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ABSTRACT II THE STRUCTURE OF SI-NETS 

Our aim is to b u i l d a knowledge base f o r a 
Natura l Language Understanding System. Having 
chosen the Si-Net formalism as our t o o l f o r 
knowledge represen ta t ion , we t r y to develop some 
pragmatics f o r i t s use. Since a prominent feature 
of Si -Nets is the d i s t i n c t i o n between concepts and 
ro l es t h i s a r t i c l e concentrates on the quest ion 
which par t of the knowledge should be represented 
as concepts and which par t as r o l e s . We 
d i s t i n g u i s h between desc r l p t l ona l ( i n t r i n s i c ) 
p r o p e r t i e s , represented as a t t r i b u t e s of a 
concept, and func t i ona l p roper t ies described 
through r e l a t i o n s h i p s between concepts. Evaluated 
a t t r i b u t e s of concepts oan be regarded as s ta tes . 
In the l a s t sect ion of the paper there is a short 
d iscuss ion of the change of these s ta tes over a 
per iod o f t ime . 

I INTRODUCTION 

The aim of our p ro jec t is the development of 
an NLU system capable of engaging in a purposeful 
d ia logue w i th a human par tner [ 9 ] . In t h i s paper 
we descr ibe some important aspects of our approach 
of represent ing rea l world knowledge in a semantic 
n e t . 

During the l a s t few years a couple of 
semantic net formalisms w i t h a s t r i c t 
d i s c r i m i n a t i o n between s t ruc tu re and content have 
evolved [ 3 ] . One oan view these formalisms as 
t o o l s f o r the c rea t i on of knowledge bases in 
a r b i t r a r y domains. But up to now no standards 
have been developed on how to map r e a l world 
knowledge i n t o such a k ind of semantic ne t . 

For our knowledge base we have adopted the 
S t ruc tu red Inher i tance Net developed by R.Braohman 
[ 1 ] , which we have s l i g h t l y modi f ied according to 
our spec ia l needs. His net formalism has the 
advantage of being ep is temolog ica l ly c lear and 
e x p l i c i t . He advocates s t r i c t d i sc r im ina t i on 
between s t r u c t u r a l components of a semantic net 
and i t s content (what is being represented). Our 
work was aimed at the development of pragmatics 
f o r the a p p l i c a t i o n o f the Si-Net formalism to 
r e a l wor ld knowledge. We designed a system f o r 
desc r i b ing r e a l wor ld knowledge, using the very 
powerfu l r o l e / r e s t r i c t i o n d i s t i n c t i o n o f S i -Nets . 

S i -Nets are b u i l t out of very few d i f f e r e n t 
types of nodes and l i n k s . There are two main 
layers of knowledge represented in the ne t : One 
i s the conceptual l e v e l ( cons i s t i ng o f so -ca l led 
gener ic concepts) , the other one the ep isod ica l 
(compris ing the i n d i v i d u a l i z a t i o n s ) . Concepts are 
def ined i n terms o f t h e i r a t t r i b u t e s . I n t e r a c t i o n 
o f these a t t r i b u t e s i s e x p l i c i t l y represented i n 
the * s t r u c t u r e ' associated w i t h each concept. 
A t t r i b u t e s ConsIs t o f two p a r t s : r o l e and value 
r e s t r i c t i o n . The value r e s t r i c t i o n i s a l i n k to 
another concept, which def ines the range of 
poss ib le f i l l e r s f o r the a t t r i b u t e , the r o l e node 
exp la ins the func t i on o f the f i l l e r w i t h i n the 
concept. Role nodes may be l i n ked to other (more 
general ) ones to exp la in t h e i r f u n c t i o n . Though 
t h i s d i s t i n c t i o n between r o l e and r e s t r i c t i o n i s 
not e n t i r e l y new [ 6 ] , Si-Nets are the f i r s t to 
incorporate the idea i n t o the net formalism in 
such a c lea r and e x p l i c i t way. 

Generic concepts are organized h i e r a r c h i c a l l y 
v i a sub/superooncept l i n k s . A t t r i b u t e s and 
s t r u c t u r e are i n h e r i t e d through these l i n k s as 
long as they are not modi f ied e x p l i c i t l y . Every 
concept may have more than one superconcept, 
i n h e r i t i n g the combined set o f p r o p e r t i e s . 

To r e f e r to a s p e c i f i c e n t i t y of the wor ld 
the appropr ia te concept must be i n d i v i d u a l i z e d . 
I nd i v i dua l s i n h e r i t a t t r i b u t e s and s t r u c t u r e , and 
they may evaluate the a t t r i b u t e s by f i l l i n g them 
w i t h i nd i v idua ls meeting the value r e s t r i c t i o n s . 

I l l ROLES AND CONCEPTS 

Using t h i s s t r u c t u r e we developed our own 
deas of how to express r e a l wor ld knowledge in 

i t * The d i s t i n c t i o n between r o l e and r e s t r i c t i o n 
r e f l e c t s the way humans look at the r e a l w o r l d . 
Concepts are gene ra l i za t i ons , reap. abs t rac t i ons 
o f sets o f e n t i t i e s o f the r e a l w o r l d . I n order 
to referenoe a s p e c i f i c member of t h a t set the 
generic ooncept is i n d i v i d u a l i z e d . On the other 
hand concepts f i l l ro les i n other concepts. I n 
the same way i n d i v i d u a l s are used to evaluate 
a t t r i b u t e s o f other i n d i v i d u a l s . In a t e x t the 
same word may be used to r e f e r e i t h e r to a ooncept 
or to a r o l e , depending on the con tex t . (A 
referenoe to a r o l e is of course a c t u a l l y a 
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reference t o the i n d i v i d u a l f i l l i n g tha t r o l e . ) 
This happens because we have two ways to r e f e r to 
something, d e f i n i t i o n a l ( d e s c r l p t i o n a l ) o r 
f u n c t i o n a l . 

L e t ' s take f o r example the word 'hammer'. 
Usua l l y , i f one uses 'hammer', one r e f e r s to an 
i n d i v i d u a l i z a t i o n of the concept 'hammer' which 
w i l l look more or less l i k e the s t r uc tu re given in 
f i g . 1 . This concept g ives the d e f i n i t i o n a l 
desc r i p t i on of a hammer, descr ib ing p a r t s , 
m a t e r i a l , s i z e , e t c . I t does not exp la in though, 
in which circumstances hammers are used. 

On the other hand one has a concept f o r ' t o 
hammer' (see f i g . 2 ) . In tha t concept there is one 
a t t r i b u t e which plays the r o l e of a hammer. Of 
course one could th ink of p rov id ing the concept 
hammer w i t h an ex t ra a t t r i b u t e ' f u n c t i o n ' po in t i ng 
to the concept ' t o hammer'. But tha t does not 
work very w e l l . Though the r o l e 'hammer' is 
usua l l y f i l l e d by an i n d i v i d u a l i z a t i o n of the 
concept 'hammer' t h l a is not necessar i ly so . One 
could use p r a c t i c a l l y every compact, heavy t h i n g 
as a 'hammer'. Therefore the value r e s t r i c t i o n 
f o r the a t t r i b u t e w i t h the r o l e 'hammer' i s 
d i f f e r e n t from the concept 'hammer', which is only 
one of the many subooncepts of 
' h e a v y / s o l i d / o b j e c t • . 

Usual ly people don ' t pay any a t t e n t i o n to 

theae two d i f f e r e n t aspects of a word, beoause 
f u n c t i o n a l and conceptual d e f i n i t i o n form a u n i t . 
As long as both aspects go together , one doesn' t 
have to oare. But from an ep is temolog ioa l view 
t h i s d i s t i n c t i o n seems qu i t e impor tant . I t i s a 
way to reso lve the 'knowledge problem' [ 7 ] , by 
i n t e g r a t i n g ' l e x i c a l ' and ' p r a c t i c a l knowledge' 
i n t o the ne t . 

I n d i v i d u a l s are def ined not only In terms of 
t h e i r ooncepts, but a lso through a l l the ro les 
they p lay . To go back to our example: one does 
not t h i nk about every stone to be a p o t e n t i a l 
hammer, but as soon as a stone plays tha t r o l e , we 
draw the connect ion. Boles become very impor tan t , 
when i n d i v i d u a l s of a o e r t a l n concept can f i l l a 
v a r i e t y of d i f f e r e n t r o l e s . The most prominent 
example In our net is the concept ' p e r s o n ' . A 
person can act In a l o t o f d i f f e r e n t r o l e s , 
depending on the s i t u a t i o n and the oontex t . 
'Fa the r ' and 'mother ' f o r example are ro les 
persons play in the concept ' f a m i l y ' . But the 
same i n d i v i d u a l s w i l l p lay d i f f e r e n t ro les in 
d i f f e r e n t con tex ts . People are not only def ined 
in terms of fami l y r e l a t i o n s , they have Jobs l i k e 
o f f i c e r , teacher, farmer, they p a r t i c i p a t e i n 
games and spo r t s , are chess-p layers , s k i e r s , 
f o o t b a l l - p l a y e r s , they are educated as s tudents , 
take t r i p s as t o u r i s t s and so on. 

I t seems l o g i c a l to represent a l l these 
r e l a t i o n s aa r o l e nodes instead of conoepts. I f 
you t a l k about a f a t h e r , you s t i l l r e f e r to a 
person. You Just put tha t person in the spec ia l 
context of a f am i l y . Therefore we have only one 
generic concept concerning human beings, ca l l ed 
' p e r s o n ' . A t t r i b u t e s of tha t concept are only 
those p rope r t i es which are i n t r i n s i c to i t . These 
Inc lude body fea tu res , basic human a b i l i t i e s and 
requirements, e t c . A l l the other in fo rmat ion 
about a person is contained in the ro les s/he can 
p lay in var ious other ooncepts. 

A t y p i c a l example f o r i n fo rmat ion of tha t 
k ind are s o c i a l circumstances of people. We are 
s t r i c t l y against o rea t ing concepts l i k e ' s o c i e t a l 
pe r son ' , s ince a l l these th ings are dependent on 
the c u l t u r a l oontext and the re fo re not inherent to 
' p e r s o n ' . He do not see, f o r example, why 
'address ' should be an a t t r i b u t e of ' pe rson ' [ 6 ] . 
That way one would run i n t o d i f f i c u l t i e s whenever 
one wants to represent in the net people w i t h no 
or more then one res idence. Instead we propose to 
have a concept ' res idence ' w i t h the r o l es 
'address ' and ' i n h a b i t a n t s ' r e s p e c t i v e l y . To f i n d 
the address of a person one has to search f o r the 
residence s/he I n h a b i t s . 

The ro les an i n d i v i d u a l a c t u a l l y plays 
charac te r i ze t ha t spec ia l person. As sore 
in fo rmat ion about tha t person is gathered, more 
l i n k s t o other i n d i v i d u a l s are es tab l i shed , 
o rea t i ng a h i s t o r y of t ha t person. 

The same t h i n g is t r ue f o r o ther ooncepts as 
w e l l . I n d i v i d u a l s are def ined by the a t t r i b u t e s 
they i n h e r i t , but a lso i n terms o f a l l the r o l e s 
they f i l l i n the evaluated a t t r i b u t e s o f o ther 
I n d i v i d u a l s . To ooae baok to our f i r s t example 
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onoe more: We can say 'That atone is a good 
hammer' i f we use it in tha t r o l e , even though we 
know tha t a atone is no hammer. 

IV DYNAMIC ASPECTS OF ATTRIBUTES 

Up to now we dearibed a t t r i b u t e s as being 
b a s i c a l l y s t a t i c . Once the a t t r i b u t e of an 
i n d i v i d u a l i s evaluated i t s tays the same. This 
is t rue e . g . f o r a c t i o n s , which take place at a 
c e r t a i n t ime . But f o r i n d i v i d u a l s which e x i s t 
over a longer per iod of t ime t h i s is only 
p a r t i a l l y t r u e . 

Proper t ies of phys ica l ob jec ts are described 
as a number of s t a t e s . These s ta tes are 
denominated by ro les wh i le t h e i r r e s t r i c t i o n s g ive 
the range of poss ib le va lues. There are many 
d i f f e r e n t k inds o f s t a t e s : emotional s ta tes 
(anger, f e a r ) , phys ica l s ta tes ( co l ou r , s i z e ) , 
phys i o l og i ca l s ta tes ( h e a l t h , hunger) , dimensional 
s ta tes ( t i m e , l o c a t i o n ) , possess s t a t e , e t c . 

Some of these s ta tes remain ( r e l a t i v e l y ) 
s t a b l e , wh i le others change over t ime wh i le the 
i n d i v i d u a l is s t i l l regarded the same. One 
poss ib le s o l u t i o n to represent t ha t change is to 
s p l i t up every i n d i v i d u a l i n t o a set of 
man i fes ta t ions [ 5 ] . For every appearance of an 
i n d i v i d u a l a new man i fes ta t ion is c rea ted . 

We resor ted to a d i f f e r e n t approach. To 
every s t a t e there ex la ta a corresponding concept 
represen t ing changes in the value o f t ha t s t a t e . 
A t t r i b u t e s are the 'exper ienced of the ohange, 

' o l d s t a t e ' and 'new s t a t e ' ( former and new value 
of t h a t s t a t e ) plus ' t i m e ' . Whenever a change of 
s t a t e ocours, i t causea two d i f f e r e n t 
mod i f i ca t i ons in the ne t . Every change d i r e c t l y 
a f f e c t s the i n d i v i d u a l , changing the value o f the 
respec t ive s t a t e . The change-of -s ta te concept is 
i n s t a n t i a t e d keeping record of the event. The 
I n d i v i d u a l appears as the exper iencer, to which 
t h a t ohange occured. This way a h i s t o r y of a l l 
the changes is kep t . 
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