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A b s t r a c t 

A n i n t e l l i g e n t program which accepts n a t u r a l 
language q u e r i e s can a l l o w a n o n - t e c h n i c a l user to 
e a s i l y o b t a i n i n f o r m a t i o n from a l a r g e non-uniform 
d a t a base. T h i s paper discusses the d e s i g n of a 
program which w i l l t o l e r a t e a wide v a r i e t y o f r e 
quests i n c l u d i n g ones w i t h pronouns and r e f e r e n 
t i a l phrases. The system embodies a c e r t a i n 
amount o f common sense, so t h a t f o r example, i t 
"knows when i t does or does not understand a p a r t i c 
u l a r request and i t can bypass a c t u a l d a t a base 
search in answering unreasonable r e q u e s t s . The 
system is c o n c e p t u a l l y simple and could be e a s i l y 
adapted to o t h e r data bases. 

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

The prime o b s t a c l e f o r n o n - t e c h n i c a l people 
who wish to use computers is the need to l e a r n a 
s p e c i a l language f o r communicating w i t h the ma
c h i n e . W e f e e l t h a t the time i s r i p e f o r n a t u r a l 
language systems which can be used by persons who 
are not t r a i n e d i n any s p e c i a l computer language. 
Such a system must embody a degree of "common 
sense," must have a r e l a t i v e l y l a r g e and complete 
v o c a b u l a r y f o r the s u b j e c t m a t t e r t o b e t r e a t e d , 
must accept a wide range of grammatical c o n s t r u c 
t i o n s , and of course must be capable of p r o v i d i n g 
the i n f o r m a t i o n and computations requested by the 
user. 

In o r d e r to design such an a m b i t i o u s system, 
i t i s i m p e r a t i v e t h a t the u n i v e r s e o f d i s c o u r s e b e 
l i m i t e d i n some way. Th i s paper d e s c r i b e s work 
done on a n a t u r a l language q u e s t i o n - a n s w e r i n g sys
tem f o r a data base c o n t a i n i n g d e t a i l e d records of 
U.S. Naval a i r c r a f t maintenance and f l i g h t i n f o r 
mation over a p e r i o d of time. While the s u b j e c t 
m a t t e r o f t h i s system i s t h e r e f o r e q u i t e c o n s t r a i n 
ed, we f e e l t h a t the issues we are c o n f r o n t i n g are 
nonetheless g e n e r a l . I n p a r t i c u l a r , w e w i l l de
s c r i b e the r e p r e s e n t a t i o n o f common sense i n f o r m a 
t i o n and procedures, problems of pronoun r e f e r e n c e 
and storage o f p a r t i a l r e s u l t s , the a b i l i t y t o an
swer vague o r p o o r l y d e f i n e d q u e s t i o n s , the a b i l 
i t y of the system to r e c o g n i z e when requests are 
meaningless or too p o o r l y f o r m u l a t e d to answer, as 
w e l l a s l i n g u i s t i c issues. 

2. The Data Base 

We have o b t a i n e d a data base from the Navy 
c o n s i s t i n g o f d e t a i l e d r e c o r d s o f a i r c r a f t main-
tenancy and f l i g h t I n f o r m a t i o n e x t e n d i n g over a 
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p e r i o d of time Each time a plane is s e r v i c e d , a 
r e c o r d i s made i n c l u d i n g such i n f o r m a t i o n as the 
time and d u r a t i o n of the maintenance, who p e r f o r m 
e d I t , what a c t i o n was taken, which p a r t s were 
used or c a n n i b a l i z e d , the manufacturers of these 
p a r t s , and whether or not the s e r v i c e was sched
u l e d or unscheduled. Records on the number of 
f l i g h t s and the number o f hours I n the a i r are a l 
s o kept f o r each plane. There are r o u g h l y t h i r t y 
d i f f e r e n t r e c o r d formats which occur i n the d a t a 
base, each c o n t a i n i n g between t e n and twenty sepa
r a t e f i e l d s , where each f i e l d encodes i n f o r m a t i o n 
l i k e the date o f the a c t i o n , type o f a i r c r a f t , 
s e r i a l number of the a i r c r a f t , type of m a l f u n c t i o n , 
component s e r v i c e d , the work s t a t i o n p e r f o r m i n g 
maintenance and so on. 

We are not a d d r e s s i n g the problem of r e s t r u c 
t u r i n g the data base; our system i s i n t e r f a c e d t o 
the r e c o r d formats a s they e x i s t , a l t h o u g h i t 
would n o t be d i f f i c u l t to adapt the system to a 
new data base format 

3. Basic System O p e r a t i o n 

3.1 P r e s t o r e d Request Forms. 

The system understands r e q u e s t s by matching 
the r e q u e s t s w i t h p r e s t o r e d request p a t t e r n s . Dur
i n g t h i s process, standard terms are s u b s t i t u t e d 
f o r synonymous words or phrases, simple m i s s p e l l 
ings are c o r r e c t e d and a p p r o p r i a t e items are i n 
s e r t e d f o r pronouns and r e f e r e n t i a l phrases. I f 
the matching Is s u c c e s s f u l , a unique p r e s t o r e d r e 
quest form w i l l b e s p e c i f i e d , c o n s i s t i n g o f t h r e e 
s t r u c t u r e s : 

1. an E n g l i s h sentence s k e l e t o n which ex
presses the meanings o f the request i f 
fragments o f the o r i g i n a l request sen
tence are i n s e r t e d This w i l l b e c a l l e d 
the request meaning, s k e l e t o n . 

2. a search f u n c t i o n which can o p e r a t e on 
the data base and r e t u r n the a p p r o p r i a t e 
answer(s). T h i s w i l l b e c a l l e d the 
search f u n c t i o n s k e l e t o n . 

3. an E n g l i s h sentence s k e l e t o n which can be 
used t o answer the request when f i l l e d i n 
w i t h r e t r i e v e d data. T i l l s w i l l b e c a l l e d 
the answer s k e l e t o n . 

Given a request sentence which e x a c t l y match
es a p r e s t o r e d request form, the computer w i l l 
type " I s i t c o r r e c t t o assume t h a t you want t o 
know [ i n s t a n t i a t e d request meaning s k e l e t o n ] ? " I f 
the user does n o t o b j e c t , the i n s t a n t i a t e d search 
f u n c t i o n s k e l e t o n w i l l b e executed. (For a de
s c r i p t i o n of the d a t a base search f u n c t i o n s , see 
( l ) . > 

I f n o exact match i s p o s s i b l e , the program 
w i l l r e c o r d the r e q u e s t sentence f o r the b e n e f i t 
of the programmers, and t r y t o use v a r i o u s t e c h 
niques t o make a p a r t i a l o r fuz z y match w i t h some 
p a t t e r n . I f i t succeeds i n t h i s p a r t i a l match, 
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the program types the message "Do you want to know 
[ i n s t a n t i a t e d r e q u e s t meaning s k e l e t o n ] ? " I f the 
user says yes, t h e n the system w i l l proceed as be
f o r e ; I f the user says no, the system w i l l a ttempt 
t o make weaker matches t o p a t t e r n s . E v e n t u a l l y , I f 
the user does n o t t h i n k t h a t any of the proposed 
i n t e r n a l meanings f o r h i s request are reasonable, 
the system w i l l t y p e a d e f a u l t request t o rephrase 
the q u e s t i o n . I n n o event w i l l the system ever an
swer a q u e s t i o n u n l e s s the user has agreed t h a t the 
i n t e r n a l form r e t u r n e d f o r h i s approval expresses 
the q u e s t i o n he wishes to have answered. 

3.2 Processing Simple Requests. 

The program operates i n one pass; i t does not 
have a separate p a r s i n g phase. As words are en
countered l e f t - t o - r i g h t , the program t r a c e s through 
a p r e s t o r e d r e q u e s t network, a s t r u c t u r e somewhat 
r e m i n i s c e n t of an augmented t r a n s i t i o n network.2 
I n s t e a d o f nodes l a b e l e d "Noun," " A d j e c t i v e , " e t c . , 
the p r e s t o r e d r e q u e s t network has nodes which cor
respond e i t h e r t o s p e c i f i c words o r t o phrase types; 
some examples of phrase types are * t i m e - p e r i o d 
which matches phrases l i k e " d u r i n g A p r i l 1974," 
"between A p r i l 3 1974 and A p r i l 30 1974," " I n 1974," 
e t c . , and *number-planes which matches phrases l i k e 
"any Phantoms," "more than t h r e e Phantoms," "a Phan
tom or a Skyhawk," e t c . Attempts are made to c o r 
r e c t s p e l l i n g t o f a c i l i t a t e matches a t each node. 
Each time a node is matched s u c c e s s f u l l y , a phrase 
type v a r i a b l e is g i v e n as a v a l u e the matched 
phrase from the r e q u e s t sentence, transformed i n t o 
a c a n o n i c a l r e p r e s e n t a t i o n . For example, " d u r i n g 
A p r i l 1974" i s t r a n s f o r m e d i n t o " t i m e - p e r i o d A p r i l 
1 1974 A p r i l 30 1974." 

E v e n t u a l l y , e i t h e r t h e r e i s n o match i n the 
network f o r some word in the request sentence, or 
a l l the words I n the request are processed. I n the 
former case, v a r i o u s k i n d s o f " f u z z y m a t c h i n g " w i l l 
be t r i e d to guess at the meaning of the r e q u e s t , In 
a manner s i m i l a r t o t h a t i n PARRY2. (Fuzzy match
i n g i n v o l v e s d r o p p i n g one or more words from the r e 
quest t o f o r c e a match). I f a l l the words have 
been processed, a check w i l l be made t o see i f the 
l a s t node processed is a s s o c i a t e d w i t h a unique 
p r e s t o r e d r e q u e s t form (see S e c t i o n 3.1). I f so, 
t h i s p r e s t o r e d r e q u e s t form i s assumed t o b e the 
a p p r o p r i a t e one f o r the g i v e n r e q u e s t and process
i n g c o n t i n u e s a s d e s c r i b e d i n S e c t i o n 3.1. I f more 
t h a n one p r e s t o r e d r e q u e s t form remains as a de-
scendent of the l a s t processed node, an attempt is 
made, u s i n g the c o n t e x t r e g i s t e r s , t o decide which 
p r e s t o r e d r e q u e s t form i s i n t e n d e d . 

3.3 Context R e g i s t e r s and Pronoun Reference. 

Once a user has s i g n a l l e d h i s agreement t h a t 
the i n s t a n t i a t e d answer s k e l e t o n r e p r e s e n t s the i n 
tended meaning o f h i s r e q u e s t , the program f i l l s 
c e r t a i n g l o b a l program areas c a l l e d c o n t e x t r e g i s 
t e r s w i t h I n f o r m a t i o n t h a t may a i d I n anawerlng 
subsequent q u e s t i o n s . There are c o n t e x t r e g i s t e r s 
c o r r e s p o n d i n g to each of the phrase types which can 
occur as nodes in the p r e s t o r e d r e q u e s t network, as 
w e l l a s r e g i s t e r s f o r the answer t o each request 
and f o r a l l the " h i t s " encountered i n g e n e r a t i n g 
the answer, u n l e s s the number of h i t s exceeds a set 
l i m i t . I f i n f o r m a t i o n r e q u i r e d f o r i n s t a n t i a t i n g a 
p r e s t o r e d r e q u e s t form i s m i s s i n g , the program w i l l 
f i l l I n the m i s s i n g items from the c u r r e n t c o n t e x t 

r e g i s t e r values f o r the m i s s i n g v a r i a b l e s . So, 
f o r example, i f the phrase " d u r i n g A p r i l " i s en
countered w i t h no year s p e c i f i e d , the c u r r e n t year 
I n the c o n t e x t r e g i s t e r s i s assumed t o b e Intended. 

The c o n t e x t r e g i s t e r s are a l s o used to handle 
pronoun r e f e r e n c e . I f a pronoun o r r e f e r e n t i a l 
phrase (e.g. " t h e plane") i s encountered, i t i s 
matched a g a i n s t the a p p r o p r i a t e phrase types i n 
the p r e s t o r e d request network (e.g. * s p e c i f i c -
p l a n e s ) . The daughters o f a l l nodes which cannot 
be e l i m i n a t e d are then e x p l o r e d , u n t i l a unique 
phrase type can be chosen to r e p r e s e n t the r e f e r 
e n t . ( O f t e n , e s p e c i a l l y l a t e i n a sentence, t h e r e 
w i l l o n l y b e one p o s s i b l e c o n t i n u a t i o n i n the n e t 
work, and thus o n l y one p o s s i b l e phrase type to 
which the r e f e r e n t i a l phrase or pronoun must r e 
f e r . ) The c u r r e n t c o n t e x t r e g i s t e r v a l u e f o r t h i s 
phrase type w i l l then be bound t o t h i s phrase t y p e 
v a r i a b l e . 

C e r t a i n o t h e r phrases have the e f f e c t o f 
l i m i t i n g the scope of the o v e r a l l data base search. 
For example, "Of these" f o l l o w e d by a request spec
i f i e s t h a t the search should b e c a r r i e d out o n the 
d a t a i n the c o n t e x t r e g i s t e r c o n t a i n i n g the h i t s 
from the l a s t request. C e r t a i n phrases which can 
occur in sentences are not i n c l u d e d in the p r e 
s t o r e d request network. Such phrases i n c l u d e t i m e 
phrases, l i k e "on A p r i l 1 1974," o r "between A p r i l 
I and A p r i l 15," as w e l l as phrases d e n o t i n g work 
c e n t e r s , bases t o which a i r c r a f t are assigned, des
c r i p t i o n s o f m a l f u n c t i o n s , ways i n which malfunc
t i o n s were d i s c o v e r e d , and o t h e r s . 

These phrases can occur In d i f f e r e n t places 
w i t h i n a sentence, and are handled wherever they 
occur by the same mechanisms. Such phrases gener
a l l y a c t a s q u a l i f i e r s f o r events, i . e . they r e 
q u i r e t h a t events s a t i s f y e x t r a c r i t e r i a such a s 
occurence a t a p a r t i c u l a r l o c a t i o n o r i n a p a r t i c 
u l a r manner. 

3.4 An Example. 

F i g u r e 1 shows a s i m p l i f i e d p o r t i o n of the 
p r e s t o r e d request network. Note t h a t b o t h the ac
t i v e and passive forms o f requests are s t o r e d d i 
r e c t l y , i n s t e a d o f s t o r i n g Just one form (e.g. the 
a c t i v e ) and a set of t r a n s f o r m a t i o n s . 

Suppose t h a t the request 
(1) Please t e l l me i f Phantom number A49283 

had any engine maintenance d u r i n g A p r i l 
1974. 

i s g i v e n t o the program. This request w i l l match 
the nodes l e a d i n g to p r e s t o r e d request form 1, 
w i l l set c o n t e x t v a r i a b l e s * s p e c i f I c - p l a n e s t o 
( ( p l a n e - t y p e F 4 ) ( t a i l - n u m b e r A49283)), *mainte-
nance-actions t o ((type-equipment e n g i n e ) ( t y p e -
maintenance any)) and * t l m e - p e r i o d to ( t i m e - p e r i o d 
A p r i l 1 1974 A p r i l 30 1974). 

The r e q u e s t meaning s k e l e t o n w i l l then be i n 
s t a n t i a t e d , and the message 

( 2 ) I s i t c o r r e c t t o assume t h a t you want t o 
know i f the F4 w i t h t a l l number A49283 
had any engine maintenance between A p r i l 
1 1974 and A p r i l 30 1974? 

typed o u t t o the user. I f the user types "yes" 
then the program w i l l execute the i n s t a n t i a t e d 
search f u n c t i o n s k e l e t o n and f i l l i n the spaces 
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Suppose t h a t sentence ( 1 ) is then f o l l o w e d by 
( 4 ) Did it have any unscheduled l a n d i n g gear 

maintenance? 
This w i l l match the same p r e s t o r e d r e q u e s t form as 
d i d sentence ( 1 ) , b u t i n t h i s case " i t " w i l l match 
* s p e c i f i c - p l a n e s , and the c o n t e n t s o f the c u r r e n t 
c o n t e x t r e g i s t e r f o r * s p e c l f I c - p l a n e s w i l l b e as
sumed t o apply f o r t h i s sentence a l s o . T h i s sys
tem does check f o r number agreement, so t h a t 

( 5 ) D i d t h e y have any unscheduled l a n d i n g 
gear maintenance? 

would f a i l t o match the c o n t e n t s o f c o n t e x t r e g i s 
t e r * s p e c l f i c - p l a n e s which is s i n g u l a r , and would 
t r i g g e r the e r r o r message " I d o n o t know what 
'they' r e f e r s t o . " Note t h a t in a d i s c o u r s e , ( 5 ) 
may have a v a l i d meaning, r e f e r r i n g back to an 
e a r l i e r l i n e o f q u e s t i o n i n g ; f o r now, the program 
w i l l n o t look f u r t h e r back than the c u r r e n t con
t e n t s o f c o n t e x t r e g i s t e r s . New c o n t e x t Informa
t i o n merely supercedes the o l d . Thus, once a l i n e 
o f q u e s t i o n i n g I s dropped, the c o n t e x t f o r t h a t 

l i n e o f q u e s t i o n i n g must b e e x p l i c i t l y r e s t a t e d I f 
one wishes t o resume I t s o t h a t the system cannot 
r e c o v e r the e n t i r e c o n t e x t from a sentence l i k e : 

( 6 ) E a r l i e r we were t a l k i n g about Skyhawks. 
Of course, t h e r e Is no i n h e r e n t reason why such 
a n a b i l i t y c o u l d not b e added l a t e r . 

To complete the example, when the program 
att e m p t s t o f i l l out the request meaning s k e l e t o n , 
I t w i l l note t h a t a v a l u e f o r * t l m e - p e r l o d i s 
needed, and w i l l o b t a i n t h i s from the * t i m e - p e r i o d 
context r e g i s t e r a l s o . Of course, as always the 
program w i l l check w i t h the user t o make sure t h a t 
i t has c o r r e c t l y i n t e r p r e t e d h i s meaning b e f o r e 
c o n t i n u i n g . 

3,5 Processing More Complex Requests. 

As d e s c r i b e d so f a r , the p r e s t o r e d r e q u e s t 
network c o n t a i n s n o l o o p s . Recursive a b i l i t y I s 
a v a i l a b l e through the r e c o g n i t i o n o f r a n k - s h i f t 
c o n s t r u c t s , u s u a l l y s i g n a l l e d b y r e l a t i v e p r o 
nouns. These cause the request to be broken up 
I n t o two or more nested r e q u e s t s . For example 

( 7 ) Did any of the Phantoms which had engine 
maintenance i n A p r i l a l s o r e q u i r e engine 
maintenance in May? 

can b e broken u p i n t o two r e q u e s t s , the f i r s t t o 
f i n d a l l Phantoms which had engine maintenance i n 
A p r i l , the next t o f i n d which i f any o f these had 
engine maintenance i n May. " f l i t s type o f r e q u e s t 
is handled by g e n e r a l r u l e s , not by exact matching. 

S i m i l a r l y , compound r e q u e s t s can a l s o be 
broken up in sequences of s i m p l e r e q u e s t s , in a 
manner somewhat r e m i n i s c e n t of t h a t used in 
Bobrow's STUDENT program. 

4. D i s c u s s i o n 

4,1 P r o c e d u r a l Problems 

There are t e c h n i c a l d i f f i c u l t i e s in enumer
a t i n g a l l the sentence p a t t e r n s t h a t can occur. 
We have s o l i c i t e d and c o l l e c t e d sample q u e s t i o n s 
from a number o f persons as a s t a r t . Of cours e , 
i t i s l i k e l y t h a t when t h i s system i s made a v a i l 
a b l e to a c t u a l u s e r s , a l a r g e number of new sen
tence p a t t e r n s w i l l have t o be added t o the p r e 
s t o r e d r e q u e s t network. Our hope is t h a t few new 
search f u n c t i o n s k e l e t o n s w i l l have t o be added. 
We expect the e v e n t u a l number of p r e s t o r e d r e 
quest forms (see S e c t i o n 3.1) to t o t a l between 
1000 and 2000. 

A l e a r n i n g scheme c o u l d be devised to add 
new items t o t h e network. I f a user e v e n t u a l l y 
h i t a p a t t e r n by r e p h r a s i n g a r e q u e s t , and agreed 
t h a t h i s e a r l i e r r e q u e s t s had had the same meaning 
as t h e one t h a t u l t i m a t e l y succeeded, then p a t 
t e r n s matching h i s e a r l i e r r e q u e s t s c o u l d b e added 
I n s u i t a b l e f o r m t o the network p o i n t i n g t o the 
same search, answer and meaning s k e l e t o n s as the 
h i t p a t t e r n . One would have t o b e q u i t e c a u t i o u s , 
though about t h e p o t e n t i a l l o s s o f p r e c i s i o n ; such 
a scheme might be most u s e f u l f o r the d e s i g n e r s of 
the system f o r d e l i b e r a t e l y adding new p a t t e r n s 
t h a t had t h e same meaning as p a t t e r n s p r e v i o u s l y 
encoded. For f u r t h e r d i s c u s s i o n , see Colby e t a l . ^ 

An e f f o r t has been made t o combine search 
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f u n c t i o n s k e l e t o n s . For example ( 8 ) , ( 9 ) , (10) 
and (11) below a l l p o i n t t o the same search func
t i o n s k e l e t o n , though the r e q u e s t meaning s k e l e t o n s 
and answer s k e l e t o n s f o r each are d i f f e r e n t . 

(8) Did any Phantoms have b i r d s t r i k e damage 
d u r i n g A p r i l ? 

(9) How many Phantoms had b i r d s t r i k e damage 
d u r i n g A p r i l ? 

(10) Did t e n or more Phantoms have b i r d s t r i k e 
damage d u r i n g A p r i l ? 

(11) L i s t a l l the Phantoms which had b i r d 
s t r i k e damage d u r i n g A p r i l . 

4.2 Common Sense. 

We would l i k e to t r a p c e r t a i n types of "un
r e a s o n a b l e " r e q u e s t s w i t h o u t a c t u a l l y p e r f o r m i n g a 
d a t a base search f o r answers. For example the 
re q u e s t s 

(12) Did any Phantom have more than 500 engine 
maintenances d u r i n g August 1973? or 

(13) Did any Skyhawk crash more than 3 times 
l a s t month? 

are s u s p i c i o u s , Just as 
(14) Did you eat more than 500 chickens f o r 

d i n n e r l a s t n i g h t ? 
would be. Whenever a request form i n c l u d e s a com
p a r i s o n w i t h a number, a check can be added to the 
request form, u s i n g simple t a b l e s g i v i n g a n o r d e r 
o f magnitude e s t i m a t e f o r items l i k e the number o f 
man-hours f o r v a r i o u s types of maintenance, average 
frequency o f f a i l u r e r a t e s , and I n f o r m a t i o n about 
the f a c t t h a t c e r t a i n e v e n t s , e.g. crashes, t y p i 
c a l l y happen o n l y once t o a p a r t i c u l a r a i r p l a n e . 

I n a d d i t i o n , w e would e v e n t u a l l y l i k e t o i n 
c l u d e an a u x i l i a r y semantic network to a l l o w the 
system t o answer q u e s t i o n s l i k e 

(15) Does an F4 have p r o p e l l e r s ? 
(16) What components are g i v e n p e r i o d i c main

tenance on a Skyhawk? 

I t i s a long range g o a l o f t h i s research t o 
have the system answer vaguely f o r m u l a t e d q u e s t i o n s 
l i k e : 

(17) Are t h e r e any common f a c t o r s i n the main
tenance h i s t o r i e s of the two Phantoms 
which crashed l a s t month? 

In o r d e r to answer such q u e s t i o n s , the system must 
have an u n d e r s t a n d i n g of what "common f a c t o r s " are: 
s i m i l a r events or event sequences, s e r v i c i n g by the 
same shops, the m i s s i n g o f p e r i o d i c s e r v i c e s , f a i l 
ures of the same subsystems, e t c . 

4.3 H i s t o r i c a l P e r s p e c t i v e . 

I have c a l l e d t h i s an e n g i n e e r i n g approach 
because i t f a l l s o u t s i d e the boundaries o f t r a d i 
t i o n a l l i n g u i s t i c s . There i s n o d i c t i o n a r y e n t r y 
f o r many of the words "understood" by the system; 
I n g e n e r a l , words are d e f i n e d i m p l i c i t l y w i t h i n 
each p a t t e r n i n which they occur I n the p r e s t o r e d 
network. T r a n s f o r m a t i o n s need not be used; f o r 
example both a c t i v e and passive forms of requests 
are p r e s t o r e d . Some non-grammatical sentences are 
accepted as m e a n i n g f u l . For example, the system 
does n o t r e q u i r e s u b j e c t - v e r b number agreement. 
T h i s i s not because such a mechanism i s d i f f i c u l t 
to program b u t because we would l i k e the program 
t o be t o l e r a n t o f common grammatical e r r o r s . A 
number of aspects of the system a r e , however, in 
the A I t r a d i t i o n . 

Some p a r s i n g a b i l i t y does e x i s t w i t h i n the 
matching programs f o r phrase types. Phrase types 
are i n g e n e r a l e i t h e r p r e p o s i t i o n a l phrases o r 
noun phrases, and are analyzed in a manner d i r e c t 
ly drawn from Winograd's noun phrase analysis.4 
The r a n k - s h i f t clause h a n d l i n g mechanisms are a l s o 
drawn from Winograd's work. 

The way in which the meanings of requests 
( i . e . p r e s t o r e d request forms) are s t o r e d i s s i m i 
l a r to the way meanings are s t o r e d i n Woods' LUNAR 
program. 7 O v e r a l l Woods' program is the most sim
i l a r p r e c u r s o r i n i n t e n t and o p e r a t i o n , though t h e 
d a t a base we are u s i n g and the v a r i e t y of ques
t i o n s which can be asked in our system is much 
g r e a t e r . 

The p r e s t o r e d request network can be viewed 
as a combination of many case-frames. In g e n e r a l , 
however, the phrase types are much more s p e c i f i c 
than are cases (e.g. a g e n t l v e , i n s t r u m e n t a l , da
t i v e , f a c t l v e , e t c . ) a l t h o u g h some are s i m i l a r 
(e.g. l o c a t i v e ) . I n f a c t the phrase types are 
s p e c i f i c enough so t h a t paths through t h e p r e 
s t o r e d request network resemble pieces of a seman
t i c network.'»*" For example, the f a c t expressed 
by the network in F i g u r e 1 would be " S p e c i f i c a i r 
planes can have maintenance performed on them." 
While i t i s o f course r i s k y t o make n e g a t i v e i n 
ferences (e.g. since " P i l o t s can have mainten
ance performed on them" does not match any p r e 
s t o r e d form, t h i s sentence does n o t make sense) 
if a sentence does match a p r e s t o r e d form, the 
system can b e q u i t e c o n f i d e n t t h a t the r e q u e s t i s 
meaningful. 

4.4 R e l a t i o n s h i p to a General Language Under
s t a n d i n g System. 

I t should b e obvious t h a t t h i s system does 
n o t attempt to model the i n t e r n a l mechanisms of 
human language u n d e r s t a n d i n g ; i t i s a n attempt t o 
so l v e the problem of making a l a r g e body of d a t a 
a c c e s s i b l e v i a n a t u r a l language, u s i n g no more 
mechanisms than are a b s o l u t e l y necessary. The 
environment of the program is q u i t e remote from 
t h a t of a g e n e r a l language understanding system. 
Questions are a i l e i t h e r I n the past tense o r p r e 
sent tense, and present tense is used o n l y to r e 
f e r e i t h e r t o the d i a l o g u e o r t o t h i n g s which are 
always t r u e . The number of o b j e c t s , events and 
r e l a t i o n s I n the program's universe o f d i s c o u r s e 
can be e a s i l y enumerated. The r o l e of the program 
w i t h r e s p e c t to a user is always t h a t of a d a t a 
r e t r i e v e r . 

Nonetheless, t h e r e are c e r t a i n common i s s u e s 
which a g e n e r a l u n d e r s t a n d i n g system must face. 
One p a r t i c u l a r l y p e r t i n e n t issue concerns the ap
p r o p r i a t e u n i t of knowledge. Should wordB be de
f i n e d e x p l i c i t l y , a s I n d i c t i o n a r y " d e f i n i t i o n s , " 
o r i m p l i c i t l y , a s i n t h i s system? Should " w o r l d 
knowledge" and l i n g u i s t i c knowledge be s t o r e d sep
a r a t e l y or should they be merged as in t h i s system? 
I b e l i e v e t h a t a g e n e r a l language u n d e r s t a n d i n g 
system can b e n e f i t from some of the ideas i n t h i s 
paper. 

I n o r d e r t o p r e s e n t the type o f knowledge 
c o n t a i n e d i n the p r e s t o r e d request network, some
t h i n g a k i n t o t h i s network must b e c o n s t r u c t e d . 
C e r t a i n l y , such f a c t s a s " A i r p l a n e s r e q u i r e main-
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tenance" do not emerge from c o n c a t e n a t i n g i s o l a t e d 
word d e f i n i t i o n s o f " a i r p l a n e , " " r e q u i r e " and "main
tenance," unless these f a c t s are somehow made p a r t 
o f these o r r e l a t e d d e f i n i t i o n s . ( I . e . machines 
r e q u i r e maintenance, and an a i r p l a n e is a machine). 

S i m i l a r l y , one cannot w r i t e a program in which 
d a t a base search f u n c t i o n s can be i n c r e m e n t a l l y 
c o n s t r u c t e d , (as i n Wlnograd's SHRDLU4) and i n 
which at the same time meaningless r e q u e s t s can be 
t r a p p e d w i t h o u t w r i t i n g a program much l a r g e r and 
slower than o u r s . 

Whether o r n o t one should t r a n s f o r m a l l i n p u t 
sentences i n t o a c a n o n i c a l form to save on w o r l d 
knowledge storage space, o r whether a l l s u r f a c e 
forms should be matched d i r e c t l y i s much more de
b a t a b l e , but the s t o r i n g of s u r f a c e forms does 
a l l o w non-grammatical i n p u t sentences t o b e t o l e r 
ated e a s i l y . 

4.5 Advantages f o r Data Base Question Answering 
Systems. 

There are some d i s t i n c t advantages t o the type 
o f system d e s c r i b e d i n t h i s paper. 

1. Idioms can be handled v e r y n e a t l y and 
e a s i l y . 

2. The system can operate v e r y r a p i d l y and 
need not have b a c k t r a c k i n g a b i l i t y . 

3. The p r e s t o r e d r e q u e s t network a l l o w s pro-
noun r e f e r e n c e to be handled in a way t h a t 
seems i n t u i t i v e l y c l e a r and which i s 
simple to implement. 

4. Perhaps most I m p o r t a n t l y , u n l i k e the cases 
of most o t h e r language systems, implement
i n g a system l i k e ours Is a simple and 
s t r a i g h t f o r w a r d process, ( a l t h o u g h the 
w r i t i n g may indeed be time consuming and 
each a p p l i c a t i o n to a new d a t a base does 
r e q u i r e a s u b s t a n t i a l amount o f r e w r i t i n g . ) 
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