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A b s t r a c t 

T h i s paper o u t l i n e s a r e p r e s e n t a t i o n o f 
knowledge based on semant ic networks and o r g a n i z e d 
in terms o f semant ic axes and " s c e n a r i o s " . A c o n ­
t e x t mechanism f o r such ne ts i s a l s o d i s c u s s e d , 
a l o n g w i t h a n a l g o r i t h m f o r i n t e g r a t i n g new i n f o r ­
mat ion to a semant ic n e t . F i n a l l y , an example i s 
g i v e n t o i l l u s t r a t e the r e p r e s e n t a t i o n and the 
c o n t e x t mechanism. 

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

The r e p r e s e n t a t i o n o f knowledge i s one o f t h e 
most i m p o r t a n t problems o f A I t oday . E a r l y 
approaches t o A I a t t emp ted t o s i m p l i f y the problems 
t a c k l e d b y p r o p o s i n g s y n t a c t i c s o l u t i o n s t o 
i n h e r e n t l y semant ic p rob lems , thus u n d e r s t a t i n g the 
impor tance o f the r e p r e s e n t a t i o n o f knowledge. The 
h i s t o r y o f A I has t a u g h t u s , however, t h a t t h e r e 
a re no s h o r t c u t s t o the process o f " u n d e r s t a n d i n g " . 
T h i s p rocess can o n l y be accompl ished by a system 
t h a t possesses knowledge about the t o p i c i t i s 
expec ted to u n d e r s t a n d . Moreover , t he degree o f 
u n d e r s t a n d i n g i s p r o p o r t i o n a l t o the degree t o 
wh ich t h i s knowledge can be used f o r r e c o g n i t i o n 
and p r e d i c t i o n . The impor tance o f the r e p r e s e n t a ­
t i o n o f knowledge stems f rom these p rem ises . 

In t h i s paper we o u t l i n e a model o f semant ic 
r e p r e s e n t a t i o n t h a t i n c l u d e s a semant ic n e t ( w o r k ) 
and a c o n t e x t mechanism, and i l l u s t r a t e i t s use 
w i t h s e v e r a l examples. 

Our semant i c n e t i s o r g a n i z e d around t h e 
concept o f a " s c e n a r i o " , i . e . a semant ic u n i t t h a t 
may encompass more t han j u s t i s o l a t e d p r o p o s i t i o n s . 
T h i s i s i n agreement w i t h c u r r e n t t r ends i n t h i s 
a rea o f r e s e a r c h (Minsky [ 1 ] , Schank [ 2 ] , Abe lson 
[ 3 ] e t c . ) * Scenar ios as w e l l as more e lementa ry 
semant ic e n t i t i e s a re o r g a n i z e d on t h e semant ic n e t 
a l o n g two axes we have c a l l e d the SUB and DEF axes . 
The SUB a x i s has been used e lsewhere (Norman and 
Rumelhar t [ 4 ] , M a r t i n I 5 ] ) and a fo rm of the DEF 
a x i s has a l s o been used i n [ 4 l . 

Given a semant ic n e t , we c o n s i d e r t h e p rob lem 
o f d e f i n i n g and u s i n g a c o n t e x t mechanism f o r 
r e f e r e n t d e t e r m i n a t i o n , (semant ic) d i s a m b i g u a t i o n 
and i n f e r e n c e . The prob lem of i n t e g r a t i n g new 
i n f o r m a t i o n t o t h e semant ic n e t i s a l s o t r e a t e d 
t h rough a process we c a l l "g raph f i t t i n g " and t h e 
r e l a t i o n s h i p o f c o n t e x t and graph f i t t i n g i s d i s ­
cussed . F i n a l l y , a l ong example i s p r e s e n t e d t o 
i l l u s t r a t e b o t h the s u i t a b i l i t y o f t h e r e p r e s e n t a ­
t i o n and t h e use o f the c o n t e x t mechanism. 

The knowledge we have rep resen ted and used f o r 
most o f t h e examples i s d e r i v e d f rom t h e "educa ­
t i o n a l w o r l d " , i . e . t he w o r l d o f s t u d e n t s , courses 

and g r a d e s , a p p l i c a t i o n s t o u n i v e r s i t i e s and 
d e c i s i o n s b y u n i v e r s i t i e s r e g a r d i n g a d m i s s i o n , 
e t c . We c o n s i d e r the e d u c a t i o n a l w o r l d an example 
o f an i n s t i t u t i o n a l w o r l d and rega rd f u r t h e r work 
o n m o d e l l i n g p a r t i c u l a r i n s t i t u t i o n a l w o r l d s q u i t e 
i m p o r t a n t s i nce they subsume many s i t u a t i o n s wh ich 
a r i s e i n d a i l y l i f e , e . g . b u s i n e s s . Wi th the 
e x c e p t i o n o f work by M a r t i n [ 5 ] and M a l h o t r a [6 , 
we are n o t aware o f o t h e r major e f f o r t s to r e p r e ­
sen t and use knowledge t h a t can be c l a s s i f i e d as 
i n s t i t u t i o n a l . 

We must emphasize f rom t h e b e g i n n i n g t h a t 
t h i s work has a s g o a l the c r e a t i o n o f " i n t e l l i g e n t " 
computer systems r a t h e r than c o g n i t i v e s i m u l a t i o n 
of humans. The work was c a r r i e d o u t as p a r t o f 
the TORUS (TORonto Unders tand ing System) p r o j e c t 
whose aim i s t o p r o v i d e n a t u r a l language f r o n t 
ends to ( r e l a t i o n a l ) da ta base management sys tems. 
A p r o t o t y p e v e r s i o n of TORUS has been imp lemen ted , 
(Mylopoulos e t a l [ 7 ] , and uses a s i m p l e r v e r s i o n 
of t he semant ic memory d e s c r i b e d h e r e . The 
u n i v e r s e o f d i scou rse f o r the p r o t o t y p e i s , a g a i n , 
t he e d u c a t i o n a l w o r l d . 

1 . Wor ld M o d e l l i n g 

By " w o r l d m o d e l l i n g " we mean here t h e p rocess 
o f r e p r e s e n t i n g the knowledge r e l e v a n t t o a t o p i c 
o f d i s c o u r s e . I n t h i s s e c t i o n w e i n t r o d u c e t h e 
TORUS r e p r e s e n t a t i o n and g i v e s e v e r a l examples of 
how knowledge about a domain of d i s c o u r s e can be 
r e p r e s e n t e d . 

1.1 The Semantic Network - Bas ic B u i l d i n g B locks 

The semant ic ne twork is s i m p l y a l a b e l l e d 
d i r e c t e d g raph , where b o t h edges and nodes may be 
l a b e l l e d . The l a b e l s o f nodes w i l l o n l y be used 
f o r r e f e r e n c e purposes and w i l l u s u a l l y be mnemonic 
names. The l a b e l s o f edges, on t h e o t h e r h a n d , 
w i l l have a number o f a s s o c i a t e d semant ic p r o p e r ­
t i e s and i n f e r e n c e s . 

I t must be no ted t h a t our use o f t h e t e rm 
"seman t i c ne twork" i s d i f f e r e n t f rom t h a t o f 
Q u i l l i a n [ 8 ] , Simmons [9 ] , e t c . However, we f e e l 
t h a t t h e te rm cap tu res the essence o f t h e o b j e c t 
i t names and propose t o con t i nue t o use i t . 

We recogn i ze t h r e e b a s i c t ypes of nodes: 
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 , wh ich a re 
used to r ep resen t the ideas making up ou r u n i v e r s e . 

Concepts are t h e e s s e n t i a l c o n s t a n t s o r p a r a ­
meters o f our w o r l d and s p e c i f y o b j e c t s o r 
a b s t r a c t i o n s . There is a loose c o n n e c t i o n between 
concepts and a subset o f t he c l a s s o f nouns. 
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Events a re used t o r e p r e s e n t t h e a c t i o n s wh ich 
can occur i n the w o r l d t h a t we are m o d e l l i n g . 
T h e i r r e p r e s e n t a t i o n ased on a case-grammar 
mode l , w i t h wh ich we assume the reader i s f a m i l i a r , 
cases (or r o l e s ) w i l l be r e p r e s e n t e d by case-
l a b e l l e d edges r a d i a t i n g ou tward f rom the even t 
node and p o i n t i n g t o t h e nodes wh ich f i l l t h e 
r e s p e c t i v e cases . 

For example, 

r e p r e s e n t s a n i n s t a n c e o f t h e even t " a p p l y " w i t h 
the agent case f i l l e d by " j o h n " and t h e d e s t i n a t i o n 
case f i l l e d b y " d e p a r t m e n t " . 

The f o l l o w i n g i s the l i s t o f the cases 
p r e s e n t l y i n use : agent ( a ) , a f f e c t e d ( a f f ) , 
t o p i c ( t ) , i n s t r u m e n t ( i ) , r e s u l t ( r ) , source ( s ) , 
d e s t i n a t i o n (d) and o b j e c t ( o ) . T h e i r names are 
i n t e n d e d t o b e a p p r o x i m a t e l y s e l f - e x p l a n a t o r y . 

For a complete u n d e r s t a n d i n g o f an e v e n t , a l l 
o f i t s cases must be known. We w i l l n o t i n s i s t , 
however , t h i s a lways be done a t the t ime the even t 
i s f i r s t p r e s e n t e d f o r i n t e g r a t i o n w i t h the semant ic 
n e t and the c o n t e x t . Many semant ic cases wh ich a re 
o m i t t e d f rom the i n p u t a re f i l l e d i n b y d e f a u l t and 
c o n t e x t u a l l y i n f e r r e d cases when t h i s i n p u t i s 
i n t e g r a t e d i n t o the n e t . 

The cases o f an even t can o f t e n be r e l a t e d to 
l i n g u i s t i c s y n t a c t i c phenomena ( e . g . p r e p o s i t i o n s , 
i n f l e c t i o n a l a f f i x e s , e t c . ) o f a co r respond ing ve rb 
and t h i s c o r r e l a t i o n can b e ve ry h e l p f u l i n 
o b t a i n i n g t h e mapping between a c t u a l sentences and 
t h e i r semant ic r e p r e s e n t a t i o n . 

A more i m p o r t a n t f u n c t i o n o f cases i s to a i d 
i n i n f e r e n c e and o t h e r l o g i c a l o p e r a t i o n s wh ich 
must be per fo rmed when i s o l a t e d even ts are p u t i n t o 
c o n t e x t . T h i s i s a n i m p o r t a n t t o p i c and w i l l b e 
d i s c u s s e d i n s e c t i o n 2 . 2 . 

C h a r a c t e r i s t i c s are used t o r ep resen t s t a t e s 
and t o mod i fy c o n c e p t s , even ts o r o t h e r c h a r a c t e r ­
i s t i c s . For c o n c e p t s , c h a r a c t e r i s t i c s can be 
q u a l i t i e s , t r a i t s o r p r o p e r t i e s wh ich are i n h e r e n t 
i n , o r a s c r i b e d t o , t he concep t . For e v e n t s , 
c h a r a c t e r i s t i c s d e s c r i b e g e n e r a l p r o p e r t i e s wh ich 
a re l e s s c l o s e l y a s s o c i a t e d w i t h the even t than are 
cases and wh ich have a more g e n e r a l , u n i f o r m 
meaning a t a l l t imes ( e . g . l o c a t i o n , t i m e , d u r a t i o n , 
e t c . ) . A c h a r a c t e r i s t i c may be cons ide red to be a 
b i n a r y r e l a t i o n , mapping e lements f rom i t s domain -
those nodes to wh ich the c h a r a c t e r i s t i c may a p p l y , 
to t h e range - those va lues wh ich t h e c h a r a c t e r i s t i c 
may t a k e . For example , SEX maps ANIMAL i n t o t h e 
s e t c o n t a i n i n g MALE, FEMALE. G r a p h i c a l l y , the 
c h a r a c t e r i s t i c is r e p r e s e n t e d as a node l a b e l l e d by 
the name o f the c h a r a c t e r i s t i c , w i t h a " c h " 
( " c h a r a c t e r i z e " ) edge p o i n t i n g to an e lement o f t he 
domain and a " v " ( " v a l u e " ) edge p o i n t i n g to the 
c o r r e s p o n d i n g v a l u e : 

c h a r a c t e r i s t i c o f a PERSON, a l t h o u g h , i f cons ide red 
i n more d e t a i l , i t c o u l d b e rep resen ted a s the 
LOCATION of the DWELLING which the PERSON u s u a l l y 
INHABITS. In some c i r cumstances such a b b r e v i a t i o n s 
a re mappings f rom a c r o s s - p r o d u c t domain to a 
range and we use a WRT ( w i t h - r e s p e c t - t o ) edge to 
i n d i c a t e the second argument . For example, GRADE 
c h a r a c t e r i z e s STUDENTS w i t h r espec t to COURSE, 
p r o d u c i n g a GRADE.VALUE: 

I n a d d i t i o n t o these types o f e n t i t i e s , w e 
w i l l sometimes use ma themat i ca l p r e d i c a t e s such as 
MEMBER, DIFFERENCE, e t c . 

The nodes t h a t c o n s t i t u t e the semant ic n e t 
w i l l b e d i v i d e d i n t o two c l a s s e s : o n e , r e l a t i n g 
t o g e n e r i c c o n c e p t s , even ts and c h a r a c t e r i s t i c s , 
d e s c r i b e s the p o s s i b l e o r a l l o w a b l e s t a t e o f 
a f f a i r s i n our domain o f d i s c o u r s e . Th is c l a s s we 
s h a l l i n f o r m a l l y c a l l t he " u p s t a i r s " o f the seman­
t i c network i n c o n t r a s t t o the second c l a s s , t ' s 
" d o w n s t a i r s " , where we keep the i n s t a n t i a t i o n s and 
p a r t i c u l a r occurences o f v a r i o u s i d e a s . " U p s t a i r s " 
nodes w i l l have t h e i r names g i v e n i n c a p i t a l 
l e t t e r s , whereas nodes " d o w n s t a i r s " w i l l b e i n 
l o w e r - c a s e . 

The appara tus d e s c r i b e d i n the p r e v i o u s 
s e c t i o n i s s u f f i c i e n t f o r the r e p r e s e n t a t i o n o f 
most i s o l a t e d phenomena, b u t we need the a b i l i t y 
t o c o n s t r u c t l a r g e r u n i t s o f knowledge wh ich w i l l 
h e l p i n i n f e r e n c e , r e f e r e n t d e t e r m i n a t i o n , p r e d i c ­
t i o n , e t c . Such s t r u c t u r e s have been proposed i n 
v a r i o u s forms by many o t h e r s , i n c l u d i n g M i n s k y ' s 
frames [ 1 ] , Schank 's s c r i p t s [ 2 ] , R i esbeck ' s s t o r y 
p a t t e r n s [ 1 0 ] , e t c . We c a l l our v e r s i o n o f such 
s t r u c t u r e s s c e n a r i o s . 

A s c e n a r i o i s a c o l l e c t i o n o f e v e n t s , c h a r a c ­
t e r i s t i c s and ma themat i ca l p r e d i c a t e s r e l a t e d 
th rough t h e i r a s s o c i a t e d edges and t h e concepts 
f i l l i n g t h e i r cases , o r t h r o u g h tempora l and /o r 
causa l c o n n e c t i v e s , such as " b e f o r e " , " a f t e r " , 
" s a m e . t i m e " , " w h i l e " , " p r e r e q u i s i t e " and " e f f e c t " . 

One can rega rd a s c e n a r i o as a p a t t e r n w h i c h , 
when matched by a s t r u c t u r e , enables the system to 
make i n f e r e n c e s and p r e d i c t i o n s . C o n s i d e r , f o r 
example , the n o t i o n o f " a p e r s o n ' s c u r r e n t 
a d d r e s s " , wh ich may be rep resen ted as 

" T r u e " c h a r a c t e r i s t i c s are u s u a l l y n a t u r a l 
a t t r i b u t e s o f concep ts , b u t c h a r a c t e r i s t i c s can 
a l s o be used as a b b r e v i a t i o n s o f more comp l i ca ted 
s i t u a t i o n s , where we want to om i t unnecessary 
d e t a i l . Thus ADDRESS may be t hough t of as a 

135 



Here , " I t " s tands f o r the n u m e r i c a l p r e d i c a t e " l e s s 
t h a n * , and " b v a r " s tands f o r a bound v a r i a b l e whose 
v a l u e we do no t know. C l e a r l y t h i s is a ve ry 
s i m p l e s c e n a r i o s i n c e i t does n o t a l l o w any 
i n f e r e n c e s o r any ( n o n - t r i v i a l ) p r e d i c t i o n s . 

Cons ider now a s c e n a r i o f o r recommending a 
pe rson t o an o r g a n i z a t i o n by w r i t i n g a l e t t e r : 

Th is s c e n a r i o d e s c r i b e s a recommendat ion 
a c t i o n in terms of WRITE and TRANSFER a c t i o n s , the 
f i r s t b e i n g the p r e r e q u i s i t e o f t h e second. The 
r e l a t i o n s h i p between t h e cases o f t h e two a c t i o n s 
i s a l s o d e f i n e d . Note t h a t t h e recommending person 
is b o t h t h e agent of WRITE and t h e AGENT-SOURCE OF 
TRANSFER. The names of t h e nodes here i n d i c a t e t h e 
t ypes o f i n s t a n t i a t i o n s t h a t can f i l l t he cases o f 
t h i s s c e n a r i o . The " d i f f e r " edge s p e c i f i e s t h a t a 
pe rson cannot recommend h i m s e l f . 

The reade r may wonder how t h i s s c e n a r i o is 
r e l a t e d to RECOMMEND. We w i l l d i s c u s s o v e r a l l 
o r g a n i z a t i o n o f t he semant ic n e t i n the n e x t sec ­
t i o n and w e o n l y w i s h t o men t i on he re t h a t t h i s 
s c e n a r i o may be t h o u g h t of as an a b s t r a c t p rocedure 
d e f i n i n g RECOMMEND. There may be o t h e r s c e n a r i o s 
wh i ch d e f i n e WRITE and TRANSFER in terms of o t h e r , 
more p r i m i t i v e , e v e n t s . 

1.3 Semant ic Net O r g a n i z a t i o n 

So f a r we have d i s c u s s e d the e n t i t i e s t h a t 
se rve a s b u i l d i n g b l o c k s f o r o u r r e p r e s e n t a t i o n . 
In t h i s s e c t i o n we d e s c r i b e how they are p u t 
t o g e t h e r t o form the semant ic n e t . This o r g a n i z a ­
t i o n w i l l b e d e f i n e d i n terms o f " axes " o r 

"dimensions*' and severa l o ther types of edges. 

1.3.1 The SUB axis 

We w i l l say tha t the node X is a SUBnode of 
node Y, i f the set of i n s t a n t i a t i o n s of X is a 
subset of the set of i n s t a n t i a t i o n s of Y. The SUB 
r e l a t i o n between X and Y w i l l be denoted by 

"downs ta i rs " , the r e l a t i o n between Y and X is one 
of i n s t a n t i a t i o n or example-of. We w i l l cont inue 
to use an un labe l led edge to denote such r e l a t i o n s , 
s ince the fac t tha t X is "downstai rs" is already 
s p e c i f i e d by i t s name. Thus 

s p e c i f i e s t h a t STUDENT is a subconcept of PERSON, 
" J o h n . s m i t h " is an i n s t a n t i a t i o n o f PERSON ( i . e . a 
person) and " j i m . b r o w n " is a s t u d e n t . The SUB and 
i n s t a n t i a t i o n edges have been used by many o t h e r 
r e p r e s e n t a t i o n s o f knowledge. 

We can now o r g a n i z e ( p a r t i a l l y o r d e r ) t h e 
concepts o c c u r i n g i n ou r domain o f d i s c o u r s e i n t o 
a h i e r a r c h y , r e p r e s e n t a b l e by i t s Hasse d i ag ram. 
I t i s i m p o r t a n t t o no te t h a t (semant ic) p r o p e r t i e s 
o f concepts a re i n h e r i t e d a long the SUB a x i s . 
Thus, f o r example, s i n c e STUDENTS are PERSONS and 
PERSONS are PHYSICAL.OBJECTS, STUDENTS may have a 
WEIGHT a s s o c i a t e d w i t h them. T h i s p r o p e r t y o f t h e 
SUB a x i s p r o v i d e s us w i t h a ve ry i m p o r t a n t memory-
s a v i n g d e v i c e . 

Scenar ios are a l s o o r g a n i z e d on the SUB a x i s . 
Cons ide r t h e g e n e r i c c h a r a c t e r i s t i c f o r ADDRESS. 

LEGAL.PERSON ADDRESS.VALUE 

LEGAL.PERSON s tands f o r a pe rson or an o r g a n i z a t i o n 
( a n y t h i n g you can sue . . . ) . Below i t on t h e SUB 
a x i s we can p l a c e s c e n a r i o s f o r o f f i c e address and 
home add ress , f o r persons o n l y : 

Thus a PERSON'S o f f i c e ADDRESS, d e f i n e d by t h e 
node marked w i t h * , i s t h e l o c a t i o n v a l u e (address 
va lues are a l s o l o c a t i o n va lues i n t h i s r e p r e s e n ­
t a t i o n ) of t h e OFFICE USEd by t h e PERSON. The 
r e p r e s e n t a t i o n of USE and OFFICE is r a t h e r s u p e r ­
f i c i a l , b u t l e g a l , and w i l l d o t o d r i v e t h e p o i n t 
a c r o s s . 

We c o u l d now f i t t he c u r r e n t address be low 
t h e o f f i c e address s c e n a r i o , i n o r d e r t o d e f i n e 
t h e n o t i o n o f " c u r r e n t o f f i c e address " 
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The l e f t s u p e r s c r i p t 1 ' s i n d i c a t e the c o r r e s ­
pondence o f nodes between the l a s t two f i g u r e s . 
Note t h a t the ADDRESS node marked w i t h * does n o t 
need a " c h " o r " v " edge, s i n c e these are i n h e r i t e d 
f rom i t s SUPernode. 

Before we p roceed to d i scuss o t h e r axes used 
t o o r g a n i z e the semant ic n e t , i t i s w o r t h w h i l e t o 
men t ion a few t h i n g s about the t o p of the SUB a x i s , 
Every node on t h e semant i c n e t f i t s be low the node 
OBJECT, 

There need n o t be j u s t a s i n g l e " d e f " o r 
" f e d " edge l e a v i n g an even t b e i n g d e f i n e d . There 
can be s e v e r a l d e f i n i n g s c e n a r i o s f o r t h e same 
even t and many p o s s i b l e e n t r y p o i n t s ( "de f " edges) 
and e x i t p o i n t s ( " f e d " edges ) . Moreover , an even t 
o r c h a r a c t e r i s t i c may be d e f i n e d r e c u r s i v e l y . 

The RECOMMEND even t of the p r e v i o u s d iagram 
may be i t s e l f p a r t o f an A P P L Y - t o - a n - o r g a n i z a t i o n 
s c e n a r i o , wh ich can have as SUBscenario APPLY-to-a 
- u n i v e r s i t y . T h i s , i n t u r n , may b e p a r t o f a 
" g o i n g t o c o l l e g e " s c e n a r i o , wh ich i n t u r n may be 
p a r t o f a " g e t t i n g an e d u c a t i o n " s c e n a r i o . These 
s c e n a r i o s a re t hen r e l a t e d t o each o t h e r a l o n g t h e 
DEF and SUB a x i s as f o l l o w s : 

I t i s i n t e r e s t i n g t o no te t h a t w i t h such 
s c e n a r i o s b e i n g p r e s e n t a t t he top o f t he SUB a x i s , 
o n l y s t r u c t u r e s which f a i l t o s a t i s f y the s y n t a c t i c 
r u l e s o f t h e semant ic n e t w i l l b e r e j e c t e d ( i . e . 
w i l l match no s c e n a r i o on the n e t ) . Thus t h e 
s t r u c t u r e 

w i l l match a t l e a s t a t t he most gene ra l c h a r a c t e r ­
i s t i c s c e n a r i o g i v e n e a r l i e r , p r o v i d e d t h a t " c o l o r " 
can be c l a s s i f i e d as a c h a r a c t e r i s t i c and 3kg as a 
c h a r a c t e r i s t i c v a l u e . Th i s f e a t u r e o f t he semant ic 
n e t enab les u s t o i n t r o d u c e s c e n a r i o s t h a t w i l l 
account f o r ( s e m a n t i c a l l y ) unusua l s t r u c t u r e s . 
These s c e n a r i o s may cause i n f e r e n c e s such as " I 
d o n ' t unders tand what h e ' s t a l k i n g a b o u t " , e t c . , 
and r e s u l t i n c o r r e s p o n d i n g a c t i o n s o n t h e p a r t o f 
t he system ( q u e s t i o n the u s e r , e t c . ) . 

1 .3 .2 The DEF a x i s 

We have a l r e a d y d e f i n e d RECOMMEND ( th rough a 
l e t t e r ) in terms o f a s c e n a r i o . We w i l l denote 
t h e r e l a t i o n s h i p between RECOMMEND and i t s cases , 
on one hand , and t h e RECOMMEND s c e n a r i o , on the 
o t h e r hand, by u s i n g " d e f " and " f e d " - l a b e l l e d 
edges: 

At one end of the DEF a x i s one wou ld f i n d 
ve ry g e n e r a l s c e n a r i o s and p l a n s . I n t h e " e d u c a ­
t i o n " w o r l d , these m igh t i n v o l v e " g e t t i n g a n 
e d u c a t i o n " , " choos ing a v o c a t i o n " , e t c . 
a c t i v i t i e s wh ich i n t e r a c t w i t h a huge number o f 
o t h e r g e n e r a l s c e n a r i o s wh ich wou ld l e a d o f f i n t o 
d i v e r s e a r e a s . A domain o f d i s c o u r s e , f o r wh ich 
our r e p r e s e n t a t i o n m igh t be adequa te , wou ld 
a t t e m p t t o m in im ize i t s dependence upon t h i s end 
o f the d e f i n i t i o n a l a x i s . One o f the u n d e r l y i n g 
assumpt ions o f any a t t e m p t t o model s m a l l , c l o s e d 
domains o f d i s c o u r s e i s t h a t t h i s m i n i m i z a t i o n can 
be done. 

At t h e o t h e r end o f t h e DEF a x i s , one wou ld 
f i n d " p r i m i t i v e s " — those e n t i t i e s wh ich we 
choose no t to r e p r e s e n t and thus take as " g i v e n " , 
i m p l y i n g t h a t they a r e , somehow, u n d e r s t o o d . 
U n l i k e Schank, w e b e l i e v e t h a t the p r i m i t i v e s t h a t 
wou ld be i n c o r p o r a t e d i n t o a n e t shou ld be depen­
den t upon the domain o f d i s c o u r s e as w e l l as 
conven ience . 

F i n a l l y , we shou ld ment ion t h a t ano the r edge 
wh ich d e f i n e s an a x i s is the " p a r t " edge (a GRADE 
is a " p a r t " o f a TRANSCRIPT, wh ich is a " p a r t " o f 
an APPLICATION, a DEPARTMENT is a " p a r t " of a 
UNIVERSITY, e t c . ) . 

1.4 P rocedu ra l Knowledge 

Represen t ing knowledge on the semant ic n e t 
has the advantage t h a t t h i s i n f o r m a t i o n can be 
examined and reasoned about by the sys tem. On 
t h e o t h e r hand , the r e p r e s e n t a t i o n i s e x p e n s i v e . 
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and f o r any un i ve r se o f d i s c o u r s e , t h e r e w i l l 
a lways be ' p e r i p h e r a l ' knowledge f o r wh ich g e n e r a l 
reason ing may n o t be necessary- We r e p r e s e n t such 
knowledge in terms o f f u n c t i o n s wh ich we a s s o c i a t e 
t o co r respond ing nodes o f the semant i c n e t . 

Some o f these f u n c t i o n s we w i l l c a l l 
r e c o g n i t i o n f u n c t i o n s because t h e i r j o b i s t o use 
s y n t a c t i c and semant ic i n f o r m a t i o n i n o r d e r t o 
recogn i ze i n s t a n c e s o f a c l a s s ( e . g . a d d r e s s . v a l u e ) . 
Mapping f u n c t i o n s w i l l b e u s e f u l f o r mapping 
s t r u c t u r e s f rom one l e v e l o f t he r e p r e s e n t a t i o n t o 
ano the r . For example , mapping f u n c t i o n s may be 
used t o r e p l a c e p o r t i o n s o f t he d e f i n i t i o n a l a x i s 
i f i t i s dec ided t h a t o t h e r l e v e l s , more s u r f a c e o r 
deeper ones, a re n o t o f i n t e r e s t . Another t ype o f 
f u n c t i o n i s a d e f i n i t i o n a l f u n c t i o n / wh ich i s used 
t o d e f i n e p rocedures f o r p e r f o r m i n g p a r t i c u l a r 
a c t i o n s (EVALUATE an a p p l i c a t i o n , MOVE a b l o c k , 
e t c . ) . 

The same i ssue i s p a r t l y c o n t r o l l i n g ano ther 
q u e s t i o n : what ' p r i m i t i v e s ' do we use in our 
r e p r e s e n t a t i o n ? Some p r i m i t i v e s are i m p o r t a n t 
because o f the i n f e r e n c e s they genera te o r r e q u i r e . 
For example, i n m o d e l l i n g the e d u c a t i o n a l o r any 
i n s t i t u t i o n a l w o r l d , t he event o f ASSIGNing va lues 
t o c e r t a i n c h a r a c t e r i s t i c s i s t r e a t e d a s a p r i m i ­
t i v e because i t i m p l i e s t h a t the agent o f t he 
a c t i o n i s s o c i a l l y r e s p o n s i b l e f o r t h e ac t and has 
t h e a u t h o r i t y t o c a r r y i t o u t ( e . g . o n l y a p r o f e s ­
so r i s a l l o w e d t o ass ign grades t o a s t u d e n t ) . 
Other ' p r i m i t i v e s ' are n o t h i n g more t han a r b i t r a r y 
unde f i ned terms ( e . g . WRITE), wh ich a re no t 
i m p o r t a n t t o t h e p a r t i c u l a r domain o f d i s c o u r s e 
f o r which t h i s r e p r e s e n t a t i o n i s gea red . S i m i l a r l y , 
some events w i l l be d e s c r i b e d by s c e n a r i o s in terms 
o f o t h e r even ts on the semant ic ne t ( e . g . APPLY in 
s e c t i o n 2 . 3 . 1 ) w h i l e o t h e r s are assumed to have an 
e x t e r n a l d e f i n i n g s c e n a r i o wh ich i s known t o e x i s t 
b u t i s n o t e x p l i c i t l y s t o r e d ( e . g . " c o m p l e t i n g a n 
a p p l i c a t i o n f o r m " ) . 

2 . Contex t and I t s Uses 

In t h i s s e c t i o n , we d e s c r i b e how c o n t e x t can 
be o r g a n i z e d so t h a t immediate i n f e r e n c e s a re 
c o n t e x t u a l l y a p p r o p r i a t e and v i c e v e r s a . The 
purpose o f the c u r r e n t c o n t e x t f a c i l i t y i s t o 
m a i n t a i n i n f o r m a t i o n r e l e v a n t t o t h e t o p i c a t 
hand . T h i s i n f o r m a t i o n i s d e r i v e d f rom e x p e c t a ­
t i o n s and i n f e r e n c e s and uses s c e n a r i o s . The 
s e c t i o n below d e s c r i b e s the process o f g e n e r a t i n g 
a c o n t e x t , us i ng i t f o r i n t e g r a t i n g i n p u t and 
d e t e r m i n i n g s e n t e n t i a l r e f e r e n t s . We a l s o d i scuss 
f i n d i n g the c o n t e x t r e l e v a n t to an i n p u t by a 
process c a l l e d "g raph f i t t i n g " . F i n a l l y , a 
d e t a i l e d example i s p r e s e n t e d , s e r v i n g t o cover 
many o f the s a l i e n t f e a t u r e s i n the p r e c e d i n g 
d i s c u s s i o n . 

2 . 1 Genera t ion o f Con tex t 

Our s tudy o f c o n t e x t here i s cen te red around 
i n f e r e n t i a l l y g e n e r a t i n g the " f o r e g r o u n d " (Chafe 
( 1 1 ) f o r a g i v e n sen tence . When r e g a r d i n g t h i s 
problem f rom a network p o i n t of v i e w , one sees 

t h a t i t i s necessary t o d i s c u s s the v a r i o u s 
i n f e r e n c e s t h a t can be made f rom edges in the ne t 
(cases , * ' sub" , " p a r t " ) and s c e n a r i o s ( i n c l u d i n g 
causa l and t empora l c o n n e c t i v e s ) . Many of the 
i n f e r e n c e s resemble those d i scussed i n Rieger [ 1 2 ] . 
S ince we are u s i n g a d i f f e r e n t r e p r e s e n t a t i o n than 
h i s , we have found i t necessary to r e s t a t e those 
i n f e r e n c e s i n our t e r m i n o l o g y . I n a d d i t i o n , t h e 
use o f scena r i os w i t h i n the ne t w i l l , h o p e f u l l y , 
gu ide the i n f e r e n t i a l g e n e r a t i o n o f c o n t e x t t o 
p o t e n t i a l l y r e l e v a n t i n f o r m a t i o n , a s opposed t o 
b r u t e "expans ion " as done by R iege r . 

The presence o f a network e n t i t y in the 
c o n t e x t r e p r e s e n t s the sys tem 's e x p e c t a t i o n t h a t 
t h i s i t em i s o r w i l l b e r e l e v a n t t o t h e c u r r e n t 
d i a l o g u e . When new i n f o r m a t i o n , wh ich has been 
p r e d i c t e d , e n t e r s the d i a l o g u e , i t s r e l evance can 
be e x p l a i n e d by the " g e n e r a t i o n p a t h " taken to 
c r e a t e the e x p e c t a t i o n . We g i v e an example of 
p a r t o f the c o n t e x t g e n e r a t i o n process be low. 

Cons ider t h e ( p a r t i a l ) s c e n a r i o 

and the sentences 

"John a p p l i e d y e s t e r d a y . The grades were g o o d . " 

We can genera te p a r t of the c o n t e x t of APPLY 
by i n t e r p r e t i n g the " r e s u l t " case and t h e " p a r t " 
edge as d e s c r i b e d be low. When APPLY o c c u r s , i t 
produces an APPLICATION which e n t e r s the c o n t e x t . 
When we b r i n g APPLICATION i n , we b r i n g w i t h i t , 
i t s c o n s t i t u e n t " p a r t " s . Thus GRADE and TRANSCRIPT 
are a v a i l a b l e f o r d i s c u s s i o n w i t h o u t a p r e v i o u s 
r e f e r e n c e , a s i s i n d i c a t e d b y the d e f i n i t e 
s p e c i f i c a t i o n i n t h e above example. I n f e r e n c e s 
a re h e u r i s t i c a l l y ass igned s t r e n g t h s wh ich are 
used t o l i m i t the e x t e n t o f t h e i r p r o p a g a t i o n ( c f . 
R ieger [12 1) . 

Below we l i s t a few edge l a b e l s and d i s c u s s 
how c o n t e x t g rowth is a f f e c t e d by each . 

A is an event ( s cena r i o ) and B is a c o n c e p t . 
T h i s edge cor responds to the o u t p u t of some 
process ( s c e n a r i o ) . Thus , when A i s i n s t a n t i a t e d , 
an i n s t a n c e of B shou ld be c r e a t e d and added to 
the c o n t e x t . The p r o p a g a t i o n va lue o f t h i s edge , 
i n bo th d i r e c t i o n s , i s h i g h , as can be seen f rom 
the APPLY example above. I n f e r e n c e s f rom " r e s u l t " 
can occur when B is a concept which is e i t h e r an 
" i n s t r u m e n t " or " o b j e c t " used by some o t h e r e v e n t 
C (more g e n e r a l l y , an i n p u t to C ) . Th i s produces 
a p r e r e q u i s i t e o r d e r i n g of e v e n t s . Namely, A must 
be executed b e f o r e C s i n c e A ' s o u t p u t i s i n p u t t o 
C. Th i s i n f o r m a t i o n may be r e d u n d a n t l y d i s c o v e r e d 
f rom the " p r e r e q u i s i t e " edge , b u t t h e " r e s u l t -
i n p u t " i n f e r e n c e i s s t r o n g e r s i n c e i t e x p l a i n s why 
t h e producer i s p r e r e q u i s i t e t o the consumer. 

When A is i n s t a n t i a t e d , t h e r e is a s t r o n g 
i n f e r e n c e t h a t B w i l l b e r e l e v a n t and thus i t 
shou ld be i n s t a n t i a t e d and p l a c e d i n t h e c o n t e x t . 

I t i s i m p o r t a n t t o s t r e s s t h a t knowledge can 
b e r e p r e s e n t e d , i n g e n e r a l , i n e i t h e r p r o c e d u r a l 
o r d e c l a r a t i v e form and wh ich form i s s e l e c t e d i s 
s t r i c t l y a n i s s u e o f t r a d i n g cos t f o r ' u n d e r ­
s t a n d i n g p o w e r ' . 
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Th is e x p e c t a t i o n enab les the system t o p r e d i c t p a r t 
o f a s c e n a r i o f rom a p i e c e o f i t . The one s tep 
p r e d i c t i o n cor responds S i e g e r ' s r e s u l t a t i v e 
c l a s s . 

S i m i l a r l y , when B i s i n s t a n t i a t e d , e s p e c i a l l y 
when i t i s w i t h i n a w e l l s p e c i f i e d s c e n a r i o , the 
p resumpt ion t h a t A e x i s t s (and caused B) is s t r o n g . 
Th i s c l a s s o f i n f e r e n c e s i s s i m i l a r t o R i e g e r ' s 
c a u s a t i v e c l a s s . 

A p a r t i c u l a r l y i m p o r t a n t i n f e r e n c e to be made 
f rom the " e f f e c t " edge i s t h a t o f s o c i a l o b l i g a t i o n . 
For example, 

I f t he " e f f e c t " edge connects two events w i t h 
d i f f e r e n t a g e n t s , then the agent ( s u p p l i e r ) o f t h e 
caused even t (supp ly ) i s under s o c i a l o b l i g a t i o n 
to p e r f o r m the even t o r s c e n a r i o . We f e e l t h i s 
usage o f " e f f e c t " t o b e ve ry i m p o r t a n t t o i n s t i t u ­
t i o n a l s c e n a r i o s and i t may be a d i s t i n g u i s h i n g 
f e a t u r e o f these s c e n a r i o s f rom say , p h y s i c a l o r 
menta l s c e n a r i o s . 

B c o u l d be a c h a r a c t e r i s t i c or an e v e n t . I f 
A is i n s t a n t i a t e d , we can c o n f i d e n t l y a s s e r t B 
i n t o the c o n t e x t s i n c e A c o u l d not have happened 
un less B were s a t i s f i e d ( R i e g e r ' s " e n a b l i n g " c l a s s ) . 
I f B e x i s t s , we can p r e d i c t t h a t A s h o u l d be p a r t 
o f t he c o n t e x t . 

A s i m i l a r a n a l y s i s can be c a r r i e d ou t f o r 
o t h e r edge l a b e l s such as " p a r t " , " a g e n t " , 
" c h a r a c t e r i s t i c " , " o b j e c t " , e t c . Wi th a l l edges, 
p r o p a g a t i o n i n the r eve rse d i r e c t i o n f rom the 
t a r g e t node is dependent upon the number o f 
i d e n t i c a l l y l a b e l l e d edges e n t e r i n g t h a t node. 

We have no t y e t s t a t e d where these p r e d i c t i o n s 
shou ld b e p l a c e d w i t h r e s p e c t t o the r e s t o f t he 
n e t . We v iew the c o n t e x t as a shadow da ta base, 
one wh ich can be seen i f l ooked f o r b u t i g n o r e d 
when necessa ry . 

2.2 Graph F i t t i n g 

A p a r t o f t he p rocedure f o r i n t e g r a t i n g new 
i n p u t to the semant ic network i s done by the graph 
f i t t i n g a l g o r i t h m . T h i s s e c t i o n d i scusses bo th 
the a l g o r i t h m and i t s r e l a t i o n t o c o n t e x t . 

I n a t t e m p t i n g t o i n t e g r a t e t h i s t o the seman­
t i c n e t , w e cou ld f i t " add ress " below the g e n e r i c 
ADDRESS node, " t i m e " below the g e n e r i c TIME node, 
e t c . However, s i n c e we w ish to i s o l a t e the most 
s p e c i f i c i n f o r m a t i o n i n t h e n e t r e l e v a n t t o a 
g i v e n i n p u t , i t i s advantageous t o f i t the above 
example below the " c u r r e n t o f f i c e address" s c e n a r i o . 
Thus , even though "add ress " may o r i g i n a l l y match 
the g e n e r i c ADDRESS node, the graph f i t t i n g 
a l g o r i t h m w i l l push i t down t o more s p e c i f i c 
s c e n a r i o s u n t i l t h i s i s n o l onge r p o s s i b l e . T h i s 
i s t h e essence o f graph f i t t i n g . 

Suppose now t h a t the i n p u t sentence had been 
"John S m i t h ' s address i s 65 S t . George S t . , 
T o r o n t o " , where i t i s n o l onge r s p e c i f i e d whether 
we are t a l k i n g about a home or o f f i c e add ress . 
There a r e t h r e e cho ices a v a i l a b l e : ( i ) f i t the 
i n f o r m a t i o n below a l l s c e n a r i o s we c a n , thus 
t r e a t i n g "65 S t . George S t . , T o r o n t o " b o t h as an 
o f f i c e and home a d d r e s s , ( i i ) f i t t h e new i n f o r m a ­
t i o n below the f i r s t s c e n a r i o found o r ( i i i ) 
r e a l i z e t h e a m b i g u i t y , b u t no t f i t t i n g t h e i n p u t 
g raph t o e i t h e r s c e n a r i o , and a s k i n g f o r c l a r i f i ­
c a t i o n . We w i l l adopt s t r a t e g y ( i i i ) , a l t h o u g h 
t h e r e i s n o overwhelming ev idence e i t h e r f o r i t o r 
t he o t h e r s . 

I n g e n e r a l , graph f i t t i n g i s c a r r i e d o u t b y 
c o n s i d e r i n g a cand ida te s c e n a r i o , c a l l i t S , and a 
s t r u c t u r e s , and by t r y i n g t o match every event o r 
c h a r a c t e r i s t i c i n S t o a c o r r e s p o n d i n g e n t i t y i n 
s . Once i t has been dec ided t h a t s matches S, S 
i s added t o the ' m a t c h e d - s c e n a r i o ' l i s t . The 
SUBscenarios o f S a re cons ide red nex t and each is 
matched a g a i n s t s . A l l o f t h e s e , wh ich success ­
f u l l y match a g a i n s t s , t hen r e p l a c e S on t h e 
ma tched -scena r i o l i s t . When t h i s s t e p no l o n g e r 
produces any changes, a search is c a r r i e d o u t 
" d o w n s t a i r s " , below every s c e n a r i o on the matched-
s c e n a r i o l i s t , t o see i f ( p a r t i a l ) i n s t a n t i a t i o n s 
of s can be f o u n d . Depending on the r e s u l t o f 
t h i s s e a r c h , e i t h e r ( a p o r t i o n o f ) s i s i d e n t i f i e d 
w i t h a l r e a d y e x i s t i n g nodes or new ones a r e 
c r e a t e d and p l aced below a l l s c e n a r i o s o n t h e l i s t . 

The f i r s t s c e n a r i o s t o b e c o n s i d e r e d f o r 
match ing a g a i n s t s depend on the c o n t e x t . Thus , 
i f SEND-a- recommendat ion - le t te r i s o n t h e shadow 
d a t a base and a " send" even t appears as p a r t o f s , 
graph f i t t i n g w i l l f i r s t t r y the SEND wh ich i s 
p a r t o f the c o n t e x t r a t h e r than t h e g e n e r i c node 
SEND. I f t h i s match i s s u c c e s s f u l , e v e r y t h i n g 
proceeds a s d e s c r i b e d b e f o r e . I f n o t , t h e sys tem 
has been ' s u r p r i s e d ' b u t , r a t h e r than g i v i n g u p , 
i t t r i e s t o f i n d s c e n a r i o s h i g h e r u p o n t h e n e t , 
wh ich w i l l match s . A s e x p l a i n e d i n s e c t i o n 
1 . 3 . 1 , t h i s search w i l l always b e s u c c e s s f u l 
because of t h e way the t o p of the SUB a x i s is 
o r g a n i z e d . Of c o u r s e , once a p o s i t i o n f o r s has 
been f o u n d , a ( p o s s i b l y new) c o n t e x t is g e n e r a t e d . 
Thus graph f i t t i n g and c o n t e x t are i n t i m a t e l y 
r e l a t e d , a l t h o u g h they have d i f f e r e n t f u n c t i o n s . 

G r a p h - f i t t i n g can b e h e l p f u l i n i d e n t i f y i n g 
the head nouns m o d i f i e d by r e s t r i c t i v e r e l a t i v e 
c l a u s e s . Thus, f o r "The woman who s u p e r v i s e s John 
s u p o r t s B i l l " , the a l g o r i t h m would f i r s t f i t t he 
r e l a t i v e c lause f o r the g i v e n i n f o r m a t i o n , l o c a t e 
t h e a p p r o p r i a t e woman, and proceed t o f i t t h e ma in 
c l a u s e . I n the p r o c e s s , the a l g o r i t h m wou ld 
ensure t h a t the woman in q u e s t i o n i s a p r o f e s s o r . 

Cons ider the sentence "John S m i t h ' s o f f i c e 
address i s 6 5 S t . George S t . , T o r o n t o " , wh ich i s 
mapped in a s t r a i g h t f o r w a r d manner i n t o 

139 



2 .3 An Example Scena r i o D - "PROCESS-an-app l ica t ion" 

We now g i v e an example to i l l u s t r a t e the 
mechanisms d e s c r i b e d e a r l i e r . The example c o n s i s t s 
o f f o u r sentences t h a t are c o n s e c u t i v e l y p resen ted 
to the system and must be " u n d e r s t o o d " . The 
sentences a r e : 

(1) "John a p p l i e d t o the U n i v e r s i t y o f 
T o r o n t o " 

(2) "He s e n t h i s a p p l i c a t i o n l a s t F r i d a y " 
(3) " P r o f e s s o r Jones r e c e i v e d i t on Monday" 
(4) "John r e c e i v e d h i s acceptance on 

Thursday" 

2 . 3 . 1 Scenar ios o f the e d u c a t i o n a l w o r l d 

The s c e n a r i o s to be used f o r the a n a l y s i s o f 
t h e f i v e sentences w i l l now b e d e s c r i b e d . 

Scenar io A - " E N T E R - a - u n i v e r s i t y " 

In o r d e r to e n t e r a u n i v e r s i t y one must app l y 
f o r admiss ion i n t o one o f the programs o f f e r e d by 
t h e u n i v e r s i t y . Once t h i s i s done, t h e u n i v e r s i t y 
p rocesses the a p p l i c a t i o n and i f i t f i n d s i t accep­
t a b l e , t he a p p l i c a n t i s e l i g i b l e t o r e g i s t e r f o r 
t h e program t h a t h e a p p l i e d f o r . 

T h i s s c e n a r i o i n c l u d e s a more g e n e r i c PROCESS 
e v e n t w h e r e t h e " r e s u l t " may b e " a c c e p t a n c e " o r 
" r e j e c t i o n " , and a SUBevent w h e r e t h e " r e s u l t " 
c a s e i s o n l y " a c c e p t a n c e " . T h i s r e p r e s e n t a t i o n 
a c c o u n t s f o r t h e c o n d i t i o n a l i n t h e s c e n a r i o ( i f 
t h e u n i v e r s i t y a c c e p t s h i m , h e can r e g i s t e r ) . 

2 . 3 . 2 A n a l y z i n g t h e s e n t e n c e s 

I t w i l l b e assumed t h a t t h e s y s t e m does 
e x p e c t t h e t o p i c o f d i s c o u r s e t o b e a b o u t s t u d e n t s , 
a p p l i c a t i o n s t o u n i v e r s i t i e s e t c . , s o t h e s c e n a r i o 
A w i l l become i m m e d i a t e l y r e l e v a n t when t h e f i r s t 
s e n t e n c e i s p r e s e n t e d f o r a n a l y s i s . 

S e n t e n c e 1 : " J o h n a p p l i e d t o t h e U n i v e r s i t y o f 
T o r o n t o " 

The s e n t e n c e i s f i t t e d b e l o w t h e APPLY e v e n t 
o f s c e n a r i o A . The r e l e v a n c e o f s c e n a r i o A c a u s e s 
a number o f nodes t o b e added t o t h e shadow d a t a 
b a s e (see s e c t i o n 2 . 1 ) . 

Nodes i n s m a l l l e t t e r s i n d i c a t e h e r e i n s t a n ­
t i a t e d o b j e c t s o f t h e c o n t e x t , w h e r e a s t h o s e i n 
c a p i t a l l e t t e r s i n d i c a t e o b j e c t s t h a t a p p e a r t o b e 
r e l e v a n t b u t have n o t b e e n i n s t a n t i a t e d y e t . 

S e n t e n c e 2 : "He s e n t t h e a p p l i c a t i o n l a s t F r i d a y " 

W e w i l l i g n o r e t h e t e m p o r a l componen t o f t h e 
m e a n i n g o f t h i s s e n t e n c e . 

F i r s t o f a l l , t h e r e a r e t w o p r o b l e m s o f 
r e f e r e n c e t h a t m u s t b e r e s o l v e d h e r e . " H e " c a n b e 
a s s o c i a t e d w i t h " J o h n " e a s i l y enough s i n c e t h e 
l a t t e r i s t h e o n l y c a n d i d a t e w h i c h m e e t s 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 f o r " H e " . "The a p p l i c a ­
t i o n " i s r e s o l v e d b y u s i n g t h e shadow d a t a b a s e 
g e n e r a t e d s o f a r . 

I t must now b e d e t e r m i n e d where " s e n d a n 
a p p l i c a t i o n " f i t s and how i t i s r e l a t e d t o t h e 
c u r r e n t c o n t e x t . S i n c e n o SEND a p p e a r s o n 
s c e n a r i o A , a s e a r c h i s c a r r i e d o u t above a n d 
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Scenario B - "APPLY~to-a-universi ty" 

In order f o r a PERSON to APPLY to a UNIVER­
SITY, w i t h the r e s u l t being an APPLICATION, he 
must prepare the app l i ca t i on and have i t t r ans ­
f e r r e d to the UNIVERSITY. 



N o t e t h a t " a p p l i c a t i o n " has now been i n s t a n t i a t e d 
a l o n g w i t h " c r e a t e " , w h i c h i s a p r e r e q u i s i t e f o r 
TRANSFER, and t h e r e f o r e " s e n d " . 

S e n t e n c e 3 : " P r o f e s s o r Jones r e c e i v e d i t o n 
Monday" 

T h e r e i s a RECEIVE node t h a t i s p a r t o f t h e 
c o n t e x t a n d i t b i n d s " i t " t o " a p p l i c a n t " , a s i t 
s h o u l d . U n f o r t u n a t e l y , i t has a s " s o u r c e " t h e 
" u n i v e r s i t y o f t o r o n t o " , w h e r e a s t h e s o u r c e o f t h e 
i n c o m i n g " r e c e i v e " i s " p r o f e s s o r j o n e s " . T o 
r e s o l v e t h i s p r o b l e m , w e mus t a c e r t a i n t h a t 
" p r o f e s s o r j o n e s " i s e m p l o y e d b y t h e U n i v e r s i t y , 
has t h e a u t h o r i t y t o r e v i e w a p p l i c a t i o n s and i s i n 
t h e r i g h t d e p a r t m e n t . W e assume t h a t t h e s e c h e c k s 
can b e c a r r i e d o u t and t h e y s u c c e e d , s o t h a t t h e 
RECEIVE node o f t h e shadow d a t a base can be 
i n s t a n t i a t e d . 

N o t e t h a t " t r a n s f e r " has a l s o been i n s t a n t i a t e d 
s i n c e i t s s c e n a r i o has been i n s t a n t i a t e d com­
p l e t e l y . The e v e n t " a s s i g n . a u t h o r i t y " i s u s e d a s 
a s i m p l e - m i n d e d r e p r e s e n t a t i o n o f t h e f a c t t h a t 
P r o f e s s o r J o n e s has t h e a u t h o r i t y t o h a n d l e (and 
p r o c e s s ) a p p l i c a t i o n s . 

S e n t e n c e 4 : " J o h n r e c e i v e d h i s a c c e p t a n c e o n 
T h u r s d a y " 

A g a i n , i g n o r i n g the t empora l m o d i f i e r , t he 
s t r u c t u r e t h a t we s t a r t w i t h and which must be 
i n t e g r a t e d t o the semant i c ne t i s 

"Accep tance" is an i n s t a n t i a t i o n o f a node a l r e a d y 
on the shadow da ta base and t h i s is used to gu ide 
t h e search t h a t w i l l e x p l a i n " r e c e i v e " above and 
below PROCESS. 

However, t he " o b j e c t " case o f RECEIVE is p r e d i c t e d 
to be LETTER, not " a c c e p t a n c e " . In a t t e m p t i n g to 
e x p l a i n t h i s c o n t r a d i c t i o n , we note t h a t bo th 
e n t i t i e s are used in cases o f WRITE, wh ich is a 
c a n d i d a t e f o r t h e shadow da ta base , LETTER b e i n g 
the " r e s u l t " and "accep tance" be ing the " t o p i c " o f 
WRITE. Thus "accep tance" is the message w h i l e 
LETTER is the medium, and these terms are o f t e n 
used i n t e r c h a n g e a b l y ( " I r e c e i v e d ( the l e t t e r w i t h ) 
t h e message . " , " I unders tood { the c o n t e n t s o f ) t he 
b o o k . " . We can f o r m a l i z e t h i s r u l e by s a y i n g t h a t 
e n t i t i e s wh ich serve as " t o p i c " and " r e s u l t " o f an 
event i n v o l v i n g t r a n s m i s s i o n of a message may 
appear i n t e r c h a n g e a b l y i n a s u r f a c e s t r u c t u r e . 
Th i s enables the system to accept the RECEIVE i t 
has found and to i n s t a n t i a t e PROCESS, EVALUATE, 
COMMUNICATE, WRITE, TRANSFER, SEND and RECEIVE in 
t h e shadow da ta base because of the " f e d " and 
" p r e r e q " edges t h a t connect them to the i n s t a n ­
t i a t e d r e c e i v e . 

A l t hough n o t shown, the r e s u l t i n g shadow d a t a 
base i s f a i r l y l a r g e by now and i n c l u d e s s e v e r a l 
i t ems wh ich were i n f e r r e d and /o r p r e d i c t e d because 
o f the s c e n a r i o s t h a t a re a v a i l a b l e t o t h e sys tem. 

3. Conc lud ing Remarks 

We have ex tended s tanda rd semant ic ne twork 
methodology t o i n c l u d e s c e n a r i o s i n o r d e r t o d e a l 
w i t h problems o f i n f e r e n c e and c o n t e x t . A long 
w i t h the d e c l a r a t i v e knowledge s t o r e d on a seman t i c 
n e t , we have ske tched c lasses o f p r o c e d u r a l 
knowledge t h a t can be used to r e p r e s e n t p e r i p h e r a l 
knowledge, to map f rom one l e v e l o f t he r e p r e s e n t a ­
t i o n t o a n o t h e r , and t o execute i m p e r a t i v e s where 
t r a c i n g th rough s c e n a r i o s wou ld be too e x p e n s i v e . 
L i k e o t h e r workers p r o p o s i n g s i m i l a r s t r u c t u r e s , 
we c o n s i d e r s c e n a r i o s as o r g a n i z e d chunks of 
knowledge wh ich model commonplace occurences in 
our e d u c a t i o n a l w o r l d . 

I t i s apparent t h a t more i n s t i t u t i o n a l w o r l d s 
w i l l have to be mode l led b e f o r e we can d e t e c t 
commona l i t i es and can make d e f i n i t i v e s ta temen ts 
on the k i n d s o f p r i m i t i v e s needed to model such 
w o r l d s . Another ve ry i m p o r t a n t p rob lem we have 
n o t d i s c u s s e d a t a l l i n t h i s paper i s t h a t o f 
s w i t c h i n g t o p i c s . Any reasonab le language under ­
s t a n d i n g system must have a model ( scena r io? ) of 
how, when and why t h e t o p i c under d i s c u s s i o n 
s w i t c h e s . Moreover , a d d i t i o n a l work i s needed t o 
de te rm ine the amount o f s c e n a r i o i n f o r m a t i o n wh i ch 
must be b rough t i n t o a c o n t e x t when an event in 
the n e t i s i n s t a n t i a t e d . I n a d d i t i o n t o these 
p rob lems, we have no t d e a l t w i t h e x c e p t i o n s to 
s c e n a r i o s , i . e . , what happens when t h i n g s d o n ' t 
occu r as they are supposed t o . 

Among a l l these and o t h e r open problems we 
d i d n o t ment ion above, we c o n s i d e r the p rob lem of 
m o d e l l i n g s e v e r a l i n s t i t u t i o n a l wo r l ds and t h a t o f 
m o d e l l i n g the c o n v e r s a t i o n p r o c e s s , i n a d d i t i o n t o 
knowledge about which to conve rse , o f paramount 
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below APPLY on the DEF a x i s , to l o c a t e an occurence 
o f SEND wh ich i s r e l e v a n t t o the c u r r e n t c o n t e x t . 
T h i s search succeeds wo l e v e l s below APPLY 

and we can t h e r e f o r e conc lude t h a t s c e n a r i o s B and 
C are a l s o r e l e v a n t a t t h i s p o i n t . The expanded 
shadow da ta base i n c l u d e s t h e nodes shown e a r l i e r 
p l u s : 



i m p o r t a n c e . We i n t e n d to work on these prob lems 
i n the f u t u r e . 
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