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ABSTRACT 

This paper addresses itself to the information retrieval problem of a manager within an organization. 

We feel that the approach taken in specifying such a system is sufficiently general to be suitable for 

application to other system specifications. It is assumed that the manager wishes to interrogate a system 

c o n t a i n i n g  a d a t a  b a s e  t h a t  r e l a t e s  t o  h i s  t a s k  o f  m a k i n g  d e c i s i o n s  i n  t h e : c o u r s e  o f  r u n n i n g  h i s  p a r t  o f  a n  

o r g a n i z a t i o n .  

To mee t  t h e  m a n a g e r ' s  n e e d s  we h a v e  a t t e m p t e d  t o  d e f i n e  t h e  m o d e l s  a m a n a g e r  u s e s  i n  m a k i n g  d e c i s i o n s .  

We h a v e  f u r t h e r  made a n  a p p r o a c h  t o w a r d  p r o b l e m  d e f i n i t i o n  f o r  t h e  m a n a g e r .  

To i n t e r p r e t  a m a n a g e r ' s  q u e r i e s  s t e m m i n g  f r o m  e n c o u n t e r e d  o r  a n t i c i p a t e d  p r o b l e m s ,  we h a v e  a t t e m p t e d  

t o  d e f i n e  an  i n f e r e n t i a l  s y s t e m .  The i n f e r e n t i a l  s y s t e m  h a s  a f u r t h e r  t a s k  o f  s p e c i f y i n g  t h e  r e t r i e v a l  o f  

i n f o r m a t i o n  t h a t  m i g h t  e x i s t  o n l y  i n  an  i m p l i c i t  f o r m .  F i n a l l y ,  we d e m o n s t r a t e  a n  a p p r o a c h  t o w a r d  t h e  

d e s i g n  o f  a q u e r y  l a n g u a g e  f o r  t h e  m a n a g e r ,  w h i c h  c o u l d  become  " n a t u r a l "  t o  him a f t e r  s h o r t  e x p e r i e n c e .  
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INFORMATION RETRIEVAL AND 

THE QUERY LANGUAGE 

A b r a h a m  Waksman 

I .  INTRODUCTION 

A f o r m a l  l a n g u a g e  u s e d  a s  a q u e r y  l a n g u a g e  

f o r  d a t a  r e t r i e v a l  i s  l i m i t e d  a s  w e l l  a s  l i m i t i n g .  

I t  i s  l i m i t e d  i n  i t s  a b i l i t y  t o  c o n v e y  t o  t h e  s y s -  

t e m  a n  a c c u r a t e  t r a n s l a t i o n  o f  t h e  u s e r ' s  i n t e n t .  

F u r t h e r ,  i t  i s  l i m i t i n g  t o  t h e  u s e r  i n  t e r m s  o f  

d e v e l o p i n g  f u l l y  h i s  r e t r i e v a l  n e e d s .  

Much h a s  b e e n  s a i d  a b o u t  t h e  u s e  o f  n a t u r a l  

l a n g u a g e  f o r  a q u e r y  l a n g u a g e ,  a n d  a p p r o p r i a t e  

m e c h a n i s m s  h a v e  b e e n  p r o p o s e d ,  b u t  t h e  f u n d a m e n t a l  

p r o b l e m s  i n  d e v e l o p i n g  a p r a c t i c a l  s y s t e m  c a p a b l e  

o f  c o m m u n i c a t i n g  w i t h  a u s e r  i n  n a t u r a l  l a n g u a g e  

a r e  s t i l l  w i t h  u s .  I t  i s  n o t  c l e a r  w h e t h e r  o r  n o t  

t h e y  w i l l  d i s a p p e a r  i n  t h e  n e a r  f u t u r e .  S u c h  

p r o b l e m s  i n c l u d e  t h e  s e l e c t i o n  o f  t h e  p r o p e r  c o n -  

t e x t  w h e n  a n t i c i p a t i n g  a n  o n c o m i n g  m e s s a g e ,  a n d  

t h e  p r o b l e m  o f  s e l e c t i n g  a r e l e v a n t  s u b s e t  o f  t h e  

s t o r e d  i n f o r m a t i o n  w h e n  s e a r c h i n g .  

We p r o p o s e  i n  t h i s  n o t e  a n  a p p r o a c h  t o  t h e  

d e s i g n  o f  a r e t r i e v a l  s y s t e m  t h a t  w i l l  a l l o w  t h e  

u s e r  a g r e a t  d e g r e e  o f  f r e e d o m  i n  h i s  a b i l i t y  t o  

e x p r e s s  h i s  i n t e n t ,  a n d  t h a t  w i l l  f u r t h e r  f a c i l i -  

t a t e  t h e  h a n d l i n g  o f  u s e r  r e q u e s t s  i n  a n  e f f i -  

c i e n t  m a n n e r .  

Our  p r o p o s a l  h i n g e s  on  t h e  f o l l o w i n g  s t e p s  

i n  t h e  d e s i g n  a p p r o a c h :  

( 1 )  D e f i n e  t h e  m o d e l s  u s e d  by  t h e  u s e r  

when  i n t e r a c t i n g  w i t h  t h e  s y s t e m .  

( 2 )  D e f i n e  t h e  p r o b l e m s  o f  t h e  u s e r  i n  

t e r m s  o f  h i s  m o d e l s .  

( 3 )  D e f i n e  a n  i n f e r e n t i a l  s y s t e m  t h a t  

i n t e r p r e t s  u s e r  q u e r i e s .  

( 4 )  D e f i n e  a n  i n t e r n a l  s y s t e m  m o d e l  

c a p a b l e  o f  b e i n g  c o n s u l t e d  i n  i n t e r -  

p r e t i n g  t h e  u s e r ' s  p r o b l e m s .  

The  w o r k  r e p o r t e d  h e r e  w a s  s p o n s o r e d  by  t h e  O f f i c e  

o f  N a v a l  R e s e a r c h  u n d e r  C o n t r a c t  N 0 0 0 1 4 - 7 1 - C - 0 2 1 0 .  

(5) D e f i n e  a c o n c e p t u a l l y  b a s e d  q u e r y  l a n -  

g u a g e  c a p a b l e  o f  a c t i n g  a s  t h e  i n t e r f a c e  

b e t w e e n  t h e  u s e r  a n d  t h e  i n f e r e n t i a l  

s y s t e m .  

To e x p l a i n  t h e  a b o v e  n o t i o n s ,  we w i l l  u s e  t h e  h y p o -  

t h e t i c a l  c a s e  o f  a s y s t e m  d e v i s e d  f o r  a m a n a g e r  w i t h -  

i n  a n  o r g a n i z a t i o n .  Our  m o t i v a t i o n  i s  t o  d i s p l a y  a 

t r u e  i n f o r m a t i o n  n e e d  b e y o n d  t h e  c o n t r i v e d  n e e d  o f  

e x p e r i m e n t a l  s y s t e m s  o r  t h e  h i g h l y  s p e c i a l i z e d  n e e d  

o f  some  p r a g m a t i c  s y s t e m .  

We f e e l  t h a t  t h e  w o r l d  o f  t h e  m a n a g e r  c a r r i e s  

w i t h  i t  a g r e a t  d e g r e e  o f  g e n e r a l i t y ,  t h a t  i s ,  we 

s e e  t h e  s o l u t i o n s  t o  h i s  p r o b l e m s  a s  v a l u a b l e  t o  

many o t h e r  t y p e s  o f  u s e r s .  

I I  THE MODELS OF THE MANAGER 

M a n a g e r s  u s e  s e v e r a l  m o d e l s  i n  d e a l i n g  w i t h  

t h e i r  e n v i r o n m e n t .  1 Our  p u r p o s e  i n  c o n s i d e r i n g  

t h e m  i s  t o  d e f i n e  a n  i n t e r n a l  p r e s e n t a t i o n  t h a t  c a n  

b e  i n c o r p o r a t e d  a s  f u n c t i o n a l  e l e m e n t s  o f  a r e -  

t r i e v a l  s y s t e m .  

A. The  H i s t o r i c a l  Mode l  ( p o l i c y  m a i n t e n a n c e )  

A b e l s o n  m s a y s :  "When o b s e r v i n g  i n d i v i d u a l s  

m a k i n g  d e c i s i o n s ,  we n o t e  t h a t  some may n e v e r  c o n -  

c e p t u a l i z e  a n y t h i n g  m o r e  a b s t r a c t  t h a n  t h e  t h e m i s t i c  

s h o r t - r u n  d y n a m i c s  o f  ' T h e  way t h i n g s  a r e , '  w i t h o u t  

a n y  s e n s e  o r  e x p e c t a t i o n  o f  e v a l u a t i o n ,  o f  c h a n g e ,  

o f  t h i n g s  b e i n g  d i f f e r e n t . "  

When o b s e r v i n g  a n  i d e a l  m a n a g e r ,  we c l a i m  t h a t  

" t h e  way t h i n g s  a r e "  c o u l d  b e  c o n s i d e r e d  o n l y  o n e  

o f  h i s  m o d e l s  o f  t h e  w o r l d .  We c a l l  s u c h  a m o d e l  

t h e  h i s t o r i c a l  m o d e l ;  i t  i s  b a s i c a l l y  t h e  r e p r e s e n -  

t a t i o n  o f  t h e  c u r r e n t  s t a t e  o f  a f f a i r s  a n d  r e f l e c t s  

t h e  b e l i e f  t h a t  r e c e n t  p a s t  e x p e r i e n c e  i s  t h e  b e s t  

e s t i m a t e  o f  t h e  s h o r t - t e r m  f u t u r e .  I n  m o s t  i n s t a n c e s ,  

r e c e n t  p a s t  e x p e r i e n c e  a l s o  r e p r e s e n t s  t h e  d e s i r e d  

s i t u a t i o n .  
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As a n  e x a m p l e  o f  t h e  h i s t o r i c a l  mode l  o f  t h e  

m a n a g e r ,  l e t  u s  c o n s i d e r  t h e  m a n a g e r  and  h i s  a c t i v -  

i t y  a i m e d  a t  e x e c u t i n g  a n  e s t a b l i s h e d  p o l i c y .  

C o n s i d e r  t h e  m a n a g e r  o f  an  a i r c r a f t  m a i n -  

t e n a n c e  f a c i l i t y .  We a s s u m e  t h a t  t h i s  m a n a g e r  w i l l  

g e t  a m o n t h l y  r e p a i r  a c t i o n  s u m m a r y ,  and  a m o n t h l y  

m a i n t e n a n c e  c o s t  s u m m a r y .  We a l s o  a s s u m e  t h a t  t h e  

m a n a g e r ' s  p o l i c y  i s  s u c h  t h a t  he  w i l l  demand t o  be  

a l e r t e d  when  t h e  p r e s e n t  m o n t h l y  summary  d e v i a t e s  

f r o m  l a s t  m o n t h ' s  sum m ary .  

B. The Planning Model (policy making) 

The p l a n n i n g  mode l  c o u l d  b e  c o n s i d e r e d  a s  t h e  

" p r o j e c t e d  s t a t e  o f  a f f a i r s , "  i . e . ,  t h e  p r o j e c t i o n  

o f  f u t u r e  p e r f o r m a n c e .  S e l d o m  i s  t h e  p l a n n i n g  

mode l  s e l f - i m p o s e d ;  m o s t  o f  t h e  t i m e  d e a d l i n e s  and  

s c h e d u l e s  h a v e  b e e n  s e t  by  t h e  m a n a g e r ' s  s u p e r i o r s .  

I t  i s  a s s u m e d  t h a t  t h e  m a n a g e r  w o u l d  l i k e  t o  be  

a l e r t e d  when p r e s e n t  p e r f o r m a n c e  d e v i a t e s  f r o m  p r o -  

j e c t e d  performance. Furthermore, when near-future 

extrapolations are being made, it is assumed that 

the manager checks them against projection or 

planned performance so that if the present rate is 

not satisfactory, it represents a problem within 

this model. 

C. The I m p o s e d  Model 

The i m p o s e d  model  i s  n o t  t h e  m a n a g e r ' s  mode l  

a t  a l l .  I t  i s  a mode l  o f  t h e  m a n a g e r ' s  p e e r s  o r ,  

more  o f t e n ,  a model  o f  t h e  m a n a g e r ' s  s u b o r d i n a t e s .  

A c c o r d i n g  t o  t h e  m o d e l ,  t h e  s u b o r d i n a t e s  o r  p e e r s  

may h a v e  a p r o b l e m  f o r  w h i c h  t h e y  s o l i c i t  t h e  

m a n a g e r ' s  h e l p .  P r o b l e m s  a r i s i n g  i n  p e r s o n n e l  

a s s i g n m e n t s ,  p e r s o n a l  c o n f l i c t s ,  and u n s a t i s f a c -  

t o r y  p r o b l e m  s o l v i n g  by  s u b o r d i n a t e s  a r e  i n c l u d e d .  

D. The E x t e r n a l  Model 

T h i s  t o o  i s ,  s t r i c t l y  s p e a k i n g ,  n o t  t h e  

m a n a g e r ' s  m o d e l .  T y p i c a l l y ,  i t  i s  t h e  mode l  o f  a n  

o u t s i d e ,  o f t e n  c o m p e t i n g  o r g a n i z a t i o n .  N e v e r t h e -  

l e s s ,  t h e  m a n a g e r  n e e d s  t o  p a y  a t t e n t i o n  t o  p r o b -  

l e m s  t h a t  a r i s e  f r o m  s u c h  a m o d e l - - f o r  e x a m p l e ,  t o  

c o m p a r e  r a t e  o f  p r o d u c t i v i t y  o r  c o s t s  o f  o p e r a t i o n .  

III THE PROBLEMS OF THE MANAGER 

To b e t t e r  u n d e r s t a n d  t h e  m a n a g e r ' s  p r o b l e m ,  we 

need  f i r s t  t o  r e a l i z e  t h e  c o m p l e x i t y  o f  t h e  man-  

a g e r ' s  w o r l d .  Not  o n l y  do m a n a g e r s  v a r y  a s  i n d i -  

v i d u a l s ,  b u t  a l s o  t h e s e  i n d i v i d u a l s  a s s u m e  m a n a g e r i -  

a l  r o l e s  t h a t  a r e  n o t  s u i t e d  t o  t h e i r  i n d i v i d u a l  

c a p a b i l i t i e s  b u t  d i c t a t e d  by  t h e  o r g a n i z a t i o n  t o  

w h i c h  t h e y  b e l o n g .  

The b a s i c  t a s k  o f  t h e  m a n a g e r  i s  t o  f i n d  t h e  

p r o b l e m  he  m u s t  s o l v e .  He m u s t  t h e r e f o r e  e n g a g e  i n ,  

i n i t i a t e ,  and m a i n t a i n  t h e  p r o c e s s  o f  p r o b l e m  f i n d -  

i n g  a s  w e l l  a s  t h a t  o f  p r o b l e m  s o l v i n g .  

The m a n a g e r  m u s t  c o r r e c t l y  i d e n t i f y  t h e  p r o b -  

l em t o  be  s o l v e d .  He m u s t  a s s e s s  t h e  c o s t  o f  a n a l -  

y s i s  and  t h e  p o t e n t i a l  r e t u r n .  He m u s t - ~ a l l o c a t e  

r e s o u r c e s  t o  q u e s t i o n s  b e f o r e  k n o w i n g  t h e  ~ a s w e r .  

We c a n  t h e r e f o r e  d e f i n e  t h e  m a n a g e r ' s  p r o b l e m g x y . ?  ....... ~ . ~  

g e n e r a l  a s  d e a l i n g  w i t h  t h e  d i f f e r e n c e  b e t w e e n  an  

e x i s t i n g  s i t u a t i o n  and  a d e s i r e d  s i t u a t i o n  a s  

r e l a t e d  t o  t h e  p r e v i o u s  m o d e l s .  

Accordingly, problems exist when: 

(1 )  W i t h i n  t h e  h i s t o r i c a l  m o d e l ,  d e v i a t i o n s  

a r e  d i s c o v e r e d  b e t w e e n  p r e s e n t  p e r f o r m a n c e  

and t h e  p e r f o r m a n c e  o f  t h e  i m m e d i a t e  p a s t - -  

i . e . ,  when a c h a n g e  i s  d i s c o v e r e d  f r o m  t h e  

s t e a d y  s t a t e .  

( 2 )  W i t h i n  t h e  p l a n n i n g  m o d e l ,  p r e s e n t  p e r -  

f o r m a n c e  d o e s  n o t  m e e t  e x p e c t a t i o n s  a c c o r d -  

i n g  t o  p r e v i o u s  p l a n s ,  o r  p r e s e n t  t r e n d s  

i n d i c a t e  a d e v i a t i o n  f r o m  p r o j e c t e d  f u t u r e  

p e r f o r m a n c e .  

( 3 )  W i t h i n  t h e  i m p o s e d  m o d e l ,  a s u b o r d i n a t e  

i s  a p p r e h e n s i v e  a b o u t  m e e t i n g  h i s  g o a l .  

( 4 )  W i t h i n  t h e  e x t e r n a l  m o d e l ,  a c o m p e t i n g  

o r g a n i z a t i o n ' s  p e r f o r m a n c e ,  p r o d u c t s ,  

p r i c e s ,  e t c . ,  r e f l e c t  u n f a v o r a b l y  on t h e  

m a n a g e r ' s  o r g a n i z a t i o n  o r  a r e a  o f  r e s p o n -  

s i b i l i t y .  

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

s o l u t i o n  o f  p r o b l e m s  i s  a m a n a g e r i a l  m e t a - p r o b l e m .  

How d o e s  t h e  m a n a g e r  d e c i d e  how t o  a s s i g n  p r i o r i t i e s  

t o  p r o b l e m s  r e q u i r i n g  h i s  a t t e n t i o n ?  P a r t i a l  p r o b -  

l e m  s o l u t i o n s  p r o d u c e d  by t h e  s y s t e m  c o u l d  h e l p  t h e  

m a n a g e r  i n  d e f i n i n g  f o r  h i m s e l f  a p r o c e s s  f o r  

a s s i g n i n g  p r i o r i t i e s  t o  a s e t  o f  s i m u l t a n e o u s l y  

p r e s e n t e d  p r o b l e m s .  

To h e l p  t h e  m a n a g e r  f i n d  p r o b l e m s  f o r  w h i c h  

m a n a g e m e n t  d e c i s i o n s  a r e  n e e d e d ,  a r e t r i e v a l  s y s t e m  

n e e d s  t o  a l l o w  t h e  m a n a g e r  t o  e x p l o r e  t h e  i n f o r m a -  

t i o n  a v a i l a b l e  and h e l p  d i r e c t  h im t o  r e l e v a n t  d a t a .  

IV THE INFERENTIAL SYSTEM 

The t a s k s  o f  t h e  i n f e r e n t i a l  e l e m e n t  i n  a 

r e t r i e v a l  s y s t e m  a r e  f u n d a m e n t a l l y  t o  i n t e r p r e t  t h e  

u s e r ' s  i n t e n t  p r o p e r l y  and t o  p r o p e r l y  i d e n t i f y  

i m p l i c i t  i n f o r m a t i o n  i n  t h e  d a t a  s t o r e  t h a t  may 

s a t i s f y  t h e  u s e r ' s  i n t e n t .  

We c a n  p a r t i t i o n  t h e  i n f e r e n t i a l  s y s t e m  i n t o  

t h r e e  d i s t i n c t  f u n c t i o n a l  e l e m e n t s :  t h e  p r e p r o c e s -  

s o r ,  t h e  m a i n  i n f e r e n t i a l  m o d u l e s ,  and  t h e  t r a n s -  

l a t o r .  
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The tasks o f  the preprocessor are: 

( 1 )  To p r e d i c t - - i . e . ,  t o  s e t  u p  e x p e c t a t i o n s  

a s  t o  w h a t  t o  e x p e c t  n e x t  f r o m  a p a r t i c -  

u l a r  u s e r  and  a t  t h e  same  t i m e  t o  s e l e c t  

t h e  p r o p e r  c o n t e x t  w i t h i n  w h i c h  s u c h  e x -  

p e c t e d  i n p u t  w i l l  b e  p r o c e s s e d .  

( $ )  To i n t e r p r e t - - i , e .  , t o  d i s c o v e r  t h e  

u s e r ' s  i n t e n t  by  p r o p e r l y  p a r s i n g  t h e  

i n p u t  q u e r y  and  i d ~ n t i f y i n g  i t s  s e m a n t i c  

c o n t e n t .  . ) -  

( 3 )  To e x p a n d - - i . e . ,  t o  p a r a p h r a s e  t h e  i d e n -  

t i f i e d  i n t e n t  b o t h  a s  a p o s s i b l e  c h e c k  

w i t h  t h e  u s e r  a s  t o  t h e  f i d e l i t y  o f  t h e  

i n t e r p r e t a t i o n ,  and  t o  c o m p a r e  w i t h  p r i o r  

k n o w l e d g e  a b o u t  t h e  q u e r y .  

The  t a s k s  o f  t h e  i n f e r e n t i a l  m o d u l e  a r e :  

( 1 )  To c l a s s i f y - - i . e . ,  t o  i d e n t i f y  r e l e v a n t  

m a t e r i a l s  i n  s t o r e  w h i c h  r e l a t e  t o  t h e  

p r e s e n t  q u e r y .  

( 2 )  To c a t e g o r i z e - - i . e . ,  t o  name a n d  s t a t e  

new information, derived information, and 

newly generated processes. 

(3) To generalize--i.e., to consolidate and 

rename data and procedures and to dis- 

card internally generated data while 

identifying the generating procedures. 

L a s t ,  t h e  t r a n s l a t o r  i s  t h e  e l e m e n t  w i t h i n  t h e  

i n f e r e n t i a l  s y s t e m  t h a t  i s  r e s p o n s i b l e  f o r  t h e  c o n -  

v e r s i o n  o f  t h e  demand f o r  d a t a  by  t h e  i n f e r e n t i a l  

s y s t e m  i n t o  e x e c u t a b l e  i n s t r u c t i o n s  f o r  t h e  r e -  

t r i e v a l  and  p r o c e s s i n g  o f  d a t a  t h a t  s a t i s f y  t h e  i n -  

t e n t  o f  t h e  q u e r y  on  h a n d .  

V THE INTERNAL SYSTEM MODEL 

The semantic analysis, involved in the per- 

formance of all the above tasks, relies heavily on 

t h e  a v a i l a b i l i t y  o f  a n  i n t e r n a l  mode l  o f  t h e  u s e r ' s  

u n i v e r s e  o f  d i s c o u r s e  a n d  m o d e l  o f  t h e  d a t a  b a s e  

s u b j e c t  m a t t e r .  T h e r e  a r e  e x a m p l e s  o f  r e c e n t  s y s -  

tem d e v e l o p m e n t s  t h a t  i n c l u d e  s u c h  m o d e l s ,  w h i c h  

d i s p l a y  a n  i n h e r e n t  s u p e r i o r i t y  t o  o t h e r  s e m a n t i c  

i n t e r p r e t a t i o n  a p p r o a c h e s ,  a - s  ~ 

I n  t h e  c a s e  o f  o u r  r u n n i n g  e x a m p l e  o f  a m a n a g e r  

within an organization, we can consider a repre- 

sentation of his decision models as described 

earlier to stand for the needed internal model. 

Such representation should be organized according 

to the following criteria: 

(I) State of affairs--What are the definitions 

o f  t h e  u n i v e r s e  o f  d i s c o u r s e ?  F o r  

example: 

• D e v i a t i o n  o f  u p  t o  10% f r o m  l a s t  m o n t h ' s  

p e r f o r m a n c e  i s  t o  be  c o n s i d e r e d  n o r m a l .  

• D e v i a t i o n  i n  t r e n d s  o f  up  t o  5% f r o m  

l a s t  m o n t h ' s  p e r f o r m a n c e  i s  t o  be  c o n -  

s i d e r e d  n o r m a l .  

• M a i n t e n a n c e  d a t a  and  f l i g h t  d a t a  h a v e  

i n  common ( i n t e r s e c t i o n )  r e a d i n e s s  d a t a .  

(2 )  G o a l s - - W h a t  a r e  o u r  e x p e c t a t i o n s  w i t h i n  

t h i s  u n i v e r s e  o f  d i s c o u r s e ?  F o r  e x a m p l e :  

• The m a i n t e n a n c e  m a n a g e r  i s  i n t e r e s t e d  

i n  m a x i m i z i n g  t h e  r e a d i n e s s  h o u r s  p e r  

a i r c r a f t .  

• The o p e r a t i o n s  m a n a g e r  i s  i n t e r e s t e d  

i n  m a x i m i z i n g  t h e  f l i g h t  t i m e  p e r  a i r -  

c r a f t .  

• The p e r s o n n e l  m a n a g e r  i s  i n t e r e s t e d  i n  

m a x i m i z i n g  t h e  t r a i n i n g  t i m e  p e r  a i r -  

craft. 

(3) Policy--What is our attitude toward 

elements of the universe of discourse? 

For example: 

• All aircraft should be handled at the 

lowest practical maintenance level. 

• All maintenance personnel should be 

trained at least I0 hours per month. 

(4) Means--What are the tools to realize the 

stated goals? We can list here the man- 

agers r e s o u r c e s  s u c h  a s  e q u i p m e n t ,  p e r -  

s o n n e l ,  money ,  e t a .  

VI THE QUERY LANGUAGE 

We d e s c r i b e  a q u e r y  l a n g u a g e  b a s e d  on  f u n c t i o n a l  

r e p r e s e n t a t i o n  t h a t  we f e e l  m i g h t  be  a d e q u a t e  f o r  a 

m a n a g e r  t o  e x p r e s s  h i s  i n t e n t .  The  l a n g u a g e  i s  c o n -  

s t r u c t e d  i n  t w o  p a r t s .  One p a r t  i s  a c o n c e p t u a l  

g r a m m a r  t h a t  i s  u s e d  t o  c o n s t r u c t  d e c l a r a t i v e  s t a t e -  

m e n t s .  The s e c o n d  p a r t  i s  a s e t  o f  q u a l i f y i n g  t e r m s .  

When a q u a l i f y i n g  t e r m  r e p l a c e s  a n  e l e m e n t  o f  a 

d e c l a r a t i v e  s t a t e m e n t ,  t h e  c h a n g e  t r a n s f o r m s  t h e  

s t a t e m e n t  i n t o  a q u e r y  a b o u t  t h e  r e p l a c e d  e l e m e n t .  

A. The  C o n c e p t u a l  Grammar  

We h a v e  b o r r o w e d  f r o m  S h a n k  7 h i s  g r a p h i c a l  

r e p r e s e n t a t i o n  o f  t h e  s t r u c t u r e  o f  t h e  l a n g u a g e .  

G i v e n  b e s i d e  e a c h  g r a p h i c a l  s y m b o l  i s  a p o s s i b l e  

m a c h i n e  r e p r e s e n t a t i o n .  We g i v e  t h e  g r a p h i c a l  r e p -  

r e s e n t a t i o n  h e r e  and  i n  t h e  e x a m p l e s  b e c a u s e  o f  t h e  

i n t u i t i v e  a p p e a l  and  b e c a u s e  we f e e l  i t  s u b s t a n t i a t e s  

o u r  c l a i m  t h a t  s u c h  a f u n c t i o n a l  r e p r e s e n t a t i o n  

c o u l d  b e c o m e  s u f f i c i e n t l y  e x p r e s s i v e  and  c o m f o r t a b l e  

f o r  e v e n  t h e  c a s u a l  u s e r .  On t h e  o t h e r  h a n d ,  we 

h o p e  t h a t  t h e  r e a d e r  w i l l  a l s o  be  c o n v i n c e d  t h a t  t h e  

i n t e r p r e t a t i o n  o f  q u e r i e s  e x p r e s s e d  i n  t h i s  l a n g u a g e  

d o e s  n o t  g e t  o u t  o f  hand  i n  t e r m s  o f  i d e n t i f y i n g  
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t B e  s e m a n t i c  c o n t e n t .  F u r t h e r m o r e ,  t h e  compactness 

of the representation could reasonably well accom- 

modate a statement generator to respond to the user 

of this language. 

We consider a conceptual grammar consisting of 

five elements: 

Semantic 

(I) Actor acting 

(2) Object of an action 

(3) Recipient and donor 

o f  action 

(4) Attribute of an 

action 

(5 )  A t t r i b u t e  o f  a PP 

G r a p h  R e p r e s e n t a t i o n  

PP' ' A 

PP • A 

pp - pp 

A 

A 

1 
AA 

PP 

1 
PA 

M a c h i n e  

R e p r e s e n t a t i o n  

PP -~A 

PP.-A 

PP * A * PP 

AA(A) 

AA(PP) 

w h e r e  PP = A p i c t u r e  p r o d u c i n g  e l e m e n t ,  a t h i n g  

PA = A t t r i b u t e  o f  a t h i n g  o r  a PP e l e m e n t ,  PP a i d  

A = Action 

AA = Attribute of action, action aid. 

B. The  Q u a l i f y i n g  T e r m s  

The f o l l o w i n g  q u a l i f y i n g  t e r m s  w e r e  a r r i v e d  a t  

by  f o r m u l a t i n g  a l a r g e  s e t  o f  p o s s i b l e  q u e r i e s  by  a 

m a n a g e r  w i t h i n  a u n i v e r s e  o f  d i s c o u r s e  a s  d e f i n e d  

e a r l i e r  and t h e n  e x t r a c t i n g  t h e  g e n e r i c  i n t e r -  

r o g a t i v e  e l e m e n t s  : 

( 1 )  F o r  d i r e c t  t r a n s l a t i o n  t o  d a t a  r e t r i e v a l  

p r o c e d u r e s ,  we h a v e  

When 

How many 

Any 

I n s t a n c e s  

I n s t a n c e .  

( 2 )  F o r  i n t e r p r e t a t i o n ,  f o l l o w e d  by t r a n s l a -  

t i o n ,  we h a v e  

Who 

Which  

What 

Does  

I s .  

( 3 )  F o r  i n t e r p r e t a t i o n s  f o l l o w e d  by  t h e  a p p l i -  

c a t i o n  o f  t h e  i n f e r e n c i n g  mechan i sm~  we 

h a v e  

C o n s e q u e n c e  o f  

A n t e c e d e n c e  o f  

R e l a t e d  t o  

I m p l i c a t i o n  o f  

E x p o u n d  on .  

(4 )  F o r  e v a l u a t i o n  o f  s p e c i f i c  c o n t e x t  f o l l o w e d  

b y  i n t e r p r e t a t i o n  and a p p l i c a t i o n  o f  t h e  

i n f e r e n c i n g  m e c h a n i s m ,  we h a v e  

E f f e c t i v e  u s e  o f  

P o l i c y  v a r i a n t  

P r o b l e m  a r e a .  
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(2) 

The  f o l l o w i n g  t w o  e x a m p l e s  a r e  p r o p o s e d :  

( i )  C o n s i d e r  t h e  q u e r y :  Wha t  i s  t h e  j o b  o f  

a filter? 

A conceptual representation of this query 
could take the form: 

# of A/C 

Filter . DO 

1 
What  (How) 

w h i c h  i s  f a s h i o n e d  a f t e r  t h e  f u n c t i o n a l  

f o r m  

PP 'A 
t 
AA 

Notice that the queries 

What does a filter do? 

What is the filter's function? 

How does a filter function? 

can all be represented by the above con- 
ceptual form. 

Consider the query: How did aircraft 
n u m b e r  x y z  f l y ?  

T h i s  q u e r y  f i t s  i n t o  t h e  c o n c e p t u a l  r e -  

presentation form: 

Aircraft . fly 

r 
# x y z  How 

As  w i t h  t h e  f i r s t  e x a m p l e ,  we e x p e c t  t h e  

u s e r  t o  c o m p o s e  t h e  c o n c e p t u a l  r e p r e s e n -  

t a t i o n  o f  t h e  q u e r y .  We c a n  c o n c e i v e  o f  

t h e  t r a n s l a t i o n  i n t o  a n  i n t e r n a l  r e p r e -  

s e n t a t i o n  o f  t h e  a b o v e  q u e r y  i n  t h e  f o r m  

o f  a n  i n c o m p l e t e  t u p l e  a s  f o l l o w s :  

UnitA/C IUnit descriptiOn#xyz A~tionfly 1Acti°n Description? 

The Predict function could have anticipated 
queries by the present user. Then, let us assume 
that the user is a maintenance shop manager so 
that the system expects queries from him about 
flight d a t a .  

F rom t h e  m o d e l  o f  t h e  d a t a  b a s e  w i t h i n  t h e  

i n f e r e n t i a l  s y s t e m ,  i t  i s  known t h a t  f l i g h t  d a t a  

a r e  o f  t h e  f o l l o w i n g  r e l a t i o n a l  f o r m :  

L a n d i n g  
Type of... A/C I 

T i m e  i n  F l i g h t  I 

L a s t  i o n t h  ] 

66 

T h e  I n t e r p r e t a t i o n  f u n c t i o n  d e d u c e s  t h a t  p e r -  

f o r m a n c e  f r o m  f l i g h t - d a t a  f o r  a s h o p  m a n a g e r  m e a n s  

t h e  l a s t  m o n t h ' s  s u m m a r y  o f  t h e  r e l a t i o n :  

I 
# o f  A/C 

P u r p o s e  o f  

F l i g h t  F l i g h t  T i m e  

so that for A/C xyz we might have: 

P u r p o s e  o f  F l i g h t  F l i g h t  T i m e  

T r a i n i n g  40  h o u r s  

T r a n s p o r t  20  h o u r s  

a s  r e s p o n s e  t o  t h e  q u e r y .  

F u r t h e r  p r o c e s s i n g  o f  t h e  q u e r y  c o u l d  t a k e  

p l a c e  a s  f o l l o w s :  

(i) I f  t h e  s y s t e m  a s s u m e s  t h a t  t h e  u s e r  

o p e r a t e s  w i t h i n  t h e  H i s t o r i c a l  m o d e l ,  

i t  m i g h t  a n a l y z e  t h e  f l i g h t  d a t a  f o r  t h e  

m o n t h  b e f o r e  l a s t  a l s o ,  a n d  ad d  t o  t h e  

a b o v e  r e s p o n s e  t h e  s t a t e m e n t :  

(2) 

" T o t a l  f l i g h t  t i m e ;  40  p e r c e n t  l e s s  t h a n  

t h e  p r e v i o u s  m o n t h . "  

I n  a s i m i l a r  f a s h i o n  i t  c o u l d  h a v e  

r e s p o n d e d  u n d e r  t h e  p l a n n i n g  m o d e l  

" T o t a l  f l i g h t  t i m e ;  20 p e r c e n t  s h o r t  o f  

e x p e c t e d . "  

V I I I  SUMMARY 

O u r  a p p r o a c h  t o w a r d  t h e  d e s i g n  o f  a r e t r i e v a l  

s y s t e m  r e l i e s  h e a v i l y  on  t h e  c r e a t i o n  o f  a n  a d e q u a t e  

i n t e r n a l  r e p r e s e n t a t i o n  o f  t h e  u s e r ' s  u n i v e r s e  o f  

d i s c o u r s e .  

T h i s  i n  o u r  o p i n i o n ,  m o r e  t h a n  a n y  o t h e r  

a v a i l a b l e  t e c h n i q u e ,  a l l o w s  f o r  e f f e c t i v e  r e s t r i c -  

t i o n  o f  t h e  q u e r y  l a n g u a g e  s o  t h a t  f u l l  n a t u r a l -  

l a n g u a g e  u n d e r s t a n d i n g  i s  u n n e c e s s a r y .  On t h e  o t h e r  

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

t o  t h e  q u e r y  l a n g u a g e ,  w h i c h  i n  t u r n  c o u l d  b e  

p r o p e r l y  i n t e r p r e t e d  w i t h  t h e  a i d  o f  t h e  i n t e r n a l  

m o d e l .  

Purpose of 
Flight 

VII EXAMPLES 
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QUESTIONS 

Jack Minker: You have a relational system I take it, and you can have n-ary relations? 

Waksman: Yes. 

Jack Minker: 

How do you embed the knowledge into this relational system? Your main contention is that you need 
a knowledge-base system, what do you mean by a knowledge-bmse system? 

Waksman: 

By knowledge-base system, I mean like knowing for a given user what relations are relevant, or what 
union of relations will be relevant or what are the limits in which he is interested. We input this in 
QA -4 in the form of a llst of assertions In the form of a rule. When a question is being asked and 
before the retrieval operation begins, the question is filtered through the knowledge-base system. I'm 
not sure if I have answered your question. 

Jack Minker: 

I'm not sure that you have. When you have a data base system, the user is interested in everything. 
Now when you put a knowledge-base on top of this, it supposedly imparts some of its understanding to 
the system so that it can help you in some way. What way does the knowledge-base system help you iQ 
understanding the meaning of things within the system? 

Waksman: 

With the knowledge-base system, if we know which type of the four managers is asking the question, 
the question is being answered according to his area of interest. For example, we have a query that 
says "How good does aircraft number XYZ fly?, If the ~anager is actually a maintenance manager, then 
"how" refers to the number of flights. For an operations manager, "how" to the number of flights of a 
particular kind. Thus, the search is directed toward different files. 

Gerard Salton: 

To use your example: "How did aircraft XYZ fly?" You show the graph that represents this query and 
you say that you expect the user to compose a conceptual representation of the query. Now, have you 
any experience at all with users being able, or not being able to compose such conceptional represent- 
ation of a query? Note that not only must a user know which terms are used, but he must know which 
terms are used with each other. Also, he must know which dlrectlon the relatlon is made, e.g. the dirt 
ectlon is from "how" to "fly" and not vice versa. I s~mply cannot conceive of any user, no matter how 
advanced~ being able to handle such as that in a reasonable way. 

Waksman: 

Well, it might be naivete but I am listing a grammar of five operators to which the user could 
refer in composing his query. 

John T. Dockery: 

I pose a problem and then maybe you can show me how to phrase it. I want to know the tail numbers, 
which distinguish jet helicopters for all those that have exceeded the mean life of the rotor blades. 
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This is a standard request; how do I phrase it for entry in your system. How would it compare for 
example with the toy department query in the previous discussion? [Referring to the paper by Boyce, 
et. al.] 

Waksman: 

If you are that specific, it doesn't vary. It's like an incomplete-tuple and you seek to see if 
you have such a relation in the file. If you do not, you have to use some intelligence maybe to combine 
some files. 

John Dockery: 

Where does what you're describing converge on what was described in the paper by Boyce, et. al.? 

Waksman: 

I will reconstruct it for you later if you like. 

Ben Mittman: 

Jg 
I guess I am asking the same question, but maybe in a different way. Is the objective of your work 

to remove ambiguity from queries in those cases where the ambiguity might result from the difference 
in position of an individual? Is it an ambiguity resolving mechanism? 

Waksman: 

This is one objective, and the other objective is to be able to handle a more free form language, 
i.e. a language one level above an incomplete-tuple type. 
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DISCUSSION SESSION 

Waksman: 

Let me say that the paper was written before the implementation had actually begun. Since writing 
the paper we have discovered some things that need to be done differently. The intent was to imbed a 
retrieval system within a system having some knowledge. The major amount of intelligence resides in 
models of the user; so that the system response depends on the knowledge of the particular user's infor- 
mational needs. A question asked in the meeting, which I did not answer very well, involved whether the 
system could always distinguish between the type of user. The answer is "no". But once it distinguishes 
the user, it attempts to understand the query within the context of the model of the user. 

Unidentified Questioner: 

Your paper contains some things that remind me of a recent paper, which I have not read, that deals 
with certain functions like why? when? where? what?, etc. Can you enlighten me as to whether there is a 
relationship between this work and your own? 

Waksman: 

I pick these up as the only qualifying terms that allow me to convert a statement into a question. 
This grammar allows me to construct a declarative statement. I'm allowing a qualifying term to be inserted 
at any point within the graph in order to make a query. I have selected these because of the context, and 
they are sufficient to flex the data base in order to construct meaningful responses. 

Unidentified Questioner: 

Proceeding to the storage question, which method of storage do you believe most appropriate? 
be the relational kind or more similar to an attribute/value arrangement~ 

Would it 

Waksman: 

I consider it a data structure into which all other data structures could be mapped. Generality was 
~..~. the only property considered. 

\ 
U~i4~ntified Questioner : 

Could y bnr system actually be used by managers? Perhaps that question should be is there any system 
that should/could be used by managers? By that I mean users who are really interested in policies rather 
than day-to-day decisions. Another way to characterize my use of "managers" is those interested in the 
behavior of data rather than the data itself? 

Waksman: 

A system llke this as it evolves should be able to handle manager-type questions. There is no reason 
to believe that it could not. 
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