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ABSTRACT 

This theory on semi-equivalence r e l a t i o n s is an 

important and use fu l t oo l fo r i n v e s t i g a t i n g 

c l a s s i f i c a t i o n , p a t t e r n r e c o g n i t i o n , p o l l i n g and 

in fe rence e tc . Based on i t , t h i s paper presents a 

new framework, in which an i n d i s t i n c t concept, 

that is one w i t h incomplete or undetermined 

i n f o rma t i on about the ob jec t s , can be represented 

approx imate ly . Such an approximate r e p r e s e n t a t i o n 

w i l l r e f l e c t deep s t r u c t u r e s of concepts which are 

meaningful fo r the system. C l e a r l y , the work we 

present here is to a great ex tent i n s p i r e d by 

general d iscuss ions of knowledge eng ineer ing 

research. The theory developed here seems to be of 

i n t e r e s t in knowledge r e p r e s e n t a t i o n and n a t u r a l 

language p rocess ing . From the implementat ion po in t 

of view, t h i s theory can be r e a l i z e d by va r ious AI 

techniques. 

0. INTRODUCTION 

Two major issues of knowledge eng ineer ing are 

r ep resen ta t i on and u t i l i z a t i o n of knowledge. 

Fo l l ow ing Orlowska and Pawlak [ 1 ] , anyth ing tha t 

can be spoken about in the sub jec t p o s i t i o n of a 

n a t u r a l language sentence is an ob jec t , p r o p e r t i e s 

of which are fundamental elements of the knowledge 

of a g iven domain; then concepts are more complex 

elements of knowledge. This g ives the p o s s i b i l i t i e s 

of rep resen t ing the concepts r e l a t e d to a g iven 

domain. To represent i n d i s t i n c t concepts the 

i n f o rma t i on about a set of the ob jec ts represented 

by such a concept is undetermined or incomplete in a 

sense, Pawlak [ 2 ] in t roduced the rough sets 

concepts de f ined by union of some equ iva len t c lasses 

of an equivalence r e l a t i o n . U n f o r t u n a t e l y , in many 

r e a l s i t u a t i o n s i t i s not s u f f i c i e n t t o 

consider equivalence r e l a t i o n on ly . In f a c t , a lo t 

of r e l a t i o n s determined by the a t t r i b u t e s of 

ob jec ts do not s a t i s f y t r a n s i t i v i t y . T h i s l i m i t s the 

express ive power of rough se ts . 

The Preceding fac t forced us to extend Pawlak' s 

works. Semi-equivalence r e l a t i o n theory [ 3 ] j u s t 

o f f e r s one of the poss ib le research d i r e c t i o n s in 

t h i s f i e l d . The o r i g i n a l idea of the theory was 

suggested by Po inca re ' . Wu Xuemou and h i s co l leagues 

have es tab l i shed and developed the theory [ 3 ] , [ 4 ] . 

In i t s framework, we give i n t e r i o r and e x t e r i o r 

approx imat ions of i n d i s t i n c t concepts 

r e s p e c t i v e l y . I t s gradual approx imat ions de f ined in 

terms of a fami l y of semi-equiva lence r e l a t i o n s are 

a lso given in i t . Such approximate rep resen ta t i ons 

w i l l r e f l e c t deep s t r u c t u r e s of concepts and 

improve the express ive power of Pawlak's knowledge 

r e p r e s e n t a t i o n system. The work we present in t h i s 

paper prov ides a powerfu l t o o l f o r incomplete 

knowledge r e p r e s e n t a t i o n and u t i l i z a t i o n , and 

develops some new researches in A I , e .g . p a t t e r n 

r e c o g n i t i o n , automated deduc t ion , search methods, 

e tc . these w i l l be discussed in o ther papers. 

1. PRELIMINARIES 

In t h i s paper, we w i l l use almost the same 

termino logy and no ta t i ons as in [ 4 ] . F i r s t , we 

w i l l g ive a b r i e f account o f semi-equiva lence 

re la t ions. 

D e f i n i t i o n 1. 1 [ 3 ] A ( b i n a r y ) r e l a t i o n 6 on a 

nonempty set G is c a l l e d a semi-equ iva lence r e l a t i o n 

1244 Knowledge Representation 



Mingyi 1245 



a s i n g l e element, so 6 is an e q u a l i t y r e l a t i o n on G. 

I t imp l ies Def [ G ] = There fo re , any 

is 6 - d e f i n a b l e . 

ho lds fo r 

any a 

D e f i n i t i o n . 2 3 For any we say 

that 

1. the set , i s an 

e x t e r i o r approx imat ion of set A, and the set 

is an i n t e r i o r one; 

2. a set A is approx imate ly - d e f i n a b l e i f 

and 

3. a set A is i n t e r n a l l y 6 -nonde f inab le if , 

and A is e x t e r n a l l y -nonde f inab le i f A is 

t o t a l l y - nondef inab le i f and 

Roughly speaking, - d e f i n a b i l i t y g ives us a 

p o s s i b i l i t y to answer such membership ques t ion as 

A p r e c i s e l y . Approximate d e f i n a b i l i t y enables 

us to decide that an element x more d e f i n i t e l y 

belongs to A or not to A; or is in the b o r d e r l i n e 

case, which depends on the i n f o r m a t i o n p rov ided by 

the ob jec t s . 

Theorem 2. 2 For we have§ 

1. A is - d e f i n a b l e 

The r e l a t i o n 6 is def ined by the fo l l ow ing tab le , 

where i f o»6 o j t hen w r i t e 1 on the crossed p o i n t of 

i - t h l i n e and j - t h column, o therwise w r i t e 0 . So, 

we get = {{ o, , o,}, { o3 , o4 , o,), { ot , o,} ) 

For A- { o, , o t , o , } , we have = (o, , o, , o,}, 

A - (o, , o.) 

3. GRADUAL APPROXIMATIONS OF INDISTINCT CONCEPTS 
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By theorem 1.1 (Es is a complete 

l a t t i c e . For the sake of convenience, 

be such an a lgebra that the f o l l o w i n g c o n d i t i o n s are 

h e l d , 



Even so, i t is qu i t e a u s e f u l t oo l for gradual 

approx imat ions of the i n d i s t i n c t concepts, s p e c i a l l y 

when we t r y to s i m p l i f y our problems. Genera l i t y 

speaking, a concept can be represented by l i s t i n g 

the a t t r i b u t e s of ob jec t s . The more of the 

a t t r i b u t e s we l i s t , the b e t t e r the approximat ions are 

But t h i s is usua l l y to be done only in an extent .So, 

we can use as an 

approx imat ion of in most cases.Here, we give 

a simple i l l u s t r a t i o n of e x p l o i t i n g the theory. 

Example 3.2 Let G be a set c o n s t i t u t e d by a given 

group of peysons. Suppose R(o) , R(s) and R ( t ) are 

three r e l a t i o n s on G. i . e . R(o) is 

r e l a t i o n , R(s) the same schoolmate r e l a t i o n , a n d R( t) 

the townsman r e l a t i o n . G i v e n a set , our task is 

to f i n d out that in G who are c l ose l y r e l a t e d to one 
another among themselves and who are c lose l y r e l a t e d 
to a person in A. 

To do so, we f i r s t get i n t e r i o r and e x t e r i o r 
approximations ( o ) and A(o) of A w i t h respect to 
R(o) . S i m i l a r l y , we have and 
Secondly, l e t ' s set 

Then approximat ions of 

i n t e r i o r and e x t e r i o r approximations of A w i t h 

respect to R ( o ) ∩ R <s) r e s p e c t i v e l y . In the 
same way. we ob ta in , 
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for a l l ~ there is such that 
(a , b) 

a A i f f there is such that for a l l G 
and (a, b) 

Remark. If a r e l a t i o n E [G ] is given , we 
choose a monotone decreasing fami ly of r e l a t i o n s , 

, according to the p r a c t i c a l 

cons idera t ions, such that Let 
K.Then by what is ■entioned 

before we obta in ex te r i o r and i n t e r i o r 
approximations and Ai of any grade of A, 
w i th respect to 6 i*. In fac t ,such an idea has been 
rea l i zed in a Computer Diagnosing System [ 5 ] . The 
Logical formalism that provides too ls for the 
examination of expressive power of the system in 
terms of approximate d e f i n a b i l i t y is discussed 
fu r ther in other papers. 
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