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Generalized rough relations via ideals

A. KANDIL, M. M. YAKOUT and AMR ZAKARIA

ABSTRACT. The aim of this paper is to construct a new rough relation structure for a given ideal and to
study many of their properties. Further, definitions of lower and upper approximations via ideal have been
introduced. These new definitions are compared with Pawlak’s definitions. It’s therefore shown that the current
definitions are more generally.

1. INTRODUCTION

A classic paper of Z. Pawlak [17] on rough sets is considered to mark the birth of the
rough set theory. Several mathematicians, logicians, and researchers of computers have
become interested in the theory and have done a lot of research work of rough set theory
[4, 12] and its applications. Its applications are shown in wide fields such as machine
learning [3], data mining [2], decision- making support and analysis [14, 19, 20] and expert
system [22].

A great effort of many researchers has been done to design newer, faster, and more
efficient methods for solving the concept approximation problem. Rough set theory has
been introduced by Pawlak [17] as a tool for concept approximation under uncertainty.
The idea is to approximate the concept by two descriptive sets called lower and upper
approximations. The lower and upper approximations must be extracted from available
training data. Kandil et al. [8, 9] introduced a generalization of rough sets and rough
membership functions via ideal. Also, Zakaria et al. [23] introduced the generalization of
rough multiset via multiset ideals. Other important research about rough set theory and
its generalizations can be found in [1, 5, 7, 10, 13].

Basic idea for the notion of rough relation is connected with the fact that in some cases
we might be unable to decide for sure whether some objects, states processes, etc., are in
a certain relationship or not. This may be caused by our limited accuracy of observation,
measurement or description of some phenomena, processes, states, etc.

The notion of ideal topological space was first studied by Kuratowski [11] and Vaidya-
nathaswamy [21]. Compatibility of the topology with an ideal Z was first defined by
Njastad [16]. In 1990, Jankovic and Hamlett [6] investigated further properties of ideal
topological spaces.

2. PRELIMINARIES AND BASIC DEFINITIONS
Let Ay = (U1, R1), ..., A, = (Un, R,,) be a family of approximation spaces, where R; is
an equivalence relation on U; for ¢ = 1,2, ...,n, and let
A" = (U™, R),
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where U™ = Uy x Uy X ... x U,, R= Ry X Ry X ... X R,, defined as
(1,22, -y Tn), (Y1,Y2,-,Yn)) € R (x5,y;) € Ry, foreach j =1,2,...,n.

Obviously, R is also an equivalence relation and A™ is an approximation space, called
the product of A4;. The equivalence classes of the relation R are called R-elementary rela-
tions in A™ and a finite union of R-elementary relations is called an R-definable relation
in A™.
Definition 2.1. [18] Let A™ = (U™, R) be a product of approximation spaces. For any

relation Q C U™, define two relations R(Q) and R(Q) called the lower and upper approx-
imations of ) in A", respectively, and defined as:

R(Q) ={(z1,22,....n) €U" : [(21,22,...,2,)|r € Q}, (2.1)

R(Q) = {(.Tl,ZL'Q, "'7x7l) eu™: [(ZEl,l‘g, ...,l'n)]R N Q ?é @}, (22)
where [(z1,%2,...,2,)|r denotes the equivalence class of the relation R containing
(z1,22, ..., Tp)-

Proposition 2.1. [15] Let Ay = (U1, R1) and Ay = (U, R2) be two approximation spaces. The
product of Ay by As is the approximation space denoted by A = (U, R), where U = Uy x Us.
Then

[(x’y)]R = [x]Rl X [y]Rz'

Example 2.1. Let A; = (U3, R1) and Ay = (Us, R2) be two approximation spaces, where
U1 = {1’1, 1'2,$3,.’,E4}, R1 =A U {(1‘1,562), (IQ,Il), (I3,$4), (I4,I3)}, UQ == {a, b, C}, R2 ==
AU{(a,b),(b,a)}, A= (U,R) = (Ui xUs, R), where U ={(z1,a), (x1,b), (z1,¢), (z2,a), (z2,b),
(x2,¢), (x3,0), (x3,b), (x3,¢), (x4, a), (x4,)), (z4,¢)} and R is defined by ((x,y),(z,t)) €
R < (z,z) € Ry and (y,t) € Ry. Hence,

[ :
[(xlvc)]R = {(xlvc)a ($27C)}>
[(CEg,C)]R = {(Ig,c), (134,6)},
[(z4,a)]r = {(23,a), (x3,)), (24, a), (x4, D) }.

Now, let X = {(x1,a),(x1,0)}, Y = {(x1,¢), (22, ¢), (x3,¢), (x4,¢)} and Z = {(z1, a),
(21,¢), (v3,a), (x3,¢), (24, )}, then

E(X):(Z) R(X):{(1‘1,@),($1,b),(1‘2,(1),(582,1))}
R(Y)=Y RY)=Y,
R(Z) = {(ws, ), (4, 0)} R(Z)=U.

3. GENERALIZED ROUGH RELATIONS VIA IDEALS

Definition 3.2. Let Uy, Us, ..., U, be anonempty sets and Zp C P(U; x Uy x ... x Uy,). Then
Ty is called an ideal on U™ if:

(1) A, Belp=AUBecly,

(2) Aelp, BC A= Beclx.

Example 3.2. Let Uy, Us,...,U, be a nonempty sets, (z1,z2,...,2,) € U and B C U™.
Then the following are ideals on U™:
1) Zp = P(Uy x Uy x ... x Uy),
(2) In = {0},
B) IR (z),29,.2n) = 1A S U™ i (21,72, ...,7,) € A} called principle ideal of (w1, z2, ..., 75),
(4) Zpp = {A C U™ : A C B} called principle ideal of B,
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(5) Iy ={ACU™: Ais finite} called ideal of a finite subsets of U",
(6) Zp. ={A CU"™: Ais countable} called ideal of a countable subsets of U".

Definition 3.3. Let A” = (U", R) be an approximation space and Zy be an ideal on U".
For @ C U™, a pair of lower and upper approximations, denoted by apr(Q)) and apr(Q),
are defined respectively as:

apr(Q) = {(x1,22,...,2,) € Q : [(x1, 22, ..., 25)|r N Q° € Ix}, (3.3)

apr(Q) = QU {(x1, 2, ...,xn) €U™: [(X1,22,...,2,) | N Q & In}. (3.4)

Example 3.3. Consider Example 2.1and let Q1= {(x1,a), (z1,b)}, Qo= {(z1, ¢){x2, ¢),(23, ¢),
(z4,¢)} and Q3 = {(z1,a), (x2,b)} are subsets of U; x Us and Iy = {0, {(z1,a)}, {(z2,b)},
{(x1,a),(x2,b)}}. Then

apr(Q1) =0 apr(Q1) = Q1 U {(v2,a), (v2,b)},
apr(Q2) = Q2 apr(Q2) = Q2,
apr(Qz) =0 apr(Qs) = Q3 U {(z1,b), (22,a)}.
Theorem 3.1. For any approximation space A = (U, R) the following assertions hold:
(1) IfIp = P(Uy x Uz X ... x Uy,), then apr(Q) = 0,

(2) If I = {0}, then apr(Q) = R(Q).

Proof. (1) LetZy = P(Uy xUa x...xUy,). It follows that apr(Q) = QU{(z1, 22, ..., ) €
U™ [(z1, 22,00y 2n)]g NQ & P(Uy x Uy X ... x Up)} = 0.

(2) Let Ig}i: {@}, then W(Q) = Q U {(l‘l,IEQ, ,ZEn) eU™: [(Ihl‘g, ...,117")]3 n Q 7é

0} = R(Q). .

It should be noted that Theorem 3.1 part (2) shows that the current definitions are more
general than Pawlak’s definitions [18].

Theorem 3.2. Let (U, R) be an approximation space and Q1, Q2 C Uy X Us. Then the lower and
upper approximations, defined in (3.3) and (3.4), satisfy the following assertions:

(L1): apr(Uy x Up) = Uy x Uy,

(L): apr(0) =0,

(L3): apr(Q1) € Q1,

(La): Q1 C Q2 = apr(Q1) C apr(Q2),
(L5): apr(Q1 N Q2) = apr(Q1) Napr(Q2),
(Le): apr(Q1) Uapr(Q2) C apr(Q1 U Q2),

(L7): apr(apr(Q)) = apr(Q),

(Uh): apr(Uy x Uz) = Uy x Uy,

(Uy): apr(0) =0,

U3): Q1 C apr(Qq),

Uy: Q1 € Q2 = apr(Q1) C apr(Q2),
(Us): apr(Q1 U Q2) = apr(Q1) Uapr(Q2),
(Us): apr(Q1 N Q2) C apr(Q1) Napr(Q2),
(Ur): apr(apr(Q)) = apr(Q),

(LU): apr(Q) = [apr(Q°)]“.

Proof. Straightforward. O
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4. PROPERTIES OF ROUGH RELATIONS

In this section, an approximation space A = (U, S) and B = (U?, R) as the approxima-
tion product space are considered, where S CU x U and R C (U x U )2.

Proposition 4.2. Let Q) be a reflexive relation on U. Then apr(Q) is a reflexive relation on U.
Proof. Since Q C apr(Q) and Q is reflexive on U, hence apr(Q) is reflexive on U. |
The following example shows that Proposition 4.2 is invalid for apr(Q), in general.

Example 4.4. Let (U, S) be an approximation space such that U = {a,b,c,d}, S = AU
{(a,b), (b,a), (b,d), (d,b), (a,d), (d, a)} and T = {0, {(a, )}, {(b: )}, {(a, b)}, {(a,b), (a, )},
{(a, ), (b,d)},{(b,d), (a,b)},{(a; ), (b,d), (a,b) }}. Hence
[(a,0)]r = {(a,a), (b,b), (d, d), (a,b), (b, a), (a, d), (d, a), (b, d), (d, )},
[(a,0)lr = {(a,¢), (b, ¢), (d, )},
[(¢,a)]r = {(c,a), (¢,0), (¢, d)},
[(¢,9)]r = {(c, 0)}-
Let Q@ = A be a reflexive relation on U. Then we get apr(Q) = {(c, ¢)}; that is, apr(Q) is
non-reflexive relation on U.
Remark 4.1. Let () be a symmetric relation on U. Then
(1) Ifapr(Q) # Q, then apr(Q) is not necessary to be symmetric,
(2) If apr(Q) # Q , then apr(Q) is not necessary to be symmetric.
The following example clarify Remark 4.1.

Example 4.5. Consider Example 4.4.

(1) Let Q@ = {(a,c), (c,a)}, then apr(Q) = Q U {(c,b), (¢,d)}, which is not symmetric
relation on U

(2) LetZg = {(Z)v {(a7 C)}’ {(dv C)}a {(a7 C)7 (da C)}’} and Q= {(C, b)’ (ba C)}’/ then @(Q) =

{(b, ¢)}, which is not symmetric relation on U.

Proposition 4.3. Let Q be an antisymmetric relation on U. Then apr(Q) is antisymmetric rela-
tionon U.

Proof. If apr(Q) # 0, then there exists (z,y) € apr(Q). Butif (z,y), (y,z) € apr(Q), since
apr(Q) € Q and @ is antisymmetric, we have z = y. O

The following example shows that Proposition 4.3 is incorrect for apr((Q), in general.
Example 4.6. Consider Example 4.4, let Q = {(a,d), (b,¢)} is an antisymmetric relation.
Then @p7(Q) = Q U {(a.a), (b,b), (d. d), (a.b), (b, a), (b,d). (d,b), (d. a). (d, c), (a.c)} which
is not antisymmetric relation on U.

Remark 4.2. Let () be a non-symmetric relation on U.
(1) If apr(Q) # Q, then apr(Q) is not necessary to be non-symmetric,
(2) Ifapr(Q) # Q, apr(Q) is not necessary to be non-symmetric.
the following example illustrates Remark 4.2.

Example 4.7. Consider Example 4.4 and the ideal Zy, = {0, {(d, ¢)},{(a, )}, {(c,d)},
{(c,a)},{(d; ¢), (a,c)},{(d; ¢), (c,d)},{(d, ¢), (c,a) },{(a, ¢), (¢, d) },{(a, ), (c,a)},
{(e.d). (e )}, {(a,0), (d, ), (e, )}, {(a, ), (ds ), (e @)} {(ds ), (e, ). (e, )},
{(a,¢), (c,d), (c,a)},{(a,c), (c,d), (c,a)},{(a,c)(d,c), (c,d), (c,a) }}.
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Let @ = {(b,¢),(c,b),(a,b)} be a non-symmetric relation, then apr(Q) = {(b,¢), (¢, b)}
which is symmetric relation on U. o

Let @ = {(a, a), (b,b), (a,b)} be a non-symmetric relation, then apr(Q) = Q U {(d, d),
(b,a), (a,d),(d,a), (b,d), (d,b)} which is symmetric relation on U.

Remark 4.3. Let () be a transitive relation on U.

(1) If apr(Q) # Q , then apr(Q) is not necessary to be transitive,
(2) Ifapr(Q) # Q , thenapr(Q) is not necessary to be transitive.

The following example explain Remark 4.3.

Example 4.8. Consider Example 4.4 and the ideal mentioned in Example 4.7.

(1) LetQ = {(b,a), (b,c), (c, a)} be a transitive relation on U, then apr(Q) = {(b, c), (¢,a)}
which is not transitive relation.

(2) Let @ = {(b,a),(b,c),(c,a),(c,c)} be a transitive relation on U, then apr(Q) =
(Uy x Ux)\{(¢,b), (c,d)} which is not transitive relation because (c,a), (a,d) €
apr(Q), but (¢, d) & apr(Q).

Proposition 4.4. Let Q) be a binary relation on U and Iy, be an ideal on U x U satisfies condition
Qelp = Q_l € Iyn. Then

1) apr(Q~") = (apr(Q))~",

(2) apr(Q~") = (@r(Q)) ™.
Proof.

(1) Let (z,y) € apr(Q™")

(2) Let (z,y) € apr(Q™")

O
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