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I n t he System f o r P a r a l l e l R e p r e s e n t a t i o n o f 
Knowledge (SPARK) the i n g r e d i e n t o f c o n c e r n i s no t 
t h e h i g h - l e v e l , h u m a n - l i k e , m o d e l i n g o f k n o w l e d g e , 
bu t t h e compac t , e f f i c i e n t , and e f f e c t i v e i n t e r n a l 
r e p r e s e n t a t i o n and use of t h e k n o w l e d g e . SPARK 
employs a knowledge base r e p r e s e n t a t i o n t e c h n i q u e 
wh ich has been shown to be as much as seven t i m e s 
more e f f i c i e n t f o r i n f o r m a t i o n r e t r i e v a l t han some 
o t h e r r e l a t i o n a l r e p r e s e n t a t i o n s . A t t h e same 
t i m e , t h i s t e c h n i q u e , c a l l e d t he P a r a l l e l 
R e p r e s e n t a t i o n (PAR) T e c h n i q u e , can a l s o compact 
the knowledge base by a f a c t o r o f two o r mo re . 
What d i s t i n g u i s h e s SPARK f r om d a t a management 
systems i s t h a t t h i s e f f i c i e n t and e f f e c t i v e 
r e t r i e v a l mechanism a l s o p r o v i d e s a p o w e r f u l 
d e d u c t i v e i n f e r e n c e c a p a b i l i t y . 

Two t y p e s o f p a r a l l e l i s m a re employed i n 
SPARK, one a c h e l v e d by d a t a s t r u c t u r e s anc the 
o t h e r b y p a r a l l e l p r o c e s s i n g . Both a re made 
p o s s i b l e by t he d i s t i n c t i o n made between the 
" s t r u c t u r e " and t h e " c o n t e n t " o f d a t a . I n human 
p rob lem s o l v i n g the s t r u c t u r e i s t h e g e n e r a l 
concep t w h i l e t h e c o n t e n t i s t h e s e t s o f i t e m s 
w h i c h , when combined w i t h t h e s t r u c t u r e , make one 
o r more i n s t a n c e s o f t h a t c o n c e p t . Thus 
" t r a n s p o r t i n g A f r o m X to Y" is a concep t w h i l e 
" c a r r y i n g the b l o c k f rom the f l o o r t o the t a b l e " 
I s a n i n s t a n c e o f t h a t concep t w i t h t h e 
c o n t e n t : c a r r y i n g ; b l o c k ; f l o o r ; and t a b l e . For 
the b a s i c c o n s t r u c t s ( t h e i n d i v i d u a l f a c t s and 
i n f e r e n c e r u l e s o f t h e knowledge base) PAR employs 
t e m p l a t e s t o r e p r e s e n t t h e s t r u c t u r e and s e t s t o 
s p e c i f y the c o n t e n t . For e x a m p l e , t h e c o l l e c t i o n 
o f f a c t s about o b j e c t s s u p p o r t e d b y t he t a b l e 
would be g i v e n b y : 

( ( R , X , Y ) { [ s u p p o r t s ] / R , [ t a b l e ] / X , 
[ b l o c k , c o n e , l u m p , h a m m e r ] / Y » 

where ( R , X , Y ) i s t he t e m p l a t e s p e c i f y i n g t he 
concep t o f a b i n a r y r e l a t i o n w i t h two independen t 
a r g u m e n t s . The s e t s a s s o c i a t e d w i t h R, X, and Y 
can be used to fo rm s p e c i f i c i n s t a n c e s by 
a p p r o p r i a t e s u b s t i t u t i o n s , i n t h i s case s i m p l y 
o r d e r e d c r o s s p r o d u c t s o f t he s e t s . T o i ndex the 
knowledge base PAR employs m e t a - t e m p l a t e s and 
s u p e r - s e t s in a c o r r e s p o n d i n g manner . The 
i n d e x i n g s t r u c t u r e p r o o v i d e s a compact f o rm wh ich 
f a c i l i t a t e s e f f i c i e n t s e a r c h and r e t r i e v a l . Thus 
t h e r e p r e s e n t a t i o n I s p a r a l l e l because any s i n g l e 
symbol a p p e a r i n g in a PAR s t r u c t u r e can r e p r e s e n t 
a n unbounded number o f i n s t a n c e s o f t h a t symbol i n 
the knowledge b a s e . 

The second t y p e o f p a r a l l e l i s m i s m u l t i ­
p r o c e s s i n g made p o s s i b l e by t h e m e t a - t e m p l a t e s and 
s u p e r - s e t s o f t h e i n d e x s t r u c t u r e . The 
m e t a - t e m p l a t e s a r e c a n n o n l c a l B - t r e e s wh i ch 
p a r t i t i o n t h e knowledge base i n t o d i s j o i n t 
c o l l e c t i o n s o f d a t a . When a q u e r y p a t t e r n matches 

n m e t a - t e m p a t e s , n i ndependen t p r o c e s s e s may be 
c r e a t e d t o comp le te t h e r e t r i e v a l m a t c h , t h u s 
p e r f o r m i n g many r e t r i e v a l s i n p a r a l l e l . 

SPARK, w i t h t h e PAR T e c h n i q u e , is n o t posed 
as a panacea f o r a l l knowledge base management 
p r o b l e m s . S e v e r a l c o n s t r a i n t s were assumed i n the 
d e v e l o p m e n t : 

( 1 ) Ve ry l a r g e knowledge bases (more t h a n 10**12 
b i t s ) a re t o be commonly e m p l o y e d . 

( 2 ) There i s a s i g n i f i c a n t degree o f 
i n t e r r e l a t i o n s h i p among the e l e m e n t s o f t h e 
knowledge b a s e . I f t he knowledge base i s v iewed 
a s a c o l l e c t i o n o f n - t u p l e s , t h e n any d i s t i n c t 
argument o f a t u p l e has a h i g h p r o b a b i l i t y o f 
a p p e a r i n g i n m u l t i p l e t u p l e s . 

( 3 ) Search and r e t r i e v a l a r e t h e p reponderance 
o f knowledge base o p e r a t i o n s . 

(A) Search and r e t r i e v a l may be e q u a l l y l i k e l y 
f o r any c o m b i n a t i o n o f a r g u m e n t s , i . e . a query 
n - t u p l e may have i n s t a n t i a t e d any c o m b i n a t i o n o f 
argument p o s i t i o n s , t h e r e m a i n i n g p o s i t i o n s 
b e i n g l e f t f r e e . 

( 5 ) The r e p r e s e n t a t i o n must a l l o w semant i c 
(domain s p e c i f i c ) c o n s t r a i n t s t o b e used I n the 
s e a r c h and r e t r i e v a l p r o c e s s . 

( 6 ) Sets s h o u l d b e t r e a t e d a s s e t s . 

( 7 ) The r e p r e s e n t a t i o n s h o u l d f a c i l i t a t e t h e use 
o f i n f e r e n c e . 

These c o n s t r a i n t s appear t o be q u i t e g e n e r a l and 
r e p r e s e n t a t i v e o f a l a r g e v a r i e t y o f r e a l i s t i c 
knowledge b a s e s . 

The P a r a l l e l R e p r e s e n t a t i o n Techn ique 
employed in t he SPARK sys tem is posed as an 
app roach t o i n t e l l i g e n t knowledge base management 
( i . e . management e m p l o y i n g i n f e r e n c e ) f o r v e r y 
l a r g e knowledge b a s e s . P r e l i m i n a r y r e s u l t s f r o m a 
s i m p l i f i e d model and a n a l y s i s o f t h e t e c h n i q u e 
i n d i c a t e t h e p o t e n t i a l f o r s i g n i f i c a n t s t o r a g e and 
s e a r c h p r o c e s s i n g s a v i n g s o v e r some o t h e r 
r e l a t i o n a l r e p r e s e n t a t i o n s . I t i s s i g n i f i c a n t t o 
n o t e t h a t t h e space s a v i n g s due t o t he knowledge 
base compress ion a b i l i t y o f PAR do n o t cause an 
i n c r e a s e i n t h e e f f o r t r e q u i r e d t o s e a r c h the 
knowledge base on t h e a v e r a g e . The sea rch 
mechanism can a c c o m p l i s h i t s t a s k more e f f i c i e n t l y 
i n f a c t . T h i s i s due p r i m a r i l y t o t he e l i m i n a t i o n 
o f any c o n f l i c t between t h e manner i n w h i c h t h e 
i n f o r m a t i o n i s s t o r e d and the manner i n w h i c h i t 
i s u t i l i z e d b y t h e sea rch mechan ism. Because the 
PAR Techn ique i s i n t e n d e d as an i n t e r n a l r e p r e ­
s e n t a t i o n o f i n f o r m a t i o n i t can b e adap ted t o many 
d i f f e r e n t h i g h l e v e l e x t e r n a l r e p r e s e n t a t i o n s . 

The i m p l e m e n t a t i o n and t e s t i n g o f SPARK is 
c o n t i n u i n g a t t h e Nava l Research L a b o r a t o r y . Once 
t h e system i s f u l l y o p e r a t i o n a l e x p e r i m e n t a t i o n 
w i l l b e made w i t h l a r g e p r a c t i c a l knowledge bases 
t o f u r t h e r d e t e r m i n e t h e s t r e n g h t s and weaknesses 
of SPARK and t h e PAR T e c h n i q u e . 
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