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ABSTRACT 

T h i s p a p e r i n t r o d u c e s KL-Conc l a n g u a g e , 
a Knowledge R e p r e s e n t a t i o n Language based 
on KL-Magma, w h i c h i s a v e r s i o n o f KL-ONE. 
The a im o f KL-Conc i s t o s i m u l a t e 
c o n c e p t u a l o p e r a t i o n s u n d e r l y i n g n a t u r a l 
l a n g u a g e . R e l a t i o n s h i p s and d i f f e r e n c e s 
be tween KL-Conc and KL-ONE a r e a l s o 
d i s c u s s e d . 

INTRODUCTION 

Brachman ( 1 9 7 9 ) , i n e x a m i n i n g s e m a n t i c 
n e t w o r k t h e o r i e s , makes a c l a s s i f i c a t i o n i n 
f i v e l e v e l s : i m p l e m e n t a t i o n a l , l o g i c a l , 
e p i s t e m o l o g i c a l , c o n c e p t u a l and l i n g u i s t i c . 
S t a r t i n g f r o m t h i s c l a s s i f i c a t i o n , Brachman 
d e v e l o p s h i s e p i s t e m o l o g i c a l a p p r o a c h t o 
k n o w l e d g e r e p r e s e n t a t i o n w h i c h may be 
summar i zed a s f o l l o w s : d e f i n i t i o n o f 
k n o w l e d g e s t r u c t u r i n g p r i m i t i v e s s u c h a s 
c o n c e p t s , r o l e s and s t r u c t u r a l d e s c r i p t i o n s 
and t h e r e l a t i o n s h i p s be tween them s u c h a s 
c a b l e s and w i r e s ( S t r u c t u r e d I n h e r i t a n c e 
N e t w o r k s ( S i - N e t s ) ) . W i t h i n t h i s p a r a d i g m , 
t h e KL-ONE k n o w l e d g e r e p r e s e n t a t i o n 
l a n g u a g e has been d e s i g n e d and i m p l e m e n t e d . 
The mos t r e l e v a n t f e a t u r e s o f t h i s p r o p o s a l 
a r e : 
a ) a s e m a n t i c n e t w o r k t h e o r y w e l l d e f i n e d 
f r o m a s e m a n t i c v i e w p o i n t ; 
b ) t h e o v e r c o m i n g o f t h e l o g i c a l a p p r o a c h 
b y i n d i v i d u a t i n g o p e r a t i o n s q u a l i t a t i v e l y 
d i f f e r e n t f r o m t h o s e o f L o g i c (Brachman and 
I s r a e l 1 9 8 1 ) . 

I I GOALS AND OBJECTIVES 

a p p r o a c h c o n c e p t u a l and l i n g u i s t i c l e v e l s . 
I n o t h e r w o r d s , w e s h a l l use 
e p i s t e m o l o g i c a l p r i m i t i v e s and f u n c t i o n s , 

r e p r e s e n t e d i n KL-Magma, a v e r s i o n o f 
KL-ONE (see I V ) , t o r e p r e s e n t a b s t r a c t 
o b j e c t s and o p e r a t i o n s r e l y i n g upon t h e 
c o n c e p t u a l o p e r a t i o n s o f n a t u r a l l a n g u a g e . 

F o l l o w i n g t h e s e a s s u m p t i o n s , w e have 
d e s i g n e d and i m p l e m e n t e d a l a n g u a g e 
(KL-Conc) w h i c h t r i e s t o s i m u l a t e c e r t a i n 
c o n c e p t u a l o p e r a t i o n s u n d e r l y i n g t h e use o f 
n a t u r a l l a n g u a g e . Words , s y n t a c t i c 
r e l a t i o n s and s o o n , may b e d e s c r i b e d i n 
t e r m s o f c o n c e p t u a l o p e r a t i o n s such a s 
i n d i v i d u a t i o n o f r e a l w o r l d o b j e c t s , 
e v a l u a t i o n o f p r o p e r t i e s o f o b j e c t s , t e s t 
o f c o n f i g u r a t i o n s o f o b j e c t s and s o o n . W e 
s h a l l e x p l a i n o u r c l a i m p r o v i d i n g examp les 
t a k e n f r o m t h e I t a l i a n l a n g u a g e . 

From a c o n c e p t u a l v i e w p o i n t , t h e I t a l i a n 
d e f i n i t e and i n d e f i n i t e a r t i c l e ( i l , un) 
may be d e s c r i b e d as f o l l o w s : 
i n d i v i d u a t i o n o f a s p e c i f i c r e a l w o r l d 
o b j e c t : 

1 . h o v i s t o i l bamb ino con i c a p e l l i 
r o s s i 

( I saw t h e c h i l d w i t h r e d h a i r ) 
i n d i v i d u a t i o n o f any one r e a l w o r l d o b j e c t : 

2 . h o v i s t o u n bamb ino 
( I saw a c h i l d ) 

a s s e r t i o n o f p r o p e r t i e s o f a n a b s t r a c t 
p r o t o t y p e : 

3 . I I (un) cane h a q u a t t r o zampe 
(A dog has f o u r paws) 

O p e r a t i o n s o f t h i s k i n d a r e t h o s e s i m u l a t e d 
b y KL-Conc l a n g u a g e . T h i s a l l o w s u s t o 
d i r e c t l y d e s c r i b e l i n g u i s t i c e n t i t i e s i n 
t e r m s o f KL-Conc l a n g u a g e . C o n s e q u e n t l y 
t h i s means t h e p o s s i b i l i t y o f d e s c r i b i n g 
l i n g u i s t i c e n t i t i e s i n t e r m s o f c o n c e p t u a l 
o p e r a t i o n s . 

Our c u r r e n t h y p o t h e s i s i s t o s t a r t 
f r o m t h e e p i s t e m o l o g i c a l l e v e l i n o r d e r t o 
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I l l ARCHITECTURE KL-CONC 

Th is language is p a r t of a system whose 
main components are shown in F igu re 1. 

The KL-Conc, KL-Magma and 
META-KL-Vagina components w i l l be descr ibed 
l a t e r . For the s t r u c t u r e of LING component 
and how i t i n t e r a c t s w i t h KL-Conc see 
( C a p p e l l i , F e r r a r i , M o r e t t i and Prodanof 
i n p r e s s ) . 

IV KL-MAGMA 

KL-Magma is a v e r s i o n of KL-ONE 
implemented i n MAGMA-LISP ( A s i r e l l i e t a l . 
1975). 
I t is a KR language s i m i l a r to t h a t 
descr ibed in (Brachman, 1979) , (Brachman et 
a l . r 1978), which a l so takes i n t o account 
the ve rs i ons g i ven in ( C a p p e l l i and 
M o r e t t i , 1982) and (Por ta and V i n c h e s i , 
1982). 
As in KL-ONE, KL-Magma a l l ows the user to 
c rea te and to handle S I - N e t s . However, i t 
is more b iased than KL-ONE towards 
d e c l a r a t i v i t y , i n f a c t , i n our c u r r e n t 
approach, KL-Magma is ma in ly used as a 
model o f a b s t r a c t da ta s t r u c t u r e s . 
Fur thermore , search and r e t r i e v a l on 
S I -Nets is handled a t the KL-Conc l e v e l and 
i t must f o l l o w the s p e c i f i c a t i o n s 
e s t a b l i s h e d a t t h i s l e v e l . 

KL-Conc is a knowledge r e p r e s e n t a t i o n 
language whose f u n c t i o n s aim at s i m u l a t i n g 
those t y p i c a l o f the conceptua l system 
u n d e r l y i n g n a t u r a l language. 

Most KL-Conc f u n c t i o n s can be viewed 
as macros of KL-Magma f u n c t i o n s s t r u c t u r e d 
in MAGMA-LISP syn tax . In t h i s way, KL-Conc 
assumes a d i f f e r e n t e x t e r n a l o r g a n i z a t i o n 
from KL-Magma language. The r e l a t i o n s h i p 
between KL-Magma and KL-Conc c o n s i s t s in 
the f a c t t h a t KL-Conc semant ics is based on 
the KL-Magma semant ics . The l a t t e r , w i t h 
i t s c learness and e x p l i c i t e n e s s , ensures 
t ransparency to KL-Conc. 

KL-Conc f u n c t i o n s handle r e a l wor ld 
o b j e c t s which are i n t e r n a l l y represented as 
KL-Magma a b s t r a c t data t y p e s . 

The main 
f o l l o w i n g : 

f e a t u r e s of KL-Conc are the 

- r e a l wo r l d o b j e c t s can have a r b i t r a r y 
names; p ro to t ypes and i n d i v i d u a l s can have 
the same name: 
user (ANYONE t a b l e ) 
system tab le3 

- r e a l wor ld o b j e c t s can be accessed by 
means of t e s t i n g p r o p e r t i e s or 
c o n f i g u r a t i o n s : 
user (ANYONE (TEST_PROPERTIES_NUMBFR 
leg 4)) 
system t a b l e 14 

r e a l wo r l d o b j e c t s can be accessed 
accord ing t o t h e i r appearance i n the t ime 
f l o w : 
user (LAST) 
system cupboard 6 

- f u n c t i o n s opera te on two d i f f e r e n t k inds 
of memory: 
a ) l o n g - t e r m memory: i t i s represented i n 
KL-Magma da ta s t r u c t u r e s and is d i v i d e d in 
gener i c and i n d i v i d u a l knowledge ( l i k e 
KL-ONE); i t i s c rea ted and increased in an 
a s s e r t i o n a l way w i t h the a i d o f 
m e t a d e s c r i p t i o n (see V I ) . 
b)working-memory: i t enables t o per form 
search and a c t i v a t i o n o f o b j e c t s accord ing 
t o the t ime f l o w ; f o r i n s t a n c e , i t a l l ows 
the user t o r e f e r t o the o b j e c t s us ing 
anapho r i ca l r e f e r e n c e s . 

Some KL-Conc f u n c t i o n s may be viewed 
as q u a n t i f i e r s ; however, they are q u i t e 
d i f f e r e n t from the l o g i c a l ones s ince 
pe r fo rm ing on an e p i s t e m o l o g i c a l s t r u c t u r e . 
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F u r h e r m o r e , t h e y a r e i n t e g r a t e d w i t h 
comp lex t e s t s c o n t r o l l i n g 

e n t i t i e s i n t h e n e t w o r k , t e s t i n g l o c a l and 
non l o c a l c o n s t r a i n t s s u c h a s c o n c e p t u a l 
r e l a t i o n s h i p s , m o d a l i t y , c a r d i n a l i t y and s o 
o n . T h i s a l l o w s u s t o p e r f o r m g l o b a l 
o p e r a t i o n s w h i c h assume a n a t u r a l a s p e c t : 
t h e y p u t t o g e t h e r a s e t o f e p i s t e m o l o g i c a l 
f u n c t i o n s whose s e m a n t i c s i s s i m i l a r t o t h e 
c o n c e p t u a l o p e r a t i o n s u n d e r l y i n g n a t u r a l 
l a n g u a g e (see examp le 1 . i n I I , w h e r e t h e 
P P " c o n i c a p e l l i r o s s i " c o n t r i b u t e s t o 
d e t e r m i n e t h e i n d i v i d u a t i o n o f a r e a l w o r l d 
o b j e c t ) . 

L e t us now d e s c r i b e some KL-Conc 
f u n c t i o n s i n o r d e r t o c l a r i f y t h e ways i n 
w h i c h t h e y h a n d l e S i - N e t s . 

ANYONE ( a r b i t r a r y name) 
i t r e t u r n s one I n d i v i d u a l c o n c e p t w h i c h 
i n d i v i d u a t e s t h e g e n e r i c c o n c e p t named b y 
a r b i t r a r y _ n a m e , v e r i f y i n g t h e t e s t ( i f 
p r e s e n t ) ; 

GOME ( a r b i t r a r y _ n a n e ) 
i t w o r k s l i k e ANYONE e x c e p t t h a t i t r e t u r n s 
a s e t o f i n d i v i d u a l c o n c e p t s . 

TEST_PROPERTY_VALUE ( a r b i t r a r y _ n a m e ) 
i t v e r i f i e s w h e t h e r t h e v a l u e o f a n 
i n s t a n c e r o l e i s e q u a l t o a r b i t r a r y _ n a m e . 

LAST ( a r b i t r a r y _ n a m e ) 
i t r e t u r n s t h e l a s t c o n c e p t c r e a t e d o r 
a c t i v a t e d a c c o r d i n g t o a r b i t r a r y _ n a m e o r 
t e s t ( i f p r e s e n t ) . 

NEWIND ( a r b i t r a r y _ n a m e ) 
i t c r e a t e s a new i n d i v i d u a l c o n c e p t and 
e s t a b l i s h e s i t a s i n d i v i d u a t o r o f t h e 
g e n e r i c c o n c e p t named b y a r b i t r a r y _ n a m e . I f 
t h e g e n e r i c c o n c e p t does n o t e x i s t i t i s 
c r e a t e d . When a d e s c r i p t i o n o f t h e 
i n d i v i d u a l c o n c e p t i s g i v e n , i t i s used t o 
i n f e r t h e d e s c r i p t i o n o f t h e g e n e r i c 
c o n c e p t ; f o r t h i s p u r p o s e META-KL-Magma i s 
i n v o k e d when n e e d e d . 

V I META-KL-MAGMA 

META-KL-Magma i s a r e p r e s e n t a t i o n o f 
KL-Magma f o r m a l o b j e c t s i n KL-Magma. T h i s 
c a p a b i l i t y o f m e t a d e s c r i p t i o n i s l i k e t h a t 
d e s c r i b e d i n KL-ONE p a r a d i g m . A t p r e s e n t , 
o u r s y s t e m uses m e t a d e s c r i p t i o n o f KL-Magma 
t o t e s t c o r r e c t n e s s o f KL-Magma s t r u c t u r e s 
c r e a t e d b y KL-Conc l a n g u a g e . The c o n c e p t o f 
c o r r e c t n e s s i s a d o p t e d b y t h e s y s t e m a s a 
c r i t e r i o n t o c o m p l e t e i n c o m p l e t e KL-Magma 
s t r u c t u r e s , i n t h i s way i n c r e a s i n g 

l o n g - t e r m memory. 

T h i s c a p a b i l i t y i s r e q u i r e d b y t h e 
f a c t t h a t b y u s i n g KL-Conc one can make 
weak s t a t e m e n t s i n c o m p a r i s o n w i t h KL-Magma 
f o r m a l i s m ; i n t h i s case META-KL-Magma can 
c o n t r i b u t e t o r e d u c e w e a k n e s s . 

L e t u s i m a g i n e , f o r i n s t a n c e , 
l o n g - t e r m memory as e m p t y . Py KL-Conc 
e x p r e s s i o n 

(NEWIND r o s e (ADD_PROPERTY_VALUE r e d ) ) 
t h e f o l l o w i n g KL-Magma s t r u c t u r e s a r e 
c r e a t e d (see F i g u r e 2 ) : 

i n t e r p r e t i n g t h a t e v e r y i n d i v i d u a l c o n c e p t 
mus t b e r e l a t e d t o a g e n e r i c c o n c e p t and 
t h a t e v e r y i n s t a n c e r o l e mus t s a t i s f y a 
g e n e r i c r o l e . I t i s n o t c o r r e c t t o p u t r e d 
( g e n e r i c ) a s V /R o f t h e g e n e r i c r o l e o f 
r o s e b e c a u s e t h e V /R can be a more g e n e r a l 
c o n c e p t t h a n r e d . N e v e r t h e l e s s , i t i s 
o b l i g a t o r y t o c l o s e t h e h i e r a r c h i e s a t 
g e n e r i c k n o w l e d g e l e v e l b y i n s e r t i n g a 
p o s s i b l e V/R i n t h e g e n e r i c r o l e s t r u c t u r e 
and t o e s t a b l i s h i t s r e l a t i o n w i t h r e d 
( g e n e r i c ) . T h i s l e a d s META-KL-Magma t o ask 
t h e u s e r t h e c o n c e p t w h i c h e n t e r s a s 
p o s s i b l e V /R o f t h e g e n e r i c r o l e o f r o s e . 
I n t h i s . way t h e u s e r i n t e r a c t s w i t h 
KL-Magma v i a META-KL-Magma, u s i n g o n l y 
a r b i t r a r y names o r k e y w o r d s o f KL-Magma 
shown b y t h e s y s t e m . 

T h i s c a p a b i l i t y o f i n t e r p r e t i n g t h e 
a b s t r a c t s y n t a x o f t h e c o n c e p t u a l s y s t e m i s 
a l s o shown by human b e h a v i o u r . When 
h e a r i n g t h e f o l l o w i n g s e n t e n c e : 

" i n t h e c e l l t h e r e i s t h e c y t o p l a s m " 
a s p e a k e r w i t h n o k n o w l e d g e o f b i o l o g y can 
a s s o c i a t e t h e t w o i t e m s , c e l l and 
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c y t o p l a s m , i n a m u t u a l s t r u c t u r a l 
r e l a t i o n s h i p . However , h e i s u n a b l e t o 

d e s c r i b e t h e s i n g l e i t e m s a s h e does n o t 
know t o w h a t c o n c e p t u a l f i e l d t h e y b e l o n g . 
When q u e s t i o n n e d a b o u t c e l l and c y t o p l a s m 
h e can answer a c c o r d i n g t o t h e i n f o r m a t i o n 
g i v e n b y t h e s e n t e n c e ( o r p a r a p h r a s i n g i t ) ; 
f u r t h e r m o r e , h e can a l s o r e a l i z e why h e 
c a n n o t answer f u r t h e r q u e s t i o n s whose 
i n t e r p r e t a t i o n i n v o l v e s k n o w l e d g e a b o u t 
f a c t s n o t p r e s e n t i n t h e s e n t e n c e . B y 
META-KL-Magma w e t r y t o s i m u l a t e t h i s 
c a p a b i l i t y o f " s y n t a c t i c " m e t a d e s c r i p t i o n 
w h i c h i s i n d e p e n d e n t f r o m t h e e f f e c t i v e 
d a t a o f k n o w l e d g e . I n o t h e r w o r d s , i t 
c o n s i s t s i n f i n d i n g mechan isms a b l e t o 
i n c r e a s e t h e k n o w l e d g e base w i t h o u t 
r e f e r r i n g t o t h e k n o w l e d g e a b o u t r e a l w o r l d 
o b j e c t s . 

V I I CONCLUSIONS 

KL-Conc t r i e s t o g i v e a n s w e r s t o 
i s s u e s d i s c u s s e d i n t h e f r a m e w o r k o f KL-ONE 
(Schmo lze and B r a c h m a n , 1 9 9 2 ) . I n f a c t , b y 
KL-Conc w e i n t e n d t o i n v e s t i g a t e t h e 
r e l a t i o n s h i p s b e t w e e n T e r m i n o l o g i c a l Box 
(T -Box ) and A s s e r t i o n a l Box ( A - B o x ) , a s 
c l a i m e d i n (Brachman and L e v e s q u e , 1 9 8 2 ) . 

KL-Conc i s a means used t o i n v e s t i g a t e 
t h e ways b y w h i c h g e n e r i c and i n d i v i d u a l 
k n o w l e d g e a r e i n t e g r a t e d and used i n 
a s s e r t i o n s . I t can b e v i e w e d a s a way t o 
r e f e r t o and use T -Box i n a n i n t u i t i o n i s t i c 
manne r , a s s u m i n g T - B o x as a r e f e r e n c e 
scheme i n v o k e d when n e e d e d . 

F u r t h e r m o r e , t h e c a p a b i l i t y o f KL-Conc 
t o c o o p e r a t i v e l y c o m p l e t e i n c o m p l e t e 
i n f o r m a t i o n g i v e n b y a s s e r t i o n s i s a means 
o f b u i l d i n g a d y n a m i c s y s t e m . T h i s s y s t e m 
can use i t s own k n o w l e d g e b u t , a t t h e same 
t i m e i t can c r e a t e new k n o w l e d g e b y 
i n t e r p r e t i n g i t s own s t r u c t u r e . 

T h i s i s a p o s s i b l e w a y , i n t e r m e d i a t e 
b e t w e e n KL-ONE and JARGON (Woods, 1 9 7 9 ) , to 
ove rcome t h e d i f f i c u l t i e s o f i n t e r a c t i n g 
w i t h a S I - N e t s . I n f a c t , w h i l e i n KL-ONE 
t h e u s e r mus t know t h e S I - N e t s m o d e l , i n 
JARGON t h e d i f f i c u l t i e s a r e p a r t i a l l y 
o v e r c o m e b y u s i n g a r i g i d , r e s t r i c t e d 
E n g l i s h - l i k e l a n g u a g e . 
I n KL-Conc t h e u s e r i s r e q u i r e d o n l y t o 
know a s e t o f c o n c e p t u a l o p e r a t i o n s t h a t 
s i m u l a t e t h e ones h e n a t u r a l l y p e r f o r m s 
u s i n g n a t u r a l l a n g u a g e . 
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