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1. Introduction

In 1981, the concept of a rough set was originally proposed by Pawlak [15] as a
formal tool for modelling and processing incomplete information in information
systems. Since then this subject has been investigated in many papers, and
subsequently the algebraic approach to rough sets has been studied by some
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authors (see [2, 3, 13, 16, 17]). The theory of rough set is an extension of
set theory, in which a subset of a universe is described by a pair of ordinary
sets called the lower and upper approximations. A key notion in the Pawlak
rough set model is the equivalence relation. The equivalence classes are the
building blocks for the construction of the lower and upper approximations.
The lower approximation of a given set is the union of all equivalence classes
which are subsets of the set and the upper approximation is the union of all
equivalence classes which have a non-empty intersection with the set. However,
equivalence relations are too respective for many applications; for instance, in
existing databases, the values of attributes could be either symbolic or real-
valued. Rough set theory would have difficulty in handling such values. It is a
natural question to ask what happens if we substitute the universe set with an
algebraic system.

Some authors have studied the algebraic properties of rough sets. Biswas and
Nanda [2] introduced the notion of a rough subgroup. Kuroki in [13], introduced
the notion of a rough ideal in a semigroup. Mordeson [14] used covers of the
universal set to define an approximation operator on the power set of the given
set. Estaji et al. [8] considered connection between a rough set and lattice
theory and they introduced the concepts of upper and lower ideals (filters) in
a lattice. Also, Estaji et al. in [9] introduced the notion of @-upper and 6-
lower approximations of a fuzzy subset of the lattice. Davvaz [3, 4] concerned
a relationship between a rough set and ring theory and considered a ring as a
universal set and introduced the notion of a rough ideal and a rough subring with
respect to an ideal of a ring [7]. Kazanci et al. [12] introduced the notions of a
rough prime (primary) ideal and a rough fuzzy prime (primary) ideal in a ring
and gave some properties of such ideals. Rough modules have been investigated
by Davvaz et al. in 2006 [5].

Davvaz in 2008 introduced the concept of a T-rough set and a T-rough homo-
morphism in a group [6], which is a generalization of ordinary homomorphism.
Then using the definitions of lower and upper inverses, he introduced the def-
inition of uniform set-valued homomorphism and proved that every set-valued
homomorphism is uniform. In [17], the concepts of a set-valued and a strong
set-valued homomorphism of a ring are introduced and related properties are
investigated. Also, the notions of generalized lower and upper approximation
operators, constructed by means of a set-valued mapping, which is a generaliza-
tion of the notion of lower and upper approximations of a ring, are provided.
Also, Hosseini [11, 10] defined the concept of a T-rough semigroup and a T-rough
commutative ring by using the definitions of lower and upper approximations.

In [1], Bagirmaz et al. introduced rough semigroup, which extends the notion
of a semigroup to include the algebraic structures of a rough set. The concept
was introduced in [1] depends on the upper approximation and does not depend
on the lower approximation. The main purpose of this paper, is to introduce
a T~ -rough(T*-rough) semigroup, which extends the notion of a semigroup to
include two algebraic structures of T~-rough(7*-rough) sets. Also, we obtain
some properties of approximations and these algebraic structures. In fact, in this
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paper, we define the notion of T~ -rough(7-rough) semigroups which depends
on upper(lower) approximation.

2. Preliminaries

The following definitions and preliminaries are required in the sequel of the work
and hence presented in brief. Let U be a non-empty set. It is important to recall
that an equivalence relation © on a set U is a reflexive, symmetric and transitive
binary relation on U. Each equivalence relation © on U induces a partition P
of U whose classes have form [z]e = {y € U | z0y}. Conversely, each partition
P induces an equivalence relation © on U by setting 0y < x and y are in the
same set of P.

A pair (U,0) where U # () and © is an equivalence relation on U is called
an approzimation space [15]. Let (U,©) be an approximation space. Given
an arbitrary set X C U, it may be impossible to describe a precisely using
the equivalence classes of ©. In this case one may characterize X by pair of
approximations:

Apr(X)={z €U :[r]e C X} and Apr(X)={zcU:|zloeNX #0}.

Apr(X) and Apr(X) are called lower rough approzimation and upper rough
approzimation of X, respectively [15]. Given an approximation space (U, ©)
a pair (4, B) in P*(U) x P*(U) is called a rough set in (U,0) if (A,B) =
(Apr(X), Apr(X)) for some X € P*(U). A subset X of U is called definable if

Apr(X) = Apr(X).

Definition 2.1. [6] Let U, W be two nonempty sets and X C W. Let T : U —
P*(W) be a set-valued mapping where P*(W') denotes the set of all nonempty
subsets of W. Then, (U, W,T) is called a T-approzimation space. The lower
inverse and upper inverse of X under T are defined by

=T (X)={ueU|T@u)nX #0},
=TT(X)={ueU|T(u) C X}

[ >

Also, for any x € X, we set T := {x} and z := {z}.
Moreover, we set

acA
For the sake of illustration we consider the following example.

Ezample 2.2. Let U = {x,y, z,t} and W = {a,b,c}. Consider set-valued func-
tion T : U — P*(W) defined by

T(x) = {b}v T(y) = {avc}a T(Z) = {b}7 T(t) = {avbac}'
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Then,
T=({a}) = {y, t}; T*({a}) = 0;
T=({b}) = {z, 2, t} T+ ({b}) = {=, 2}
T=({c}) = {y,t} T ({c}) =0
T~ ({a,b}) = {z,z,y,t}; T ({a,b}) = {z,2};
T~({a,c}) = {y,t} T*({a,c}) = {y}h
T=({b,c}) ={z,z,y,t};y  TH({d,c}) = {=,z};
T~ ({a,b,c}) = {z, z,y,t}; TT({a,b,c}) = {z, 2,y,t}.

Lemma 2.3. [6] Let U,W be two non-empty sets and T : U — P*(W) be a
set-valued mapping. If X,Y are two non-empty subsets of Y, then following
statements hold:

() T-(XUY) = T U T (),
2) THXNY)=THX)NTH(Y);
3) X CY implies T-(X)C T-(Y);

C T7(Y);

5) TH(X )UT+(Y)CT+(XUY);

(2)
(3)
(4) X CY implies TT(X)
()
(6) T-(XNY) C T~(X)NT~(Y).

The following example shows that for every X C W, it is in general not the
case that X C T[T~ (X)].

Ezample 2.4. Let U = {x,y,2} and W = {a,b,c,d} be two sets. Let T :
U — P*(W) be a set valued mapping, where T'(z) = {a,c},T(y) = {a} and
T(z) = {d}. If X = {a,b}, we have T~ (X) = {z,y} and T[T~ (X)] = {a,c}.
Then, X ¢ T[T~ (X)].

3. T~ -Rough Semigroup Based on Upper Approximation Space

In this section we introduce the notion of a T~ -rough semigroup (T~ -rough
subsemigroup) on an approximation space and study some of its properties. We
also introduce the notion of a T~ -rough ideal and then some types of T~ -rough
ideals on an approximation space are investigated.

Definition 3.1. Let U, W be two non-empty sets and * be a binary operation
defined on W. Let T : U — P*(W) be a set-valued mapping. A subset S of W
is called a T~ -rough semigroup provided the following properties are satisfied:
(1) for all z,y € S, xxy € T[S].
(2) forall x,y,z€ S, (xxy)*x2z=ux*(y*2).
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Let U, W, T be a T-approximation space and * be a binary operation defined
on W. Let S be a T~ -rough semigroup. We say e is a T-rough left identity if for
any y € S, we have e x y = y. Similarly, e is a T-rough right identity of S, if for
any y € S, we have y e = y. If e is both a T-rough left and right identity in .5,
then e is called a T-rough identity of S. A T~ -rough semigroup is a T~ -rough
monoid, if it has a T-rough identity. In particular, the identity of a T~ -rough
monoid is unique. T~ -rough monoid G is a T~ -rough group, if every x € G has
an inverse =1 € G such that 27! x2 = ¢ = 2 * 7!, where e is the identity
element.

Definition 3.2. Let (U,W,T) be a T-approximation space and % be a binary
operation defined on W.

(1) A non-empty subset H of a T~ -rough semigroup S is called a T~ -rough
subsemigroup of a T~ -rough semigroup S if H+ H C T[H].

(2) A non-empty subset I of a T~ -rough semigroup S is called a T~ -rough left
(resp. right) ideal of S if S+ I C T[I] (resp. I xS C T[I]).

(3) A non-empty subset B of a T~ -rough semigroup S is called a T~ -rough
bi-ideal ideal of S if B xS * B C T[B].

(4) A nonempty subset H of a T~ -rough semigroup S is called to a T~ -rough
prime ideal of S if for all a,b € S and a*b € T[H|, then a € H orb e H.

Definition 3.3. Let U, W be two non-empty sets and T : U — P*(W) be a set-
valued mapping. T is a covering set-valued mapping if for every X C P*(W),
there exists Y C U such that X C T[Y].

Proposition 3.4. Let U, W be two non-empty sets and T : U — P*(W) be a set-
valued mapping. Let X be a non-empty subset of W. The following properties
are equivalent:

(1) T is a covering set-valued mapping;
(2) for every x € W, T # 0;
(3) if X C P*(W), then X C T[X).

Proof. (1)=>(2) Let a € W and @ = ). By definition of @, there exists no u € U
such that a € T'(u). Hence, T' is not a covering set-valued mapping.
(2)=(3) Let € X and T # 0. Then, there exists u, € U, such that
x € T(ug). It follows that * € X NT(u,). Hence, X C T[X].
(3)=(1) Let X C P*(W). Since X C T[X], it follows that there exists
C X C U such that X C T[Y]. Hence, T is a set-valued mapping covering of
N

g~<|

Proposition 3.5. Let U, W be two non-empty sets and T : U — P*(W) be a
covering set-valued mapping. If X is a non-empty subset of W, then T[X] C X.
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Proof. Let x € T[X]. Then there exists u € X such that z € T'(u). So, T'(u) C X
and x € X. ]

Proposition 3.6. Let U, W be two non-empty sets and * be a binary operation
defined on W. Let T : U — P*(W) be a covering set-valued mapping and
S CW. Then,

(1) If S is a (subsemigroup) semigroup, then S is a T~ -rough (subsemigroup)
semigroup.

(2) IfI is a left (right, two sided, bi) ideal of semigroup S, then I is a T~ -rough
left (right, two sided, bi) ideal of T~ -rough semigroup S.

Proof. (1) Let S be a (subsemigroup) semigroup. Then, S« S C S. Since T is

a covering set-valued mapping, by Proposition 3.4, it follows that S C T'[S]. So,

we obtain S * S C T[S] and hence S is a T—rough (subsemigroup) semigroup.
(2) Suppose that I is a left (right, two sided, bi) ideal of semigroup S. Since

S« I C I andT is a covering set-valued mapping, by Proposition 3.4, it follows

that I C T'[I]. This yields that S I C T[I]. N

Proposition 3.7. Let U and W be two non-empty sets and * be a binary operation
defined on W. If any semigroup is a T~ -rough semigroup, then T : U — P*(W)
is a covering set-valued mapping.

Proof. According to Proposition 3.4 we show that, for every a € W, @ # (.
Assume that a € W and @ = 0. Set S = {a* | k=1,...,n}. Since W is a finite
set, it follows that S is a finite subset. Since S is easily seen to be a semigroup,
it follows that S is a T~ -rough semigroup. On the other hand, we show that .S
is not a T~ -rough semigroup and this is a contradiction. Since @ = 0, it follows
that there exists no v € U such that a € T'(u). Thus, there is no u € U such

that a x a™ = a € T'(u). Consequently, a x a™ ¢ T[S]| and S is not a T~ -rough
semigroup. [ ]

Ezample 3.8. Let U = {x,y, z} and W = {a, b, ¢, d} be two sets and * be a binary
operation defined on W and W be with the following multiplication table: Let

QU O Q%
o 0 Q Q|
ISHESURS RS IS
o0 8 Qo
QU QAU O

T:U — P*(W) be a set valued mapping where, T'(z) = {a},T(y) = {a, b} and
T(z) = {d}. Set S = {a,b}. Hence, we have S = {z,y} and so T'[S] = {a, b}. So,
we conclude that S is a T~ -rough semigroup. But 7" is not a covering set-valued

mapping, since ¢ = (.
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The following examples shows that the covering in Prop. 3.6 can not be
removed.

Ezample 3.9. Let U = {x,y,z} and W = {a, b, ¢,d} be two sets, * be a binary
operation defined on W and W be with the following multiplication table:

QU O Q%
o 0 Q Q|
SEESERS SRS
o 0 8 Qo
QU ST

Let T : U — P*(W) be a set valued mapping where T'(z) = {a,c}, T(y) =
{a,b} and T'(z) = {d}. So T is a covering set-valued setting. Set I = {a,b}.

Then, I is not an ideal. Since I = {x,y}, it follows that T'[I] = {a, b, c} and I is
a T~ -rough ideal.

Ezample 3.10. Let U = {z,y,z} and S = W = {a, b, ¢,d, e} be two sets with the
following multiplication table: Let T : U — P*(W) be a set valued mapping

QU O S *
o 0 Q Q|
ISHESURS RS IS
o0 8 Qo
QU QAU S|

where, T(x)={a,c}, T(y) = {a} and T(z)={d}. So, S is a semigroup and a T~ -
rough semigroup. Set B = {a,b}. Then, B is a bi-ideal of S. Also, B = {z,y}
and T[B] = {a,c}. So, Bx S B = {a,b} and Bx S« B ¢ T[B]. Hence, B is not
a T~ -rough bi-ideal of S.

The following example shows that a T~ -rough semigroup is not a semigroup
in general.

Ezample 3.11. Let T : R — R U {—00, 00} be a set-valued mapping such that
T(x) = {z} U{occ} for any z € R. Let S = Q and z xy = z/y for any = € Q.
We show that (S, *) is a T~ -rough semigroup which is not a semigroup. For this

purpose, we have T'[Q] = T{a € R : T(a)NQ # @}. Then, T[Q] =T{a€R:a €

Q} = QU {oco}. Hence, z xy = x/y € T[Q)] for any =,y € Q. It is equivalent to
that S is a T~ -rough semigroup, but a *0 = a/0 ¢ Q, so S is not a semigroup.

The following example shows that a T~ -rough ideal is not a ideal in general.
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Ezample 3.12. Let T : R — R U {—00, 00} be a set-valued mapping such that
T(x)=Qforz e R. Let S =Q and z *y = z.y for any x € Q. Then we show
that I = Z C Q is a T~ -rough ideal which is not an ideal. For this purpose, we

have T[I] = T[Z] = T{a € R : T(a) N Z # @}. Then, T[Z] =T{a € R: QNZ #

@} =R. Thus z xy = z.y € T[Z) for any x,y € Z. It is equivalent to that I is a
T~ -rough ideal, but a/b* ¢ = a.c/b ¢ Z, so I is not an ideal.

Proposition 3.13. Let (U, W,T) be a T-approzimation space and * be a binary
operation defined on W. If Hy and Hy are two T~ -rough subsemigroups and
T[Hy N Hy) = T[H1] NT[Hz|, then Hy N Hy is a T~ -rough subsemigroup.

Proof. Suppose that H; and Hy are two T -rough subsemigroups of a T~ -
rough semigroup S. Consider z,y € H; N Hy. Since H; and Hy are two T -
rough subsemigroups, it follows that x * y € T[H;] and x *y € T[Ha], i.e.
x*y € T[H1| N T[Hz]. Assuming T[H; N Ha] = T[Hy] N T[Ha), we have z xy €

T[Hy N Hs]. Hence, we conclude that Hy N Hy is a T~ -rough subsemigroup. =

Proposition 3.14. Let (U, W,T) be a T-approzimation space and x be a binary
operation defined on W. Let Iy and Iz be two T~ -rough left (right, two sided)
ideals of T~ -rough semigroup S. If I and Iy are two T~ -rough left (right, two

sided) ideals and T|I; N Iz] = T[L])NT[Is], then 1 NIz is a T~ -rough left (right,
two sided) ideal.

Proof. Let I} and I3 be two T'—rough left ideals of T~ -rough semigroup S. Let

z € Sand y € 1 NIy, Then, xxy € T[L]NT[L]. Assuming T[I; NI5] =

T[] NT[I,], we have x xy € T[I; N I5]. Hence, Iy N I5 is a T~ -rough left ideal
of S. Similarly, I; N I3 is a T'~-rough right ideal of S. [ ]

4. T—-Rough Prime Ideals

In this section we introduce the notion of a T~ -rough prime ideal and and several
properties are investigated.

Definition 4.1. Let U, W be non-empty sets and x be a binary operation defined
on W. Let T : U — P*(W) be a set-valued homomorphism. A T~ -rough ideal
H is called a T~ -rough prime ideal of a T~ -rough semigroup S if for all a,b € S

and axb € T[H] impliesa € H orb e H.

The following example shows that a prime ideal is not a T~ -rough prime
ideal in general.

Ezample 4.2. Let U = W = {a,b,c,d,e} be a non-empty set with the mul-
tiplication table (see Tab. 1). Let T' : U — P*(W) and T(z) = [z]r
and R = {E1, Es, E3}, where By = {a,c}, Es = {b,d} and E3 = {e}. Set
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D /AU | *
O UL e 2 Q|
OO0 TS|
QL AL O O Q|0
QU AU & o
D o o 0o Q|0

Table 1: multiplication table

S = {a,b,c} and H = {a}. Then, H is a prime ideal of S but H is not a

T~ -rough prime ideal of the T~ -rough semigroup S, since T'[S] = {a, b, ¢,d} and

T[H]={a,c} andbxc=ceT[H|but b¢ H and c ¢ H.

In the following proposition under the stronger conditions we show that a
prime ideal is a T~ -rough prime ideal.

Proposition 4.3. Let U, W be two nonempty sets and * be a binary operation
defined on W and T : U — P*(W) be a set-valued mapping. Let S C W and
T[H] = H* H. If H is a prime ideal of semigroup S, then H is a T~ -rough
prime ideal of T~ -rough semigroup S.

Proof. Let H be a prime ideal of S and axb € T[H]. Hence, a*xb € H,soa € H
orbe H. ]

Proposition 4.4. Let U, W be two nonempty sets and % be a binary operation
defined on W and T : U — P*(W) be a set-valued mapping. Then, the union
of a family of T~ -rough prime ideals is a T~ -rough prime ideal.

Proof. Let {A;} be a family of T~ -rough prime ideals of S, where i ranges over
an arbitrary index set I. Then, by Lemma 2.3, we have T'[|J,c; Ai] = U, T[As].

Thus, if a,b € S and a * b € T[J,; Ai], we have a x b € T'[A;], for some i € I.
Then, a € A; or b€ A; and so a € |J;c; Ai or b € |J;c; Ai. Therefore, |J;o; A
is a T~ -rough prime ideal of T~-rough semigroup S. ]

In general, the intersection of T'~-rough prime ideals is not a 7'~ -rough prime
ideal, as is shown in the following proposition:

Proposition 4.5. Let U, W be two nonempty sets and % be a binary operation
defined on W oand T : U — P*(W) be a set-valued mapping. Let {A; | i € I}
be a set of T~ -rough prime ideals of S and T|N,c; Ai] = Nie; T[Ai]. Then,
Micr Ai is a T~ -rough prime ideal of S if and only if it is a T~ -rough prime
ideal of the union of the given ideals.
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Proof. The sufficiency being obvious, we proceed to prove the necessity. Let
{A; | i € I} be a set of T~ -rough prime ideals of S.

Let [);c; Ai be a T~ -rough prime ideal of | J;.; A;. Let z,y € Sand zxy €
TNer Ail- If @ ¢ N,c; T[As] then there exists a T[A;] and j € J such that
x ¢ T[A;]. Hence, z ¢ T[A;] NT[Ax] = T[A; N A;]. But zxy € T[ﬂielzi] -
T[A; N Ay) and A; and Ay, are T~ -rough prime ideals, where z € A; and y € Ay
Then, z,y € A; UA, C ;5 Ai- Since [, A; is a T'"-rough prime in [ J,;o; A;,
whence either x € (,c; A; or y € (;c; Ai. Hence, [, Ai is T~ -rough prime
ideal of T~ -rough semigroup S. ]

5. T+t-Rough Semigroup Based on Lower Approximation Space

In this section we introduce the notion of a T -rough semigroup (TT-rough
subsemigroup) on an approximation space and study some of its properties. We
also introduce the notion of a TT-rough ideal and then some types of T"-rough
ideals on an approximation space are investigated.

Definition 5.1. Let U, W be two non-empty sets and * be a binary operation
defined on W. Let T : U — P*(W) be a set-valued mapping. A subset S of W
is called a TT-rough semigroup provided the following properties are satisfied:
(1) forallz,y € S, xxy e T[S].
(2) forallx,y,z€ S, (x*xy)xz==ux*(y*z).

Let U, W, T be a T-approximation space and * be a binary operation defined
on W. Let S be a Tt -rough semigroup. We say e is a T-rough left identity if for
any y € S, we have e x y = y. Similarly, e is a T-rough right identity of S, if for
any y € S, we have y x e = y. If e is both a T-rough left and right identity in .5,
then e is called a T-rough identity of S. A T-rough semigroup is a T -rough
monoid, if it has a T-rough identity. In particular, the identity of a TT-rough
monoid is unique. T+ -rough monoid G is a T+ -rough group, if every € G has
an inverse ' € G such that 7! xx = e = x * 7!, where e is the identity
element.

Definition 5.2. Let (U,W,T) be a T-approximation space and % be a binary
operation defined on W.
(1) A non-empty subset H of a TT-rough semigroup S is called a T -rough
subsemigroup of a T -rough semigroup S if H* H C T[H].
(2) A non-empty subset I of a T -rough semigroup S is called a TT-rough left
(resp. right) ideal of S if S« 1 CT[I] (resp. I xS CT[I]).
(3) A non-empty subset B of a T -rough semigroup S is called a T -rough
bi-ideal ideal of S if Bx S+ B C T[B].
(4) A nonempty subset H of a T -rough semigroup S is called to a T -rough
prime ideal of S if for all a,b € S and axb € T[H], thena € H orbe H.
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Definition 5.3. Let U, W be two non-empty sets and T : U — P*(W) be a set-
valued mapping. T is a covering set-valued mapping if for every X C P*(W),
there exists Y C U such that X C T[Y].

Proposition 5.4. Let U, W be two non-empty sets and T : U — P*(W) be a
set-valued mapping. If X is a non-empty subset of W, then T[X] C X.

Proof. Let x € T[X]. Then there exists u € X such that z € T'(u). So, T'(u) C X
and z € X. |

Proposition 5.5. Let U, W be two non-empty sets and % be a binary operation
defined on W. Let T : U — P*(W) be a set-valued mapping and S C W.
Then,

(1) If S is a TT-rough (subsemigroup) semigroup, then S is a (subsemigroup)
semigroup.

(2) If I is a TT-rough left (right, two sided, bi) ideal of T -rough semigroup
S, then I is a left (right, two sided, bi) ideal of semigroup S.

Proof. (1) Let S be a T -rough (subsemigroup) semigroup. Then, S*S C T[S].
By Proposition 5.4, S xS C S and hence S is a (subsemigroup) semigroup.

(2) Suppose that I is a T -rough left (right, two sided, bi) ideal of T-rough
semigroup S. Since S * I C T[I] and by Proposition 5.4, we have S« I C I and
hence I is a left (right, two sided, bi) ideal of S. ]

In general, X ¢ T[X] for every X C P*(W). In the following proposition
under the stronger condition we show that X C T[X].

Proposition 5.6. Let U, W be two non-empty sets and T : U — P*(W) be a
set-valued mapping. Let X be a non-empty subset of W. Then, the following
properties are equivalent:

(1) X =UT(uy), for some u, € U, for every X C P*(W).
(2) if X CP*(W), X CT[X].

Proof. (1)=(2) Let € X. Since there exists u, € U such that z € T'(u,) and
T(uy) C X, it follows that x € T'(uy) and u, € X. Hence, X C T[X].
(2)=(1) It is clear. ]

Ezample 5.7. Let U = {z,y, z} and W = {a, b, ¢, d} be two sets and * be a binary
operation defined on W and W be with the multiplication table (see Tab. 2):
Let T : U — P*(W) be a set valued mapping where, T'(x) = {a}, T (y) = {a, c}
and T'(z) = {d}. Set S = {a,b}. It is clear that S is a semigroup. We show
that S is not a T"-rough semigroup. Since S = {z}, it follows that T'[S] = {a}.
Consequently, S is not a TF-rough semigroup.
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QU O Q%
o 0 2 Q|2
ISHNSURS IS IS
o 0 2 Qo
QU QU X

Table 2: multiplication table

Proposition 5.8. Let U, W be two non-empty sets and * be a binary operation
defined on W. Let T : U — P*(W) be a surjective set-valued mapping such
that range T is the set of all one point subset of W. Then xz # (0 for every
weWw.

Proof. We argue by contradiction. Assume that = (). By definition of z, there
exists no u, € U such that T'(u;) = x. Hence, T is not surjective. ]

Proposition 5.9. Let U, W be two non-empty sets and * be a binary operation
defined on W. Let T : U — P*(W) be a set-valued mapping such that X =
UT (ug), for some u, € U, for every X CP*(W) and S CW. Then,

(1) If S is a (subsemigroup) semigroup, then S is a T -rough(subsemigroup)
semigroup.

(2) If I is a left (right, two sided, bi) ideal of semigroup S, then I is a T -rough
left (right, two sided, bi) ideal of T -rough semigroup S.

Proof. (1) Let S be a (subsemigroup) semigroup. Then, S .S C S. By Propo-
sition 5.6, S xS C T[S] and hence S is a T"-rough (subsemigroup) semigroup.

(2) Suppose that I is a left (right, two sided, bi) ideal of T+-rough semigroup
S. Since S x I C I and by Proposition 5.6, we have S % I C T'[I] and hence [ is
a TT-rough left (right, two sided, bi) ideal of S. |

Ezample 5.10. Let U = {x,y,z} and S = W = {a,b,¢,d, e} be two sets with
the following multiplication table:

QU O Q%
o 0 2 Q|
ISHNSURS IS IS
o 0 2 Qo
QU QU X

Let T : U — P*(W) be a set valued mapping where, T(x)={a,c}, T'(y) =
{a} and T(z)={d}. So, S is a semigroup and a T"-rough semigroup. Set
B = {a,b}. Then, B is a bi-ideal of S. Also, B = {y} and T[B] = {a}.
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So, BxS*B = {a,b} and B*S*B ¢ T[B]. Hence, B is not a T"-rough bi-ideal
of S.

Proposition 5.11. Let (U, W,T) be a T-approzimation space and x be a binary
operation defined on W and X = T (uy), for some u, € U, for every X C
P*(W). If H and Hy are two TT-rough subsemigroups, then Hy N Hy is a
T+ -rough subsemigroup.

Proof. Suppose that H; and Hy are two Tt-rough subsemigroups of a T-
rough semigroup S. Consider x,y € H; N Ho. Since H; and H, are two T-
rough subsemigroups, it follows that « xy € T[Hi| and = xy € T[Hy, i.e.
xxy € T[H,|NT[Hz] € HiNH;. Then, by Proposition 5.6, HiNHy C T[H; N Hy]
and = xy € T[H; N Hy]. Hence, we conclude that H; N Hy is a T"-rough
subsemigroup. ]

Proposition 5.12. Let (U, W, T) be a T-approzimation space * be a binary opera-
tion defined on W, X = JT (uy), for some ug, € U, for every X C P*(W). Let
I and Iy be two T -rough left (right, two sided) ideals of TT-rough semigroup
S. If I and Iy are two two T -rough left (right, two sided) ideals, then I N Iy
is a TF-rough left (right, two sided) ideal.

Proof. Let I, and I be two T —rough left ideals of TF-rough semigroup S. Let
x e Sandye€ ;NI Then, xxy € T[I}]NT[l] C I;N12. Then, by Prop. 5.6,
xxy € T[I; N I5]. Hence, I} N I3 is a Tt-rough left ideal of S. Similarly, I; N I
is a T'"-rough right ideal of S. |

6. TT-Rough Prime Ideals

In this section we introduce the notion of a T+ -rough prime ideal and and several
properties are investigated.

Definition 6.1. Let U, W be non-empty sets and x be a binary operation defined
on W. Let T : U — P*(W) be set-valued homomorphism. A T*-rough ideal
H is called a TT-rough prime ideal of a T -rough semigroup S if for all a,b € S
and axb € T[H] implies a € H orbe H.

Proposition 6.2. Let U, W be two nonempty sets and % be a binary operation
defined on W and T : U — P*(W) be a set-valued mapping. Let S CW. If H
is a prime ideal of semigroup S, then H is a T -rough prime ideal of T -rough
semigroup S.

Proof. Let H be a prime ideal of semigroup S and axb € T[H]. Hence, axb € H,
soa€ Horbe H. ]



476 S. Khodaii et al.

Ezample 6.3. Let U = {x,y, z} and W = {a, b, ¢, d} be two sets and * be a binary
operation defined on W and W be with the multiplication table (see Tab. 3).
Let T : U — P*(W) be a set valued mapping where T'(x) = {a,c}, T(y) = {a}

QO O *
QL & |
Q0O o |-
QOO0 Q |6
QS|

Table 3: multiplication table

and T(z) = {d}. Set I = {a,b}. Then, I is not an ideal. Since I = {y}, it
follows that T'[I] = {a} and I is a T"-rough ideal.

Proposition 6.4. Let U, W be two nonempty sets and * be a binary operation
defined on W and T : U — P*(W) be a set-valued mapping. Let {A; | i € I}
be a set of T -rough prime ideals of S. Then, (\;c; Ai is a T -rough prime ideal
of T -rough semigroup S if and only if it is a T -rough prime ideal of the union
of the given ideals.

Proof. Let {A;} be a family of T"-rough prime ideals of S, where i ranges over
an arbitrary index set I. If a,b € S and a * b € T|;,c; Ai], it is clear we have
axbec(Ve;T[Ai] and a b € (;c; Ai. Then, by Proposition 6.2, [),c; 4; is a
T+-rough prime ideal of TF-rough semigroup S. ]

In general, the union of T -rough prime ideals is not a T'T-rough prime ideal
but under the stronger conditions show that the union of a family of T"-rough
prime ideals is a TT-rough prime ideal.

Proposition 6.5. Let U, W be two nonempty sets and * be a binary operation
defined on W and T : U — P*(W) be a set-valued mapping and X = |JT (uy),
for some uy € U, for every X C P*(W). Then, the union of a family of T™-
rough prime ideals is a T -rough prime ideal.

Proof. Let {A;} be a family of TF-rough prime ideals of S, where ¢ ranges over
an arbitrary index set I. Thus, if a,b € S and a b € T[J,c; Ai], we have
axb € T[A;], for some i € I. Since X = |JT'(u,), for some u, € U, for every
X C P*(W). Then, by Proposition 6.2, | J;.; A; is a T*-rough prime ideal of

T*-rough semigroup S. [
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