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ABSTRACT 

For n a t u r a l language d i a l o g sys tems, g o i n g 
beyond domain independence means the a t t e m p t to 
c r e a t e a co re sys tem t h a t can se rve as a b a s i s f o r 
i n t e r f a c e s t o v a r i o u s a p p l i c a t i o n c l a s s e s t h a t 
d i f f e r no t o n l y w i t h r e s p e c t t o the domain o f 
d i s c o u r s e bu t a l s o w i t h r e s p e c t t o d i a l o g t y p e , 
user t y p e , i n t e n d e d system b e h a v i o r , and background 
sys tem. In t h e d e s i g n and i m p l e m e n t a t i o n of HAM 
ANS. w h i c h i s p r e s e n t l y o p e r a t i o n a l as an i n t e r f a c e 
to an e x p e r t s ys tem, a v i s i o n system and a da ta 
base sys tem, we have shown t h a t g o i n g beyond domain 
independence is p o s s i b l e . HAM-ANS is a l a r g e 
n a t u r a l language d i a l o g system w i t h bo th 
c o n s i d e r a b l e d e p t h and b r e a d t h , wh i ch accep ts t yped 
i n p u t i n c o l l o q u i a l German and produces t yped 
German responses q u i c k l y enough to make i t 
p r a c t i c a l f o r r e a l - t i m e i n t e r a c t i o n . One g o a l o f 
t h i s paper i s t o r e p o r t o n t h e l essons l e a r n e d 
d u r i n g t h e r e a l i z a t i o n o f t he system HAM-ANS. Th is 
paper i n t r o d u c e s t h e o v e r a l l s t r u c t u r e o f t he 
s y s t e m ' s p r o c e s s i n g u n i t s and knowledge s o u r c e s . I n 
a d d i t i o n we d e s c r i b e some of t he i n n o v a t i v e 
f e a t u r e s c o n c e r n i n g the s t r a t e g y o f semant ic 
i n t e r p r e t a t i o n . 

I . INTRODUCTION 

I n t he p a s t , c o n s i d e r a b l e e f f o r t has been 
devo ted t o t he deve lopment o f d o m a i n - i n d e p e n d e n t 
n a t u r a l language (NL) i n t e r f a c e s . A s i t t u r n s o u t , 
domain independence does no t mean t h a t such NL 
i n t e r f a c e s can be adapted f o r such d i v e r s e 
i n f o r m a t i o n p r o c e s s i n g systems as CAO, s i m u l a t i n g , 
and o p e r a t i n g systems (wh ich we w i l l h e n c e f o r t h 
c a l l background s y s t e m s ) . Thus g o i n g beyond domain 
independence means the a t t e m p t to c r e a t e a co re 
system t h a t can serve as a b a s i s f o r i n t e r f a c e s to 
v a r i o u s a p p l i c a t i o n c l a s s e s (see f i g . 1 ) t h a t 
d i f f e r no t o n l y w i t h r e s p e c t t o the background 
sys tem bu t a l s o w i t h r e s p e c t t o d i a l o g t y p e , user 
t y p e , i n t e n d e d system b e h a v i o u r , and d i s c o u r s e 
domain (see upper h a l f o f f i g . 1 ) . We d e f i n e t he 
c o r e system of an NL i n t e r f a c e as c o n s i s t i n g 
i d e a l l y o f t hose knowledge sources (KSs) and 
p rocesses t h a t are common to a l l a p p l i c a t i o n s . O f 
cou rse t h i s i s a ve ry a m b i t i o u s g o a l t h a t does not 
seem t o b e a t t a i n a b l e i n i t s f u l l g e n e r a l i t y i n the 
near f u t u r e a c c o r d i n g t o t h e c u r r e n t s t a t e o f t h e 
a r t , bu t we have shown t h a t i t i s f e a s i b l e i n a 
more l i m i t e d sense i n our d e s i g n and i m p l e m e n t a t i o n 
o f t h e sys tem HAM-ANS (HAMburg A p p l i c a t i o n o r i e n t e d 
N a t u r a l l anguage Sys tem) , w h i c h i s p r e s e n t l y 
o p e r a t i o n a l as an i n t e r f a c e to an e x p e r t sys tem, a 
v i s i o n sys tem, and a da ta base system (see l ower 
h a l f o f f i g . 1 ) . 

HAM-ANS is a l a r g e NL d i a l o g sytem of b o t h 
c o n s i d e r a b l e d e p t h and b r e a d t h , whose components 
have been d e v e l o p e d over a 3 - yea r p e r i o d w i t h an 
e f f o r t o f a p p r o x i m a t e l y 15 m a n - y e a r s . The system 
a c c e p t s t y p e d i n p u t i n c o l l o q u i a l German and 
p roduces t y p e d German responses q u i c k l y enough 
( 5 - 2 5 seconds on an un loaded POP-10) to make i t 

Research on HAM-ANS is c u r r e n t l y b e i n g suppo r ted by 
t h e German M i n i s t r y o f Research and Technology 
(BMFT) under c o n t r a c t 0BIT1503B 

p r a c t i c a l f o r r e a l - t i m e i n t e r a c t i o n . The p r o j e c t 
r e p r e s e n t s a mass ive approach towards d e v e l o p i n g 
and i m p l e m e n t i n g an a c t u a l a p p l i c a t i o n - i n d e p e n d e n t , 
e a s i l y a d a p t a b l e sys tem. The d e s i g n of HAM-ANS 
draws m a i n l y upon work on CO-OP [ 1 4 ] , PLANES [ 2 4 ] , 
INTELLECT [ 8 ] . TEAM [ 6 ] and HAM-RPM [ 7 ] . 

I I . HAM-ANS AS AN NL INTERFACE 
TO HIGHLY DIVERSE BACKGROUND SYSTEMS 

Our r e s e a r c h s t r a t e g y has been to b u i l d t he co re 
system w i t h a se t o f d i v e r s e a p p l i c a t i o n s i n c l u d e d 
f rom t h e ve ry b e g i n n i n g . As t h e upper h a l f o f 
f i g u r e 1 shows. t he t h r e e a p p l i c a t i o n c l a s s e s 
c o n s i d e r e d in HAM-ANS are d e f i n e d by choos ing a 
d i f f e r e n t v a l u e f o r each o f t he d i m e n s i o n s . Be fo re 
t h e c a p a b i l i t i e s o f the w o r k i n g system are 
d e m o n s t r a t e d , l e t u s b r i e f l y c h a r a c t e r i z e the 
commun ica t i ve s i t u a t i o n s t h a t we have focused on in 
t he v a r i o u s a p p l i c a t i o n c l a s s e s l i s t e d i n f i g u r e 1 . 

I n t he h o t e l r e s e r v a t i o n s i t u a t i o n t he system 
takes the r o l e o f a h o t e l manager, who t r i e s to 
persuade t h e user to book a room (see f i g . 2 ) . The 
c a l l e r i s assumed t o have the o v e r a l l g o a l o f 
d e t e r m i n i n g whe ther the room o f f e r e d meets h i s 
r e q u i r e m e n t s . The system must a t t e m p t to r e c o g n i z e 
t h e u s e r ' s s p e c i f i c d e s i r e s c o n c e r n i n g the room as 
they are r e v e a l e d - u s u a l l y i n d i r e c t l y - i n h i s 
u t t e r a n c e s and to make use o f t h e v a r i o u s d e v i c e s 
a v a i l a b l e i n n a t u r a l language t h a t p e r m i t t he room 
i n q u e s t i o n t o b e p r e s e n t e d i n a p a r t i c u l a r l y 
f a v o r a b l e l i g h t ( e . g . t h e g e n e r a t i o n o f t e n d e n t i o u s 
d e s c r i p t i o n s u s i n g hedged r e l a t i v e a d j e c t i v e s ) . 

In t h e t r a f f i c domain we presuppose the 
f o l l o w i n g s i t u a t i o n a l c o n t e x t : The system i s 
o b s e r v i n g a s t r e e t i n t e r s e c t i o n and s u p p l i e s t he 
u s e r , who i s f a m i l i a r w i t h the scene but cannot 
see f rom h i s remote l o c a t i o n , w i t h i n f o r m a t i o n 
about t h e t r a f f i c a t t h a t i n t e r s e c t i o n o n t h e phone 
( c f . [ 1 6 ] ) . A g e o m e t r i c a l d e s c r i p t i o n o f t h e 
observed scene is p r o v i d e d by t h e image sequence 
a n a l y s i s system NA0S/M0RI0 [ 5 ] ( 1 9 ] . I n t h i s 
a p p l i c a t i o n , i n c o n t r a s t t o t h e h o t e l doma in , where 
a t t h e b e g i n n i n g o f the d i a l o g t he user must be 
assumed to have no d e f i n i t e knowledge about t h e 
i n t e r i o r o f t he room b e i n g o f f e r e d , b o t h p a r t n e r s 
a re assumed to have shared knowledge about d e t a i l s 
o f t h e domain d i s c u s s e d . Th is d i f f e r e n c e has 
s t r o n g l y m o t i v a t e d our d e s i g n o f p a r a m e t e r i z e d 
components f o r t h e g e n e r a t i o n and r e s o l u t i o n o f 
d e f i n i t e d e s c r i p t i o n s and anaphora . 

In t h e da tabase a p p l i c a t i o n [ 1 6 ] HAM-ANS 
p r o v i d e s mar ine s c i e n t i s t s w i t h NL access to a 
f i s h e r y d a t a b a s e , wh i ch c o n t a i n s da ta c o l l e c t e d 
d u r i n g i n t e r n a t i o n a l e x p e d i t i o n s i n t h e South 
A t l a n t i c and t h e I n d i a n Ocean. The complex 
s t r u c t u r e d da ta s e t s , wh i ch c o n s i s t o f c r u i s e da ta 
c o n c e r n i n g t h e v e s s e l s ' voyages , k r i l l b i o l o g y 
d a t a , r e l e v a n t ne t h a u l s and o c e a n o g r a p h i c d a t a , 
a re s t o r e d in a r e l a t i o n a l da tabase w i t h a PASCAL/R 
da ta base management sys tem. PASCAL/R is an 
e x t e n s i o n o f t h e w e l l - k n o w n programming language 
PASCAL, h a v i n g t h e d a t a s t r u c t u r e r e l a t i o n ' and a 
g e n e r a l c o n t e n t - b a s e d s e l e c t i o n mechanism f o r 
r e l a t i o n s [ 2 1 ] . I n c o n t r a s t t o t h e h o t e l 
r e s e r v a t i o n s i t u a t i o n , where t h e system t r i e s t o 
s e l l a p a r t i c u l a r room, i n a c c e s s i n g t h e v i s i o n 
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system and t h e da tabase system HAM-ANS has no 
i n t e r e s t beyond h e l p i n g t he user by r e s p o n d i n g in a 
c o o p e r a t i v e way. 

We b e l i e v e i t to be ve ry i m p o r t a n t t h a t each new 
or m o d i f i e d p rocess be t e s t a b l e in an e x i s t i n g and 
r u n n i n g p rogram. so t h a t each e x t e n s i o n o f t he 
system takes p l a c e under comparab le c o n d i t i o n s . 
Only then i t i s p o s s i b l e t o i d e n t i f y e a r l y enough 
i n t he d e s i g n p rocess the a p p l i c a t i o n - i n d e p e n d e n t 
components , t h e i n t e r f a c e s needed between them and 
a p p l i c a t i o n - d e p e n d e n t ones, and the t o o l s t h a t make 
i t f e a s i b l e to b u i l d an NL i n t e r f a c e based on t h e 
co re sys tem. We have a t t emp ted to deve lop the 
d i f f e r e n t l i n g u i s t i c , commun i ca t i ve , and c o g n i t i v e 
a b i l i t i e s o f the core system as e v e n l y as p o s s i b l e . 

O f t e n w e s t a r t e d w i t h h i g h l y n o n - d e t e r m i n i s t i c 
bu t easy t o hand le c o n t r o l s t r u c t u r e s f o r t he r a p i d 
deve lopment o f new components. In l a t e r s tages o f 
deve lopmen t , a f t e r c a r e f u l e v a l u a t i o n o f t he a c t u a l 
f l o w o f c o n t r o l i n these components, o p t i m i z a t i o n s 
were per fo rmed wh ich o f t e n produced s e q u e n t i a l and 
s imp le c o n t r o l s t r u c t u r e s . 

Even i n the s i m p l e s t s e t t i n g s i t seems i l l u s o r y 
to deve lop an a p p l i c a t i o n - o r i e n t e d NL i n t e r f a c e 
mere l y by r a d i c a l l y c u t t i n g away advanced f e a t u r e s 
f rom r e l a t i v e l y comp le te . bu t i n e f f i c i e n t NL-
systems t h a t a re used as v e h i c l e s f o r b a s i c 
r e s e a r c h ( c f . [ 3 ] [ 2 2 ] ) . T h e r e f o r e , i n t he d e s i g n 
and i m p l e m e n t a t i o n of HAM-ANS we have d e a l t f rom 
t h e b e g i n n i n g w i t h phenomena l i k e anaphora 
r e s o l u t i o n , user m o d e l l i n g . t he g e n e r a t i o n o f 
ex tended responses , and focus s h i f t i n g , a lways 

l o o k i n g f o r s i m p l e a n d e f f i c i e n t s o l u t i o n s t h a t 
p r o v i d e t h e u s e r w i t h a n a d e q u a t e f u n c t i o n a l i t y i n 
l i m i t e d d o m a i n s w i t h o u t t r y i n g t o s i m u l a t e human 
p e r f o r m a n c e . 

The t e c h n i c a l q u e s t i o n o f c o m m u n i c a t i o n b e t w e e n 
HAM-ANS a n d t h e b a c k g r o u n d s y s t e m i s n o t a d r e s s e d 
i n f i g u r e 1 . W e h a v e i m p l e m e n t e d a m o d u l e i n HAM-
ANS f o r c o m m u n i c a t i n g w i t h i n t e r a c t i v e b a c k g r o u n d 
s y s t e m s a c c o r d i n g t o t h e ISO r e f e r e n c e m o d e l f o r 

Open S y s t e m I n t e r c o n n e c t i o n ' [ 2 6 ] . The s e s s i o n 
c o n t r o l l e v e l i s r e a l i z e d a s a n a s y m m e t r i c 
i n t e r p r o c e s s c o m m u n i c a t i o n ; i . e . HAM-ANS c o n t r o l s , 
f o r e x a m p l e , t h e PASCAL/R i n t e r p r e t e r a s a s l a v e 
p r o c e s s . T h i s a l l o w s t h e N L i n t e r f a c e t o p r o c e e d 
w i t h a d i a l o g w i t h t h e u s e r w h i l e PASCAL/R i s 
p e r f o r m i n g a n a s s i g n e d t a s k . A t t h e p r e s e n t a t i o n 
l e v e l , t h e b a c k g r o u n d s y s t e m i s e x p e c t e d t o b e a b l e 
t o t r a n s f o r m f r o m e x t e r n a l t o i n t e r n a l 
r e p r e s e n t a t i o n s a n d v i c e v e r s a . T h i s a p p r o a c h seems 
t o c o n t r i b u t e t o a p p l i c a t i o n i n d e p e n d e n c e . H o w e v e r , 
a n e q u i v a l e n t m o d u l e m u s t b e d e f i n e d i n t h e N L 
i n t e r f a c e f o r e a c h a p p l i c a t i o n . 

I I I . AN OVERVIEW OF THE CORE SYSTEM 

I n HAM-ANS a u s e r s u t t e r a n c e i s p r o c e s s e d i n a 
m u l t i - l e v e l f a s h i o n ( c f . [ 9 ] ) : I n i t i a l a n d f i n a l 
d i a l o g s e c t i o n s i n t h e h o t e l r e s e r v a t i o n 
a p p l i c a t i o n ( c f . f i g . 2 ) a r e h a n d l e d b y a s u r f a c e -
l e v e l m o d e l w h i c h i s r e a l i z e d b y a s c r i p t - l i k e 
d i a l o g - g r a m m a r , s i n c e t h e s e s e c t i o n s o f a t e l e p h o n e 
c a l l c o n s i s t l a r g e l y o f s t a n d a r d p h r a s e s . The 
u s e r s m o r e s p e c i f i c q u e s t i o n s a b o u t t h e h o t e l 
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room, however, are analyzed in a l i n g u i s t i c a l l y 
deep manner. I n t h i s s e c t i o n , on l y the second l e v e l 
o f p rocess ing i s c o n s i d e r e d . 

F igu re 3 g i ves an overv iew of the most i m p o r t a n t 
components in HAM-ANS. Arrows between components 
and the t h r e e major p rocess ing u n i t s i n d i c a t e the 
sequence of c o n t r o l u s u a l l y f o l l o w e d by the system. 
As i t i s imposs ib l e t o g i v e a d e t a i l e d d e s c r i p t i o n 
of each p rocess ing u n i t of HAM-ANS in t h i s paper we 
w i l l focus on the way the system i n t e r p r e t s the 
i n t e r n a l r e p r e s e n t a t i o n o f a u s e r ' s i n p u t . The 
a n a l y s i s and g e n e r a t i o n components w i l l on l y be 
ske t ched . 

The c e n t r a l r e p r e s e n t a t i o n fo rma l i sms of HAM-ANS 
are the l o g i c - o r i e n t e d semant ic r e p r e s e n t a t i o n 
languages SURF and DEEP. A l though f o r reasons of 
e f f i c i e n c y we use a wide range of s p e c i a l i z e d 
r e p r e s e n t a t i o n fo rma l i sms f o r the many k inds o f 
knowledge sources needed in HAM-ANS (see f i g . 4 ) , 
i t has been very i m p o r t a n t to have one c e n t r a l 
meaning r e p r e s e n t a t i o n f o r m a l i s m t o f a c i l i t a t e 
c o l l a b o r a t i o n in the p r o d u c t i o n o f such a l a r g e -
sca le NL system, so t h a t code p o r t i o n s genera ted by 
a l l team members work p r o p e r l y t o g e t h e r . 

SURF and DEEP are des igned to be 
d e c l a r a t i v e , e q u i v a l e n t to a l o g i c of a h i ghe r 
o r d e r , and, because t h e i r d e f i n i t i o n i t s e l f i s 
d e c l a r a t i v e , e a s i l y e x t e n d a b l e . The d i f f e r e n c e 
between the two is t h a t SURF is s t r u c t u r a l l y as 
c l o s e as p o s s i b l e to NL u t t e r a n c e s , whereas DEEP is 
b e t t e r s u i t e d f o r the e v a l u a t i o n o f u t t e r a n c e s o n 
the b a s i s o f the sys tem's domain s p e c i f i c 
knowledge. For example, q u a n t i f i e r scope is not ye t 
e x p l i c i t in SURF r e p r e s e n t a t i o n s - q u a n t i f i e d 
s u b s t r u c t u r e s are o rdered acco rd ing t o t h e i r 
i n t r i n s i c scope. Th is approach i s model led a f t e r 
t h a t o f Hendr ix [ 1 0 ] . m o d i f i e d f o r the German 
q u a n t i f i e r sys tem. SURF is the t a r g e t language f o r 
t he pa rse r and t h e source language f o r the 
g e n e r a t o r . The components NORMALIZE and INVERSE 
NORMALIZE t r a n s f o r m exp ress ions in SURF i n t o DEEP 
and DEEP i n t o SURF, r e s p e c t i v e l y . 

Some of the s a l i e n t f e a t u r e s of SURF/DEEP are 
the i n c l u s i o n o f q u e s t i o n o p e r a t o r s and l o g i c a l 
o p e r a t o r s f o r e x p e c t a b i l i t y and va lue- judgement 
p a r t i c l e s such as of cou rse ' and u n f o r t u n a t e l y ' 
and the r e p r e s e n t a t i o n of vague q u a n t i f i e r s such as 
' a lmos t eve ry ' and hedged p r e d i c a t e s l i k e 
' r easonab l y c o m f o r t a b l e ' . Moreover SURF/DEEP 
i n c l u d e c o n s t r u c t i o n s f o r con jo i ned terms ( e . g . 

one bed and s e v e r a l c h a i r s ' ) , noun-phrases w i t h 
' o f t h e . . . . ' ( e . g . ' t h r e e t o f i v e o f these rooms' ) 
and complex c o o r d i n a t i v e c o n j u n c t i o n s ( e . g . b u t ) . 
SURF and DEEP a l so use lambda a b s t r a c t i o n and meta-
p r e d i c a t e s f o r mark ing deep cases, tense and v o i c e . 

D i s s i m i l a r a p p l i c a t i o n s r e q u i r e t h a t d i v e r s e 
concepts be exp ressab le in the r e p r e s e n t a t i o n 
languages. For i n s t a n c e , the semant ics of 
l ocomo t i on verbs ma in l y s t u d i e d i n the t r a f f i c 
domain can be adequate ly rep resen ted by case frames 
i n s t e a d o f te rm and p r e d i c a t e s t r u c t u r e s , which 
serve as a r e p r e s e n t a t i o n f o rma l i sm f o r s t a t e 
d e s c r i p t i o n s o c c u r i n g t y p i c a l l y i n the h o t e l 
r e s e r v a t i o n s i t u a t i o n . The SURF/OEEP languages are 
e a s i l y complemented by c o n s t r u c t s f o r new concepts 
and even a complete r e f o r m u l a t i o n of the case 
system and i t s i n t e g r a t i o n i n t o the p rocess ing 
components a f f e c t e d by i t took less than 5 man-
weeks. Thus the des ign of these c e n t r a l 
r e p r e s e n t a t i o n languages suppor ts our approach to 
b u i l d a core system f o r d i v e r s e domains. 

The p rocess ing of a u s e r ' s NL i npu t s t a r t s w i t h 
a r a t h e r e l a b o r a t e l e x i c a l and m o r p h o l o g i c a l 
a n a l y s i s wh ich r e f l e c t s the more s y n t h e t i c 
c h a r a c t e r of German as opposed to E n g l i s h . The 
s y n t a c t i c a n a l y s i s comprises two d i f f e r e n t 
s t r a t e g i e s . bo th of which use the same ATN-
d e f i n i t i o n s o f s y n t a c t i c c a t e g o r i e s , e . g . f o r noun 
phrases and p r e p o s i t i o n a l ph rases . The d i f f e r e n c e 
between these s t r a t e g i e s l i e s in the amount o f 
domain knowledge g u i d i n g the p a r s i n g p rocess . The 
c a s e - d r i v e n a n a l y s i s s t r a t e g y [ 12 ] c o n t a i n s more 
s p e c i f i c r e s t r i c t i o n s f o r p o s s i b l e case s l o t 
f i l l e r s than the o the r s t r a t e g y , which uses a 
surface-grammar to cope w i t h word -o rde r v a r i a t i o n s . 
The A T N - i n t e r p r e t e r i n c o r p o r a t e s a mechanism to 
save complete s u b s t r u c t u r e s of an u t t e r a n c e as SURF 
r e p r e s e n t a t i o n s , thus e n a b l i n g the e l l i p s i s 
r e c o g n i t i o n component to handle s e v e r a l types o f 
c o n t e x t u a l e l l i p s i s b y i n s e r t i n g the p a r t i a l 
semant ic r e p r e s e n t a t i o n i n t o the complete 
r e p r e s e n t a t i o n o f the p rev ious u t t e r a n c e . 

The grammar of the core system c u r r e n t l y 
i n c l u d e s r u l e s f o r complex noun phrases , a l l common 
sentence types i n v a r i o u s t e n s e s , c o n j u n c t i o n 
( i n c l u d i n g the most common forms of g a p p i n g ) , 
replacement e l l i p s i s , a l l common q u a n t i f i e r s , 
r e l a t i v e c l a u s e s , sentences w i t h s e n t e n t i a l 
complements, and a d v e r b i a l m o d i f i e r s . I t does not 
i n c l u d e compara t ive and s u p e r l a t i v e c o n s t r u c t i o n s , 
expans ion e l l i p s i s , c o u n t e r f a c t u a l sentences o r 
o the r complex types of subo rd i na te sen tences . 
Before g i v i n g a more d e t a i l e d d e s c r i p t i o n o f the 
i n t e r p r e t a t i o n u n i t i n the next s e c t i o n , w e w i l l 
ske tch the g e n e r a t i o n o f n a t u r a l language responses 
( f o r a d e t a i l e d d e s c r i p t i o n see [ 2 3 ] ) . 

The i n p u t to the g e n e r a t i o n u n i t is a SURF-
r e p r e s e n t a t i o n of a complete u t t e r a n c e . The 
e l l i p s i s g e n e r a t i o n component compares t h i s 
s t r u c t u r e to the one c o n s t r u c t e d by the a n a l y s i s 
and i d e n t i f i e s the r e l e v a n t , i . e . new or ques t i oned 
p a r t s to be passed on to the v e r b a l i z a t i o n 
component. Poss ib l e r e l e v a n t s u b s t r u c t u r e s are 
r a t e d by a p p l y i n g the sys tem's r e c o n s t r u c t i o n 
c a p a b i l i t i e s i n a n a n t i c i p a t i o n feedback loop [ 1 3 ] . 

The task o f the v e r b a l i z a t i o n component i s to 
produce a s t r i n g of c a n o n i c a l words and t h e i r 
g rammat i ca l f e a t u r e s . Th is process uses a sat of 
t r a n s l a t i o n r u l e s a t t ached to each ca tego ry of SURF 
exp ress ions and is gu ided by the message to be 
expressed r a t h e r than by the h i e r a r c h i c a l s t r u c t u r e 
of the grammar. A s p e c i a l subcomponent p r o v i d e s f o r 
the g e n e r a t i o n of noun phrases as d e s c r i p t i o n s of 
domain i n d i v i d u a l s , wh ich may be p a r t of the SURF 
exp ress ion t o b e v e r b a l i z e d . F i n a l l y the s u r f a c e -
t r a n s f o r m a t i o n s ' component y i e l d s a s tandard word 
o rder schema of t he u t t e r a n c e and the c o r r e c t l y 
i n f l e c t e d forms o f the c a n o n i c a l words . 
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A l t h o u g h , i n g e n e r a l , u n i f o r m i t y o f r ep re -
s e n t a t i o n i s one o f the a r c h i t e c t u r a l p r i n c i p l e s o f 
A l -sys tems [20 ] [ 2 5 ] , Davis [ 4 ] has p o i n t e d out 
w i t h an example of two l a r g e r e x p e r t - systems t h a t 
w h i l e a u n i f o r m r e p r e s e n t a t i o n i s u s e f u l f o r 
communicat ion between components, the a t tempt to 
en fo rce the same u n i f o r m i t y on a l l components 
e i t h e r f a i l s comp le te ly o r causes i n t o l e r a b l e 
performance d e g r a t i o n . Our exper ience gained d u r i n g 
the development of HAM-ANS a lso p rov ides ev idence 
aga ins t a s t rong u n i f o r m i t y p r i n c i p l e . In an 
a p p l i c a t i o n - o r i e n t e d NL d i a l o g system the re are so 
many k inds o f processes ( c f . f i g . 3 ) t h a t r e q u i r e 
s p e c i a l k inds o f knowledge ( c f . f i g . 4 t h a t a 
u n i f o r m r e p r e s e n t a t i o n schema is u n f e a s i b l e . There 
is h a r d l y any common knowledge r e p r e s e n t a t i o n 
f o rma l i sm adequate f o r e . g . the m o r p h o l o g i c a l d a t a , 
concep tua l semantic data and case- f rame l e x i c o n . 
N a t u r a l l y n o n - u n i f o r m i t y per se is not a des ign 
goa l in our approach: Wherever p o s s i b l e we have 
used u n i f o r m formal isms ( c f . f i g . 4 , 

imp lemen ta t i on f o rma l i sms ' and [ 2 ] ) . 

Dur ing the process o f deve lop ing the l e x i c a l 
a n a l y s i s component, we t e s t e d s e v e r a l 
r e p r e s e n t a t i o n f o rma l i sms . F i r s t we used an 
a s s o c i a t i v e net f o r r e p r e s e n t i n g the word l e x i c o n 
and DEDUCE procedures ( s i m i l a r to PLANNER"s THCONSE 
theorems) f o r c a r r y i n g out m o r p h o l o g i c a l a n a l y s i s 

[ 7 ] . These mechanisms were the same as those used 
in the e v a l u a t i o n component. The d isadvantages were 
t h a t a b l i n d search was per formed by the c o n t r o l 
regime of the DEDUCE procedures and memory 
requ i rements o f the a s s o c i a t i v e net were r e l a t i v e l y 
h i g h . Me used a s s o c i a t i v i t y a l t hough i t was not 
needed because o f i t s ease o f e x t e n d i b i l i t y . A f t e r 
d i s c o v e r i n g which ope ra t i ons must be a p p l i e d in 
which order the DEDUCE procedures were s u b s t i t u t e d 
by a d i s c r i m i n a t i o n t r e e f o r s u f f i x e s and LISP 
f u n c t i o n s t o i n t e r p r e t i t , f r e e z i n g the 
m o r p h o l o g i c a l a n a l y s i s as a s t r i c t l y s e q u e n t i a l 
d e t e r m i n i s t i c p rocess . Because the l e x i c a l a n a l y s i s 
component accesses the l e x i c o n on l y by words, we 
rep laced the a s s o c i a t i v e net by a random access 
f i l e c o n t a i n i n g l e x i c a l knowledge indexed by words . 

S i m i l a r exper ience was gained by us ing ATNs in 
the v e r b a l i z a t i o n component ( c f . f i g . 3 ) . I t seems 
c o n c e p t u a l l y e legan t to use the same r e p r e s e n t a t i o n 
f o rma l i sm f o r g e n e r a t i o n as f o r s y n t a c t i c a n a l y s i s . 
Because ATNs on ly recogn ize l i n e a r s t r u c t u r e s and 
not t r e e s t r u c t u r e s such as SURF e x p r e s s i o n s , an 
ATN must analyze the SURF exp ress ion in l i n e a r 
fo rm, thereby i m p l i c i t l y b u i l d i n g the s t r u c t u r e 
t h a t is a l ready present in the SURF e x p r e s s i o n . 
Having exper imented w i t h ATNs we now use the 
r e c o g n i z e r f u n c t i o n s f o r SURF express ions which are 
more a p p r o p r i a t e i n t h i s a p p l i c a t i o n . 
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IV . AN EXAMPLE OF SEMANTIC INTERPRETATION 

The i n t e r p r e t a t i o n of DEEP exp ress ions may be 
i l l u s t r a t e d by an example taken f rom a d i a l o g in 
the h o t e l - r e s e r v a t i o n s i t u a t i o n . We assume a s i t ­
u a t i o n s i m i l a r t o t h a t o f the example i n f i g u r e 2 : 

exc ludes the i n t e r p r e t a t i o n : Does a s i n g l e 
e x i s t such t h a t i t i s next t o each b e d ? ' . 

lamp 

User: 
HAM-ANS: 

Is t h e r e a lamp next to every bed? 
Yes, next to a lmost every one. 

Seve ra l f e a t u r e s are w o r t h n o t i n g in the way the 
system answers t h i s q u e s t i o n . F i r s t , t he system 
does not mere ly answer n e g a t i v e l y , when a 
u n i v e r s a l l y q u a n t i f i e d e x p r e s s i o n cannot be 
v e r i f i e d i n a s t r i c t sense, bu t r a t h e r t r i e s t o 
mod i f y t he q u a n t i f i e r . Second, t h e system answers 
yes -no q u e s t i o n s in an extended and c o o p e r a t i v e 
way. Th is is one of the reasons f o r c o n s t r u c t i n g a 
system capab le o f p roduc ing complete responses . 
T h i r d , t h e sys tem's u t t e r a n c e s c o n t a i n on l y those 
p a r t s wh ich b r i n g i n new i n f o r m a t i o n . I n the 
example above t h i s i s p a r t i c u l a r l y n o t a b l e , s i nce 
the noun phrase has been reduced down to i t s 
q u a n t i f i e r p a r t . We may now take a c l o s e r l o o k at 
t he way t h e example is i n t e r p r e t e d and the response 
i s f o r m u l a t e d . 

The a n a l y s i s u n i t c o n s t r u c t s a SURF 
r e p r e s e n t a t i o n r e f l e c t i n g the q u e s t i o n o f whether 
t h e r e l a t i o n NEXT/ TO ho lds between the s u b j e c t NP 

a lamp' and the NP ' e v e r y b e d ' . NORMALIZE 
t r a n s f o r m s t h i s SURF fo rmu la i n t o a DEEP fo rmu la 
and embeds the f i r s t noun phrase i n t o the second 
one. s i nce t h e q u a n t i f i e r ' e v e r y ' i s s t r o n g e r than 
the i n d e f i n i t e a r t i c l e ' a ' ( c f . t he argument o f the 
f i r s t TEST i n f i g . 5 ) . Th is DEEP r e p r e s e n t a t i o n 

The task of i n t e r p r e t i n g a DEEP fo rmu la is 
governed by a genera te and t e s t s t r a t e g y . Generate 
and t e s t p rocedures can be viewed as be ing 
a c t i v a t e d by p a t t e r n - d i r e c t e d i n v o c a t i o n and d i f f e r 
f rom each o t h e r in t h a t the genera te procedures 
ass ign i n t e r n a l o b j e c t i d e n t i f i e r s t o v a r i a b l e s i n 
DEEP f o r m u l a s , w h i l e the t e s t p rocedures y i e l d two 
v a l u e s , the f i r s t o f wh ich i s e i t h e r a f u l l y 
i n s t a n t i a t e d fo rmu la e q u i v a l e n t t o the i n p u t 
fo rmu la or a m o d i f i e d one depending on the s t a t e of 
a f f a i r s , and the second o f wh ich i n d i c a t e s the 
t r u t h va lue o f t he i n p u t f o rmu la i n the range 
[ 0 , 1 ] . I n the i n t e r p r e t a t i o n phase these two 
processes i n t e r a c t in such a way t h a t a t e s t 
a t t emp t a c t i v a t e s genera te p rocedures wh ich aga in 
c a l l t e s t p rocedures and so on . 

We may now take a c l o s e r look at the way the 
DEEP fo rmu la in our example is t r e a t e d in HAM-ANS. 
NORMALIZE has o rde red the q u a n t i f i e d terms f o r t he 
NPs 'a lamp' and ' e v e r y bed ' such t h a t t h e 
i n t e r p r e t a t i o n can proceed f rom l e f t t o r i g h t , 
r e s o l v i n g the NP w i t h t he s t r o n g e r q u a n t i f i e r 
' e v e r y ' b e f o r e s e a r c h i n g f o r r e f e r e n t s f o r t he 
second NP. Th is DEEP-formula is shown at the t op of 
f i g u r e 5 as the argument of the f i r s t TEST. The 
i n t e r p r e t a t i o n process now a t t emp ts t o v e r i f y t h e 
comple te fo rmu la in a top-down manner us i ng the 
sys tem 's i n f e r e n t i a l c a p a c i t y and o t h e r domain 
s p e c i f i c knowledge sources ( e . g . semant ic ne tworks 
and v i s u a l d a t a ) . 
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u n t i l a l l o f t h e e x t e n s i o n a l e n t i t i e s o f t h e 
c o n c e p t ' b e d ' h a v e b e e n i n s p e c t e d . I n o u r e x a m p l e 
t h e s p a t i a l r e l a t i o n b e t w e e n t w o o f t h e b e d s (BED1 
and BED3) and a l a m p c o u l d b e e s t a b l i s h e d w h i l e n o 
o b j e c t o f t h e c l a s s l a m p ' c o u l d b e g e n e r a t e d t h a t 
me t t h e r e s t r i c t i o n o f NEXT/ T O w i t h r e s p e c t t o 
BED2. T h i s b u l k o f s p e c i f i c k n o w l e d g e c o u l d b e 
t r a n s f e r r e d t o t h e c l i e n t , b u t t h e n a t u r a l l a n g u a g e 
d e s c r i p t i o n s n e c e s s a r y t o b e p r o d u c e d f o r e a c h o f 
t h e o b j e c t s w o u l d o n l y b e u n d e r s t o o d b y someone 
w i t h i n t i m a t e k n o w l e d g e o f t h e s p e c i f i c h o t e l r o o m . 
T h e r e f o r e t h e i n f o r m a t i o n s a v e d i n t h e l o c a l 
m e m o r i e s i s s u m m a r i z e d : S i m i l a r p a r t i a l a s s e r t i o n s 
a r e m e r g e d i n t o a s i n g l e e x p r e s s i o n , w h o s e 
q u a n t i f i e r - p a r t i n d i c a t e s t h e number o f s u c c e s s e s 
( o r f a i l u r e s ) . 

I n a d d i t i o n , t h e i n t e r p r e t a t i o n p r o c e s s u s e s 
l i n g u i s t i c h e d g e s t o e x p r e s s t h e r e l a t i o n b e t w e e n 
s u c c e s s f u l and u n s u c c e s s f u l p a r t i a l r e s u l t s . I n t h e 
e x a m p l e o f t h e t h r e e - b e d r o o m , o n l y t w o b e d s w i t h a 
l a m p n e x t t o t h e m a r e i d e n t i f i e d and t h e r e s u l t i n g 
DEEP q u a n t i f i e r i s r e p l a c e d b y t h e s i n g l e h e d g e d 
q u a n t i f i e r a l m o s t e v e r y ' . A l t h o u g h t h e g e n e r a t e 
and t e s t s t r a t e g y r e m a i n s t h e same i n e a c h 
a p p l i c a t i o n c l a s s a c c e s s t o e x t e r n a l d a t a b a s e s 
m u s t b e a b l e t o h a n d l e t h e e x p r e s s i v e power o f t h e 
DB q u e r y l a n g u a g e . 

As soon as t h i s process of decomposing the 
complete fo rmula d i s c o v e r s a s t r u c t u r e c o n t a i n i n g 
v a r i a b l e s , a set o f genera te procedures is 
a c t i v a t e d and produces the set o f o b j e c t 
i d e n t i f i e r s i n the h o t e l room be ing c o n s i d e r e d . 
Since the c l i e n t i n the i n i t i a l d i a l o g has asked 
f o r a t h ree -bed room, t h i s set i s i n s t a n t i a t e d by 
(BED1, BED2, BE03). The r e s t of the fo rmula is then 
r e c u r s i v e l y sent t o a t e s t process w i t h v a r i a b l e s 
s u b s t i t u t e d by elements o f the r e f e r e n c e set f o r 
beds one a f t e r the o t h e r . Being aware t h a t the 
r e l a t i o n to be v e r i f i e d is a s p a t i a l one, a s p e c i a l 
subset o f procedures produces the i d e n t i f i e r o f the 
most s a l i e n t o b j e c t t h a t i s i n the r e l a t i o n NEXT/ 
TO w i t h the s p e c i f i c bed. 

A subsequent t e s t phase de termines whether the 
genera ted o b j e c t belongs to the c l ass o f lamps. I f 
t h i s cannot be shown, as in the example of the 
deepest TEST a t t e m p t , a f u r t h e r o b j e c t in the 
neighbourhood of the s p e c i f i c bed is genera ted and 
t e s t e d u n t i l e i t h e r the c o n d i t i o n s are s a t i s f i e d o r 
no more o b j e c t s in the r e l a t i o n NEXT/ TO can be 
g e n e r a t e d . Success or f a i l u r e o f the t e s t phases 
are noted in l o c a l memory - reg i s te r s (HITS and 
MISSES) which form the bas is f o r composing a 
complete DEEP fo rmu la t h a t compr ises the r e s u l t of 
the e n t i r e i n t e r p r e t a t i o n p rocess . 

Wi th the q u a n t i f i e r e v e r y " , the i n t e r a c t i o n 
between genera te and t e s t processes is per formed 
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v. CONCLUSION 

A v e r s i o n o f HAM-ANS w r i t t e n i n U C I - L I S P / F U Z Z Y 
( 1 7 ] ( 1 5 ] i s p r e s e n t l y r u n n i n g u n d e r t h e TOPS10 
o p e r a t i n g s y s t e m o n a D E C s y s t e m 1070 ( K I 1 0 ) . 
C o m p r i s i n g a p p r o x i m a t e l y 900 p r o c e d u r e s . t h e 
c u r r e n t v e r s i o n r e q u i r e s 200K o f 3 6 - b i t w o r d s . 

B u i l d i n g a n a c t u a l a p p l i c a t i o n - i n d e p e n d e n t , 
e a s i l y a d a p t a b l e s y s t e m i s t h e r e s e a r c h t o p i c i n 
o u r p r o j e c t HAM-ANS. T o m e e t t h i s demand o u r 
r e s e a r c h s t r a t e g y h a s b e e n t o b u i l d t h e c o r e s y s t e m 
t a k i n g i n t o a c c o u n t a s e t o f h i g h l y d i v e r s e 
a p p l i c a t i o n s , s o t h a t e a c h m o d i f i c a t i o n ( e . g . 
e x t e n s i o n s t o t h e l i n g u i s t i c , c o m m u n i c a t i v e and 
c o g n i t v e c a p a b i l i t i e s ) i s t e s t a b l e u n d e r v a r y i n g 
c o n d i t i o n s . 

W e h a v e p r o v i d e d a d e t a i l e d p r e s e n t a t i o n o f t h e 
i n t e r p r e t a t i o n p r o c e s s , w h e r e a s some o f t h e o t h e r 
d i s t i n g u i s h i n g f e a t u r e s o f o u r s y s t e m , e . g . m u l t i ­
l e v e l p r o c e s s i n g o f u s e r u t t e r a n c e s , m u l t i s t r a t e g y 
p a r s i n g and g e n e r a t i o n o f c o m p l e t e s y s t e m 
u t t e r a n c e s , w e r e o n l y i n t r o d u c e d b r i e f l y . 

F u r t h e r w o r k w i l l c o n c e n t r a t e o n b r o a d e n i n g t h e 
s y s t e m ' s c a p a b i l i t i e s w i t h a m o r e e l a b o r a t e p a r t n e r 
m o d e l . t h e h a n d l i n g o f N L D B u p d a t e s , f a c i l i t i e s 
f o r e x p l a n a t i o n o f t h e s y s t e m s s p e e c h a c t s , f o r t h e 
t r e a t m e n t o f w o r d f o r m a t i o n [ 1 1 ] , and f o r N L 
k n o w l e d g e a c q u i s t i o n . A l t h o u g h t h e HAM-ANS c o r e 
s y s t e m d e s c r i b e d i s o p e r a t i o n a l , s e t t i n g o u r w o r k 
i n r e l a t i o n t o t h e s o f t w a r e l i f e c y c l e , w e a r e 
s t i l l a t t h e s y s t e m d e v e l o p m e n t s t a g e and i t w i l l 
b e a l o n g t i m e b e f o r e t h e s y s t e m i s r e a d y f o r 
d i s t r i b u t i o n t o a u s e r c o m m u n i t y . 
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