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A b s t r a c t 

Th i s paper d e s c r i b e s TORUS, a n a t u r a l l a n g u 
age u n d e r s t a n d i n g system wh ich serves as a f r o n t 
end to a d a t a base management system in o r d e r to 
f a c i l i t a t e communicat ion w i t h a casua l use r . The 
system uses a semant ic ne twork f o r " u n d e r s t a n d i n g " 
each i n p u t s ta temen t and f o r d e c i d i n g what i n f o r 
mat ion t o o u t p u t i n response. The semant ic n e t 
work s t o r e s g e n e r a l knowledge about t h e p rob lem 
domain, i n t h i s case " s t u d e n t f i l e s " and t h e 
e d u c a t i o n a l p rocess a t t h e U n i v e r s i t y o f T o r o n t o , 
a l o n g w i t h s p e c i f i c i n f o r m a t i o n o b t a i n e d d u r i n g 
the d i a l o g u e w i t h the use r . A number o f a s s o c i a t e d 
f u n c t i o n s make i t p o s s i b l e t o i n t e g r a t e t h e 
meaning o f an i n p u t s t a t emen t t o the semant ic n e t 
wo rk , and to s e l e c t a p o r t i o n o f t he semant ic 
network wh ich s t o r e s i n f o r m a t i o n t h a t must be 
o u t p u t . A f i r s t v e r s i o n o f TORUS has been i m p l e 
mented and i s c u r r e n t l y b e i n g t e s t e d . 

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

Th i s paper d e s c r i b e s the scope and c u r r e n t 
s t a t u s of t h e TORUS (TORONTO Unders tand ing System) 
p r o j e c t . 

The main g o a l o f t he p r o j e c t i s to deve lop a 
methodology f o r d e s i g n i n g and imp lemen t ing 
" U n d e r s t a n d i n g " Data Base Management Systems 
(UDBMSs), i . e . , systems wh ich have a v a i l a b l e 

(a) A da ta base s t o r e d in and m a i n t a i n e d by a 
da ta base management system (DBMS), 

(b) A n a t u r a l language u n d e r s t a n d i n g system 
(NLUS), s e r v i n g as a f r o n t end to the DBMS, 

wh ich i s g i v e n knowledge about t h e d a t a , can 
unders tand and respond to s imp le E n g l i s h 
sentences and can engage the user in a 
d i a l o g u e . 

Such systems can o b v i o u s l y p l a y a ve ry impor 
t a n t r o l e i n t h e f u t u r e i n making da ta bases 
a v a i l a b l e to casua l users who have n e i t h e r the 
t ime nor the p a t i e n c e to l e a r n a programming o r 
query language so t h a t t hey can communicate w i t h 
the computer. 

As a f i r s t s t e p towards a c h i e v i n g the b a s i c 
g o a l of TORUS, we have des igned and implemented a 
p r o t o t y p e UDBMS, u s i n g a da ta base of g radua te 
s t u d e n t f i l e s . Two o f t h e most i m p o r t a n t methodo
l o g i c a l d e c i s i o n s we made are g i v e n b e l o w : 

(a) We have f i x e d t h e t y p e of DBMS a v a i l a b l e to 
t h e UDBMS to be a r e l a t i o n a l system a long 
the l i n e s proposed by Codd [ 1 ] . T h i s 
d e c i s i o n enables us to be more e x p l i c i t 
about t h e NLUS-DBMS i n t e r f a c e and a l s o makes 
o u r work e a s i e r s i n c e r e l a t i o n a l DBMSs o f f e r 
a more p o w e r f u l s e t o f " h i g h e r l e v e l " com
mands than o t h e r types of DBMSs. 

(b) We have dec ided to base t h e " u n d e r s t a n d i n g " 
c a p a b i l i t i e s o f t he NLUS on semant ic n e t s , 
i . e . , d i r e c t e d l a b e l l e d graphs whose nodes 
r e p r e s e n t concep tua l o b j e c t s and whose edges 
r e p r e s e n t semant ic r e l a t i o n s . More s p e c i f i 
c a l l y , we have based ou r semant ic ne t 
r e p r e s e n t a t i o n of knowledge on a case 
s t r u c t u r e d r e p r e s e n t a t i o n and t h e use o f a 
fo rm o f the subset and ISA r e l a t i o n found i n 
s e v e r a l o t h e r r e p r e s e n t a t i o n s [ 3 , 4 ] . More 
i n f o r m a t i o n about the TORUS r e p r e s e n t a t i o n 
i s g i v e n e lsewhere [ S ] . 

Our emphasis has been on m o d e l l i n g an i n s t i t u 
t i o n a l w o r l d r a t h e r than a p h y s i c a l w o r l d . T h i s 
f a c t has i n f l u e n c e d much of the des ign of TORUS. 

There a l r e a d y e x i s t today s e v e r a l q u e s t i o n -
answer ing systems ( e . g . , CONVERSE [ 6 ] , REL [ 7 ] , 
LUNAR [8 ] e t c . ) , whose main d i f f e r e n c e f rom TORUS 
i s t h a t they l ack f a c i l i t i e s f o r " u n d e r s t a n d i n g " 
the o n - g o i n g d i a l o g u e (such as a semant ic ne t or 
PIANNER-l ike theorems e t c . ) . There a l s o e x i s t a 
few NLUSs ( e . g . , SHRDLU [ 9 ] , ELINOR [ 3 ] , MARGIE 
[10] e t c . ) w i t h wh ich we share our methodology to 
v a r y i n g degrees . I t i s our b e l i e f , however, t h a t 
none o f these sys tems, i n c l u d i n g o u r s , has 
succeeded y e t i n f o r m u l a t i n g a n i n t e g r a t e d 
methodology f o r c o n s t r u c t i n g NLUSs and t h a t more 
o f them w i l l have t o b e b u i l t t o t e s t new p r o p o s a l s 
and t o i n t e g r a t e s o l u t i o n s t o s p e c i f i c p rob lems i n 
n a t u r a l language u n d e r s t a n d i n g . 

I t i s assumed t h a t the reade r i s f a m i l i a r w i t h 
b a s i c r e l a t i o n a l c a l c u l u s [ l ] , and w i t h case-
grammar t e r m i n o l o g y [ 2 ] . 

Throughout t h e paper we w i l l be us i ng as 
examples the q u e r i e s 

"What i s John S m i t h ' s address?" 
and 

"How many recommendation l e t t e r s d i d we r e c e i v e 
f o r h im?" 

2. The R e p r e s e n t a t i o n 

I n f o r m a t i o n i s d i v i d e d i n t o two g e n e r a l 
c a t e g o r i e s and is a c c o r d i n g l y s t o r e d in a DBMS 
a v a i l a b l e to TORUS or on t h e semant ic n e t . 

2 . 1 I n f o r m a t i o n t h a t i s p a r t o f a s t u d e n t ' s f i l e 

Such i n f o r m a t i o n i s s t o r e d i n a r e l a t i o n a l 
DBMS in terms o f n - t u p l e s t h a t a re e lements o f 
r e l a t i o n s . For example, one o f the r e l a t i o n s used 
f o r the r e p r e s e n t a t i o n o f i n f o r m a t i o n r e g a r d i n g 
s t u d e n t f i l e s i s the BIODATA r e l a t i o n : 

BIODATA(NAME, ADDRESS, TELEPHONE-*, STATUS-IN-
CANADA, FIELD-OF-STUDY, FULL-OR-PART-TIME) 

U n d e r l i n e d a t t r i b u t e s i n d i c a t e the keys o f t h e 
r e l a t i o n . One i n s t a n c e o f t h i & r e l a t i o n , r e g a r d i n g 
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Anothe r r e l a t i o n i s 
RECOMMENDATION-LETTER (NAME , DATE-RECEIVED, 

RECOMMENDING-PERSON, ADDRESS, LETTER) 
and some i n s t a n c e s o f i t , r e g a r d i n g "John S m i t h " , 
a re 

RECOMMENDATION-LETTERC john s m i t h ' , 740517, ' j i m 
b r o w n ' , 3 0 w i l l o w d a l e a v e . , t o r o n t o , c a n a d a ' , 
A) 

RECOMMENDATION-LETTER('john s m i t h ' , 740621, ' j o e 
d o e ' , '367 Char les S t . , t o r o n t o , canada 1 , B ) 

where 740517 and 740621 s p e c i f y dates { y e a r - m o n t h -
day) and A and B s t a n d f o r the con ten ts of t h e two 
l e t t e r s . 

W e w i l l o f t e n r e f e r t o the c o l l e c t i o n o f 
s t u d e n t f i l e s s t o r e d in t h e DBMS as the d a t a base . 

2.2 I n f o r m a t i o n about s t u d e n t f i l e s 

The system a l s o s t o r e s , i n semant ic n e t f o r m , 
g e n e r a l knowledge about s t u d e n t s , the e d u c a t i o n a l 
p r o c e s s , and s t u d e n t f i l e s , a l o n g w i t h the s y s t e m ' s 
u n d e r s t a n d i n g o f t he o n - g o i n g d i a l o g u e i t may be 
h a v i n g w i t h a u s e r . I t s h o u l d b e no ted t h a t some
t imes a p a r t i c u l a r i t e m o f knowledge w i l l b e 
s t o r e d on t h e semant ic n e t and t h e d a t a base a t 
t h e same t i m e , j u s t as i t may be remembered 
( t e m p o r a r i l y ) by a s e c r e t a r y and a l s o appear in 
some s t u d e n t ' s f i l e . 

The semant ic n e t r e p r e s e n t a t i o n i s s i m i l a r i n 
s e v e r a l ways to those p roposed and used by 
Rumelhart e t a l . [ 3 ] and M a r t i n [ l l ] , and i s des 
c r i b e d i n more d e t a i l e lsewhere [ 5 ] . Our g o a l 
here i s t o g i v e enough i n f o r m a t i o n about i t s o 
t h a t t h e reade r w i l l unde rs tand t h e examples t o b e 
g i v e n i n t h e f o l l o w i n g s e c t i o n s . 

Nodes on the semant ic n e t can be c o n c e p t s , 
events and c h a r a c t e r i s t i c s . Thus the g e n e r i c 
i deas PERSOK, UNIVERSITY, as w e l l as i n s t a n t i a t i o n s 
"John Smi th " and " U n i v e r s i t y o f T o r o n t o " a re a l l 
concep ts . S i m i l a r l y , t he g e n e r i c i dea o f RECEIVE 
(such t h a t eve ry p a r t i c u l a r " r e c e i v i n g " a c t i o n i s 
i t s i n s t a n t i a t i o n ) , a s w e l l a s s p e c i f i c i n s t a n t i a 
t i o n s o f t h e i d e a , are a l l e v e n t s . F i n a l l y , i deas 
wh ich express s t a t e s o r p r o p e r t i e s o f o b j e c t s , 
a c t i o n s o r o t h e r p r o p e r t i e s a re c h a r a c t e r i s t i c s . 
For example , STUDENT-NUMBER c h a r a c t e r i z e s s t u d e n t s 
and can have as va lues 9 - d i g i t i n t e g e r s . 

As no ted above, an i m p o r t a n t c l a s s i f i c a t i o n 
o f nodes i s whether they r e p r e s e n t g e n e r i c i deas 
o r i n s t a n t i a t i o n s o f them. Gener i c nodes a r e 
p l a c e d " u p s t a i r s " and are denoted by names in 
c a p i t a l l e t t e r s , w h i l e s p e c i f i c i n s t a n c e s a re p u t 
" d o w n s t a i r s " i n s m a l l l e t t e r s . 

Ob jec t s o n t h e semant i c n e t a re o r g a n i z e d i n 
a s u p e r s e t - s u b s e t h i e r a r c h y , d e f i n e d i n terms o f 
S U B ( s e t ) - l a b e l l e d edges and E ( x a m p l e - o f ) - l a b e l l e d 
edges. Thus STUDENT is a subconcept of PERSON 
w h i l e "John s m i t h " i s a n example ( i n s t a n t i a t i o n ) 
o f PERSON and w i l l t h e r e f o r e be r e p r e s e n t e d on the 
semant ic n e t as shown in F IG. 2 . 1 ( a ) . 

S U B - l a b e l l e d edges can o n l y l i n k o b j e c t s 
l o c a t e d u p s t a i r s , w h i l e E - l a b e l l e d edges always 

l i n k a node l o c a t e d u p s t a i r s t o one l o c a t e d down
s t a i r s . The p r o p e r t i e s o f any o b j e c t on the 
h i e r a r c h y a re i n h e r i t e d b y a l l o b j e c t s below i t , 
un less o t h e r w i s e s p e c i f i e d f o r any o f these 
o b j e c t s . 

Ano ther i m p o r t a n t r e l a t i o n w e w i l l a l l o w , 
u s u a l l y between c o n c e p t s , i s the PART r e l a t i o n . 
Thus FINGER is a PART of ARM wh ich in t u r n is PART 
o f BODY. Note t h a t , i n g e n e r a l , p r o p e r t i e s o f 
o b j e c t s a re n o t i n h e r i t e d a long P A R T - l a b e l l e d 
edges. 

An i m p o r t a n t c l a s s o f edges a re t h e cases 
used to s p e c i f y semant ic r e l a t i o n s between an 
even t and o t h e r o b j e c t s o f t he semant ic n e t . The 
cases we w i l l use a re AGENT ( A ) , OBJECTIVE ( 0 ) , 
AFFECTED (AFF), TOPIC <T), INSTRUMENT ( I ) , RESULT 
(R ) , SOURCE (S ) , DESTINATION (D) and NEUTRAL (N) . 
The semant ics o f most o f these cases a re i m p l i e d 
by t h e i r name. 

C h a r a c t e r i s t i c s have t h e i r own edges l a b e l l e d 
CHARACTERISTIC {CH> and VALUE (V) wh ich s p e c i f y 
r e s p e c t i v e l y the o b j e c t b e i n g c h a r a c t e r i z e d and 
t h e v a l u e o f the c h a r a c t e r i s t i c . F IG. 2 .1 (b ) shows 
two examples. 

Note t h a t c h a r a c t e r i s t i c s a re meant t o d e f i n e 
b a s i c p r o p e r t i e s o f o b j e c t s , such as t h e mass, 
charge and v e l o c i t y o f an e lementa ry p a r t i c l e , t h e 
c o l o u r o f a n o b j e c t o r t h e s o c i a l i nsu rance number 
o f a p e r s o n . In many s i t u a t i o n s , however , we w i l l 
use them to s p e c i f y t h a t a semant ic r e l a t i o n e x i s t s 
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between two o b j e c t s when we do n o t want to e x p l i 
ca te t h a t r e l a t i o n . For example, ADDRESS w i l l be 
t r e a t e d as a c h a r a c t e r i s t i c of PERSON, a l t h o u g h a 
deeper r e p r e s e n t a t i o n wou ld have made e x p l i c i t t he 
semant ic r e l a t i o n between a person and what we c a l l 
h i s address (FIG. 2 . 1 ( c ) ) . 

Sometimes we w i l l want to a t t a c h a t h i r d edge 
l a b e l l e d WRT ( w i t h - r e s p e c t - t o ) a c h a r a c t e r i s t i c . 
For example, t h e c h a r a c t e r i s t i c GRADE needs a WRT-
l a b e l l e d edge t o s p e c i f y the course w i t h r e s p e c t t o 
wh ich a s t u d e n t i s c h a r a c t e r i z e d by a p a r t i c u l a r 
grade (FIG. 2 . 1 ( d ) ) . 

LOCATION, ABSOLUTE and RELATIVE TIME and 
DURATION w i l l a l l b e r e p r e s e n t e d i n terms o f 
c h a r a c t e r i s t i c s . 

A p a r t f rom t h e above-ment ioned edges , the 
r e p r e s e n t a t i o n a l l o w s connec t i ves o f v a r i o u s k i n d s 
such as 

BEFORE, AFTER, WHILE ( tempora l ) 
PREREQUISITE, EFFECT (causa l ) e t c . 

F i g u r e s 2 .2 and 2 .3 show p o r t i o n s o f t he 
semant ic n e t wh ich w i l l b e used i n t h e examples 
t h a t f o l l o w . 

For convenience we have o m i t t e d S U B - l a b e l l e d edges 
wh ich l i n k EVENT, CHARACTERISTIC or CONCEPT (which 
a re g e n e r i c o b j e c t s o n t h e semant ic n e t ) t o o t h e r 
e v e n t s , c h a r a c t e r i s t i c s and concep ts . The types 
of t he nodes can be de te rm ined by examin ing the 
edges t h a t l eave them. 

The i m p o r t a n t t h i n g s t o no te i n FIG. 2.2 a re 
- an address can be a s s o c i a t e d to any person or 

i n s t i t u t i o n ( the u n i o n o f these g e n e r i c c o n 
cep ts we have named LEGAL-PERSON) 

- CURRENT-ADDRESS is a s u b - c h a r a c t e r i s t i c of t h e 
c h a r a c t e r i s t i c ADDRESS and i t s d i s t i n g u i s h i n g 
f e a t u r e i s t h e f a c t t h a t when c h a r a c t e r i z e d b y 
RELATIVE-TIME, t h e v a l u e o f t h e l a t t e r i s 
a lways " p r e s e n t " . 

In F IG . 2 .3 we have d e f i n e d t h e s c e n a r i o o f 
WRITING-A-RECOMMENDATION-LETTER-TO-DCS. 

2 .3 R e l a t i n g t h e a t t r i b u t e s o f d a t a base 
r e l a t i o n s t o o b j e c t s o n t h e semant ic n e t 

Most da ta base a t t r i b u t e s have nodes o f t h e 
semant ic n e t a s s o c i a t e d to them. These nodes 
d e f i n e the semant ics o f t h e c o r r e s p o n d i n g a t t r i 
bu tes and they can t h e r e f o r e be used in q u e s t i o n -
answer ing and in d e t e r m i n i n g whether a g i v e n 
r e l a t i o n a l o p e r a t i o n on one o r more a t t r i b u t e s 
makes sense. 

For example, to t h e node of F IG. 2.2 named 
CURRENT-ADDRESS we w i l l a s s o c i a t e t h e a t t r i b u t e 
named ADDRESS of the BIODATA r e l a t i o n . T h i s means 
t h a t 

- i f someone asks a q u e s t i o n i n v o l v i n g t h e v a l u e 
o f a p e r s o n ' s c u r r e n t add ress , t h e system c o u l d 
r e t r i e v e t h e e n t r y o f t h e ADDRESS a t t r i b u t e f o r 
a BIODATA r e l a t i o n i n s t a n c e whose NAME a t t r i b u t e 
has the p e r s o n ' s name as v a l u e . 

- t he semant ics of t h e a t t r i b u t e ADDRESS are 
d e f i n e d by the semant ic r e l a t i o n s a s s o c i a t e d 
w i t h t h e node CURRENT-ADDRESS. 

S i m i l a r l y , we can a s s o c i a t e the da ta base 
a t t r i b u t e s NAME, RECOMMENDING-PERSON, DATE-RECEIVED 
and LETTER to the nodes named PERSON, RECOMMENDING-
PERSON, DATE and RECOMMENDATION-LETTER of F IG. 2 .3 
r e s p e c t i v e l y . 

3 . Unders tand ing I n p u t Sentences 

I n t h i s s e c t i o n w e d e s c r i b e the a n a l y s i s 
c a r r i e d o u t by TORUS when a sentence is p r e s e n t e d 
t o i t b y the u s e r . 

For conven ience , the a n a l y s i s w i l l b e p a r t i 
t i o n e d i n t o a s y n t a c t i c and semant i c component. 
The s y n t a c t i c a n a l y s i s i s r e s p o n s i b l e f o r p r o 
d u c i n g a parse t r e e ( m o d i f i e d deep s t r u c t u r e ) o f 
t h e i n p u t sen tence , w h i l e t h e semant i c a n a l y s i s i s 
r e s p o n s i b l e f o r c o n s t r u c t i n g a semant ic g raph and 
f o r i n t e g r a t i n g i t t o t h e semant ic n e t . I t must 
b e s t r e s s e d a t t h i s p o i n t t h a t t h e m o d u l a r i z a t i o n 
and l i n e a r i z a t i o n o f t h e u n d e r s t a n d i n g process was 
adopted o n l y i n o r d e r t o by -pass t h e main memory 
c o n s t r a i n t s o f p r e s e n t - d a y computers and t o enab le 
us to see more c l e a r l y t h e v a r i o u s problems 
i n v o l v e d . The s o l e purpose o f t h e s y n t a c t i c 
a n a l y s i s i s t o i d e n t i f y t h e s y n t a c t i c c o n s t i t u e n t s 
co r respond ing t o most o f t h e semant ic u n i t s mak ing 
up t h e r e p r e s e n t a t i o n o f t h e s e n t e n c e ' s meaning. 

3 . 1 S y n t a c t i c a n a l y s i s 

The f i r s t s t e p c o n s i s t s o f a comple te w o r d -
by -word m o r p h o l o g i c a l a n a l y s i s o f t he i n p u t 
sentence d u r i n g wh ich we d e a l w i t h problems o f 
word r e c o g n i t i o n , i n f l e c t i o n a l and d e r i v a t i o n a l 
a f f i x a n a l y s i s and c o n t r a c t i o n s . T h i s s e c t i o n o f 
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t h e system i s a l s o r e s p o n s i b l e f o r r e c o g n i z i n g 
con t i guous s e t s of words such as i d ioms and com
pound words , and f o r r e p l a c i n g them w i t h o t h e r 
words o r symbols wh ich t h e r e s t o f t h e system can 
unders tand ( e . g . , "Depar tment of Computer Sc ience" 
w i l l b e r e p l a c e d b y " d c s " ) . 

The o u t p u t o f t h i s s e c t i o n o f t h e a l g o r i t h m i s 
a t a b l e o f d i c t i o n a r y e n t r i e s , i n c l u d i n g m u l t i p l e 
e n t r i e s f o r ambiguous words , co r respond ing t o t h e 
words i n t h e o r i g i n a l sen tence . 

The t a b l e i s passed to an augmented t r a n s i t i o n 
network ( h e r e a f t e r ATN) grammar f o r s y n t a c t i c 
a n a l y s i s . The a n a l y s i s i s n o n - d e t e r m i n i s t i c and 
s e v e r a l parses are p o s s i b l e f o r the same sen tence . 
However, o n l y one pa rse is produced a t any one 
t i m e . A n i n t e r e s t i n g f e a t u r e o f t he pa rse r i s the 
way i n wh ich i t hand les a d v e r b i a l s . U s u a l l y , 
a d v e r b i a l s can modi fy one o f s e v e r a l p r e d i c a t e s o r 
noun phrases o f t he i n p u t and the m o d i f i c a t i o n 
wh ich i s a c t u a l l y c o r r e c t can o n l y be de te rm ined on 
semant ic g rounds . The p a r s i n g s t r a t e g y we have 
adopted ensures t h a t we can r e t r i e v e f rom the pa rse 
t r e e a l l and o n l y t h e p o s s i b l e c o n s t i t u e n t s wh ich 
the a d v e r b i a l can m o d i f y . 

3.2 C o n s t r u c t i n g a semant ic graph f rom a pa rse 
t r e e 

By a semant ic graph we mean here a graph which 
i n v o l v e s c o n c e p t s , c h a r a c t e r i s t i c s and events 
connected t h rough semant ic r e l a t i o n s (cases , 
c o n n e c t i v e s e t c . ) , b u t n o t y e t i n t e g r a t e d t o t h e 
semant ic n e t . 

The p r e l i m i n a r y p r o c e s s i n g o f t h e parse t r e e 
f i n d s p o s s i b l e r e f e r e n t s f o r noun phrases (NPs) i n 
the i n p u t . Each NP may be r e f e r r i n g to an a l r e a d y 
e x i s t i n g o b j e c t on the semant ic ne t or a new one. 

I n the former case , e i t h e r the r e f e r e n t i s 
u n i q u e l y i d e n t i f i e d or a BVAR (Bound VARiable) node 
i s c r e a t e d , w i t h r e f e r e n t cand ida tes connected t o 
i t by CAND edges. Ques t ion words r e p l a c i n g noun 
groups are r ep resen ted by nodes l a b e l l e d " ? " . See 
FIG. 3 . 1 ( a ) , (b) f o r examples. 

Once a head node has been c o n s t r u c t e d f o r 
every NP, the system r e t r i e v e s case frames s t o r e d 
w i t h the p r e d i c a t e o f each sentence and a t tempts 
t o f i n d t h e a p p r o p r i a t e case f i l l e r s . 

The case f i t t i n g a l g o r i t h m f o r t h e second 
example w i l l c o n s t r u c t t h e ( p a r t i a l ) semant ic 
graph o f F IG. 3 .1(a) by us i ng the case frame f o r 
RECEIVE. 

The ve rbs BE and HAVE are hand led in a 
s p e c i a l way by us ing f u n c t i o n s r a t h e r than case 
f rames , s i n c e they have many meanings and uses. 
Thus f o r t h e f i r s t example, t h e BE f u n c t i o n no tes 
t h a t t h e parse t r e e f i t s the c h a r a c t e r i s t i c - v a l u e 
c o n f i g u r a t i o n and checks t h e s e l e c t i o n a l r e s t r i c 
t i o n s s p e c i f i e d by the ADDRESS node. The r e s u l t 
i s the semant ic s t r u c t u r e shown i n F IG. 3 . 1 ( b ) . 

The n e x t s tep to be c a r r i e d o u t i s the cons
t r u c t i o n of a graph f o r each PP or NP. Each PP or 
NP c o n s i s t s of a head noun and ze ro or more 
m o d i f i e r s . So f a r we have c o n s t r u c t e d a node f o r 
t h e head noun and we must now look at the m o d i f i e r s 
M o d i f i e r s can be p o s s e s s i v e s , r e l a t i v e c l a u s e s . 

p a r t i c i p l e s , a d j e c t i v e s or unused PPs domina ted by 
the c u r r e n t PP on the parse t r e e . 

For example, possess ive m o d i f i e r s a re hand led 
b y u s i n g a n i n e - p o i n t check l i s t f o r t h e v a r i o u s 
p o s s i b l e semant ic r e l a t i o n s between two words 
i n v o l v e d i n a c o n s t r u c t i o n o f t h e form " P ' s N" . 
Among them a r e : 

(a) N is a c h a r a c t e r i s t i c of P ( " John ' s h e i g h t ) 
(b) P possesses or owns N ( " J i m ' s b a l l " ) 
(c) N is p a r t o f P ( " J i m ' s l e g " ) 
(d) P p l a y s a r o l e ( f i l l s a case) in some e v e n t 

a s s o c i a t e d w i t h N ( "Mary 's t e l e g r a m " means 
"Mary s e n t / r e c e i v e d a t e l e g r a m " ) . 

Note t h a t these cases , and e s p e c i a l l y (a) and 
( d ) , may no t be m u t u a l l y e x c l u s i v e . Thus, as 
p o i n t e d o u t i n s e c t i o n 2 . 2 , " J o h n ' s address " may 
be r e p r e s e n t e d e i t h e r i n terms o f a c h a r a c t e r i s t i c 
o r a n i m p l i e d e v e n t , o r b o t h . 

The o t h e r t ypes o f m o d i f i e r s are a l s o h a n d l e d 
t h rough h e u r i s t i c r u l e s , wh ich w i l l no t b e d i s 
cussed h e r e . 

Once the c o n s t r u c t i o n o f graphs f o r t h e PPs 
and NPs of the parse t r e e is comp le te , we a t t e m p t 
to de te rmine the system commands to be used f o r 
t h i s i n p u t sen tence , i f any . For example, one 
s imp le h e u r i s t i c used to de te rmine a command i s : 
I f t h e d e t e r m i n e r i s "how-many", then t h e command 
is COUNT ( r e t u r n i n g a number) . 

Not a l l ve rbs i n t h e d i c t i o n a r y appear a s 
even ts on the semant ic n e t . For example, t h e 
g raph f o r a sentence l i k e 
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"John Smith took CSC 2505 from Jim Brown" 
which is shown in FIG. 3 . 1 ( c ) , w i l l have to be 
mapped i n t o the "deeper" semantic s t r uc tu re shown 
in FIG. 3.1(d) before i t can be i n teg ra ted w i t h 
the semantic ne t . The task of mapping more surface 
semantic s t ruc tu res to deeper ones is ca r r i ed out 
by mapping funct ions associated w i t h some events 
o r c h a r a c t e r i s t i c s . 

The f i n a l r e s u l t o f t h i s pa r t o f the a lgo r i thm 
fo r our sample sentences is shown in FIG. 3.2. 
Note t h a t each node of the semantic graph cons-
t r uc ted is associated w i t h a node of the semantic 
net shown in FIGs 2.2 and 2 .3 . More d e t a i l s about 
t h i s p a r t of the system can be found in [ 12 ] . 

T h i s w i l l b e done b y u s i n g s y n t a c t i c c r i t e r i a and 
h e u r i s t i c s . These c r i t e r i a and h e u r i s t i c s c o u l d 
have been expressed i n terms o f semant ic r e l a t i o n s , 
b u t w e f e e l t h a t i n eve ry u n i v e r s e o f d i s c o u r s e 
t h e r e w i l l be p e r i p h e r a l knowledge, such as 
r e c o g n i z i n g add resses , wh ich w i l l b e s t b e 
i n t e g r a t e d i n t o the system th rough r e c o g n i t i o n 
f u n c t i o n s r a t h e r t h a n an expanded semant ic n e t 
work . 

The i n t e g r a t i o n o f t h e semant ic g raph t o t h e 
semant ic n e t i s c a r r i e d o u t b y moving t h e a s s o c i a 
t i o n s c o n s t r u c t e d d u r i n g the p r e v i o u s s t e p , shown 
in F IG. 3.2 as b roken l i n e s , as f a r "down" a l o n g 
SUB- and E - l a b e l l e d edges as p o s s i b l e . 

P o r t i o n s o f t h e r e s u l t i n g semant ic n e t a r e 
shown in FIG. 3.3 f o r t h e two sample sen tences . 

3.3 I n t e g r a t i n g a semant ic graph to the semant ic 
n e t 

Due to the p r o p e r t i e s o f t h e s u p e r s e t - s u b s e t 
h i e r a r c h y , t h e r e i s a un ique p o s i t i o n on t h e 
semant ic n e t f o r each semant ic g raph we w ish to 
i n t e g r a t e . I n t h i s s e c t i o n w e s k e t c h b r i e f l y t h i s 
i n t e g r a t i o n p r o c e s s . 

Many g e n e r i c o b j e c t s on the semant ic n e t have 
r e c o g n i t i o n f u n c t i o n s a s s o c i a t e d t o them, wh ich 
recogn ize i n s t a n t i a t i o n s o f these g e n e r i c o b j e c t s . 

Cons ide r , f o r example , t h e g e n e r i c concept 
ADDRESS-VALUE and i t s a s s o c i a t e d r e c o g n i t i o n f u n c 
t i o n IS-ADDRESS. When t h e semant ic graph f o r , 
say , "John S m i t h ' s address i s 65 S t . George S t . , 
T o r o n t o " i s b e i n g i n t e g r a t e d , IS-ADDRESS w i l l b e 
asked t o de te rmine whether "65 s t . george s t . , 
t o r o n t o " i s an i n s t a n t i a t i o n o f ADDRESS-VALUE. 

One of the i n t e r e s t i n g features of the 
i n t e g r a t i n g procedure i s t ha t i n ce r t a i n s i t u a 
t i ons i t w i l l attempt t o create missing cases, 
which are marked as o b l i g a t o r y , by c a l l i n g the 
FIND-INSTANCES func t i on or by using de fau l t 
values represented e x p l i c i t l y on the semantic ne t . 
Thus in i n t e g r a t i n g the semantic graph f o r 

"What is h i s grade?" 
FIND-INSTANCE w i l l be c a l l e d to f i n d the re levan t 
course associated w i t h " h i s grade". To the 
ques t i on , however, 

"What is. h i s s ta tus?" 
the system w i l l take " s t a t u s " to mean "academic-
s ta tus " and w i l l a lso assume tha t i t i s to be 
considered WRT "dcs" (the de fau l t value in t h i s 
case). 

Another important feature of the i n t e g r a t i n g 
procedure i s t ha t i t attempts t o perform r e f e r e n t 
determinat ion at a deeper semantic l e v e l than t h a t 
t r i e d e a r l i e r . For example, in determining a 
r e fe ren t fo r " h i s " i n 

"What is h i s grade?" 
one may consider f i r s t as candidate any male 
person. During the i n t e g r a t i o n process, however, 
and as the semantic graph is moved down, it may 
be determined t h a t the candidates should be 
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r e s t r i c t e d t o s t u d e n t s (or g r a d u a t e - s t u d e n t s , o r 
g r a d u a t e - s t u d e n t - i n - d c s ) . The i n t e g r a t i o n p rocess 
no tes such r e s t r i c t i o n s and e l i m i n a t e s cand ida tes 
wh ich do n o t s a t i s f y them. 

4. Us ing the DBMS D u r i n g a D ia logue 

Once TORUS has found t h e "meaning" of an 
i n p u t sentence by c o n s t r u c t i n g a semant ic g raph 
and i n t e g r a t i n g i t t o the semant ic n e t , i t must 
execute the genera ted system commands, i f any. 
T h i s s e c t i o n d e s c r i b e s t h e e x e c u t i o n o f these 
commands and the i n t e r p r e t a t i o n o f t h e i r outcome. 

The s e c t i o n i s d i v i d e d i n t o t h r e e s u b s e c t i o n s 
wh ich dea l w i t h t h e commands i n c r e a s i n g l y c l o s e r 
to t h e DBMS: 

(a) The semant ic l e v e l : commands here ope ra te 
on the da ta base a t t r i b u t e s w i t h no knowledge 
about how a t t r i b u t e s are d i v i d e d i n t o 
r e l a t i o n s . 
The i n t e r f a c e l e v e l : commands here ope ra te (b) 

(c) 
on one or more da ta base r e l a t i o n s . 
The DBMS l e v e l : commands opera te on 
i n d i v i d u a l da ta base r e l a t i o n s . 

4 . 1 The semant ic l e v e l 

The i n p u t t o t h i s l e v e l i s a c o m m a n d - l i s t , 
a long w i t h a l i s t o f p o i n t e r s t o o b j e c t s o n the 
semant ic n e t on wh ich these commands w i l l o p e r a t e . 
Th i s l e v e l c o n s t r u c t s a reques t f o r i n f o r m a t i o n 
f rom t h e i n t e r f a c e l e v e l and sends t h i s r eques t t o 
t h e i n t e r f a c e . When t h i s i n f o r m a t i o n i s r e t u r n e d , 
t h e semant i c n e t i s updated a c c o r d i n g l y . 

For t h e f i r s t example, t h e r e s u l t o f t h i s 
computa t ion i s the rep lacement o f the ' ? ' - l a b e l l e d 

n o d e ( F I G . 3 . 3 ( a ) ) b y J o h n S m i t h ' s a d d r e s s , p r o 
v i d e d t h i s c a n b e f o u n d i n t h e d a t a b a s e . 

F o r t h e s e c o n d e x a m p l e t w o l e t t e r s o f r e c o m 
m e n d a t i o n a r e r e t r i e v e d f r o m t h e d a t a b a s e a n d t h e 
r e s u l t i n g s e m a n t i c n e t i s s h o w n i n F I G . 4 . 1 . N o t e 
t h a t t h e RECEIVE e v e n t o f t h e i n p u t s e n t e n c e h a s 
b e e n i n s t a n t i a t e d t w i c e t o a c c o u n t f o r t h e t w o 
i n s t a n t i a t i o n s o f RECEIVE t h a t w e r e j u s t r e t r i e v e d 
f r o m t h e d a t a b a s e . 

4 . 2 The i n t e r f a c e l e v e l 

The i n t e r f a c e l e v e l dec ides wh ich r e l a t i o n s 
shou ld be accessed f o r the commands passed to i t 
by the semant ic l e v e l and what da ta base commands 
shou ld be used. S e c u r i t y check ing and cos t 
e s t i m a t i o n i s a l s o c a r r i e d o u t a t t h i s l e v e l . 

4 .3 The DBMS l e v e l 

Th is l e v e l o f f e r s p r i m i t i v e s f o r m a i n t a i n i n g 
and m a n i p u l a t i n g a r e l a t i o n a l da ta base th rough a 
system c a l l e d MINIZ. D e t a i l s about the system and 
a l a r g e r DBMS p r o j e c t c a l l e d ZETA can be found 
e lsewhere [ 13 , 1 4 ] . 

5 . Gene ra t i ng E n g l i s h Sentences 

The p rob lem of g e n e r a t i n g a response w i l l be 
broken down i n t o two p a r t s : 

( a ) S e l e c t i n g t h e i n f o r m a t i o n t o b e o u t p u t 
(b) G e n e r a t i n g a sen tence , g i v e n the i n f o r m a t i o n 

s e l e c t e d i n ( a ) . 

5 .1 The s e l e c t o r 

The s e l e c t o r ' s main j o b i s t o c o n s t r u c t a 
graph wh ich c o n t a i n s i n f o r m a t i o n r e l e v a n t t o the 
i n p u t s t a t e m e n t . I n c o n s t r u c t i n g t h i s graph the 
s e l e c t o r mus t : 

(a) Recover i n f o r m a t i o n s t o r e d i m p l i c i t l y on t h e 
semant ic n e t . For example, i t must i n f e r 
t h e DESTINATION case of t h e RECEIVE even t of 
t h e second sentence by t a k i n g i n t o account 
the " t r a n s i t i v i t y " p r o p e r t y o f t h e s u p e r s e t -
subse t h i e r a r c h y . 

(b) Cons ider s t y l i s t i c prob lems such as p r o n o m i -
n a l i z a t i o n , n o m i n a l i z a t i o n , m o d a l i t i e s , 
r e l a t i v e c lauses and amount o f d e t a i l t h a t 
w i l l b e p r o v i d e d i n the sys tem 's response . 

(c) Decide whether i t w i l l o u t p u t a sentence o r 
a NP. 

The i n p u t t o the s e l e c t o r i s a l i s t o f 
p o i n t e r s t o o b j e c t s o n the semant ic n e t t h a t cons 
t i t u t e t h e main even t o r c h a r a c t e r i s t i c o f t h e 
i n p u t sentence ( "address" and RECEIVE r e s p e c t i v e l y 
f o r our two examples) o r s t o r e d i n f o r m a t i o n 
r e l e v a n t t o the i n p u t sentence ( e . g . , t he add ress -
va lue found f o r t h e f i r s t example, and t h e 
recommending persons a long w i t h the da tes when t h e 
recommendation l e t t e r s were sen t f o r t h e second 
example ) . 

The s e l e c t o r f i r s t cop ies the p o r t i o n o f t he 
semant ic n e t wh ich i s to be o u t p u t (FIGs. 5 .1 (a ) 
and 5 .1 (b ) r e s p e c t i v e l y f o r the two examp les ) . I t 
t hen uses i n v e r s e mapping f u n c t i o n s to produce a 
more s u r f a c e , b u t s t i l l case-grammar-based, 
r e p r e s e n t a t i o n o f t h e i n f o r m a t i o n t o b e o u t p u t . 
Wh i le t h i s mapping i s b e i n g c a r r i e d o u t , NPs are 
c o n s t r u c t e d f o r t h e concepts o f t he answer graph 
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Modal i ty l i s t s are constructed next and a surface 
order ing ru le (SOR) is chosen fo r each verb of the 
r e s u l t i n g s t r u c t u r e . SORs, as used here and e l se 
where, [15, 16 ] , b a s i c a l l y spec i fy the order in 
which the system should output the syn tac t i c cases 
associated to a p a r t i c u l a r verb. 

5.2 The generator 

Once constructed, the answer graph is passed 
to the generator which must const ruct a sentence 
from i t . This is accomplished by using a vers ion 
of the Simmons-Slocum a lgor i thm [16 ] . Some of the 

e x t e n s i o n s we have i n c o r p o r a t e d i n t o our g e n e r a t i o n 
a l g o r i t h m a r e : 

(a) The grammar we use , d e f i n e d in terms of an 
ATN, i s more complete than t h a t d e s c r i b e d in 
[16] and a l l o w s comp lemen ta t i on , r e f l e x i v i z a -
t i o n and complex NPs. 

(b) M o r p h o l o g i c a l f u n c t i o n s are used to f i n d 
r e g u l a r i n f l e c t i o n s o f verbs and nouns. 

(c) Ques t i on -gene ra t i on has been g e n e r a l i z e d to 
a l l o w m u l t i p l e q u e r i e s . 

More d e t a i I s about the s e l e c t o r and the 
gene ra to r can be found in [ 1 7 ] . 

The f i n a l ou tpu t f o r the two examples i s 
" H i s address i s 65 S t . George S t . , T o r o n t o , 

Canada" 
and 

"We have r e c e i v e d two l e t t e r s of recommendat ion 
f rom Jim Brown and Joe Doe on May 17 and June 
2 1 " . 

6 . Imp lemen ta t i on 

A f i r s t v e r s i o n of TORUS has been implemented 
on an IBM 370/165 II under OS/MVT and is c u r r e n t l y 
be ing t e s t e d . The languages used f o r the i m p l e 
men ta t i on are SPITBOL [18] and l .PAK, an e x t e n s i o n 
o f SPITBOL o f f e r i n g graphs and graph p a t t e r n s [ 1 9 ] . 
S ince MINI", has been implemented in P L / I , one p a r t 
o f t he i n t e r f a c e l e v e l was w r i t t e n i n t h a t 
language. The i n p u t d i c t i o n a r y c o n t a i n s a t t h i s 
t ime a p p r o x i m a t e l y 400 words , the semant ic ne t 
o n l y 100 nodes and we have w r i t t e n v e r y few 
mapping, r e c o g n i t i o n and i n v e r s e mapping f u n c t i o n s . 

7. Conc lud ing Remarks 

The system we implemented is in many ways 
i n c o m p l e t e . A p a r t f rom expand ing the v o c a b u l a r y , 
t h e semant ic n e t and t h e v a r i o u s t a b l e s used , and 
t e s t i n g the system t o de te rm ine i t s l i m i t a t i o n s , 
t h e r e are s e v e r a l i m p o r t a n t f e a t u r e s wh ich we are 
c u r r e n t l y r e s e a r c h i n g and propose to add to TORUS 
in the near f u t u r e . Among them we no te 

(a) An i n f e r e n t i a l c a p a b i l i t y based on the 
semant ics o f connec t i ves and cases. 

(b) A q u e s t i o n - g e n e r a t i o n f a c i l i t y wh ich w i l l 
enable the system t o r e s o l v e d i f f i c u l t i e s i t 
i s e n c o u n t e r i n g by a s k i n g q u e s t i o n s t o be 
answered e i t h e r by the u s e r , t he semant i c 
ne t or the DBMS. 

(c) A more g e n e r a l r e f e r e n t d e t e r m i n a t i o n r o u t i n e 
based on i n f e r e n c e and c o n t e x t u a l e x p e c t a 
t i o n s . 

(d) More g e n e r a l mechanisms f o r h a n d l i n g c o n j u n c 
t i o n , d i s j u n c t i o n and q u a n t i f i c a t i o n t han 
those c u r r e n t l y a v a i l a b l e i n the sys tem. 

We b e l i e v e a t t h i s t ime t h a t these f e a t u r e s 
can be added w i t h o u t h a v i n g to mod i fy or even 
ex tend the methodology we have been u s i n g . We 
c u r r e n t l y a re engaged in r e s e a r c h on man-machine 
c o n v e r s a t i o n s and expec t t h i s research to have a 
major i n f l u e n c e on f u t u r e v e r s i o n s o f TORUS. 

We b e l i e v e t h a t TORUS has made i m p o r t a n t 
c o n t r i b u t i o n s i n two areas o f A I : 

(a) Language Unde rs tand ing 
The main c o n t r i b u t i o n here i s i n the emphasis 

we have p l a c e d on t h e d e s i g n and i m p l e m e n t a t i o n of 
an i n t e g r a t e d language sys tem f o r a p a r t i c u l a r 
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p r o b l e m d o m a i n , i n t h i s c a s e s t u d e n t f i l e s and t h e 
e d u c a t i o n a l p r o c e s s . D e s i g n i n g a s y s t e m w i t h s u c h 
g o a l s i s a n d w i l l r e m a i n a d i f f i c u l t p r o b l e m t h a t 
w i l l r e q u i r e e x p e r t i s e i n c o m b i n i n g and p o s s i b l y 
m o d i f y i n g s o l u t i o n s t h a t h a v e b e e n p r o p o s e d t o 
s p e c i f i c l a n g u a g e p r o b l e m s ( i n p u t , o u t p u t , r e p r e 
s e n t a t i o n , r e f e r e n t d e t e r m i n a t i o n e t c . ) . M o r e o v e r , 
a m e t h o d o l o g y m u s t be d e v e l o p e d f o r c o n s i d e r i n g a 
p r o b l e m d o m a i n a n d r e p r e s e n t i n g t h e r e l e v a n t 
k n o w l e d g e . W e know o f o n l y t w o o t h e r w o r k s 
( W i n o g r a d [ 9 ] , S c r a g g [ 2 1 ] ) w h i c h have t a c k l e d 
t h i s p r o b l e m . The s t u d e n t f i l e s w o r l d i s d i f f e r e n t 
f r o m W i n o g r a d ' s B l o c k s w o r l d and S c r a g g ' s k i t c h e n 
w o r l d p r i m a r i l y i n t h a t t h e r e l e v a n t k n o w l e d g e i s 
m o s t l y i n s t i t u t i o n a l r a t h e r t h a n p h y s i c a l i n 
n a t u r e a n d t h i s has n a t u r a l l y l e d u s i n t o a 
d i f f e r e n t s e t o f r e p r e s e n t a t i o n a l p r i m i t i v e s . 

(b) A p p l i c a t i o n s o f A I 
A s w e h a v e a l r e a d y m e n t i o n e d i n t h e i n t r o d u c 

t i o n , t h e use o f l a n g u a g e u n d e r s t a n d i n g s y s t e m s i n 
d a t a management i s v e r y d e s i r a b l e and w i l l s o o n 
become q u i t e n e c e s s a r y i n o r d e r t o make d a t a bases 
a v a i l a b l e t o t h e c a s u a l u s e r ( " D a t e Bases t o t h e 
P e o p l e " i s o u r s l o g a n ) . I n o r d e r t o a c h i e v e t h i s 
w e w i l l h a v e t o s t u d y t h e p r o b l e m o f i n t e r f a c i n g 
NLUSs w i t h DBMSs, a p r o b l e m t h a t i s a s much w i t h i n 
A I a s t h o s e o f i n t e r f a c i n g a n u n d e r s t a n d i n g s y s t e m 
t o a n e a r ( s p e e c h u n d e r s t a n d i n g ) , a n eye ( v i s u a l 
u n d e r s t a n d i n g ) o r a body ( r o b o t i c s ) . R e l a t e d t o 
t h e i n t e r f a c e p r o b l e m , a r e t h e DBMSs' p r o b l e m s o f 
s e l e c t i n g a r e l a t i o n a l s c h e m a , g i v e n a s e m a n t i c 
n e t w o r k d e s c r i p t i o n o f a d a t a b a s e , m a i n t a i n i n g 
t h e c o n s i s t e n c y o f a ( r e l a t i o n a l ) d a t a base b y 
u s i n g t h e a s s o c i a t e d s e m a n t i c n e t w o r k , a n d 
d e c i d i n g o n i s s u e s o f c o s t and s e c u r i t y r e g a r d i n g 
t h e d a t a base b y , a g a i n , u s i n g t h e a s s o c i a t e d 
s e m a n t i c n e t w o r k . W e t a c k l e d some o f t h e s e p r o 
b l e m s a n d t h e r e a r e a l r e a d y more r e c e n t r e s u l t s 
(Schmid a n d Swenson [ 2 0 ] , R o u s s o p o u l o s [ 2 2 ] ) t h a t 

have been i n f l u e n c e d by TORUS. 

T r a d i t i o n a l a p p r o a c h e s t o d a t a base manage
ment e m p h a s i z e t h e s y n t a x o f d a t a u s i n g s u c h 
p h r a s e s a s " r e p e a t i n g g r o u p " e t c . The r e l a t i o n a l 
a p p r o a c h , t h o u g h s t i l l s y n t a c t i c , i s m o v i n g away 
f r o m s y n t a x ( " r e l a t i o n s " , " f u n c t i o n a l d e p e n d e n 
c i e s " , e t c . ) . H o w e v e r , p r o b l e m s s t i l l e x i s t due 
t o t h e l a c k o f s e m a n t i c s o f t h e r e a l w o r l d . TORUS 
i s i n t e n d e d t o b e a b r i d g e t o t h i s r e a l m . 
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