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Abstract . COXEpEanMe , Streszczenie

We discuss in this paper approximative (rough)

operations on sets end "exact" operations on rough sets.

RaueqaEns O MPUOTMECHHHX MHOXECTBAX

B cTaTBM paccMaTpuBaeTCA NPUOANEEHHHE Onepanui
Ha MHOEECTBaX, a Takwe "TOUHHe" OmEpauuA HA IpACINREH -

HHX MHOXECTBaX.

Uwagi o zbiorach przyblizonych

w pracy rozpetrywane s§ przyblizone operacje na

zbiorach oraz "dokzadne" operacje na zbiorach przyblizonych.




1. INTRODUCTION

in many branches of computer sciences such as pattern recogni-
tion learning'algorithms', automatic classification, inductive 1ﬁfer-
ence there is a need for approximative me-thods. Main mafhematic}:l
! rool to desl with such problems is fuzzy set theory, We propose
here an elternative approach which is based on a indiscernibility

relation, which "glue” together all objects which we are unable to

distinguish by means of available means observations (measurements}
or expression (langué_ge),. We introduce the notion of the rough. set
[6'] as a basis of our considerations. Some preliminary results con-
eerning “rough” aPPmaCh are given if"n [3]. [4], [71, [8] ' [10]
and some applications are mentioned in [21, [5:(, [:1]. '

-

2. PRELIMINARY NOTIONS

Let X be a set and RCXxX an equivalence relation on X.
An ordered pair A = < X,R >  will be called an aggroximation

space, and R will be called an indiscernibility relétion in A,

Equivalence classes of the relation R are called elementary S2tS

gt

in A. Every union of elementary sets in A will be referred to

as a comgosed set in A,

et Y be a subset of X. By a lower approximation of Y in

A, denoted as AY, we shall mean the greatest composed set in A

contained in Y; an upper approximation of Y in A, denoted &Y,

we shall mean the smallest composed set in A containing Y.
The following properties of .approximations are valid for everv

approximkation épace A = X,R ? and every subset Y,Z C X.

_




1. A c Y CAY,

2. AL =AL=1

3. A0 = AO0 = O,

4.  AAY = ZAY = AY,

5, AAY = AAY = AY,

6. K{Y’uz) c AYWY AZ,

7. HNYDZ) = AY 0 AZ,

8. XY = "_A_('Y):
Q. AY = -Z\,"Y\/ N

o

where 0,i. are denoting the empty set and the set X respective-

ly.

3. ROUGH EQUALITY OF SETS AND ROUGH 'OPERATION' ON SETS

we shall say that:

i gets Y.,ZC X are roughly bottom egual in A= LX,R7

in symbols Y f;:" z, iff AY = AZ.

iji}  Sets v,ZCc X are roughly top equal in A= <X,RZ , in

symbols Y ZA z, iff AY = AZ.
iii) Sets Y,Zrc x are roughly equal in A/: <'X',R >, in
symbols Yy &~ Z, iff Yy = Z end. Y /;-—:-Z.
- We can introdﬁce rough set theoretical "operation“ on sets
in the following way:

. o~
L_j(Y.Z,U) iff YU Z -; u,
A

Uoy,z,uy iff YUZ ~u,
A A
Uov,z,w  tff Jz X,
A CA

r od
f:‘ rv,z,0) iff A Nz = U,
A A

!

. =(Y,2) Tiff -Y

N(v,z,y iff YAz =

A .

A(Y,z,0) iff YNZ XU,
—(Y,2) iff =¥
= ,

=
A .
—(¥,2) iff =¥ = Z, .
A )Y
[t
A
A

L ’ -

AAAAAT\AA

-

are not defined univocally, and consequently we are not allowed

1n fact rough operations L_J. v, U o, N N, - —. =
. A

to write for example
Y g Z = U,
-A
Y N z = U, }
A
or
-X =17,
- A

pecause there are in general many U such that
Y v z=U
) A

etc. ’

4. ROUGH SETS

Let YC X be a2 set in an aspproximation space A= LX,R7Y,

and let us introduce the following definitions:
v,

i tRy=4{zex:z =
L N
2) A)Y=ZC.X:ZTC:Y,
(WY =4 = [}
~
A

3) (AY =0{12Cx 1 2
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vie shall call ’;\)Y the ugger rough set generated by the
set Y in A (A)Y - the lower rough set generalized by Y
in A and (A)Y - @ rough set generated by Y- in A.

Thus these tpree kinds of rough sets are famil:.es of famil?i.es

of “ordinary" sets.

The following properties ‘of rough sets are valid:

o (AY = (R)Y N{AY.

) AY=U Z = U z '

ii} g
ze(A)Y z&( A)Y
131} AY = (f\ z = (ﬁ\_‘ z
- z&( )Y zel AT
for every v,ZEX and every approx1mat10n space A= <X,R7 .
Obviously & = £z are equivalence relations on the
A A
cet ‘a/-)»’ %), and rough sets (upper and lawer) are .equivalence
~ S

ciasses of the. correspondlng relations.
Thus with each approximation space A =<X,R 7 we can

sssociate three approo:imation gpaces

A’*= <U)(X)t > '

4/@0(7\),

# A(J}x), //\VA’>

>

>\ >

-

e R , = , 0z are nev indiscernibility relations
B A A A .

nd onsequen.ly we are unable t0 dls'lngu:.sh some subsets of the
£ c

” -
set "K) (x) in the approximation space A A LA ). ) .

Trus if X . y k
then % N {% is always an empty set and 9& ) % -
’ U

are not rough (lower, upper) sets-

are some rough { lLower, upper\ sets in A

|
|
|

T T

[P

1

in order to deal with approximations of families of sets we

introduce the following definition:

a} Every rough set {upper, Jower) in A 1is an eler\entary fuml;_L

S ¥, -
(upper, lower) in A (A*,ﬁ“).

b) Every union of elementary families (upper. lower) in

-
A (A",A*) is a composed famllx (upper. lower) in A 'A A,{-,.

Now we are able to int roduce lower and upper approximation of 2

o) ‘
family % C /&O (X) in the approximation space A (A"'.A) in
the same way as in the case of the approximations of subsets in
the approximation space = LX,RD .

in fact each approxlmatlon space = LX,R > generates &n

infinite sequence of approx:.mat:.on spaces

AclAlnA peev
0 1 * e % ¥ x
where A = A, A = A (A lé )r = ,A*) ¥ \ *) ,A¢7‘ ) ’ etc.,

nowever from practical point of view only approximat ion sp&ces a°

and A:L seems to have some significance.

5. ROUGH INCLUSION-OF SETS

Let A = <X,R> be an approximation space. Ve shall say

that

a) Set Y is roughly bottom included in Z{Y,Z CX)  in the

approximation space A, in symbols Yy  z, iff _QYC_AZ.

A
b) .Set Y is roughly top included in Z (v,zCX) 1in the appro=

ximation space A, in symbols YT z, iff ZYC;\'Z.

iii) set Y is routh.y included in Z (Y.2C %) in the appro-

cimation space A, in symbols Y& Z, iff Y < Z and
A . A
y CZ.
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Let .
ff() éY‘; =,{zc X": Z i Y l} "
7R =,<'z§_x . Z 2 v .

= & Y
A(Y) —“LZC.'X z )

The following property js obvious in view of the definition

(_%\‘—

s rough {upper: jower) set:

of {
1 Y C %, then a'; A0 (8’) Y. ’d; ﬁ(Y)) is not a rough set
in A . '

6. SONCLUDING REMARKS

'-fhe notion of @ rough set 1S defined in this paper as & fa-
nily of roughly equal sets in an approximation space A = <X.R_>.
Rough seés are not closed under set theorétical operations, union,
intersect:ion é\"\d conplement, and the family of rough subset of 8
set is not necessarily 2 rough set. )

Rough sets in the approxiﬁation space A e X,R > are equi~-

. g~ — : N
velence classes of the relation ",f\ —A. A?\) in the approxzmation

- ™ rX) (~ ~ Ygenerated by the approxi-
spzce </()\ b e ’/E/ ) A)) .
mation space N X,R> . Thus the i‘ndiscernibility relation

R, generates new indiecarnibility ‘relations Az, ;i,’ t‘_-;_) of

-aher order. which does noft allow toO distinguish family of gub—
sets v the set X. ' .

This process of generation of jndiscernibility relations of
higher orders can be continued toO infinity givir;‘g a hierarchy of
indiscernibility relations, such that each .nex{ indiscernibilny

relation if\ the nierarchy concerns object of higher types.
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