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Augmented T r a n s i t i o n Networks (ATNs) have 
become a p o p u l a r and e f f e c t i v e t o o l f o r 
c o n s t r u c t i n g n a t u r a l l anguage u n d e r s t a n d i n g 
s y s t e m s . Our own s y s t e m . PLANES [ W a l t z 7 6 ] is 
based on a l a r g e " s e m a n t i c grammar" wh i ch i s 
imp lemented as an ATN n e t w o r k . In d e v e l o p i n g ou r 
s y s t e m , we were f r u s t r a t e d by numerous p rob lems 
and s h o r t c o m i n g s IN t h e b a s i c ATN f o r m a l i s m . 
C o n s e q u e n t l y , we have augmented and ex tended t h e 
model to overcome some of t h e s e p r o b l e m s . We have 
a l s o d e v e l o p e d an o p t i m i z i n g c o m p i l e r f o r ATN 
ne two rks wh i ch t r a n s l a t e s them i n t o LISP f u n c t i o n s 
and an i n t e r a c t i v e program w h i c h a l l o w s one to 
e a s i l y e x t e n d and m o d i f y an ATN grammar. 

E x t e n s i o n s to thel__ ATN. Model 
Some o f t h e e x t e n s i o n s a r e r e l a t i v e l y s i m p l e : 

t h e i n c l u s i o n of new a r c t y p e s such as PHRASE 
( w h i c h matches two or more i n p u t words) and ROOT 
(wh i ch matches o n t h e r o o t f o r r a ( s ) o f t h e c u r r e n t 
i n p u t w o r d ) . O t h e r s have i n v o l v e d r e - e x a m i n i n g 
t h e b a s i c ATN mechanism i n o r d e r t o a l l e v i a t e more 
f undamen ta l p r o b l e m s . 

We have e x t e n d e d o u r ATN system to p r o v i d e 
s e v e r a l c o n t r o l p r i m i t i v e s w h i c h can b e used t o 
d y n a m i c a l l y p rune t h e t r e e o f d e c i s i o n p o i n t s o n 
t h e d e v e l o p i n g " p a r s e . " One p r i m i t i v e , FAIL 
( i n c l u d e d b o t h as an a r c t y p e and as an a r c 
a c t i o n ) can p r o p a g a t e a f a i l u r e message to any 
p o i n t o n t h e d e c i s i o n t r e e . Other p r i m i t i v e s 
a l l o w one t o save e n v i r o n m e n t s , b o t h c o n t r o l and 
v a r i a b l e b i n d i n g . T h i s a l l o w s one t o suspend t h e 
p r o c e s s i n g a c t i v a t e d by a s p e c i f i e d PUSH a r c or 
a c t i o n and t o c o n t i n u e p a r s i n g a s i f i t had 
f a i l e d . I f subsequent a t t e m p t s t o f i n d a Darse 
f a i l , t h e suspended p r o c e s s i n g w i l l a u t o m a t i c a l l y 
be resumed in t h e same e n v i r o n m e n t . 

Even w i t h t h e a b i l i t y t o c o n t r o l backup , w e 
have found t h a t t h e ATN model s t i l l s u f f e r s f rom a 
p a u c i t v o f c o n t r o l p r i m i t i v e s . E v a l u a t i n g an ATN 
s t a t e i s c o n c e p t u a l l y a s i m p l e p r o c e s s i n wh i ch 
one e v a l u a t e s each a r c l e a v i n g a s t a t e u n t i l one 
is found w h i c h can be t a k e n ( l e a d i n g to a new 
s t a t e t o b e e v a l u a t e d ) w h i c h does n o t r e t u r n 
f a i l u r e . Thus t h e b a s i c c o n t r o l p r i m i t i v e i s t h e 
IF -THEN-ELSE- IF -ELSE. . . a p p l i e d t o t h e a r c s o f a 
s t a t e . We have found i t c o n v e n i e n t t o add t h e 
a b i l i t y t o c o n j o i n o r d i s j o i n b u n d l e s o f a r c s 
l e a v i n g a s t a t e . Fo r example , i t i s o u i t e common 
t o have a g roup o f a r c s l e a v i n g a s t a t e i n w h i c h 
o n l y one a r c can p o s s i b l y be t a k e n . 

I n t h e s t a n d a r d ATN f o r m a l i s m , t h e r e i s n o 
easy way t o encode t h e knowledge t h a t i f one o f 
t h e s e a r c s can b e f o l l o w e d but e v e n t u a l l y l e a d s t o 
f a i l u r e , t h e n t h e o t h e r a r c ( s ) can n o t p o s s i b l y b e 
f o l l o w e d . Our ATN sys tem s u p p o r t s a SELECT 
c o n s t r u c t w h i c h w i l l o n l y a l l o w one a r c i n t h e 
bund le to be f o l l o w e d . The SELECT c o n s t r u c t has 
t h e a d d i t i o n a l b e n e f i t o f s i g n a l i n g t o t h e r e a d e r 
t h a t t h e governed a r c s a r e l o c a l l v e x c l u s i v e 
p o s s i b i l i t i e s , d i s t i n g u i s h i n g some o f t h e 
d e t e r m i n i s t i c f rom t h e n o n - d e t e r m i n i s t i c a s p e c t s 
of a grammar. 

In ou r own work we use l o n g sequences o f 
s i n g l e - a r c s t a t e s t o parse s p e c i a l c o n s t r u c t i o n s 
o r i d i o m a t i c p h r a s e s . T h i s a u i c k l y r e s u l t s i n a 
s p a g h e t t i l i k e n e t w o r k w h i c h i s d i f f i c u l t t o read 
and u n d e r s t a n d . T o a v o i d t h i s s i t u a t i o n and t o 
keep t o g e t h e r code w h i c h l o g i c a l l y b e l o n g s 
t o g e t h e r , we have d e f i n e d an AND c o n s t r u c t wh i ch 
c o n j o i n s a bund le o f a r c s i n t o a s i n g l e u n i t . The 
d e s t i n a t i o n o f each a r c i n t h e b u n d l e ( e x c e p t f o r 
t h e l a s t a r c , o f c o u r s e ) i s j u s t t h e n e x t a r c i n 
t h e b u n d l e . 

These e x t e n s i o n s to t h e ATN model have been 
b u i l t i n t o a n e f f i c i e n t i n t e r p r e t e r ( w r i t t e n i n 
MACLISP) w h i c h uses a s i m p l e r e c u r s i v e t e c h n i q u e 
f o r s i m u l a t i n g n o n - d e t e r m i n i s t i c a u t o m a t a . 

I Compiler fox AIM. JteiMkfe 
A n o t h e r m a j o r component o f o u r ATN sys tem i s 

an o p t i m i z i n g c o m p i l e r wh i ch t r a n s l a t e s ATN 
ne two rks i n t o compac t , e f f i c i e n t LISP c o d e . T h i s 
LISP code can t h e n be passed t h r o u g h a s t a n d a r d 
LISP c o m p i l e r t o p roduce machine l anguage c o d e . 
C o m p i l a t i o n o f t h e ATN n e t w o r k s used in t h e PLANES 
system and s e v e r a l o t h e r l a r g e p a r s i n g ne two rks 
has r e s u l t e d i n c o r r e s p o n d i n g machine language 

code w h i c h a c h i e v e s a speed-up f a c t o r o f 5 to 10 
and a s i z e r e d u c t i o n f a c t o r o f up t o 1 /2 . 

The t r a n s l a t i o n o f an ATN n e t w o r k i n t o LISP 
code i s s t r a i g h t f o r w a r d p r o c e s s , each s t a t e i n t h e 
n e t w o r k r e s u l t i n g i n a s i m p l e LISP f u n c t i o n . Our 
c o m p i l e r , howeve r , a t t e m p t s t o p roduce e f f i c i e n t 
code b y a p p l y i n g t h r e e s e t s o f o p t i m i z a t i o n 
( e x p r e s s e d i n a s i m p l e p a t t e r n m a t c h i n g language) 
r u l e s a t d i f f e r e n t s t ages o f t h e t r a n s l a t i o n . 

The f i r s t s e t o f r u l e s d e f i n e s 
s o u r c e - t o - s o u r c e t r a n s f o r m a t i o n s on ATN ne tworks 
and i n d i v i d u a l ATN s t a t e s . For examp le , one r u l e 
w i l l b u n d l e any a d j a c e n t word a r c s o f a s t a t e i n t o 
a s i n g l e SELECT a r c i f t h e s e t o f words t e s t e d by 
t h e a r c s a r e d i s j o i n t . 

The second s e t o f o p t i m i z a t i o n r u l e s i s 
a p p l i e d as t h e ATN n e t w o r k i s t r a n s l a t e d i n t o LISP 
code . The domain o f t h e s e r u l e s i s t h e se t o f ATN 
a r c s . For examp le , one r u l e c a r e f u l l y examines 
t h e c o n d i t i o n and a c t i o n s on an a r c t o d e t e r m i n e 
i f t h e y m i g h t cause a s i d e - e f f e c t ( e . g . s e t a 
r e g i s t e r ) . I f n o s i d e - e f f e c t s a r e p o s s i b l e , t hen 
code f o r g e n e r a t i n g a new r e g i s t e r c o n t e x t need 
n o t be i n c l u d e d . 

The f i n a l s e t o f o p t i m i z a t i o n r u l e s d e f i n e s 
LISP s o u r c e - t o - s o u r c e t r a n s l a t i o n s wh ich r e s u l t i n 
f a s t e r a n d / o r more compact c o d e . T h i s s e t o f 
r u l e s a l s o i n c l u d e s t r a n s f o r m a t i o n s wh i ch can 
o p t i o n a l l y "open code " t h e more common b u i l t - i n 
ATN a c t i o n s ( e . g . s e t t i n g o r a c c e s s i n g a 
r e g i s t e r ) . 

Ne twork Ed i to r 

d e v e l o p e d a spec ia l pu rpose76 ] [Hadden 7 7 ] , w h i c h knows about 
purpose e d i t o r , 

advan tage o f 

have d e v e l o p e d a s p e c i a l 
NETEDI [ W a l t z 76][HAdden 
t h e s t r u c t u r e o f ATN's and t a k e s 
t h e i r r e d u n d a n c i e s . 

NETEDI e x p e c t s a s i t s main i n p u t a l i s t . 
Each e lemen t o f t h i s l i s t c o r r e s p o n d s t o a new a rc 
i n t h e ATN w i t h t h e f o l l o w i n g e x c e p t i o n : i f some 
i n i t i a l segment o f t h e i n p u t l i s t wou ld c o r r e s p o n d 
to a s e t o f a r c s a l r e a d y in t h e ATN, no new a r c s 
a r e added f o r t h e s e . The i n p u t l i s t can be as 
s i m p l e as a l i s t o f words w h i c h form a sen tence o r 
ph rase o r complex enough to fo rm any p o s s i b l e a rc 
— comp le te w i t h embedded t e s t s , LISP e x p r e s s i o n s , 
and t r a n s i t i o n modes. 

Cons ide r one o f t h e e lemen ts o f t h e i n p u t 
l i s t . I f i t i s a n atom w h i c h b e g i n s w i t h a " & " . 
i t r e p r e s e n t s a PUSH a r c . When NETEDI sees one or 
t h e s e , i t adds r e g i s t e r - s e t t i n g code t o t h e PUSH 
a r c ; t h e r e g i s t e r w i l l have t h e same name as t h e 
subne t PUSH-ed t o . Any o t h e r atom i n t h e i n p u t 
l i s t r e p r e s e n t s a WRD a r c . 

Any a r c ( i n c l u d i n g WRD and PUSH) can be 
r e p r e s e n t e d b y i n c l u d i n g i t s name a s t h e f i r s t 
e lemen t i n a l i s t , p r e c e d i n g t h e name w i t h a " : " 
and p u t t i n g t h e r e s t o f t h e arguments i n t h e l i s t . 
For examp le , " ( : C A T PREP)" wou ld f o rm a CAT ( f o r 
c a t e g o r y ) a r c w h i c h r e c o g n i z e s p r e p o s i t i o n s . S o 
" ( ( : C A T PREP) &NP)" wou ld produce t h e code 
r e q u i r e d t o r e c o g n i z e p r e p o s i t i o n a l ph rases 
assuming t h e ATN c o n t a i n e d a s t a t e c a l l e d "ANP" 
w h i c h i s t h e f i r s t s t a t e o f a noun phrase 
r e c o g n i z e r . 
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