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ABSTRACT 

Th i s  pape r  a d d r e s s e s  the p r o b l e m  Of g e n e r a t i n g  
c o m m u n i c a t i v e l y  a d e q u a t e  e x t e n d e d  r e s p o n s e s  i n  t h e  
absence  o f  s p e c i f i c  k n o w l e d g e  c o n c e r n i n g  t h e  
i n t e n s i o n s  o f  t h e  q u e s t i o n e r .  We f o r m u l a t e  and 
justify a heuristic for the selection of optional 
deep case slots not contained in the question as 
candidates for the additional information con- 
tained i n  an e x t e n d e d  r e s p o n s e .  I t  i s  shown t h a t ,  
i n  a v i s u a l l y  p r e s e n t  domain o f  d i s c o u r s e ,  case 
r o l e  f i l l i n g  f o r  t h e  c o n s t r u c t i o n  o f  an e x t e n d e d  
r e s p o n s e  can be r e g a r d e d  as a s i d e  e f f e c t  o f  t h e  
v i s u a l  sea rch  n e c e s s a r y  t o  answer  a q u e s t i o n  con-  
t a i n i n g  a l o c o m o t i o n  v e r b .  The pape r  d e s c r i b e s  t h e  
v a r i o u s  r e p r e s e n t a t i o n  c o n s t r u c t i o n s  used i n  t h e  
German l a n g u a g e  d i a l o g  sys tem HAM-ANS f o r  d e a l i n g  
w i t h  t h e  s e m a n t i c s  o f  l o c o m o t i o n  v e r b s  and i l l u s -  
t r a t e s  t h e i r  use i n  g e n e r a t i n g  e x t e n d e d  r e s p o n s e s .  
In  p a r t i c u l a r ,  we o u t l i n e  t h e  s t r u c t u r e  o f  t h e  
g e o m e t r i c a l  scene d e s c r i p t i o n ,  t h e  r e p r e s e n t a t i o n  
o f  e v e n t s  i n  a l o g i c - o r i e n t e d  s e m a n t i c  r e p r e s e n t a -  
t i o n  l a n g u a g e ,  t h e  c a s e - f r a m e  l e x i c o n  and t h e  
r e p r e s e n t a t i o n  o f  t h e  r e f e r e n t i a l  s e m a n t i c s  based 
on t he  F l a v o r  sys tem.  The emphas is  i s  on 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  a p p l i c a t i o n  o f  
o b j e c t - o r i e n t e d  p rog ramming  methods  f o r  c o p i n g  
w i t h  t h e  s e m a n t i c s  o f  l o c o m o t i o n  v e r b s .  The p r o -  
cess o f  g e n e r a t i n g  an e x t e n d e d  r e s p o n s e  i s  i l l u s - .  
t r a t e d  by an e x t e n s i v e l y  a n n o t a t e d  t r a c e .  

1. INTRODUCTION 

F r e q u e n t l y  a q u e s t i o n e r  e x p e c t s  more t h a n  a 
d i r e c t ,  l i t e r a l  r e s p o n s e  a l t h o u g h  he must  assume 
t h a t  t h e  a n s w e r e r  i s  n o t  i n f o r m e d  abou t  what  p a r -  
t i c u l a r  i n f o r m a t i o n  he i s  s e e k i n g .  The q u e s t i o n e r  
imputes to a cooperative dialogue partner the com- 
municative competence to reply to a simple yes-no 
question like (I) with an extended response (cf. 
(12], (11]) like (la) rather than with a simple 
Yes. 

( I )  Are you going to t r a v e l  th is  summer? 
( l a )  Yes,  to Sicily. 

In the absence of special  informat ion about the 
previous course of the dialog or the in tent ions of 
the questioner (the unmarked case) an answer l i k e  
( la )  seems more appropriate than (Ib) or ( I c ) .  

( Ib) Yes, with an old school f r iend .  
( Ic)  Yes, by plane. 

OF course, there are numerous dialog situatlons in 
w h i c h  ( l b )  os" ( l c )  c o u l d  be g e n e r a t e d  as a commun- 
i c a t i v e l y  a d e q u a t e  r e s p o n s e  on t h e  b a s i s  o f  a par .  
t ± c u l a r  p a r t n e r  m o d e l .  But  i t  s t i l l  must  b~ asked 
why i n  d i a l o g s  o f  t h e  t y p e  ' i n f o r m a t i o n  , u p p l y '  
t he  unmarked r e s p o n s e  t a k e s  t h e  f o rm  ( l a )  ~nd n o t  
( l h )  o r  ( l c ) .  

In th is  paper we w i l l  present the resu l ts  of a 
computational study of th is  problem for  the domain 
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'locomotion verbs' in dialogs based on a visually 
present world of discourse. This question is par- 
ticularly important for the construction of 
c o o p e r a t i v e  d i a l o  9 s y s t e m s ,  s i n c e ,  i n  many a p p l i -  
c a t i o n s ,  no e x p l i c i t  k n o w l e d g e  abou t  t h e  d i a l o g  
g o a l s  o f  t h e  q u e s t i o n e r  i s  a v a i l a b l e  a t  t h e  
o u t s e t .  I f  a , s y s t e m  i s  n e v e r t h e l e s s  e x p e c t e d  t o  
' o v e r - a n s w e r  , i . e .  t o  v o l u n t e e r  i n f o r m a t i o n  t h a t  
has n o t  s p e c i f i c a l l y  been r e q u e s t e d ,  i t  must  com- 
mand a s e t  o f  h e u r i s t i c  c r i t e r i a  f o r  s e l e c t i n g  t h e  
a d d i t i o n a l  i n f o r m a t i o n  t h a t  i s  t o  be v e r b a l i z e d  
[ 1 1 1 .  

I t  i s  n o t e w o r t h y  t h a t  t he  t h r e e  a d d i t i o n a l  p o i n t s  
o f  i n f o r m a t i o n  i n  ( l a ) ,  ( l b ) ,  (1c )  c o r r e s p o n d  t o  
f i l l e d  deep case s l o t s  o f  t h e  v e r b  used i n  t h e  
q u e s t i o n  (GOAL, CO-AGENT and INSTRUMENT, r e s p e c -  
t i v e l y ) .  T h i s  s u g g e s t s  t h a t  t h e  u n f i l l e d  o p t i o n a l  
case s l o t s  i n  t h e  q u e s t i o n  a re  c a n d i d a t e s  f o r  
a d d i t i o n a l  i n f o r m a t i o n .  For a q u e s t i o n  l i k e  ( 2 ) ,  
i n  w h i c h  a l l  t h e  deep case s l o t s  o f  ' b r e a k '  a re  
f i l l e d ,  o n l y  a d i r e c t  r e s p o n s e  l i k e  (2a)  i s  t o  be 
e x p e c t e d  as a p o s i t i v e  answer ,  w h i l e  i n  ( 3 ) ,  where  
only the obligatory deep case slots are filled, an 
e x t e n d e d  r e s p o n s e  l i k e  (3a)  can be e x p e c t e d .  

(2)  Did you b r e a k  t h e  w indow w i t h  y o u r  s l i n g s h o t  
y e s t e r d a y ?  

(2a )  Yes.  
(3)  Did  you b r e a k  t h e  window? 
(3a)  Yes,  w i t h  my s l i n g s h o t .  

Since not e v e r y  optional deep case o f  a g i v e n  verb 
unspecified in the question is suitable for an 
unmarked e x t e n d e d  r e s p o n s e  ( e . g .  ( l a ) - ( l c ) )  we may 
d e f i n e  t h e  p r o b l e m  more p r e c i s e l y  by a s k i n g  w h i c h  
o f  t h e  deep case s l o t s  u n s p e c i f i e d  i n  t h e  q u e s t i o n  
a re  t o  be chosen as t h e  unmarked v a l u e s .  

For  ou r  domain Of i n v e s t i g a t i o n  ' l o c o m o t i o n  v e r b s '  
l e t  us c o n s i d e r  q u e s t i o n s  (4)  and ( 5 ) ,  wh i ch  r e f e r  
t o  a v i s u a l l y  p r e s e n t  w o r l d  o f  d i s c o u r s e .  In  each 
case p e r c e p t u a l  p r o c e s s e s  a re  assumed as a p r e r e -  
q u i s i t e  f o r  t h e  answe r .  

4) Which v e h i c l e  s t opped?  
&a) The bus ,  on H a r t u n g s t r e e t .  
4b) The bus ,  because  t he  d r i v e r  s t epped  on t h e  

b r a k e .  
5) Did the bus turn of f? 
5a) Yes, from Hartungstreet onto Schlueters t teet .  
5b) Yes, together wi th the t a x i  cab. 

The instantiation of the iocatlve slot in answer 
(4a) and the source and goal s lots  in (Sa) is 
predictable in contrast to the causative s lo t  in  
(4b) and the co agent s lo t  in (5b). As examples 
(4) and (5) demonstrate, the same opt ional  deep 
case s lo t  is not always selected as the unmarked 
option. The choice is dependent upon the verb con- 
tained in the question. Moreover, {Sa) shows that 
combinations of deep cases are possible in 
unmarked extended responses, 

In the area under investigation here, the follow- 
ing heuristic carl be employed to determine the 
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Fig. 1: Situational context of the dialog 

selection of the deep case slots for an um~marked 
extended response: Select the deep case slots 
which contain the concepts necessary for the per- 
ceptual verification of the motion descrlbed by 
the verb. 

In order to verify a stop-event it is necessary to 
determine the end point of the motion (Cf. (4a)) 
but not the cause (cf. (4b)). For a turn-off event 
a change of direction between source and goal must 
be established (cf. (Sa)). It is not essential to 
determine whether other objects make this change 
of direction at the same time (cf. (Sb)). 

Hence case role filling f o r  the construction o f  an 
extended response can be regarded as a side effect 
of the visual, search necessary to answer the ques- 
tion. 

This also appears plausible when seen in the light 
of the beliefs that the questioner imputes to the 
a n s w e r e r .  The questioner believes that the 
answerer will fill in the case sluts necessary for 
a n s w e r i n g  the question and that it is therefore 
unnecessary to explicitly mention these in the 
question. Additionally the questioner believes 
that the a n s w e r e r  believes that the questioner 
expects an extended reply and fur this reason did 
not explicitly request the additional information. 
A cooperative dialog system fulfills this user 
expectation by applying the heuristic formulated 
above. 

A prerequisite for the application of this heuris- 
tic is that [he system have knowledge about which 
deep case slots are relevant for the verification 
OF a movem~mt. This prerequisite is not met by 
most natural language (NL) systems since they sim- 
ply represent events in the domain or discourse in 
fully instant~ated Form using case frames, e.g. as 
part of a semantic net or frame hierarchy. In con- 
trast, the G,,rman language dialog system HAM-ANS 
(Hamburg application--oriented natural language 
system) [6], which we have developed, can apply 
this heuris(~c because in addition to the case 
frame of each verb the system includes a represen- 
tation of the referential semantics of predica- 
tions associated with that verb which makes it 
possible to ~valuate the ViSual input data fo r  the 
movement in question. 

The g o a l  of this article is to elucidate the 
representation constructions for case frames and 
referential semantics of verbs of motion used in 
HAM-ANS and to illustrate their use in generating 
unmarked extended responses. 

2. A SHORT OVERVIEW OF HA~-ANS 

HAM-ANS is a large German natural l a n g u a g e  dialog 
system of both considerable depth and breadth 
which presently provides access to three different 
application classes, namely an expert system 
(hotel reservation situation), a database system 
( f i s h e r y  d a t a )  and a scene a n a l y s i s  sys tem 
(traffic s c e n e ) .  

The communicative situations the system handles 
are characterized as follows: 

In the hotel reservation situation the system 
takes the role o f  a hotel manager, who tries to 
persuade the user to book a room. The caller is 
assumed to have the overall goal of determining 
whether the room offered meets his requirements. 
The system must attempt to recognize the user 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  t he  room as t h e y  a re  
revealed - usually indirectly - in his utterances 
and to make use of the various devices available 
in natural language that permit the room in ques- 
tion to be presented in a particularly favorable 
light (e.g. the generation of tendentious descrip- 
tions using hedged relative adjectives). 

In the database application [8] HAM-ANS provides 
marine scientists with NL access to a fishery 
database, which contains data collected during 
international expeditions in the South Atlantic 
and the Indian Ocean. The complex structured data 
sets, which consist of cruise data concerning the 
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  i n  a 
r e l a t i o n a l  d a t a b a s e  (76 r e l a t i o n s .  1 1 M B y t e )  w i t h  
a PASCAL/R d a t a  base management sys tem.  

In the traffic domain we presuppose the following 
situational context: The system has observed a 

189 



s t reet  intersection and supplies on the phone the 
user, who is familiar with the scene but cannot 
see it from his remote location, with information 
about the traffic at that intersection (cf. fig. 
I). A geometrical description of the observed 
scene Is provided by the image sequence analysis 
system NAOS/HORIO [ g ] .  In this application our 
research e f f o r t s  are concerned with the handling 
of time (tense and temporal adverbs) and the 
semantics of locomotion verbs (c f .  f i g .  2). 

? How many  t r u c k s  h a v e  you  s e e n ?  
TWO. 
? W h i c h  t r u c k s  h a v e  g o n e  b y ?  
A LIGHT-COLORED ONE ON HARTUNGSTREET. 
? Did a Mellow car and a green station wagon 

turn off first? 
NO. A YELLOW CAR TURNED OFF HARTUNGSTREET 
ONTO SCHLUETERSTBEET, BUT THE GREEN STATION 
DID NOT TURN OFF F I R S T .  
? Were a y o u n g  man and  an o l d  woman w a l k i n g  

down Schloeterstreet during this time? 
YES. AN OLD WOMAN AND A YOUNG MAN. 
? Did the green station wagon stop on 

Schlueterstreet? 
YES. 
? How many station wagons altogether have 

stopped? 
ONE OF THE THREE ON SCHLUETERSTREET. 
? What did I just ask you? 
YOU ASKED: HOW MANY STATION WAGONS STOPPED. 
? Did a station wagon drive off? 
YES, ONE ON SCHLUETEBSTREET. 
? By the way, the light-colored truck: Did 

it drive down Schlueterstreet too? 
YES. 

How many cars are there in all? 
SIXTEEN. 
? Is one of these cars blue 9 
YES.  TWO OF THEM ARE KIND OF BLUE. 
? Did a blue car d r i ve  down both s t ree t s?  
YES, ONE BLUE CAB. 

So long! 

Fig. 2: A t ransc r i p t  of an actual dialog 
(translated from German) 

3. REPRESENTATION FORMALISMS FOR THE SEMANTICS OF 
LOCOMOTION VERBS 

3,1 .  THE GEOMETRICAL SCENE DESCRIPTION 

A basic requirement fo r  answering questions about 
movements that have occurred in rea l  sequences of 
scenes is an adequate representat ion of these 
sequences. Not only the shape, the centers of 
g rav i t y ,  col,,r, etc. of objects must be 
represented, but also the t r a j e c t o r i e s  of moving 
ob]ects. 

Thls geometrical scene description consists of a 
c o m b i n a t i o n  o f  a u t o m a t i c a l l y  g e n e r a t e d  o u t p u t s  oF 
the  scene a n a l y s i s  p r o c e s s e s  ( i n s o f a r  as t h i s  i s  
p r e s e n t l y  p o s s i b l e )  and a number o f  manual  augmen- 
t a t i o n s .  

The length in time of the scene under considera- 
t ion  is  ca. 14 sec., which corresponds.to ca. 360 
single TV images.  From these  360 lmages 72 
snapsho ts  a re  coded in a r e l a t i o n a l  f o r m a l i s m ,  
d e n o t l n g  wh ich  o b j e c t s  were o b s e r v e d ,  the  shape o f  
these objects, t he i r  current center of g rav i t y  and 
some other propert ies (e.g. co lo r ) .  The represen - 
ra t ion  of the f i r s t  snapshot contains informat ion 

about a l l  objects that are v i s i b l e  at that time. 
For the successive snapshots only changes with 
respect to the predecessors are recorded, i.e. 
objects and their descriptions are only entered if 
t h e y  have changed l o c a t i o n  or appeared i n  t he  
scene. A trajectory of an object is determined by 
its different centers of g r a v i t y  relative to an 
underlying coordinate sys tem.  In c o n t r a s t  t o  t he  
r e a l  TV image sequence t h i s  r e p r e s e n t a t i o n  i s  o n l y  
2 d i m e n s i o n a l  and thus p r o v i d e s  a b i r d ' s - e y e  v i e w  
o f  the  scene.  

3.2 .  THE REPRESENTATION LANGUAGES SURF AND DEEP 

The l o g i c - o r i e n t e d  s e m a n t i c  r e p r e s e n t a t i o n  
l anguages  SURF and DEEP are  t he  c e n t r a l  r e p r e s e n -  
t a t i o n  f o r m a l i s m s  used i n  HAM-ANS. These l a n g u a g e s  
a re  des i gned  t o  be d e c l a r a t i v e  and e a s i l y  e x t e n d -  
a b l e .  SURF i s  the  t a r g e t  l anguage  o f  the  a n a l y s i s  
components and sou rce  l anguage  f o r  the  g e n e r a t i o n  
components and thus  as c l o s e  as p o s s i b l e  t o  NL 
u t t e r a n c e s ,  whereas  DEEP i s  b e t t e r  s u i t e d  f o r  t he  
e v a l u a t i o n  o f  u t t e r a n c e s  on the  b a s i s  o f  t he  
s y s t e m ' s  d o m a i n - s p e c i f i c  knowledge  s o u r c e s .  

O r i g i n a l l y  SURF and D E E P  were  des i gned  t o  
represent term and p r e d i c a t e  structures wh ich  
s e r v e  as a representation formalism for state 
descriptions occurring typically in the hotel 
reservat ion s i t ua t i on .  For an adequate representa- 
t ion  of the semantics of questions containing 
verbs, the d e f i n i t i o n  of SURF and DEEP was aug- 
mented by m e t a - p r e d i c a t e s  fo r  ma rk i ng  deep cases ,  
t ense  and v o i c e  adap ted  f rom F i l l m o r e ' s  deep case 
theory [3]. Since events can be existentially 
quantlfied as in (6) or explicitly quantified as 
in (7)  

(6)  Did ]ohn f l y  to Hamburg? 
(7) Did John fly to Hamburg three times last week? 

SURF and DEEP provide a means of representing 
quan t i f i ca t i on  of events. A special  q u a n t i f i e r  
E-ACT denotes an e x i s t e n t i a l  q u a n t i f i c a t i o n  of 
events. Other quan t i f i e r s  l i k e  those in (7) are 
cu r ren t l y  not ava i lab le  but can eas i l y  be 
included. Examples of SURF and DEEP expressions 
are shown in the annotated example (c f .  f i g .  8). 

In th is  paper only some of the features of SURF 
and DEEP are  d i s c u s s e d ,  see [6 ]  f o r  a more 
detailed description. 

3.3 .  THE CASE-FRAME LEXICON 

The case f rames f o r  ve rbs  used i n  the  sys tem are  
s t o r e d  i n  the case-frame l e x i c o n  [ 5 ] .  Each e n t r y  
i n  the  word l e x i c o n  f o r  a v e r b  c o n t a i n s  a p o i n t e r  
to  i t s  a p p l i c a b l e  case f rame wh i ch  d e s c r i b e s  t he  
seman t i cs  o f  t h a t  v e r b  i n  terms o f  case r e l a t i o n s .  

A case f rame i s  r e p r e s e n t e d  as a c o m b i n a t i o n  o f  
deep case d e s c r i p t i o n s  s p e c i f y i n g  f o r  each deep 
case i t s  name, a m a r k e r ,  w h e t h e r  the  deep case i s  
o b l i g a t o r y  (0) o r  o p t i o n a l  ( F ) ,  and the  s e m a n t i c  
r e s t r i c t i o n s  wh ich  a re  r e q u i r e d  f r om a s y n t a c t i c  
s u b s t r u c t u r e  to  f i l l  t he  deep case ( o f .  f i g .  3 ) .  

This pointer technique permits the use of a 
spec i f i c  c a s e  frame fo r  several verbs during the 
a n a l y s i s  phase w i t h o u t  p r e d e t e r m i n i n g  a s i n g l e  
p rocess  f o r  t hese  ve rbs  d u r i n g  the e v a l u a t i o n  o f  
whole utterances. For ve rbs  with d i f f e r e n t  
r e f e r e n t i a l  semantics, e.g. ' t o  accelerate '  and 
' t o  s top ' ,  a single case frame, namely that speci- 
ty ing an ob l iga to ry  AGENT of type ' v e h i c l e '  and a 
opt ional  LOCATIVE of type ' thoroughfare ' ,  is 
applied during the analysis phase. 

Case frames are formulated in SURF so that the 
checking of the semantic r e s t r i c t i o n s  can be 
accomplished by the inference rules usual ly 
applied during the evaluat ion of a complete utter-- 
ance; The se lec t iona l  r e s t r i c t i o n  that ,  e .g . ,  the 
NP a car '  describe an object of the class of 
vehic les,  and therefore be a possible candidate to 
f i l l  ~ the agent ro le  of the verb ' to  s top ' ,  can be 
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v e r i f i e d  because of the t r a n s i t i v i t y  of the super- 
set r e l a t i o n  in the conceptual semantic net. 

In the  c a s e - f r a m e  l e x i c o n  the  case f rames a re  no t  
r e c o r d e d  i n  the  f o rm  shown i n  f i g .  3. bu t  r a t h e r  
are  r e p r e s e n t e d  as c o n s t r u c t o r  c a l l s  f o r  b u i l d i n g  

[rl-s: ageL~t: 
[d-l: r o l o m m a r k e r :  0 
restrictions: 

(lambda: x l  [af-a: ISA x l  VEHICLE]]] 

objective: 

SOUrce: 
l o c a t i v e .  
( d - l :  r o lA- -marke r :  F 
restrictions: 

[lambda: x l  (af-a: ISA x l  THOROUGHFARE]]] 

g o a l :  
time: 

p a t h :  
instrumeht:] 

Fig. 3: Case frames for  verbs of type ' to  stop 

a case f rame a c c o r d i n g  to  the a c t u a l  s y n t a x  d e f i n -  
i t i o n  o f  SURF, This g u a r a n t e e s  t h a t  all possible 
m o d i f i c a t i o n s  o f  SURF are  i m m e d i a t e l y  p r e s e n t  i n  
the  case f r ames .  

3.4. OB3ECT-ORZENTEB REPRESENTATION OF MOTION 
CONCEPTS 

In object-oriented programming l anguages  p rog ram-  
ming i s  more or  l e s s  the a c t i v i t y  o f  c r e a t i n g  a 
w o r l d  o f  e n t i t i e s  c a l l e d  o b j e c t s  and o f  s p e c i f y i n g  
a se t  o f  g e n e r i c  o p e r a t i o n s  t h a t  can be p e r f o r m e d  
on them• O b j e c t s  can communicate w i t h  each o t h e r  
by send ing  and r e c e i v i n g  messages.  E s s e n t i a l l y ,  
r u n n i n g  a program means t h a t  the  o b j e c t  sends a 
message to  ar, o b j e c t  ( p o s s i b l y  t o  i t s e l f )  wh i ch  i n  
t u r n  sends a message e t c . ,  u n t i l  the  r e q u i r e d  t a s k  
i s  f u l f i l l e d .  An i m p o r t a n t  b e n e f i t  o f  the  o b j e c t -  
oriented style is t h a t  it lends itself to a par- 
ticularly simple and lucid kind of modularity. 

3.4.1.  THE FLAVOR SYSTEM 

The F l a v o r  system [ 2 ]  [13 ]  i s  an i m p l e m e n t a t i o n  o f  
the  language  f e a t u r e s  t h a t  s u p p o r t  o b j e c t - o r i e n t e d  
programming.  Two k i n d s  o f  o b j e c t s  e x i s t  i n  a F l a -  
vo r  sys tem,  namely one c a l l e d  f l a v o r  and the  o t h e r  
instance of a flavor. A flavor represents a gen- 
eric object and an instance an individual realiza- 
tion of a ge,~eric object. It is possible to send 
messages to both k inds  of objects. F l a v o r s  are 
organized in ,, directed graph called the flavor 
graph• There is one d e s i g n a t e d  flavor, the 
vanilla flays, r, wh ich  corresponds to the  thing 
frame in FRL [I0]. Since the heritage of informa- 
tion fo r  each f l a v o r  is provided by the f l a v o r  
graph, i t  zs necessary to speci fy fo r  each newly 
defined f l avo r  i t s  locat ion in the graph by naming 
i t s  d i rec t  predecessors ( i t s  super f lavors) .  The 
information contained in a f l a v o r  is a combination 
of a l l  the information inher i ted from i t s  super- 
f l avo rs  and the added information given by i t s  own 
d e f i n i t i o n .  The added information can also over- 
ride, augment or modify the inherited information. 

This is one dimension of the information contained 
in a flavor: owned or inherited. Another is the 
declarative/procedural distinction. The declara- 
t i ve  knowle~tge of a Flavor is stored in variables 
of different kinds whereas procedural knowledge is 
encoded in so called methods• 

One kind of variable the instance variable - is 
used to give instances of the same generic object 
their individual information. The other kind - the 
c lass  variable is owned by a flavor, can be 

' b e q u e a t h e d '  to other f l a v o r s ,  and accessed by any 
o b j e c t  i n  the  f l a v o r  sys tem.  However ,  a f l a v o r  i s  
o n l y  a l l o w e d  to  change a v a l u e  o f  a c l a s s  v a r i -  
a b l e ,  if it owns this variable. 

Methods are function definitions that implement 
the operations defined for each flavor. The combi- 
nation of methods from different flavors is called 
m i x i n g  flavors. 

In compar i son  w i t h  FRL the  F l a v o r  sys tem has 
m a i n l y  t h r e e  d i s t i n g u i s h i n g  f e a t u r e s :  

The 'A k i nd  o f '  s l o t  i n  FRL se r ves  bo th  f o r  
e s t a b l i s h i n g  an i n h e r i t a n c e  h i e r a r c h y  and f o r  
c o n n e c t i n g  i n s t a n c e s  to  s u p e r c l a s s e s ,  i . e .  no 
c l e a r  d i s t i n c t i o n  i s  made between g e n e r i c  
f rames and i n s t a n c e s •  On the  o t h e r  hand the  
f l a v o r  g raph i s  b u i l t  by s p e c i f y i n g  the  
s u p e r f l a v o r s  f o r  each f l a v o r ,  i n s t a n c e s  a re  
c r e a t e d  by t he  make - i ns tance -me thod .  

Because the  d i s t i n c t i o n  between g e n e r i c  
f rames and i n s t a n c e s  i s  no t  made i n  FRL t h e r e  
i s  a l s o  no d i s t i n c t i o n  between i n s t a n c e  v a r i -  
a b l e s  and c l a s s  v a r i a b l e s •  In  the F l a v o r  s y s -  
tem the  seman t i cs  o f  v a r i a b l e s  i s  more 
c l e a r l y  d e f i n e d  i n  t h a t  i n s t a n c e  v a r i a b l e s  
can o n l y  be m o d i f i e d  i n  i n s t a n c e s  and c l a s s  
v a r i a b l e s  can o n l y  be m o d i f i e d  i n  f l a v o r s •  

Frames i n  FRL a re  p a s s i v e  da ta  s t r u c t u r e s ,  
whereas  f l a v o r s  can be ( r e - ) a c t i v a t e d ,  
c r e a t e d  and m o d i f i e d ;  t h e y  a re  autonomous;  
they are declarative and procedural at the 
same time and hence are entities which are 
bet ter  suited for  as formalisms fo r  
representing common knowledge (c f .  [ 2 ] ) .  

Although the f l a v o r  system is a too l  fo r  the 
development of large software systems and not a 
knowledge representat ion language, i t  includes the 
basic concepts f o r  the rapid design of spec i f i c  
knowledge r e p r e s e n t a t i o n  formalisms. In c o n t r a s t  
t o  a f u l l - f l e d g e d  knowledge  r e p r e s e n t a t i o n  
l anguage  t h i s  approach  r e q u i r e s  some a d d i t i o n a l  
p rogramming i n  the  b e g i n n i n g ,  but  i t  a v o i d s  any 
permanent  ove rhead  f o r  f e a t u r e s  wh ich  a re  s u p e r -  
f l u o u s  f o r  the  t a s k  a t  hand• 

3.4.2.  THE MOTION CONCEPT HIERARCHY 

The F l a v o r  system i s  used i n  HAM-ANS f o r  
r e p r e s e n t i n g  a s p e c i a l i z a t i o n  h i e r a r c h y  o f  m o t i o n  
concep ts  ( c f .  f i g .  4 ) .  The r o o t  f l a v o r  o f  t h i s  
h i e r a r c h y  i s  the  m o t i o n  concep t  HOVE. Descendants  
in the t ree,  e.g. GO_BY, TURN i n h e r i t  the 
declarative and procedural information contained 

) 
( ) 

I TIME I SPACE 

I STOP IDRIVE-OFF J 

I VANILLA 

I I .ov,- I 
1 

I I TO' N I 
) 

SUBFLAVOR 

--0 NSTANC£ OF 

F i g .  4: The! mo t i on  concep t  h i e r a r c h y  
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< HAS A YELLOW CAR TURNED OFF? 

HAM-ANS 

FLAVOR :TURN SUPERFLAVORS : GO_BY 
VARS: AGENT, SOURCE... 
METHODS :JONLY_ASENT_SLOT_FILLED 

J FIND A SOURCE 
J CHECK DIRECTION CHANGE 
I F~O A GOAL NEQ SOURCE 

I INSTANCE_OF APPLICATION_OF 
I 

TURN120 : 
AGENT: CAR120 
SOURCE: HARTUNGST 

DIRECTION_CHANGE?: 
GOAL: BIBERSTREET 

 Es. oNE Y LLOW FROM --7 
ARTONOSTRE T ON,O B,BERS  ETJ 

t I + k  

0 

e 

e 

1 t l + k ÷ l  

Fig. 5: Case s lo t  f i l l i n g  as side e f f e c t  of v i sua l  search 

in their parents. Instance variables comprise 
information about the deep cases associated with 
the motion concept as well as information needed 
and extracted by methods. The methods are respon-- 
sible for checking the referential semantics of 
the motion concepts. Instances of a f l a v o r  denote 
spec i f i c  events in the domain of d i s c o u r s e  that  
could be v e r i f i e d  by the app l i ca t ion  of the 
methods. 

The methods of the a d d i t i o n a l l y  defined f l avo rs  
TIME and SPACE are responsible for  temporal and 
~;patial computations. Instances of these f l avo rs  
determine the temporal and spatial description of 
the actual scene: the length of the scene in time, 
the number of snapshots, the spa t i a l  ex tent ,  etc.  

The task of checking.the t r u t h  value of the propo- 
s i t i o n  in ;~ user s question is accomplished 
through messaqe passing. These messages include: 
creat ing in' Lances of motion concepts, e.g. 
TURN120, i n s t . , ~ t i a t i n g  deep case s lots spec i f ied 
il, the quest ion, and a c t i v a t i n g  appropr iate 
(n t !  t hod S . 

L e t ' s  now con , , zde r  the  examp le  g i v e n  i n  f i g .  5 i n  
more d e t a i l .  '.ince only the AGENT was spec i f ied in 
the quest ioh, the selected method is 
ONLY AGENT Sl~'l !ILLED. Af ter  determinirlg an 
interval ~f c~nsideration this method calls 
further m~.thods, namely FIND_A_SOURCE, 
DIRECTION_CHAUGE and FIND_A_GOAL NEQ ~;OURCE. 
DIRECTION CIIAI;GE is a special  method of the f l a v o r  
TURN. Th~ f i r s t  and las t  methods are i nhe r i t ed  
(of .  f i g .  5) from f l avo r  GO_BY because they are 

also needed in tha t  f l a v o r  fo r  answering questions 
l i k e :  'Has the yel low car dr iven from B ibers t ree t  
to Har tungs t ree t~ ' .  

FIND A SOURCE i d e n t i f i e s  the f i r s t  ent ry  of the 
agen~'~ t r a j e c t o r y  in the i n t e r v a l  of considera- 
t i on  and checks which of the objects of the s t a t i c  
background these coordinates belong to .  For t h i s  
tes t  only those s t a t i c  objects are selected tha t  
satisfy the selectional restrictions for the 
source slot specified in the case-frame lexicon. 
If the test succeeds for an object, the name o~ 
this object is stored in the source slot, 
DIRECTION CHANGE now fo l lows the agent 's t r a j e c -  
to ry  look~ng for  a s i g n i f i c a n t  change of d i rec-  
t i on .  If this test is also positive, 
FIND A GOAL NEQ_SOURCE is t r i e d .  This method 
searches fur  a point  on the t r a j e c t o r y  which is 
not ins ide the ob3ect i d e n t i f i e d  in the source 
s lo t .  I f  there is such a po in t ,  the same selec- 
t i o n a l  check as for  the source s lo t  is executed 
fo r  the possible goal ob jec t .  The successful 
app l i ca t ion  of these methods y ie lds  a fu l ] .y  
i n s t a n t i a t e d  f l a v o r  instance, e.g. TIJRN120 (c f .  
f i g .  ?). 

4. AN EXAMPLE OF THE PROCESSING OF AN UTTERANCE 

The p r o c e s s i n g  o f  a u s e r ' s  u t t e r a n c e  may be i l l u s -  
t r a t e d  by an example taken .from the d ia log in f i g .  
2. 

USER: Which  trucks have gone by? 
HAM-ANS: A YELLOW ONE ON HARTUNGSTREET. 
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o.,.ov,, 1 
TYPE FLAVOR I .SUPERFLAVORS 

INSTANCE-VARIABLES 
AGENT SOURCE GOAL ..... 
~XACT.SOURCE EXACT.C..~OAL.-... 
~T~RVAL. OF. CON ~DERAI30N 
CURR~ff.TIHE 

METHOOS 
AC~NT.MO~D ? 
F~O_MOVEMBWT 
RNO_LOCAllON_OF_~EMT 
RNO_A_~URCE 
RN0.A.GOAL 
RND_A.GQAL_NEQ.S~LRCE 

INSTANCES I 

INANE GO-BY I ISUPERFLAVORS~ 
ITYPE FLAVOR t 

INSTANCE -VARIABLES 
INHERITEI I 
I ] 
AOOmONAL 

] 

METHOOS 
INHERITED 

I I '" 
AODmONAL 
C H O ~  
~NLY_AOEM T_~.OT _FBJ.ED 
~GENT.ANO .SOLI~SP~iED 
AGENT .AN0 .GOAL_~=ECIF lED 
AC~ff _AN0 .LOCATW E..cPEO FlED 
AOENT.SOJ~GDAL .SPECFFn 

JTYPE FLAVOR J 

TURN ] I P FL VO   Jll 
t I 

INSTANCE VARIABLES 

I ~ _ o ~ N ~  I I 

RB~-BNED 

ONLY_AOENT~.RLED 
AII~ONAL 

I ts°  
F i g .  6: I n s t a n c e  v a r i a b l e s  and methods i n  the 

mo t i on  concep t  h i e r a r c h y  

The following discussion of some of the processing 
phases can hi:st be understood if continual re~er- 
ence i s  made to  f i g .  B, wh ich  shows a t r a c e d  v e r -  
s i on  o f  the  example .  

The processing of a user 's NL input  s ta r t s  wi th  a 
r a t h e r  elaborate lexical and morphological 
analysis - a process which on the one hand reduces 
single words to t h e i r  canonical forms wi th t h e i r  
morphologi<al and syn tac t i c  features (e.g. gender, 
person, number) and on the other hand recognizes 
syntagmatic groups of words and discontinuous verb 
constituents, transforming them according to 
predefined rules. 

The generated structure - the preterminal string 
(not shown in fi@. 8) - forms the input to the 
parser. The syn tac t l c  a n a l y s i s  c o n s i s t s  of two 
d i f f e r e n t  s t ra teg ies ,  both of which use the same 
ATN-def in i t ions of syn tac t i c  categor ies,  e.g. fo r  
noun phrases and p repos i t i ona l  phrases. One of 

INAME  N120 1 INSTANCE_OF 

ITYPE INSTANCEI 
INSTANCE VARIABLES 
NAM~ VALUE 

AGENT CAR 2O 

CURRENT_TIME TSD 12B 

CURRENT.SPACE SSO 128 

INTE~L.0F_CONS~BRATION ( 21 . 5~ ) 

SOURCE 

EXACT_SOURCE 

OIRETION_CHANGE ? 

GOAL 

EXACT_GOAL 

RLLEO.BY.METHOO 

MAKE_INSTANCE 

OETERM~E_INTERVAL_ 
OF_CONSIDERATION 

BIBERSTREET } 
( 50 . 70 ) FINO_A_SOURCE 

T CPECR-DIREClqON_CHANGE 

HARTUNGS-I'REET } FINO_A_GOAL_NEO_ 

( 300. I00 ) SOURCE 

I'.tg. 7: An instance of TURN 

these strategies - always applied for sentences 
w i t h  copu la  ve rbs  - uses a s u r f a c e  grammar to  cope 
w i t h  word order v a r i a t i o n s .  The o t h e r  i s  a case -  
d r i v e n  a n a l y s i s  s t r a t e g y  wh ich  i s  used f o r  sen-  
t ences  c o n t a i n i n g  ve rbs  w i t h  an a s s o c i a t e d  case 
f rame .  

Since in the example the verb 'to go by' has a 
case frame the second strategy is applied. After 
an access to the case-frame lex icon the case frame 
is constructed. This case frame is used to guide 
the parsing in the fo l lowing manner: The al@orithm 
f i r s t  attempts to recognize those syn tac t i c  con- 
s t i t uen t s  that  are possible candidates for  a deep 
case marked o b l i g a t o r y ,  and then  to  r e c o g n i z e  
those  c o n s t i t u e n t s  t h a t  are  p o s s i b l e  c a n d i d a t e s  
f o r  o p t i o n a l  deep cases .  When the  i n p u t  i s  com- 
p l e t e l y  consumed and a l l  o b l i g a t o r y  deep cases a re  
f i l l e d  the p rocess  e n d s .  

The test for determining if a syntactic consti- 
tuent is a possible candidate to f i l l  a spec i f i c  
deep case is divided into a syntactic and a seman- 
tic check. The syntactic check requires, e.g., 
that in order to fill the agent role a constituent 
must contain the attribute 'nominative' (sentence 
in ac t ive  voice) and that  i t s  number  must 
correspond to that  of the verb. The semantic check 
requires that  the noun of the const i tuent  f u l f i l l  
the semantic r e s t r i c t i o n s  speci f ied for  the 
s p e c i f i c  deep case .  Th i s  i s  a c c o m p l i s h e d  t h r o u g h  
the b u i l d i n g  o f  a SURF e x p r e s s i o n  f o r  the  c o n s t i -  
t u e n t ,  the  t r a n s f o r m a t i o n  o f  t h i s  e x p r e s s i o n  i n t o  
a DEEP e x p r e s s i o n ,  and the e v a l u a t i o n  o f  the  DEEP 
e x p r e s s i o n  on the b a s i s  o f  the  c o n c e p t u a l  n e t .  

In our  example o n l y  the agent  case is marked as 
o b l i g a t o r y  and the noun ph rase  ' w h i c h  t r u c k s '  f u l -  
f i l l s  bo th  the s y n t a c t i c  and seman t i c  r e q u i r e m e n t s  
to  f i l l  t h i s  s l o t .  S ince no o t h e r  s y n t a c t i c  con-  
s t i t uen ts  are e n c o u n t e r e d ,  the  complete SURF 
representat ion is constructed. 

The s t ruc ture  is normalized in to  a DEEP s t ruc tu re .  
One of the maln tasks or t h i s  process is the 
determinat ion of the scope of q u a n t i f i e r s .  The 
algor i thm used fo r  t h i s  purpose is modelled a f t e r  
the one described by Hendrix [ 4 ] ;  i t  takes in to  
account the r e l a t i v e  strength of natura l  language 
q u a n t i f i e r s  (e.g. ' a ' ,  ' bo th ' )  and question opera-- 
tots (e.g. 'which' 'how many ) .  The strength is 
d e t e r m i n e d  by a numeric v a l u e ,  wh ich  in some cases 
i s  m o d i f i e d  by the degree  o f  g e n e r a l i t y  o f  the  
noun. E.g. the e x i s t e n t i a l  q u a n t i f i e r  'a '  is 
weaker than the more spec i f i c  ( l uan t i f i e r  ' b o t h ' .  
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? Which trucks hive gone by# 

I t  Syntactic analysis 

;; Cal l  frame 

I r l - i :  lgent :  
( d - l :  r O l l - l i t t e r :  O 
r l l t r i c t i o n l  
( i s a b e l :  I I  l i t - i s  ISA I I  VEHICLE))) 

object ive:  
source: 
( e - i t  role+marker: F 
res t r i c t i ons :  
I l e l b d l :  I |  l i t - I t  ISA el  THOROUGHFARE))) 

l o o e t i v l :  
( d - l :  r o l e -n a rke~ :  F 
r l l t r i o t i u n l :  
Llimbde: 11 l iE -e :  ISA I t  THOROUGHFARE))) 

go i I :  
Id-L: ro l l -marker :  F 
res t r i c t i ons :  
I leabds: I t  l i t - i s  ISA =| THOROUGHFAEE])) 

t ime: 
p i t h :  
i n l t r u l e u t : )  

;: AGENT p l r l l d  

l l l l h d l :  IS 
L i t - i s  AGENT 
19 
I t - s :  [q+v: HUICU) I l e l b d l :  x$ ( i t - a t  XSA x0 TRUCEI)))| 

;; SURF representation of input  s en tence  

I l l + d :  EVENT 
I t -s :  (g 'q t :  E-ACT) ( l l i b d l :  ItO l eE- i s  ACT x l0 GOBYI l l  
Ld-l :  r O l l + h i t :  
( r i - e :  agent: 

Llanbdl :  IS 
l i t - t :  AGENT 

=9 
( t ' J :  (qm+: HHICUI I l enbda :  aS l e t - x :  ISA sO TRUCE))))) 

object ive:  
eource:  
l o c l t i v e :  
goal: 
t i l e :  
p i t h :  
i n l t r u a e n t : )  

mud: 
Id-a: tense: 
t ; a l b d l :  I t1  l i t - e :  TENSE I I1PERF)) 
voice :  
( l a n b d l :  I t 2  Let -e :  VOICE 112 ACTIVE)))|I 

** io rmel innt*on:  T r e n l t o r l i n  S into DEEP representat ion 

:: 9EEP structure 

I f - d :  I t - q :  ( fo r :  (B-V: NRIEH) elg) l i t - R :  ISA xt4 TRUCE)) 
I t - d :  ( i - q :  ( fo r :  (q-qt :  G-ACTI 113) l e t -e :  ACT ItS GO BY)) 

I f - e :  r o l e - l i l t :  
( r l - d :  agent: 

l i t - a :  AGENT a13 e l4)  
object ive 
source: 
l o c a t i v e :  
p o l l :  
t i M :  
path:  
i a l t r unen t : )  

nod: 
I t - s :  t ense :  Le t - s :  TENSE a t ]  PERF) voice:  Let -s :  VOICE !13 ACTIVE))I 

)) 

I i  g v l l u a l i o n  

:; Evalua t ion  of i formula u i t h  the q u a n t i f i e r  

(q-w MGICH) 

;; E v l l u a t i o .  o t i  t o r a u l l  v i t h  the q u a n t i f i e r  

(q-qt R-ACT) 

;; Object TfllICKI his not loved during the ent i re  scene 

;: Evaluation of a formula with the q u | n t i t i t r  

Iq -q t :  R-ACT) 

:; T i l t i n g  nf • p a r t i a l l y  i n l t a n t i e t l d  t i l l  frame 

I f -e :  Po l l -J igs :  
I r l - d "  agent 
[at-a:  AGENT GG_BY TRUCKi| 
o b j e c t i v e '  
source:  
l o c a t i v e :  
goal:  
t ime: 
path: 
instrument ) 

Iod: 
I t ' l :  tense ( I f ' e :  TENSE GO BY PEBF) voice :  e l f - i s  VOICE GO_BY ACTIVE)J) 

;; I n te rva l  of consideration determined from tense land adverb) 

(1 641 

:; Thi o b j e c t  becomes v i s i b l e  b e t l e l n  t i l l  po in t s  SG lad  GS 

;; The in te rva l  et consideration lOd i f ied  in i courd lno l  v i t h  object t i l l  i l :  

IGG 64) 

;; Change determined betroth t i l l  points SG and 57 

3; Completed c e i l  f r i l l  

I f - I S  r O l l - l i l t :  
l + l - d :  Ig l f l t :  

Li t - IS AGENT GO_BY tngcx i )  
o b j e e t i v e t  
SOurce: 
locat ive:  
( I f - i S  LOCATZVE G0_BY nON DAOTONGGTGEET) 
g o l l :  
t i n t :  
path: 
inst rument : )  

nod: 
I f - i t  annie: Let-s: TENSE GO_BY PERFI voice: ( i f - i s  VOICE GO BY ACTIVE))) 

: ;  +Ver i t i ca t ion  of event win p o l s i b i l  

; ;  Olsu l t  Ot the  Eva lua t ion  

I f - d :  I t - q :  I f o r :  (q-s: ITRUCNS)) el4) T) 
) f -d :  I t - q :  ( fo r :  Lq-qt: E-ACT) z t+ l  t i t -as  ACT xlS GO BY)) 

I t - I s  r o l l - l i s t :  
l r l - d :  agent: 

( i t - l :  AGENT IT3 ZI4I 
object ive:  
source: 
locat ive:  
l i t =a :  LOCATIVE 113 *ON HbRTUNGSTREET) 
goal: 
t ime: 
path: 
instruments) 

lode 
i f - I s  t e n l l :  ( i t - i s  TERSE I t3  PERF) voice: (at+at VOICE I t3  ACTIVE})))) 

la I n V l r l l  n o r l i | i l l t i o n :  TF l l l tOF l ing  in to SURF r l p r e s e n t l t i o n  

; ;  EUHF r l p r l l l n t l b i o +  ot e l l i o t  

l i t + d :  EVENT 
I t - IS  (q-qk: S-ACT) Llsabdl: xt3 Let - t :  ACT xl3 GO_DYlll 
{d-e: r o l e - l i s t :  

( r l - I :  event :  
I l e l b d l :  I tS ( i t - l :  AGENT 113 ( t - l ~  (B-a: ITGUCESII T ) I I  
o b J e e t i v l :  
lOUrCl: 
l o©I t iva :  
( l l l b d | :  I t 3  l i t - a s  LOCATIVE a l l  tON HARTUNGSTREET)) 
goal :  
tines 
p i t h :  
i n e t r u l e n t : )  

ned: 
Id -a :  t i n i e r  

( l l a b d l :  s t3  [ i f + i s  TENSE s t3  PERFI] 
voi~e:  
( l l u b d s :  =13 L i t - i s  VOICE at3 ACTIVE))))) 

** E l l i p s i s  g i n e r a t i o n  

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

( r l -e~ Igent:  
(1elba1:  aS l i t - a s  AGENT tO { t - l :  (q - s :  (TRUCR2)] T) ) )  
o b j e c t i v e :  
lOUrce: 
locat ive:  
Ll | abde :  sO ( I t - I t  LOCATIVE eO *ON UARTUNBSTREETI) 
goal :  
t i l l :  
p i th :  
i n l t ? U l l n t i )  

I I  V l t b l ~ l l l t i O  n 

t t  NP-Generetion for TOUCH2 

;; The ggnerited DP for  TRUCRS is:  

(t-q: ( to r :  l q -q t :  A) 1IS) I f -o :  AND Let-is ISA l IB  
TRUED) ( i f -e~ BEF ItS LIGGT-COLORBDI)I 

;; V e r b l I i l l d  i t r uc tu re  Of easier 

(SENTENCE IAGEDT (HP (HP (H: SOl A LIGHT-COLORED (ELLIPSIS THUCE))I) 
(LOCATIVE IPP *OH IflP (Ms SOL HARTUNGSTEEETIIII 

*l Surface  t r l n s f o r m i t i o n i  

A LIGNY+COLOREG ONE ON GARTBNGBTNEET 

Fig.  8: Annotated example Lnteraction 
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Since,  i n  the example d i scussed ,  the q u e s t i o n  
o p e r a t o r  ' w h i c h '  i s  s t r o n g e r  than the e x i s t e n t i a l  
q u a n t i f i e r  f o r  verbs  'E -ACT ' ,  the s t r u c t u r e  i s  
r e a r r a n g e d .  

The task  o f  e v a l u a t i n g  a OEEP fo rmu la  i s  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 De v iewed 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  i n  t h a t  the genera te  p rocedures  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  to  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  which 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  f o rmu la  e q u i v a l e n t  to  the i n p u t  f o r -  
mula or  a m o d i f i e d  f o r m u l a ,  and the second o f  
which i n d i c a t e s  the t r u t h  va lue  o f  the i n p u t  f o r -  
mula i n  the range [ 0 , 1 ] .  In 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  i n  such a way 
t h a t  a t e s t  a t tempt  a c t i v a t e s  gene ra te  p rocedures  
wh ich  i n  t u rn  c a l l  t e s t  p rocedures  and so on. 

A c l o s e r  l ook  a t  our  example shows t h a t  a f t e r  the 
f i r s t  t e s t  a t tempt  has d i s c o v e r e d  a s t r u c t u r e  con- 
t a i n i n g  a v a r i a b l e  in  t h i s  case the term 
r e p r e s e n t i n g  the noun phrase 'wh i ch  t r u c k s '  - a 
package o f  gene ra te  p rocedures  i s  a c t i v a t e d  to  
produce the set  o f  o b j e c t  i d e n t i f i e r s  deno t i ng  the 
referential set of objects that are trucks - here 
TRUCK1 and TRUCK2. The r e s t  o f  the fo rmu la  i s  
then r e c u r s i v e l y  sent  to  a t e s t  process w i t h  the 
v a r i a b l e  'w14'  r e p l a c e d  by e lements  o f  the r e f e r -  
ence set  f o r  t r u c k s  one a f t e r  the o t h e r .  

The nex t  f o rmu la  to  be t e s t e d  r e q u i r e s  the genera -  
t i o n  o f  a set o f  i n s t a n c e s  o f  the type GO_BY. 
Since events  are not r e p r e s e n t e d  i n  f u l l y  
i n s t a n t i a t e d  form but r a t h e r  must be e x t r a c t e d  
f rom the g e o m e t r i c a l  scene d e s c r i p t i o n ,  a s p e c i a l  
se t  o f  p rocedures  - the methods s p e c i f i e d  i n  the 
verb  f l a v o r  h i e r a r c h y  - i s  a c t i v a t e d .  (See s e c t i o n  
3 .4 .2  f o r  how t h i s  process f u n c t i o n s , )  

A v e r i f i c a t i o n  o f  an event  GO BY i s  p o s s i b l e  o n l y  
f o r  TRUCK2. The a d d i t i o n a l  ~ n f o r m a t i o n  e x t r a c t e d  
d u r i n  9 the process o f  v i s u a l  search - the s p e c i f i c  
l o c a t i o n  o f  the event  - i s  reco rded  i n  the l o c a -  
t i v e  s l o t .  

Dur ing  the f o r m a t i o n  o f  the r e s u l t  o f  the e v a l u a -  
t i o n ,  the system, guided by g e n e r a l  h e u r i s t i c s ,  
dec ides  whether  the a d d i t i o n a l  d e t a i l  w i l l  cause 
too  ~ r e a t  a c o m p l e x i t y  in  the answer or  not  [ 1 1 ] .  
In t h i s  case the c o m p l e x i t y  i s  s u i t a b l e  and the 
l o c a t i o n  w i l l  be ment ioned i n  the answer.  
The word ' w h i c h '  i s  d e f i n e d  as q u a n t i f i e r  t h a t  
causes a d e s c r i p t i o n  o f  a set  o f  o b j e c t s  to  be 
r e t u r n e d  ( i n s t e a d  o f  a t r u t h  v a l u e ) .  Thus the set  
o f  r e f e r e n c e  o b j e c t s  f o r  which the p r o p o s i t i o n  i n  
q u e s t i o n  cou ld  be v e r i f i e d ,  i . e .  TRUCK2, i s  sub- 
s t i t u t e d  f o r  the noun phrase 'wh i ch  t r u c k s ' .  

The r e s u l t i n g  DEEP e x p r e s s i o n  i s  t r ans fo rmed  by 
the i n v e r s e  n o r m a l i z a t i o n  process i n t o  a SURF 
e x p r e s s i o n .  In o r d e r  to  v e r b a l i z e  extended 
responses in  a manner both i n f o r m a t i v e  and conc i se  
as p o s s i b l e ,  the e l l i p s i s  g e n e r a t i o n  process 
e l i d e s  those p a r t s  o f  the semant ic  r e p r e s e n t a t i o n  
o f  comple te  responses t h a t  are i d e n t i c a l  to  the 
s t o red  r e p r e s e n t a t i o n  o f  the q u e s t i o n  [ ? ] .  

The v e r b a l i z a t i o n  component produces a s t r i n g  o f  
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  
using translation r u l e s  attached to the various 
categories of SURF expressions, A special subcom- 
ponent p r o v i d e s  for 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  o f  domain i n d i v i d u a l s ,  i n  our  
example TRUCK2. In this case the NP-gene ra to r  
decides not to generate a de f i n i t e  descript ion 
since neither the system nor the user  has a l r e a d y  
r e f e r r e d  to TRUCK2 in the p r e v i o u s  dialog and the 
e x i s t e n c e  o f  TRUCK2 as a moving ob3ect  i s  not  
i m p l i e d  by the e x i s t e n t i a l  assumpt ions s u p p l i e d  by 
the a p r i o r i  user  model ( c f .  [ ? ] ) .  I n s tead ,  the 
i n d e f i n i t e  NP a l i g h t - c o l o r e d  t r u c k '  i s  gen- 
e r a t e d ,  us ing the p r o p e r t y  ' l i g h t - c o l o r e d '  as an 
i n i t i a l  c h a r a c t e r i z a t i o n .  

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 '  component [1 ]  
p r o n o m i n a l i z e s  the noun ' t r u c k '  and y i e l d s  a 
s tandard  word o r d e r  o f  the 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 .  

5. CONCLUSZON 

We have a t tempted  to show that case r o l e  f i l l i n g  
f o r  the  c o n s t r u c t i o n  o f  an unmarked extended 
response can be regarded  as a s ide  e f f e c t  o f  the  
v i s u a l  search necessary  to  answer q u e s t i o n s  r e f e r -  
r i n g  to  a v i s u a l l y  p resen t  domain o f  d i s c o u r s e .  A 
new method f o r  the  r e p r e s e n t a t i o n  o f  the r e f e r e n -  
t i a l  semant ics  a s s o c i a t e d  w i t h  l o c o m o t i o n  ve rbs  
has been p resen ted  in  the f ramework  o f  o b j e c t -  
o r i e n t e d  programming based on the Fla.vor s y s t e m .  
The approach p resen ted  has been u s e f u l  in  e x t e n d -  
ing  the communica t ive  c a p a b i l i t i e s  o f  the d i a l o g  
system HAM-AN$ as an i n t e r f a c e  to  a v i s i o n  system. 
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