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A b s t r a c t 
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a c a n o n i c a l v e r b . A mode l i ng scheme u s i n g semant i c 
n e t s and S T R I P S - l i k e o p e r a t o r s a s s i m i l a t e s t h e se ­
quence o f i n p u t i n f o r m a t i o n . N a t u r a l language r e s p o n ­
ses to q u e s t i o n s a re genera ted f rom a d a t a base o f 
seman t i c n e t s b y " p a r s i n g " s y n t a c t i c r u l e s r e t r i e v e d 
f r o m the l e x i c o n . 
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I n t r o d u c t i o n 

I n n a t u r a l language p r o c e s s i n g , t h e p rob lems o f 
r e p r e s e n t i n g f a c t u a l m a t e r i a l , making i n f e r e n c e s , 
S o l v i n g prob lems and answer ing q u e s t i o n s may be s i g ­
n i f i c a n t l y reduced i f i d e n t i c a l meanings expressed b y 
d i v e r s e s u r f a c e s t r u c t u r e s can be r e p r e s e n t e d by a 
s i n g l e c o n c e p t u a l c o n s t r u c t . A ma jo r cause o f s u r f a c e 
s t r u c t u r e d i v e r s i t y i s t he e x i s t e n c e o f a w i d e v a r i e t y 
o f " s u r f a c e v e r b s " f o r d e s c r i b i n g b a s i c a l l y t he same 
s i t u a t i o n . For example , " b u y , " " s e l l , " and " c o s t , " 
e t c . , a l l d e s c r i b e e s s e n t i a l l y t he same e v e n t . Schank 
(1) and o t h e r s have p o s i t e d t h e e x i s t e n c e o f " d e e p " o r 
" c a n o n i c a l " v e r b a w h i c h u n i f y i n t he deep s t r u c t u r e 
meaning common to p o s s i b l y many a u r f a c e ve rbs used in 
o r d i n a r y speech. G iven a c a n o n i c a l event such as 
EXCHANGE, t h e p a r t i c i p a n t s ( e . g . t he BUYER, t h e 
SELLER) a re o r d e r e d i n the s u r f a c e s t r u c t u r e , b u t 
dependent upon the c h o i c e o f s u r f a c e v e r b and v o i c e 
( a c t i v e o r p a s s i v e ) . Th is paper d e s c r i b e s a language 
p r o c e s s i n g system wh ich employs semant ic n e t w o r k 
d e p i c t i o n s o f c a n o n i c a l even ts a s i t s f undamen ta l 
r e p r e s e n t a t i o n o f mean ing. 

The language p r o c e s s o r c o n s i s t s o f t h r e e b a s i c 
modules as shown in F i g u r e 1 . The Pa rse r i s used to 
map E n g l i s h s u r f a c e s t r u c t u r e s i n t o a semant ic r e p r e ­
s e n t a t i o n u t i l i z i n g c a n o n i c a l v e r b s . The sequence o f 
e v e n t s p r e s e n t e d t o t h e language p r o c e s s o r over sev ­
e r a l sen tences i s woven i n t o a u n i f i e d knowledge 
S t r u c t u r e by t he Mode l i ng System, w h i c h b u i l d s a 
STRIPS r o b o t - l i k e model o f t h e s i t u a t i o n s d e s c r i b e d . 
A g a i n , a s i n t he P a r s e r , t he c a n o n i c a l even t p r o v i d e s 
t he b a s i s o f r e p r e s e n t a t i o n . When a q u e s t i o n i s p r e ­
sen ted t o t h e sys tem, t he Genera to r i s used t o p roduce 
E n g l i s h o u t p u t d i r e c t l y f r om t h e c a n o n i c a l semant i c 
n e t b u i l t (sometime i n t he p a s t ) b y t he M o d e l i n g 
System. 

The Paraer 

The mapping f r o m E n g l i s h i n t o a c a n o n i c a l c o n ­
s t i t u e n t s t r u c t u r e i s accompl ished b y a v a r i a n t o f t he 
Augmented F i n i t e S t a t e T r a n s i t i o n Network system des­
c r i b e d by Woods ( 2 ) . S ince the o p e r a t i o n o f t he s y s ­
tem i s g e n e r a l l y w e l l known, a t t e n t i o n w i l l b e c o n ­
c e n t r a t e d o n the mechanism wh ich a l l o w s f o r d i r e c t 
t r a n s l a t i o n i n t o c a n o n i c a l s t r u c t u r e s . The key t o 
t h i s o p e r a t i o n i s t he i n c l u s i o n o f c e r t a i n I n f o r m a t i o n 
i n t h e L e x i c o n (Tab le 1 ) , The p r o p e r t y l i s t o f each 
s u r f a c e v e r b fo rm ( i n f i n i t i v e , p a s t , e t c . ) c o n t a i n s 
a r e f e r e n c e to a c e n t r a l GENSYM-ed atom wh ich se rves 
a s t h e l e x i c a l e n t r y f o r a l l fo rms o f a g i v e n v e r b . 
For r e a d a b i l i t y , t hese " c e n t r a l " fo rms w i l l b e d e s i g ­
n a t e d b y L - v e r b , where " v e r b " i s t he u s u a l i n f i n i t i v e 
f o r m . The p r o p e r t y l i s t o f each c e n t r a l v e r b c o n t a i n s 
two s p e c i a l e n t r i e s ( i n a d d i t i o n t o v a r i o u s o t h e r s ) : 
t h e a t t r i b u t e CANON-VB I n d i c a t e s t h e c a n o n i c a l v e r b 
( e v e n t ) a s s o c i a t e d w i t h , t h e g i v e n s u r f a c e v e r b ; t he 
P-RULES a t t r i b u t e r e l a t e s the s u r f a c e noun phrases and 
p r e p o s i t i o n a l ph rases used i n c o n j u n c t i o n w i t h t he 
g i v e n s u r f a c e v e r b , t o t h e deep case s t r u c t u r e asso ­
c i a t e d w i t h t h e c o r r e s p o n d i n g c a n o n i c a l v e r b . T h i s 
a t t r i b u t e I s a l i s t o f t r i p l e s ; t h e f i r s t e n t i t y i n 
each t r i p l e i n d i c a t e s t he manner i n wh ich a n even t 
p a r t i c i p a n t i s s p e c i f i e d i n the s u r f a c e s e n t e n c e . I f 
t h e p a r t i c i p a n t i s s p e c i f i e d s i m p l y as a noun p h r a s e , 
t he f i r s t e n t r y o f t he t r i p l e i s " O K . " I f t he p a r t i ­
c i p a n t i s s p e c i f i e d b y a p r e p o s i t i o n a l p h r a s e , t hen 
t h e c o r r e s p o n d i n g p r e p o s i t i o n appears I n p l a c e o f OK. 
The t h i r d e n t r y i n t h e t r i p l e names t h e deep case 
r e l a t i o n a s s o c i a t e d w i t h t h e even t p a r t i c i p a n t . For 
examp le , c o n s i d e r : 

JOHN BOUGHT THE CAR FROM MARY 
In Tab le 1 i t may be seen t h a t FROM is a s s o c i a t e d w i t h 
t h e deep case SELLER w i t h r e s p e c t to t h e v e r b BUY. 
The second e n t r y i n each t r i p l e i s a l i s t o f semant i c 
c l a s s e s : a p a r t i c i p a n t must b e l o n g to one o f t he 
semant i c c l a s s e s s p e c i f i e d b y t h e second t r i p l e e n t r y 
i n o r d e r t o s a t i s f y t h e deep case r e l a t i o n s p e c i f i e d 
b y t h e t h i r d t r i p l e e n t r y . Th is semant i c c l a s s i n f o r ­
m a t i o n i s used t o h e l p d i samb igua te t h e deep cases o f 
sen tence components w h i c h o t h e r w i s e appear s i m i l a r . 
( T h i s p r o c e s s i s a l s o a i d e d b y t h e o r d e r i n g o f t h e 
t r i p l e s . ) 
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S ince semant i c c l a s s i n f o r m a t i o n w i l l b e u s e f u l 
i n d e t e r m i n i n g deep c a s e s , each noun e n t r y i n t he 
l e x i c o n c o n t a i n s a s p e c i a l a t t r i b u t e (MKR) on i t s 
p r o p e r t y l i s t ; t h i s s p e c i f i e s t h e semant ic c l a s s e s t o 
v h i c h t h e noun b e l o n g s . I n t e r r o g a t i v e pronouns and 
a d j e c t i v e s (QWORDS) a l s o have t h e a t t r i b u t e MKR. 

The a p p l i c a t i o n o f t h e t r a n s i t i o n n e t w o r k p a r ­
s i n g grammar to an i n p u t sen tence produces two ( t h r e e , 
i n t h e case o f q u e s t i o n s ) i n t e r m e d i a t e s t r u c t u r e s . 
Fo r example : 

WHO BOUGHT A CAKE AT THE NEW BAKERY FROM THE BAKER, 
w i l l cause t h e p r o d u c t i o n o f t h e i n t e r m e d i a t e s t r u c ­
t u r e s : 

The V e r b a l c o n s t i t u e n t i n d i c a t e s the c a n o n i c a l v e r b 
u n d e r l y i n g t h e sentence as w e l l as the sentence moda l ­
i t y . The NP-PP c o n s t i t u e n t s l i s t s p e c i f i e s t he NP and 
PP components o f t he i n p u t sentence in t he o r d e r in 
w h i c h t hey appeared . Each such component is r e p r e ­
sen ted b y a t r i p l e : t h e f i r s t e n t r y i n t he t r i p l e 
i n d i c a t e s t he s y n t a c t i c f o rm (PP, or OK in t he case o f 
NP) in w h i c h the component appeared ; the second e n t r y 
i n d i c a t e s t he semant ic c l as s es a s s o c i a t e d w i t h t he 
component ( c o p i e d f rom the l e x i c o n ) ; the t h i r d e n t r y 
i s a n e v e n - o r d e r l i s t d e s c r i b i n g the n a t u r e o f t he 
component (as g i v e n in t he i n p u t s e n t e n c e ) . The 
appearance of a QWORD in an i n t e r r o g a t i v e sentence 
w i l l cause a QWORD c o n s t i t u e n t to be p roduced : t h i s 
is a t r i p l e h a v i n g the same fo rm as a ( s i n g l e ) NP'PP 
c o n s t i t u e n t . 

The f i n a l s tage i n mapping E n g l i s h sentences i n t o 
c a n o n i c a l s t r u c t u r e s c o n s i s t s o f c o r r e l a t i n g the 
e n t r i e s in the NP-PF c o n s t i t u e n t s l i s t , and the QWORD 
c o n s t i t u e n t i f p r e s e n t , w i t h the PRULES a s s o c i a t e d 
w i t h t he Sur face v e r b . B a s i c a l l y , f o r each NP-PP con­
s t i t u e n t a search i s made th rough the f i r s t e n t r i e s o f 
s u c c e s s i v e PRULES f o r a p r e p o s i t i o n or OK wh ich matches 
the f i r s t e n t r y o f t he NP-PP c o n s t i t u e n t ; when a c a n d i ­
d a t e i s f o u n d , t he r u l e ' s second e n t r y i s matched 
a g a i n s t t he second e n t r y o f the c o n s t i t u e n t : i f the 
two l i s t s ( s e t s ) o f semant ic markers have a n o n - n u l l 
i n t e r s e c t i o n and the deep case i n d i c a t e d by the t h i r d 
e n t r y o f t he PRULE t r i p l e i s no t a l r e a d y a s s i g n e d , 
t hen t h a t deep case i s a s s o c i a t e d w i t h t he c o n s t i t u e n t 
as shown be low . Once the NP-PP c o n s t i t u e n t s have been 
ass i gned t h e i r a p p r o p r i a t e cases , t h e QWORD c o n s t i t u e n t 
( i f any) i s c o n s i d e r e d ; t h e ma tch ing p rocess i s essen­
t i a l l y t h a t d e s c r i b e d above , except t h a t a l l t he unas-
s i gned cases w h i c h match a re c o l l e c t e d i n a l i s t t o be 
p a i r e d w i t h t he a t t r i b u t e ARGS. The r e s u l t a n t s t r u c ­
t u r e is ass igned the pseudo deep case l a b e l Q. Thus 
the f i n a l s t r u c t u r e ( " c a n o n i c a l s t r u c t u r e " ) p roduced 
b y t he p a r s e r f o r t he i n d i c a t e d i n p u t sen tence i s : 

(CANON-VB EXCHANGE MODAL (TENSE PAST MOOD INTERROG 
CASE AFFIRM) 

SELLER (TOK L-BAKER DET DEF NBR S) 
THINGBT (TOK L-CAKE DET INDEF NBR S) 
LOC (TOK L-BAKERY DET DEF NBR S MOD (AGE L-NEW)) 
Q (ARGS (BUYER) TOK L-WHO) ) 

The purpose o f t he p a r s e r i s to p r o v i d e a s i m p l e , 
e x p r e s s i v e " f r o n t e n d " t o t he mode l i ng sys tem; t he v e r ­
s i o n d e s c r i b e d i s (so f a r ) l i m i t e d t o ( p o s s i b l y c o n ­
j o i n e d ) s i m p l e , a c t i v e sentences w i t h o u t embeddings. 
Work i s i n p r o g r e s s t o ex tend the p a r s e r t o i n c l u d e 
p a s s i v e s and s e v e r a l t ypes o f embedded s e n t e n c e s . N a t ­
u r a l e x t e n s i o n s i n c l u d e : (1) more complex PRULES, 
w h i c h e x p l i c i t l y express t he o rde r o f NP's and PP 's i n 
t he c o n s t i t u e n t s l i s t ; (2) a more i n t e l l i g e n t c o r r e l a ­
t i n g a l g o r i t h m , wh ich i s a b l e t o r e c o g n i z e N P comple­
ments and r e l a t i v e c l a u s e s ; (3) PRULES f o r n o m i n a l i z e d 
v e r b s and nouna m o d i f i e d by P P ' s ; and (4) a r i c h e r 
v a r i e t y o f s y n t a c t i c and semant ic m a r k e r s . 
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The M o d e l i n g System 

The purpose o f t he m o d e l i n g sys tem i s t o i n t e ­
g r a t e t h e c o l l e c t i o n o f f a c t s o r concep ts p r e s e n t e d t o 
t h e sys tem t h r o u g h t h e p a r s e r . Three d i s t i n c t t y p e s 
o f concep ts must be encoded: (1) o b j e c t s ; (2 ) r e l a ­
t i o n s h i p s between o b j e c t s ; and (3) changes i n r e l a ­
t i o n s h i p s w i t h r e s p e c t t o t i m e . The mode l i ng sys tem 
uses an encod ing p rocedu re ana logous to t h a t used i n 
m o t i o n p i c t u r e s , r e c o r d i n g changes i n r e l a t i o n s h i p s 
w i t h r e s p e c t t o t i m e b y a sequence o f " s t i l l p h o t o ­
g r a p h s . " The " s t i l l p h o t o s " o f t he mode l i ng sys tem 
a re g raphs ( n e t s ) r e p r e s e n t i n g t h e s t a t e o f t h e w o r l d 
a t a n i n s t a n t i n t i m e . Nodes i n t he g raph s t a n d f o r 
o b j e c t s , and a r c s r e p r e s e n t s t a t i c ( b i n a r y ) r e l a t i o n ­
s h i p s between o b j e c t s . (No t i m e r e l a t i o n s h i p s a r e 
i n c l u d e d . ) 

F i g u r e 2 is an example o f a s t a t e - o f - t h e - w o r l d 
g raph (SWG). Node names b e g i n n i n g and end ing w i t h 
a s t e r i s k s ( d e p i c t i n g GENSYM atoms) r e p r e s e n t p a r t i c u ­
l a r o b j e c t s i n t he r e a l w o r l d . Other node names a r e 
words in t h e s y s t e m ' s l e x i c o n . Consider the node 
l a b e l e d *JOHN*. *JOHN* is an e lement o f L-JOHN and 
L-GROCER. L-JOHN is t h e s e t o f a l l Johna , a subset o f 
L-MAN, t he Set o f a l l men. L-GROCER i s the s e t o f a l l 
g r o c e r s . Hence, *JOHN* is a node r e p r e s e n t i n g a p a r ­
t i c u l a r man who is a John who is a g r o c e r . Th iB John 
owns a p a r t i c u l a r house , *JHOUSE*. F u r t h e r , John is 
a t t h a t h o u s e , owns a n o l d , r e d ca r and i s f a t . 

T o model changes i n r e l a t i o n s h i p s w i t h r e s p e c t 
to t i m e , a sequence of SWGs, ana logous to t he sequence 

o f s t i l l pho tographs o f m o t i o n p i c t u r e s , i s d e f i n e d . 
The sequence o f even ts c a u s i n g changes i n t h e s t a t e o f 
t h e w o r l d i s r e c o r d e d o n a t ime l i n e (see F i g u r e 3 ) . 
Each node on the t i m e l i n e co r responds to an e v e n t . 
B e g i n n i n g w i t h some i n i t i a l s t a t e , t he s t a t e o f t h e 
w o r l d f o l l o w i n g any event may be de te rm ined by c o n s i d ­
e r i n g t h e sequence o f e v e n t s a l o n g the t i m e l i n e . 
A s s o c i s t e d w i t h each event a re a l i s t o f r e l a t i o n s h i p s 
wh ich h e l d b e f o r e t h e even t t o o k p l a c e b u t w h i c h a re 
n o l o n g e r v a l i d a f t e r t h e event ( t h e d e l e t e l i s t ) and 
a l i s t o f r e l a t i o n s h i p s wh ich d i d n o t h o l d ( o r a t l e a s t 
were n o t known t o h o l d ) b e f o r e t he event t ook p l a c e b u t 
w h i c h a re v a l i d a f t e r t h e event ( t h e add l i s t ) . Thus , 
each node on the t i m e l i n e models a Bet o f changes in 
t h e s t a t e o f t h e w o r l d p roduced b y t he o c c u r r e n c e o f 
some e v e n t . When known, a c a n o n i c a l ve rb and a s e t of 
pa rame te rs w h i c h d e s c r i b e t h e even t c a u s i n g t h e changes 
a re a l s o a s s o c i a t e d w i t h a t i m e l i n e node. Not a l l 
even t pa ramete rs need be known ( "John bought someth ing 
s t t h e b a k e r y . " ) , b u t t h e more paramete rs w h i c h a re 
known, t he b e t t e r t h e event i s s p e c i f i e d . 

The language p r o c e s s i n g system beg ins o p e r a t i o n 
w i t h a SWG d e p i c t i n g o n l y l e x i c a l i n f o r m a t i o n . As d e s ­
c r i p t i o n s o f even ts a r e g i v e n a s i n p u t s , nodes a r e 
added t o t he t i m e l i n e . W i t h each new e v e n t , c e r t a i n 
r e l a t i o n s ( t h o s e o n t h e e v e n t ' s d e l e t e l i s t ) a r e de­
l e t e d f r o m t h e c u r r e n t SWG and new r e l a t i o n s h i p s ( t h o s e 
o n the add l i s t ) a r e added , t r a n s f o r m i n g t h e o l d p i c ­
t u r e o f t h e s t a t e o f t h e w o r l d i n t o a new p i c t u r e show­
i n g c o n d i t i o n s a f t e r t he e v e n t . T o answer q u e s t i o n s 
abou t r e l a t i o n s h i p s i n t h e p a s t , t h e " m o v i e " may b e r u n 
backwards by c o n s i d e r i n g t he sequence o f even ts i n 
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r e v e r s e o r d e r and d e l e t i n g t he adds and add ing the 
d e l e t e s . Once a q u e s t i o n is answered, an analogous 
f o r w a r d p rocess r e s e t s t he SWG to r e f l e c t c u r r e n t 
c o n d i t i o n s . 

Ques t i ons r e g a r d i n g the n a t u r e o f even ts them­
s e l v e s (as opposed t o q u e s t i o n s c o n c e r n i n g r e l a t i o n ­
s h i p s wh ich a re a l t e r e d by e v e n t s ) a re answered by 
c o n s u l t i n g the r e c o r d o f e v e n t s on the t ime l i n e . 

As an example of a t ime l i n e node, c o n s i d e r how 
the event "John t r a d e d h i s ca r t o Tom f o r Tom's b o a t " 
wou ld change the SWG of F i g u r e 2. The r e l a t i o n s h i p s 
(OWNS *JOHN* *CAR*) and (OWNS *TOM* *B0AT*) wou ld no 
l o n g e r be t r u e . (OWNS *JOHN* *BOAT*) and (OWNS *TOM* 
*CAR*) wou ld become t r u e . Hence, a t ime l i n e node 
l i k e t he l e f t node o f F i g u r e 4 wou ld be p roduced . 

Even ts as o p e r a t o r s 
S ince an event t r a n s f o r m s one s t a t e o f t h e w o r l d 

i n t o a n o t h e r , I t I s r e a s o n a b l e t o t h i n k o f even ts a s 
o p e r a t o r s . P u r s u i n g t h i s n o t i o n , a c a n o n i c a l v e r b 
becomes the name of an even t p rocedu re ( o r o p e r a t i o n ) 
w h i c h t r a n s f o r m s t h e s t a t e o f t h e w o r l d (an i m p l i c i t 
pa rame te r ) and a s e t o f e x p l i c i t even t parameters i n t o 
a new s t a t e of t he w o r l d . The even t p rocedures to be 
p r e s e n t e d h e r e c l o s e l y p a r a l l e l t he o p e r a t o r s used b y 
t h e STRIPS r o b o t ( 3 ) . 

An i n t e g r a l p a r t o f any STRIPS o p e r a t o r i s t he 

" p r e c o n d i t i o n l i s t " wh ich t he r o b o t uses i n d e t e r m i n ­
i n g a l e g a l sequence o f o p e r a t i o n s . Since our system 
r e c e i v e s a c h r o n o l o g i c a l a c c o u n t i n g o f e v e n t s , t he 
n e c e s s i t y o f p r e c o n d i t i o n l i s t s f o r d e t e r m i n i n g event 
sequence i s e l i m i n a t e d . There i s , however , a r e l a t e d 
p r o b l e m : suppose t h a t p a r t o f t he i n p u t t o t h e l a n ­
guage p r o c e s s o r i s "John bought a c l o c k a t t he h a r d ­
ware s t o r e . Then John bought a cake at t h e new bak­
e r y . " Note t h a t John was a t t he hardware s t o r e when 
he bought the c l o c k . The nex t event has h im b u y i n g 
a cake at the new b a k e r y . Be fo re t he event at t he 
bakery c o u l d take p l a c e (as a p r e c o n d i t i o n to the 
bakery e v e n t ) , John must have gone (perhaps by a com­
p l e x r o u t e ) f r om the hardware s t o r e t o t he b a k e r y . 
Thus , t he n e c e s s i t y o f s a t i s f y i n g p r e c o n d i t i o n s c l e a r l y 
remains a p rob lem even when the even t sequence is 
g i v e n . The p r e c o n d i t i o n p rob lem has become the p rob lem 
o f d e t e r m i n i n g t h e n a t u r e o f u n s p e c i f i e d I n t e r m e d i a t e 
even ts wh ich Bet the s tage f o r t h e accompl ishment o f 
s p e c i f i e d e v e n t s . 

The n a t u r e o f these u n s p e c i f i e d i n t e r m e d i a t e 
even ts may, to a l a r g e e x t e n t , be de te rm ined by t he 
p r e c o n d i t i o n s o f t he s p e c i f i e d e v e n t s . R e t u r n i n g t o 
t h e example , b e f o r e "John bought a cake at t he new 
b a k e r y " some event must have o c c u r r e d w h i c h d e l e t e d 
the r e l a t i o n t h a t he was a t t he hardware s t o r e and 
added t h e r e l a t i o n t h a t h e was a t t h e b a k e r y . ( I n 
g e n e r a l , EXCHANGE even ts must be preceded by even ts 
w h i c h b r i n g t he p a r t i c i p a n t s i n t he event t o t he p l a c e 
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of exchange, e t c . ) 

In the place of the precondit ions used by STRIPS 
robot operators, an event procedure subst i tu tes the 
add and delete l i s t s of an unspeci f ied intermediate 
event which transforms any s ta te of the world i n to a 
state sa t i s f y i ng the precondit ions of the main event. 
That auch an event must have occurred la impl ied by 
the sequence of spec i f ied events. Thus, a c a l l to an 
event procedure causes two events to be incorporated 
in to the model, c reat ing two nodes on the time l i n e . 

An example of an event procedure, a s i m p l i f i e d 
vers ion of EXCHANGE, is shown below. 

procedure c a l l 
EXCHANGE(seller buyer th ingbt th lnggiven loc) 

Intermediate event delete l i s t 
((AT s e l l e r *) (AT buyer *) (AT th ingbt *) 
(AT th lnggiven *) 
(OWNS * th ingbt ) (OWNS * th lnggiven)) 

intermediate event add list 
((AT s e l l e r loc) (AT buyer loc) (AT th ingbt loc) 
(AT thlnggiven loc) (OWNS s e l l e r th ingbt ) 
(OWNS buyer th lnggiven)) 

main event delete l ist 
((OWNS buyer thinggiven) (OWNS s e l l e r th ingb t ) ) 
main event add l i s t 
((OWNS buyer th ingb t ) (OWNS s e l l e r th ingg iven) ) 

Consider the act ions performed by the event pro­
cedure EXCHANGE if the system is presented w i t h the 
event "At the new bakery John bought a cake from the 
baker" whi le in the state shown In Figure 2. By a 
mechanism to be discussed s h o r t l y , the system f inds 
the SWG node *JOHN* which represents the p a r t i c u l a r 
John under discussion and creates nodes *BAKERY*, 
*CAKE* and *BAKER* to represent the bakery, the cake 
and the baker. Relat ionships i n teg ra t i ng these new 
nodes in to the o r i g i n a l graph are also produced. With 
these nodes aa arguments, procedure EXCHANGE Is 
entered by the c a l l 

EXCHANGE(*BAKER* *JOHN* *CAKE* NIL *BAKERY*) 

where NIL represents the unspeci f ied parameter 
" t h i ngg i ven . " The e f f ec t of the c a l l on the time 
l i n e Is shown in Figure 5, Stepping through the 
procedure: 

1) A time l i n e node is created fo r the i n t e r ­
mediate event. Since the nature of the event Is un­
known, no canonical verb or event parameters are 

l i nked to the node. 
2) Working down the intermediate delete l i s t of 

the event procedure, (AT s e l l e r *) is considered f i r s t . 
An attempt is made to match t h i s re la t i onsh ip against 
those encoded in the SWG. The as te r isk is allowed to 
match anyth ing, but " s e l l e r " is bound to *BAKER*. 
Thus a matching r e l a t i o n must be of the form 
(AT *BAKER* - - ) . Since no auch r e l a t i o n ex is ts in 
the SWG, no act ion is taken. The next re la t i onsh ip 
on the delete l i a t is (AT buyer *) wich matches 
(AT *JOHN* *JHOUSE*> in the SWG. Hence, 
(AT *JOHN* *JHOUSE*) is deleted from the SWG and Is 
put on the delete l i s t of the time l i n e node. The 
re la t ionsh ips (AT th ingbt * ) , (AT thinggiven * ) , 
(OWNS * th ingbt ) and (OWNS * thinggiven) match noth­
ing in the SWG and hence cause no a c t i o n . 

3) Working down the intermediate add l i s t , 
(AT s e l l e r loc) causes (AT *BAKER* *BAKERY*) to be 
added both to the SWG and to the intermediate time 
l i n e node add l i s t . L ikewise, (AT *JOHN* *BAKERY*) 
and (AT *CAKE* *BAKERY*) are added. Since thinggiven 
is bound to NIL, (AT thinggiven Loc) causes no 
ac t i on . Proceeding down the add l i s t , 
(OWNS *BAKER* *CAKE*) is added whi le the r e l a t i o n 
(OWNS buyer thinggiven) causes no ac t i on . 

4) A time l i n e node 1B set up fo r the main 
event. Labeled arcs are created to l i n k the event 
node to event parameters and the canonical verb 
EXCHANGE. 

5) By working down the main delete l i s t of the 
event procedure, (OWNS *BAKER* *CAKE*) is deleted. 

6) By working down the add l i s t , 
(OWNS *JOHN* *CAKE*) is added. 

By t h i s procedure the o r i g i n a l SWG is t rans­
formed i n to an intermediate s ta te in which John and 
the baker are at the bakery and the baker owns the 
cake. This intermediate s ta te is then transformed 
in to a s ta te in which John and the baker are s t i l l 
at the bakery, but John owna the cake. 

L ink ing the parser to the modeling system 
To see how parser output la u t i l i z e d by the 

modeling system, consider the input sentence 

"At the new bakery John bought a cake from the 
baker , " 

which ia parsed i n to 

(CANON-VB EXCHANGE 
MODAL (TENSE PAST MOOD INTERROG CASE AFFIRM) 
SELLER (TOK L-BAKER DET DEF NBR SING) 

266 



BUYER (TOK L-JOHN NBR SING) 
THINGBT (TOK L-CAKE DET INDEF NBR SING) 
LOC (TOK L-BAKERY DET DEF NBR SING 

MOD (AGE L-NEW))) 

The CANON-VB ind icates which event procedure 
must eventual ly be c a l l e d . Each deep case argument 
c i t e d e x p l i c i t l y by the parser output indicates an 
event parameter which must be bound to some node in 
the SWG, (Other event parameters are set to NIL.) 
If no appropriate SWG node e x i s t s , one must be created. 
To do t h i s a r ou t i ne , FOC ( f i nd or c rea te ) , is ca l led 
w i th a parameter's property l i s t as i t s argument. I f 
the parameter's determiner is i n d e f i n i t e , then FOC 
simply creates a new node in the SWG sa t i s f y i ng the 
other proper t ies on the property l i s t . Thus, when 
"a cake" is-mentioned, FOC creates a new cake and 
does not concern i t s e l f w i t h whether or not t h i s new 
cake is some cake already modeled in the system. 
(Should it l a t e r be determined that two nodes actu­
a l l y model the same e n t i t y , a specia l COLLAPSE func­
t i o n is used to merge them.) I f the parameter's 
determiner is d e f i n i t e (or unspec i f ied) , then FOC 
attempts to f i n d an ex i s t i ng node in the graph s a t i s ­
fy ing the descr ip t ion of the noun. Thus, when FOC is 
to re tu rn the name of a node corresponding to " the 
new bakery" it assumes that a new bakery has been 
ta lked about before and it looks fo r a node in the 
SWG which could be represent ing that bakery. If more 
than one such node is found, the l as t one mentioned 
is re turned. (Each time a node is used a use-time is 
associated w i t h i t . ) If no such node is found, one 
is created. 

The value of the a t t r i b u t e TOK on a parameter's 
property l i s t is assumed to be the name of a node 
represent ing a set of e n t i t i e s of which the value of 
the parameter is an element. In the case of the 
parameter SELLER, L-BAKER is the name of a set of 
which the value of SELLER must be a member. Words 
such as L-BAKER, L-JOHN, L-CAKE, e t c . , are entered in 
both the system's lex icon ( fo r use by the parser) and 
the SWG before processing begins. Certa in p r i m i t i v e 
re la t ionsh ips among the sets named by these words are 
also preset . For example, the r e l a t i o n (SUBSET 
L-JOHN L-MAN) is preset in the SWG. Thus, whenever 
a John is mentioned he becomes an element of the set 
L-JOHN, a subset of L-MAN, and is therefore known to 
be a man. 

The parameters fo r "At the new bakery John 
bought a cake from the baker" are processed from the 
parser output as fo l lows: 

1) The SELLER is determined. FOC looks fo r an 
x in the SWG such that (ELEMENT x L-BAKER). Finding 
no such x, one is created ( c a l l i t *BAKER*) and it 
becomes the value of SELLER. (During t h i s process 
(ELEMENT *BAKER* L-BAKER) is encoded in the SWG.) 

2) The BUYER is determined. FOC looks for an 
x such that (ELEMENT x L-JOHN). It f inds *JOHN* 
which becomes the value of BUYER. 

3) The THINGBT is determined. Since the deter­
miner is I n d e f i n i t e , FOC creates a new node, *CAKE* 
such that (ELEMENT *CAKE* L-CAKE). 

4) The LOC is determined. In t h i s instance 
the job of FOC Is complicated by the presence of the 
mod i f i ca t i on . FOC looks fo r an x such that 
(ELEMENT x L-BAKERY) and (AGE L-NEW x ) . Finding none, 
FOC creates such an x and makes it the value of LOC. 

Once the values of parameters have been deter­
mined, the system c a l l s the event procedure EXCHANGE 
to encode the event. I t is important to note that 
re la t ionsh ips encoded in the SWG during the process 
of de f in ing new nodes to serve as parameters are not 

entered on the add or delete l i s t s of the event 's time 
l i n e nodes. Thus, the new nodes are not eradicated if 
the model's time frame is backed up over the event. 
For example, the model w i l l always know who " the baker" 
i s . 

Processing in te r rogat ive sentences 
The processing of In te r rogat ive sentences c losely 

p a r a l l e l s that of dec larat ive sentences so far as the 
determinat ion of parameters is concerned. Of course, 
ra ther than d i rec t the system to change the SWG and 
extend the time l i n e , questions cause the SWG and time 
l i ne to be examined. There are three basic types of 
questions the system can answer. 

An example of the f i r s t type is "What man bought 
a cake at the bakery?" Questions of t h i s type are 
answered by examination of the time l i n e . For the 
current example, a search down the time l i ne (toward 
the past) is conducted u n t i l an event is found whose 
event class is EXCHANGE and whose LOC parameter has 
the value *BAKERY*. When such a node is found a tes t 
Is made to see if the value of the THINGBT parameter 
Is an element of L-CAKE. This tes t being passed 
another tes t is performed to determine i f the value 
of BUYER is an element of L-MAN. If t h i s test is 
passed then the value of BUYER is the answer to the 
quest ion. E i ther the value of BUYER (a noun e n t i t y 
node) or the parent event node may be passed to the 
response generator. The generator, as w i l l be seen 
sho r t l y , produces e i ther a noun phrase or a complete 
sentence answer, respect ive ly . 

An example of the second type of question is 
"What d id the baker own before John bought something 
at the bakery?" The parser s p l i t s the question in to 
two pa r t s . A search s im i la r to the one j u s t described 
is used to f i nd a node on the time l i ne corresponding 
to the event "John bought something at the bakery." 
The SWG Is then backed up to j us t before that event 
and the system Invest igates the SWG for an x such that 
(OWNS *BAKER* x ) . If such an x is found, it is the 
answer to the quest ion. 

An example of the t h i r d type of question iB "What 
d id the baker own before John owned a cake?" To 
answer t h i s quest ion the SWG is stepped back u n t i l a 
s ta te is found in which (OWNS *JOHN* x) and 
(ELEMENT x L-CAKE) are t r u e . Then the SWG is stepped 
back u n t i l one of these re la t ionsh ips is no longer 
t r ue . F i n a l l y , the SWG is stepped back u n t i l 
(OWNS *BARER* z) is t rue fo r some z. If such a z can 
be found, it is the answer to the quest ion. 

The Generator 

The generation of English responses from the 
semantic nets produced by the modeling system is accom­
pl ished w i t h another AFSTN grammar. In pars ing, the 
input s t r i n g (English) cont ro ls the t r ans i t i ons of an 
AFSTN parsing program which produces a canonical s t ruc ­
ture as a side e f f ec t . In generat ion, the t r a n s i t i o n s 
are s i m i l a r l y con t ro l led by a "sentence;" the side 
e f f ec t in t h i s case is an English s t r i n g . The genera­
t o r , l i k e the parser, makes use of special l e x i c a l 
in format ion: t h i s in format ion may be regarded as the 
inverse of CANON-VB and PRULES. Associated w i t h each 
canonical verb is the a t t r i b u t e SURF-VB which l i n ks 
the canonical verb to surface verbs which may be used 
to express i t ; in order to re la te deep case st ructures 
(semantic nets) to the syntact ic pat terns of surface 
verbs, each surface verb has the a t t r i b u t e GRULES on 
i t s property l i s t . Table 1 contains some examples of 
generation ru les (GRULES). 

267 



The use of SURF-VB and GRULES is p r o b a b l y b e s t 
i l l u s t r a t e d by example - - c o n s i d e r the second semant ic 
n e t f r agmen t ( i n t i m e ) i n F i g u r e 4 , based o n the 
c a n o n i c a l v e r b EXCHANGE. From the SURF-VB p r o p e r t y of 
EXCHANGE ( r e f . Tab le 1 ) , such an event may be seen to 
b e e x p r e s s i b l e a s " b u y i n g , " " s e l l i n g , " e t c . I n any 
d e s i r e d f a s h i o n (perhaps by random c h o i c e ) any one o f 
t hese ve rbs may be s e l e c t e d . Suppose L-BUY is chosen . 
The l e x i c a l f r agmen t in Tab le 1 shows two GRULES 
a s s o c i a t e d w i t h L-BUY: t h e f i r s t - -

(BUYER ACTIVE THINGBT (FROM SELLER) 
(FOR THINGGIVEN)) --

i s chosen . T h i s t h e n becomes t h e c o n t r o l " s e n t e n c e " 
to be " p a r s e d " by t he g e n e r a t i o n grammar. 

The f i r s t e lement i n t he r u l e , BUYER, I n d i c a t e s 
t h a t an NP is to be gene ra ted (as what is commonly 
c a l l e d t h e sub j e c t o f t he sen tence) f rom the node 
s a t i s f y i n g t h e deep case r e l a t i o n s h i p BUYER w i t h 
r e s p e c t t o t he even t node ( i n F i g u r e 4 ) ; *MARY*. 
By some method to be d i s c u s s e d l a t e r , t h i s NP genera ­
t i o n p roduces t h e s t r i n g MARY, The second e lement i n 
t h e r u l e , ACTIVE, i n d i c a t e s t he v o i c e i n wh ich t he 
sen tence i s to be g e n e r a t e d . The Verb S t r i n g genera ­
t i o n - - d i s c u s s e d by Simmons and Slocum (4) - - p r o ­
duces ( f o r i n s t a n c e ) BOUGHT. The nex t e lement in t he 
r u l e , THINGBT, i n d i c a t e s t h a t an NP i s t o be g e n e r a t e d 
f rom the node s a t i s f y i n g t h e deep case r e l a t i o n s h i p 
THINGBT w i t h r e s p e c t t o t he event node i n F i g u r e 4 : 

*BOAT*. T h i s NP s t r i n g m igh t be THE BOAT. The nex t 
e l e m e n t , (FROM SELLER), i n d i c a t e s t h a t t h e node *JOHN* 
may ( p a r e n t h e s e s i n d i c a t e o p t i o n a l i t y ) be g e n e r a t e d , 
and i f so , as a pp u s i n g the p r e p o s i t i o n " f r o m . " T h i s 
m i g h t r e s u l t in FROM JOHN. The l a s t e lement in t he 
r u l e , (FOR THINGGIVEN), a l l o w s the node ^DOLLAR* to be 
g e n e r a t e d as a PP w i t h t h e p r e p o s i t i o n " f o r , " r e s u l t ­
i n g in FOR 50 DOLLARS. S ince t h e e n t i r e GRULE has 
now been " p a r s e d , " t he g e n e r a t o r s imp l y conca tena tes 
these i n t e r m e d i a t e r e s u l t B and r e t u r n s t h e sen tence : 

MARY BOUGHT THE BOAT FROM JOHN FOR 50 DOLLARS. 

W i t h o u t g o i n g i n t o d e t a i l , i t can b e seen t h a t t he 
c h o i c e of L-PAY and the r u l e ("BUYER ACTIVE (SELLER) 
(THINGGIVEN) (FOR THINGBT)), when a p p l i e d to t he 
i d e n t i c a l deep s t r u c t u r e , wou ld r e s u l t i n t h e o u t p u t 
s e n t e n c e : 

MARY PAID JOHN 50 DOLLARS FOR THE BOAT. 

I t i s a l s o w o r t h n o t i n g t h a t t he cho i ces L-COST and 
t h e r u l e (THINGBT ACTIVE (BUYER) (THINGGIVEN)) m i g h t 
p roduce t h e sen tence ; 

THE BOAT COST MARY 50 DOLLARS. 

T h i s o b v i o u s l y c o n t a i n s l e s s i n f o r m a t i o n t h a n the 
u n d e r l y i n g s t r u c t u r e a s seen i n F i g u r e 4 , b u t n o t e 
t h a t t he v e r b " c o s t " does n o t a l l o w the i n c l u s i o n o f 
t h e SELLER. 

Now c o n s i d e r t he p rob lem of g e n e r a t i n g a sen tence 
f rom a n i n c o m p l e t e u n d e r l y i n g s t r u c t u r e : d e l e t e t h e 
THINGGIVEN a t t r i b u t e ( o r a r c ) f r o m the example n e t . 
I f g e n e r a t i o n i s a t t e m p t e d w i t h t he same v e r b and r u l e 
c h o i c e s as in t he l a s t example , a non-sen tence wou ld 
b e r e t u r n e d : 

THE BOAT COST MARY. 

Thus t h e c h o i c e o f s u r f a c e v e r b s and r u l e s i s n o t 
e n t i r e l y f r e e ; I t I s necessary t h a t some mechanism 
t e s t a t e n t a t i v e p a t t e r n a g a i n s t t h e da ta base n e t t o 
i n s u r e t h a t t h e r e q u i r e d arguments ( t h o s e n o t p a r e n ­
t h e s i z e d ) a re p r e s e n t i n t h e n e t . I n t h i s example , 
one may see t h a t t h e l a s t r u l e e lement - - THINGGIVEN — 
i s n o t i n t h e ( a l t e r e d ) n e t , t h u s e l i m i n a t i n g t h i s 
p a r t i c u l a r GRULE; t h i s , i n t u r n , e l i m i n a t e s t h e v e r b 
L-COST f rom c o n s i d e r a t i o n . Note t h a t any o f t he o t h e r 

GRULES in Tab le 1 wou ld be a c c e p t a b l e , B ince in a l l 
t hese i n s t a n c e s the p resence o f THINGGIVEN in t he 
o u t p u t s t r i n g i s d e f i n e d t o b e o p t i o n a l . 

I t i s p o s s i b l e t h a t one m i g h t n o t w i s h t he system 
t o c o n s i s t e n t l y gene ra te t h e m a x i m a l l y i n f o r m a t i v e 
sen tence a l l o w e d by a r u l e , even though a l l e lements 
b e p r e s e n t i n t h e d a t a base . For I n s t a n c e , s i n c e 
s e v e r a l o f t h e r u l e s i n d i c a t e t h e o p t i o n a l i t y o f case 
r e l a t i o n s SELLER and THINGGIVEN, one m i g h t w i s h to 
a l l o w t h e i r d e l e t i o n f rom the sentences produced - -
o r , b e t t e r y e t , t h e i r n o n - g e n e r a t i o n , A sen tence 
example ( a g a i n , f r om F i g u r e 4 ) i s : 

MARY BOUGHT THE BOAT FOR 50 DOLLARS. 

T h i s " d e l e t i o n " c o u l d b e hand led t h rough e x p l i c i t 
s t o r a g e o f a l l o f t h e v a r i a n t s o f a r u l e , w i t h some 
o p t i o n a l e l e m e n t ( s ) d e l e t e d f r o m each r u l e ; however , 
t h i s i s u n n e c e s s a r i l y r e d u n d a n t . I n s t e a d , t he 
grammar i t s e l f may be c o n s t r u c t e d so as to a l l o w f o r 
t h i s p o s s i b i l i t y — perhaps by random o m i s s i o n o f 
o p t i o n a l NP or PP c o n s t i t u e n t s , or by any o t h e r heu ­
r i s t i c w h i c h t he grammar w r i t e r may w i s h t o employ . 
(Our system does no t p e r f o r m any o f t h i s c o n s t i t u e n t 
d e l e t i o n . ) The p rob lem t o b e r e c o g n i z e d h e r e i s t h a t 
one wou ld p r e f e r no t t o a l l o w the p o s s i b i l i t y o f 
g e n e r a t i n g a response ( t o a q u e s t i o n ) in w h i c h t he 
d e s i r e d i n f o r m a t i o n ( t h e answer) has been " o p t i o n a l l y 
d e l e t e d . " However, t h e r e i s a n a d d i t i o n a l p o s s i b i l i t y 
f o r answer g e n e r a t i o n (wh ich our system does employ) 
wh ich s o l v e s t h i s p rob lem: " a n s w e r - o n l y " g e n e r a t i o n . 

Noun Phrase G e n e r a t i o n 
Most (spoken) answers to q u e s t i o n s a re n o t sen­

t e n c e s , b u t r a t h e r (noun) p h r a s e s ; thus t h e r e i s n o 
reason why a mechan i ca l answer g e n e r a t o r must be 
c o n s t r a i n e d t o t he p r o d u c t i o n o f " c o m p l e t e " s e n t e n c e s . 
By happy coincidence, the AFSTN system allows initial 
c o n t r o l t o pass t o any node i n t he grammar - - t h e 
language p r o c e s s o r employs t h i s f a c i l i t y i n sometimes 
c h o o s i n g to gene ra te an NP r a t h e r t h a n an S. 

Cons ide r F i g u r e 4 , The s i m p l e s t answer t o t h e 
q u e s t i o n "Who s o l d t h e b o a t ? " i s t he NP " J o h n . " 
"Ma ry " i s t h e answer to t he q u e s t i o n "Who bought t he 
b o a t ? " Now i f t h e response node s e l e c t e d by t he 
m o d e l i n g system i s an even t node , t h e n the g e n e r a t o r 
shou ld p roduce an S. But most o f t e n t he response is 
a n e n t i t y node - - S ince the m o d e l i n g system i s b i a s e d 
t o r e p l y w i t h a n e n t i t y node i f p o s s i b l e . I n t h i s 
case , an NP is to be g e n e r a t e d . The g e n e r a t i o n of 
NP 's as answers to q u e s t i o n s i s i n e v e r y way i d e n t i ­
c a l t o t he g e n e r a t i o n o f NP's w i t h i n s e n t e n c e s . Now 
s i n c e the g e n e r a t i o n o f JOHN f rom the node in F i g u r e 4 
l a b e l l e d *J0HN* wou ld n o t p a r t i c u l a r l y c l a r i f y any 
p rob lems in NP g e n e r a t i o n , we s h a l l c o n s i d e r t he 
example n e t w o r k in F i g u r e 2 and see how an NP is p r o ­
duced i n some " w o r s t c a s e . " 

The node l a b e l l e d *WAGON* in F i g u r e 2 is an exam­
p l e o f a n e n t i t y node: i t co r responds o n a o n e - t o - o n e 
b a s i s w i t h some p a r t i c u l a r o b j e c t i n t h e r e a l w o r l d 
known as wagon — o r , more a c c u r a t e l y , i t c o r r e s p o n d s 
to a .set of (15) wagons. OLD, 15, RED, L ITTLE, and 
RICKETY a r e p r e d i c a t e d about t h i s s e t . Thus t h i s 
e n t i t y has a t t r i b u t e s AGE, NUMBER, COLOR, SIZE, and 
CONDITION. W h i l e a l l o f t h e s e p r e d i c a t e s may be 
t h o u g h t o f as M O D i f i e r s , t h e r e i s a good reason f o r 
b e i n g more p r e c i s e , as we s h a l l s e e . Now F i g u r e 2 
i n d i c a t e s t h a t t hese p r o p o s i t i o n s about *WAG0N* appear 
much l i k e e v e n t nodes (see F i g u r e 4 ) - - h a v i n g 
d i r e c t e d , l a b e l l e d a r c s w h i c h p o i n t t o a n e n t i t y node . 
These l a b e l s m i g h t even b e c o n s i d e r e d " case r e l a t i o n s . " 
But t h e r e i s one I m p o r t a n t d i s t i n c t i o n ; e v e n t s a r e b y 
n a t u r e o n e - t i m e o b j e c t s — they " h a p p e n , " t h e n t h e y 
a r e o v e r ; a p r o p o s i t i o n , o n t h e o t h e r h a n d , i s s t a t i c , 
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i t "goes on and o n , " u n t i l something (an event) occurs 
which changes i t s " t r u t h va lue . " 

If one were to randomly generate the modi f iers of 
*WAG0N* in the course of generating that node as an 
NP, the resu l t might be: 

THE OLD RICKETY 15 RED LITTLE WAGONS, 
or, THE RED LITTLE 15 RICKETY OLD WAGONS, 
or, THE 15 LITTLE OLD RICKETY WAGONS. 

Only the l as t is recognized as being acceptable. What 
makes i t d i f f e r e n t from the others, obviously, is the 
ordering of the mod i f ie rs . (Winograd (5) ordered h is 
mod i f ie rs . ) Thus it is seen that the presence of the 
"case r e l a t i o n s " between proposi t ions and t h e i r re f ­
erents can a id in c o n t r o l l i n g NP generation -- espe­
c i a l l y in view of the fac t that one might pos i t a con­
t r o l s t r i n g which would cont ro l Np generation much 
l i k e those used to con t ro l S generat ion. The accep­
table (3rd) example above would ind icate that one 
proper con t ro l s t r i n g i s : 

(NUMBER SIZE AGE CONDITION COLOR) 

Now the NP grammar has the r e l a t i v e l y simple task of 
"pars ing" such a con t ro l s t r i n g in order to generate 
modi f iers in an acceptable order. For s i m p l i c i t y , 
proper nouns and ce r ta in others ( l i k e mass nouns) do 
not normally take determiners; other nouns take the 
d e f i n i t e determiner " t he " by de fau l t . 

Conclusions 

It might be argued that ce r ta i n informat ion is 
los t when a sentence is mapped in to canonical form. 
For example, given 

JOHN SOLD THE CAR TO BILL 
It might seem that JOHN ts in some sense the i n i t i a t o r 
of the ac t ion -- but t h i s is not necessar i ly t rue . 
Instead, i t is more l i k e l y that the speaker chose to 
" foreground" JOHN for reasons of discourse develop­
ment (or whatever). The choice of "sub jec t " and 
"ob jec t " In a sentence is apparently important to 
thematic development and anaphoric reso lu t i on (6 , 7 ) , 
yet i t is not a t a l l c lear that such syntact ic i n f o r ­
mation need appear in the f i n a l representat ion of the 
meaning of the sentence. 

The s t r i c t chronological sequence demanded by the 
modeling system causes input tex ts to make very bor ing 
reading. Rather than being r e s t r i c t e d to time l i n e 
growth on the r i g h t , tense and other time clues pro­
vided by the input sentences (8) should be able to 
guide the i nse r t i on of events in to the h i s to ry po r t i on 
of the time l i n e . Even w i th such extension, the sys­
tem would s t i l l be unable to account f o r simultaneous 
events, or the occurrences of events in an unknown 
order. Both of these problems could be solved, how­
ever, by genera l iz ing the time l i ne to be a p a r t i a l l y -
ordered graph■ 

It is apparent that the generation of a reason­
able number and v a r i e t y of Engl ish sentences is indeed 
a simple task, when using the AFSTN system and "par­
s ing" a con t ro l s t r i n g drawn from the lex i con . Yet 
unimplemented extensions of t h i s scheme would a l low 
imbedded sentences and occasional " f r o n t i n g " of cer­
t a i n (p repos i t iona l ) phrases -- t y p i c a l l y those expres­
sing t ime. 

This language processing system has been imple-
mented in GROPE, a graph processing language (9, 10) 
on the CDC 6600 at the Un ivers i t y of Texas. The sys­
tem has proven to be qu i te sa t i s fac to ry in answering 
questions r e l a t i n g sequences of events -- indeed, f o r 
sequences which fo l low no p a r t i c u l a r p a t t e r n , i t is 
general ly fas te r and more accurate in answering 

questions than a human competitor. (Response time for 
most questions is in the neighborhood of two seconds on 
a t ime-sharing system, and the actual processing time 
is of course less than t h a t . ) More extensive documen­
t a t i o n of the system and i t s support is ava i lab le in 
Matuszek & Slocum (11), Thompson (12), Hendrix (13), 
and Slocum (14). 
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