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ABSTRACT 

Th is paper addresses the prob lem o f o v e r -
answer ing yes -no q u e s t i o n s , i . e . o f g e n e r a t i n g 
ex tended responses t h a t p r o v i d e a d d i t i o n a l 
i n f o r m a t i o n t o yes -no q u e s t i o n s t h a t p r a g m a t i c a l l y 
must be i n t e r p r e t e d as w h - q u e s t i o n s . A l t h o u g h the 
g e n e r a l n o t i o n o f ex tended responses has a l r e a d y 
been e x p l o r e d , our paper r e p o r t s on the f i r s t 
a t t e m p t to b u i l d a NL system ab le to e l a b o r a t e on a 
response as a r e s u l t o f a n t i c i p a t i n g obv ious 
f o l l o w - u p q u e s t i o n s , i n p a r t i c u l a r b y p r o v i d i n g 
a d d i t i o n a l case r o l e f i l l e r s , b y u s i n g more 
s p e c i f i c q u a n t i f i e r s and b y g e n e r a t i n g p a r t i a l 
answers t o bo th p a r t s o f q u e s t i o n s c o n t a i n i n g 
c o o r d i n a t i n g c o n j u n c t i o n s . As a f u r t h e r i n n o v a t i o n , 
the system e x p l i c i t l y dea l s w i t h the 
i n f o r m a t i v e n e s s - s i m p l i c i t y t r a d e o f f when g e n e r a t i n g 
ex tended responses . We d e s c r i b e bo th an e f f i c i e n t 
i m p l e m e n t a t i o n o f t h e proposed methods, wh ich use 
message p a s s i n g as r e a l i z e d by the FLAVOR mechanism 
and t h e e x t e n s i v e l i n g u i s t i c knowledge i n c o r p o r a t e d 
i n t he v e r b a l i z a t i o n component. The s t r u c t u r e o f 
t he imp lemented NL g e n e r a t i o n component is 
i l l u s t r a t e d u s i n g a d e t a i l e d example o f the 
sys tems"s pe r fo rmance as an i n t e r f a c e to an image 
u n d e r s t a n d i n g sys tem. 

1. INTRODUCTION 

T y p i c a l o f a human d i a l o g p a r t n e r i s the a b i l i t y 
t o r e c o g n i z e when i t i s a p p r o p r i a t e t o p r o v i d e more 
t han a mere l i t e r a l , d i r e c t answer to a q u e s t i o n 
and to d e c i d e what t h a t ex tended response shou ld 
be . Hence n a t u r a l language (NL) d i a l o g systems t h a t 
a re o n l y capab le o f s imp le d i r e c t responses t o 
u s e r s ' q u e s t i o n s w i l l n e c e s s a r i l y be rega rded as 
u n c o o p e r a t i v e . For t h i s reason much o f t he c u r r e n t 
work on cooperative NL d i a l o g systems i n c l u d e s 
e f f o r t s to go beyond q u e s t i o n answer ing [ 2 ] by 
g e n e r a t i n g ex tended responses . 

S e v e r a l t ypes of ex tended responses have been 
i n v e s t i g a t e d : 

(E1) p o i n t i n g ou t i n c o r r e c t p r e s u p p o s i t i o n s [ 7 ] , 
(E2) g e n e r a t i n g u n s o l i c i t e d j u s t i f i c a t i o n s [ 1 4 ] , 
(E3) p o i n t i n g ou t d i s c o n t i n u i t i e s i n t he domain o f 

d i s c o u r s e wh i ch suggest t h a t a s m a l l change in 
t h e o r i g i n a l q u e s t i o n wou ld r e s u l t i n a much 
more h e l p f u l response [ 1 3 ] , 

(E4) o f f e r i n g t o m o n i t o r ' f o r i n f o r m a t i o n 
r e q u e s t e d by t he user as t he system l e a r n s of 
i t [ 1 0 ] . 

In t h e p r e s e n t paper we d i s c u s s some of t h e 
semant i c and p r a g m a t i c i s sues r e l a t e d to (E5) 
a n o t h e r i m p o r t a n t c l a s s of ex tended responses - and 
d e s c r i b e t h e e v a l u a t i o n and g e n e r a t i o n modules o f 
our d i a l o g system HAM-ANS [ 4 ] , wh i ch are t he f i r s t 
such components t h a t r e a l i z e t h i s t ype o f response 
in an A I sys tem: 

(E5) e l a b o r a t i n g on a response to a yes -no q u e s t i o n 
i n o r d e r t o a n t i c i p a t e obv ious f o l l o w - u p 
q u e s t i o n s o f t h e u s e r ; i n p a r t i c u l a r 

Research on HAM-ANS is c u r r e n t l y b e i n g s u p p o r t e d by 
t h e German M i n i s t r y o f Research and Techno logy 
(BMFT) under c o n t r a c t 08IT1503 8. 

(a) f i l l i n g o p t i o n a l deep case s l o t s i n t h e case 
frame a s s o c i a t e d w i t h a ve rb used in the 
r e q u e s t ( c f . F i g s . 1 and 2 ) , 

(b) u s i n g more s p e c i f i c q u a n t i f i e r s i n t he answer 
t han i n t h e q u e s t i o n , 

( c ) g e n e r a t i n g e x p l i c i t p a r t i a l answers t o b o t h 
p a r t s o f q u e s t i o n s c o n t a i n i n g c o o r d i n a t i n g 
c o n j u n c t i o n s . 

In c o n t r a s t to p r e v i o u s AI work on ex tended 
responses o f t ype (E1) - ( E 4 ) , we w i l l d e s c r i b e t he 
r e s u l t s o f our r e s e a r c h not i n t he c o m p u t a t i o n a l 
c o n t e x t of NL D8 query sys tems, but r a t h e r in t he 
c o n t e x t of a NL i n t e r f a c e to a v i s i o n system f o r 
u n d e r s t a n d i n g image sequences [ 1 1 ] . 

In one of t h e a p p l i c a t i o n s of our German 
language d i a l o g system HAM-ANS, 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 : t h e 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 on the 
phone the u s e r , who i s f a m i l i a r w i t h the scene but 
cannot see i t 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 he 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 
( c f . F i g . 1 ) . A l t h o u g h HAM-ANS i s a f u l l - f l e d g e d , 
o p e r a t i o n a l d i a l o g system w i t h a p o w e r f u l p a r s i n g 
component, w e w i l l r e s t r i c t our p r e s e n t a t i o n here 
to those modules of HAM-ANS"s e v a l u a t i o n and 
g e n e r a t i o n components wh ich are r e s p o n s i b l e f o r 
o v e r - a n s w e r i n g yes -no q u e s t i o n s and necessary f o r 
v e r b a l i z i n g the r e s u l t i n g ex tended responses . 

2. OVER-ANSWERING YES-NO QUESTIONS 

Extended responses to yes -no q u e s t i o n s are 
answers t h a t c o n t a i n more than a p l a i n yes" or 

n o ' . We c a l l t he p rocess o f g e n e r a t i n g ex tended 
responses t h a t p r o v i d e more s p e c i f i c o r a d d i t i o n a l 
i n f o r m a t i o n ' over answering'. To make our 
d i s c u s s i o n more c o n c r e t e , l e t us c o n s i d e r t he 
f o l l o w i n g i n t e r a c t i o n w i t h HAM-ANS ( c f . a l s o F i g . 1 
f o r an a d d i t i o n a l e x a m p l e ) : 

( 1 ) U s e r : Has a yellow car gone by? 
( 2 ) HAM-ANS: Yes, one yellow one on Hartungstreet. 

2 . 1 . P r o v i d i n g A d d i t i o n a l Case Role F i l l e r s 

By answer ing as in ( 2 ) , t h e system has in e f f e c t 
i n t e r p r e t e d (1) as a s o r t of indirect wh-question 
( c f . [ 8 ] ) wh i ch c o u l d b e p a r a p h r a s e d : 

( 3 ) Has a yellow car gone by? If so, where? 

For ( 1 ) , t he f a c t t h a t an ex tended response i s 
g e n e r a t e d i s c l o s e l y r e l a t e d t o t h e c o g n i t i v e 
p rocess u n d e r l y i n g t h e d e t e r m i n a t i o n o f t h e t r u t h 
v a l u e o f t h e p r o p o s i t i o n i n q u e s t i o n , namely t he 
v e r i f i c a t i o n o f t h e p resence o f a c e r t a i n t ype o f 
l o c o m o t i o n i n t h e ana l yzed image sequence ( c f . a l s o 
F i g . 1 ) . Note t h a t i t i s i m p o s s i b l e t o v e r i f y t h a t 

a y e l l o w car has gone by ' w i t h o u t d e t e r m i n i n g the 
s p a t i a l l o c a t i o n o f t h i s e v e n t . Th i s means t h a t t h e 
LOCATIVE s l o t i n t h e case f rame f o r t o go by ' i s 
f i l l e d as a side effect of t h e search f o r an 
answer . 

HAM-ANS's p o l i c y o f r e s t r i c t i n g ex tended r e s p o n ­
ses to i n f o r m a t i o n w h i c h wou ld have had to be ob­
t a i n e d even f o r a m i n i m a l d i r e c t answer i s a s imp­
l e , g e n e r a l s t r a t e g y f o r keep ing t h e cos t o f o v e r -
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F i g . 1 : Case s l o t f i l l i n g a s s i d e e f f e c t o f v i s u a l search 

answer i ng w i t h i n r e a s o n a b l e l i m i t s , i n te rms o f 
b o t h c o m p u t a t i o n and the c o m p l e x i t y o f t he 
r e s u l t i n g u t t e r a n c e s . L i k e t h e o t h e r h e u r i s t i c s t o 
be p r e s e n t e d be low , i t may be complemented w i t h 
more e x p e n s i v e and d o m a i n - s p e c i f I C approaches wh i ch 
t ake the u s e r s assumed i n t e r e s t s and e x p e c t a t i o n s 
i n t o account i n t h e s e l e c t i o n o f u n s o l i c i t a t e d 
i n f o r m a t i o n f o r v e r b a l i z a t i o n (see e . g . , [ 5 ] ) . 

Le t us now c o n s i d e r t h e example g i v e n in F i g . 1 
i n more d e t a i l . M o t i o n concep ts a re r e p r e s e n t e d i n 
a s p e c i a l i z a t i o n h i e r a r c h y u s i n g t h e o b j e c t -
o r i e n t e d FLAVOR f o r m a l i s m [ 3 , 1 5 ] . The r o o t f l a v o r 
i s t h e m o t i o n concep t t o move" . Descendants i n t h e 
t r e e , e . g . t o g o b y ' , t o t u r n " , i n h e r i t t h e 
d e c l a r a t i v e and p r o c e d u r a l i n f o r m a t i o n , i n s t a n c e 
v a r i a b l e s and methods , r e s p e c t i v e l y , c o n t a i n e d i n 
t h e i r p a r e n t s . The i n s t a n c e s o f a f l a v o r , e . g . 
TURN120, deno te a s p e c i f i c even t in t he domain o f 
d i s c o u r s e . 

The t a s k o f c h e c k i n g t h e t r u t h v a l u e o f t h e 
p r o p o s i t i o n i n t h e q u e s t i o n i s accomp l i shed t h r o u g h 
message passing. These messages i n c l u d e : c r e a t i n g 
i n s t a n c e s o f m o t i o n c o n c e p t s , i n s t a n t i a t i n g deep 
case s l o t s s p e c i f i e d i n q u e s t i o n s , and a c t i v a t i n g 
a p p r o p r i a t e me thods , e . g . ONLY_AGENT_SLOT_FILLED. 
These methods t h e n a c t i v a t e f u r t h e r methods w h i c h 
a re e i t h e r owned by the f l a v o r , ( e . g . CHECK 
DIRECTION CHANGE) o r i n h e r i t e d f r om p a r e n t s ( e . g . 

FIND A SOURCE', FIND A GOAL NEQ SOURCE"). In F i g . 
1 t h e l a t t e r two methods must check , among o t h e r 
t h i n g s , whe the r o r no t t h e o b j e c t t h a t t h e agent i s 
l o c a t e d o n s a t i s f i e s t h e s e l e c t i o n r e s t r i c t i o n s o f 
t h e deep case or n o t . Th is check produces an o b j e c t 
name, w h i c h i s used t o f i l l t h e c o r r e s p o n d i n g deep 
case s l o t . These s l o t s a re t hen used i n t h e 
f o r m a t i o n o f t h e ex tended r e s p o n s e . 

In o r d e r to v e r b a l i z e ex tended responses as 
i n f o r m a t i v e but c o n c i s e u t t e r a n c e s l i k e ( 2 ) , HAM-
ANS must e l i d e some p a r t s o f t he o r i g i n a l q u e s t i o n . 
Th i s t ask i s pe r fo rmed b y t he e l l i p s i s g e n e r a t i o n 
component ( c f . F i g - 2 ) , w h i c h e l i m i n a t e s those 
p a r t s o f t he semant i c r e p r e s e n t a t i o n o f comp le te 
ex tended answers t h a t a re i d e n t i c a l t o the s t o r e d 
r e p r e s e n t a t i o n o f t h e q u e s t i o n [ 6 ] . 

2.2 The Use of More S p e c i f i c Q u a n t i f i e r s 

As a f i n a l remark on t h e i n t e r a c t i o n ( 1 ) - ( 2 ) , l e t 
u s p o i n t ou t t h a t t he i n d e f i n i t e a r t i c l e a " i n (1) 
was r e p l a c e d in (2) by t h e more p r e c i s e q u a n t i f i e r 
word o n e ' . The o v e r - a n s w e r i n g r u l e r e s p o n s i b l e f o r 
t h i s r e s u l t i s i l l u s t r a t e d more c l e a r l y i n t he 
i n t e r a c t i o n ( 4 ) - ( 5 ) ; i n wh ich t h e vague s e v e r a l " 
is r e p l a c e d by two : 

( 4 ) U s e r : Have several 
Biberstreet? 

( 5 ) HAM-ANS: Yes. two. 

vehicles stopped on 

When an e x i s t e n t i a l o r n u m e r i c a l q u a n t i f i e r 
appears i n a q u e s t i o n , t h e c o r r e s p o n d i n g q u a n t i f i e r 
word in t he answer deno tes a s p e c i f i c number. Th is 
use o f p r e c i s e q u a n t i f i e r words i n answers w i l l 
u s u a l l y b e p r a g m a t i c a l l y a p p r o p r i a t e , s i n c e i t 
i n c r e a s e s the informativeness of answers w i t h o u t 
s u b s t a n t i a l l y i n c r e a s i n g t h e i r c o m p l e x i t y . 

I n g e n e r a l , o f c o u r s e , i n c r e a s e d i n f o r m a t i v e n e s s 
can o f t e n be ach ieved o n l y a t t h e p r i c e o f g r e a t e r 
c o m p l e x i t y . The c o m p l e x i t y i n t r o d u c e d i n t o t h e 
answer to (6) by t h e men t i on o f t h e two s t r e e t s 
i n v o l v e d i s no t so g r e a t as t o be d i s t r a c t i n g t o 
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( 6 ) U s e r : Has a s t a t i o n wagon d r i v e n by? 
( 7 ) HAM-ANS: Yes, t h r e e on B i b e r s t r e e t and two on 

H a r t u n g s t r e e t . 

t he u s e r , bu t i f the f i v e s t a t i o n wagons happened 
t o have d r i v e n on f i v e d i f f e r e n t s t r e e t s , a 
response wh ich ment ioned each of them wou ld be 
i r r i t a t i n g l y l o n g and t e d i o u s : 

(B) System: Yes, one on H a r t u n g s t r e e t , one on 
B i b e r s t r e e t , one on . . . 

2.3 The I n f o r m a t i v e n e s s - S i m p l i c i t y T r a d e o f f 

I n t he absence o f s p e c i f i c knowledge c o n c e r n i n g 
the n a t u r e and amount o f i n f o r m a t i o n d e s i r e d by the 
u s e r , some g e n e r a l h e u r i s t i c s are r e q u i r e d t o g u i d e 
t h e s y s t e m ' s d e c i s i o n when i n f o r m a t l v e n e s s -
s i m p l i c i t y t r a d e o f f s a r i s e . A v a r i e t y o f d i f f e r e n t 
se t s o f r u l e s f o r t h i s purpose are c o n c e i v a b l e ; the 
f o l l o w i n g se t o f h e u r i s t i c s , wh ich are p o s s i b l e 
i n s t a n t i a t i o n s o f t he Gr i cean Maxims o f Q u a n t i t y , 
has proved u s e f u l w i t h i n HAM-ANS: 

(H I ) Avo id s u p e r f l u o u s c o m p l e x i t y , i . e . c o m p l e x i t y 
not j u s t i f i e d by any i n c r e a s e in 
i n f o r m a t i v e n e s s . 

(H2) Do not a l l o w a c e r t a i n maximum degree of 
c o m p l e x i t y to be exceeded. 

(H3) W i t h i n these l i m i t s . max imize the amount o f 
i n f o r m a t i o n p r e s e n t e d . 

As an example , we s k e t c h here the c r i t e r i a used 
i n cases l i k e ( 1 ) , (4) and ( 6 ) , i . e . when t h e r e i s 
some nonempty se t o f r e l e v a n t o b j e c t s wh ich s a t i s f y 
t h e p r e d i c a t e s p e c i f i e d b y the q u e s t i o n ' s ve rb 
p h r a s e . I n g e n e r a l , t he e v a l u a t i o n component w i l l 
have accumula ted more s p e c i f i c i n f o r m a t i o n 
c o n c e r n i n g each o f t hese o b j e c t s than t h a t 
s p e c i f i e d i n t he o r i g i n a l p r e d i c a t e . T o d e t e r m i n e 
whe the r t h i s a d d i t i o n a l d e t a i l shou ld b e men t ioned 
i n t h e answer, t h e system p a r t i t i o n s the o b j e c t s 
i n t o e q u i v a l e n c e c l a s s e s a c c o r d i n g t o whether t he 
c o r r e s p o n d i n g more s p e c i f i c a s s e r t i o n s a re 
i d e n t i c a l . I f o n l y one o r two e q u i v a l e n c e c l a s s e s 
r e s u l t (as i n examples (1) and ( 6 ) , r e s p e c t i v e l y ) , 
t he a d d i t i o n a l i n f o r m a t i o n i s ment ioned i n the 
answer . I f t h e r e a re more than two e q u i v a l e n c e 
c l a s s e s , they a re no t ment ioned s e p a r a t e l y , and the 
o r i g i n a l p r e d i c a t e o f the q u e s t i o n i s a p p l i e d i n 
t h e answer t o a l l o f t he o b j e c t s c o l l e c t i v e l y . 

The p r i n c i p l e (H1) i s r e f l e c t e d here i n the 
f o r m a t i o n o f e q u i v a l e n c e c l a s s e s , s i n c e t h i s s o r t 
o f g r o u p i n g can l ead to a r e d u c t i o n in t he 
c o m p l e x i t y o f t h e answer w i t h o u t any l o s s o f 
i n f o r m a t i v e n e s s . The maximum degree of c o m p l e x i t y 
a l l o w e d ( c f . r u l e H2) co r responds here to a t w o p a r t 
c o o r d i n a t i o n such as t he answer t o ( 6 ) . F i n a l l y , 
t h e p o l i c y o f r u l e H 3 i s r e f l e c t e d here i n the 
r e p o r t i n g o f t he a d d i t i o n a l d e t a i l . 

The s p e c i f i c c r i t e r i a j u s t ske tched a r e , o f 
c o u r s e , ve ry na r row in scope. In HAM-ANS ana logous 
c r i t e r i a are a p p l i e d , e . g . . when the q u e s t i o n 
c o n t a i n s a c o o r d i n a t i n g c o n j u n c t i o n (as in (9) 
be low , c f . E5 (c ) above) and when i t has nes ted 
q u a n t i f i e r s . 

(9) User : Have a s t a t i o n wagon and a t r u c k 
d r i v e n away a long B i b e r s t r e e t ? 

(10) HAM-ANS: No, one s t a t i o n wagon, but no t r u c k s . 

3. THE GENERATION OF EXTENDED RESPONSES 

I n t h i s s e c t i o n t he c a p a b i l i t i e s o f our 
imp lemented system are b r i e f l y i l l u s t r a t e d by some 
comments on a t r a c e of t he p rocess of g e n e r a t i o n of 
t h e answer ( 2 ) . The t r a c e , shown i n F i g . 2 , s t a r t s 
a f t e r a s u c c e s s f u l parse wh i ch produces a SURF 
r e p r e s e n t a t i o n o f t h e i n p u t q u e s t i o n . SURF is a 
l i n g u i s t i c a l l y m o t i v a t e d d e c l a r a t i v e r e p r e s e n t a t i o n 
language wh i ch is used as a t a r g e t and a source 
language by t h e p a r s e r and t h e NL g e n e r a t o r , 
r e s p e c t i v e l y . The SURF r e p r e s e n t a t i o n is 
t r a n s f o r m e d i n t o a DEEP r e p r e s e n t a t i o n , w h i c h is 
b e t t e r s u i t e d f o r t h e e v a l u a t i o n p r o c e s s e s , wh i ch 
draw i n f e r e n c e s on the b a s i s o f t h e u s e r ' s 
u t t e r a n c e s and d e r i v e answers to q u e s t i o n s . The 
main t a s k o f t h i s t r a n s f o r m a t i o n p rocess i s t o 

HAS A YELLOW CAR GONE BY? 

SURF r e p r e s e n t a t i o n of i n p u t sentence 

( a f - d : EVENT 
( t - s : ( q -d THE l r : \ 1 ) ) ( lambda. xO ( a f - a : ACT xO G0_BY)>) 
d - e : r o l e - l i s t : 
( r l - a : a g e n t : 

( l ambda: xO 
( a f - a : AGENT xO 

( t - 3 : ( q - q t : A ) 
( d - o : AND ( lambda: xO ( a f - a ISA xO CAR)) 

( lambda: xO l a f - a : REF xO YELLOW)) ) ) ) ) ) 
mod: 
l d - m : t e n s e : ( l ambda: xO ( a f - a : TENSE xO PERF)) 

v o i c e : ( l ambda . xO ( a f - a : VOICE xO A C T ) ) ) ) ) 

' ' N o r m a l i s a t i o n : t r a n s f o r m a t i o n i n t o DEEP r e p r e s e n t a t i o n 

DEEP r e p r e s e n t a t i o n of i n p u t sen tence 

( f - d . ( t - q : ( f o r : ( q - d : THE ( r : 1 1) ) x57) ( a f - a : ACT x57 GO BY)) 
( f - d : ( t - q : ( fo r - , ( q - q t : A ) x58) 

( f - o : AND ( a f - a : ISA x58 CAR) ( a f - a : REF x58 YELLOW))) 
( f - e : r o l e - l i s t : 

( r l - d : 
a g e n t : ( a f - a : AGENT x57 x58) ) 

mod: 
( f - m : t e n s e , ( a f - a . TENSE x57 PERF) v o i c e : ( a f - a : VOICE x57 A C T ) ) ) ) ) 

' ' E v a l u a t i o n 

; G e n e r a t i o n o f r e f e r e n c e o b j e c t s f i t t i n g t he agent d e s c r i p t i o n 

(CAR20) 

T e s t i n g o f a p a r t i a l l y i n s t a n t i a t e d case f rame 

( f - e r o l e - l i s t , 
( r l - d : 

a g e n t , ( a f - a : AGENT G0_BY CAR20)) 
mod . 
( f - m ; t e n s e , ( a f - a : TENSE G0_BY PERF) v o i c e : ( a f - a : VOICE GO_BY ACT))) 

A p p l i c a t i o n o f f l a v o r method ONLY_AGENT_SLOT_FILIED 

DEEP r e p r e s e n t a t i o n of answer 

( f - d : ( t - q : ( f o r : ( q - d : THE ( r . 1 1) x57) ( a f - a : ACT x57 GO_BY)) 
( f - d . ( t - q : ( f o r : ( q - q t . l r 1 1) ) x58) 

( f - o : AND ( a f - a : ISA x58 CAR) ( a f - a : REF x56 YELLOW))) 
( f - e r o l e - l i s t : 

( r l - d : 
a g e n t : ( a f - a : AGENT x57 x58) 
l o c a t i v e , (a f a: LOCATIVE x57 *ON HARTUNGSTREET)) 

mod : 
( f - m . t e n s e : l a f - a . TENSE x57 PERF) v o i c e : ( a f - a VOICE x57 A C T ) ) ) ) ) 

* * I n v e r s e n o r m a l i s a t i o n : t r a n s f o r m i n g i n t o SURF r e p r e s e n t a t i o n 

' ' E l l i p s i s g e n e r a t i o n 

;-. E l l i p t i f i e d SURF r e p r e s e n t a t i o n of answer 

( r l - s : a g e n t : 
( lambda. xO 

( a f - a : AGENT xO 
( t - s . ( q - q t : ( r : 1 1)) 

( d - o : AND 
( lambda: xO ( a f - a : ISA xO CAR)) 
( lambda xO l a f - a . REF xO YELLOW))) ) ) ) 

l o c a t i v e : 
( lambda: xO ( a f - a : LOCATIVE xO *ON HARTUNGSTREET))) 

; V e r b a l i s e d s t r u c t u r e of answer 

(SENTENCE (AGENT (NP IN : SG) ONE YELLOW (ELLIPSIS CAR))) 
(LOCATIVE (PP *0N (NP (N: SG) HARTUNGSTREET)))) 

* * Su r f ace t r a n s f o r m a t i o n s 

Y E S , ONE YELLOW ONE ON MARTUNGSTREET 

F i g . 2 : Example t r a c e ( t r a n s l a t e d f rom German) 
o f t he g e n e r a t i o n o f an ex tended response 

d e t e r m i n e the scope o f q u a n t i f i e r s ( c f . F i g s . 2 and 
3 ) . The p a t t e r n - d i r e c t e d e v a l u a t i o n component o f 
HAM-ANS i n c l u d e s a l l o f t he p rocesses f o r d e r i v i n g 
t he semant ic s t r u c t u r e o f an ex tended r e s p o n s e , as 
d i s c u s s e d i n the p r e v i o u s s e c t i o n . A f t e r t h e DEEP 
r e p r e s e n t a t i o n o f t he r e s u l t i n g answer has been 
s u b j e c t e d t o t he i n v e r s e t r a n s f o r m a t i o n t h e 
e l l i p s i s g e n e r a t i o n component t r i e s t o reduce t h e 
s t r u c t u r e wh ich r e p r e s e n t s the comp le te r e s p o n s e . 
The v e r b a l i z a t i o n p rocess uses t r a n s l a t i o n s r u l e s 
a t t a c h e d to the v a r i o u s c a t e g o r i e s o f SURF 
e x p r e s s i o n s ; i t i s t hus g u i d e d d i r e c t l y b y the 
message to be exp ressed 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 o f a grammar. The p o s s i b l y 
e l l i p t i c a l p r e t e r m i n a l s t r u c t u r e o f the answer i s 
mapped o n t o a w e l l - f o r m e d German u t t e r a n c e by the 
s u r f a c e t r a n s f o r m a t i o n component , wh ich uses 
e x t e n s i v e l i n g u i s t i c knowledge ( c f . F i g s . 2 and 3 ) . 
I n t h i s component , t h e t e r m i n a l word forms are 
g e n e r a t e d u s i n g m o r p h o - s y n t a c t i c p r o p e r t i e s ( e . g . 
f o r number (marked i n F i g . 2 w i t h N : ) , s u r f a c e 
case , and gender ) and m o r p h o l o g i c a l c l a s s i f i c a t i o n 
schemes f o r t he d i f f e r e n t i n f l e c t i o n a l paradigms o f 
German nouns and v e r b s . The p r o p e r t i e s e x t r a c t e d 
f rom t h e p r e t e r m i n a l s t r u c t u r e and the word l e x i c o n 
a re ass i gned to noun phrases a c c o r d i n g t o r u l e s o f 
agreement ( 1 ] . 

The s t r u c t u r e s f o l l o w i n g the deep cases i n F i g . 
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2 are t r e a t e d as sen tence components , e . g . A6ENT 
becomes the s u b j e c t of the s e n t e n c e . The noun 
marked f o r e l i s i o n can no t b e e l i d e d u n t i l i t s 
gender has been e x t r a c t e d . The p r e t e r m i n a l 
p r e p o s i t i o n *0N causes t h e g e n e r a t i o n o f o n ' 
w i t h i n a LOCATIVE p h r a s e , bu t o n t o " w i t h i n a GOAL 
p h r a s e . The ana logous p rob lem in German i s t o 
p r o v i d e the i n f l e c t i o n p rocesses w i t h t h e 
a p p r o p r i a t e s u r f a c e case , i . e . d a t i v e and 
a c c u s a t i v e , r e s p e c t i v e l y . 

4. LIMITATIONS AND FUTURE WORK 

Our c u r r e n t r e s e a r c h e f f o r t s a re no t b e i n g 
c o n c e n t r a t e d o n i n t e r a c t i o n s l i k e ( 1 1 ) - ( 1 2 ) and 
( 1 3 ) - ( 1 4 ) , where i n t h e s y s t e m s ' s r e p l y t h e m o t i o n 
concept used i n t h e q u e s t i o n s i s m o d i f i e d by an 
adverb or r e p l a c e d w i t h a more s p e c i f i c one . The 

(11) User : Has the car stopped? 
(12) System: Yes, very abruptly. 

(13) User : Has the car gone by? 
(14) System: Yes, it sped away. 

g e n e r a t i o n o f answers o f t h i s t y p e wou ld r e q u i r e a 
more e l a b o r a t e e v a l u a t i o n s t r a t e g y and the use o f 
more knowledge s o u r c e s , e . g . knowledge about common 
sense s t a n d a r d s [ 1 1 , 1 2 ] . 

On the o t h e r hand the methods d e s c r i b e d can 
e a s i l y be ex tended to hand le temporal adverbs. In 
i n t e r a c t i o n ( 1 5 ) - ( 1 6 ) , t he ex tended response i n ­
d i c a t e s when the even t took p l a c e . Because the t i m e 

(15) User : D id the bus stop? 
(16) System: Yes, i t just did. 

of t he b e g i n n i n g and the end of an even t is 
r e c o r d e d d u r i n g t h e e v a l u a t i o n phase, we p l a n to 
p r o v i d e f o r the g e n e r a t i o n o f answers l i k e (16) 
u s i n g methods s i m i l a r t o those d e s c r i b e d i n [ 9 ] f o r 
the a n a l y s i s o f t e m p o r a l d e s c r i p t i o n s . 
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