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1. INTRODUCTION . o

a

Th:.s note is a continuation of[ ] and [2] where the. no~
‘tions ‘of ‘a rough set'and a rough relatlon were 1ntroduced here

we ‘introduce the notion .of a rough function.

Intuitively speaking, rough function is a function arguments

‘and values of which are not known exactly, but oﬁly with some accu-
I B

{racy determined by a 1ndzscernib lity relation”, wh;ch exp*esq the

accuracy of our observations, measurements or - descrzptlons.

Rough functions may be appliedlln measursment theory pattern’

“recognitions, some fields of’ertificial intelligence, and other

Braﬁches,‘however we shall not discuss the applications in this
paper.
"The proposed approach can be considered as an alternative to

tfuzzy" philosoghy.

- F

.2, ROUGH SETS - -

_ Before we deflne rough functions we recall the notion of.a -
rough set and a rough relation a‘ter [:13 and [.%1
 The pair A = <X, R > _ whereé X -is some set, and R an

ﬁquivalence relation on x (calledl;ndlscernlbility relatlon) will
A

he called an approx1mation space.

Equivalence classes of are called elementary sets in A;

end every unlon of elementary sets in A, is called a composed

set of’ A., _: ‘Q " A: s oL .
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If Y < X, then the least composed set in A containing

Y will be :called the best upper" approximation of Y in 'A,A and

iwill be denoted by AY. The gfeatest composed set in. A containad

in Y wili be called the best lower approximation of Y .in A,

and will be derioted by AY. ) C ~

The'-following properties of approximations are valid for

.-'7 =

. E i R @
Let .B= <£I¥Y,0>, and C=<Z,P> be t_y:é épproximation -
spéces. By a product of B ‘and C we shall mean the space ,
A=< X,R>_ .+ where X = Yx Z and Re (Y x Z)»2 is defined

ﬁasAfollows: R(‘{yl,zl) .(‘yz,zz)). iff Q{yi,\jz), gnd ?{’zq,zz}, whers

Eyl,y‘zé Y. z4,2,€ 7. Product of 8 and C is denoted by B8*C. .

Any equivalence’class of the relation R will be 'called)an.

elementary -relation in A s < X,R > . Union of any number of ele-

.

every. 'approx'imation‘ space A = < X,R >, and sets Y,Z C- X.

-

_ men'tary relations in A will bé called a composed relation in A.
i) AYD Yo AY, - ~

_ lLet A=B XC, where B=<Y,Q2 , and €=¢ Z,P> ,
2) AL = AL =1, - I oa

A VIV

4) AAY = AAY = AY,

1

and.let 'S € Y x Z° be some binary relation on Y x Z,

By the best upper_approximation of S in A (denoted AS)

we shall mean the least composed relation in A containing . 3.
—~ . P 8 g
5)  AAY = AAY = AY, -

By the best lower approximation of 5 " in A { denoted _{_\S)

J

B) AYUZ) = AY U AZ, _ v
Co- ~we shall mean the greatest composed rélation in A contained in - S,

7)) Alyn Z; = AY n AZ, ) )

-_A( -Y), -

~ 7\{ 'Y) + )

10) Ay 2)c Arn &z, -

. - Some elementary‘ properties of rough relations are given inCZJ.'»
8) AY - v

g9) AY

4. ROUGH FUNCTIONS . . o

11) AX\YU Z)D AYUAY, tet B=<Y,Q> ,C=<L2Z,P> be two approximation spaces

12) AY - AZC A Y-2), and 16t _A = BXC be s product space.

13) AY - AZD A Y-2). . 1f f 1Y ~>.Z, then from the defiftraon o upper

&'ve-;)se~1 to denote: the whole set X of the approximation approximation of a relation {f is considered as a2 relation) we
space~ A = £ X,R> , and =Y. is to denote "1-Y or X-=Y. have: ,

»

Af =:<ee EA LFO f # ¢9, where .EA, is the set of all equi- -

3. ROUGH RéLATION valence classes | in the approximation space A = LX,RD.,
- 3. =N !

W= : oEE . The above property is depicted in Fig, 1.

o

srgu-

We shell define here binary rough relations only.’

ments relations can be defined in z similar way, however we shall
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Fig. 1
et A = < X,R> be a product approximation space of B = £Y,Q >
and C = LZ,P >, and let f : Y - 2, The r-representstion of
; o
£ in A, denoted Af, we‘shall define as

A -—
Af = Af/R,

“where Af/R is a quotient relation (the' relation~ Af divided by
the equivel'encé relation R). '

The r-approximation of f in A, dénoted A“f, is any function

g.: e

. - : A
Y/Q —> z/C, -such that gec Af

. ~ - s - . R} : A» .
domains of the function g and the relation Af respectively).

AN

We shall say that the’ function f :'Y-» Z is roughly dontinu-.

~ous - {r-continuous) in’ A= <X,RD> ; where A =2Bx C, and

B=<4Y,Q> ,C=<2Z,P> , in the point y &Y if

v

yo€ BY > fly) € CHYO, ]

for every Y ‘cvy.

Theor'emv. The function f-: Y—=>2Z is r-con}ihhous An A = _(l.".'X',R>'.
i he point A - implies f(\“ UM v
1."! the point v_ & Y : iff yt— eyo ] P. Y)f—_‘f(yo)! )
where € and 2. are elementary sets in B and "C con=
Yo . ° (Yb) Lo

_ taining points Y, and f{yo) res-pecrive';y.;_

and Og = D¢ . (Dg.Dge denote

Y
S iy

1

" ximation space A =

The function f : Y -2 Z is r-continuous in A "iff { is. -
r-continuous in -A.

for every 'yevY.

Theorem. The function f :.Y~» Z is r-continuous in A iff the

A .
r-representation of f, Af is a2 function, or in other words if
f have exactly one

" r-approximation A%+ in AL

Theorem. If f : Y —> Z is re-continuous in A, then

H{BY) < city),

for every Y ‘coy. ' - -

’

Theorem; If f : Y 2> 2 is continuous then there exist an cppro-

< X,R D, such that f 1is ! r~continuous in A
If in the spproximation space A.= < X,RD every squivale\h}:e_

class of the indiscern{bility qelétion« R contains exsctly one ele-

ment we shall call A a selective zpproximation space.

Ltet A = selective approximation space and

£X,R> be =

let ‘A =8XC, where B=dJY,Q > and C =& 2,P2 ., Every Fuhe

Theonem.

ction f : Y—2Z is re-continuous in A, and for every Tunction
f:Y=> z, A% = f; moreover
#(8v/) = ci(y"), )
° /
for every Y < Y,

4. FINAL REMARKS

Lo . .
The! intuitive meaning of r-continuity is the following. A
Y=z

function is r-continuous in a given gpproximation space

A, if f does not change its vaslues "to fast® in comparison to ob-

servation possibilities, defined be an indiscernibility relation cf A.

%
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For example the function shewn in Fig. 1 is not r-continuous in:

the apprdximatiom system shown on the picture, however the function
- ; ok
shown in Fig. 2 is r-continuous in the corresponding approximation

|

space.

=

727 I -
> |

N

>
- Fig. 2 ) ><
of course the same funbtion' f éSB be r-continuous in:one appro-:
ximation space, and be not r-continuous in anofher one. For exam-
ple if we ‘increase the accuracy of observation, i.e., take “finer"-
approximation space; the functioé shown in-Fig. 1 can be r-conti-
nﬁous;.Onebcan also givé an examp%g'of ; function which is r-can-
tinuous in one épprdximétion space but not. r-continuous in a “finer"”
approximation spacé. ’ ’

In pther words in our approach the notion of continUéty is
related to the exactnéss of observation,

It seems to be not very difficult task to express basic no-
tions of standard analysis in terms of "rqugh" approach, obtain-

ing thus a todl to deal with seme problems of computer sciences

and may be phvsics too.

(1]
{21
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