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E v a n s t o n , I l l i n o i s 
(nouns) i n n a t u r a l l anguage p a s s a g e s . The o t h e r 
c l a s s , deno ted Q> , c o n s i s t s o f words t h a t a re 
l o g i c a l c o n n e c t i v e s : most o f them a r e c o n j u n c ­
t i o n s w h i c h , i n t r a d i t i o n a l grammar, connec t s e n ­
t e n c e s . The r e l a t i o n a l o p e r a t o r s , g ' , b i n d 
sen tences i n t o l a r g e r seman t i c u n i t s . 

T h i s paper d e s c r i b e s a sys tem f o r " remember­
i n g " a s t o r y o r passage i n E n g l i s h and f o r t h e 
subsequen t r e t r i e v a l o f responses t o q u e s t i o n s . 
A l t h o u g h i t f u n c t i o n s a s a n i n f o r m a t i o n r e t r i e ­
v a l s y s t e m , i t i s a l s o i n t e n d e d a s a model f o r 
l o n g - t e r m human memory. I n f o r m a t i o n i s s t o r e d 
i n t h e f o r m o f p r e d i c a t e s and p r o p e r t y l i s t s . I n 
t r a n s l a t i n g f r o m n a t u r a l l a n g u a g e , t h e sys tem 
c a r r i e s ou t a t r a n s f o r m a t i o n a l a n a l y s i s o f each 
s e n t e n c e and i d e n t i f i e s i t s deep s t r u c t u r e i n t e r ­
p r e t a t i o n . T h i s g r a m m a t i c a l a n a l y s i s i s e s s e n t i a l 
t o t h e i d e n t i f i c a t i o n o f t he p r e d i c a t e s a s w e l l 
as r e l a t i o n s h i p s among them. 

The f i r s t two subsys tems c a r r y ou t t h e gramma­
t i c a l a n a l y s i s . A t h i r d i d e n t i f i e s t h e p r e d i ­
c a t e s and p r o p e r t y l i s t s , d e t e r m i n e s a t i m e and 
p r i o r i t y s t r u c t u r e , forms a l o g i c a l map o f r e l a ­
t i o n s h i p s among p r e d i c a t e s , and e l i m i n a t e s some 
p r e d i c a t e s based o n a n ass ignmen t o f p r i o r i t y . 
The f o u r t h subsys tem i s used t o answer i n q u i r i e s 
abou t t h e s t o r e d i n f o r m a t i o n . 

The method i s i l l u s t r a t e d w i t h r e f e r e n c e s t o 
one s t o r y t h a t has been p r o c e s s e d and w i t h e x ­
amples o f q u e s t i o n s t h a t m i g h t b e a s k e d . 

Keywords and p h r a s e s : Memory, i n f o r m a t i o n 
r e t r i e v a l , r e l a t i o n , r e l a t i o n a l o p e r a t i o n s , p r e ­
d i c a t e , i n f o r m a t i o n r e t r i e v a l , q u e s t i o n - a n s w e r i n g 
s y s t e m . 

Th i s pape r d e s c r i b e s a n i n f o r m a t i o n r e t r i e v a l 
s y s t e m a l t h o u g h i t may a l s o be i n t e r p r e t e d as a 
s i m u l a t i o n o f l o n g - t e r m memory. More s p e c i f i c a l ­
l y , t h e s y s t e m s i m u l a t e s t h e a b i l i t y t o r e a d a 
s t o r y o r some f o r m o f connec ted m a t e r i a l w r i t t e n 
i n E n g l i s h , t o s t o r e a r e p r e s e n t a t i o n o f t h a t 
s t o r y , and l a t e r t o b e a b l e t o answer q u e s t i o n s 
abou t i t based o n t h e a b i l i t y t o r e c a l l . 

I n d e s i g n i n g t h i s s y s t e m , w e have been i n f l u ­
enced by some r e l a t e d s t u d i e s w h i c h have used an 
i n t e r m e d i a t e f o r m a l i s m f o r t h e s t o r a g e . o f i n f o r ­
m a t i o n . Such systems i n c l u d e BASEBALL , SAD 
SAM , SIR , DEACON , ALTAIR , SAFARI ,8and t h e 
s y s t e r a s 9 d e v e l o p e d by Woods , Rosenbaum , and 
H i l l m a n . The r e l a t i v e success o f these e f f o r t s 
i n d i c a t e s t h a t a n i n t e r m e d i a t e f o r m a l i s m i s a n 
i m p o r t a n t p a r t o f t h e s i m u l a t i o n . I n a d d i t i o n , 
each o f t h e s e sys tems a c c e p t s n a t u r a l l anguage 
( E n g l i s h ) i n p u t s . The sys tem d e s c r i b e d i n t h i s 
p a p e r a l s o a l l o w s n a t u r a l l anguage i n p u t s and 
usee r e l a t i o n a l o p e r a t o r s a s a n i n t e r m e d i a t e f o r ­
m a l i s m . 

A r e l a t i o n a l o p e r a t o r c o n n e c t s two e n t i t i e s 
i n a q u a l i t a t i v e manner . Two c l a s s e s o f r e l a ­
t i o n a l o p e r a t o r s a r e used i n c o n s t r u c t i n g t h e 
m o d e l . The f i r s t c l a s s i s d e n o t e d e and c o n ­
s i s t s o f v e r b s , w h i c h u s u a l l y j o i n e n t i t i e s 

The f i r s t l e v e l f o r m a l i s m o f a p r e d i c a t e 
l o g i c i s used t o r e p r e s e n t each sen tence o f a n i n ­
p u t passage . The r e l a t i o n a l o p e r a t o r s a re t he key 
e lemen ts i n t h e p r e d i c a t e s , w h i c h p r o v i d e t h e 
b a s i c memory s t r u c t u r e " f o r t h e m o d e l . A s e n t e n c e 
may be t r a n s f o r m e d i n t o a t w o - p l a c e p r e d i c a t e 
w h i c h i s w r i t t e n e ( a B ) , where a i s t h e r e l a ­
t i o n a l o p e r a t o r , * * i s t h e deep s t r u c t u r e s u b j e c t 
o f t h e s e n t e n c e , and 6* is t h e deep s t r u c t u r e ob ­
j e c t o f t h e s e n t e n c e . I f <t> i s n u l l , t h e sen tence 
i s i m p e r a t i v e . I f 6 i s n u l l , t h e sen tence i s i n ­
t r a n s i t i v e . I f and B a r e b o t h n u l l , t h e p r e d i ­
c a t e r e p r e s e n t s a p a r t i c i p l e used as an argument 
o f a n o t h e r p r e d i c a t e . 

Sentences j o i n e d b y t h e r e l a t i o n a l o p e r a t o r s , 
g , a re t r e a t e d as n - p l a c e p r e d i c a t e s , where n 

i s t h e number o f s e n t e n c e s connec ted by a s p e c i ­
f i c o p e r a t o r . Fo r e x a m p l e , t h e l i n k e d . sen tences 
" S , , and S„ and S " may be r e p r e s e n t e d : 

■ " a 1 S 2 2 3 3 3 
Some o p e r a t o r s w h i c h c o n n e c t s e n t e n c e s have p r e ­
cedence o v e r o t h e r s . F o r e x a m p l e , t h e r e l a t i o n a l 
o p e r a t o r " i m p l i c a t i o n , " r e p r e s e n t e d b y t h e l o g i ­
c a l c o n n e c t i v e s " i f . . . t h e n , " i s more b i n d i n g 
t h a n t h e r e l a t i o n a l o p e r a t o r " a n d . " 

I n t r a n s l a t i n g f r o m n a t u r a l l anguage i n t o a 
s e r i e s o f p r e d i c a t e s , t h e sys tem c a r r i e s ou t f o r 
each s e n t e n c e a t r a n s f o r m a t i o n a l a n a l y s i s and 
a s s i g n s t o each a s t r u c t u r a l d e s c r i p t i o n r e p r e ­
s e n t i n g i t s deep s t r u c t u r e i n t e r p r e t a t i o n . (See 
Jacobs and Rosenbaum f o r a d e t a i l e d d e s c r i p t i o n 
o f t r a n s f o r m a t i o n a l t h e o r y w h i c h i n c l u d e s t h e 
c o n c e p t s o f deep and s u r f a c e s t r u c t u r e . ) T h e j u s t 
t i f i c a t i o n f o r t h i s g r a m m a t i c a l a n a l y s i s i s e s s e n ­
t i a l l y a s f o l l o w s . G iven a k e r n e l s e n t e n c e , one 
can e a s i l y t r a n s l a t e f r o m E n g l i s h i n t o a p r e d i ­
c a t e . K e r n e l s e n t e n c e s a r e c l o s e l y r e l a t e d t o 
a c t i v e d e c l a r a t i v e s e n t e n c e s such t h a t t h e v e r b 
names t h e p r e d i c a t e and t h e s u b j e c t and p o s s i b l y 
t h e o b j e c t o f t h e v e r b become t h e arguments o f 
t h e p r e d i c a t e . When t r a n s f o r m a t i o n s a re a p p l i e d 
t o k e r n e l s e n t e n c e s , t h e y c o m p l i c a t e t he r e l a ­
t i o n s h i p be tween s e n t e n c e and p r e d i c a t e . F o r 
e x a m p l e , t h e p a s s i v e t r a n s f o r m a t i o n r e v e r s e s t h e 
o r d e r o f t h e a r g u m e n t s ; b y u s i n g more complex 
t r a n s f o r m a t i o n s , one c r e a t e s sen tences w h i c h may 
c o n t a i n two o r more k e r n e l s e n t e n c e s . G iven a 
deep s t r u c t u r e i n t e r p r e t a t i o n o f a s e n t e n c e , one 
can r e a d i l y i d e n t i f y t h e k e r n e l sen tences a s w e l l 
as t h e r e l a t i o n s h i p s among them and t h e p r o c e s s 
o f t r a n s l a t i n g i n t o a s e r i e s o f p r e d i c a t e s i s 
f a c i l i t a t e d . 
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The system has been used to process c h i l ­
d ren 's n o n - f i c t i o n stories about famous invent ions 
taken from C h i l d c r a f t 1 1 and makes use of four sub-
systems. The EDIT component accepts passages 
which have been manually t r ans la ted i n t o a r e ­
s t r i c t e d subset o f Eng l i sh , and these r e s t r i c t i o n s 
are necessary because of the l i m i a t i o n s inherent 
in the second subsystem fo r ca r r y i ng out the gram­
ma t i ca l a n a l y s i s . (The appendix conta ins the 
t r ans l a ted form of the passage "What a Bo ther . " ) 
EDIT replaces pronouns w i t h t h e i r corresponding 
nouns according to the h e u r i s t i c " rep lace a p ro ­
noun w i t h the most recent noun of the same gen­
d e r . " The pronouns may have re fe ren ts across sen­
tence boundar ies. EDIT then i s o l a t e s the senten­
ces and forms a map to record the l o g i c a l r e l a ­
t i onsh ips among them. 

In the second subsystem, P e t r i c k ' s recogn i ­
t i o n procedure programmed in LISP f o r t ransforma­
t i o n a l grammars ' is used to assign s t r u c ­
t u r a l desc r i p t i ons to the input sentences i s o l a ­
ted by EDIT. Before the sentences can be ana­
l y s e d , however, i t i s necessary to apply manually 
an inverse number agreement t rans format ion snd an 
inverse v e r b - a f f i x t r ans fo rma t i on . I n a d d i t i o n , 
words such as p a r t i c i p l e s , p l u r a l s , and verbs in 
the past tense have to be separated i n t o t h e i r 
cons t i t uen t morphemes before the ana lys is can be 
performed. Al though the grammar chosen f o r the 
system was the most extens ive one a v a i l a b l e at the 
t ime , i t conta ins many features which l i m i t the 
c lass of sentences tha t i t can process. The gram­
mar cannot handle such items as sentence fragments, 
possessive or r e f l e x i v e pronouns, most p repos i ­
t i o n a l .phrases and i t s a b i l i t y to handle adjec­
t i v e s and adverb ia l phrases is l i m i t e d . C l e a r l y , 
the c a p a b i l i t i e s of the system could be expanded 
by the e l i m i n a t i o n of these snd then r e s t r i c t i o n s 
from the grammar. 

W i th in i t s l i m i t s , the r e c o g n i t i o n procedure 
assigns to the sentences s t r u c t u r a l desc r i p t i ons 
represent ing t h e i r deep s t ruc tu res . . For example, 
the sentence, "The store-owner shoved the papers," 
would be assigned the s t r u c t u r a l d e s c r i p t i o n : 

S19(NP(DET(DEF THE))(N STORE-OWNER)) 
(AUX(AUXA(TNS PAST))) 

(VP(V SHOVE) (NP(DET(INDEF S)) (N PAPER))). 
This LISP S-expresslon corresponds to the t ree 
diagram i n f i g u r e 1 . 

sentence in a passage. 

The symbols used as nodes in the t r ee s t r u c t u r e 
are def ined in Table 1. The symbol "S19" spec i ­
f i e s t ha t the s t r u c t u r e descr ibes the n ine teenth 

DIGEST, the system's t h i r d component, has two 
sec t i ons . The f i r s t segment of the rou t i ne forms 
proper ty l i s t s and pred ica tes snd assigns p r i o r i ­
t i e s to the p red i ca tes . DIGEST scans the s t r u c ­
t u r a l desc r i p t i ons of a sentence, such as the one 
above, and searches f o r the verb . I f the verb is 
a copula (BE), the s t r u c t u r a l d e s c r i p t i o n is con­
ver ted i n t o a p roper ty l i s t . I f the verb i s not 
a copula ( V ) , the s t r u c t u r a l d e s c r i p t i o n is con­
ver ted i n t o a p red i ca te . The second segment 
orders the pred ica tes and then condenses and e l i ­
minates i n f o rma t i on . 

To i l l u s t r a t e how DIGEST operates, the s t r u c ­
t u r a l d e s c r i p t i o n o f the sentence represented in 
F igure 1 w i l l be converted i n t o the in termedia te 
formal ism. The s t r u c t u r a l d e s c r i p t i o n is decom­
posed i n t o a noun phrase 

(DET(DEF THE))(N STORE-OWNER), 

an a u x i l i a r y 

(AUXA(TNS PAST)), 

and a verb phraae 
(V SHOVE)(NP(DET(INDEF S) ) (N PAPER)). 

The noun "s tore-owner" is i s o l a t e d from the noun 
phrase snd becomes the f i r s t argument of the p re ­
d i c a t e . 

The verb phrase is decomposed i n t o the verb 
"shove" and the noun phraae (NP(DET(INDEF S)) (N 
PAPER)), The verb is the r e l a t i o n a l operator 
which w i l l be used in the fo rmat ion o f the p r e d i ­
ca te . The noun "paper" is I s o l a t e d from the 
second noun phrase and is labe led as argument two 
of the p r e d i c a t e . With the second argument i s o ­
l a t e d , the p red ica te rep resen ta t i on o f the sen­
tence is complete: 

p r e d i c a t e d - shove(s tore-owner ,paper) . 

Ins tead of forming a p r e d i c a t e , DIGEST forms 
a p roper ty l i s t i f the sentence, such as "The e ra ­
ser would be handy a lways , " has a copula ve rb . 
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The recogn i t i on procedure would assign to the sen­
tence the s t r u c t u r a l d e s c r i p t i o n : 

S35(N (DET(DEF THE))(N ERASER))(AUX(AUXA(TNS PRES) 

(M WOULD)))(VP BE(PRED(ADJ HANDY))(ADVB ALWAYS)). 

A t ree diagram corresponding to t h i s ana lys is ap­
pears in Figure 2, 

The s t r u c t u r a l d e s c r i p t i o n is again decomposed i n ­
to the noun phrase 

(DET(DEF THE))(N ERASER)),, 

the a u x i l i a r y 

(AUXA(TNS PRES)(M WOULD), 

and the verb phrase 

BE(PRED(ADJ HANDY))ADVB ALWAYS). 

The noun "eraser " is i so la ted from the noun phrase, 
and the a u x i l i a r y is again ignored. 

When the verb phrase w i t h the copula is de­
composed, the ad jec t i ve "handy" is i so la ted as a 
member of the class "PRED," and the adverb " a l ­
ways" is a lso i s o l a t e d . In forming the proper ty 
l i s t , both the ad jec t i ve and the adverb are cons i ­
dered as values of the a t t r i b u t e s which they des­
c r i b e . How these a t t r i b u t e s (p rope r t i es ) are 
categor ized is explained in the d iscuss ion o f 
DIGEST'S l ex i con . The ad jec t i ve "handy" spec i ­
f i e s the proper ty of expedience; wh i le the adverb 
"always" spec i f i es the proper ty of frequency. 
The noun "e rase r , " i so la ted p rev ious l y , is l a ­
beled as the name (head) of the l i s t . The p ro ­
per ty l i s t formed i s 

eraser , (expedience,handy)( f requency,a lways) . 

The proper ty l i s t i s compared w i t h a l l p re ­
v ious l y formed proper ty l i s t s , and i f an i d e n t i c a l 
l i s t e x i s t s , no ac t i on i s taken. However, i f the 
l i s t is a new one, i t is added to the set of p ro ­
per ty l i s t s f o r the passage and labeled w i t h the 
l e t t e r " L " fo l lowed by an i d e n t i f y i n g number. The 
system w i l l process more complicated sentences 
such as "The store-owner who was Hyman Llpman sim­
p l i f i e d w i r t i n g us ing a p e n c i l . " The s t r u c t u r a l 
desc r i p t i on f o r t h i s sentence is given in Figure 3 
and from it a su i t ab l e ser ies of predicates and 
proper ty l i s t s w i l l be obta ined. 
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The l ex i con ( I n t e r n a l i z e d d i c t i o n a r y ) f o r 
DIGEST, which is used in the prepara tory segment 
of the r o u t i n e , has two classes of e n t r i e s : one 
f o r ad jec t i ves and adverbs, and one f o r verbs . 
The d e f i n i t i o n s of adverbs and ad jec t i ves are used 
i n forming p roper ty l i s t s ; wh i l e the d e f i n i t i o n s 
o f verbs con ta in i n fo rma t ion f o r ass ign ing p r i o r i ­
t i e s to the pred ica tes DIGEST has formed. 

The e n t r i e s f o r ad jec t i ves and adverbs are 
const ructed on a p r i n c i p l e s i m i l a r to tha t used in 
cons t ruc t i ng a thesarus. A thesarus, ra the r than 
d e f i n i n g words, groups them on the basis of s i m i ­
l a r i t y i n t o approximately 900 ca tegor ies . I n se t ­
t i n g up the l ex i con f o r DIGEST, a more s t r i n g e n t 
requirement was e s t a b l i s h e d : the categor ies would 
be mutua l l y e x c l u s i v e . Since an ad jec t i ve or ad­
verb may then appear in one and only one category , 
ass ign ing words to categor ies tends to be d i f f i ­
c u l t and somewhat a r b i t r a r y . The categor ies cho­
sen are combinations of the categor ies in Roget 's 
Thesarus For example, the two ca tegor ies , heat 
and c o l d , were combined i n t o one named " h e a t ; " 
co ld is the lack o f heat . Each d i c t i o n a r y en t r y 
cons is ts o f the word, i t s p a r t o f speech ( e i t h e r 
a d j e c t i v e , ADJ, or adverb, ADV) and i t s a t t r i b u t e 
category . 

Verbs prov ide the second type of e n t r y in the 
l ex i con f o r DIGEST. The en t r y cons is ts of the 
ve rb , a n o t a t i o n which ind i ca tes whether i t I s 
t r a n s i t i v e (VT) o r i n t r a n s i t i v e ( V I ) , and a p r i ­
o r i t y number which i nd i ca tes the r e l a t i v e impor­
tance of the verbs in a passage. DIGEST uses 
t h i s p r i o r i t y number along w i t h severa l other 
f ac to r s In order to prov ide an Index o f the r e l a ­
t i v e Importance of each p red ica te in forming the 
memory s t r u c t u r e . To the best of our knowledge, 
no emp i r i ca l data e x l a t s to support our procedure 
f o r the assignment o f p r i o r i t i e s ; i t should be 
i n t e r p r e t e d as an educated "guess" about how one 
might evaluate the r e l a t i v e Importance of each 
p red ica te in a g iven passage. The f o l l o w i n g fac ­
t o r s are used in the assignment o f p r i o r i t i e s . 

(a) Syn tac t i c c lass o f the ve rb : t r a n s i t i v e 
verbs are more Important than i n t r a n s i ­
t i v e ve rbs , wh ich , in t u r n , are more impor­
t an t than equat iona l verbs (be , become, 
f e e l , seem. • . ) . 

16 
(b) Semantic c lass of the verb ( K a t s ) : a c t i ­

v i t y verbs ( e a t , speak, walk) are more 
Important than process verbs (grown, 
f r eeze , d r e s s ) , which in t u rn are more 
impor tant than s t a te of being verbs 
( s l e e p , w a i t , s u f f e r ) . 

( c ) Semantic sub-c lass of the ve rb : verbs of 
a phys i ca l nature (chase, run) are more 
important than verbs of a mental nature 
( t h i n k , remember) w i t h i n the same seman­
t i c c l a s s . 

(d) Attache ment of a p repos i t i on to the ve rb : a 
p r e p o s i t i o n at tached to a verb reduces the 
ve rb ' s t r a n s i t i v i t y o r f o rce fu lness . 

(e) Number of meanings of the verb : the informa­
t i o n content of a verb is i nve rse l y propor­
t i o n a l to the number of i t s menaings. 

18 
( f ) Frequency of use of the verb (Kochen) the 

in fo rmat ion content of a verb is i nve rse ly 
p r o p o r t i o n a l to the frequency o f i t s use. 

A f t e r the i n d i v i d u a l verb ( r e l a t i o n a l opera­
t o r ) p r i o r i t y numbers have been assigned and 
s tored in the l e x i c o n , they are used in DIGEST'S 
computation o f sentence (p red ica te ) p r i o r i t i e s . 
Three other f a c t o r s , i n a d d i t i o n to tha t o f r e l a ­
t i o n a l operator p r i o r i t y , are a l so used in de ter ­
mining pred ica te p r i o r i t y . 

These are the precedence l e v e l of the r e l a ­
t i o n a l operators ( i f . . . t h e n , and, o r , e t c . ) as 
p rev ious ly d e f i n e d ; the l o c a t i o n of a sentence in 
a passage w i t h those at the beginning and end r e ­
ce i v i ng a h igher p r i o r i t y and h igher p r i o r i t y is 
given to a c t i v e sentences over t h e i r passive 
equ iva len ts . 

The assignment of p red ica te p r i o r i t i e s , mak­
ing use of the formula 

p red ica te p r i o r i t y - r e l a t i o n a l operator (verb) 
p r i o r i t y 

+ r e l a t i o n a l operator ( Q ) 
p r i o r i t y 

4- l o c a t i o n p r i o r i t y 

- c o r r e c t i o n f o r passive 

completes the f i r s t segment of the DIGEST r o u t i n e . 

Condensing the pred icates i n t o the most e a s i ­
l y remembered in fo rmat ion invo lves severa l d i f ­
fe ren t processes. The pred icates are f i r s t o r ­
dered in a t i m e - p r i o r i t y s t r u c t u r e f o r the i n i ­
t i a l e l i m i n a t i o n and condensat ion. To determine 
the moat important person of the passage, the p re ­
d ica tes are then represented as a connected graph. 
A c e n t r a l l t y . index as def ined by Harary, Norman, 
and Car twr lgh t is computed f o r each argument. 
This index is used in order to i d e n t i f y the most 
important person. The most important person hss 
the h ighest c e n t r a l l t y index wh i le the main idea 
i s tha t p red ica te w i t h the h ighest p r i o r i t y . 
A f t e r t h i s de te rm ina t i on , the pred icates are a r ­
ranged in a ma t r i x f o r f u r t h e r e l i m i n a t i o n and 
f i n a l s to rage. The t ime and p r i o r i t y s t r u c t u r e 
Is a l i n e a r t ime ax is on which the pred icates and 
t h e i r assigned p r i o r i t i e s are ordered. Along i t , 
the tenses are ordered as f o l l o w s : past p e r f e c t , 
simple pas t , present p e r f e c t , p resent , f u tu re per­
f e c t , and simple f u t u r e . The a u x i l i a r y pa r t of a 
sentence, i s o l a t e d in the f i r s t segment o f the 
r o u t i n e and denoted by the symbol AUX, is i n t e r ­
rogated to determine the tense of the verb used in 
a sentence.* 
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Once the tense of a verb is determined, the 
pred ica te which corresponds to the sentence con­
t a i n i n g the verb is placed upon one of s i x tense 
l i s t s . Each l i s t is push-down: the most recent 
i tem added to the l i s t appears at the top . A f t e r 
a l l the sentences of a passage have been conver­
ted i n t o the pred icate no ta t i on and placed on the 
tense l i s t s , the l i s t s are jo ined together in the 
reverse order of the tense l i s t i n g above. The 
r e s u l t i n g order ing along a time axis produces the 
time and p r i o r i t y s t r u c t u r e . 

The completed time and p r i o r i t y s t r uc tu re is 
used twice in the condensation. F i r s t i t i s scan­
ned fo r pred icates w i t h p r i o r i t i e s less than one-
h a l f the la rges t p r i o r i t y . Since predicates w i t h 
such low p r i o r i t i e s are evaluated as not impor­
tant to the main or suppor t ing themes in the pas­
sage, they are e l im ina ted . Next, the time and 
p r i o r i t y s t r u c t u r e i s checked fo r i d e n t i c a l p r e d i ­
cates. Since1 pred icates tha t occur more o f ten in 
a passage are more l i k e l y to be remembered, the 
p r i o r i t i e s o f i d e n t i c a l paredlcates are increased. 

The predicates which remain a f t e r the i n i t i a l 
condenstaion are converted i n t o a ser ies of con­
nected graphs, and from these graphs, the most 
important person, charac ter , or idea in a passage 
is determined. 

For the e f f i c i e n t r e t r i e v a l , s t r a i g h t - f o r w a r d 
r e v i s i o n , or simple add i t i on of a p red i ca te , the 
graph s t r u c t u r e is s tored in an n x m m a t r i x , 
where n equals the number of d i s t i n c t f i r s t argu­
ments of pred icates in a passage, and m equals 
the number of d i s t i n c t second arguments. The 
en t ry fo r each element of the mat r i x contains an 
ordered set o f three f i e l d s . The f i r s t f i e l d de­
notes the name (number) of the p red i ca te ; the 
second, the name of the r e l a t i o n a l operator 
(verb) j o i n i n g the two arguments of the p red i ca te ; 
and the t h i r d , the p red i ca te ' s p r i o r i t y number. 

Once the in fo rmat ion about the pred icate is 
s tored in the m a t r i x , the f i n a l condensation can 
be made. To determine the f i n a l p r i o r i t y of the 
p red i ca tes , the most important argument is loca­
t e d . For each pred ica te tha t contains t h i s argu­
ment, the p r i o r i t y i s increased. With the f i n a l 
p r i o r i t i e s assigned, another search of the p r e d i ­
cates is made, and a l l p red icates w i t h p r i o r i t i e s 
less than one-ha l f o f the l a rges t p r i o r i t y are 
e l i m i n a t e d . 

A f t e r the f i n a l condensat ion, the f o l l ow ing 
i n fo rma t ion is then ava i l ab le from the DIGEST 
r o u t i n e f o r use as a data base in the r e t r i e v a l 
sec t i on of the system: 

(1) The ma t r i x con ta in ing the in fo rmat ion 
about the p red i ca tes , 

(2) The set o f p roper ty l i s t s , 

(3) The set of secondary (embedded) p re ­
d i c a t e s , 

(4) The t ime and p r i o r i t y s t r u c t u r e , 

(5) The l o g i c a l map formed by EDIT, 
w i t h pred ica te and proper ty l i s t 
names (numbers) subs t i t u ted f o r the 
appropr ia te sentences. 

Using the SNOBOL programming language and 
operat ing w i t h a CDC 6400 computer, DIGEST'S 
analys is of the passage "What a Bother" took 
138.4 seconds to execute using 140,000 o c t a l loca­
t ions of computer cen t ra l memory. The average 
time per statement was 8.8 ms. 

In the f ou r t h subsystem of the text-based 
i n f o r m a t i o n - r e t r i e v a l system, in fo rmat ion ob­
ta ined from the data base output of DIGEST is 
used to answer i n q u i r i e s about the n a t u r a l l a n ­
guage passages that were inputs to the EDIT rou ­
t i n e . This r e t r i e v a l rou t ine has not been imple­
mented; i ns tead , manual s imulat ions of i t s func­
t ions have been performed. 

The rou t ine accepts two k inds of i n q u i r i e s : 
questions and impera t ives . The questions are i n ­
q u i r i e s about a s ing le pred ica te whereas the 
imperat ives are i n q u i r i e s about the r e l a t i o n s of 
one sentence (p red ica te ) to another in the pas­
sage. The quest ions are parsed according to the 
same procedure used f o r the input passages; hence 
the questions must a lso be s ta ted in the same 
r e s t r i c t e d subset of Eng l i sh . One advantage of 
pars ing over the keyword matching used in many 
r e t r i e v a l systems is tha t pars ing al lows a ques­
t i o n to be phrased in severa l ways and yet be 
mapped i n t o the same p red i ca te . Mapping the ques­
t ions i n t o the same type of p red ica te used to 
represent the input sentences al lows a s t r a i g h t -
forward method of r e t r i e v a l . Since the impera­
t i v e s , on the other hand, deal w i t h more than 
one p red i ca te , the p red ica te formal ism obtained 
from the pars ing output is not use fu l in answer­
ing the second type of i n q u i r y . Hence keywords 
were used in ana lyz ing impera t ives . 

Throughout the r e t r i e v a l segment, i n q u i r i e s 
are answered i n d i v i d u a l l y . I f an answer cannot 
be determined, the f o l l o w i n g is p r i n t e d ou t : " I 
do not know the answer to your i n q u i r y (ques t i on ) : 
could you please rephrase i t . " I f an answer can 
be l oca ted , both answer and i n q u i r y are p r i n t e d 
ou t . 

I n q u i r i e s seeking in fo rmat ion from one pre­
d i ca te f a l l i n t o two ca tegor ies : the yes«no 
quest ion and the WH ques t ion . As the name im­
p l i e s , yes-no quest ions can be answered w i t h 
e i t h e r "yes" or " n o . " WH quest ions are i n t r o ­
duced by an i n t e r r o g a t i v e pronoun (who, what, 
when, where, which) and are usua l l y answered w i t h 
a noun phrase. Both categor ies are subdivided 
i n t o severa l quest ion types. 

Two types of yes-no quest ions are d i f f e r e n ­
t i a t e d according to whether the verb is a copula 
or a non-copula. When the verb is not a copula, 
the quest ion is parsed and transformed i n t o a 
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p r e d i c a t e . The storage ma t r i x Is searched to de­
termine I f the p red ica te e x i s t s . The element of 
the ma t r i x Indexed by the p r e d i c a t e ' s two argu­
ments is scanned to d iscover if it conta ins the 
p r e d i c a t e ' s r e l a t i o n a l opera tor . I f i t does, the 
answer i s " y e s ; " i f n o t , the answer g iven i s 
" y e s ; " i f n o t , the answer g iven i s " n o . " I f an 
element w i t h the g iven ind ices is not found, the 
" I do not know" answer is p r i n t e d ou t . 

The other type of yes-no ques t i on , t ha t w i t h 
a copula ve rb , i s a lso parsed, but i t i s t r a n s ­
formed i n t o a p roper ty l i s t Instead of a p r e d i ­
ca te . The set o f p roper ty l i s t s is searched to 
determine i f a l i s t w i t h the appropr ia te name has 
the a t t r i b u t e - v a l u e p a i r s p e c i f i e d . I f a p ro ­
pe r t y l i s t w i t h the g iven name is not found, the 
answer i s , " I do not know." 

The second major category of quest ions has 
s i x basic types. An i n t e r r o g a t i v e pronoun from 
one of three f u n c t i o n a l classes in t roduces each 
WH ques t i on , which may bgve e i t h e r a copula or 
non-copula verb . Sledd , whose c l a s s i f i c a t i o n 
has been used in the r e t r i e v a l r o u t i n e , c a l l s the 
wh words " i n t e r r o g a t i v e words , " r a the r than p ro -
nouns, because they a l so f u n c t i o n as ad jec t i ves 
or adverbs. Examples of these three func t ions 
i nc l ude : 

A WH quest ion is converted i n t o e i t h e r a p red ica te 
or a p roper ty l i s t , and an unknown is sought. I f 
the verb is a non-copula, the quest ion is conver­
ted i n t o a p red ica te w i t h the unknown as one of 
the arguments. The storage ma t r i x is then 
searched f o r poss ib le values o f the unknown. I f 
the verb is a copula, the quest ion is converted 
i n t o a p roper ty l i s t whose l is tname is unknown. 
I n t h i s case, the set o f p roper ty l i s t s i s scan­
ned f o r poss ib le answers. 

from the storage m a t r i x , e s p e c i a l l y from the p r i o -
r i t i e s . An imperat ive I nqu i r y is handled by 
l o c a t i n g the keywords in a command. The keyword 
" g i v e " always int roduces an impera t i ve . Repre­
sen ta t i ve examples of i n q u i r i e s and responses f o r 
the paasage "What a Bother" are given In the appen­
d i x . I n a d d i t i o n , deduct ive c a p a b i l i t i e s could 
be added to the system as in the in fo rmat ion r e n 
t r l e v a l system of Green and Raphael Kuhns 
a l so has chosen a p red ica te l o g i c to rorm the data 
base f o r h i s deduct ive proposal and h i s method of 
quest ion answering by computer would use theorem-
prov ing techniques to deduce n o n - e x p l i c i t answers 
from the data base. Such techniques of deduct ion 
could a l so be incorporated i n t o t h i s i n f o r m a t i o n -
r e t r i e v a l system, s ince i t a l so represents sen­
tences w i t h p red i ca tes . 

APPENDIX 

"What a Bother" t r ans la ted i n t o the r e s t r i c t e d 
subset o f E n g l i s h . 1 

The store-owner could not f i n d the eraser . 
He rummaged through the papers tha t were sca t ­
tered on the desk tha t he had been w r i t i n g on. 
He frowned a n g r i l y as he shoved around the papers. 
He became impat ien t because the eraser was 
m iss ing . 

The store-owner was t i r e d and he was hungry 
because he had worked a l l day. He worked in a 
s to re tha t so ld s t a t i o n e r y . But he could not go 
to the home u n t i l he f i n i s h e d f i g u r i n g . He kept 
s record which t o l d how many items were so ld each 
day. 

As he f i n i s h e d w r i t i n g in the book, s l l 
th ings went wrong. He made mistakes tha t needed 
e ras ing . As he reached f o r the e raser , i t d i s ­
appeared among papers on the desk. It bounced 
across the f l o o r . 

The store-owner groaned as he picked up the 
evasive e raser . He looked at the rubber p iece 
he was h o l d i n g . 

He wasted some time as he looked f o r the e ra ­
ser . Other people who use penc i l s must waste 
some time as they chase e rasers . Erasers should 
be convenient as we are w r i t i n g . 

The store-owner p icked up a p e n c i l and he 
looked at the t op . Penc i ls having erasers t ha t 
f i t t e d i n t o tops could be made. I f a smal l e ra ­
ser was glued at the top tha t a p e n c i l has, then 
it would be handy always when it was needed. 

The store-owner who was Hyman Lipman s i m p l i ­
f i e d w r i t i n g us ing a p e n c i l . 

O r i g i n a l ve rs ion from the 1968 E d i t i o n of C h i l d -
c ra f t—The How and Why L i b r a r y , used w i t h permis­
s ion o f F i e l d En te rp r i ses Educat ional Corporat ion. 
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I n q u i r i e s ( I ) and Responses fR) f o r t h e passage 
"What a B o t h e r " 

I : D i d t h e s t o r e - o w n e r was te t ime? 
R: Yes . 

I : Who c o u l d n o t f i n d t h e e r a s e r ? 
R: T do n o t know, . .# 

I : Where was t h e s m a l l e r a s e r g lued? 
R : A t t h e t o p t h a t a p e n c i l h a s . 

I : G ive t h e ma in t o p i c o f t he s t o r y . 
R- : The s t o r e - o w n e r rummaged t h r o u g h t h e papers 

t h a t were s c a t t e r e d on the desk t h a t the 
s t o r e - o w n e r has been w r i t i n g o n . 

R : A s m a l l e r a s e r was g l u e d at t he t o p t h a t a 
p e n c i l has i m p l i e s t h e e r a s e r wou ld be handy 
a lways when t h e e r a s e r was needed . 

I : Was the s t o r e - o w n e r hung ry? 
R: Y e s . 

I : What was e v a s i v e ? 
R: The e r a s e r was e v a s i v e . 

I : Who k e p t a r e c o r d w h i c h t o l d how many i t e m s 
were s o l d each day? 

R: The s t o r e - o w n e r . 

I : G ive what i m p l i e d t h e e r a s e r wou ld b e handy 
a lways when t h e e r a s e r was needed . 

R: A s m a l l e r a s e r was g l u e d a t t h e t o p t h a t a 
p e n c i l h a s . 

I : Wh ich s t o r e d i d t h e s t o r e - o w n e r wo rk i n ? 
R : The s t o r e t h a t s o l d s t a t i o n e r y . 

I : Where d i d t h e s t o r e - o w n e r f i n i s h w r i t i n g ? 
R: I do n o t know . . . 

I : Wh ich p e o p l e w a s t e t i m e ? 
R: Peop le who use p e n c i l s . 

I : D i d t h e s t o r e - o w n e r shove a round t h e papers? 
R: I do n o t know . . . # 

I : Who w a s t e d t i m e ? 
R: The s t o r e - o w n e r . 

I : Where were t h e p a p e r s s c a t t e r e d ? 
R: On t h e desk t h a t t h e s t o r e - o w n e r had been 

w r i t i n g o n . 

I : Wh ich e r a s e r i s handy? 
R : The a lways e r a s e r i s h a n d y . 

I : Was t h e e r a s e r handy n e v e r ? 
R: No. 

I : Who was Hyman L ipman? 
R: The s t o r e - o w n e r was Hyman L i p m a n . 

I : G i ve t h e r e l a t e d t o p i c s o f t h e s t o r y . 
R: The s t o r e - o w n e r who was Hyman L ipman s i m p l i ­

f i e d w r i t i n g u s i n g a p e n c i l . 

N o t e : # a t t a c h e d to an o u t p u t i n d i c a t e s t h a t a 
p r e d i c a t e w i t h t h i s i n f o r m a t i o n many have been 
e l i m i n a t e d by DIGEST. 
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