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ABSTRACT 

A representat ion scheme fo r a rb i t r a r y be l ie fs and 
wants of an agent in respect to a s i t u a t i o n , as well 
as to a r b i t r a r y be l ie fs and wants of other agents, is 
presented. The representat ion makes use of elementary 
s i t ua t i on descr ipt ions (which are formulated in 
KL-ONE and de l imi ta ted by p a r t i t i o n s ) , and acceptance 
a t t i tudes in respect to these descr ip t ions , or to 
a t t i t udes thereabout. The scheme forms the represen
ta t i ona l base of VIE-DPM, the user modell ing compo
nent of the German-language dialogue system VIE-LANG. 

1 . In t roduc t ion 

Three d e t a i l l e d proposals have been made up to now 
fo r representing a system's assumptions about the 
be l i e f s and wants of another agent: In the "syntact ic 
approach" [ 9 ] , be l i e f of an agent is equated with 
d e r i v a b i l i t y in a f i r s t - o r d e r object-language theory 
of the agent. In the "semantic approach" [ 1 0 , 1 ] , 
knowledge and wants are equated with a c c e s s i b i l i t y 
re la t i ons between possible worlds. F i n a l l y , in the 
" p a r t i t i o n approach" [ 4 ] , be l i e f s and wants of an 
agent are equated wi th the presence of representat ion 
st ructures in spec i f i c nested be l i e f and want spaces 
reserved fo r the respective agent. 

In the f i e l d of epistemic l og i c , be l i e f s and 
wants of an agent have o r i g i n a l l y been regarded as 
"propos i t iona l a t t i t u d e s " , i . e . a t t i tudes of the 
agent in respect to cer ta in proposit ions about the 
world [11 ,12 ] . In t h i s paper, a new representat ion 
scheme fo r be l i e f s and wants w i l l be presented which 
is based on a s im i la r idea, and which also integrates 
aspects of the p a r t i t i o n approach. The proposed 
scheme forms the representat ional base fo r the user 
modell ing component VIE-DPM [ 6 , 8 ] , which is part of 
the German-language dialogue system VIE-LANG [ 1 5 ] . 
Our representat ion fo r be l i e f s and wants is thus 
f u l l y in tegrated into a natural-language environment. 

2. S i tua t ions and s i t ua t i on descr ip t ions 

In our representat ion scheme, basic be l ie fs and wants 
of an agent ( i . e . be l i e f s and wants which do not 
concern other agents' be l i e f s and wants) are regarded 
as a t t i t udes which the agent holds in respect to 
s i t ua t i on descr ip t ions , e i ther of the current 
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s i t u a t i o n , or in the case of wants, of a s i t u a t i o n 
which is aspired by the agent. A s i t u a t i o n , as we 
define i t , is a set of ind iv idua ls and re l a t i ons 
between ind i v idua ls . The former wi l l be denoted by 
' i ' , ' i 1 ' , e t c . , the l a t t e r b y ' r ' , ' r 1 ' , e tc . I f 
there is a re l a t i on r ( i 1 , i2) in the s i t u a t i o n , the 
pair ( r , i2) is ca l led an a t t r i b u t e of i 1 . 

For descr ibing s i t ua t i ons , a descr ip t ion lan-
guage is needed. In our representat ion, the i n d i v i d u 
a l ized level of the KL-ONE formalism [ 2 ] is used f o r 
t h i s purpose. Minor re - i n te rp re ta t i ons have been nec
essary in order to adjust t h i s scheme to the spec i f i c 
needs of be l ie f and want representat ion. We assume 
the reader to be roughly f am i l i a r wi th the KL-ONE 
philosophy, so that we can r e s t r i c t ourselves to ex
p l i c a t i n g the ro le of KL-ONE in our own representa
t i on scheme. 

Fig.1 shows a very s imp l i f i ed example of our r e 
presentat ion, expressed in the usual network nota
t i o n . Layer A forms i t s conceptual l e v e l , layer B i t s 
ind iv idua l ized l e v e l . For our purposes, i t su f f i ces 
to regard the former as consis t ing of general con
cepts, and general a t t r i b u t e descr ipt ions associated 
wi th general concepts. General concepts can be r e 
garded as one-place predicates which apply to i n d i 
v idua ls . Fig.1 exempl i f ies, that more and less spe
c i f i c concepts can be ordered in a superconcept h i e r 
archy. A general a t t r i b u t e descr ip t ion consists of a 
ro le ( fo r our purposes, a one-place predicate apply
ing to re la t i ons ) and a value r e s t r i c t i o n concept f o r 
ro le f i l l e r s . The l a t t e r can i t s e l f posses associated 
a t t r i b u t e descr ip t ions , e tc . More advanced aspects of 
KL-ONE's general level w i l l not be considered here, 
since they are not as important fo r be l i e f represen
t a t i o n . 

Structures of the ind iv idua l ized level are 
created by assigning ind iv idua l ized concepts and in-
d iv idua l i zed a t t r i b u t e descr ipt ions to t he i r general 
counterparts. Through th i s process of i n d i v i d u a l i z a 
t i o n , elementary s i t ua t i on descr ipt ions are created: 
The i nd i v i dua l i za t i on 57 the general concept c in to 
the ind iv idua l i zed concept ic expresses that an 
ind iv idua l i ex is ts in the s i t ua t i on to which c 
appl ies. The i nd i v i dua l i za t i on of the general r o l e 
gr in to the ind iv idua l ized ro le i r expresses that the 
r e l a t i o n r ex is ts in the s i t u a t i o n , to which gr 
appl ies . In both cases, ic and ir are said to 
designate t h i s ind iv idua l or r e l a t i o n , respec t i ve ly . 

In F i g . 1 , the general layer has been i n d i v i d u a l 
ized three t imes. Each substructure expresses the 
fo l l ow ing elementary descr ip t ions : ind iv idua ls 11-16 
ex is t in the s i t u a t i o n , to which the predicates 
'OBJTRANS', 'JOHN', 'MARY' ( 'SUE') , 'BOOK', 'USER' 
and 'SYSTEM' apply, respect ive ly (the l a t t e r has been 
l e f t out in the central and r ight-hand subst ruc ture) . 
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Moreover, re la t i ons ex is t between 11 and 12, 11 and 
13, and 11 and 14, to which the predicates 'AGENT', 
'RECIPIENT' and 'OBJECT' apply, respec t i ve ly . 

I t is important to mention t h a t , apart from 
being the language used fo r s i t u a t i o n desc r ip t i ons , 
s t ructures of the ind iv idua l i zed level also serve two 
other purposes in the VIE-LANG system. They are the 
target s t ructures fo r the parser [ 1 4 ] , which 
ind iv idua l i zes general concepts and a t t r i b u t e 
descr ip t ions that are addressed by input words. 
Moreover, they are the s t a r t i n g point f o r the NL 
generator of the system [ 3 ] , This th ree fo ld usage of 
i nd i v idua l i zed s t ructures f a c i l i t a t e s the t rans fo r 
mation of a user 's input in to assumptions about h is 
be l i e f s and wants, the t ransformat ion of be l i e f s of 
the system in to system r e p l i e s , e tc . [ 6 , 8 ] , 

3. Single acceptance a t t i t udes f o r represent ing basic 
b e l i e f s and wants 

In VIE-DPM, basic be l i e f s of an agent ( i . e . be l i e f s 
about the current s i t ua t i on ) are represented by des
c r i b i n g the s i t ua t i on from the agent's point of view. 
The descr ip t ions are expressed by ind iv idua l i zed 
KL-ONE s t ruc tu res , the agents pos i t ion is captured by 
i nd i ca t i ng the acceptance a t t i t u d e which the agent 
holds in respect to these s i t u a t i o n desc r ip t ions . 
Acceptance a t t i t udes may take the values ' + ', ' - ' and 
' 0 ' ( ac tua l l y we use a continuous range of va lues) . 
They are appl ied to the elementary s i t ua t i on descr ip
t i o n s , i . e . to the ind iv idua l i zed concepts and ro les . 

When appl ied to the ind iv idua l i zed concept i c , 
the valuat ions ' + ' , ' - ' and ' 0 ' express that the 
respect ive agent accepts tha t / does not accept, that 
/ 1s uncerta in whether ic denotes an ind iv idua l in 
the current s i t ua t i on ( i . e . , that/whether there is an 
ind iv idua l in the s i t u a t i o n to which the predicate of 
the general concept of 1c app l i es ) . When appl ied to 
the ind iv idua l i zed ro le i r of an Ind iv idua l i zed 
a t t r i b u t e desc r i p t i on , ' + ', '- ' and ' 0 ' express that 

the respect ive agent accepts that / does not accept, 
that / is uncer ta in , whether such a r e l a t i o n as is 
described by ir ex is ts in the s i t u a t i o n . These i n t e r 
preta t ions are observed by a l l access and inference 
procedures. 

An example is given in the l e f t side of F ig . 1 
(part B) , where the agent ( i n t h i s case, the system) 
accepts everything but the ind iv idua l i zed ro le 
between the ind iv idua l i zed concepts labe l led 
'30BJTRANS1' and '3MARY4'. This means that the agent 
( i n our case, the system) does not accept that there 
is a r e l a t i o n between 11 and 13, to which the 
predicate RECIPIENT appl ies . Thus, though it bel ieves 
that John gives somebody a book, it does not bel ieve 
that Mary is the r e c i p i e n t . 

Basic wants of an agent are represented in 
VIE-DPM by descr ib ing the s i t ua t i on which is aspired 
by the agent. The acceptance a t t i t udes can then Be" 
employed in a s im i la r way: when appl ied to an 
ind iv idua l i zed concept or ro le in such a desc r i p t i on , 
the valuat ions ' + ' , ' - ' and ' 0 ' express tha t the 
respect ive agent accepts, that / does not accept, 
that / is i n d i f f e r e n t to whether the i nd i v idua l i zed 
concept or r o l e should designate an ind iv idua l or a 
r e l a t i o n in that s i t u a t i o n . For instance, when 
regarded as a descr ip t ion of an aspired s i t u a t i o n , 
the l e f t side of Fig.1/B expresses that the agent 
wants John to give a book to anybody but Sue. 

By using ind iv idua l i zed concepts which possess 
no a t t r i b u t e descr ip t ions , or only a t t r i b u t e 
descr ip t ions wi th very general ro le f i l l e r s , i t i s 
furthermore possible to represent basic "unsaturated" 
be l i e f s and wants. An example fo r the former is that 
an agent bel ieves that / does not bel ieve that / is 
uncertain whether there is an x so that p ( x ) , and fo r 
the l a t t e r that an agent wants that / does not want 
that / is i n d i f f e r e n t to whether it should be the 
case that there is an x so that p ( x ) . Examples fo r 
such be l i e f s and wants inc lude, e . g . , that a bel ieves 
that John gives something to. Mary, or that a wants 
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tha t someone should give a book to Mary. 

4. P a r t i t i o n s and mu l t i p le acceptance a t t i tudes fo r 
represent ing be l i e f s and wants in respect to 
b e l i e f s and wants 

To allow fo r a pa ra l l e l representat ion of both an 
agent's basic be l ie fs and wants, and his/her be l ie fs 
and wants in respect to be l ie fs and wants of other a-
gents, the ind iv idua l ized level of our representation 
is separated in to p a r t i t i o n s . So-called "contexts" 
have been introduced which t i e together e i ther the 
(hypothesized) basic be l ie fs of an agent, or h is /her 
(hypothesized) basic wants. Bel iefs and wants of an 
agent in respect to be l ie fs and wants of other agents 
are then represented through context h ierarch ies. 

Fig.1 shows a s imp l i f i ed example wi th three 
contexts: context SB contains the system's be l ie fs 
about the current s i t u a t i o n , SBUB the system's 
be l i e f s about the user 's Re l ie fs about the s i t u a t i o n , 
and SBUW the system's be l ie fs about the basic wants 
of the user. 

SBUB and SBUW contain not only s ing le , but dou
ble acceptance a t t i t udes . The addi t ional valuat ion 
expresses the a t t i t ude of the modelling agent in re 
spect to the valuat ion of the modelled agent with re
gard to the pa r t i cu la r s i tua t ion descr ip t ion . The 
meaning of t h i s addi t ional acceptance a t t i t ude de
pends on the type of superordinated context. If t h i s 
is a be l i e f context , the valuations ' + ' , ' - ' and ' 0 ' 
express that the modell ing agent accepts that / does 
not accept that / is uncertain whether the modelled 
agent assigns the pa r t i cu la r acceptance a t t i t ude to 
the pa r t i cu l a r s i t ua t i on descr ip t ion . I f the super
ordinated context is a want context, these addi t ional 
valuat ions express that the modell ing agent accepts 
that / does not accept that / is i nd i f f e ren t to 
whether it should be the case that the modelled agent 
assigns the pa r t i cu la r acceptance a t t i t ude to the 
pa r t i cu l a r desc r ip t ion . 

F ig.1 gives an example for the former. In each 
a t t i t ude p a i r , the l e f t value speci f ies the a t t i t ude 
of the modell ing agent, and the r i gh t one that of the 
modelled agent. SBUB expresses that S is uncertain 
whether U believes that John gives Mary a book. (Just 
fo r comparison: the be l i e f of S, that U is uncertain 
whether . . . would be expressed by reversing the '0+' 
pa i r s . ) SBUW expresses that S believes that the user 
wants John to give the book to anybody but Sue. 

The nest ing of be l ie f and want contexts can ob
v ious ly be a r b i t r a r i l y extended, i f necessary. T r ip le 
acceptance a t t i tudes are then assigned to descr ip
t ions on the t h i r d l e v e l , quadruple to descr ipt ions 
on the fou r th l e v e l , e tc . Thus a r b i t r a r i l y nested 
be l i e f s and wants in respect to be l ie fs and wants of 
other agents (such as that S wants that U believes 
that a does not bel ieve p) can be expressed in the 
representat ion scheme. It is also possible to repre
sent a r b i t r a r y " r e f l e x i v e " be l i e f and want nest ings, 
i . e . cons te l la t ions in which the modelled agent of a 
lower context is iden t i ca l wi th the modell ing agent 
of a superordinated context . 

6. Discussion 

The representat ion system of VIE-DPM has been com
p l e t e l y implemented in an index-sequential data base, 
which is accessible through I n t e r l i s p [ 5 ] . I t should 
be noted t h a t , due to a lack of space, only a small 
por t ion of our representat ion could be described in 

t h i s paper. More advanced t op i cs , such as the r e 
presentat ion of "knowing (wanting to know) whether", 
"knowing (wanting to know) the x so that p ( x ) " , as 
well as the representat ion of " o r - b e l i e f s " , mutual 
be l ie fs and i n f i n i t e - r e f l e x i v e be l i e f s (a genera l iza
t ion of mutual be l ie fs ) have been described in [ 7 , 8 ] . 
A l l these be l ie fs are a r b i t r a r i l y combinable, and in 
p r inc ip le there is no l i m i t to the possible depth of 
nest ing. These charac te r i s t i cs are p a r t i c u l a r l y 
important in the f i e l d of user model l ing. Though the 
usual depth of embedding is not excessive in t h i s 
f i e l d ( i t hardly ever goes beyond the levels 3 -5) , 
the d i v e r s i t y of be l ie f and want combinations which 
can ar ise even in normal communication is qu i te 
impressive [ 6 , 8 ] . 

Our representat ion demonstrates t h a t , when advo
cat ing the p a r t i t i o n approach for the representat ion 
of basic be l i e f s and wants, one is not compelled to 
also introduce addi t ional sub-par t i t i ons fo r not -
be l ie fs and " o r - b e l i e f s " , as was done by [ 4 ] . Thus 
the doubts of [10,13] concerning the f e a s i b i l i t y and 
e f f i c i ency of m u l t i - p a r t i t i o n processing do not apply 
to our proposal. 
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