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Abstract:

In this paper, we use the notion of upper set R(A) to define the local function and closure operator clj;(A) in an ideal approximation
space (X,R,.Z). This, ideal approximation space (X,R,.Z) based on an ideal .Z joined to the approximation space (X,R)
are introduces as well. The approximation axioms 7;, i = 0,1,2 are introduced in the approximation space and also in the
ideal approximation spaces. Examples are given to explain the definitions . Connectedness in approximation spaces and ideal
connectedness are introduced and the differences between them are explained.

keywords: Ideal approximation space; local function; separation axioms; connectedness.

2020 Math subject classification: 54C05, 54D05, 54A05, 54C10, 54D10.

The concept of rough sets was originated by Pawlak
in 1982 [1] based on there are some objects in a vague
area called the boundary region that can not be
determined by a set or its complement. Rough sets
depends on a relation R defined on the universal finite set
X, and the pair (X,R) is called an approximation space.
Firstly, rough sets was given by some equivalence
relation. Many authors studied rough sets based on more
generalized relations on X, for example see [2-5]. There
are lower set, upper set and consequently a boundary
region that became an essential role in artificial
intelligence, granular computing and decision analysis.
The generated topology T on an approximation space
(X,R) that represent the topological properties of rough
sets were studied by many authors (ex. [2, 6-10]). Many
kinds of generalizations of Pawlak’s rough set were
obtained by replacing the equivalence relation with an
arbitrary binary relation. On the other hand, many
researchers have studied the relationships between rough
sets and topological spaces and have used topological
structures like infra-topology and supra-topology to deal
with rough set notions and address some real-life
problems (ex. [8, 11-13]). It was proved that the lower
and upper approximation operators derived by a reflexive
and transitive relation were exactly the interior and
closure operators in a topology. Many research works
were introduced fore the ordinary case with rough sets
with some medical applications as in[14-16].
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Based on the paper in [17], if we combined the definitions
given in [18] and the definitions given in [4] that used an
ideal on X, then we get a more general form of roughness
and a better accuracy value of the rough set. Thus,
assigning an ideal in defining the lower and upper sets in
some approximation space is a generalization of
roughness.

In this paper, we introduce the interior and closure in
ideal approximation spaces, generating two ideal
approximation topological spaces based on minimal
neighborhoods. The local functions of some subset (A) of
a universe (X) with respect to a given ideal play a basic
role in defining the related interior and closure operators.
Separation axioms with respect to these ideal
approximation spaces are reformulated and compared
with examples to show their implications. We reformulate
and study connectedness in these ideal approximation
spaces and compare them with examples to show the
implications between them. Ideal approximation and
continuity are introduced. Moreover, we modified our
definitions to get similar types of ideal approximation
spaces but based on maximal neighborhoods. In addition,
we explained the relationship between some of the
topological properties of the two types with some
examples.

In the course of the paper, let X be a finite set of objects
as a universal set. A relation R from a universe X to a
universe X (a relation on X) is a subset of X x X. The
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formula (x,y) € R is abbreviated as xRy and means that x
is in relation R with y. Also, the right neighborhoods of
x € X is xR = {y : xRy} and the left neighborhoods of
x€XisRx={y:yRx}. Aset <x >R (resp. R < x >)is
the intersection of all right (resp. left) neighborhoods
containing x. Also, R<x>R=R <x>N<x>R. For
A C X, the lower (Lg(A)), the upper (Ugr(A)) and the
boundary region Bg(A) ate approximation sets defined as
follows (see [3, 19])

Lr(A)={x€A :<x>RCA},
Ur(A) =AU{xeX :<x>RNA#¢},
Bgr(A) = Ur(A) — Lg(A).

Lgr(A),Ugr(A) and Bg(A) are the called lower, upper and
boundary region approximation sets associated with the set
A C X and based on < x > R in an approximation space
(X,R).

Lemma 01/20] The upper approximation Ug(A) has the
following properties:

(1Ur(¢) = ¢,

(2)Lg(A) CA CUg(A), forACX,

(3)Ur(AUB) = Ur(A) UUR(B), VA,B C X,

(4)Ur(Ug(A)) = Ug(A), VAC X,

(5)Ur(A) = (Lg(A°))¢, VA C X, where A denotes the
complement of A.

Also, the operator Ug(A) on P(X) induced a topology on
X denoted by 7™ and defined by 7~ = {A C X : Ur(A°) =
A}

Definition 01/21] Let X be a non-empty set. Then £ C
P(X) is called an ideal on X if it satisfies the following
conditions:

()¢ € 2,
(2)IfA€ L and BC A, then Be L,
(3)IfA,Be€ £, then AUB € Z.

Definition 02/4] Let R be a binary relation on X and £
be an ideal defined on X and A C X. Then, the lower and
upper approximations, R(A) and R(A) of A are defined by:

R(A)={x€A :<x>RNA‘ €.},
R(A)=AU{xeX :<x>RNA¢ ZL}.

Lemma 02/4] The upper approximation R(A) has the
following properties:

(1)R(A) = (R(A°))¢,

(2)R(9) =9,

(3)R( )CACR( )
(4)IfA C B, then R(A) C R(B),
(5)R(ANB) CR (B )
(6)R(AUB) = (B
(7IR(R(A)) = R(A).

R(A)NR
R(A)UR

\_/

©2023 Sohag University sjsci.journals.ekb.eg

SOHAG JOURNAL OF SCIENCES

Definition 03/17] Let R be a binary relation on X and £
be an ideal on X and A C X. Then, the lower and upper

approximations, R(A) and ﬁ(A) of A are defined by:

(A)={x€A:R<x>RNA‘ e L},
(A)=AU{x€X:R<x>RNA¢ ZL}.

=l 1=

Theorem 01/17] The upper approximation ﬁ(A) has the
following properties: for A,B C X,
(1)R(A) = (R(A°))",
(2)R(9) = ¢7 3
(3)Lr(A) CR(A) CR(A) CA CR(A) CR(A) C Ur(A),
(4)If A C B, then R(A) C R(B),
(S)R(ANB) CR(A)N
(6)R(AUB) =R(A)U
(7)R(R(A)) =R(A).

= E e

R(B
(B),
(B),

1 Ideal approximation spaces

Definition 11Let (X,R,.ZL) be any ideal approximation
space and A C X. Then,

(1)The x—local closed set A* of A is defined by:
A"=({GCX:A-Ge 2 R(G)=G}.

(2)The * x —local closed set A** of A is defined by:
A" =({GCX:A-Ge Z.R(G)=G}.

Corollary 11Let (X,R,. %) be any ideal approximation
space, where £y is the trivial ideal on X. Then, for each

A C X we have A* = R(A) and A** = ﬁ(A)

Pr()of. Since % = {(])} we get that
=G C X : G—¢R( ) = G}, that is,
A*_ﬂ{GCX:A R(G) = G}. Since
A CR(A) R(R(A)) =R(A), then A* R(A). Suppose that
A) ¢ A*, then there exists G C X,A C G,R(G) = G so
that R(A) ¢ G = A*. But A C G implies that
R(A) C R(G) = G. Contradiction, and then, A* = R(A).
Similarly, A** = R(A).

Proposition 11Let (X,R,.L) be any ideal approximation
space,.L) and 25 be two ideals on X, and let A and B be
subsets of X. Then the following properties hold:

(1)A C B implies A* C B* and A** C B™*,

2)If L4 C %, then A*(L) 2 A* (L) and A™*(LA) 2
A (L), B

(3)A* = R(A*) C R(A) and A** = R(A**) C R(A),

(5)R(A) C ((A)*)¢ and R(A) € (((A)°)™)",

(6)(ANB)* CA*NB* and (ANB)** CA™NB*,
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(7)(AUB)* = A* UB* and (AUB)** = A** UB"",

(8)A € L, ifand only if A~ = @, and A € £, if and only
A" =9,

(9)A** C A*.

Proof-We proof for A*, and A** is by the same way.

(1)Suppose that A* ¢ B*, then there exists G C X with
B—Ge .2 andR(G) =G suchthatA* ¢ G = B*. Since
ACB,thenA-GCB—GandA—-Ge .Z,R(G)=0G.
Thus, A* C G, which is a contradiction. Hence, A* C
B*.

(2)Suppose that A*(Z)) 2 A*(%), then there exists
G C X with A—G € & and R(G) = G such that
A" (L) € G = A (L), Since L C %, then
A—Ge€ %, R(G) =G, and then A*(%) C G, which
is a contradiction. Thus, A* (%)) 2 A*(%).

(It is obvious that, R(A*) = A* direct. Since
A C R(A),R(R(A)) = R(A), then A* C R(A). Since
A* CR(A), then R(A*) CR(R(A)) = R(A).

(4)From (3), we have (A*)* = R((A*)*) C R(A*) = A*.

Hence, (A*)* C A*.
Conversely, suppose that A* = K ¢ (A*)* = G. Then,
A*—Ge 4, R(G)=G.and, A—K € Z,R(K) =K.
ThusK—Ge€ ¥, andA—Ke ¥, thenA—GC (K—
G)U(A—K) € Z,R(G) = G, and therefore A* = K C
G, which is a contradiction. Hence A* = (A*)*.

(5)From (3), we have (A°)* C R(A°), then
R(A) = (R(A))° C ((A%)")".

(6)From (1), we have (ANB)* C A* and (ANB)* C B,
then (ANB)* CA*NB*.

(HA* U B* C (A U B)* direct. Suppose that
(AUB)* ¢ A* UB*, then there exists G1,G, C X with
A— G EZ,B—GQ E.iﬂ, E(Gl) =Gy, E(Gz) =Gy
such that (A U B)* ¢ G; U G,. Therefore
(AUB) — (G1 UGz) €, E(Gl UGQ) = G1 U G.
Thus, (AUB)* C G; UG,, which is a contradiction.
Hence, (AUB)* C A*UB*.

®IfAc L thenA—¢9 =A €. and R(¢) = ¢. Hence
A* = ¢. Conversely, if A* =@, thenA—9p =A € .Z.

(9)Suppose that A** ¢ A*, then there exists G C X with
A—G € % and R(G) = G such that A** ¢ G = A*.
Since R(G) C R(G) = G, then A* C G, which is a
contradiction. Hence, A** C A*.

Remark 11Let (X,R,X) be an ideal approximation
space and A,B C X. The following examples show that in
general:

(1)A* CB* = A CB.

(2)A* (L) DA (L) # 4 C 2.
(3)A* # R(A) and R(A) # ((A€))“.
(4)(ANB)* #A* NB".

Example 11

(])LelX = {x,y,zLR: {(x,x),(x,y),(x,z%(y,y),(y,z),(z,z)},
and L = {¢,{y}}. Then,
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<x>R={xyz},<y>R={yz},<z>R={z}. If
A ={y},B={x}, then A* = §. Also, {x} is the smallest set
with {x} — {x} = ¢ € Z,R({x}) = {x}, then B* = {x}.
Thus, A* C B*, but A ¢ B.

(2)In (1), if A = {'x} and £ = {¢7{y}}7$2 = {¢7{x}}7 then
A L) ={x} 24~ (L), f¢!, but 4 ¢_ 2. B

(3)In(1),A={y},A* = ¢, but R(A) = {y}. So, A* £R(A). Also,
if A= {x,z}, then (A°)* = ({y})* = ¢. But, R(A) = {x,z}.
Thus, R(A) = {x,2} # (%)) = X.

(4)In (1), if £ ={0,{z}},A = {x} and B = {y}, then, A* =
{x} and {x,y} is the smallest set with {y} —{x,y} = ¢ €
Z,R({x,y}) = {x,y}, then B* = {x,y} but (ANB)* = ¢* =
¢. Thus, (ANB)* #A*NB*.

(5)Let
X = {x,y,2} = {(x,%), (%), (x,2), %), 3¥), (z,¥); (2:2) },
L = {¢,{x}} Then,
<x>R={xyh<y>R={y},<z>R={yz} Also,
R <x>={x},R<y>={x,y},R <z>={x,z}. Therefore,
R<x>R={},R<y>R={y},R<z>R={z}. If
A = {x,y}, then X is the smallest set with
{x,y} - X=¢ € Z,R(X) =R(X) =X, then A* = X. Also,
{y} is the smallest set with {x,y} — {y} = {x} €

Z.R({y}) ={ufxeX :R<x>RN{y} ¢ 7} ={v},
then A** = {y}. So, A** # A*.

Definition 12Let (X,R,.L) be an ideal approximation
space. Then, for any A C X, define the operators
inth(A),clp(A),inty*(A),cli*(A) @ P(X) — P(X) as

Sfollows:
clg(A) =AUA" and intg(A) =AN((A°)")° VACX
(1.1)
clgf(A) =AUA™ and intg"(A) =AN((A°)™)° VACX.
(1.2)

Now, if ¥ = {¢}, then from Corollary 11 ,
clj(A) = E(A) = A*, inth(A) = R(A) = ((A9)*)°. and
clg"(A) = R(A) =A™, intg" (A) = R(A) = ((A°)™)".

Proposition 12Let (X,R,.¥) be an ideal approximation
space. Then, for any A,B C X, we have:

(I)Lr(A) C int(A) C inti(A) C A C el (A) C cli(A) C
Ur(A
(2)cli(AC) = (inth(A))C, inth(A°) = (clx(A))¢ and
CIE (4) = (inti (A))°, inty (A°) = (el (A) .
(3)If A C B, then cli(A) C clj(B), inth(A) C inti(B) and
cliF(A) C cly*(B), inty* (A) Cintj*(B).
(4)int(ANB) = inth(A) Ninty(A) and
ity (AN B) = intf* (A) Nint* (A).
(5)inti(AUB) D intj(A) Uinti(A) and
inty*(AUB) D intf* (A) Uint*(A).
(6)cli(ANB) C clx(A) Ncly(B) and
cliF(ANB) Cclf(A) N el (B).
(7)cli(AUB) = clj(A) Ucli(B) and
cly (AUB) = cly*(A) Ucly*(B).
(8)cl}(cli(A)) = cl}(A) and int}(inth(A)) = intj(A).
(el (el (A)) = clx* (A) and
intf* (intg* (A)) = intj* (A).
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Proof. (1)Direct from Proposition 11 (3),(5),(9).
2

[intp(A)]° = [AN((A°)7)]

— (ALUA(,)*

= clz(A°).
By the same way, we can prove that
intg(A°) = (clz(A))°.

(3)From Proposition 11 (1), we get A C B, implies that
cli(A) = AUA* C BUB* = clj(B). Second part is
similar.

(4)By (2), we have
intg(ANB) = [clf(ANB)‘]°

= [clx(A°UB)|¢

= [clr(A%) Uclg(B)|

= [elr(A%)]* N [clg (B

= intp(A)Nintx(A).
Second part is similar.
(5)Similar to (4).

(6)From Proposition 11 (6), we get c/x(ANB) = (ANB)U
(ANB)* C(ANB)U(A*NB*) C (AUA*)N(BUB*) =
clp(A)Neli(B).

(7)Similar to (6) by using Proposition 11 (7).
(8)From Proposition 11 (4), we get

clp(clz(A)) = clzx][AUA™]
= clz(A)Uclz(A")
= clz(A).

Second part is similar.
(9)Similar to (8).

Corollary 12Let (X,R,.Z) be an ideal approximation
space. Then, the operator cly(A) on P(X) defined in
Equation 1.1, induces a topology on X denoted by t* and
defined by v = {A C X : cl}(A°) = A°}. Also, the
operator cly*(A) on P(X) defined in Equation 1.2,
induces a topology on X denoted by ©** and defined by
™ = {A C X : clf*(A°) = A°}. It is clear that
T~ Ct* C T

2 Lower separation axioms in ideal
approximation spaces

Definition 21

(1)An ideal approximation space (X,R,.Z) is Ty (resp.
T5*) space iff Vx # y € X there exists A C X such that
x €inti(A), (resp.x €inty*(A)) suchthaty ¢ A ory €
intj(A) (resp. y € intj*(A)) such that x ¢ A.

(2)An ideal approximation space (X,R,.Z) is T} (resp.
1) space iff Vx #y € X there exists A,B C X such
that x € intj(A),y € inth(B) (resp. x € inty*(A),y €
inty*(B)) such that x ¢ B and y ¢ A.
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(3)An ideal approximation space (X,R,.Z) is T, (resp.
T;*) space iff Vx #y € X there exists A,B C X such
that x € inty(A),y € inth(B) (resp. x € intj*(A),y €
inty*(B)) such that ANB = ¢.

Remark 21 (1)From Lg(A) Cintj(A) C inty*(A) we have
the following implication.

lHye—— T N T,

| ﬂ u

T; I >

| Jl Jl

.
T, T —> T,;"

Figure 1: Implication

(2)Consider an ideal approximation space (X,R,.£) and
Z = {¢}. Then, the ideal separation axioms T; are
identical to the separation axioms T;, i =0, 1,2.

Example 21

(I)Let X = {a,b,c},R = {(a,a),(a,b),(b,b),(c,c)}.
Then,
<a>R={a,b},<b>R={b},<c>R={c}. So,
for a # b,b # c there exists {b} so rthat
b € Lr({b}) = {b} and a,c ¢ {b}. For a # c there
exists {c} so that ¢ € Lg({c}) = {c} and a ¢ {c}.
Hence, X is Ty-space but not Ty —space since we can
not find a set A C X such that a € Lg(A) and not
containing b.

(2 (1)if £ = {0, {a}, {c}.{a.c}}, then fora# b,b+c
there exists A = {b} so that ({b})* = ({a,c})" = ¢.
Then, inth(A) =AN((A)* ) ={b}nNX ={b}andb e
{b} but a,c ¢ {b}. For a # c there exists A = {c} 50
that (AC)* = ({a,b})* = {a,b}. Then, int}(A) =
(A7) ={c}n{c} = {c} and c € {c} but a ¢ {C}
Hence, X is Ty -space. But X is not T —space since we
can not find a set A C X such that a € int}(A) and not
containing b.

(3)Let
X ={a,b,c},R={(a,a),(a,b),(b,a),(b,b),(c,c)}
and L = {¢9,{a},{b},{a,b}}, Then,
<a>R={ab},<b>R={ab},<c>R=/{c}
Then, there exist A = {a},B = {b},C = {c} so that
({a})" = ({b,c})" = {c}. Then,
inty(A) = AN ((A9)*)° = {a} N {a,b} = {a}. Also,

({p})" = ({a,c})” = {c}. Then,

inty(B) = BN ((B)*)¢ = {b} N{a,b} = {b}, and
(e} = {ab)) = 9,

inty(C) = CN((C)*) = {c}NX = {c}, which means
for a # b, there exist AJB C X such that
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acinth(A)={a},b¢ A
and b € inty(B) = {b},a ¢ {b}. Similarly for a # ¢
and b # c.Hence, X is T} -space. It is also Ty -space.
But X is neither Ty—space nor Ty —space since we can
not find a set A C X such that a € Lg(A),b ¢ A or
beLg(A),a¢A.

(4)In (1) if Z ={¢,{a},{b},{a,b}}, then int;({a}) =
{a},int({b}) = {b} and int};({c}) = {c}. Hence, X
is Ty —space. But, X is not To—space since it is not Ti.

Example 22

(I)Let

X = {a,b,c},R = {(a,a),(a,b),(b,a),(b,b),(c,c)}
and Z = {9,{b}}. Then,
<a>R={ab},<b>R={a,b},<c>R={c}
Also,
R <a>={a,b},R < b >= {a,b},R < ¢ >= {c}.
Therefore, R < a > R = {a,b},R < b > R =
{a,b},R < ¢ > R = {c}. Then for a # b,a # c there
exists A = {a} so that ({a})** = ({b,c})** ={c}.
Then, intp*(A) = AN ((A°)*) = {a} N {a,b} = {a}
and a € {a} but b,c ¢ {a}. For a # c there exists
A = {c} so that (A°)** = ({a,b})** = {a,b}. Then,
intg"(A) = AN ((A)™) = {c} N {c} = {c} and
c € {c} but a ¢ {c}. Hence, X is T;/*-space but not
T —space since we can not find a set A C X such
that b € int}*(A) and not containing a.

(2)Let X = {a,b,c},R = {(a,a),(a,b),(b,c),(c,c)} and
<z = {9,{c}}. Then,
<a>R={a,b},<b>R={ab},<c>R=/{c}
Also,

R <a>={a},R < b>= {b,c},R < c>= {b,c}.
Therefore, R < a >R ={a},R<b>R={b},R<

¢c > R = {c}.Then, there exist
A = {a},B = {b},C = {c} so that
({a})™ = ({beh)™ = {b} Then,
intl’g*(A) =AN((A9)*)° = {a} N{a,c} = {a}. Also,
{3y = ({ach)™ = {a} Then,

inty*(B) = BN ((B)*™)¢ = {b} N {b,c} = {b}, and
({c}) = a,b})™ = {a,b},
inty* (C) = CN((C)*)¢ = {c} n{c} = {c}, which
means for a # b, there exist A,B C X such that
a € imyFA) = {a},b ¢ A and
b € int}y*(B) = {b},a ¢ {b}. Similarly for a # ¢ and
b # c. Hence, X is T{"*-space. It is also T;*-space. But
X is neither Ty —space nor T{'—space since we can
not find a set A C X such that a € int}(A),b ¢ A or
b€ inti(A),a ¢ A.

(3)In (2) we have, inty*({a}) = {a},inty* ({b}) = {b} and
inty* ({c}) ={c}. Hence, X is T, —space. But, X is not
Ty —space since it is not Ty".

Example 23Let X be an infinite set and R =X x X. If £
is an ideal of finite subsets of X, then

Ry =R = {37007
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Thus,
C\* C\** if A€ € <
ey =y ={ N
and so,
AC
inth(A) = inty* (A) = {2 if 2‘ WE 2y
So, Vx # y € X have:

, we
(v € iny({0)) = i (1) = 1y & 1) (v €
inth({x}9) = intf* ({x}°) = {x}%,x ¢ {x}°). Hence, X is
T, T *-space. But X is neither T, nor T,™. space, since if
x € inth(A),y € intgR(B) and AN B = ¢, then
inth(A) NintyR(B) = ¢ and intiR(A) C (intiR(B))¢
which is impossible because intyR(A) is infinite and
(intyR(B))¢ is finite.

Proposition 21For an ideal approximation
(X,R,.#), the following are equivalent:

(1)X is Ty —space.
(2)eli(1x}) # cli(Iy}) for eachxy € X.

Proof.

()= (2): For each x #y € X, by (1) there exists A C
X such that x € int}(A) = AN ((A°)*)¢,y ¢ A. Then,
x € ((A°)*)¢,y € A°. Thus, {y} — (A°)* CA°— (A9)* ¢
L, (A)* = R((A9)*). So,({y})* C (A°)*. Hence, x ¢
{yyU({y})* = clz({y}). Therefore,

clp({x}) # clr({y})-

(2)= (1): Foreachx £y € X, by (2),
x ¢ clp({y}) = Uy} ory ¢ clg({x}) = {x}U
({x})*. Thus, (x € (X —{y}))")%y ¢ X —{y}) or
(v € (X ={x}))")x ¢ X —{x}), then (x € intp(X —
{1,y & X —{y})or (y € intg(X —{y}),x ¢ X —{x}),

Hence (Y,R,.Z) is T —space.

space

Corollary 21For an ideal approximation space (X,R,.Z),
the following are equivalent:

(1)X is Ty* —space.
(2)cliy (1)) # clif ({y}) for eachx £y € X.

Proposition 22For an ideal approximation
(X,R,Z), the following are equivalent:

(1)X is T{*—space.
(2)cli({x}) = {x} foreachxeX.
(3){x* C{x} foreachxeX.

Proof.

(1)=(2): Suppose that (X,R,.Z) is T;" —space and x € X
is an arbitrary point, then for y € X — {x},x # y and
JA C X such that y € intj(A),x ¢ A. Thus,

y € ((A)*)¢,x € A°. Thus, {x} — (A°)* CA°— (A9)* €
2.(A%) = R((4)"). So.({x})* C (4°)". Hence, y ¢
{x}U({x})* = cl;({x}) for any arbitrary pointy € X —

{x}. Hence,
cla({}) = {x}.

space
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(2)= (3): For each x € X, by (2), clj({x}) = {x},{x} —
{x} € Z. Thus, ({x})* C {x}.

3= (1): For eah x # y € X. By (3
()" S{x} ({91 € {}. Then
clp({x}) = {x},clzg({y}) = {y}, and
int(13)°) = (¥}, intz({y}) = {y}°. Then,
(v ([} ¢ D)) and
(v € intg({x}9),x ¢ {x}).ie., X is T}*—space.

Corollary 22For an ideal approximation space (X,R,.Z),
the following are equivalent:

(1)X is T —space.
(2)cly* ({x}) ={x} foreachVxeX.
(3){x})*™ C{x} foreachxecX.

Theorem 21For an ideal approximation space (X,R,.Z),
the following are equivalent:

(1)X is T, —space.
(2)3A CX :x e inti(A),y € (cl(A))¢ forallx#ye€X.

Proof.

()= (2): If X is T, —space, then Vx # y € X there exists
x € inti(A),y € inti(B) and ANB = ¢. So, int}(B) C
int}(A°) = (clx(A))°. Hence, x € int}(A),y € intj(B) C
(clr(A)).

2= (1): Let x # y € X. Then from(2)
x € intp(A),y € (clp(A)¢ and  clearly
intg(cly(A))C = (clp(A)) and AN (clj(A))¢ = ¢.
Hence X is T, —space.

Corollary 23For an ideal approximation space (X,R,.Z),
the following are equivalent:

(1)X is T,”* —space.
(2)FACX :x€inty*(A),y € (cl*(A))° forallx#yeX.

Definition 22

(1)An ideal approximation space (X,R,.Z) is Ry—space
iff cle{x}) = clx({y}) or clp({x}) Nclr({y}) = ¢
Vx#yeX.

(2)An ideal approximation space (X,R, L) is R*—space
iff clg({x}) = clg"({y}) or clg"({x}) Nelg" ({y}) = ¢
Vx#yeX.

Proposition 23For an ideal approximation
(X,R,.Z), the following are equivalent:

(1)X is Ry—space.
(2)Ifx € cly({y}) theny € cly({x}) forallx+#yecX.

Proof.

(I)= (2): Let x and y be two distinct points in (X,R,.Z)
and cl({x}) = cly({}) or cli({}) Ncli({y}) = 9. In the
former case we have y € cl;({x}) and x € c/}3({y}). In the
latter case we get {x} Nclz({y}) = ¢ and {y} Nclz({x}) =
¢ which mean that x ¢ c/;({y}) and y ¢ c/3({x})). Hence,
x ¢ cli({y}) and y & clz({x}). So, if x € clj({y}) then
¥ € cli({x).

space
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@)= (1): If x € clj({y}) then y € clj({x}) holds, then
either

(x € clp({y}) and y € clr({x}))

(x ¢ clr({y}) and y ¢ clg({x}))

are holds. In the former case we have for x # y € X, then

clr({x}) = clr({y})- 2.1
In the latter case we get for x # y € X, then
clr({x})Nelg({y}) = ¢. 2.2)

From (2.1) and (2.2) the proof is complete.

Corollary 24For an ideal approximation space (X,R,.Z),
the following are equivalent:

(1)X is Ry*—space.
(2)If x € cly* ({y}) theny € cly*({x}) forallx#y€eX.

Corollary 25For an ideal approximation space (X,R,.Z),
the following are holds,

()T =Ry +T5-
()T =Ry + Ty
from Definition 21,

Proof.Immediately  derived

Proposition 23.

Remark 22We introduce the following examples to show
that R < Ty, R < R§", and Ry < Ty .

Example 24

(I)In Example 21 (2) X is Ty-space. But we have
{a}* = ¢,{b}" ={a,b}. Then,
cg({a}) = {a} U ({a})" = {a},cr({b}) =
{b}U({b})* = {a,b}. This means that, a € clz({b})
but b ¢ cly({a}). Therefore, X is not R;—space.
(2)Let
X = {a7bﬂc}’R = {(a7a)7(a7b)7(b7a)7(b7b)7(c’c)}
and 7 = {9,{c}}. Then,
<a>R={ab},<b>R={ab},<c>R=/{c}.
Then, cli({a}) = clz({b}) = {a,b} and
cli({c}) = {c}. Therefore,
(i) Fora#b, a€ clzg({b}) and b € clz({a}).

(ii) Forb+#c, b ¢ clz({c}) and ¢ ¢ clx({b}).

(iii) Fora#c, a ¢ cly({c}) and ¢ ¢ cl({a}).
Hence, X is Rj-space. But X is not Ty -space since we
can not find a set A C X such that a € int}(A) and not
containing b or b € int};(A) and not containing a.

(3)In Example 22 (1) X is T;*-space. But we have {a}** =
{a,b},{b}** = ¢. Then, cly*({a}) ={a} U ({a})"™ =
{a,b},clz*({b}) = {b} U ({b})** = {b}. This means
that, b € cli* ({a}) but a ¢ clf*({b}). Therefore, X is

not Ri*—space.
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(4)In Example 22 (1) if & ={¢,{c}}. Then, cl}*({a}) =
cliy ({b}) ={a,b} and clj* ({c}) = {c}. Therefore,
(i) Fora#b, accly ({b}) and b € clz*({a}).
(ii) Forb+#c, b ¢ cly'({c}) and c ¢ clg" ({b}).
(iii) Fora#c, a ¢ clg' ({c}) and c ¢ clg* ({a}).
Hence, X is Ry*-space. But X is not T;™-space since
a # b € X cannot be separated.
(5)In Example 22 (2) if & = {¢,{c}}. Then, cl};({a}) =
cli({b}) = {a,b} and clj({c}) = {c}. Therefore,
(i) Fora#b, a€ clzg({b}) and b € clz({a}).
(ii) Forb+#c, b ¢ clz({c}) and ¢ ¢ clz({b}).
(iii) Fora#c, a & cly({c}) and c ¢ cl({a}).
Hence, X is Ry-space. But,

cliy ({a}) = {a},cly* ({b}) = {a,b}. Then,
a € clg({b}),b & clf*({a}). Therefore, X is not Rj*-
space.

(6)Let X = {a,b,c},
R = {(a,a), (a,h), (a,c), (b,b), (b,e), (c;¢)}, and
& ={¢,{a},{c},{a,c}}. Then,
<a>R={a,b,c},<b>R={b,c},<c>R={c}.
Also,
R <a>={a},R<b>={a,b},R<c>={a,b,c}.
Therefore, R < a >R ={a},R<b>R={b},R<
¢>R={c}.Then,
i ({a}) = {abcly (18)) = {bh el (feh) = {e}.
Hence, X is R*-space. But,
cli({a}) = {a),cla({B}) = {a,b}. Then,
a € cly({b}),b ¢ clj({a}). This means that, X is not
R§-space.

Definition 23

(I)Let (X,R)) and (Y,Ry) are approximation spaces.
Then, a function f: (X,R)) — SY,RZ) is said to be
continuous if Lg,(f~'(V)) 2 f~1(Lg,(V)) for all
Vv € Y It is equivalent to
Ug, (f~1(V)) C f 1 (Ug,(V)) forallVeY.

(2)Let & be an ideal on X. Then, a function
f:(X,R,.Y) — (Y,Ry) is said to be x—continuous
(resp. * * —contmuous)
if int, (f71(V)) 2 (LR, (V)

(resp. intg; (f~ v )) “NLg, (V) ) forallVEY. Itis
equivalent  to clR ( ")) € Y UR,(V) (resp.
clg; (f 1 (V) €~ (Ury (V) forall V €Y.

Remark 23From Theorem 01 (3) we have the following
diagram:

Continuous = * — CONtiNUOUS = * * —CONtiNUous.

Next examples show that the Implication in the diagram is
not reversible.

Example 25 Let X = {a,b,c},
Ri = {(a,a),(a,b), (a;¢), (b,b), (b,c)},Y = {1,2,3} and
Ry = {(1,1),(1,2),2,1),(2,2),(3.3)}. Then, < a >
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Ry = {a,b,c},< b >R, = {b,c},< ¢ >Ry = {b,c}.
Also, Ry < a >={a},R; < b>={a,b},R| <c>=¢.
Therefore,
R <a>R;
and,
<1>Ry={1,2},<2>Ry={1,2},<3 >Ry ={3}.
Also,

Ry < 1>={1,2},R; <2>={1,2},R; <3 >= {3}.

={a},Ri<b>R; ={b},Ri<c>R; =9¢.

Therefore, Ry < 1 > Ry = {1 2Ry <2 > Ry =

{1,2},Ry <3 >Ry ={3}. Let f : (X, Rl, Z) — (Y,Ry)

where f(a) = f(b) =1, f(c) = Th

(1)Consider ¥ = {¢,{b}, {c} {b,c}}.  Then,
int, (f7'({1})) = {a,b} 2 f(Ls ({1}) = ¢
inte (f7'({2})) = ¢ 2 f_ (Lr,({2})) = ¢,
it (f7'({3}) = {c} 2 f~ (LRI({3})) = {c},
intiélgf '({1,2})) = {a,b} 2 f'(Lr,({1,2})) =
a,b},
imf]' (F'{1,31) = X 2 f (L&, ({1,3})) = {c},
int (f~'({2.3})) = {c} 2 /' (Lr, ({2,3})) = {c}.

So, X is x—continuous. But X is not continuous since

Ly, (f7'({3})) ¢?£f (Lg, ({3})) = {c}.
(2)C0nsider {9, {a}}. Then,
intgy (f~ ({1})) {ab} 2 f HLe,({1}) = o,
intr (F71({2) = ¢ 2 f'Lx({2}) = 9,
intg; (f~'({3}) = {c} 2 f~ (LR1({3})) = {c},
l{%.% '({1,2)) = {ab} 2 f(Lr({1.2}) =
a,b
intg{(f‘l({lﬁ})) =X 2 f'(Lx ({1,3}) = {c},
intg: (f71({2,3})) = {c} 2 /' (Lx, ({2,3})) = {c}.
S'o, X is x x —continuous. But X is not x—continuous
intgt (F1({1,2)) = ¢ 2 f 1 (Le, ({1,2})) = {a,b}.

Theorem 22Let f : (X,R;) — (Y,Rz) be an injective
continuous function. Then, (X,Ri,Z) is T —space if
(Y,Ry) is T;— space, i =0, 1,2.

Proof:-We proof for i = 2. Since x # y in X implies that
f(x) # f(y) in ¥, and from Y is To— space, then there
exist V,W C Y with f(x) € Lg,(V), f(y) € Lg,(W) and
VAW = ¢, that is x € 1 (Lg,(V)), y € £~ (Lg,(W))
and f~1(V)Nf~1(W) = ¢. Since f is continuous, then
x € Lg,(f7Y(V)), y € Lg(f"'(W)), and then
x € intg (f~1(V)),y € intz (f~'(W)). That is, there
exists A = fN(V),B = f'(W) in X with
x € intR*(A),y € inty (B) and ANB = ¢. Hence,
(X,R1,.2) is T,f —space. For i = 0, 1, are similar.

Corollary 26Let [ : (X,R1) — (Y,R2) be an injective
continuous function. Then, (X,Ry,.Z) is T;*—space if
(Y,Ry) is T,— space, i =0,1,2.
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3 Connectedness in ideal approximation
spaces

Definition 31Lez (X,R) be an approximation space. Then,

(1)A,B C X are called separated sets if Up(A)NB=AN
Ur(B) = ¢.

(2)Y C X is called disconnected set if there exists
separated sets A,B C X, such that Y CAUB. and, Y
is called connected if it is not disconnected.

(3)(X,R) is called disconnected space if there exists
separated sets A,B C X, such that AUB = X. An
approximation space (X,R) is called connected space
if it is not disconnected space.

Definition 32Let (X,R,.X) be an ideal approximation
space. Then,

(J)A,B C X are called x—separated (resp.
% —separated) sets if cly(A)NB=ANcli(B) = ¢
(resp. clg*(A)NB=ANcly(B) = 9).

(2)Yy € X is called +*—disconnected (resp.
* % —disconnected) set if there exists x—separated
(resp. * * —separated) sets A,B C X, such that
Y CAUB. and, Y is called x—connected (resp.
* x —connected) if it is not x—disconnected (resp.
* % —disconnected).

(3)(X,R, L) is called x—disconnected (resp.
* x —disconnected) space if there exists x—separated
(resp. * x —separated) sets A,B C X, such that
AUB = X. An ideal approximation space (X ,R,.L) is
called x—connected (resp. x x —connected) space if it
is not x—disconnected (resp. * x —disconnected)
space.

Remark 31 (1)We have the following diagrams:
separated —> x — separated —> x x —separated.
and hence,
* x —connected =—> * — connected =—> connected.

Next examples show that the Implication in the
diagrams is not reversible.

(2)For ¥ = {¢}, observe that x—connected and
connected are identical.

Example 31Let X {a,b,c,d},R =
{(a,a),(a,b),(b,D),(b,c),(c,c),(d,d),(d,b)} Then,
<a>R={a,b},<b>R={b},<c>R={c},<d>
R = {b,d}. Also, R < a >= {a},R < b >= {b},R <
¢c >= {byc},R < d >= {d}. Therefore,
R<a>R={a},R<b>R={b},R<c>R={c},R<
d >R ={d}. Then,

(1)Consider £ = {¢,{b}} and A = {a,c},B = {b,d}.
Then Ur(A) =AU{x€X :<x>RNA# ¢} ={a,c},
and Ug(B) ={a,b,d}. Also, A* ={a,c},B* ={d}. So,
clj(A) =AUA* ={a,c} and cl{(B) =BUB* = {b,d}.
Thus, cli(A)NB=ANcl}(B) = ¢, but, ANUR(B) =
{a} # ¢. Hence, A,B are x—separated sets but are not
separated sets.
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(2)Consider & = {¢,{d}} and A = {b},B = {a,d}. Then
A* ={a,b,d},B* = {a}. So, clz(A) = AUA* = {a,b,d}
and cly(B) = BUB* = {a,d}. Also, A** = {b},B** = {a}.
So, clg*(A) =AUA* = {b} and
cly*(B) = BUB™ = {a,d}.Thus,
clg"(A)NB =ANclg*(B) = ¢, but clz(A)NB = {a} # ¢,
Hence, A, B are x x —separated sets but are not x—separated
sets.

Example 32Let

X = {ab,c},R = {(a,a),(a,b),(a,c),(b,b),(b,c)}.
Then,
<a>R={ab,c},<b>R={b,c},<c>R={b,c}.
Also, R < a >= {a},R < b >= {a,b},R < ¢ >= ¢.
Therefore,
R<a>R={a},R<b>R={b},R<c>R=¢. Then,

(1)Consider £ = {¢,{b},{c},{b,c}}. Here the space X
is connected space because, Ugr({b}) = Ur({c}) =
Ur({b,ch) = Ur({a.b}) = Upl{ac}) = X and
Ur({a}) = {a}. But is not x—connected space, since
X ={a}U{b,c},
cli({a})n{b,c} = {a} Ncli({b,c}) = ¢.

(2)Consider £ = {¢,{a}}. Here the space X is
«—connected space because, cly({b}) = cly({c}) =
Ai({b,c}) = cli({ab}) = cls(fach) = X and
cli({a}) = {a}. But is not * x —connected space,
since X ={a}U{b,c},
el ({a}) N {b,c} = {a} el ({bye}) = 9.

Proposition 31Let (X,R,.¥) be an ideal approximation
space. Then, the following are equivalent.

(1)X is x—connected,

(2)For each A,B C X with
ANB = ¢,inth(A) = A,inty(B) =B and AUB =X,
then A= ¢ or B= ¢,

(3)Foreach A,BC X withANB=¢,cl3(A) =A,cl}(B) =
Band AUB=X,thenA= ¢ or B=¢.

Proof. (1)= (2): LetA,B C X with intj(A) = A, int}(B) =
B suchthat ANB = ¢ and AUB = X. Then,

clg(A) C clr(B°) = (intg(B))" = B,

cly(B) C cly(A°) = (intp(4))° = A°.

Hence, clj(A)NB=ANcl;(B) = ¢. That is, A, B are
x—separated sets so that AUB = X. But, (X,R,.Z) is
x—connected implies that A=¢@ or B=¢ .

)= (3)Let A,B - X with
ANB = ¢,cl3(A) = A,cliy(B) =B and AUB = X.
Then, cl}(A) N B = AN clj(B) = ¢, thus
inty(A) NB = ANinti(B) = ¢. So, intj(A) = A and
int;(B) = B. Hence, A = ¢ or B = ¢, from (2).

(3)= (1) Directly from (2), there are no two proper
x—separated sets A,B C X such that AUB = X.
Therefore, (X,R,.Z) is *—connected.

Corollary 31Let (X,R) be an approximation space. Then,
the following are equivalent.
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(1)X is connected,

(2)For eachA,B C X withANB=¢,Lr(A) =A,Lg(B) =
Band AUB =X, them A= ¢ or B= ¢,

(3)For eachA,BC X withANB=¢,Ur(A) =A,Ug(B) =
Band AUB=X,thenA=¢ orB=¢.

Corollary 32Let (X,R,.Z) be an ideal approximation
space. Then, the following are equivalent.

(1)X is x x —ideal connected,

(2)For each A,B - X with
ANB=¢,inty*(A) = A,inty*(B) =B and AUB =X,
then A= ¢ or B= ¢,

(3)For each A,B C X with
ANB = ¢,cli(A) =A,cly*(B) =B and AUB = X,
then A= ¢ or B=¢.

Theorem 31Let (X,R,.%) be an ideal approximation
space and M C X is x—connected. If A,B C X are *x—
separated sets with M C AU B, then either M C A or
M CB.

Proof.Let A, B are x—separated sets with M C AUB. Thus,
cp(A)NB=ANcl}(B) =¢,and M = (MNA)U(MNB).
Since, clz(MNA)N(MNB) Ccli(M)Neli(A)N(MNB) =
cp(M)NMNclE(A)NB=MN¢ = ¢.

By similar way,
cpz(MNB)N(MNA) Ccli(M)Neclzg(B)N (MNA) =
ci(M)NMNclZ(B)NA=MN ¢ = ¢.

Then, (M NA) and (M N B) are x—separated sets with
M= (MNA)U(MNB). But M is x—connected implies
that M CAor M C B.

Corollary 33Let (X,R) be an ideal approximation space
and M C X is connected. If A,B C X are separated sets
with M C AUB, then either M C A or M C B.

Corollary 34Let (X,R,.Z) be an ideal approximation
space and M C X is x x —ideal connected. If A,B C X are
* x —ideal separated sets with M C AU B, then either
MCAorMCB.

Theorem 32Let f : (X,R,.¥) — (Y,Ry) be an
x—continuous function. Then, f(A) CY is connected set
if A is x—connected in X.

ProofLet f(A) be disconnected. Then, there exists two
separated sets U,V C Y with f(A) C U UYV. That is,
Un,(U) NV = U N Ug(V) = ¢. Then,
AC f~YU)U f~1(V), and since f is *—continuous, we
get that:
clg, (fH W) N fHV) € TN UR(U) N V) =
U U)NV)=f(¢)=¢
and in similar way, we have

cly, (V)N FIU) € I UR (V)N FHU) =
S Uk, (V)NU) = f71(9) = 9.

Hence, f~!(U) and f~!(V) are *—separated sets in
X sothat A C f~1(U)Uf~1(V). so A is *—disconnected,
which contradicts that A is *—connected, this is because of
the incorrect assumption that f(A) is disconnected and so
f(A) is connected set.
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Corollary 35Ler [ : (X,R|,Y) — (Y,R2) be an
* x —continuous function. Then, f(A) CY is connected
set if A is xx —connected in X.

Here, we modify Definition of < x > R and R < x > in
defining a new type of roughness of ordinary sets. By the
previous definitions of xR,Rx € P(X), we can define the
maximal neighborhoods of any x € X.

Define for any x € X, the sets < x > E,E <x>€X as
follow:

x> R— Ureyr(YR) if Iy 1 x € yR,
¢ o.w.

and
Ureyr(Ry) if 3y : x € Ry,

o o G.D

R<x>= {
Equation 3.1 defines the maximal right and the maximal
left neighborhoods of x € X as used in [22, 23], and more
over the authors in [24, 25] introduced new types of rough
sets of an ideal approximation space using the maximal
right and the maximal left neighborhoods accompanied
with an ideal on X. Using Equation 3.1, we can define a
new type of rough sets of an ideal approximation space
(X,R,.Z) as follow:

Definition 33Let (X,R,.L) be any ideal approximation
space.  Then, define the local closed sets
P(A),P(A) € P(X) of a set A C X as follow:

PA)=({GCX:A-GeZ,Uppr(A)=G}. (32)
YA)=({GCX:A-Ge L Uppr=G}. (33)

where

Uppr(A) =AU{xeX :<x>EﬂA¢$},

Uppr(A):AU{xEX:\I—é<x>Iv€ﬂA¢Z}.
where E <x> E is defined as:

E<X>K:E<x>ﬂ<x>k
The roughness of the set A C X is defined by:

CIH(A) = AUD(A), Inti(A) = AN (B(A))°
and CIE(A) = AUW(A), Inti (A) = AN (P(A))F.

Intj(A),Inty*(A) are the lower sets
Cl;(A),CIE  (A) are the upper sets of A

of A and

Definition 33 is a generalization of rough sets in a similar
way to that defined in Definition 12. Also, this definition
introduces the next topologies:

Sohag J. Sci. 2023, 8(3), 311-321 319



Research Article

T = {ACX : Inth(A) = A} = {A C X : CI4(A) = A}

(3.4
T*={ACX:Int™(A)=A} ={ACX:CI§*(A°) = A}
(3.5)
on the ideal approximation space (X,R,.%). All

topological properties could be studied as in Section (3)
and Section (4). In fact, Separation axioms defined on an
ideal approximation space (X,R,.¥) based on the
maximal neighborhoods imply the corresponding
separation axioms defined in Section (3), and the converse
is not true in general. Also, connectedness based on the
maximal neighborhoods imply the corresponding
connectedness defined in Section (4), and the converse is
not true in general.

Example 33

(I)Let X = {a b,c},R ={(a,a),(a,b),(b,b),(c,c)} and
Z = {9,{c}}. Then,
<a>R:{a,b},<b>R—{b},<c>R:{c}.
Also,
<a>R={a,b},<b>R={ab},<c>R={c}.
Thas, ({0} = {0} 0 (b)) =
By 0 bt = {phimgle)) -
{c} 0 (((({B1)))7) = {c} n{c} = {c}. Then, for
a # b,b # c there exists {b} C X such that
b € int}({b}) and a,c ¢ {b}. For a # c there exists
{c} C X such that ¢ € int({c}) and a ¢ {c}. Hence,
X is Ty -space but not Tospace in sense of Definition
33 because we can not find a set A C X such that
a € Intj(A) and not containing b or b € Intj(A) and
not containing a.

(2)Let X = {a,b,c},
R = {(a,a),(a,b),(b,b),(b,c),(c,c),(c,a)}.  Then,

b,
<a>R—{a}<b>R:{}< >R—{c} Also,
R =

<a>R=<b>R=<c> {a,b,c}. Consider an
ideal £ on X defined by & = {¢,{b},{c},{b,c}}.
< = Ao, {b} {c},{b,c}}, Then,  there exist
A = {a},B = {b},C = {c} 50 that
inty({a}) = {a},ingg({b}) = (b}, incz({c}) = {c}. Then
for a # b we have A,B C X such that
a € inty(A) = {a},b ¢ A and b € Int}(B) = {b},a ¢ B
and ANB = ¢. Similarly for a # ¢,b # c. Hence, X is T}
and Ty -space. But X is neither T\ —space nor T, space in
sense of Definition 33 because we can not find A,B C X
such that a € inti(A),b ¢ Aand b € int§(B),a ¢ B.

Example 34/n Example 32 (X,R,.%) is x—disconnected

space. But, <a>R=<b>R <c>R—{abc}
Then, Cly({a}) = Cly({ab}) = Cli{ac}) =
Therefore, we can not find two separated sets A,B C X to

make (X,R,.Z) a connected space in sense of Definition
33.
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4 Conclusions

Here, we introduced separation axioms, connectedness,
and continuity in ideal approximation spaces generated
by wusing local functions based on minimal
neighborhoods. Moreover, we modified definitions to get
a new pattern of approximation spaces based on maximal
neighborhoods. In addition, some examples are given to
explain the relationship between the two types. In a
proposed future work, a new generalization of rough
fuzzy sets based on a fuzzy ideal .Z will be introduced on
a fuzzy approximation space (X, R) (See, [26]).
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