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A b s t r a c t 
The f i e l d o f n a t u r a l language data 

base query has seen s e v e r a l success fu l 
research systems t h a t have been ab le to 
process l a r g e subsets o f the E n g l i s h 
language. The ROBOT system is a h i g h 
performance n a t u r a l language processor t h a t 
extends the techn iques developed in these 
e a r l i e r systems, in an a t t emp t to p rov ide a 
usable n a t u r a l language query medium f o r 
n o n - t e c h n i c a l u s e r s . 

ROBOT is a l r eady i n s t a l l e d in f ou r 
real , w o r l d env i ronments , wo rk ing i n f i v e 
a p p l i c a t i o n a reas . A n a l y s i s o f l og f i l e s 
i n d i c a t e t h a t between 80-90% of end user 
requests are s u c c e s s f u l l y p rocessed . The 
system s u c c e s s f u l l y dea ls w i t h bo th l e x i c a l 
and s t r u c t u r a l a m b i g u i t y , i n t e r - and i n t r a -
s e n t e n t i a l p r o n o m i l i z a t i o n and sentence 
f ragments . The resource requ i rements of 
ROBOT are w e l l w i t h i n the l i m i t s of medium 
to l a r g e computer systems. 

Th i s paper desc r i bes the system from 
an i n f o r m a t i o n f l o w p o i n t o f v i ew . The 
goa l i s to o b v i a t e the c r e a t i o n o f a 
semantic s t o r e p u r e l y f o r the n a t u r a l 
language p a r s e r , s i nce a d i f f e r e n t 
s t r u c t u r e would be r e q u i r e d f o r each domain 
o f d i s c o u r s e . I n s t e a d the data base i t s e l f 
is used as the p r i m a r y knowledge s t r u c t u r e 
w i t h i n the sys tem. In t h i s way the parser 
can be i n t e r f a c e d to o the r data bases w i t h 
on l y m in ima l e f f o r t . 

Sample D i a l o g 
The fo l l ow ing " " " ques t i ons w i l l g i v e some 
idea o f the c u r r e n t c a p a b i l i t i e s o f the 
system. They r e f e r to a personne l and car 
da ta base . 

GIVE ME THE NAMES OF ALL EMPLOYEES WHO HAVE 
JOBS WORKING AS A SECRETARY IN THE CITY OF_ 
CHICAGO. 

Th is q u e s t i o n and the 3 t h a t f o l l o w 
i n d i c a t e the range o f a l l o w a b l e 
e x p r e s s i o n , f rom verbose word ings to 
f r agmen ts . 

PRINT THE NAMES OF ALL THE CHICAGO 
EMPLOYEES WORKING AS SECRETARIES. 
WHO ARE THE CHICAGO SECRETARIES? 
SECRETARIES IN CHICAGO. 

The f o l l o w i n g sentences i l l u s t r a t e the 
l e x i c a l amb igu i t y o f the word " a n d " . 

PRINT THE SALARY OF SMITH AND LAWLER. 
WHO EARNS BETWEEN $ 2 0 , 0 0 0 AND $30,070? 
PRINT THE NAME, PHONE AND FAMILY STATUS OF 
ALL THE NEW YORK STATE GIRLS. 
FIND THE CARS MADE BY PORSCHE AND MADE IN 
' 7 1 . 
Th i s example i l l u s t r a t e s how 
can b e the c r i t i c a l f a c t o r i n 
the f i e l d r e f e r e n c e . 

p r e p o s i t i o n s 
d e t e r m i n i n g 

HOW MANY NH AND CT PEOPLE ARE THERE? 
BROKEN DOWN BY STATE AND CITY, PRINT A 
SALARY REPORT FOR THESE PEOPLE, INCLUDING 
THEIR NAME AND AGE. 

The f o l l o w i n g sequence i l l u s t r a t e s how 
pronouns can be used to r e f e r back to 
e a r l i e r p o i n t s i n the d i a l o g . 

WHO ARE THE SECRETARIES? 
WHICH OF THEM LIVE IN CHICAGO? 

There are now two v a l i d pronoun r e f e r e n t s . 
WHICH OF THEM LIVE IN DETROIT? 

I n t h i s case the pronoun r e f e r e n t i s 
c l e a r l y the o r i g i n a l se t o f s e c r e t a r i e s , 
thus n o c l a r i f i c a t i o n i s r e q u i r e d . 

WHICH ONES ARE NOT MARRIED? 
Th is q u e s t i o n would r e q u i r e user 
c l a r i f i c a t i o n , s ince the user cou ld be 
r e f e r r i n g t o a l l o f the s e c r e t a r i e s o r 
j u s t the D e t r o i t s e c r e t a r i e s . 

Sources o f I n f o r m a t i o n 
F o r t u n a t e l y , the con ten t s o f the data base 
d e f i n e a s u f f i c i e n t l y r e s t r i c t i v e m i c r o 
w o r l d such t h a t on l y l i m i t e d w o r l d 
knowledge i s r e q u i r e d by the p a r s i n g 
p rocess . A v e r y s u r p r i s i n g and f o r t u n a t e 
f a c t i s t h a t the data base i t s e l f can serve 
as t h i s body of w o r l d knowledge. 
Fu r the rmore , the e x i s t i n g s t r u c t u r e o f the 
d a t a , i n the compa ra t i ve l y s i m p l i s t i c form 
used by e x i s t i n g DBMSs, is adequate f o r 
data base que ry . In t h i s s e c t i o n we 
d i scuss t h i s e n t i r e q u e s t i o n o f how 
d i f f e r e n t k i n d s o f i n f o r m a t i o n o r w o r l d 
knowledge, are b rough t to bear on the 
unders tand ing of a que ry . We cons ide r 
there to be f ou r d i s t i n c t sources o f 
i n f o r m a t i o n t h a t can be a p p l i e d to the 
unders tand ing of a r e q u e s t . In o rder o f 
t h e i r r e l a t i v e p r e f e r e n c e , we make use o f : 

1) the d i c t i o n a r y , 
2) the sentence i t s e l f , 
3) the data base, and 
4) the use r . 

Le t us d i scuss each of these in t u r n , and 
then d i scuss how they complement one 
another i n p r o v i d i n g enough i n f o r m a t i o n t o 
unders tand the u s e r ' s r e q u e s t . 

The d i c t i o n a r y i s the t r a d i t i o n a l 
t a b l e o f word stems, s y n t a c t i c c a t e g o r i e s , 
and semant ic uses . U n f o r t u n a t e l y i t 
c o n t a i n s o n l y l o c a l i z e d i n f o r m a t i o n t h a t 
must be p ieced t oge the r to form a complete 
semant ic s t r u c t u r e . 

The sentence i t s e l f i s the p r i m a r y 
source o f i n f o r m a t i o n r e l a t e d t o f i g u r i n g 
out what the user r e q u i r e s . I n i t i a l l y most 
people b e l i e v e t h a t the sentence i t s e l f i s 
a l l t h a t i s r e q u i r e d t o determine what the 
user wan ts . U n f o r t u n a t e l y t h i s i s no t the 
case, as many o f the u s e r ' s reques ts w i l l 
be i ncomp le te or p o t e n t i a l l y ambiguous. 
For example, cons ide r the r e q u e s t , "TELL ME 
ABOUT THE FORDS'. Th i s r eques t is 
i ncomp le te because i t d o e s n ' t s p e c i f i c a l l y 
t e l l what i n f o r m a t i o n the user wants about 
the "FORDS". I t i s ambiguous because the 
q u e s t i o n may be i n t e r p r e t e d in two t o t a l l y 
d i s t i n c t ways i n the con tex t o f a f i l e o f 
p r e s i d e n t s , o r a f i l e o f c a r s . I n f o r m a t i o n 
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f r o m o u t s i d e t h e s e n t e n c e m u s t b e b r o u g h t 
t o b e a r i n t h e s e s i t u a t i o n s , t o f i l l i n t h e 
u n s p e c i f i e d p o r t i o n s o f t h e r e q u e s t and t o 
d i s a m b i g u a t e t h e v a r i o u s i n t e r p r e t a t i o n s . 

P u t t i n g a s i d e t h e s e d e g e n e r a t e c a s e s 
o f r e q u e s t s t h a t a r e v i r t u a l l y i n f o r m a t i o n 
f r e e , t h e s e n t e n c e i s i n f a c t , t y p i c a l l y a 
v e r y r i c h s o u r c e o f i n f o r m a t i o n . The 
i n f o r m a t i o n i n t h e s e n t e n c e i s n o t q u i t e s o 
a c c e s s i b l e a s t h a t i n t h e d i c t i o n a r y . The 
d i s t i n c t i o n i s t h a t i n o r d e r t o e x t r a c t 
i n f o r m a t i o n f r o m t h e s e n t e n c e , w e h a v e t o 
p a r s e i t f i r s t . 

The u s e o f t h e d a t a b a s e i t s e l f a s a 
k n o w l e d g e s t r u c t u r e i s a m a j o r r e a s o n why 
t h e ROBOT s y s t e m h a s been a b l e to* a c h i e v e 
i t s l e v e l o f p e r f o r m a n c e . The d a t a b a s e i s 
u s e d t o p r o v i d e i n f o r m a t i o n o f two s o r t s . 
F i r s t , i t c a n t e l l e x a c t l y how i n d i v i d u a l 
w o r d s a r e u s e d i n t h e d a t a b a s e . S e c o n d , 
i t c a n t e l l w h i c h i n t e r p r e t a t i o n s o f a 
g i v e n r e q u e s t make sense i n t h e c u r r e n t 
s t a t e o f t h e d a t a b a s e . I n H a r r i s [ 7 7 b ] w e 
d i s c u s s e d t h e s e i s s u e s i n d e t a i l . 

The m o s t b e n e f i c i a l a s p e c t o f t h e use 
o f t h e d a t a b a s e a s a s o u r c e o f i n f o r m a t i o n 
i s t h a t i t p r o v i d e s t h e p e r f e c t comp lemen t 
t o t h 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 
s e n t e n c e . T h a t i s t o s a y , t h a t i t i s i n 
j u s t t h o s e c a s e s w h e r e t h e i n f o r m a t i o n i n 
t h e s e n t e n c e i s i n c o m p l e t e o r a m b i g u o u s , 
t h a t t h e d a t a b a s e p r o v i d e s j u s t t h e r i g h t 
a n s w e r s . A n e x a m p l e w i l l i l l u s t r a t e t h i s 
p o i n t . "WHO ARE THE NEW YORK EMPLOYEES 
L I V I N G I N BUFFALO?" The p a r s e o f t h i s 
s e n t e n c e y i e l d s l i t t l e i n f o r m a t i o n a b o u t 
t h e r e l a t i o n s h i p b e t w e e n "NEW YORK" and 
"EMPLOYEES" b e c a u s e t h i s i s n o u n - n o u n 
m o d i f i c a t i o n , w h i c h c o u l d a l l o w a l m o s t any 
t y p e o f s e m a n t i c r e l a t i o n s h i p . I t i s h e r e 
t h a t t h e d a t a b a s e h e l p s o u t b y i n f o r m i n g 
u s t h a t "NEW YORK" i s a d a t a i t e m i n t h e 
c i t y a n d s t a t e f i e l d s . T h i s i s e n o u g h t o 
a l l o w u s t o b u i l d t h e n e c e s s a r y s e m a n t i c 
s t r u c t u r e f o r t h e r e q u e s t . 

B u t t h e p r o b l e m s w i t h u n d e r s t a n d i n g 
t h e r e q u e s t a r e n o t y e t o v e r b e c a u s e o f t h e 
a m b i g u i t y o f "NEW YORK". T h e r e i s n o t 
enough i n f o r m a t i o n w i t h i n t h e s e n t e n c e 
i t s e l f t o d i s a m b i g u a t e t h e m e a n i n g o f "NEW 
YORK". Once a g a i n , t h e d a t a b a s e i s 
i n s t r u m e n t a l i n d e t e r m i n i n g t h a t t h e 
l o g i c a l i n t e r s e c t i o n o f "NEW YORK STATE" 
and "BUFFALO" makes sense w i t h i n t h e d a t a 
b a s e , w h e r e a s "NEW YORK C I T Y " and "BUFFALO" 
does n o t . W i t h t h i s a d d i t i o n a l p i e c e o f 
" w o r l d k n o w l e d g e " w e c a n g e n e r a t e a u n i q u e 
s e m a n t i c i n t e r p r e t a t i o n o f t h e r e q u e s t . I t 
s h o u l d b e c l e a r f r o m t h e f o r e g o i n g 
d i s c u s s i o n t h a t i f t h e o r i g i n a l r e q u e s t had 
been more i n f o r m a t i o n r i c h , s u c h a s "WHO 
ARE THE NEW YORK STATE EMPLOYEES L I V I N G IN 
BUFFALO", t h e n t h i s l a s t i n t e r a c t i o n w i t h 
t h e d a t a b a s e w o u l d h a v e b e e n a v o i d e d . 

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

and t o d o a s much w o r k f o r h i m a s w e 
p o s s i b l y c a n . Had w e gone t o t h e u s e r and 
n o t t h e d a t a b a s e i n t h e l a s t e x a m p l e , w e 
w o u l d h a v e r e q u i r e d t h e u s e r h i m s e l f i m p a r t 
t h e f a c t t h a t B u f f a l o i s i n New Y o r k , when 
t h a t p i e c e o f i n f o r m a t i o n i s d e r i v a b l e f r o m 
t h e d a t a b a s e . W e p r e f e r t o a p p l y a l l t h e 
i n f o r m a t i o n a t o u r d i s p o s a l b e f o r e 
b o t h e r i n g t h e u s e r . 

T h e r e a r e , o f c o u r s e , c e r t a i n t i m e s 
when t h e u s e r ' s r e q u e s t i s s o a m b i g u o u s 
t h a t w e m u s t a s k h i m w h a t h e m e a n t . F o r 
e x a m p l e t h e r e q u e s t , "WHAT IS GREEN?" w o u l d 
r e q u i r e c l a r i f i c a t i o n f r o m t h e u s e r i n a 
d a t a b a s e e n v i r o n m e n t v h e r e "GREEN" i s b o t h 
a name 

A l l f o u r s o u r c e s o f i n f o r m a t i o n a r e 
b r o u g h t t o b e a r o n t h e p r o b l e m i n t h e 
f o l l o w i n g w a y . F i r s t , t h e d i c t i o n a r y i s 
used t o r e c o g n i z e i n d i v i d u a l w o r d s . I n 
some c a s e s a n i n d i v i d u a l w o r d may c o n s i s t 
o f s e v e r a l a c t u a l w o r d s , s u c h a s "NEW 
YORK". T h i s d e t e r m i n a t i o n i s made w h e r e v e r 
p o s s i b l e b y i n t e r r o g a t i n g t h e d i c t i o n a r y . 
I n o t h e r c a s e s t h e d a t a b a s e m u s t b e 
c o n s u l t e d t o r e c o g n i z e w o r d p a i r i n g s t h a t 
o c c u r i n t h e d a t a b a s e . A t t h i s p o i n t t h e 
s e n t e n c e i s p a r s e d , y i e l d i n g i n g e n e r a l , 
s e v e r a l i n c o m p l e t e i n t e r p r e t a t i o n s . The 
d a t a b a s e i s used t o f i l l i n t h e i n c o m p l e t e 
p o r t i o n s o f t h e i n t e r p r e t a t i o n s , and t o 
e l i m i n a t e t h o s e i n t e r p r e t a t i o n s t h a t d o n ' t 
make s e n s e i n t h e c u r r e n t s t a t e o f t h e d a t a 
b a s e . I f mo re t h a n one i n t e r p r e t a t i o n 
s t i l l p e r s i s t s , t h e n t h e u s e r i s c o n s u l t e d , 

Summary 
The f a c t t h a t e x i s t i n g d a t a b a s e 

s t r u c t u r e s a r e c a p a b l e o f r e s o l v i n g m o s t o f 
t h e s e m a n t i c i s s u r e s o f n a t u r a l l a n g u a g e 
q u e r y has a l l o w e d f o r t h e e x i s t i n g A I 
p a r s i n g t e c h n i q u e s t o b e f e a s i b l y a p p l i e d 
i n r e a l w o r l d a p p l i c a t i o n s . A s a n e x a m p l e 
o f w h a t c a n b e done w i t h e x i s t i n g n a t u r a l 
l a n g u a g e p r o c e s s i n g t e c h n i q u e s , t h e ROBOT 
s y s t e m s e r v e s a s a c o u n t e r e x a m p l e t o t h e 
p h i l o s o p h y t h a t d e a l i n g w i t h n a t u r a l 
l a n g u a g e i s a n a l l o r n o t h i n g p r o p o s i t i o n . 
A s a n e x a m p l e o f w h a t c a n b e done w i t h i n 
t h e e x i s t i n g d a t a b a s e t e c h n o l o g y , t h e 
ROBOT s y s t e m d e f i n e s a b a s e l i n e o f 
p e r f o r m a n c e , a g a i n s t w h i c h f u t u r e s y s t e m s 
e m b o d y i n g a more p o w e r f u l s e m a n t i c 
s t r u c t u r e , can b e m e a s u r e d . 
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