v e l y . 
Node ' D ' w i t h e arc to 'DOGS' r ep resen t s a p a r 
t i c u l a r dog D. S i m i l a r l y , ' B ' r ep resen t s a 
p a r t i c u l a r b i t i n g event and ' P ' r ep resen t s a 
p a r t i c u l a r postman. B , l i k e o t h e r b i t i n g e v e n t s , 
has an I n t e r n a l s t r u c t u r e c o n s i s t i n g o f an 
# @ a s s a i l a n t ( t he va lue ( # ) o f the b i t e ' s a s s a i l 
an t a t t r i b u t e d ) ) and a #@v ic t im . The #@assa l l -
an t and # © v i c t l m of B are D and P r e s p e c t i v e l y . 
(No te : t ime I n f o r m a t i o n has been d e l e t e d i n t h i s 
and o t h e r examples f o r the sake o f s i m p l i c i t y , 
bu t may be i n d i c a t e d in the network by I n c l u d i n g 
t ime a r c s . A network t r ea tmen t o f t ime i s 
d iscussed i n Hendr ix [ f o r t h c o m i n g ] . ) 

E x i s t e n t i a l Q u a n t i f i c a t i o n 

The example "a dog D b i t a postman P" may be 
paraphrased as "There e x i s t s a dog D and a p o s t 
man P such t h a t D b i t P" which resembles the 
p r e d i c a t e c a l c u l u s s ta tement 

In p r e d i c a t e c a l c u l u s , dog D and postman P are 
rep resen ted as o b j e c t s w h i l e the b i t i n g event 
i s expressed by a p r e d i c a t e . But the b i t i n g 
event Is a s i t u a t i o n which might be the o b j e c t 
of some more complex event such as a "wan t ing 
(as In S e c t i o n V I b e l o w ) . Cons ide r i ng the 
b i t i n g event to be j u s t as much an o b j e c t as the 
dog and postman, the example sentence may be 
paraphrased as "There e x i s t s a dog D and a p o s t 
man P and a b i t i n g event B. F u r t h e r , t he f o l l o w 
i n g r e l a t i o n s h i p s e x i s t : < D i s the # @ a s s a i l a n t 
o f B>, and <P is the #@ v i c t i m of B > . " 

Fo l l ow ing t h i s pa raphrase , the presence o f 
each node and arc w i t h i n space SA may be I n t e r 
p r e t e d as an i m p l i c i t s ta tement o f e x i s t e n c e . 
Thus, the nodes In F igu re 4 a s s e r t t h a t t he re 
e x i s t o b j e c t s DOGS, < b l t e > , POSTMEN, D, B and P. 
The a rcs a s s e r t t h a t t h e r e e x i s t r e l a t i o n s h i p s 
<D ε DOGS>, <B ε < b l t e v > , <p ε POS1MEN*>, <D is 
the # © a s s a i l a n t of B>, and <P is the #@vict im of 
B>. 

U n i v e r s a l Q u a n t i f i c a t i o n 

Whi le "a dog b i t a postman" a s s e r t s the 
occur rence of on l y one e v e n t , a u n i v e r s a l l y 
q u a n t i f i e d s ta tement such as 

"Every dog has b i t t e n a postman" 

a s s e r t s the e x i s t e n c e of many separate e v e n t s . 
F u r t h e r , the s ta tement I n d i c a t e s how the s e v e r a l 
events f o l l o w one r e c u r r i n g p a t t e r n . An a b i l i t y 
t o encode u n i v e r s a l l y q u a n t i f i e d s ta tements i s o f 
c o n s i d e r a b l e Importance s i nce i t i s o f t e n i m p r a c t i 
c a l ( o r imposs ib le ) to r e c o r d the same i n f o r m a t i o n 
by a c o l l e c t i o n o f I n d i v i d u a l e x p l i c i t s ta tements 
because o f the very number ( p o s s i b l y i n f i n i t e ) o f 
s ta tements r e q u i r e d . 

Us ing p a r t i t i o n i n g , the s ta tement above i s 
encoded by the net of F igu re 5. Node 'GS' (a node 
e s p e c i a l l y known t o u t i l i t y r o u t i n e s ) r ep resen t s 

t h e se t o f a l l genera l s ta tements ( t h e set o f 
s ta tements i n v o l v i n g u n i v e r s a l q u a n t i f i e r s o r , 
under another i n t e r p r e t a t i o n , the set o f r e c u r r i n g 
p a t t e r n s of e v e n t s . ) Node 'g * rep resen ts the 
p a r t i c u l a r s ta tement ( s e t o f even ts ) c i t e d above. 
Thus, g is the f a c t t h a t "eve ry dog has b i t t e n a 
pos tman. " 

C h a r a c t e r i s t i c a l l y , a gene ra l s ta tement 
encodes a c o l l e c t i o n o f separa te s i t u a t i o n s a l l 
o f which f o l l o w the same bas i c p a t t e r n . Th i s 
p a t t e r n is rep resen ted by the #@form of the 
gene ra l s t a t e m e n t . The #@form of g is encoded 
by space S i , which l i e s Jus t below SA in the 
l a t t i c e . S1 is regarded as a super-node c o n t a i n 
i n g i t s own i n t e r n a l s t r u c t u r e and r e p r e s e n t i n g 
a composi te v a r i a b l e t h a t takes on a d i f f e r e n t 
va lue f o r each i n s t a n t i a t i o n o f the r e c u r r i n g 
p a t t e r n . Each node and a rc w i t h i n S1 Is regarded 
as a s u b v a r i a b l e . 

General s ta tements a re a l s o t y p i c a l l y 
a s s o c i a t e d w i t h u n i v e r s a l l y q u a n t i f i e d v a r i a b l e s 
t h a t assume va lues f rom some s p e c i f i e d range. 
Statement g has a u n i v e r s a l l y q u a n t l f l e d v a r i a b l e 
d g i ven by i t s @Vv a t t r i b u t e . Note t h a t v a r i a b l e 
d is n e c e s s a r i l y a p a r t of the #@aform of g ( i . e . , 
* d ' l i e s in space S1) . From *d* t he re is an e 
arc to 'DOGS* i n d i c a t i n g t h a t the va lue of d 
( w r i t t e n #d) must be taken from the range se t 
DOGS. 

The i n t e r p r e t a t i o n of a genera l s ta tement is 
t h a t f o r each assignment of the v a r i a b l e s #@Wv to 
va lues i n t h e i r co r respond ing ranges, t h e r e e x i s t 
e n t i t i e s match ing the s t r u c t u r e o f the #@form. 
For g t h i s means t h a t f o r every #d ε DOGS t h e r e 
e x i s t #b ΕF < b i t e > , #p ε POSTMEN and the r e l a t i o n s 
<#d is the #@assa i lan t of #b> and <#p is the 
#@vict im of #b->. In p a r t i c u l a r , i f d assumes 
the va lue D, and p (a f u n c t i o n of d) assumes t h e 
va lue P, then the #@form of g assumes as i t s 
va lue rough ly the net o f F igu re 4 . 

I t i s u s e f u l t o t h i n k o f the space wh ich 
encodes a #$>form as r e p r e s e n t i n g a h y p o t h e t i c a l 
wo r ld which i s mapped i n t o r e a l i t y f o r each 
assignment o f va lues to the #@Vv v a r i a b l e s . That 
i s , f o r each assignment o f the * W v v a r i a b l e s , 
there e x i s t s a " copy" o f the #@form in r e a l i t y . 

The space encoding the #$>form serves to 
d e l i m i t t he scope o f the s t a t e m e n t ' s u n i v e r s a l l y 
q u a n t i f i e d v a r i a b l e s . A l t hough o t h e r methods 
f o r i n d i c a t i n g scopes w i t h i n nets have been used 
( e . g . , Shap i ro t l 9 7 l l ) , spaces are p a r t i c u l a r l y 
w e l l s u i t e d to t h i s purpose in t h a t the node and 
a rc v a r i a b l e s encoding i n f o r m a t i o n w i t h i n a 
#@form look e x a c t l y l i k e the r e p r e s e n t a t i o n s o f 
s p e c i f i c f a c t s . More i m p o r t a n t l y , such v a r i 
ab les are e f f e c t i v e l y i s o l a t e d from " r e a l " 
i n f o r m a t i o n b y p a r t i t i o n boundar ies ( S e c t i o n V ) . 
Wi thout p a r t i t i o n s , v a r i a b l e s may become con fused 
w i t h the va lues they r ep resen t un less cumbersome 
markers ( i n the form of m o d i f i e d arc and node 
l a b e l s , s p e c i a l f l a g s o r e x t r a s t r u c t u r a l a r c s ) 
are added to the net as p r e v e n t a t i v e s . 

V a r i a t i o n s of the Example Statement 

The network of F i g u r e 6 encodes "Every dog 
i n town has b i t t e n t h e c o n s t a b l e " ( o r "There 
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e x i s t s a c o n s t a b l e who has been b i t t e n b y e v e r y 
dog i n t o w n " ) . I n F i g u r e 5 , t h e b i t t e n pos tman 
I s a ( S k o l e m ) f u n c t i o n o f t h e b i t i n g d o g . Hence , 
t h e pos tman i s encoded b y a node ' p ' l y i n g I n 
t h e # ! @ f o r m o f g . T h i s p u t s p ( a n d , I n g e n e r a l , 
any v a r i a b l e l y i n g i n t h e #$>form) w i t h i n t h e 
s c o p e o f t h e u n i v e r s a l q u a n t i f i e r . I n c o n t r a s t , 
t h e c o n s t a b l e C o f F i g u r e 6 I s encoded by node 
' C ' l y i n g o u t s i d e t h e #@form o f g * . H e n c e , a l l 
t h e b i t i n g e v e n t s i n v o l v e t h e same c o n s t a b l e C . 
The v i c t i m a r c r e m a i n s w i t h i n t h e scope s i n c e 
e a c h b i t i n g i s a s s o c i a t e d w i t h a d i f f e r e n t 
i n s t a n c e o f t h e v i c t i m r e l a t i o n b e t w e e n a (new) 
b i t i n g and t h e ( o n e ) c o n s t a b l e . 

As a second v a r i a t i o n , c o n s i d e r " E v e r y dog 
has b i t t e n e v e r y p o s t m a n , " encoded b y t h e n e t 
o f F i g u r e 7 . T h i s s t a t e m e n t I n v o l v e s two u n i 
v e r s a l l y q u a n t i f i e d v a r i a b l e s d and p . Fo r each 
c o m b i n a t i o n o f v a l u e a s s i g n m e n t s t o d and p , 
t h e r e e x i s t s a b i t i n g e v e n t f f b whose # @ a s s a i l a n t 
i s t h e v a l u e o f d ( # d ) and whose # @ W v l c t i m i s # p . 

A l t e r n a t i n g Q u a n t i f i c a t i o n 

Complex q u a n t i f l e a t i o n s i n v o l v i n g n e s t e d 
scopes may a l s o be encoded by n e s t i n g s p a c e s , 
a s shown a b s t r a c t l y i n F i g u r e 8 . Space S I encodes 
t h e scope o f u n i v e r s a l v a r i a b l e a w h i l e S 4 encodes 
t he scope o f t h e u n i v e r s a l v a r i a b l e c . 

V . The I n v i s i b i l i t y F e a t u r e 

By l y i n g i n a s e p a r a t e s p a c e , nodes and 
a r c s o f a g e n e r a l s t a t e m e n t ' s #@form a r e i n v i s 
i b l e u n l e s s t h e s t a t e m e n t i s b e i n g d e l i b e r a t e l y 
e x a m i n e d . The i m p o r t a n c e o f t h i s i n v i s i b i l i t y 
f e a t u r e i s i l l u s t r a t e d b y F i g u r e 9 . I f a need 
a r i s e s t o l o c a t e a l l e x p l i c i t r e p r e s e n t a t i o n s 
o f DOGS, a n a l g o r i t h m can s t a r t a t 'DOGS' and 
l o o k f o r i n c o m i n g e o r s a r c s . Such a n a l g o r i t h m 
l e a d s e v e n t u a l l y t o t h e d i s c o v e r y o f ' F i d o ' and 
' M u t t l e y ' . I t mus t n o t b e a l l o w e d t o d i s c o v e r 
' d ' , h o w e v e r , s i n c e ' * d ' i s a v a r i a b l e r e p r e s e n t i n g 
n o dog i n p a r t i c u l a r . 

Bu t t h e v a r i a b l e ' d ' and i t s e a r c l i e i n a 
s e p a r a t e space S 1 . I f t h e s e a r c h f o r e x p l i c i t 
r e p r e s e n t a t i o n s o f dogs i s c o n d u c t e d i n S A o r 
one o f i t s d e s c e n d a n t s i n t h e l a t t i c e w h i c h i s 
n o t a l s o a d e s c e n d a n t o f S 1 , t h e n t h e e a r c f r o m 
node 'd ' w i l l n e v e r be s e e n , and v a r i a b l e 'd ' 
w i l l n o t b e e r r o n e o u s l y c o n s i d e r e d a s t h e 
r e p r e s e n t a t i o n o f a p a r t i c u l a r d o g . Net p a r t i 
t i o n i n g t h u s a l l o w s I n f o r m a t i o n c o n c e r n i n g 
g e n e r a l s t a t e m e n t s and p a r t i c u l a r s i t u a t i o n s t o 
b e m i x e d f r e e l y and r e p r e s e n t e d homogeneous ly 
w h i l e a v o i d i n g any c o n f u s i o n o f one t y p e o f 
i n f o r m a t i o n w i t h t h e o t h e r . 

W h i l e i n f o r m a t i o n c o n t a i n e d w i t h i n t h e 
# @ f o r m o f a g e n e r a l s t a t e m e n t i s i n v i s i b l e u n d e r 
" n o r m a l " c o n d i t i o n s , i t may b e made v i s i b l e 
wheneve r needed b y v i e w i n g t h e n e t w o r k f r o m SZ, 
t h e b o t t o m space i n t h e space l a t t i c e . V i e w i n g 
t h e n e t f r o m S Z a l l o w s g e n e r a l s t a t e m e n t s r e l e 
v a n t t o a g i v e n q u e r y t o b e r e t r i e v e d and ( h o p e 
f u l l y ) used t o deduce a n a p p r o p r i a t e r e s p o n s e . 

V I . O t h e r Uses o f P a r t i t i o n i n g 

The p a r t i t i o n i n g t h a t d i s t i n g u i s h e s v a r i a b l e s 
f r o m e x p l i c i t r e p r e s e n t a t i o n s may a l s o b e used t o 
s e t a p a r t p o r t i o n s o f t h e n e t f o r a v a r i e t y o f 
o t h e r p u r p o s e s . 

One s u c h p u r p o s e i s t o d i s t i n g u i s h h y p o 
t h e t i c a l s i t u a t i o n s f r o m t h e i r r e a l w o r l d c o u n t e r 
p a r t s and f r o m each o t h e r . Fo r e x a m p l e , c o n s i d e r 
how t h e s t a t e m e n t 

" F i d o wan ted t o b i t e a ( a n y ) p o s t m a n " 

i s e n c o d e d b y t h e n e t w o r k o f F i g u r e 1 0 . Node ' W 
r e p r e s e n t s a w a n t i n g s i t u a t i o n i n w h i c h F i d o i s 
t h e #@wanter and t h e t h i n g w a n t e d ( t h e # @ w a n t e d ) 
is r e p r e s e n t e d by n e t space SW. Space SW e n c o d e s 
i n f o r m a t i o n a b o u t a h y p o t h e t i c a l w o r l d t h a t t h e 
#@wanter d e s i r e s t o b e mapped i n t o r e a l e x i s t e n c e . 
S p e c i f i c a l l y , F i d o w a n t s t h e e x i s t e n c e o f a b i t 
i n g s i t u a t i o n # b , a pos tman # p and t h e r e l a t i o n 
s h i p s <-Fido i s t h e # © a s s a i l a n t o f #b> and <#p i s 
t h e v i c t l m o f #b>. A l t h o u g h t h e r e e x i s t l i n k s 
( s u c h a s t h e e a r c s and t h e a s s a i l a n t a r c ) f r o m 
t h e h y p o t h e t i c a l w o r l d o f S W i n t o r e a l i t y , t h e 
c o n d i t i o n s i n S W a r e e f f e c t i v e l y i s o l a t e d f r o m 
t h e mode l o f r e a l i t y b y t h e p a r t i t i o n b o u n d a r y . 

The a b i l i t y t o q u a r a n t i n e " u n r e a l " i n f o r m a 
t i o n w i t h i n h y p o t h e t i c a l spaces has many o t h e r 
a p p l i c a t i o n s . Fo r e x a m p l e , F i d o ' s d r e a m s , 
f a n t a s i e s , b e l i e f s and even t h e l i e s h e t e l l s 
may b e encoded w i t h i n such s p a c e s . W i t h o u t n e t 
p a r t i t i o n i n g , i t i s d i f f i c u l t t o d e t e r m i n e w h i c h 
nodes and a r c s encode h y p o t h e t i c a l i n f o r m a t i o n 
and w h i c h r e a l i t y . H a r d e r s t i l l i s t h e d i s t i n c t i o n 
o f one h y p o t h e t i c a l w o r l d f r o m a n o t h e r . 

F o r p l a n n i n g a p p l i c a t i o n s , h y p o t h e t i c a l 
spaces may b e used t o encode t h e a l t e r n a t i v e 
w o r l d mode l s s e t u p t o d e p i c t s t a t e s o f t h e w o r l d 
w h i c h may b e a c h i e v e d b y p e r f o r m i n g v a r i o u s 
sequences o f o p e r a t i o n s f r o m a n i n i t i a l s t a t e . 
A p l a n n e r u s i n g p a r t i t i o n e d n e t s c o u l d s h a r e a 
common d a t a base w i t h a n e t w o r k l a n g u a g e p r o c e s s o r . 

P a r s i n g , e s p e c i a l l y t h e p a r s i n g o f c o n t i n u o u s 
s p e e c h , has much I n common w i t h p l a n n i n g i n t h a t 
any number o f a l t e r n a t i v e h y p o t h e s e s may be u n d e r 
c o n s i d e r a t i o n a t any one t i m e . A l t e r n a t i v e 
i n t e r p r e t a t i o n s o f u t t e r a n c e f r a g m e n t s may b e 
m a i n t a i n e d i n s e p a r a t e s p a c e s . I f a l t e r n a t i v e 
p h r a s e s P I and P2 , r e p r e s e n t e d r e s p e c t i v e l y b y 
spaces SI and S 2 , s h a r e a common s u b p h r a s e PO, 
r e p r e s e n t e d b y SO, t h e n S I and S 2 w i l l l i e b e l o w 
S O i n t h e p a r t i t i o n l a t t i c e . T h u s , t h e s t r u c 
t u r e s c o n s t r u c t e d t o r e p r e s e n t P O w i l l b e v i s i b l e 
f r o m b o t h S I a n d S 2 and need b e b u i l t o n l y o n c e . 
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V I I . All E x i s t i n g System 

P a r t i t i o n e d semant ic networks o f t he k i n d 
d e s c r i b e d above have been implemented f o r the 
speech u n d e r s t a n d i n g system be ing deve loped j o i n t 
ly by SRI and SDC (see Walker [1975 J ) . As an ap
p l i c a t i o n o f t he q u a n t i f i e d s ta tements d i scussed 
above, t h e speech system uses spaces to encode 
r u l e s d e f i n i n g c a t e g o r i e s o f o b j e c t s . The t a x o n -
omic system based on these c a t e g o r i e s compresses 
redundant i n f o r m a t i o n by r e c o r d i n g common da ta at 
t he c a t e g o r y l e v e l r a t h e r than w i t h each i n d i v i 
d u a l . Those network ca tego ry r u l e s wh i ch d e f i n e 
t h e a t t r i b u t e v a l u e s assoc ia ted w i t h v a r i o u s ve rb 
c l a s s e s a i d the t r a n s l a t i o n r o u t i n e s b y p r o v i d i n g 
i n f o r m a t i o n needed t o de te rm ine i f a parse i s 
s e m a n t l c a l l y w e l l formed and to a s s o c i a t e s u r f a c e 
s t r u c t u r e s w i t h t h e i r c o r r e s p o n d i n g network r e p 
r e s e n t a t i o n s . 

The speech u n d e r s t a n d i n g system a l s o uses 
spaces t o m a i n t a i n a l t e r n a t i v e p a r s i n g s and i n 
f o c u s i n g t h e sys tem's a t t e n t i o n on a p a r t i c u l a r 
p o r t i o n ( c o n t e x t ) o f t he semant ic network f o r 
d i s c o u r s e a n a l y s i s . 

V I I I . R e l a t i o n s h i p t o Other P a r t i t i o n i n g Systems 

A number of modern computer languages, 
e x e m p l i f i e d by QLISP (Reboh [ 1 9 7 3 ] ) , have data 
base maintenance f a c i l i t i e s w i t h b u i l t - i n 
mechanisms f o r p a r t i t i o n i n g data i n t o " c o n t e x t s . " 
However, a l l such systems which a re known to 
the a u t h o r are based on a s s e r t i o n a l r e p r e s e n t a t i o n s 
as opposed to n e t w o r k s . The c o n t e x t h i e r a r c h i e s 
o f these systems are s t r i c t l y t r e e - l i k e and a re 
no t a l l owed t o form l a t t i c e s . F u r t h e r , the con 
t e x t f a c i l i t y o f these systems has n e i t h e r been 
e x p l o i t e d as a t o o l f o r imp lement ing q u a n t i f i c a 
t i o n nor been used i n event d e s c r i p t i o n s f o r 
encod ing the o b j e c t s o f such a c t i o n s as wan t ing 
and d reaming . 

Acknowledgements 

The au tho r is i ndeb ted to R. F. Simmons f o r 
h i s counse l d u r i n g the e a r l y s tages o f t h i s 
resea rch and to the members of the SRI speech 
unde rs tand ing and QLISP groups f o r t h e i r a i d i n 
s o l i d i f y i n g and imp lement ing t h e concepts h e r e i n 
p r e s e n t e d . The resea rch r e p o r t e d i n t h i s paper 
was suppor ted at SRI by the Advance Research 
P r o j e c t s Agency under Con t rac t s DAHC04-72-C-0008, 
DAHC04-72-C-0009, DAHC04-75-C-0004 and DAHC04-75-C-
0005 w i t h the U.S. Army Research O f f i c e . 

References 

H e n d r l x , G.G. , " P a r t i t i o n e d Networks f o r the 
Mathemat ica l Model ing of N a t u r a l Language 
S e m a n t i c s , " d i s s e r t a t i o n I n p r o g r e s s , Computer 
Sciences Depar tment , U n i v e r m i t y o f Texas, 
A u s t i n . 

Rumelhar t , D.E. and D.A. Norman, A c t i v e Semantic 
Networks as a Model of Human Memory, Advance 
Papers, T h i r d I n t e r n a t i o n a l J o i n t Conference 
o n A r t i f i c i a l I n t e l l i g e n c e , S t a n f o r d , C a l i f o r n i a , 
(1973) 450-457. 

118 





120 



121 


