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A b s t r a c t 

We p r e s e n t a model f o r p r o c e s s i n g E n g l i s h 
r e q u e s t s f o r i n f o r m a t i o n f r o m a r e l a t i o n a l d a t a 
b a s e . The model has as i t s main s t e p s (a) l o 
c a t i n g seman t i e c o n s t i t u e n t s o f a r e q u e s t ; (b) 
m a t c h i n g t h e s e c o n s t i t u e n t s a g a i n s t l a r g e r tem
p l a t e s c a l l e d concep t case f r a m e s ; ( c ) f i l l i n g 
i n t h e concep t case frame u s i n g i n f o r m a t i o n f rom 
t h e u s e r ' s r e q u e s t , f r om t h e d i a l o g u e c o n t e x t and 
f rom the u s e r ' s responses to q u e s t i o n s posed by 
t h e s y s t e m ; and (d) g e n e r a t i n g a f o r m a l da ta base 
query u s i n g t h e c o l l e c t e d i n f o r m a t i o n . Methods 
are sugges ted f o r c o n s t r u c t i n g t h e components o f 
such a n a t u r a l language p r o c e s s i n g system f o r an 
a r b i t r a r y r e l a t i o n a l d a t a b a s e . The model has 
been a p p l i e d to a l a r g e d a t a base o f a i r c r a f t 
f l i g h t and ma in tenance d a t a to g e n e r a t e a sys tem 
c a l l e d PLANES; examples a re drawn f r o m t h i s 
s y s t e m . 

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

The language p r o c e s s i n g model f o r the PLANES 
sys tem f o r n a t u r a l language access t o a l a r g e 
d a t a base [ 9 , 1 8 - 2 1 ] has e v o l v e d over t h e pas t two 
y e a r s t o a p o i n t where we f e e l t h a t i t i s now 
p r a c t i c a l t o b e g i n c o n s t r u c t i n g such systems f o r 
o t h e r da ta b a s e s . Key i deas and assumpt ions in 
the model are d e s c r i b e d b e l o w . 

The model i s d e s i g n e d to h a n d l e r e q u e s t s by 
r e a l , c a s u a l u s e r s , whose o n l y p rogramming l a n 
guage is E n g l i s h , b u t who have some knowledge of 
the m a t e r i a l in the d a t a b a s e . t We have assumed 
t h a t u s e r s w i l l ask q u e s t i o n s w h i c h a re o f t e n 
u n g r a m m a t i c a l , w h i c h i n c l u d e many a b b r e v i a t i o n s , 
b o t h s t a n d a r d and n o n - s t a n d a r d , and w h i c h use 
e l l i p s i s ( o m i s s i o n o f i n f o r m a t i o n t o b e u n d e r 
s tood i n c o n t e x t ) and pronouns e x t e n s i v e l y . (See 
M a l h o t r a [13 ] f o r i d e a s abou t t he t y p e s o f t h i n g s 
u s e r s are l i k e l y t o t y p e i n . ) 

The model i s d e s i g n e d to work w i t h a r e l a 
t i o n a l model | 3 , 8 ] , Data i s v iewed a s b e i n g 
d i v i d e d i n t o r e l a t i o n s w h i c h c o r r e s p o n d t o f i l e s 
o r s e t s o f f i l e s i n c o n v e n t i o n a l d a t a base t e r 
m i n o l o g y . Each r e l a t i o n c o n t a i n s a c o l l e c t i o n o f 
t u p l e s wh i ch c o r r e s p o n d t o r e c o r d s ; each t u p l e 
c o n t a i n s one o r more domains o r f i e l d s . A r e l a 
t i o n can c o n v e n i e n t l y be t h o u g h t o f as a t a b l e , 
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t i n t h e PLANES s y s t e m s , we have p r o v i d e d e a s i l y 
a c c e s s i b l e HELP f i l e s t o b r i n g a u s e r w i t h o u t d a t a 
base knowledge to a p o i n t where he can use the 
r e s t o f t h e s y s t e m . 

w i t h each row b e i n g a t u p l e and each co lumn a 
doma in . There are two i m p o r t a n t reasons f o r 
u s i n g t he r e l a t i o n a l a p p r o a c h : 
(1) The r e l a t i o n a l approach s t r e s s e s d a t a i n d e -
pendence . T h i s means t h a t t h e user and f r o n t end 
programs are e f f e c t i v e l y i s o l a t e d f r o m t h e a c t u a l 
d a t a base o r g a n i z a t i o n . We are now w o r k i n g w i t h 
o n l y a sma l l subse t ( a p p r o x i m a t e l y 10" b i t s ) o f a 
much l a r g e r da tabase ( a p p r o x i m a t e l y 10 1 1 b i t s ) ; 
i f we were to use our f r o n t end w i t h t h e e n t i r e -
d a t a b a s e , t he d a t a a c c e s s i n g programs wou ld 
have t o b e m o d i f i e d , h u t , u s i n g the r e l a t i o n a l 
m o d e l , changes need n o t a f f e c t the " d a t a m o d e l " 
seen by u s e r s and the n a t u r a l language f r o n t e n d . 
(2) Many da ta bases a rc a l r e a d y i n t e r n a l l y o r g a n 
i z e d i n a t a b u l a r f o r m , and are t hus n a t u r a l l y 
s u i t e d to a r e l a t i o n a l d a t a m ode l . We are no t in 
t h i s paper conce rned w i t h u p d a t i n g and n o r m a l i z a 
t i o n a s p e c t s o f t he r e l a t i o n a l da ta b a s e s . 

Most o f t h e examples g i v e n i n t h i s paper a re 
drawn f rom t h e w o r l d o f t h e PLANES sys tem [ 9 , 1 8 -
2 1 j . PLANES is a w o r k i n g system wh ich o p e r a t e s 
on a d a t a base s u p p l i e d by 3-M (Ma in tenance and 
M a t e r i a l Management) , M e c h a n i c s b u r g , PA. The d a t a 
base i s compr i sed o f d e t a i l e d f l i g h t and m a i n t e 
nance d a t a , p l u s d a t a summar ies , and i s o r g a n i z e d 
by mon th , a i r c r a f t , and t y p e o f da ta ( schedu led 
m a i n t e n a n c e , unschedu led m a i n t e n a n c e , f l i g h t s , 
e t c . ) . 

2. Key Ideas 

P r o b a b l y t h e most i m p o r t a n t c o n t r i b u t i o n s o f 
our work a re t h e o v e r a l l o r g a n i z a t i o n o f t h e m o d e l , 
and i deas on how to g e n e r a t e each component of the 
model f o r a n o v e l d a t a b a s e . We have a t t e m p t e d in 
our work to a t t a c k on a b road f r o n t and i n t e g r a t e 
s o l u t i o n s t o many p r a c t i c a l p rob lems i n c l u d i n g 
o p e r a t i n g speed , d i a l o g u e and pa raph rase g e n e r a 
t i o n , s p e l l i n g c o r r e c t i o n and e r r o r r e c o v e r y , 
b r o w s i n g and a n s w e r i n g o f vague q u e s t i o n s , answer 
g e n e r a t i o n , a u t o m a t i c HELP f i l e s , e t c . 

2 . 1 C e n t r a l Assumpt ion 

The c e n t r a l n o v e l assumpt ion u n d e r l y i n g t h e 
model i s t h a t a d a t a base r e q u e s t i s u n i q u e l y 
d e t e r m i n e d b y t h e s e t o f semant i c c o n s t i t u e n t s i n 
a c l a u s e , i ndependen t o f t h e o r d e r o f t h e c o n 
s t i t u e n t s . # We need o n l y s u f f i c i e n t g r a m m a t i c a l 
c o r r e c t n e s s t o r e c o g n i z e t h e phrase b o u n d a r i e s o f 
semant i c c o n s t i t u e n t s and c l a u s e b o u n d a r i e s 
( i f a n y ) . Thus t h e modei h a n d l e s g r a m m a t i c a l 
E n g l i s h , " p i d g i n E n g l i s h , " o r u n g r a m m a t i c a l l i s t s 

# There are i m p o r t a n t e x c e p t i o n s , f o r example com
p a r a t i v e c o n s t r u c t i o n s such as " . . . d i d p l a n e 3 
have more f l i g h t s t h a n p l a n e 2 . . . " w h e r e t h e o r d e r 
o f " p l a n e 3 " and " p l a n e 2 " i n t he sen tence i s 
i m p o r t a n t . 
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o f semant i c c o n s t i t u e n t s w i t h equa l e a s e . To our 
knowledge t h e use o f a method such as t h i s f o r 
d a t a q u e r i e s i s o r i g i n a l w i t h t h i s p r o j e c t . 

Given our c e n t r a l a s s u m p t i o n , t h e p r o c e s s i n g 
o f a u s e r ' s query i n v o l v e s p r i m a r i l y i d e n t i f y i n g 
a l l t h e semant i c c o n s t i t u e n t s , e . g . ( f o r our d a t a 
base) t ime p e r i o d , p l a n e t y p e , s e r i a l numbers , 
ma in tenance t y p e s , e t c . Each o f t hese semant i c 
c o n s t i t u e n t s can be a v a r i a b l e ; ( i . e . t he name of a 
f i e l d f o r wh i ch t he sys tem i s t o f i n d v a l u e s ) , o r a 
c o n s t a n t ( i . e . a v a l u e f o r a p a r t i c u l a r f i e l d w h i c h 
a d a t a i t e m must s a t i s f y ) , o r a se t o f c o n s t a n t s 
( i . e . a s e t o f v a l u e s o r range o f v a l u e s ) . Thus , 
in "Which p l a n e s had eng ine ma in tenance in May 
1973?" p l a n e s is a v a r i a b l e and eng i ne ma i n t enanc e 
and May 1973 a re c o n s t a n t s . An o p e r a t i o n on a 
v a r i a b l e ( e . g . "sum o f f l i g h t h o u r s " ) f u n c t i o n s a s 
a c o n s t a n t . The i d e n t i f i c a t i o n o f semant i c c o n 
s t i t u e n t s is hand led by a group of ATN s u b n e t s , 
each o f wh i ch i s an " e x p e r t " on r e c o g n i z i n g d i f - 
f e r e n t ways o f e x p r e s s i n g one t ype o f semantic-
c o n s t i t u e n t ; t h u s , t h e r e are subnet e x p e r t s f o r 
t i m e p e r i o d , p l a n e t y p e , e t c . 

2 .2 Concept Case Frames and Con tex t Regi s t e r s 

A second ma jo r se t o f i d e a s is necessa ry to 
h a n d l e the f o l l o w i n g p r o b l e m : o f t e n a u s e r ' s r e 
ques t w i l l om i t i n f o r m a t i o n necessa ry t o f o rm a n 
adequate q u e r y . T h i s can happen because! (a) a 
use r l eaves ou t i n f o r m a t i o n meant to be u n d e r s t o o d 
i n c o n t e x t ( t h i s i s c a l l e d e l l i p s i s ) , (b) a user 
uses a pronoun in p l a c e of a named c o n s t i t u e n t , or 
( c ) a user s i m p l y n e g l e c t s t o i n c l u d e a l l the' 
necessa ry i n f o r m a t i o n . T o h a n d l e t hese s i t u a t i o n s 
w e - u s e c o n t e x t r e g i s t e r s t o g e t h e r w i t h concep t 
case f r a m e s . Con tex t r e g i s t e r s a re h i s t o r y k e e p e r s ; 
t hey s t o r e a l l semant i c c o n s t i t u e n t s o f r e q u e s t s 
a l o n g w i t h answers t o e a r l i e r q u e s t i o n s and o t h e r 
i n f o r m a t i o n . 

Each concep t case f rame is a t e m p l a t e r e p r e 
s e n t i n g a who le s e r i e s o f q u e s t i o n s about t h e d a t a 
b a s e . The t e m p l a t e s a re used a s t o o l s t o " b u i l d " 
a l e g a l query b y f i l l i n g i n t h e mandato ry " s l o t s " 
o f the t e m p l a t e w i t h i n f o r m a t i o n e x t r a c t e d f rom the 
c u r r e n t r e q u e s t , e a r l i e r r e q u e s t s , w o r l d know
ledge o r d e f a u l t v a l u e s . I f t he se t eif semant i c 
c o n s t i t u e n t s found i n a u s e r ' s r e q u e s t does no t 
match a concep t case frame e x a c t l y , we can l ook 
back t h r o u g h p a s t c o n t e x t r e g i s t e r v a l u e s t o f i l l 
i n m i s s i n g e lemen ts (as w i t h e l l i p s i s and p ronoun 
r e f e r e n c e ) , ask t he u s e r t o p i c k t h e a p p r o p r i a t e 
meaning i f t h e r e i s more t h a n one p o s s i b l e way o f 
f i l l i n g i n t h e concep t case f r a m e , o r n o t e t h a t a 
j o i n ( c o m b i n i n g o f more t h a n one r e l a t i o n ) i s 
necessary i f t h e r e are. e lements l e f t ove r a f t e r 
m a t c h i n g any s i n g l e concep t case f r a m e . C e r t a i n 
concep t case f rames a l s o c o r r e s p o n d t o r e q u e s t s 
f o r HELP f i l e s , o r n o t e t h a t d e c l a r a t i v e i n f o r 
m a t i o n i s b e i n g i n p u t ( e . g . "From now on c o n s i d e r 
o n l y p l a n e 3 . " ) , o r no te t h a t t h e r e q u e s t r e q u i r e s 
s p e c i a l p r o c e s s i n g , as in the case o f a vague 
q u e s t i o n o r one r e q u i r i n g a l e r t i n g f u n c t i o n s . A 
good way to b e g i n e n u m e r a t i n g concep t case f rames 
i s t o l o o k a t t h e domains ( f i e l d names) f o r each 
r e l a t i o n . 

2 . 3 Query Ge ne r a t or 

The t h i r d i m p o r t a n t se t o f i d e a s i s concerned 
w i t h query g e n e r a t i o n . The sys tem can g e n e r a t e a 
f o r m a l d a t a base query f r o m the se t o f semant i c 
c on s t i t ue n t s whe the r or no t a concep t case frame 
was m a t c h e d . 

The f i r s t s t e p i s t o d e c i d e what t o r e t u r n a s 
an answer , and t o s p e c i f y what p a t t e r n s " h i t s " 
must s a t i s f y . T o d o t h i s , t he query g e n e r a t o r 
f i r s t n o t e s wh ich c o n s t i t u e n t s a re c o n s t a n t s o r 
s e t s o f c o n s t a n t s and wh i ch are v a r i a b l e s (see 
a b o v e ) . O f t e n t h e r e w i l l b e o n l y one v a r i a b l e , 
deno ted by a q u e s t i o n word ( e . g . w h i c h , when, 
w h e r e , e t c . ) ; a l l v a r i a b l e s and s e t s o f const a n t s 
must be p a r t o f t h e answer r e t u r n e d . The c o n s t a n t s 
and s e t s o f c o n s t a n t s a re t r e a t e d as p r e d i c a t e s , 
i . e . a s f i e l d v a l u e s a g a i n s t wh i ch i n d i v i d u a l da ta 
i t ems o r " t u p l e s " must be cemipared to f i n d wh ich 
a re " h i t s " . 

The second s t e p i s t o d e c i d e wh i ch r e l a t i o n s 
t o s e a r c h . There a re about 600 r e l a t i o n s i n our 
d a t a b a s e , each c o r r e s p o n d i n g to one m o n t h ' s d e 
t a i l e d d a t a o f a p a r t i c u l a r t ype ( e . g . f l i g h t -
h o u r s ) f o r one p a r t i c u l a r p l a n e , o r t o summary 
d a t a f o r p l a n e s o f one c l a s s f o r v a r i o u s p e r i o d s , 
and so o n . There a re a l s o t empora ry r e 1 a t i o n s 
w h i c h are c r e a t e d as a d i a l o g u e p r o g r e s s e s , and 
the sys tem must be a b l e to d e t e r m i n e when these 
a re b e i n g r e f e r r e d t o (as i n "Of t h e s e , . . . " and 
o t h e r fol leow up q u e s t i o n s ) . Because t h e r e i s b o t h 
summary and d e t a i l e d d a t a , and s e v e r a l t y p e s o f 
d a t a f o r each p l a n e , the? d e c i s i o n o f the query 
g e n e r a t o r r e q u i r e s some p r o c e s s i n g . The1 query 
g e n e r a t o r i n t e r s e c t s t h e s e t s o f r e l a t i o n s r e 
f e r r e d t o b y each semant i c c o n s t i t u e n t , i n t he 
hope t h a t o n l y a s i n g l e r e l a t i o n w i l l r e m a i n . 
I f n o r e l a t i o n s r e m a i n , t h e n a j o i n (o r j o i n s ) i s 
r e q u i r e d and a d d i t i o n a l p r o c e s s i n g i s n e c e s s a r y ; 
i f more than one r e l a t i o n r e m a i n s , t h e n h e u r i s t i c s 
can o f t e n h e l p s e l e c t one ( e . g . use summary d a t a 
r a t h e r t h a n d e t a i l e d d a t a i f e i t h e r i s p o s s i b l e ) 
or t he user can be o f f e r e d a c h o i c e among t h e 
a l t e r n a t i v e s . 

A s i t s t h i r d s t e p , t h e query g e n e r a t o r must 
d e c i d e o n how t o s o r t t h e h i t s when r e t r i e v e d . 
Sometimes s o r t i n g i s s p e c i f i e d i n q u e r i e s ( e . g . 
"G ive me' t o t a l ma in tenance hou rs f o r p l a n e 3 by 
m o n t h " ) ; o t h e r w i s e i t i s d e t e r m i n e d by a h e u r i s t i c 
p r i o r i t y scheme. 

3 . Model O p e r a t i o n 

The p r o c e s s i n g o f a u s e r ' s r eques t i s d i v i d e d 
i n t o f o u r ma in phases : p a r s i n g , i n t e r p r e t a t i o n , 
e v a l u a t i o n , and r e s p o n s e . 

(1 ) In the p a r s i n g phase , a se t o f semant i c 
f e a t u r e s w i t h v a l u e s i s formed f rom the u s e r ' s 
r e q u e s t . A s p a r t o f t h i s phase pronoun r e f e r e n c e 
and e l l i p s i s are r e s o l v e d , and complex q u e s t i o n s 
are b r o k e n up i n t o a sequence o f s i m p l e q u e r i e s . 

(2 ) I n t he i n t e r p r e t a t i o n phase, t he f e a t u r e 
and v a l u e r e p r e s e n t a t i o n o f t he u s e r ' s r e q u e s t i s 
t r a n s l a t e d i n t o a ' p r o g r a m , ' c a l l e d a " d a t a base 
q u e r y " , t o g e n e r a t e the d a t a t o answer t he r e 
q u e s t . 
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The b u l k o f t h i s paper i s devo ted t o e x p l a i n 
i n g these f i r s t two phases o f t he m o d e l ' s o p e r a 
t i o n . 

(3) The e v a l u a t i o n phase uses the query 
g e n e r a t e d i n t h e p r e v i o u s s tage t o search t h e 
d a t a base and r e t u r n the needed d a t a . 

(4) The e v a l u a t i o n p o r t i o n passes the. r e 
s u l t i n g d a t a t o t he response g e n e r a t o r . 

A t each s tage o f the p r o c e s s , t he r e s u l t s are 
sen t t o c o n t e x t r e g i s t e r s , w h i c h c o n s i s t o f a se t 
o f s t a c k s o f r e l e v a n t i n f o r m a t i o n . These s t a c k s 
c o n t a i n t h e r e s u l t s o f each s tage ( e . g . u s e r ' s 
r e q u e s t , p a r a p h r a s e , e t c . ) , s y n t a c t i c components 
( e . g . s u b j e c t , o b j e c t , e t c . ) , and s e m a n t i c / c o n 
t e x t u a l i n f o r m a t i o n ( e . g . t i m e s p e c i f i c a t i o n , 
e t c . ) . T h i s i n f o r m a t i o n i s made a v a i l a b l e f o r 
l a t e r r e s o l v i n g o f a n a p h o r i c r e f e r e n c e , s u p p l y i n g 
ph rases d e l e t e d t h r o u g h e l l i p s i t ; , and g e n e r a t i n g 
r e s p o n s e s . 

3 . 1 P a r s i n g 

The f i r s t phase , " p a r s i n g , " a c t u a l l y c o v e r s 
s e v e r a l o p e r a t i o n s . These i n c l u d e 

(a) c l e a n i n g u p the i n p u t ( c o r r e c t i n g s p e l l 
i n g , s u b s t i t u t i n g c a n o n i c a l words and 
synonyms, e t c . ) ; 
(b) a p p l y i n g the semant i c ATNs to the i n p u t 
reques t and f i l l i n g i n c o n t e x t r e g i s t e r -
v a l u e s ; 
(c ) b re a k in g up q u e s t i o n s w i t h e nib e d d e d 
c l a u s e s i n t o two o r more " s i m p l e q u e r i e s " ; 
(d) a p p l y i n g concep t case f rames to " s i m p l e 
q u e r i e s , " r e s o l v i n g e l l i p s i s , p ronoun r e f e r 
ence and q u e s t i o n s i n v o l v i n g m u l t i p l e r e l a 
t i o n s e a r c h e s . 

These o p e r a t i o n s are e x p l a i n e d i n more d e 
t a i l i n the f o l l o w i n g s e c t i o n s . 

3.2 C l e a n i n g Up the I n p u t 

The p a r s e r f i r s t checks to make sure t ha t 
each word o f t h e i n p u t i s known by t he s y s t e m . 
Roots and i n f l e c t i o n marke rs are s u b s t i t u t e d f o r 
i n f l e c t e d w o r d s , c a n o n i c a l words a re s u b s t i t u t e d 
f o r synonyms, and s i n g l e words are s u b s t i t u t e d f o r 
c e r t a i n ph rases ( e . g . "USA" f o r U n i t e d S t a t e s o f 
A m e r i c a " ) . I f a g i v e n i n p u t word canno t be found 
i n the d i c t i o n a r y , t h e n t h e s p e l l i n g c o r r e c t i o n 
module i s c a l l e d . T h i s module a t t e m p t s t o f i n d 
d i c t i o n a r y e n t r i e s " c l o s e " t o the i n p u t word u s i n g 
methods d e s c r i b e d i n | 1 7 ] ; i f one o f t hese c a n d i 
d a t e s i s c o r r e c t , i t i s i n s e r t e d i n p l a c e o f t he 
m i s s p e l l e d w o r d . I f n o c a n d i d a t e s are f o u n d , o r 
i f t he user r e j e c t s a l l t h e sugges ted c a n d i d a t e s , 
a word a d d i n g module can be c a l l e d to t r y to add 
t h e u s e r ' s word t o the d i c t i o n a r y by f i n d i n g a 
synonymous word or ph rase a l r e a d y known to t he 
s y s t e m . The use r can a l s o t e l l t he sys tem t o 
i g n o r e the word and c o n t i n u e . 

3 .3 A p p l y i n g Semant ic ATNs 

T h i s s e c t i o n t o g e t h e r w i t h t h e n e x t two d e s 
c r i b e t he h e a r t o f t h e language u n d e r s t a n d i n g 
p r o c e s s . I t i s h e r e t h a t p ronoun r e f e r e n c e and 
e l l i p s i s a re r e s o l v e d , and h e r e t o o t h a t much o f 
t he o v e r a l l p rogramming e f f o r t f o r t h e sys tem has 
been expended. The p r o c e s s i n g i n t h i s p o r t i o n 
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i s hand led by s u b n e t s . 

Each subnet is an ATN [23 ] ph rase p a r s e r 
wh i ch matches o n l y ph rases w i t h s p e c i f i c mean ing . 
For examp le , i n t h e PLANES w o r l d t h e r e a re subne ts 
f o r each d i f f e r e n t semant i c o b j e c t : p l a n e t y p e , 
d a t e , t ime p e r i o d , m a l f u n c t i o n , ma in tenance t y p e , 
a i r c r a f t component , e t c . Some examples o f ph rases 
w i t h the subnet f o r " t i m e p e r i o d " wou ld match a r e : 
"be tween Jan 1 and Feb 28 1 9 7 2 , " " 1 9 7 2 , " " d u r i n g 
Feb rua ry and M a r c h , " " t h e n , " and " i n the f i r s t 
s i x months o f 1 9 7 2 . " Most subne ts match noun 
phrases o r p r e p o s i t i o n a l p h r a s e s . The c o n s t r u c 
t i o n o f subnets i s based o n W i n o g r a d ' s a n a l y s i s o f 
noun phrase Q u a n t i f i e r s ( e . g . " f i r s t , " 
" r e s t , " "more t h a n , " " l a r g e s t , " e t c . ) a re h a n d l e d 
by a s p e c i a l subnet as a re q u a l i f i e r s ( e . g . t h e 
i t a l i c i z e d words i n t he phrase "A7s w h i c h c r a s h e d 
i n M a y " ) . Subnets a l s o check f o r compounds 
( e . g . " p l a n e s 3 and b , " " p l a n e 3 o r p l a n e 5 , " 
e t c . ) , and r e c o g n i z e verb p h r a s e s . 

Subnets are a p p l i e d to the I n p u t r e q u e s t one 
a f t e r a n o t h e r . When a subnet matches a p h r a s e , 
t h a t phrase i s saved a l o n g w i t h i n f o r m a t i o n o n 
w h i c h subnet matched i t , and a t t e n t i o n i s s h i f t e d 
t o the nex t p o r t i o n o f the r e q u e s t . A l s o a s p a r t 
o f t h i s phase , " n o i s e w o r d s " are matched by a 
subnet and e s s e n t i a l l y d i s c a r d e d . "No i se w o r d s " 
r e f e r t o phrases l i k e " p l e a s e t e l l m e , " " can you 
t e l l m e , " "wou ld you l e t me k n o w , " " c o u l d you 
f i n d , " e t c . 

Whenever subne ts match a p h r a s e , t h e y s e t t he 
v a l u e o f a c o r r e s p o n d i n g c o n t e x t r e g i s t e r , wh i ch 
a c t s as a h i s t o r y k e e p e r . C o n t e x t r e g i s t e r s are; 
used f o r p ronoun r e f e r e n c e and e l l i p s i s ; i f some 
i t e m ( s ) i n a r e q u e s t have been l e f t u n s p e c i f i e d 
o r r e p l a c e d b y p r o n o u n s , c o n t e x t r e g i s t e r v a l u e s 
f r om p r e v i o u s r e q u e s t are used t o s u p p l y t h e 
m i s s i n g i n f o r m a t i o n o r the r e f e r e n t o f a p r o n o u n . 
There a re a l s o c o n t e x t r e g i s t e r s f o r t h e l a s t 
r e q u e s t , l a s t p a r a p h r a s e , l a s t query language 
f o r m , and l a s t answer . Con tex t r e g i s t e r s are 
implemented as stacks; wh i ch are pushed down w i t h 
each new r e q u e s t . Thus an e a r l i e r c o n t e x t c o u l d 
be r e t r i e v e d f rom a user s t a t e m e n t l i k e "A w h i l e 
ago we were t a l k i n g about s k y h a w k s , " by l o o k i n g 
back t h r o u g h c o n t e x t r e g i s t e r s u n t i l a p l a n e t y p e 
c o n t e x t r e g i s t e r v a l u e e q u a l t o " skyhawk" was 
f o u n d , and t hen r e s t o r i n g a l l t he o t h e r c o n t e x t 
r e g i s t e r v a l u e s c u r r e n t a t t h a t t i m e . 

At the end o f t h i s phase we arc l e f t w i t h a 
s e t o f r e p r e s e n t a t i o n s o f the semant i c c o n t e n t s 
o f t he ph rases i n t h e sen tence and a l i s t o f t h e 
o r d e r o f the c o n s t i t u e n t s . Un less c e r t a i n c o n 
s t r u c t s (such a s c o m p a r a t i v e s , e . g . " . . . g r e a t e r 
t h a n . . . , " o r embedded q u a n t i f i e d c l a u s e s ) a re 
p r e s e n t , t he o r d e r o f t he ph rases i s i g n o r e d . 
T h i s means t h a t p a s s i v e , a c t i v e , a n d " p i d g i n 
E n g l i s h " r e q u e s t s a re a l l r e p r e s e n t e d i d e n t i c a l l y 
f r o m t h i s p o i n t o f p r o c e s s i n g onward . G iven t h i s 
s o r t o f p r o c e s s i n g , p ronoun r e f e r e n c e and e l l i p s i s 
become a r e l a t i v e l y d i f f i c u l t t a s k . The p a r s i n g 
o f a p ronoun does n o t r e s u l t i n i t s a t t a c h m e n t t o 
a p a r t i c u l a r semant i c c a t e g o r y . E l l i p s i s may be 
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t a k i n g p l a c e bu t i t i s h a r d t o b e s u r e . " Our 
h a n d l i n g o f t hese i s s u e s i s d e s c r i b e d i n the n e x t 
s e c t i o n . 

S p e c i f i c subne t s r e c o g n i z e r e q u e s t s f o r HELP 
i n f o r m a t i o n , and draw HELP f i l e s i n d i r e c t l y . 

Embedded c l a u s e s are h a n d l e d by s u b n e t s ; 
t h i s p r o c e s s i s d e s c r i b e d i n s e c t i o n 3 .9 b e l o w . 

3 . 4 Concept Case Frames 

Concept case f rames enumerate the p a t t e r n s o f 
q u e s t i o n s u n d e r s t o o d by t h e sys tem (and can a l s o 
a s s o c i a t e d a t a base query s k e l e t o n s w i t h q u e s t i o n 
t y p e s w h i c h canno t be p r o p e r l y hand led by t h e 
query g e n e r a t o r ) . Our concep t case f rames are 
somewhat d i f f e r e n t t h a n o r d i n a r y case f rames | 2 ] ; 
each concep t case frame c o n s i s t s o f t he ac t 
( t y p i c a l l y r e l a t e d t o t h e v e r b ) and a l i s t o f 
noun ph rases ( r e f e r r e d t o by s u b n e t / c o n t e x t 
r e g i s t e r name) wh ich can occur m e a n i n g f u l l y w i t h 
the a c t . U n l i k e o r d i n a r y case f r a m e s , we do n o t 
s t o r e i n f o r m a t i o n about the r o l e ( e . g . a g e n t , 
p a t i e n t , i n s t r u m e n t ) p l ayed b y the v a r i o u s 
p h r a s e s , and each a c t cove rs a number o f r e l a t e d 
v e r b s ( e . g . " f l y , " " l o g " and " r e c o r d " map i n t o 
the same a c t ) . Phrases wh ich wou ld have to occu r 
i n eve ry concep t case f r a m e , such as " t i m e 
p e r i o d , " a re o m i t t e d f rom the i n t e r n a l r e p r e 
s e n t a t i o n o f concep t case f r a m e s . T o g e t h e r , t h e 
subne ts and concep t case f rames f o r m a " s e m a n t i c 
grammar" v e r y s i m i l a r t o t h a t used i n SOPHIE [ ' l ] . 

Whenever c o n s t i t u e n t s of a sen tence a re 
m i s s i n g (as i n e l l i p s i s ) o r r e p l a c e d b y pronouns 
o r r e f e r e n t i a l p h r a s e s , t h e model i s ab l e t o 
sugges t what t y p e o f ph ra .se i s n e c e s s a r y to com
p l e t e t he concep t b y f i n d i n g a l l t he concept case 
f rames w h i c h match the r e s t o f the s e n t e n c e . I f 
o n l y one concep t case f rame ma tches , we are d o n e ; 
i f more t h a n one ma tches , then r e f e r e n c e t o wh i ch 
c o n s t i t u e n t s were p r e s e n t i n t he p r e v i o u s s e n 
t e n c e i s u s u a l l y adequate t o d e c i d e among c a n d i 
d a t e s ; o t h e r w i s e , the user can be g i v e n the s e t o f 
p o s s i b i l i t i e s f r om w h i c h t o choose the a p p r o p r i a t e 
r e f e r e n t s f o r each p h r a s e . F u r t h e r m o r e , the 
sys tem can guess t h a t sen tences l i k e "How many 
m a l f u n c t i o n s logged more t h a n 1 0 f l i g h t h o u r s " 
a re mean ing less because a l l ph rases are r e c o g 
n i z e d bu t no m a t c h i n g concep t case f rame e x i s t s . 

More s p e c i f i c a l l y , the m a t c h i n g i s done as 
f o l l o w s . A f t e r t h e bes t concept case frame ( i . e . 
t h e l o n g e s t one t h a t matches the most semantic-
c a t e g o r i e s o f t he p h r a s e s ) has been chosen and as 
many s l o t s i n t h e t e m p l a t e a s p o s s i b l e f i l l e d 
i n , p ronoun r e f e r e n c e and e l l i p s i s must b e r e 
s o l v e d . I f a l l mandatory s l o t s a re f i l l e d and n o 
p ronouns o c c u r , e v e r y t h i n g i s a l r e a d y r e s o l v e d . 

*0ne c l u e f o r e l l i p s i s i s f i n d i n g a q u e s t i o n word 
f o l l o w e d by an a c t i o n . T h i s sometimes i n d i c a t e s 
t h a t i t i s o c c u r r i n g - - n a m e l y t h e noun phrase 
n o r m a l l y e x p e c t e d i n t h a t p o s i t i o n i s m i s s i n g . 
The p r o b a b l e e l l i p s i s can be tagged so t h a t f u r 
t h e r i n v e s t i g a t i o n can b e t a k e n o n l a t e r . 

Pronouns are r e s o l v e d by n o t i n g wh i ch semant ic 
c a t e g o r y s l o t s are l e f t over f o r them. Pronouns 
can be r e p l a c e d w i t h i t ems t h a t f i t t h a t same 
semant ic c a t e g o r y by scann ing backwards t h r o u g h 
t h e c o n t e x t r e g i s t e r v a l u e s f o r e a r l i e r s e n t e n c e s . 
When e l l i p s i s and pronouns occur a t t h e same t i m e , 
i t may be i m p o s s i b l e to dec i de wh ich o f two or 
more s l o t s t o p u t a p ronoun i n t o . I f t he frame 
c o n t a i n s n o o p t i o n a l s l o t s , i t makes n o d i f f e r 
ence where the p ronoun is put because the system 
w i l l have t o f i l l i n any o t h e r empty s l o t s b e f o r e 
p r o c e e d i n g . Shou ld o p t i o n a l s l o t s b e i n c l u d e d , 
the t a s k becomes more d i f f i c u l t because the p r o 
noun may go in a r e q u i r e d s l o t or an o p t i o n a l 
s l o t . I f i t s h o u l d g o i n a n o p t i o n a l s l o t , the-
e l l i p s i s must b e o c c u r r i n g f o r the r e q u i r e d s l o t . 
I f i t f i l l s t h e r e q u i r e d s l o t , t h e n e l l i p s i s may 
o r may no t be o c c u r r i n g f o r the o p t i o n a l s l o t . 
The second case is t h e one t h a t causes a p r o b l e m -
w e must know i f e l l i p s i s i s o c c u r r i n g t o b e ab le 
to e x t r a c t t he f u l l meaning o f the q u e r y . We 
r e s o l v e t h i s p r o b l e m b y assuming t h a t e l l i p s i s i s 
o c c u r r i n g , and s c a n n i n g the ve ry recen t set o f 
pas t q u e r i e s (say t he l a s t one o r two sen tences ) 
t o see i f t he c o n t e x t b u i l t u p c o n f i r m s our h y 
p o t h e s i s ( i . e . see i f can f i n d a n y t h i n g t o f i l l 
t he o p t i o n a l s l o t ) . I f n o t h i n g f i t s t he semant i c 
c a t e g o r y o f t he s l o t , t h e e l l i p s i s i s o v e r r u l e d 
and t h e h y p o t h e s i s d r o p p e d . O the rw ise w e f i l l i n 
the s l o t w i t h the i n f o r m a t i o n f o u n d . I f a l l e l s e 
f a i l s , we can ask t he user t o s e l e c t t h e a p p r o 
p r i a t e i n t e r p r e t a t i o n f r om among a se t o f h y 
p o t h e s e s . (Be ing a b l e to choose f rom among a 
s m a l l se t o f p o s s i b i l i t i e s i s s t i l l much s i m p l e r 
f o r t h e user t h a n r e p h r a s i n g ! ) 

E l l i p s i s a lone i s a l i t t l e e a s i e r t o h a n d l e . 
Any t ime i n f o r m a t i o n i s m i s s i n g f r om r e q u i r e d 
s l o t s we know t h a t e l l i p s i s i s o c c u r r i n g . The 
pas t q u e r i e s can be scanned backwards f o r i n f o r 
m a t i o n t o f i l l t he s l o t s . I f w e d o no t f i n d 
enough i n f o r m a t i o n t o f i l l a l l t he s l o t s w e can 
ask the user f o r t he r e q u i r e d i n f o r m a t i o n . When 
e 1 1 i p s i s o f o p t i ona1 s l o t s is o c c u r r i n g , we must 
use a se t o f h e u r i s t i c s to g i v e us a c l u e t h a t the 
o m i s s i o n of a phrase has o c c u r r e d . E a r l i e r we 
men t ioned an example of such a h e u r i s t i c - n a m e l y 
f i n d i n g a q u e s t i o n word f o l l o w e d by a v e r b o t h e r 
t h a n the ve rb to be w i t h o u t any i n t e r v e n i n g noun 
phrase-. 

3.5 C o n s t r u c t i o n of a Query 

The f i l l e d - i n concept case frame i s next 
t r a n s l a t e d i n t o a f o r m a l query e x p r e s s i o n f o r use 
w i t h a r e l a t i o n a l d a t a base s y s t e m . t The t r a n s 
l a t i o n i n v o l v e s : 
(1) s e l e c t i n g t h e r e l a t i o n s ( f i l e s and c a r d t y p e s ) 
t o l ook a t i n o r d e r t o r e t r i e v e the i n f o r m a t i o n 
necessa ry f o r answer i ng the u s e r ' s r e q u e s t ; 
(2) d e c i d i n g what domains ( da ta f i e l d s ) t o r e t u r n 
f r om the r e l a t i o n s wh ich are s e a r c h e d . ( I n 
g e n e r a l , more f i e l d s are r e t u r n e d t h a n are a c t u a l l y 

+ Wh i l e we have no t done s o , i t s h o u l d be p o s s i b l e 
t o w r i t e s i m i l a r query g e n e r a t o r s f o r o t h e r d a t a 
mode l s . 
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asked f o r . For example, if asked about which 
planes had engine maintenance dur ing some time 
pe r i od , PLANES re turns not only the plane i d e n t i 
f i c a t i o n numbers, but a lso the dates of mainten
ance and codes fo r the exact type of maintenance.); 
(3) dec id ing how to arrange the output data. 
Typ ica l order ings are by increasing or decreasing 
size of some f i e l d value ( l i k e "number of hours 
down t ime") or sequen t ia l l y by date . Other more 
complex order ings may be spec i f ied by the user 
( e .g . " L i s t maintenances for plane 5 by month.) ; 
(4) dec id ing which operat ions should be performed 
on the f i e l d s re tu rned . Examples of operat ions 
include l i s t , count, average, sum, and f i nd 
l a rges t ; 
(5) t r a n s l a t i n g f i e l d values (e .g . fo r dates, 
plane types, or act ions) i n t o i n t e r n a l data base 
codes. 
(6) Most impor tant , organiz ing a l l t h i s mater ia l 
i n t o an expression in the r e l a t i o n a l calculus [4 , 
5,8] which can be used to implement the actual 
data base search. 

The general process was described b r i e f l y in 
Section 2 .2 . For a simple query (one i nvo l v i ng 
no j o i n s , comparatives, l i s t i n g by spec ia l group
ing (e .g . by month, plane s e r i a l number, repa i r 
l o c a t i o n , e t c . ) , and no spec ia l q u a n t i f i c a t i o n . ) 
t h i s process involves (a) f i n d i n g the question 
phrase (s) ( e . g . which planes in "which planes f lew 
more than 10 t imes?" ) , (b) i n s e r t i n g it in the 
answer s l o t of the general query ske le ton , ' (c) 
i n t e r p r e t i n g other semantic phrases and values 
(constants and sets of constants) as p red ica tes , 
(d) i n s e r t i n g these in the general skeleton (e .g . 
adding (GT FLIGHTS 10.) to the l i s t of p red ica tes , 
given the quest ion above), (e) completing the 
answer-descr ipt ion po r t i on of the skeleton w i t h 
other f i e l d va lues, using both h e u r i s t i c knowledge 
about meaningful answer forms and any spec ia l user 
i n s t r u c t i o n s (e .g . " P l o t . . . " , " L i s t . . . " , e t c . ) , 
and ( f ) dec id ing upon and f i l l i n g in a answer 
sor t s p e c i f i c a t i o n (e .g . by increas ing s e r i a l 
number, in time sequence, by groups according to 
po r t i on o f the plane repa i red , e t c . ) . 

The query cons t ruc t ion is more complex fo r 
quan t i f i ed expressions (e .g . "Find a l l repa i rs fo r 
the 5 planes w i t h the most f l i g h t hours ) , com
parat ives (e .g . "Did plane 5 log more f l i g h t hours 
than plane 3 ? " ) , questions w i t h embedded clauses 
(e .g . "Which planes tha t crashed in May had engine 
maintenance in A p r i l ?") and requests i nvo l v ing 
spec ia l operat ions (e .g . 'Vh ich plane f lew the 
most hours in May?"). 

Of p a r t i c u l a r i n t e r e s t is the method by which 
r e l a t i o n s to be searched are se lec ted . The system 
looks at each phrase separate ly , and notes which 
r e l a t i o n s the phrase could poss ib ly belong t o . 
Some phrases ( l i k e plane type and date) are not 

*The general query skeleton consis ts of an ordered 
set o f s l o t s f o r q u a n t i f i c a t i o n , l o c a l l y bound 
v a r i a b l e s , answer format , predicates to be s a t i s 
f i ed by " h i t s , " and an answer sor t s p e c i f i c a t i o n . 

very usefu l for t h i s process, since they appear in 
most r e l a t i o n s , but others ( l i k e f l i g h t h o u r s ) 
appear in only one or two r e l a t i o n s . A l l the 
r e l a t i o n s possib le for a clause are then i n t e r 
sected, and i f a s ing le r e l a t i o n is se lec ted , the 
process of se lec t i ng a r e l a t i o n is complete fo r 
the phrase. Clauses are then considered in p a i r s , 
and so on. If more than one r e l a t i o n or a set of 
r e l a t i ons remains, then the request is ambiguous, 
and p r i o r i t y scheme or a dialogue is necessary to 
select the appropriate r e l a t i o n . I f no r e l a t i o n s 
remain at any i n te r sec t i on s tep, then more than 
one r e l a t i o n must be searched to answer the r e 
quest, and the r e s u l t s of these searches must 
then be combined v ia the r e l a t i o n a l operat ion 
ca l led Join ing (cons t ruc t ing a s ing le r e l a t i o n 
from two d i f f e r e n t r e l a t i o n s ) . As an example, 
the request : "Find a l l planes which had engine 
maintenances on the same day as a f l i g h t " would 
requi re searching the maintenance and f l i g h t 
r e l a t i o n s , and then j o i n i n g these r e l a t i o n s v ia 
the date and plane domains by i n t e r s e c t i n g the 
sets of tuples fo r maintenance and f l i g h t and 
r e t a i n i n g tuples w i th i d e n t i c a l planes and dates. 

3.6 Construct ing a Paraphrase 

An important part of any query system's 
operat ion is a l lowing a user to v e r i f y whether or 
not the system has c o r r e c t l y understood h i s r e 
quest. To t h i s end, the. system feeds back i t s 
understanding of the request , w i th pronoun r e f e r 
ence and e l l i p s i s reso lved, f o r the use r ' s 
approval . The paraphrase is s t r a i g h t forwardly 
constructed from the formal query, and any specia l 
in format ion associated w i t h the matched concept 
case frame. "Special i n fo rma t ion " includes query 
language skeletons, c a l l s to HELP f i l e s , and 
spec ia l f unc t i ons , such as s t a t i s t i c a l comparison 
func t ions , needed to answer complex quest ions. 

If the user does not approve of the i n t e r 
p re ta t i on of h i s request , he can enter i n t o a 
c l a r i f y i n g dialogue w i th the system [ 6 ] , The 
system asks whether the user wants t h i s query 
executed on the data base, if he wishes to con
t inue w i t h the current sentence as context ( t h i s 
i s usefu l fo r co r rec t i ng minor e r r o r s , e . g . 
typ ing the wrong yea r ) , or w i th the previous 
sentence as contex t . As a simple example, suppose 
a user wanted data ( fo r a prev ious ly spec i f ied 
quest ion) for January 1972, but (using e l l i p s i s ) 
typed "January 1973" ins tead . I t is simple to 
cor rec t t h i s by typ ing " n " when asked by the 
system "Sha l l I execute t h i s query on the data 
base . . . y or n?" , and then simply typ ing "1972". 
The system w i l l recognize t h i s as a year , s u b s t i 
t u te it fo r 1973, and the user can then have the 
corrected query executed. C lea r l y , minimum typ ing 
and no remembering of spec ia l commands is required 
fo r t h i s sor t o f e r ro r c o r r e c t i o n . 

3.7 Ret r iev ing the Data 

The query expression generated is expressed 
in the data sublanguage ALPHA [ 4 ] , as implemented 
in LISP by Green [ 10 ] . This expression is used 
by the r e l a t i o n a l data base system to construct 
the ac tua l program which re t r i eves the data . In 
order to const ruct the search program, the system 
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must : 
(1) se lect the f i l e s to be searched; 
(2) se lec t an order fo r searching these f i l e s ; 
(3) generate an expression fo r t e s t i n g and se lec t 
ing tup les values to r e t u r n whi le searching; 
(4) generate a program to combine data , poss ib ly 
from a number of d i f f e r e n t r e l a t i o n s , so tha t the 
proper answer w i l l be re tu rned . 
(5) decide when to save the r e s u l t s of a search 
fo r fu tu re use. This is important in i n t e r a c t i v e 
query ing, since i n t e r e s t i n g resu l t s can be expect
ed to evoke fo l low-up queries from a user, and 
such queries are l i k e l y to reference tup les j u s t 
r e t r i e v e d . 

3.8 Generating an Answer 

Once the data has been r e t r i e v e d , the resu l t s 
are passed to the output module, which decides on 
an appropriate, d isp lay format fo r the data . I f 
poss ib le i t attempts to produce a graph. This 
can only be done if (1) pa i rs of items are r e 
tu rned, (2) one i tem is numer ica l , (3) the number 
of items returned is small enough (but not too 
smal l ) to produce a reasonable graph which w i l l 
f i t on a CRT screen. If a graph is not poss ib le , 
the system w i l l produce a l i s t or t a b l e ; i f there 
is too much data to f i t on the screen, the r e s u l t s 
w i l l be automat ica l ly output to the l i n e p r i n t e r . 

3.9 Embedded Clauses 

Qua l i f y ing phrases or q u a l i f i e r s (see 
Winograd [22] ) , cons t i t u te the most common type of 
dependent c lause. Examples of q u a l i f i e r s are the 
under l ined par ts of "planes which crashed in May," 
"maintenance performed on A7s, " and "planes w i t h 
poor maintenance reco rds . " Q u a l i f i e r s appear 
a f t e r the main noun in a noun phrase, and are 
o f ten introduced by r e l a t i v e pronouns such as 
"which" or " t h a t " , or by verb forms ending in -ed 
or - i n g . Prepos i t iona l phrases can a lso serve as 
q u a l i f i e r s . 

Q u a l i f i e r s can be found by apply ing a q u a l i 
f i e r subnet to the po r t i on of a request f o l l ow ing 
the main noun of a noun phrase. Because q u a l i 
f i e r syntax is f a i r l y r e s t r i c t i v e , in many cases 
merely examining the s ing le word a f t e r the main 
noun may su f f i ce to preclude the presence of a 
q u a l i f i e r . If a q u a l i f y i n g phrase or clause may 
be present , the f o l l ow ing act ions are taken: 
(1) A syn tac t i c parser (based on Woods' LSNL1S 
parser [24]) is invoked to f i n d i f a q u a l i f i e r 
is present , and i f so what i t s boundaries are . 
(2) I f the embedded clause is not grammatical, 
h e u r i s t i c s are invoked to attempt to bracket the 
c lause. 
(3) Once a q u a l i f i e r is found to be present , 
processing is suspended on the current c lause, and 
the current context r e g i s t e r values are pushed 
down. 
(4) The main noun from outside the q u a l i f y i n g 
phrase is subs t i t u ted fo r the r e l a t i v e pronoun 
( i f any) or is inser ted as a phrase element in 
the q u a l i f i e r . 
(5) The q u a l i f y i n g phrase or clause is processed 
l i k e a normal request , w i t h the main noun from the 
clause above serv ing the ro le of the requested 
i tem. Note tha t verb forms get changed to a root 

plus an i n f l e c t i o n , so tha t the exact verb form 
does not a f f ec t t h i s processing. Preposi t ions as 
we l l as verbs can re fe r to c e r t a i n case frames, so 
t h a t , fo r example, "planes w i t h poor maintenance 
records" has the same meaning to the system as 
"planes having poor maintenance reco rds . " 
(6) The query corresponding to the. q u a l i f i e r must 
be in tegra ted w i t h the query corresponding to i t s 
surrounding clause to form the o v e r a l l query. 
The ordinary meaning of q u a l i f i e r s seems to sug
gest tha t the q u a l i f i e r query be evaluated on the 
data base f i r s t , and i t s r e s u l t should then be 
used as the scope of search for the other c lauses, 
in f a c t , e i t he r search can in general be per
formed f i r s t . * 

Notice tha t request can involve searching 
more than one r e l a t i o n , even if there are no 
q u a l i f i e r s or dependent c lauses, as in the sen
tence: "Did any planes have a f l i g h t on the same 
day as an engine maintenance?" In t h i s case the 
r e l a t i o n fo r f l i g h t s and the r e l a t i o n for mainten
ances must both be searched, and the resu l t s 
jo ined w i th respect to plane and date va lues. 

3.10 Adding New Questions 

Extending system competence w i t h i n the model 
is p a r t i c u l a r l y easy although for the most part i t 
must be done by a programmer. To add the a b i l i t y 
to handle a new type of sentence, one must only 
add a concept case frame which expresses tha t sen
tence. Var ia t ions on t h i s sentence, i nc lud ing 
ac t ive and passive forms, e l l i p s i s , d i f f e r e n t 
phrase order ings and the add i t i on of noise words 
can a l l be handled w i t h no a d d i t i o n a l machinery, 
provided tha t the proper r e l a t i o n (or r e l a t i o n s ) 
is au tomat ica l ly selected by the t r a n s l a t i o n 
mechanisms discussed above. The add i t i on can be 
handled in ord inary user mode. If a novel request 
is encountered ( i . e . one which does not match any 
concept case frame), the query generator can s t i l l 
attempt to handle the request , and feed back a 
paraphrase to the user. I f the user approves of 
the paraphrase, the request can be added to the 
concept case frame l i s t . The request can be added 
in a general way only if there were no pronoun 
reference and no e l l i p s i s in the r e q u e s t - - i f there 
were, the concept case frame generated would be 
incomplete. I f spec ia l i n s t r uc t i ons are necessary, 
these are attached to the concept case frame but 
t h i s process probably w i l l involve a programmer 
for the foreseeable f u t u r e . 

Extending the subnets is also f a i r l y easy; 
we have w r i t t e n a net ed i t o r (described in [20]) 
which takes a phrase and adds the states and arcs 
to match t h i s phrase, to a spec i f i ed subnet, using 
a minimum number of new arcs and s ta tes . Once a 

PLANES estimates temporary storage requi red fo r 
each query, and se lects the query w i th minimum 
requirements to search f i r s t . The storage e s t i 
mates are made on the basis of s t a t i s t i c a l i n f o r 
mation stored for each f i l e . Query cons t ruc t ion 
is discussed in more d e t a i l in [20] and [10 ] . 
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new phrasing has been added to a subnet 's reper
t o i r e , the phrase can of course be matched in any 
sentence con tex t . To add a new phrase in user 
mode, the new phrase must be synonymous w i t h some 
phrase already known by the system. 

4. Evaluat ion of the Model 

To our knowledge, no other model proposed or 
implemented attempts to deal w i t h ungrammatical 
i n p u t ; any scheme based on sentence pars ing (e .g . 
Woods et a l . [24]) must be r e s t r i c t i v e , even i f 
c e r t a i n ungrammatical constructs are allowed 
(Woods, f o r example allowed s ing le noun phrases 
as requests , i n t e r p r e t i n g them and "Find <noun 
ph rase> . " ) . The SOPHIE system [1] uses a 
semantic grammer s im i l a r to tha t in PLANES, and is 
thus at least conceivably able to deal w i t h non-
grammatical i npu t . 

A number of other systems have dea l t w i th 
pronoun reference and e l l i p s i s , i nc lud ing (at 
l eas t ) LUNAR [ 2 4 ] , SOPHIE [ 1 ] , SHRDLU [ 2 2 ] , 
RENDEZVOUS [ 6 ] , NLPQ 1 l ] , and LIFER [12 ] . 

Much of the s t imu la t i on fo r generat ing our 
model came from reading Codd [ 6 ] , and some of the. 
query generator ideas are s im i l a r to those ex
pressed in Sowa [16 ] . Some language processing 
ideas were insp i red by PARRY [ 7 ] , 

The amount of computation requi red by the 
model is r e l a t i v e l y modest. PLANES t y p i c a l l y 
requi res 1-4 seconds to parse a sentence and 
generate a formal r e l a t i o n a l query. Tota l p ro
cessing time depends c r i t i c a l l y on the amount 
of data to be searched. 

Plans fo r the near fu tu re include extensive 
t e s t i n g on rea l p o t e n t i a l users . 
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