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The notions of int-soft semigroups and int-soft left (resp., right) ideals are introduced, and several properties are investigated.
Using these notions and the notion of inclusive set, characterizations of subsemigroups and left (resp., right) ideals are considered.
Using the notion of int-soft products, characterizations of int-soft semigroups and int-soft left (resp., right) ideals are discussed. We
prove that the soft intersection of int-soft left (resp., right) ideals (resp., int-soft semigroups) is also int-soft left (resp., right) ideals
(resp., int-soft semigroups). The concept of int-soft quasi-ideals is also introduced, and characterization of a regular semigroup is

discussed.

1. Introduction

Molodtsov [1] introduced the concept of soft set as a new
mathematical tool for dealing with uncertainties. He pointed
out several directions for the applications of soft set theory. At
present, works on soft set theory are progressing rapidly. Maji
et al. [2] described the application of soft set theory to a de-
cision making problem. Maji et al. [3] also studied several
operations on the theory of soft sets.

Cagman and Enginoglu [4] introduced fuzzy parameter-
ized (FP) soft sets and their related properties. They proposed
a decision making method based on FP-soft set theory and
provided an example which shows that the method can be
successfully applied to the problems that contain uncertain-
ties. Decision making based on soft sets was further devel-
oped in [5-8]. It is worth noting that soft sets are closely
related to many other soft computing models such as rough
sets and fuzzy sets. Feng and Li [9] initiated soft approxi-
mation spaces and soft rough sets, which extended Pawlak’s
rough sets. Moreover, Feng [10] considered the application of
soft rough approximations in multicriteria group decision
making problems. Aktas and Cagman [11] studied the basic
concepts of soft set theory and compared soft sets to fuzzy
and rough sets, providing examples to clarify their differ-
ences. They also discussed the notion of soft groups. After

that, many algebraic properties of soft sets were studied by
several researchers (see [12-26]). Recently, Feng et al. [27]
investigated the relationships among five different types of
soft subsets. They also explored free soft algebras associated
with soft product operations, showing that soft sets have some
nonclassical algebraic properties. In this paper, we introduce
the notion of int-soft semigroups and int-soft left (resp., right)
ideals. Using these notions, we provide characterizations
of subsemigroups and left (resp., right) ideals. Using the
notion of inclusive set, we also establish characterizations of
subsemigroups and left (resp., right) ideals. Using the notion
of int-soft products, we give characterizations of int-soft
semigroups and int-soft left (resp., right) ideals. We show that
the soft intersection of int-soft left (resp., right) ideals (resp.,
int-soft semigroups) is also int-soft left (resp., right) ideals
(resp., int-soft semigroups). We also introduce the concept
of int-soft quasi-ideals and discuss a characterization of a
regular semigroup by using the notion of int-soft quasi-ideals.

2. Preliminaries

Let S be a semigroup. Let A and B be subsets of S. Then the
multiplication of A and B is defined as follows:

AB={abeS|ae ADbe B}. 1)
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A semigroup S is said to be regular if for every x € S there
exists a € S such that xax = x.
A nonempty subset A of § is called

(i) a subsemigroup of S if AA C A, that is, ab € A for all
a,b e A,

(ii) aleft (resp., right) ideal of Sif SA € A (resp., SA € A),
thatis, xa € A (resp.,ax € A) forall x € Sand a € A,

(iii) atwo-sided ideal of Sifitis both aleft and a right ideal
of S,

(iv) a quasi-ideal of Sif ASN SA C A.

A soft set theory was introduced by Molodtsov [1], and
Cagman and Enginoglu [5] provided new definitions and
various results on soft set theory.

In what follows, let U be an initial universe set and let E
be a set of parameters. Let ?(U) denote the power set of U
and A,B,C,... C E.

Definition 1 (see [1, 5]). A soft set («, A) over U is defined to
be the set of ordered pairs

(o, A) == {(x,(x)) : x € E,a(x) € P (U)}, 2)
where a : E — 9(U) such that a(x) = 0 if x ¢ A.

The function « is called approximate function of the soft
set (o, A). The subscript A in the notation « indicates that «
is the approximate function of («, A).

Definition 2 (see [28]). Assume that E has a binary operation
—. For any nonempty subset A of E, a soft set («, A) over U
is said to be intersectional over U if it satisfies

(x>yeA=ax)na(y)calx—y))
(3)
(Vx,y € A).

For a soft set («, A) over U and a subset y of U, the y-inclu-
sive set of (&, A), denoted by i ,(«; ), is defined to be the set

is2(y)={xeAlycax)}. (4)

3. Intersectional Soft Ideals

In what follows, we take E = S, as a set of parameters, which
is a semigroup unless otherwise specified.

Definition 3. A soft set («, S) over U is called an intersectional
soft semigroup (briefly, int-soft semigroup) over U if it
satisfies
(Vx,y€S) (a(x)na(y)calxy)). (5)
Definition 4. A soft set («, S) over U is called an intersectional
soft left (resp., right) ideal (briefly, int-soft left (resp., right)
ideal) over U if it satisfies
(Vx,y€8) (a(xy)2a(y)(resp.a(xy) 2 a(x))).
(6)
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If a soft set (e, S) over U is both an int-soft left ideal and an
int-soft right ideal over U, we say that («,S) is an intersec-
tional soft two-sided ideal (briefly, int-soft two-sided ideal)
over U.

Example 5. Let S = {a,b,c,d} be a semigroup with the fol-
lowing Cayley table:

(7)
Let («, S) be a soft set over U defined as follows:
Y, ifx=a,
> f =0,
€:S— PU), xro {tr Ex=b 8)
Ve ifx=c,
ys if x=d,

wherey,, 5, 3, and y, are subsets of U withy; 2 7, 2 3 2 Vs
Then («, S) is an int-soft two-sided ideal over U.

Obviously, every int-soft left (resp., right) ideal over U is
an int-soft semigroup over U. But the converse is not true as
seen in the following example.

Example 6. Let S = {0,1,2,3,4,5} be a semigroup with the
following Cayley table:

lo12345
0/0 000O0O
1011111
20012311 9)
31011123
4014511
5[0 1 1145
(1) Let («, S) be a soft set over U defined as follows:
Y, fx=0,
Ve fx=1,
a:S— PU), x>y ifxe{2,4}, (10)
Yy if x =3,
s, if x =5,

where y,, 5, V3, V4> and ys are subsets of U with y; 2
Y5 2 Vs 2 V4 2 V5. Then («, S) is an int-soft semigroup
over U. But it is not an int-soft left ideal over U since
a(3-5) =a3) =y, 2 y; = al5).

(2) Let (B3, S) be a soft set over U defined as follows:

y  if x € {0,1},
o s ifx=2 (1)
y, ifx=3,

v, if x €{4,5},

B:S— P,
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where y,, 1,, 5, and y, are subsets of U with y;, 2 y, 2
Y3 2 ¥, Then (3,8) is an int-soft semigroup over U.
But it is not an int-soft right ideal over U since (3 -

4)=BQ2) =15 27, = BG).
For a nonempty subset A of S, define a map y, as follows:

U, ifxe A

12
@, otherwise. (12)

Xa:S— 2(U), x|—>{

Then (x4, S) is a soft set over U, which is called the character-
istic soft set. The soft set (x5, S) is called the identity soft set
over U.

Theorem 7. For any nonempty subset A of S, the following are
equivalent.

(1) Ais a left (resp., right) ideal of S.

(2) The characteristic soft set (x,S) over U is an int-soft
left (resp., right) ideal over U.

Proof. Assume that A is a left ideal of S. For any x, y € S, if
y ¢ Athen y,(xy) 20 = x,(»). If y € A, then xy € A since
A is a left ideal of S. Hence y,(xy) = U = x4(y). Therefore
(X4»S) is an int-soft left ideal over U. Similarly, (x,,S) is an
int-soft right ideal over U when A is a right ideal of S.
Conversely suppose that (x,,S) is an int-soft left ideal
over U.Let x € Sand y € A. Then x,(y) = U, and so y,
(xy) 2 xa(y) = U; thatis, ys(xy) = U. Thus xy € A and
therefore A is a left ideal of S. Similarly, we can show that if
(X4»S) is an int-soft right ideal over U, then A is a right ideal
of S. 0

Corollary 8. For any nonempty subset A of S, the following
are equivalent.

(1) A is a two-sided ideal of S.

(2) The characteristic soft set (x4, S) over U is an int-soft
two-sided ideal over U.

Theorem 9. A soft set (a,S) over U is an int-soft semigroup
over U if and only if the nonempty y-inclusive set of («,S) is a
subsemigroup of S for ally c U.

Proof. Assume that («, S) over U is an int-soft semigroup over
U.Lety € U be such thatig(a; y) #0. Let x, y € ig(«; p). Then
a(x) 2 yand a(y) 2 y. It follows from (5) that

a(xy)2ax)na(y)2y, (13)

so that xy € ig(a; p). Thus ig(; y) is a subsemigroup of S.
Conversely, suppose that the nonempty y-inclusive set of
(«, S) is a subsemigroup of Sforall y € U. Let x, y € Sbe such
that a(x) = y, and a(y) = y,. Taking y = y, Ny, implies that
x,y € ig(a; ). Hence xy € ig(a;y), and so a(xy) 2y =y, N
Yy = a(x) N a(y). Therefore (a, S) is an int-soft semigroup
over U. O

Theorem 10. A soft set («,S) over U is an int-soft left (resp.,
right) ideal over U if and only if the nonempty y-inclusive set
of («,S) is a left (resp., right) ideal of S for all y C U.

Proof. 1t is the same as the proof of Theorem 9. O

Corollary 11. A soft set (&, S) over U is an int-soft two-sided
ideal over U if and only if the nonempty y-inclusive set of («, S)
is a two-sided ideal of S for all y C U.

For any soft sets («, S) and (3, S) over U, we define
(,9) S (B,S)

ifa(x) < B(x) VxeS. (14)

The soft union of («, S) and (3, S) is defined to be the soft set
(e U B,S) over U in which « U 8 is defined by

(aUB) (x) = e (x) U B (x)

The soft intersection of (a, S) and (3, S) is defined to be the soft
set (« N f3,S) over U in which & N f is defined by

Vx €. (15)

(N B)(x) =a(x)npP(x)
The int-soft product of (&, S) and (B, S) is defined to be the soft

set (« © f3,8) over U in which « = f3 is a mapping from S to
P(U) given by

(a= B)(x)
{ U {a(y) N B(2)}, if Iy,z € S such that x = yz,
= {x=yz

@, otherwise.

Vx € S. (16)

17)

Proposition 12. Let («;,S), («,,S), (5,,S), and (3,,S) be soft
sets over U. If

(“1’3) < (/31’5) >

then (a; ° o, S) € (B9, 9).

(@,9) € (B,,5),  (18)

Proof. Let x € S.1If x is not expressed as x = yz for y,z € §,
then clearly

(a5 a,8) € (B °BS). (19)

Suppose that there exist y,z € S such that x = yz. Then

(07 @) () = [ {a () Ny (2}

x=yz 20)
< U {Br(y) N By (2} = (Bio o) (x).
x=yz
Therefore (a;° &, S) € (B;° 35, S). O

Lemma 13. Let (y,,S) and (xp,S) be characteristic soft sets
over U where A and B are nonempty subsets of S. Then the
following properties hold:

M Xa N X5 = Xanp

(2) Xa ° XB = Xas-



Proof. (1) Letx € S.If x € AN B, then x € Aand x € B. Thus
we have

(xa N xp) (0) = xa ()N xp (x) =U = xanp(x). (21

If x ¢ AN B, then x ¢ A or x ¢ B. Hence we have
(xa 0 xp) (%) = xa () N xp(x) =0 = xanp(x).  (22)

Therefore y, N X5 = Xans-
(2) Forany x € S, suppose x € AB. Then there exista € A
and b € B such that x = ab. Thus we have

(xa® x8) @) = [ {xa () N 1 (@)}
x=yz (23)

2 xa(@)Nyxg(b) =0,

and so (x4 ° xp)(x) = U. Since x € AB, we get y5(x) = U.
Suppose x ¢ AB. Then x#abforalla € Aandb € B.If x =
yz for some y,z € S,then y ¢ Aorz ¢ B. Hence

(a s xp) @) = J ta () nx @) =0= xap (). (34

x=yz
If x # yz forall x, y € S, then

(xa° xp) (x) =0 = xap(x). (25)
In any case, we have y, 5 x5 = Xaz- O

Theorem 14. A soft set («,S) over U is an int-soft semigroup
over U ifand only if (a © «, S) € (e, S).

Proof. Assume that (a ° «,S) € («, S) and let x, y € S. Then
a(xy)2 (v a)(xy)>alx)naly),  (26)

and so («, S) is an int-soft semigroup over U.

Conversely, suppose that («,S) is an int-soft semigroup
over U. Then a(x) 2 a(y) N a(z) for all x € S with x = yz.
Thus

a(x) 2 U fa(y)na(2)}=(a?a)(x) 27)

x=yz
forall x € S. Hence (¢ ° «,S) € (e, S). O

Theorem 15. For the identity soft set (x5, S) and a soft set (3, S)
over U, the following are equivalent:

(1) (B,S) is an int-soft left ideal over U,
2) (xs° B.S) € (B, 9).

Proof. Suppose that (3, ) is an int-soft left ideal over U. Let
x € 8. If x = yz for some y,z € §, then

(xss B @ = {xs () n B2)}

x=yz

cJUnplat=4w.

x=yz

(28)
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Other~wise, we have (x5 ° B)(x) = 0 € B(x). Therefore (yg
B.S) € (B.S). ~

Conversely, assume that (y5 o f3,S) € (3,S). For any x,
y € S, we have

B(xy) 2 (xs ° B) (xy) 09)
2 xs () NB(y)=UNB(y)=B(y).
Hence (3,S) is an int-soft left ideal over U. O

Similarly, we have the following theorem.

Theorem 16. For the identity soft set (s, S) over U and a soft
set (3, S) over U, the following assertions are equivalent:

(1) (B,S) is an int-soft right ideal over U,
(2) (B° xs59) S (B,S).

Corollary 17. For the identity soft set (xs, S) over U and a soft
set (3,S) over U, the following assertions are equivalent:

(1) (B,S) is an int-soft two-sided ideal over U,
(2) (xs° B.S) € (B,S) and (B~ xs,5) € (B,S).

Theorem 18. If («,S) and (B, S) are int-soft semigroups over
U, then so is the soft intersection (o 0 f3,S).

Proof. Let x, y € S. Then
(a 71 B) (xy) = a(xy) N B (xy)
2 (a(x)na(y))n(Bex)np(y)

30)
= (a(@)n )N (a(y)nB(y)
=(@N )@ N (afi p)(y).
Thus (« N S, S) is an int-soft semigroup over U. O

By similar manner, we can prove the following theorem.

Theorem 19. If («,S) and (3,S) are int-soft left ideals (resp.,
int-soft right ideals) over U, then so is the soft intersection

(@@ B,S).

Corollary 20. If («,S) and (3, S) are int-soft two-sided ideals
over U, then so is the soft intersection (« N f3,5).

Theorem 21. Let («,S) and (j3,S) be soft sets over U. If (a, S)
is an int-soft left ideal over U, then so is the int-soft product
(= f,9).

Proof. Let x,y € S.If y = ab for some a,b € §, then xy =
x(ab) = (xa)b and

(@5 B)(») = {a@npw)}

y=ab

c | faxa)np®)} 31)

xy=(xa)b

c U {a(@np®)} =(a?p)(xy).

xy=cb
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If y is not expressible as y = ab fora, b € S, then (« ° §)(y) =
B C (oo B)(xy). Thus (a = B)(¥) € (a° B)(xy) forall x, y €
S,and so (« © 3,S) is an int-soft left ideal over U. O

Similarly, we have the following theorem.

Theorem 22. Let (a,S) and (B, S) be soft sets over U. If (j3,S)
is an int-soft right ideal over U, then so is the int-soft product
(= f3,5).

Corollary 23. The int-soft product of two int-soft two-sided
ideals over U is an int-soft two-sided ideal over U.

Let (&, S) be a soft set over U. For a subset y of U with
ig(a; y) # 0, define a soft set (a*, S) over U by

a(x), ifxeig(ay),

a' S — P, xl—>{ (32)

d, otherwise,
where ¢ is a subset of U with § ¢ a(x).

Theorem 24. If («,S) is an int-soft semigroup over U, then so
is (", S).

Proof. Let x, y € S. If x, y € ig(a; p), then xy € ig(a; y) since
ig(a; y) is a subsemigroup of S by Theorem 9. Hence we have

a' (xy)=a(xy) 2ax)na(y) =a” (x)na’ (y). (33)

If x ¢ iglosy) or ¥ ¢ igles p), then a”(x) = § or a™(y) = 4.
Thus

a (xy)28=0a"(x)Na” (y). (34)
Therefore (a*, S) is an int-soft semigroup over U. O

By similar manner, we can prove the following theorem.

Theorem 25. If («,S) is an int-soft left ideal (resp., int-soft
right ideal) over U, then so is («*, S).

Corollary 26. If (a,S) is an int-soft two-sided ideal over U,
then so is («*, S).

Theorem 27. If («,S) is an int-soft right ideal over U and
(B,S) is an int-soft left ideal over U, then (a’s 3,
S) € (a1 B,S).

Proof. Let x € S.If x is not expressible as x = ab for a,b € S,
then (s B)(x) = 0 € (a N B)(x). Assume that there exist
a,b € Ssuch that x = ab. Then

(@3 p)(x) = [Jla@np®}c [ {a(ab)npab)}

x=ab x=ab

=a(x)NBx)=(an P)(x).
(35)

In any case, we have («° 3,S) € (a N B,9). O

If we strengthen the condition of the semigroup S, then we
can induce the reverse inclusion in Theorem 27 as follows.

Theorem 28. Let S be a regular semigroup. If («,S) is an int-
soft right ideal over U, then (a« N 3,S) € (a© f3,S) for every
soft set (j3,S) over U.

Proof. Let x € S. Then there exists a € S such that xax = x
since S is regular. Thus

(@sp)x) = la(y)nB@)}. (36)

x=yz
On the other hand, we have
(A B)(x) =a(x)NP(x) S alxa)nP(x) (37)

since («, S) is an int-soft right ideal over U. Since xax = x, we
obtain

a(xa)n B(x) € U fa(y)NB@2)}=(a5p)(x). (38)
x=yz

Therefore (N B)(x) < (a° B)(x), and so (a N B,
S) € (a? B.S). O

In a similar way we prove the following.

Theorem 29. Let S be a regular semigroup. If (3, S) is an int-
soft leftideal over U, then (a 0 f3,8) € (a © f3,S) for every soft
set («, S) over U.

Theorem 30. If a semigroup S is regular, then (a 0 f,S) =
(s B,S) for every int-soft right ideal («,S) and int-soft left
ideal (3,S) over U.

Proof. Assume that S is a regular semigroup and let («, S)
and (B, S) be an int-soft right ideal and an int-soft left ideal,
respectively, over U. By Theorem 28, we have (a N f5,
S) € (oo B,S). Since (a °3,S) € (a N B,S) by Theorem 27,
we have (« N 3,S) = (a5 3,5). O

Definition 31. A soft set («,S) over U is called an int-soft
quasi-ideal over U if

(% xs:8) N (xs ° & S) (a0, S). (39)

Obviously, every int-soft left (resp., right) ideal is an int-
soft quasi-ideal over U, but the converse does not hold in
general.

In fact, we have the following example.

Example 32. Let S = {0,a, b, c} be a semigroup with the fol-
lowing Cayley table:

(40)
Let («, S) be a soft set over U defined as follows:
y, if x € {0,a},
: S P> U), 41
@:8 = FO) XH{@, fxepg, W

where y is a subset of U. Then («, S) is an int-soft quasi-ideal
over U and is not an int-soft left (resp., right) ideal over U.



Theorem 33. Let G be a nonempty subset of S. Then G is a
quasi-ideal of S if and only if the characteristic soft set (xg,S)
is an int-soft quasi-ideal over U.

Proof. We first assume that G is a quasi-ideal of S. Let a be
any element of S. If a € G, then

(e xs)N(xs° X)) @CU=xg(a). (42)
Ifa ¢ G, then x;(a) = 0. On the other hand, assume that

(X6 ° xs) 0 (xs ° xg)) (@) = UL (43)
Then
U e nxs (M} =g ° xs) (@) = U,
’ (44)
U s @ nxe (0)} = (xs ° x6) (@) = U.
a=xy

This implies that there exist elements b, ¢, d, and e of S with
a = bc = de such that y5(b) = U and y5(e) = U. Hence a =
bc = de € GSN SG < G, which contradicts that a ¢ G. Thus
we have (x5 ° x5, 8) N (x5 ° X S) € (xe>S) and so (xg, S) is
an int-soft quasi-ideal over U.

Conversely, suppose that (xg,S) is an int-soft quasi-ideal
over U. Let a be any element of GS N SG. Then bx = a = yc
for some b,c € Gand x, y € S. It follows from (39) that

X6 (@) 2 (X6 ° xs) N (xs ° xc)) (@)
=(xg° xs) @ n (xs ° xg) (@)

- ( U {xe @) 0 xs (v)}) N ( U s @ nxe (v)}>

) (g o (”)}) n (g {xc (v)}) -U

(45)
andsoa € G. Thus GSNSG < G, and hence G is a quasi-ideal
of S. O
Theorem 34. For a semigroup S, the following are equivalent:

(1) S is regular,
(2) (,S) = (x° x5 °a,S) for every int-soft quasi-ideal
(a, S) over U.

Proof. Assume that S is regular and let a € S. Then a = axa
for some x € S. Hence

(@5 x5 5 a) (@) = [ {(a5 xs) @) N ()}

a=uv

2 (a? xs) (ax) Na(a)

_ ( U {e@nxs (d)}) na@ @

ax=cd

=< U {a(c)}>m(a):a<a>,

ax=cd
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andso (&, S) € (a © xg © «,S). On the other hand, since («, S)
is an int-soft quasi-ideal over U,

(@5 xs°a,8) (s xS N(xs ° . S) S (a0, S). (47)

Hence (o, S) = (a ° x5 ° ,S).

Conversely, suppose that (2) is valid and let A be a quasi-
ideal of S. Then ASA € ASNSA € A and (x4, S) is an int-soft
quasi-ideal over U. For any a € A, we have

U {(xa s x5) () nxa 2}
a=yz (48)

= ((xa® xs) ° xa) (@ = xa(a) =U.

This implies that there exist b,c € S such that a = bc,
(Xa ° x5)(b) =U and y,(c) = U. Then

U=(asx)®=J @@ (49
b=pq

and so b = st, y,(s) = U = x,(t) for some s,t € S. It follows
thatc,s € Aandt € S so thata = bc = (st)c € ASA. Hence
A € ASA, and thus A = ASA. Therefore S is regular. O
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