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Abstract 
A new me thod  is p r e s e n t e d  for  s impl i fy ing  t h e  l o g i c a l  

e x p r e s s i o n s  u s e d  to  r e p r e s e n t  u t t e r a n c e  m e a n ing  in  a 

n a t u r a l  l a n g u a g e  sys t em.  1 This s i m p l i f i c a t i o n  m e t h o d  
u t i l i z e s  t he  e n c o d e d  knowledge  a nd  t h e  l imi t ed  
i n f e r e n c e - m a k i n g  c a p a b i l i t y  of a t a x o n o m i c  k n o w l e d g e  
r e p r e s e n t a t i o n  s y s t e m  to r e d u c e  t h e  c o n s t i t u e n t  
s t r u c t u r e  of l o g i c a l  e x p r e s s i o n s .  The s p e c i f i c  
a p p l i c a t i o n  is  to  t h e  p r ob l e m  of mapp ing  e x p r e s s i o n s  of 
t h e  mean ing  r e p r e s e n t a t i o n  l a n g u a g e  to  a d a t a b a s e  
l a n g u a g e  c a p a b l e  of r e t r i e v i n g  a c t u a l  r e s p o n s e s .  
P a r t i c u l a r  a c c o u n t  is t a k e n  of t h e  m o d e l - t h e o r e t i c  
a s p e c t s  of t h i s  p rob lem.  

1. Introduction 
A common and  u s e f u l  s t r a t e g y  for  c o n s t r u c t i n g  

n a t u r a l  l a n g u a g e  i n t e r f a c e  s y s t e m s  is to  d iv ide  t h e  
p r o c e s s i n g  of an  u t t e r a n c e  in to  two major  s t a g e s :  t h e  
f i r s t  mapp ing  t h e  u t t e r a n c e  to a l o g i c a l  e x p r e s s i o n  
r e p r e s e n t i n g  i t s  " m e a n i n g "  and  t h e  s e c o n d  p r o d u c i n g  
from t h i s  l og i ca l  e x p r e s s i o n  t h e  a p p r o p r i a t e  r e s p o n s e .  
The s e c o n d  s t a g e  is no t  n e c c e s a r i l y  t r i v i a l :  t h e  
d i f f i c u l t y  of i t s  d e s i g n  is  s i g n i f i g a n t l y  a f f e c t e d  by t h e  
c o m p l e x i t y  and  g e n e r a l n e s s  of t h e  l o g i c a l  e x p r e s s i o n s  i t  
h a s  to  d e a l  with.  If t h i s  i s s u e  is n o t  f a c e d  s q u a r e l y ,  i t  
may a f f ec t  c h o i c e s  made e l s e w h e r e  in  t h e  sys tem.  
Indeed ,  a n e e d  to  r e s t r i c t  t h e  form of t h e  m e a n i n g  
r e p r e s e n t a t i o n  c a n  be a t  odds  wi th  p a r t i c u l a r  
a p p r o a c h e s  t o w a r d s  p r o d u c i n g  i t  - as  for  e xa m p le  t h e  
" c o m p o s i t i o n a l "  a p p r o a c h ,  which  does  n o t  s e e k  to  
c o n t r o l  e x p r e s s i o n  c o m p l e x i t y  by g iv ing  i n t e r p r e t a t i o n s  
for  whole  p h r a s a l  p a t t e r n s ,  b u t  s imply  c o m b i n e s  
t o g e t h e r  t he  m e a n i n g  of i n d i v i d u a l  words  in a m a n n e r  
a p p r o p r i a t e  to  t h e  s y n t a x  of t h e  u t t e r a n c e .  Such  a 
c o n f l i c t  is  c e r t a i n l y  no t  d e s i r a b l e :  we w a n t  to  h a v e  
f r eedom of l i n g u i s t i c  a c t i o n  as  well  as  to  be able  to  
o b t a i n  c o r r e c t  r e s p o n s e s  to  u t t e r a n c e s .  

This p a p e r  t r e a t s  in d e t a i l  t h e  p a r t i c u l a r  
m a n i f e s t a t i o n  of t h e s e  i s s u e s  for  n a t u r a l - l a n g u a g e  
s y s t e m s  which  s e r v e  as  i n t e r f a c e s  to  a d a t a b a s e :  t h e  
p r o b l e m s  t h a t  a r i s e  in a module  wh ich  maps  t h e  
mean ing  r e p r e s e n t a t i o n  to  a s e c o n d  l o g i c a l  l a n g u a g e  
for  e x p r e s s i n g  a c t u a l  d a t a b a s e  q u e r i e s .  A module  
p e r f o r m i n g  s u c h  a m a pp ing  is a c o m p o n e n t  of s u c h  

q u e s t i o n - a n s w e r i n g  s y s t e m s  as  TEAM [4], PHLIQA1 [7] 
and  IRUS [1]. As an  example  of d i f f i c u l t i e s  wh ich  may 
be e n c o u n t e r e d ,  c o n s i d e r  t h e  q u e s t i o n  "Was t h e  
p a t i e n t ' s  m o t h e r  a d i a b e t i c ? "  whose  l o g i c a l  
r e p r e s e n t a t i o n  m u s t  be mapped  on to  a p a r t i c u l a r  
b o o l e a n  f ie ld  wh ich  e n c o d e s  for  e a c h  p a t i e n t  w h e t h e r  
or  no t  t h i s  comp l ex  p r o p e r t y  is t r u e .  Any v a r i a t i o n  on 
t h i s  q u e s t i o n  wh ich  a c o m p o s i t i o n a l  s e m a n t i c s  might  
a l s o  hand l e ,  s u c h  as  "Was d i a b e t e s  a d i s e a s e  t he  
p a t i e n t ' s  m o t h e r  s u f f e r e d  from?",  would  r e s u l t  in  a 
s e m a n t i c a l l y  e q u i v a l e n t  b u t  v e r y  d i f f e r e n t - l o o k i n g  
l og i ca l  e x p r e s s i o n ;  t h i s  d i f f e r e n t  e x p r e s s i o n  would  a l so  
h a v e  to  be m a p p e d  to  t h i s  f ield.  How to  d e a l  wi th  
t h e s e  and  many  o t h e r  p o s s i b l e  v a r i a n t s ,  w i t h o u t  mak ing  
t h e  mapp ing  p r o c e s s  e x c e s s i v e l y  complex,  is  c l e a r l y  a 
p rob lem.  

The s o l u t i o n  wh ich  t h i s  p a p e r  p r e s e n t s  is a new leve l  
of p r o c e s s i n g ,  i n t e r m e d i a t e  b e t w e e n  t h e  o t h e r  two: a 
nove l  s i m p l i f i c a t i o n  t r a n s f o r m a t i o n  which  is p e r f o r m e d  
on t h e  r e s u l t  of s e m a n t i c  i n t e r p r e t a t i o n  b e f o r e  t h e  
a t t e m p t  is made  to  map i t  to  t h e  d a t a b a s e .  This 
s i m p l i f i c a t i o n  m e t h o d  r e l i e s  on k n o w l e d g e  w h i c h  is  
s t o r e d  in a t a x o n o m i c  k n o w l e d g e  r e p r e s e n t a t i o n  s y s t e m  
s u c h  as  NIKL [5]. The p r i n c i p l e  b e h i n d  t h e  m e t h o d  is 
t h a t  an  e x p r e s s i o n  may be s impl i f ied  by t r a n s l a t i n g  i t s  
s u b e x p r e s s i o n s ,  w h e r e  poss ib l e ,  i n to  t he  l a n g u a g e  of 
NIKL, and  c l a s s i f y i n g  t h e  r e s u l t  i n to  t h e  t a x o n o m y  to 
o b t a i n  a s i m p l e r  e q u i v a l e n t  for  them.  The r e s u l t  is  to  
p r o d u c e  an  e q u i v a l e n t  b u t  s y n t a c t i c a l l y  s i mp le r  
e x p r e s s i o n  in  wh ich  fewer,  b u t  more  spec i f i c ,  p r o p e r t i e s  
and  r e l a t i o n s  a p p e a r .  The b e n e f i t  is  t h a t  d e d u c t i o n s  
from t h e  e x p r e s s i o n  may be more  e a s i l y  " r e a d  off"; in  
p a r t i c u l a r ,  t h e  mapp i ng  b e c o m e s  e a s i e r  b e c a u s e  t he  
p r o p e r t i e s  and  r e l a t i o n s  a p p e a r i n g  a r e  more  l i k e l y  to 
be e i t h e r  t h o s e  of t h e  d a t a b a s e  or  c o m p o s a b l e  from 
them. 

The body  of t h e  p a p e r  is d iv ided  i n t o  fou r  s e c t i o n s .  
In t h e  f i r s t ,  I will  s u m m a r i z e  some p a s t  t r e a t m e n t s  of 
t h e  mapping  b e t w e e n  t he  m e a n i n g  r e p r e s e n t a t i o n  and  
t h e  q u e r y  l a n g u a g e ,  and  show t h e  p r o b l e m s  t h e y  fai l  to  
solve.  The s e c o n d  s e c t i o n  p r e p a r e s  t h e  way by  showing  
how to c o n n e c t  t h e  t a x o n o m i c  k n o w l e d g e  r e p r e s e n t a t i o n  
s y s t e m  to a l og i ca l  l a n g u a g e  u s e d  for  m e a n i n g  
r e p r e s e n t a t i o n .  The t h i r d  s e c t i o n  p r e s e n t s  t h e  
" r e c u r s i v e  t e r m i n o l o g i c a l  s i m p l i f i c a t i o n "  a l g o r i t h m  i t se l f .  
The l a s t  s e c t i o n  d e s c r i b e s  t he  i m p l e m e n t a t i o n  s t a t u s  
and  s u g g e s t s  d i r e c t i o n s  for i n t e r e s t i n g  f u t u r e  work.  

1The work presented here woe supported under DARPA 
controct  #N00014-85 -C-0016 .  The views ond conclusions 
contoined in th is  document ore those of the outhor ond 
should not be i n t e r p r e t e d  os necessor i ly  represent ing  the 
o f f i c i o l  p o l i c i e s ,  e i t h e r  expressed or impl ied,  of the 
Defense Advonced Reseorch P r o j e c t s  Agency or of the Uni ted 
$ t o t e s  Government. 

2. A Formal Treatment of the 
Mapping Problem 

This s e c t i o n  d i s c u s s e s  some p r e v i o u s  w o r k  on t h e  
p rob l em of mapp i ng  b e t w e e n  t he  l o g i c a l  l a n g u a g e  u s e d  
for  mean i ng  r e p r e s e n t a t i o n  and  t h e  l o g i c a l  l a n g u a g e  in  
which  a c t u a l  d a t a b a s e  q u e r i e s  a r e  e x p r e s s e d .  The 
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d i f f i c u l t i e s  wh ich  r e m a i n  for t h e s e  a p p r o a c h e s  will be 
p o i n t e d  out .  

A common o r g a n i z a t i o n  for  a d a t a b a s e  is  in  t e r m s  of 
t a b l e s  wi th  rows a n d  co lumns .  The s t a n d a r d  
f o r m u l a t i o n  of t h e s e  i d e a s  is found  in t h e  r e l a t i o n a l  
model  of Codd [3], in  wh ich  t h e  t a b l e s  a r e  
c h a r a c t e r i z e d  as  r e l a t i o n s  ove r  s e t s  of a t o m i c  d a t a  
va lue s .  The e l e m e n t s  ( rows)  of a r e l a t i o n  a r e  c a l l e d  
" t u p l e s " ,  whi le  i t s  i n d i v i d u a l  a r g u m e n t  p l a c e s  ( co lumns )  
a r e  t e r m e d  i t s  " a t t r i b u t e s " .  Logica l  l a n g u a g e s  for  t h e  
c o n s t r u c t i o n  of q u e r i e s ,  s u c h  as  Codd ' s  r e l a t i o n a l  
a l g e b r a ,  m u s t  make  r e f e r e n c e  to  t h e  r e l a t i o n s  a n d  
a t t r i b u t e s  of t h e  d a t a b a s e .  

The f i r s t  i s s u e  to  be  f a c e d  in c o n s i d e r a t i o n  of t h e  
mapp ing  p r o b l e m  is w h a t  e l e m e n t s  of t h e  d a t a b a s e  to  
i d e n t i f y  wi th  t h e  o b j e c t s  of d i s c o u r s e  in  t h e  u t t e r a n c e  

- t h a t  is,  w i th  t h e  n o n - l o g i c a l  c o n s t a n t s  2 in  t h e  
m e a n i n g  r e p r e s e n t a t ! o n .  In p r e v i o u s  w o r k  [9] I h a v e  
a r g u e d  t h a t  t h e s e  s h o u l d  n o t  be t h e  rows of t h e  t a b l e s ,  
as  one  migh t  f i r s t  t h i n k ,  b u t  r a t h e r  c e r t a i n  s e t s  of t h e  
a tomic  a t t r i b u t e - v a l u e s  t h e m s e l v e s .  I p r e s e n t e d  an  
a l g o r i t h m  wh ich  c o n v e r t e d  e x p r e s s i o n s  of a p r e d i c a t e  
c a l c u l u s - b a s e d  m e a n i n g  r e p r e s e n t a t i o n  l a n g u a g e  to  t h e  
q u e r y  l a n g u a g e  ERL, a r e l a t i o n a l  a l g e b r a  [3] e x t e n d e d  
wi th  s e c o n d - o r d e r  o p e r a t i o n s .  The t r a n s l a t i o n s  of 
n o n - l o g i c a l  c o n s t a n t s  in  t h e  m e a n i n g  r e p r e s e n t a t i o n  
w e r e  p r o v i d e d  by  f i xed  a nd  l o c a l  t r a n s l a t i o n  r u l e s  t h a t  
were  s imply  ERL e x p r e s s i o n s  for  c o m p u t i n g  t h e  t o t a l  
e x t e n s i o n  of t h e  c o n s t a n t  in  t h e  d a t a b a s e .  The 
e x p r e s s i o n s  so d e r i v e d  w e r e  t h e n  c o m b i n e d  t o g e t h e r  in  
an  a p p r o p r i a t e  way to  y ie ld  an  e x p r e s s i o n  for  
c o m p u t i n g  t h e  r e s p o n s e  for  t h e  e n t i r e  m e a n i n g  
r e p r e s e n t a t i o n  e x p r e s s i o n .  If t h e  a l g o r i t h m  
e n c o u n t e r e d  a n o n - l o g i c a l  c o n s t a n t  for  w h i c h  no 
t r a n s l a t i o n  r u l e  e x i s t e d ,  t h e  t r a n s l a t i o n  f a i l ed  and  t h e  
u s e r  was  i n f o r m e d  as  to  why t h e  s y s t e m  c o u l d  n o t  
a n s w e r  h i s  q u e s t i o n .  

By way of i l l u s t r a t i o n ,  c o n s i d e r  t h e  fo l lowing 
r e l a t i o n a l  d a t a b a s e ,  c o n s i s t i n g  of c l i n i c a l  h i s t o r y  
i n f o r m a t i o n  a b o u t  p a t i e n t s  a t  a g iven  h o s p i t a l  and  of 
i n f o r m a t i o n  a b o u t  d o c t o r s  w o r k i n g  t h e r e :  

PAT I ENTS (PAT I D, SEX. AGE, D I SF-J~SE, PHYS, D I AMOTHER) 
DOCTORS(DOCID ,NAME,SEX.SPECIALTY) 

w h e r e  "PHYS" is t h e  ID of t h e  t r e a t i n g  p h y s i c i a n ,  a n d  
"DIAMOTHER" is  a b o o l e a n  f ie ld  i n d i c a t i n g  w h e t h e r  or  
no t  t h e  p a t i e n t ' s  m o t h e r  is  d i a b e t i c .  Here  a r e  t h e  
r u l e s  for  t h e  o n e - p l a c e  p r e d i c a t e  PATIENTS, t h e  o n e -  
p l a c e  p r e d i c a t e  SPECIALTIES, a nd  t h e  t w o - p l a c e  
p r e d i c a t e  TREATING-PHYSICIAN: 

PATIENTS => (PROJECT PATIENTS OVER PATID) 

SPECIALTIES => (PROJECT DOCTORS OVER SPECIALTY) 

TREATING-PHYSICIAN => (PROJECT (JOIN PATIENTS 
TO DOCTORS 
OVER PHYS DOCID) 

OVER PATID DOCID) 

Note t h a t  whi le  no t a b l e  e x i s t s  for  p h y s i c i a n  
SPECIALTIES, we c a n  n o n e t h e l e s s  give a r u l e  for  t h i s  
p r e d i c a t e  in  way t h a t  is  un i f o r m  wi th  t h e  r u l e  g iven  for  
t h e  p r e d i c a t e  PATIENTS. 

2This term, while a standard one in formal logic,  may be 
confused with other uses of the word "constant".  I t  simply 
refers to the funct ion,  predicate and ordinary constant 
symbols, such as "MOTHER" or "JOHN". whose denotations 
depend on the i n t e r p r e t a t i o n  of the language, as opposed to 
f ixed symbols l ike  "FORALL',"AND", "TRUE". 

One a d v a n t a g e  of s u c h  l o c a l  t r a n s l a t i o n  r u l e s  is t h e i r  
s i mp l i c i t y .  A n o t h e r  a d v a n t a g e  is t h a t  t h e y  e n a b l e  us  to  
t r e a t  d a t a b a s e  q u e s t i o n - a n s w e r i n g  m o d e l - t h e o r e t i c a l l y .  
The s e t - t h e o r e t i c  s t r u c t u r e  of t h e  model  is  t h a t  which  
would  be  o b t a i n e d  by g e n e r a t i n g  from t h e  r e l a t i o n s  of 
t h e  d a t a b a s e  t h e  much l a r g e r  s e t  of " v i r t u a l "  r e l a t i o n s  
t h a t  a r e  e x p r e s s i b l e  as  f o r m u l a s  of ERL. The 
i n t e r p r e t a t i o n  f u n c t i o n  of t h e  model  is  j u s t  t he  
t r a n s l a t i o n  f u n c t i o n  i t se l f .  Note t h a t  i t  is  a partial 
f u n c t i o n  b e c a u s e  of t h e  f a c t  t h a t  some n o n - l o g i c a l  
c o n s t a n t s  may no t  h a v e  t r a n s l a t i o n s .  We s p e a k  
t h e r e f o r e  of t h e  d a t a b a s e  c o n s t i t u t i n g  a " p a r t i a l l y  
s p e c i f i e d  model"  for t h e  m e a n i n g  r e p r e s e n t a t i o n  
l a n g u a g e .  C o m p u t a t i o n  of a r e s p o n s e  to  a u s e r ' s  
r e q u e s t ,  i n s t e a d  of b e i n g  c h a r a c t e r i z a b l e  on ly  as  a 
p r o c e d u r a l  o p e r a t i o n ,  b e c o m e s  i n t e r p r e t a t i o n  in  s u c h  a 
model .  

A s i m i l a r  m o d e l - t h e o r e t i c  a p p r o a c h  is  a d v o c a t e d  in  
t h e  w o r k  on PHLIQA1 [8], in  w h i c h  a n u m b e r  of 
d i f f i c u l t i e s  in  wr i t i ng  l o c a l  r u l e s  a r e  i d e n t i f i e d  and  
o v e r c o m e .  One c l a s s  of t e c h n i q u e s  p r e s e n t e d  t h e r e  
a l lows  fo r  q u i t e  complex  a n d  g e n e r a l  e x p r e s s i o n s  to  
r e s u l t  f rom loca l  r u l e  a p p l i c a t i o n ,  to  w h i c h  a p o s t -  
t r a n s l a t i o n  s i m p l i f i c a t i o n  p r o c e s s  is  app l i ed .  Other  
s p e c i a l - p u r p o s e  t e c h n i q u e s  a r e  a l so  p r e s e n t e d ,  s u c h  as 
t h e  c r e a t i o n  of " p r o x i e s "  to  s t a n d  in  for  e l e m e n t s  of a 
s e t  for  w h i c h  only  t h e  c a r d i n a l i t y  is  known.  

A more  d i f f i cu l t  p rob lem,  for  w h i c h  t h e s e  t e c h n i q u e s  
do n o t  p r o v i d e  a g e n e r a l  t r e a t m e n t ,  a r i s e s  when  we 
w a n t  to  g e t  a t  i n f o r m a t i o n  c o r r e s p o n d i n g  to  a complex  
p r o p e r t y  w h o s e  c o m p o n e n t  p r o p e r t i e s  a n d  r e l a t i o n s  a r e  
n o t  t h e m s e l v e s  s t o r e d .  For  example ,  s u p p o s e  t h e  q u e r y  
"Lis t  p a t i e n t s  whose  m o t h e r  was  a d i a b e t i c " ,  is  
r e p r e s e n t e d  by t h e  m e a n i n g  r e p r e s e n t a t i o n :  

(d isp lay  t ( s s t o f  X : P A T I E N T  
( fo ra l  l Y:PERSON (->(MOTHER X Y) 

(DIABETIC Y)))))  

The i n f o r m a t i o n  to  c o m p u t e  t h e  a n s w e r  may  be found  in  
t h e  f i e ld  DIAMOTHER above .  It i s  v e r y  h a r d  to" see  how 
we will  u s e  l oca l  r u l e s  to  g e t  to  it ,  h o w e v e r ,  s i nce  
n o t h i n g  c o n s t r u c t a b l e  f rom t h e  d a t a b a s e  c o r r e s p o n d s  
to  t h e  n o n - l o g i c a l  c o n s t a n t s  MOTHER and  DIABETIC. 
The p r o b l e m  is t h a t  t h e  d a t a b a s e  c h o o s e s  to  h i g h l i g h t  
t h e  c o m p l e x  p r o p e r t y  DIAMOTHER whi le  a v o i d i n g  t h e  
c o s t  of s t o r i n g  i t s  c o n s t i t u e n t  p r e d i c a t e s  MOTHER and  
DIABETIC - t h e  c o n c e p t u a l  u n i t s  c o r r e s p o n d i n g  to  t h e  
w o r d s  of t h e  u t t e r a n c e .  

One way  to  ge t  a r o u n d  t h e s e  d i f f i c u l t i e s  is  of c o u r s e  
to  a l low for  a more  g e n e r a l  k i n d  of, t r a n s f o r m a t i o n :  a 
" g l o b a l  r u l e "  which  would  m a t c h  a g a i n s t  a whole 
s y n t a c t i c  p a t t e r n  l i ke  t h e  u n i v e r a l l y  q u a n t i f i e d  s u b -  
e x p r e s s i o n  above.  The d i s a d v a n t a g e  of th i s ,  as  is  
p o i n t e d  o u t  in  [8], is  t h a t  t h e  r i c h n e s s  of b o t h  n a t u r a l  
l a n g u a g e  a n d  logic  a l lows  t h e  s a m e  m e a n i n g  to  be 
e x p r e s s e d  in  many  d i f f e r e n t  ways,  w h i c h  a c o m p l e t e  
" g l o b a l  r u l e "  would  h a v e  to  ma tch .  S t r i c t l y  s y n t a c t i c  
v a r i a t i o n  is  p o s s i b l e :  p i e c e s  of t h e  p a t t e r n  may be 
s p r e a d  ou t  ove r  t h e  e x p r e s s i o n ,  f rom w h i c h  t h e  p a t t e r n  
m a t c h  would  h a v e  to  g r a b  them.  E q u i v a l e n t  
f o r m u l a t i o n s  of t h e  q u e r y  may a l so  u s e  c o m p l e t e l y  
d i f f e r e n t  t e r m s .  For  example ,  t h e  u s e r  migh t  have  
e m p l o y e d  t h e  e q u i v a l e n t  p h r a s e  " female  p a r e n t "  in  
p l a c e  of t h e  word  " m o t h e r " ,  p r e s u m a b l y  c a u s i n g  t h e  
s e m a n t i c  i n t e r p r e t a t i o n  to  y i e ld  a l o g i c a l  form wi th  t h e  
d i f f e r e n t  p r e d i c a t e s  "PARENT" a n d  "FEMALE". This 
would  n o t  m a t c h  t h e  p a t t e r n .  It b e c o m e s  c l e a r  t h a t  
t h e  " p a t t e r n - m a t c h i n g "  to  be  p e r f o r m e d  h e r e  is no t  
t h e  l i t e r a l  k ind ,  and  t h a t  i t  i n v o l v e s  u n s p e c i f i e d  and  
a r b i t r a r y  a m o u n t s  of i n f e r e n c e .  

The a l t e r n a t i v e  a p p r o a c h  p r e s e n t e d  by  t h i s  p a p e r  
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takes explicit account of the fact that certain 
properties and relations, like "DIAMOTHER", can be 
regarded as built up from others. In the next section 
we will show how the properties and relations whose 
extensions the database stores can be axiomatized in 
terms of the ones that are more basic in the 
application domain. This prepares the way for the 
simplification transformation itself, which will rely on a 
limited and sound form of inference to reverse the 
axiomatization and transform the meaning 
representation, where possible, to an expression that 
uses only these database properties and relations. In 
this way, the local rule paradigm can be substantially 
restored. 

3. Knowledge Representation and 
Question-Answering 

The p u r p o s e  of t h i s  s e c t i o n  of t h e  p a p e r  is  to  p r e s e n t  
a way of c o n n e c t i n g  t h e  m e a n i n g  r e p r e s e n t a t i o n  
l a n g u a g e  to  a t a x o n o m i c  k n o w l e d g e  r e p r e s e n t a t i o n  
s y s t e m  in s u c h  a way t h a t  t h e  i n f e r e n c e - m a k i n g  
c a p a b i l i t y  of t h e  l a t t e r  is  a v a i l a b l e  a nd  u s e f u l  for  t h e  
p r o b l e m s  t h i s  p a p e r  a d d r e s s e s .  Our a p p r o a c h  may be 
c o n s t r a s t e d  wi th  t h a t  of o t h e r s ,  e.g. TEAM in which  
s u c h  a t a x o n o m y  is u s e d  ma in ly  for  s imple  i n h e r i t a n c e  
and  a t t a c h m e n t  du t i e s .  

The knowledge representation system used in this 
work is NIKL [5]. Since NIKL has been described rather 
fully in the references, I will give only a brief summary 
here. 

NIKL is a taxonomic frame-like system with two basic 
data structures: concepts and roles. Concepts are just 
classes of entities, for which roles function somewhat 
as attributes. At any given concept we can restrict a 
role to be filled by some other concept, or place a 
restriction on the number of individual "fillers" of the 
role there. A role has one concept as its "domain" and 
another as its "range": the role is a relation between 
the sets these two concepts denote. Concepts are 
arranged in a hierarchy of sub-concepts and 
superconcepts; roles are similarly arranged. Both 
concepts and roles may associated with names. In 
logical terms, a concept may be identified as the one- 
place predicate with its name, and a role as the two- 
place predicates with its name. 

I will now give the meaning postulates for a term- 
forming algebra, similar to the one described in [2] in 
which one can write down the sort of NIKL expressions 
I will need. Expressions in this language are 
combinable to yield a complex concept or role as their 
value. 

(CONJ CI - -  CN) = (lambda (X) (and (CI X) - -  (Cn X))) 

(VALUERESTRICT R C) _= (lambdo (X) ( f o r a l l  Y (-> (R X Y) 
(c Y))) 

(NUMBERRESTRICT R 1 NIL) =_. (Iombdo (X) (exists Y (R X Y)))  

(VRDIFF R C) = (lombdo (X Y) (and (R X Y) (C Y))) 

(DOMAINDIFF R C) 5 (Iombdo (X Y) (ond (R X Y) (C X))) 

The key feature of NIKL which we will make use of is its 
classifier, which computes subsumption and equivalence 
relations between concepts, and a limited form of this 
among roles. Subsumption is sound, and thus indicates 
entailment between terms: 

(SUBSUMES C1 C2) -> ( f o r a l l  X (-> (C2 X) (C1 X))) 

If the classifier algorithm is complete, the reverse is 

a l so  t r u e ,  a n d  e n t a i l m e n t  i n d i c a t e s  s u b s u m p t i o n .  
I n t u i t i v e l y ,  t h i s  m e a n s  " t h a t  c l a s s i f i e d  c o n c e p t s  a r e  
p u s h e d  down as  f a r  in  t h e  h i e r a r c h y  a s  t h e y  c a n  go. 

Also a s s o c i a t e d  wi th  t h e  NIKL sys t em,  t h o u g h  n o t  a 
p a r t  of t h e  c o r e  l a n g u a g e  de f i n i t i on ,  is  a symbol  t a b l e  
which associates atomic names with the roles or 
concepts they denote, and concepts and roles with the 
names denoting them. If a concept or role does not 
have a name, the symbol table is able to create and 
install one for it when demanded. 

The domain model 

In order to be able to use NIKL in the analysis of 
expressions in the meaning representation language, we 
make the following stipulations for any use of the 
language in a given domain. First, any one-place 
predicate must name a concept, and any two-place 
predicate name a role. Second, any constant, unless a 
number or a string, must name an "individual" concept 
- a particular kind of NIKL concept that is defined to 
have at most one member. N-ary functions are treated 
as a N+I - ary predicates. A predicate of N 
arguments, where N is greater than 2, is reified as a 
concept with N roles. This set of concepts and roles, 
together with the logical relationships between them, 
we call the "domain model". 

Note that all we have done is to stipulate an one-to- 
one correspondence between two sets of things - the 
concepts and roles in the domain model and the non- 
logical constants of the meaning representation 
language. If we wish to include a new non-logical 
constant in the language we must enter the 
corresponding concept or role in the domain model. 
Similarly, the NIKL system's creating a new concept or 
role, and creation of a name in the symbol table to 
stand for it, furnishes us with a new non-logical 
constant. 

Axiomatization of the database in terms of 
the domain model 

The translation rules presented earlier effectively 
seek to axiomatize the properties and relations of the 
domain model in terms of those of the database. This 
is not the only way to bridge the gap. One might also 
try the reverse: to axiomatize the properties and 
relations of the database in terms of those of the 
domain model. Consider the DIAMOTHER field of our 
sample database. We can write this in NIKL as the 
concept PATIENT-WITH-DIABETIC-MOTHER using terms 
already present in the domain model: 

(CONJ PATIENT 
(VALUERESTR ICT MOTHER 

DIABETIC)) 

If we wanted to axiomatize the relation implied by the 
SEX attribute of the PATIENTS table in our database, we 
could readily do so by defining the role PATIENT-SEX in 
terms of the domain model relation SEX: 

(DOMAIND I FF SEX 
PAT I ENT ) 

These two defined terms can actually be entered into 
the model, and be treated just like any others there. 
For example, they can now appear as predicate let ters 
in meaning representations. Moreover, to the 
associated data structure we can attach a t ranslat ion 
rule, just as we have been doing with the original 
domain model elements. Thus, will attach to the 
concept PATIENT-WITH-DIABETIC-MOTHER the rule: 

(PROJECT (SELECT FROM PATIENTS WHERE (EQ DIAMOTHER "YES")) 
OVER PATID) 
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The n e x t  s e c t i o n  will i l l u s t r a t e  how we map from 
e x p r e s s i o n s  u s i n g  " o r i g i n a l "  domain  model  e l e m e n t s  to  
t h e  ones  we c r e a t e  for  a x i o m a t i z i n g  t h e  d a t a b a s e ,  u s i n g  
t h e  NIKL s y s t e m  a nd  i t s  c l a s s i f i e r .  

4. Recursive Terminological 
Simplification 

We now p r e s e n t  t h e  a c t u a l  s i m p l i f i c a t i o n  me thod .  It  i s  
c o m p o s e d  of two s e p a r a t e  t r a n s f o r m a t i o n s  w h i c h  a r e  
a p p l i e d  one a f t e r  t h e  o t h e r .  The f i r s t ,  t h e  " c o n t r a c t i o n  
p h a s e " ,  s e e k s  to  c o n t r a c t  c o m p l i c a t e d  s u b e x p r e s s i o n s  
( p a r t i c u l a r l y  n e s t e d  q u a n t i f i c a t i o n s )  to  s i m p l e r  o n e -  
p l a c e  p r e d i c a t i o n s ,  a nd  to  f u r t h e r  r e s t r i c t  t h e  " s o r t s "  
of r e m a i n i n g  b o u n d  v a r i a b l e s  on t h e  b a s i s  of t h e  o n e -  
p l a c e  p r e d i c a t e s  so found.  The s e c o n d  p a r t  of t he  
t r a n s f o r m a t i o n ,  t h e  " r o l e - t i g h t e n i n g "  p h a s e ,  r e p l a c e s  
g e n e r a l  r e l a t i o n s  in  t h e  e x p r e s s i o n  wi th  more  s p e c i f i c  
r e l a t i o n s  wh ich  a r e  lower  in  t he  NIKL h i e r a r c h y .  These  
more  s p e c i f i c  r e l a t i o n s  a r e  o b t a i n e d  from t h e  more  
g e n e r a l  by  c o n s i d e r i n g  t h e  s o r t s  of t h e  v a r i a b l e s  u p o n  
w h i c h  a g i v e n  r e l a t i o n a l  p r e d i c a t i o n  is  made.  

The contraction phase 

The contraction phase is an algorithm with three 
steps, which occur sequentially upon application to any 
expression of the meaning representation. First, the 
contraction phase applies itself recursively to each 
non-constant subexpression of the expression. 
Second, depending upon the syntactic category of the 
expression, one of the "pre- simplification" 
transformations is applied to place it in a normalized 
form. Third and finally, one of the actual simplification 
transformations is used to convert the expression to 
one of a simpler syntactic category. 

Before working through the example, I will lay out the 
transformations in detail. In what follows, X and X1,X2 
-- Xn are variables in the meaning representation 
language. The symbol "<rest>" denotes a (possibly 
empty) sequence of formulae. The expression 
"(FORMULA X)" denotes a formula of the meaning 
representation language in which the variable X (and 
perhaps others) appears freely. The symbol "<quant>" 
is to be understood as being replaced by either the 
operator SETOF or the quantifier EXISTS. 

First, the normalization transformations, which simply 
re-arrange the constituents of the expressions to a 
more convienent form without changing its syntactic 
category: 

( I )  (ond (el XI) (P2 Xl) - -  (PN XI) 
(Q1 X2) (Q2 X2) -- (QN X2) 
<rest>) 

~> (and (P' Xl )  (Q' X2) <rest>) 

where P' := (CONJ P1 P2 - -  PN) 
and Q' := (CONJ Q1 Q2 - -  QN) 

(2) (<quant> X:S (and (P X) <rest>) = >  

(<quant> X:S' (and <rest>))  
where S' := (CONJ S P) 

(3) (<quant> X:S (P X)) = >  

(<quont> X:S') 
where S' := (CONJ S P) 

(4) ( forol  l X:S (-> (and (P X) <rest>) 
(FORMULA X)) = >  

( f o r a l l  X:S' ( -> (end <rest>) 
(FORMULA X))) 

In (2) and  (4) above ,  t he  c o n j u n c t i o n  or  i m p l i c a t i o n ,  
r e s p e c t i v e l y ,  a r e  c o l l a p s e d  ou t  if t h e  s e q u e n c e  < r e s t >  
is  empty.  

Now t h e  a c t u a l  s i m p l i f i c a t i o n  t r a n s f o r m a t i o n s ,  wh ich  
s e e k  to  r e d u c e  a complex  s u b - e x p r e s s i o n  to  a o n e -  
p l a c e  p r e d i c a t i o n .  

(5) ( fo ro l l  X2:S ( ->  (R XI X2) (P X2) ) )  
i >  (P' Xl )  

where P' := (VALUERESTRICT (VRDIFF R S) P) 

(S) (exists X2:S (R X1 X2)) = >  (P' X1) 

where P' := (VALUERESTRICT R S) 
and R must be a functional role 

(7)  (exists X2:S (R Xl X2)) = >  (P' X1) 

where P' := (NUMBERRESTRICT (VRDIFF R S) 1 NIL) 

(S) (and (P X)) = >  (P X) 

(9) (R X C) = >  (P X) 

where P := (VALUERESTRICT R C) 
and R is funct ional ,  C an individual concept 

Now, l e t  u s  s u p p o s e  t h a t  t h e  e x e r c i s e  a t  t h e  end  of t h e  
l a s t  s e c t i o n  h a s  b e e n  c a r r i e d  out ,  a n d  t h a t  t h e  c o n c e p t  
PATIENT-WITH-DIABETIC-MOTHER h a s  b e e n  c r e a t e d  and  
g i v e n  t h e  a p p r o p r i a t e  t r a n s l a t i o n  ru le .  To r e t u r n  to  
t h e  q u e r y  "Lis t  p a t i e n t s  whose  m o t h e r  was  a d i a b e t i c " ,  
we r e c a l l  t h a t  i t  h a s  t h e  m e a n i n g  r e p r e s e n t a t i o n :  

(DISPLAY ~(SETOF X:PATIENTS 
(FORALL Y : PERSON 

(-> (MOTHER X Y) 
(DIABETIC Y)))) )  

Upon a p p l i c a t i o n  to  t h e  SETOF e x p r e s s i o n ,  t h e  
a l g o r i t h m  f i r s t  a p p l i e s  i t s e l f  to  t h e  i n n e r  FORALL. The 
s y n t a c t i c  p a t t e r n s  of n o n e  of t h e  p r e - s i m p l i f i c a t i o n  
t r a n s f o r m a t i o n s  (2) - (4) a r e  s a t i s f i e d ,  so 
t r a n s f o r m a t i o n  (5) is  a p p l i e d  r i g h t  way to  p r o d u c e  t h e  
NIKL c o n c e p t :  

(VALUERESTRICT (VRDIFF MOTHER PERSON) 
DIABETIC) 

This is g iven  to  t h e  NIKL c l a s s i f i e r ,  w h i c h  c o m p a r e s  i t  
to  o t h e r  c o n c e p t s  a l r e a d y  i n t h e  h i e r a r c h y .  Since  
MOTHER h a s  PERSON as  i t s  r a n g e  a l r e a d y ,  (VRDIFF 
MOTHER PERSON) is  j u s t  MOTHER aga in .  The c l a s s i f i e r  
t h u s  c o m p u t e s  t h a t  t h e  c o n c e p t  s p e c i f i e d  a b o v e  is a 
s u b c o n c e p t  of PERSON - a PERSON s u c h  t h a t  h i s  
MOTHER was  a DIABETIC. If t h i s  is  n o t  f o u n d  to  be 
e q u i v a l e n t  to  any  p r e - e x i s t i n g  c o n c e p t ,  t h e  s y s t e m  
a s s i g n s  t h e  c o n c e p t  a new n a m e  w h i c h  no  o t h e r  
c o n c e p t  h a s ,  s ay  PERSON-I .  The o u t c o m e  of t h e  
s i m p l i f i c a t i o n  of t h e  whole  FORALL is  t h e n  j u s t  t he  
m u c h  s i m p l e r  e x p r e s s i o n :  

(PERSON-I X) 

The r e c u r s i v e  s i m p l i f i c a t i o n  of t h e  a r g u m e n t s  to  t h e  
SETOF is now c o m p l e t e d ,  and  t h e  r e s u l t i n g  e x p r e s s i o n  
is: 

(DISPLAY 't(SETOF X:PATIENT 
(PERSON-I X))) 

T r a n s f o r m a t i o n s  can  now be a p p l i e d  to  t h e  SETOF 
e x p r e s s i o n  i t s e l f .  The p r e - s i m p l i f i c a t i o n  t r a n s f o r m a t i o n  
(3) is  f o u n d  to  apply ,  and  a c o n c e p t  e x p r e s s e d  by: 

(CONJ PATIENT PERSON--I) 

is  g iven  to  t h e  c l a s s i f i e r ,  wh ich  r e c o g n i z e s  i t  as  
e q u i v a l e n t  to  t h e  a l r e a d y  e x i s t i n g  c o n c e p t  PATIENT- 
WITH-DIABETIC-MOTHER. Since  any  c o n c e p t  c a n  s e r v e  
as  a s o r t ,  t h e  f ina l  s i m p l i f i c a t i o n  is: 
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(DISPLAY t(SETOF X:PATIENT-W]TH-DIABETIC~THER)) 

This is t h e  v e r y  c o n c e p t  for  which  we h a v e  a ru l e ,  so 
t he  ERL t r a n s l a t i o n  is: 

(PRINT FROM (SELECT FROM PATIENT 
WHERE (EQ DIAMOTHER "YES")) 

PATID) 

Suppose now that the semantic interpretation system 
assigned a different logical expression to represent the 
query "List patients whose mother was a diabetic", in 
which the embedded quantification is existential instead 
of universal. This might actually be more in line with 
the number of the embedded noun. The meaning 
representation would now be: 

(disploy t ( s e t o f  X:PATIENT 
( ex is ts  Y:PERSON (and (MOTHER X Y) 

(DIABETIC Y))) 

The recursive application of the algorithm proceeds as 
before. Now, however, the pre-simplification 
transformation (2) may be applied to yield: 

(ex is ts  Y:DIABETIC (MOTHER X Y)) 

since a DIABETIC is already a PERSON. Transformation 
(6) can be applied if MOTHER is a "functional" role 
- mapping  e a c h  a nd  e v e r y  p e r s o n  to  e x a c t l y  one 
mothe r .  This c an  be c h e c k e d  by  a s k i n g  t h e  NIKL 
sys t em if a n u m b e r  r e s t r i c t i o n  h a s  b e e n  a t t a c h e d  a t  
t he  domain  of t h e  ro le ,  PERSON, s p e c i f y i n g  t h a t  i t  h a v e  
b o t h  a minimum and  a maximum of one.  If t h e  a u t h o r  
of t he  domain  model  h a s  p r o v i d e d  t h i s  r e a s o n a b l e  and  
p e r f e c t l y  t r u e  f a c t  a b o u t  m o t h e r h o o d ,  (6) c a n  p r o c e e d  
to  y ie ld:  

(PAT I ENT-WI TH-D I ABET IC- MOTHER X) 

as  in  t he  p r e c e d i n g  example .  

The r o l e  t i g h t e n i n g  p h a s e  

This p h a s e  is  q u i t e  s imple .  Af ter  t h e  c o n t r a c t i o n  
p h a s e  h a s  b e e n  r u n  on t h e  whole  e x p r e s s i o n ,  a n u m b e r  
of v a r i a b l e s  h a v e  h a d  t h e i r  s o r t s  c h a n g e d  to  t i g h t e r  
ones.  This t r a n s f o r m a t i o n  sweeps  t h r o u g h  an  
e x p r e s s i o n  and  c h a n g e s  t h e  r o l e s  in t h e  e x p r e s s i o n  on 
t h a t  b a s i s .  Thus:  

(IS) (R X Y) = >  (R' X Y) 

where $1 is the sort of X 
ond $2 is the sort of Y 
ond R' := (DOMAINDIFF (VRDIFF R $2) 

Sl)  

One can  see  t h a t  a u s e  of t h e  r e l a t i o n  SEX, w h e r e  t h e  
s o r t  of t he  f i r s t  a r g u m e n t  is  known to be DOCTOR, c a n  
r e a d i l y  be c o n v e r t e d  to  a u s e  t h e  r e l a t i o n  DOCTOR-SEX. 

Back  c o n v e r s i o n :  go ing  in  t h e  r e v e r s e  d i r e c t i o n  

There  will  be t i m e s  when t h e  s i m p l i f i c a t i o n  
t r a n s f o r m a t i o n  will " o v e r s h o o t " ,  c r e a t i n g  a nd  u s i n g  new 
p r e d i c a t e  l e t t e r s  wh ich  h a v e  no t  b e e n  s e e n  b e f o r e  by 
c l a s s i f y i n g  new d a t a  s t r u c t u r e s  in to  t h e  model  to  
c o r r e s p o n d  to  them.  The u s e  of s u c h  a new p r e d i c a t e  
l e t t e r  can  t h e n  be t r e a t e d  e x a c t l y  as  would  i t s  
e q u i v a l e n t  l a m b d a - d e f i n i t i o n ,  which  we c a n  r e a d i l y  
o b t a i n  by c o n s u l t i n g  t h e  NIKL model.  For example ,  a 
q u e r y  a b o u t  t he  s e x e s  of l e u k e m i a  v i c t i m s  may a f t e r  
s i m p l i f i c a t i o n  r e s u l t  in  a r a t h e r  s t r a n g e  ro l e  be ing  
c r e a t e d  and  e n t e r e d  i n t o  t h e  h i e r a r c h y :  

PATIENT-SEX-I := (DOMAINDIFF PATIENT-SEX LEUKEMIA-PATIENT) 

This ro l e  is a d i r e c t  d e s c e n d a n t  of PATIENT-SEX; i t s  
name is  s y s t e m  g e n e r a t e d .  By t he  m e a n i n g - p o s t u l a t e  
of DOMAINDIFF g iven  in s e c t i o n  3 above ,  i t  c an  be 

r e w r i t t e n  as  t he  fol lowing l a m b d a - a b s t r a c t :  

(Iombdo (X Y) (and (PATIENT-SEX X Y) 
( LEUKEM I A-PAT I ENT X) ) ) 

For PATIENT-SEX we of c o u r s e  h a v e  a t r a n s l a t i o n  r u l e  
as  d i s c u s s e d  in  s e c t i o n  2. A r u l e  for  LEUKEMIA- 
PATIENT can  be i m a g i n e d  as  i nvo lv ing  t h e  DISEASE f ie ld  
of t h e  PATIENTS t ab l e .  At t h i s  p o i n t  we can  s imply  ca l l  
t h e  t r a n s l a t i o n  a l g o r i t h m  r e c u r s i v e l y ,  and  it  will come 
up  wi th  a t r a n s l a t i o n :  

(PROJECT (SELECT FROM PATIENTS 
WHERE (EQ DISEASE "LEUK")) 

OVER PATID SEX) 

This supplies us with the needed rule. As a bonus, we 
can avoid having to recompute it later by simply 
attaching it to the role in the normal way. The similar 
computation of rules for complex concepts and roles 
which are already in the domain comes for free. 

5. Conclusions, Implementation 
Sta tus  and  F u r t h e r  Work 

As of t h i s  wr i t ing ,  we h a v e  i n c o r p o r a t e d  NIKL in to  t h e  
i m p l e m e n t a t i o n  of ou r  n a t u r a l  l a n g u a g e  q u e s t i o n -  
a n s w e r i n g  sys tem,  IRUS. NIKL is  u s e d  to  r e p r e s e n t  t h e  
k n o w l e d g e  in a Navy b a t t l e - m a n a g e m e n t  domain.  The 
s i m p l i f i c a t i o n  t r a n s f o r m a t i o n  d e s c r i b e d  in t h i s  p a p e r  
h a s  b e e n  i m p l e m e n t e d  in t h i s  c o m b i n e d  sys tem,  and  t he  
a x i o m a t i z a t i o n  of t h e  d a t a b a s e  as  d e s c r i b e d  above  is 
be ing  a d d e d  to  t h e  domain  model .  At t h a t  po in t ,  t h e  
m e t h o d o l o g y  will  be t e s t e d  as  a s o l u t i o n  to  t h e  
d i f f i c u l t i e s  now be ing  e x p e r i e n c e d  by t h o s e  t r y i n g  to  
w r i t e  t h e  t r a n s l a t i o n  r u l e s  for  t h e  complex  d a t a b a s e  
and  domain  of t h e  F l e e t  Command C e n t e r  B a t t l e  
M a n a g e m e n t  P r o g r a m  of DARPA's S t r a t e g i c  Comput ing  
P r o g r a m .  

I h a v e  p r e s e n t e d  a l i m i t ed  i n f e r e n c e  m e t h o d  on 
p r e d i c a t e  c a l c u l u s  e x p r e s s i o n s ,  whose  i n t e n t  is  to  p l a c e  
t h e m  in a c a n o n i c a l  form t h a t  m a k e s  o t h e r  i n f e r e n c e s  
e a s i e r  to  make.  M e t a p h o r i c a l l y ,  i t  c a n  be r e g a r d e d  as  
" s i n k i n g "  t h e  e x p r e s s i o n  lower  in  a c e r t a i n  l og ica l  
space .  The goal  is  to  p u s h  i t  down to t he  " leve l"  of 
t h e  d a t a b a s e  p r e d i c a t e s ,  or  below. We c a n n o t  
g u a r a n t e e  t h a t  we will a lways  p l a c e  t h e  e x p r e s s i o n  as  
low as  i t  cou ld  p o s s i b l y  go - t h a t  p rob l em is  
u n d e c i d a b l e .  But we c a n  go a good  d i s t a n c e ,  and  t h i s  
by  i t s e l f  is  v e r y  u s e f u l  for  r e s t o r i n g  t h e  t r a c t a b i l i t y  of 
t h e  mapp ing  t r a n s f o r m a t i o n  and  o t h e r  s o r t s  of 
d e d u c t i v e  o p e r a t i o n s  [10]. 

Somewhat  s imi l a r  s i m p l i f i c a t i o n s  a r e  p e r f o r m e d  in t h e  
work  on ARGON [6], b u t  for  a d i f f e r e n t  p u r p o s e .  There  
t h e  d a t a b a s e  is  a s s u m e d  to  be a full ,  r a t h e r  t h a n  a 
p a r t i a l l y  spec i f i ed ,  model  and  s i m p l i f i c a t i o n s  a r e  
p e r f o r m e d  only  to  ga in  an  i n c r e a s e  in  e f f ic iency .  The 
d i s t i n g u i s h i n g  f e a t u r e  of t h e  p r e s e n t  work  is i t s  
o p e r a t i o n  on an  e x p r e s s i o n  in  a l o g i c a l  l a n g u a g e  for  
Eng l i sh  mean i ng  r e p r e s e n t a t i o n ,  r a t h e r  t h a n  for  
r e s t r i c t e d  q u e r i e s .  A d a t a b a s e ,  g i v e n  t h e  p u r p o s e s  for  
wh ich  it  is  d e s i g n e d ,  c a n n o t  c o n s t i t u t e  a full  model  for  
s u c h  a l a n g u a g e .  Thus, t h e  t e r m i n o l o g i c a l  s i m p l i f i c a t i o n  
is n e e d e d  to  r e d u c e  t h e  l o g i c a l  e x p r e s s i o n ,  when  
p o s s i b l e ,  to  an e x p r e s s i o n  in  a " s u b - l a n g u a g e "  of t he  
f i r s t  for  which  t h e  d a t a b a s e  i s  a ful l  model.  

An i m p o r t a n t  ou t come  of t h i s  w o r k  is t h e  p e r s p e c t i v e  
i t  g ives  on k n o w l e d g e  r e p r e s e n t a t i o n  systems l ike  NIKL. 
It  shows  how w o r k e r s  in o t h e r  f ie lds ,  whi le  m a i n t a i n i n g  
o t h e r  l og ica l  s y s t e m s  as  t h e i r  p r i m a r y  mode of 
r e p r e s e n t a t i o n ,  c an  u se  t h e s e  s y s t e m s  in  p r a c t i c a l  
ways. Certainly NIKL and NIKL-Iike systems could 
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neve r  be u s e d  as  full meaning  r e p r e s e n t a t i o n s  - t hey  
don ' t  have  e n o u g h  e x p r e s s i v e  power,  and were  neve r  
meant  to, This does  no t  mean we have to  d i s r e g a r d  
them, however .  The r i gh t  p e r s p e c t i v e  is to  view them 
as a t t a c h e d  in fe r ence  eng ines  to pe r fo rm limited t a s k s  
having to do with t h e i r  spec ia l ty  - the  r e l a t i o n s h i p s  
be tween  the  va r i ous  p r o p e r t i e s  and r e l a t i o n s  t h a t  make 
up a s u b j e c t  domain in t he  rea l  world. 
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