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ABSTRACT. In this paper, we introduce the notion of intuitionistic
fuzzy soft ideals, intuitionistic fuzzy soft k—ideals, intuitionistic normal
fuzzy soft k—ideals, intuitionistic k—fuzzy soft ideals over a I'—semiring
and study their properties and relations between them. We prove that if
(f,A) is an intuitionistic fuzzy soft k—ideal over a I'—semiring M then
(f*,A) is an intuitionistic normal fuzzy soft k—ideal over a I'—semiring
M and if (f, A) is a normal then (f, A) = (fT, A).

2010 AMS Classification: 06Y60, 06B10.

Keywords: T'—semiring, fuzzy soft set, Intuitionistic fuzzy soft set, Intuitionistic
fuzzy soft ideal, Intuitionistic fuzzy soft k—ideal, Intuitionistic normal fuzzy soft
k—ideal, Intuitionistic k— fuzzy soft ideal.

Corresponding Author: M. Murali Krishna Rao (mmkr@gitam.edu)

1. INTRODUCTION

The notion of a semiring is an algebraic structure with two associative binary
operations where one distributes over the other, was first introduced by Vandiver
[20] in 1934 but semirings had appeared in studies on the theory of ideals of rings.An
universal algebra (S, +,-) is called a semiring if and only if (S,+), (S,-) are semi-
groups which are connected by distributive laws, i.e.,a(b+c¢) = ab+ac, (a+b)c=
ac + be, for all a,b,c € S. Though semiring is a generalization of a ring, ideals of
semiring do not coincide with ring ideals. For example an ideal of semiring needs not
be the kernel of some semiring homomorphism. To solve this problem, Herniksen
[7] defined k—ideals in semirings to obtain analogous of ring results for semiring. In
structure, semirings lie between semigroups and rings. The results which hold in
rings but not in semigroups hold in semirings, since semiring is a generalization of
ring. The study of rings shows that multiplicative structure of ring is an independent
of additive structure whereas in semiring multiplicative structure of semiring is not
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an independent of additive structure of semiring. The additive and the multiplica-
tive structure of a semiring play an important role in determining the structure of
a semiring. The theory of rings and theory of semigroups have considerable impact
on the development of theory of semirings. Semirings play an important role in
studying matrices and determinants. Semirings are useful in the areas of theoretical
computer science as well as in the solutions of graph theory, optimization theory,
in particular for studying automata,coding theory and formal languages. Semiring
theory has many applications in other branches.

The notion of I'—ring was introduced by Nobusawa [16] as a generalization of
ring in 1964. Sen [18] introduced the notion of I'—semigroup in 1981. The notion of
ternary algebraic system was introduced by Lehmer [3] in 1932, Lister [9] introduced
ternary ring. Dutta & Kar [4] introduced the notion of ternary semiring which is a
generalization of ternary ring and semiring.The notion of I'—semiring was introduced
by Murali Krishna Rao [14] not only generalizes the notion of semiring and I'—ring
but also the notion of ternary semiring. The natural growth of gamma semiring is
influenced by two things. One is the generalization of results of gamma rings and
another is the generalization of results of semirings and ternary semirings. This
notion provides an algebraic back ground to the non positive cones of the totally
ordered rings.

The theory of fuzzy sets is the most appropriate theory for dealing with un-
certainty was first introduced by Zadeh [21]. The concept of fuzzy subgroup was
introduced by Rosenfeld [17]. Many papers on fuzzy sets appeared showing the im-
portance of the concept and its applications to logic, set theory, group theory, ring
theory, real analysis, topology, measure theory etc . Uncertain data in many impor-
tant applications in the areas such as economics, engineering, environment ,medical
sciences and business management could be caused by data randomness, information
incompleteness, limitations of measuring instrument, delayed data updates etc.

Molodtsov [13] introduced the concept of soft set theory as a new mathematical
tool for dealing with uncertainties ,only partially resolves the problem is that objects
in universal set often does not precisely satisfy the parameters associated to each of
the elements in the set. Then Maji et al.[10] extended soft set theory to fuzzy soft
set theory. Aktas and Cagman [1] defined the soft set and soft groups. Majumdar
and Samantha [12] extended soft sets to fuzzy soft set. Acar et al. [2], gave the
basic concept of soft ring. Furthermore, Shah and Medhit [19] gave the concept of
primary decomposition in a soft ring and a soft module. Jayanth Ghosh et al. [0]
initiated the study of fuzzy soft rings and fuzzy soft ideals. Feng et al. [5] studied soft
semirings by using the soft set theory. Atanasso [3] studied intuitionistic fuzzy sets.
Zhou et al.[22] extended the concept of intuitionistic fuzzy soft set to semigroup
theory in 2011. Maji et al.[l1] introduced the concept of intuitionistic fuzzy soft
set which is an extension to soft set and intuitionistic fuzzy set. Murali Krishna
Rao [15] introduced and studied fuzzy soft ideals and fuzzy soft k—ideals over a
I'—semiring. In this paper, we introduce the notion of an intuitionistic fuzzy soft
ideals, intuitionistic fuzzy soft k—ideals and intuitionistic normal fuzzy soft k—ideals
over a I'—semiring and their properties are studied.
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2. PRELIMINARIES

In this section, we recall some of the concepts and definitions from [6, 10, 11, 14,
]
Definition 2.1 ([14]). A set S together with two associative binary operations
called addition and multiplication (denoted by + and - respectively) will be called
a semiring provided
(i) addition is a commutative operation,
(ii) there exists 0 € S such that t+ 0=z and x-0=0-2 =0 for each x € 5,
(iii) multiplication distributes over addition both from the left and from the right.

Definition 2.2 ([14]). Let (M,+) and (I, +) be commutative semigroups. Then
we call M as a ['—semiring,if there exists a mapping M x I' x M — M is written
(z,a,y) as zay such that it satisfies the following axioms : for all z,y,z € M and
a,perl,

(i) za(y + 2) = zay + zaz,

(i) (x + y)az = zaz + yaz,

(iii) z(a+ By = zay + xPy,

(iv) za(yBz) = (zay)Bz.
Definition 2.3 ([14]). Let S be a I'—semiring and A be a non-empty subset of S.
A is called a I'—subsemiring of S if A is a sub-semigroup of (S, +) and AT A C A.

Definition 2.4 ([14]). Let S be a '—semiring. A subset A of S is called a left(right)
ideal of S if A is closed under addition and STA C A(AI'S C A). A is called an
ideal of S if it is both a left ideal and a right ideal.

Definition 2.5 ([21]). Let S be a non-empty set. A mapping f : S — [0, 1] is called
a fuzzy subset of S.

Definition 2.6 ([21]). Let f be a fuzzy subset of a non-empty set S. For ¢t € [0, 1]
the set f = {x € S| f(z) >t} is called a level subset of S with respect to a fuzzy
subset f.

Definition 2.7 ([15]). Let S be a I'—semiring. A fuzzy subset u of S is said to be
fuzzy I'—subsemiring of S if it satisfies the following conditions :

(i) p(z +y) > min {p(z), u(y)},
(ii) p(zay) > min {u(x), w(y)} for all z,y € S,a € T

Definition 2.8 ([15]). A fuzzy subset y of a '—semiring S is called a fuzzy left(right)
ideal of S if for all z,y € S,a €T’

(i) p(z +y) > min{u(@), w(y)},

(i) pray) > p(y) (u(x)).

Definition 2.9. [15] A fuzzy subset p of a I'—semiring S is called a fuzzy ideal of
Sifforall z,y € S,a el

(i) p(z +y) = min{u(z), u(y)},

(i) p(way) > max {u(z), u(y)}.

Definition 2.10. [15] An ideal I of a I'—semiring S is called k—ideal if for z,y €
S,e+yel,yecl=xecl.
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Definition 2.11 ([15]). Let f and g be fuzzy subsets of S. Then fUg, f Ng are
fuzzy subsets of S defined by

JUg(x) = max{f(z), g(x)}, f N g(x) = min{f(x), g(x)} for all z € .

Definition 2.12 ([15]). A fuzzy subset u: .S — [0,1] is called a non-empty if p is
not the constant function.

Definition 2.13 ([15]). For any two fuzzy subsets A and p of S, A C u means
Az) < p(z) for all z € S.

Definition 2.14 ([15]). Let U be an initial universe set, E be the set of parameters
and P(U) denotes the power set of U. A pair (f, E) is called a soft set over U where
f is a mapping given by f: E — P(U).

Definition 2.15 ([15]). For a soft set (f, A), the set {x € A | f(x) # @} is called a
support of (f, A) denoted by Supp(f, A). If Supp(f, A) # & then (f, A) is called a
non null soft set.

Definition 2.16 ([10]). Let U be an initial universe set, E be the set of parameters
and A C E. A pair (f,A) is called a fuzzy soft set over U where f is a mapping
given by f: A — IY where IV denotes the collection of all fuzzy subsets of U.

Definition 2.17 ([6]). Let X be a group and (f, A) be a soft set over X. Then
(f,A) is said to be a soft group over X if and only if f(a) is a subgroup of X for
each a € A.

Definition 2.18 ([6]). Let X be a group and (f, A) be fuzzy soft set over X. Then
(f,A) is said to be fuzzy soft group over X if and only if for each a € A, xz,y € X
(1) fa(xxy) > fo(x) * fa(y),
(ii) fa(z™") = fa(2),

where f, is the fuzzy subset of X corresponding to the parameter a € A.

Definition 2.19 ([11]). An intuitionistic fuzzy set f of a non-empty set X is an
object having the form f = (us, A\f) = {z, ps(x), A\f(z) | € X} where py : X —
[0,1],Af : X — [0,1] are membership functions, ps(z) is a degree of membership,
Af(x) is a degree of non membership and 0 < py(x) + Af(x) <1 for all z € X.

Definition 2.20 ([11]). Let f and g be intuitionistic fuzzy sets of X. Then fNg
and f U g are defined as

f g = (gng: Arng) = {@, g N pg(x), A N Ag(z) | 2 € X}
fug= (Mfugv)‘fuga) = {xvﬂ‘f U:u‘g(x)a)‘f U)‘Q(m) | T € X}
respectively.

Definition 2.21 ([L1]). Let f and g be intuitionistic fuzzy sets of a non-empty set
X. fCyg means pup(z) < pg(x) and Ap(z) > Ag(z), for all z € X.

Definition 2.22 ([11]). Let U be an initial universe set, F be the set of parameters
and A C E. A pair (f, A) is called an intuitional fuzzy soft set over U where f is a
mapping given by f: A — IY where IV denotes the collection of all fuzzy subsets
of U.
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Definition 2.23 ([11]). Let (f,A), (g, B) be intuitionistic fuzzy soft sets over U.
Then (f, A) is said to be intuitionistic fuzzy soft set of (g, B), denoted by (f, A) C
(g9,B) if AC B and f, C g, for all a € A.

Definition 2.24 ([11]). Let (f, A), (g, B) be intuitionistic fuzzy soft sets. The inter-
section of intuitionistic fuzzy soft sets (f, A) and (g, B), denoted by (f, A)N (g, B) =
(h,C) where C = AU B, is defined as

fe, if ce A\ B;
he =< 9e, ifce B\ 4;
feNge, ifce ANB.

Definition 2.25 ([11]). Let (f, A), (g, B) be intuitionistic fuzzy soft sets. The union
of intuitionistic fuzzy soft sets (f, A) and (g, B), denoted by (f, A)U (g, B) = (h,C)
where C = AU B, is defined as

fes ifce A\ B;
he =< Ges if ce B\ A;
feUge, ifce ANB.

Definition 2.26 ([11]). Let (f, A), (g, B) be intuitionistic fuzzy soft sets over U.
(f,A) AND (g, B), denoted by (f, A) A (g, B), is defined by (f, A) A (g, B) = (h,C)
where C'= A x B and h.(x) = min {fq(z), gs(x)} for all ¢ = (a,b) € A x B, x € U.

Definition 2.27. [11] Let (f, A), (g, B) be intuitionistic fuzzy soft sets over U. (f, A)
OR (g, B), denoted by (f, A) V (g, B), is defined by (f,A) V (g, B) = (h,C) where
C = A x B and h.(z) = max {fqo(z),gp(2)} for all ¢c= (a,b) € Ax B,z € U.

Definition 2.28 ([15]). Let S be a I'—semiring, F be a parameter set, A C F and f
be a mapping given by f: A — P(S) where P(S) is the power set of S. Then (f, A)
is called a soft I'—semiring over S if and only if for each a € A, f(a) is '—subsemiring
of S.ie. (3). z,yeS= x+ye fla) (it). z,yeS,ael' = zay < f(a).

Definition 2.29 ([15]). Let S be a I'—semiring, E be a parameter set, A C E and
f be a mapping given by f : A — [0,1]° where [0,1]® denotes the collection of all
fuzzy subsets of S. Then (f, A) is called a fuzzy soft I'—semiring over S if and only
if for each a € A, f(a) = fq is the fuzzy I'—subsemiring of S. i.e.,(i) fo(z +y) >
min{ fo(2), fa(y)} (74) fa(way) > mind fu(z), fuly)} for all 2,y € S, €T,

Definition 2.30 ([15]). Let S be a I'—semiring, E be a parameter set, A C E and
f be a mapping given by f : A — P(S). Then (f,A) is called a soft left(right)
ideal over S if and only if for each a € A, f(a) is a left(right) ideal of S. i.e.,
(1) z,y € fla)= z+ye fla) (i) z,y € fla),a el,r € S= rax(zar) € f(a).

Definition 2.31 ([15]). Let S be a I'—semiring, F be a parameter set, A C F and
f:+A— P(S). Then (f, A) is called a soft ideal over S if and only if for each
a € A, f(a) is an ideal of S. ie., (i) z,y € f(a) = z+y € f(a) (i) z € f(a),a €
I'yreS= raze€ f(a) and zar € f(a).

Definition 2.32 ([15]). Let S be a I'—semiring, E be a parameter set, A C E and

f be a mapping given by f : A — [0,1]° where [0,1]° denotes the collection of all

fuzzy subsets of S. Then (f, A) is called a fuzzy soft left(right) ideal over S if and only
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if for each a € A, the corresponding fuzzy subset f, : S — [0, 1] is a fuzzy left(right)

ideal of S. i.e., (i) fo(x+y) > min{fo(2), fa(y)} (i) falzay) > foly)(fa(x)) for all
z,y € S,ael.

Definition 2.33 ([15]). Let S be a I'—semiring, E be a parameter set and A C E.
Let f be a mapping given by f: A — [0,1]° where [0,1]° denotes the collection of
all fuzzy subsets of S. Then (f, A) is called a fuzzy soft ideal over S if and only if
for each a € A, the corresponding fuzzy subset f, : S — [0, 1] is a fuzzy ideal of S. i.e.,

(i) fa(z +y) = min {fo(2), fa(y)},
(i) fo(zay) > max {f,(x), fo(y)} for all z,y € S, € T

3. INTUITIONISTIC FUZZY SOFT IDEALS

In this section, we introduce the notion of an intuitionistic fuzzy soft ideal over a
I'—semiring and study their properties.

Definition 3.1. An intuitionistic fuzzy set f of a I'—semiring M is an object having
the form f = (ug, Af) = {z, py(x), A\p(z) | © € M}, where piy : M — [0,1],Af : M —
[0, 1] are membership functions, p¢(z) is a degree of membership, Af(x) is a degree
of non membership and 0 < pr(z) + Ap(z) <1 for all z € M.

Definition 3.2. An intuitionistic fuzzy set f = (uy, Ay) of a I'—semiring M is called
an intuitionistic fuzzy ideal if f satisfies the following conditions :
(i) pr(@ +y) = min{pus(2), pr(y)},
(i) py(zay) = max{us (@), ps(y)},
(ili) As(z +y) < max{As(z), Ar(y)}-
(iv) Af(zay) <min{As(x),Af(y)}, forallz,y € M and a €T

Obviously, p17(0) > pyr(z) and A (0) < Ap(x), for all z € M.

Example 3.3. Let M be the additive commutative semigroup of all non negative
integers and I" be the additive semigroup of all natural numbers. Then M is a
I'—semiring if a~vb is defined as usual multiplication of integers a,~y, b, where a,b €
M,~ € T'. Define

%, if x = 0; %, if x =0;
pr(r) =< 5, ifxe{2,4,6,---}; Ap(z) =< 3, ifxe{2,46 -}
0, otherwise. 1, otherwise.

for all € M. Then intuitionistic fuzzy set f = (us, Ay) of I'—semiring M is an
intuitionistic fuzzy ideal.

Definition 3.4. Let M be a ['—semiring , F be a parameter set and A C E. Then
(f, A) is called an intuitionistic fuzzy soft ideal over a I'—semiring M if and only
if for each a € A, the corresponding intuitionistic fuzzy set f, = (uy,,As,) is an
intuitionistic fuzzy ideal of I'—semiring M.

Example 3.5. Let M be the additive commutative semigroup of all non nega-
tive integers and I' be the additive semigroup of all natural numbers. Then M
is a I'—semiring if ayb is defined as usual multiplication of integers a,~, b, where
a,be M,y €T. Let A= M. Define
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0.9, ifz=0; 0.1, if x =0;
py, (x) = é, if x € {a,2a,3a,---}; Mg, (z) = 1—%, if v € {a,2a,3a,--};
0, otherwise. 1, otherwise.

for all a,z € M. Then (f, A) is an intuitionistic fuzzy soft ideal over I'—semiring
M.

The proof of the following lemma is a straightforward verification.
Lemma 3.1. Let R=1[0,1] . Ifz,y,z,w € R, then

(i) max{max{z,y}, max{z, w}} = max{max{x, z}, max{y, w}}.

(#) min{min{z,y}, min{z, w}} = min{min{z, z}, min{y, w}}.

(i4i) min{max{z, y}, max{z, w}} = max{min{z, z}, min{y, w}}.

(iv) min{max{x, y}, max{z, w}} need not be equal to max{min{z,y}, min{z, w}}.
Theorem 3.2. Let (f,A) and (g,B) be two intuitionistic fuzzy soft ideals over

a T—semiring M. Then (f,A) A (g, B) is an intuitionistic fuzzy soft ideal over a
I'—semiring M.

Proof. Let (f, A) and (g, B) be two intuitionistic fuzzy soft ideals over a I'—semiring
M. By Definition 2.26, (f, A) A (g,B) = (h,A x B), where h, = f, N g for all
c=(a,b) € Ax B. Let ,y € M, € T. Then

Btang (@ +y) = min {ug, (z +y), 1, (@ +y) }
> min { min{py, (@), s, (1)}, min{pag, (2), 19, ()} }

= min { min{piz, (@), g, (2)}, min {117, (1), 1, ()} |

min {17,000 (2), 15,00, () |
Mgy (z +y) = min {Ay, (z + 1), Ag, (2 + ) }
< min { max{Ay, (), Ar, (1)} max{Ag, (), Ag, (1)} |
= max { min{Ay, (), Ay, ()}, min{Ay, (1), Ag, (v)}}
max { A, (2), Ao (9) }
[f.ng, (Tay) = min {Mfa (zay), g, (xay)}
> min { max{yg, (@), 17, (1)}, max{g, (@), 1, (4)} }

\Y

max { min{ g, (), g, ()}, min{py, (v), g, (¥) }}

= max {ufamgb (z), :U’faﬂgb(y)}

Afung, (zay) = min { Ay, (zay), Ag, (zay)}
< min { min{Ay, (), Ay, (1)}, min{Ag, (@), A, (1)} |
— min { min{Ay, (@), Ay, ()}, min{Ay, (1), Ag, ()} }

= min {7, (2); Ararign (0) }-
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Thus f, N gp is an intuitionistic fuzzy ideal. So (f, A) A (g, B) is an intuitionistic
fuzzy soft ideal over a I'—semiring M. O

Theorem 3.3. Let (f,A) and (g,B) be two intuitionistic fuzzy soft ideals over
a T—semiring M. Then (f,A) V (g, B) is an intuitionistic fuzzy soft ideal over a
T'—semiring M.

Proof. Let (f, A) and (g, B) be two intuitionistic fuzzy soft ideals over a I'—semiring
M. By Definition 2.27, (f,A) V (g,B) = (h,A x B), where h, = f, U g for all
c¢=(a,b) € Ax B. Let x,y € M, € T. Then

Kfaug, (x +y) = max {1y, (z +y), kg, (z +y) }
> max { minfpiz, (2, g, (9)} min g, (2), 19, (1)} |
— min { max{yiz, (), g, (2)}, max{yuz, (v), 1, ()} }
— min 17,00 (2, 15,00, (0) }

A aug, (@ +y) =max {Ar, (z+y), A\g, (z+y) }
< max { max{y, (2), Ay, (y)}, max{ g, (2), Ag, ()}
= max { max{Ay, (), Ag, (2)}, max{Ar, (1), A, (1)} |
= max {1,010, (), Ao (1)}

1,00, (va) = masx { i, (vay), g, (vy)}

> max { max{u, (2), 17, ()}, max{jug, (@), 14, (1)} }

max { max{yiz, (), g, (2)}, max{juz, (9): 0, ()} }

max {,Ufauyb (z), Mfau%(y)}

max { A7, (zay), Ag, (ray)}

< max { min{Ay, (2), Ay, ()}, min{y, (2), Ag, (5)}
= min { max{\s, (), A, (2)}, max{Ar, (1), Ay, (1)} }
— min {Afaugb (), AUy (y)}~

Thus f, U gy is an intuitionistic fuzzy ideal of I'—semiring M. So (f, 4) V (g, B) is
an intuitionistic fuzzy soft ideal over a I'—semiring M. U

Afabg, (T0y)

)
)

Theorem 3.4. Let (f, A) and (g, B) be intuitionistic fuzzy soft ideals over a T'—semiring
M. Then (f,A) N (g, B) is an intuitionistic fuzzy soft ideal over a I'—semiring M.

Proof. Let (f, A) and (g, B) be intuitionistic fuzzy soft ideals over a I'—semiring M.
By Definition 2.24, (f, A) N (g, B) = (h,C), where C = AU B.
Case(i): Suppose ANB =¢.Letce C=AUB. Thence Aorce B. If
c € A, then h, = f.. If ¢ € B, then h. = g.. Since (f, A) and (g, B) be intuitionistic
368
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fuzzy soft ideals over a I'—semiring M, in both cases h. is an intuitionistic fuzzy
ideal over a I'—semiring M.
Case(ii): IfANB # ¢and c € C = A\ B, then h, = f. is an intuitionistic
fuzzy soft ideal. If ¢ € C' = B\ A, then h. = g, is an intuitionistic fuzzy soft ideal.
Case(iii): If c€ AN B, then h. = fo.Ng.. Let 2,y € M, € T'. Then

5.0 (2 +y) = min {jig, (x4 ). 1g. (@ + )}
> min { min{iy, (2), s, ()}, min{pg, (), g, (y)}}
= min { min{ses (&), g, (2)}, min{as, (9), g, (1)} |
= min {chmgc(x)v Hfonge (y)}

min {py, (zay), pg, (zay)}

v

min { max{y, (@), oy, (y)}, max{pg, (), g, (1)} |
= max { min{uy, (), g, (0)}, min{ay, (9), g (1)} |

= max { 17,19, (2, 117,09 (0) |
Asong. (@ +y) = min {Ar, (2 + ), Ay, (@ +9)}
< min { max{\y, (2), As, (1)}, max{ Ay, (2), Ay, (1)} }
= max { min{Ay, (@), Ay, (@)}, min{As, (1), g, ()} }
= max {Ar, 5. (2), Ar.rg. ()}
Ap.nge (way) = min Ay, (zay), Ay, (way)}
< min { min{Ay, (@), Ar. (1)}, min{Ag, (), Ay, (4)}
= min { min{A7, (2), Ay, (2)}, min{Ag, (1), A (1)} |

= min {)\fnﬂgc (), Af.nge (y)}

Thus f. N g. is an intuitionistic fuzzy ideal over a I'—semiring M. So (f, 4) N (g, B)
is an intuitionistic fuzzy soft ideal over a I'—semiring M. U

The proof of the following theorem is similar to proof of Theorem 3.4

Theorem 3.5. Let (f,A) and (g,B) be two intuitionistic fuzzy soft ideals over
a T—semiring M. Then (f,A) U (g, B) is an intuitionistic fuzzy soft ideal over a
I'—semiring M.

4. INTUITIONISTIC FUZZY SOFT k—IDEALS AND INTUITIONISTIC k—FUZZY
SOFT IDEALS

In this section, we introduce the notion of an intuitionistic fuzzy soft k—ideal,
an intuitionistic k—fuzzy soft ideal over a I'—semiring M and study their basic

properties.
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Definition 4.1. An intuitionistic fuzzy ideal f = (uf, Af) of a '—semiring M is
called an intuitionistic fuzzy k—ideal if f satisfies the following the conditions :

(i) py () = min gy (@ + ), s (v)

(i) Af(z) < max {Af(z +y), As(y)}, forall z,y € M, € T.

Definition 4.2. Let M be a I'—semiring , F be a parameter set and A C E. Then
(f,A) is called an intuitionistic fuzzy soft k—ideal over a I'—semiring M if and only
if for each a € A, the corresponding intuitionistic fuzzy set f, = (uy,,As,) is an
intuitionistic fuzzy k—ideal of I'—semiring M.

Example 4.3. Let M be the additive commutative semigroup of all integers and T’
be the additive semigroup of all natural numbers. Then M is a I'—semiring if a~b is
defined as usual multiplication of integers a,, b, where a,b € M,y € T'. Let A = M.
Define

0.8, ifx=0;
pr(r)y=< 1 ifze{-, —3a,~2a,~a,a,2a,3a, - };
0, otherwise.
0.2, if x =0;
)\fa(x): 17%, if:ce{... , —3(1’—2@7—(1,(172@73@7...};
1, otherwise.

for all a,z € M. Then (f, A) is an intuitionistic fuzzy soft ideal over I'—semiring
M.

Example 4.4. Let M be the additive commutative semigroup of all 2 x 2 matrices
over non negative integers and M = I'. Then M is a I'—semiring if a~yb is defined as
usual multiplication of matrices, where a, b,y € M. Define

0.6, ifz= 00 ;
a b
pg(x) = o (@ b
0.3, ifz= 0 0 )
1, otherwise,
0.3, ifz= 00 ;
a b
Ar(z) = e [ a b\
0.6, ifz= 0 0 )
0, otherwise,

where a,b are even integers, for all @ € M. Then f = (uy, Af) is an intuitionistic
fuzzy ideal but not an intuitionistic fuzzy k—ideal.

Theorem 4.1. Let (f,A) and (g, B) be intuitionistic fuzzy soft k—ideals over a
T'—semiring M. Then (f, A) A (g, B) is an intuitionistic fuzzy soft k—ideal over a
T'—semiring M.

Proof. Let (f, A) and (g, B) be intuitionistic fuzzy soft k—ideals over a ['—semiring
M. By Definition 2.26, (f, A) A (g, B) = (h,C) where C = A x B. Let ¢ = (a,b) €
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C = A x B. Then, by Theorem 3.2, (f, A) A (g, B) is an intuitionistic fuzzy soft ideal
over a I'—semiring M. h.(z) = (fo N gp)(x).
ffang, () =min{pug, (), pg, ()}
> min { min{py, (z +y), g, ()} min{pg, (z + y), g, (v)} }
=min { min{uy, (z +y), ug, (x +y)}, min{py, (v), g, ()} }
=min {p5,ng, (T +Y), Hp.ng (y)}, forall z,ye M.
Afangs (€) =min{Ay, (), Ag, (z)}
< min { max{X, (z +y), Ay, ()}, max{Ag, (z + y), Ag, (¥)} }
= max { min{Ar, (z +y), Ag, (z +y)}, min{A¢, (y }}
=min {Af,ng, (T +Y), Afang, (¥) }, for all z,y € M.
Thus f,Ngp is an intuitionistic fuzzy k—ideal over a I'—semiring M. So (f, A)A(g, B)

is an intuitionistic fuzzy soft k—ideal over a I'—semiring M. U

Theorem 4.2. Let (f,A) and (g,B) be intuitionistic fuzzy soft k—ideals over a
T—semiring M. Then (f, A) V (g, B) is an intuitionistic fuzzy soft k—ideal over a
I'—semiring M.

Proof. Let (f, A) and (g, B) be intuitionistic fuzzy soft k—ideals over a I'—semiring
M. By Definition 2.27, (f, A) V (g, B) = (h,C), where C = A x B. Let ¢ = (a,b) €
C = AxB. Then h. = f,Ugs. Thus, by Theorem 3.3, (f, A)V(g, B) is an intuitionistic
fuzzy soft ideal over a I'—semiring M. Since h.(z) = (f, U gb)( ).

Hpaug, (€) = max{py, (z), pg, ()}
> max { mingjuz, (z + 1), 17, (9)} min{stg, (2 + ), g ()} }
=min { max{py, (z +y), g, (v + y) }, max{py, (v), g, (v)} }
=min {5,ug, (T + ), Lr.ug, ()}, for all z,y € M.

Afougy (€) =max{Ay, (2), Ag, ()}
<max { max{\y, (z +y), Az, (z)}, max{Ag, (z + y), A, (¥)} }
=max { max{s, (¥ +1), Ag, (z +y)}, max{As, (), Ag, ()} }
=max {Af,ug, (T + ), Afug, ()} }, for all z,y € M.

So h. is an intuitionistic fuzzy k—ideal over a I'—semiring M. Hence (f, A) V (g, B)

is an intuitionistic fuzzy soft k—ideal over a I'—semiring M. U

Theorem 4.3. Let (f,A) and (g,B) be intuitionistic fuzzy soft k—ideals over a
T—semiring M. Then (f, A) N (g, B) is an intuitionistic fuzzy soft k—ideal over a
I'—semiring M.

Proof. Let (f, A) and (g, B)be intuitionistic fuzzy soft k—ideals over a I'—semiring
M. Then, by Theorem 3.4, (f, A) N (g, B) is an intuitionistic fuzzy soft ideal over a
I'—semiring M. By Definition 2.24, (f, A) N (g, B) = (h,C), where C = AU B.
If c € A\ B, then h. = f., h. is an intuitionistic fuzzy k—ideal over a I'—semiring
M.
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If c€ B\ A, then h. = g., h. is an intuitionistic fuzzy k—ideal over a I'—semiring
?f{[c € BN A, then h, = f. N g.. Thus
Brong. () =min{puy, (7)), pg. (7)}
> min { min{ps, (z + y), s ()}, min{pg, (z + ), g, (y)} }
=min { min{yuy, (¢ +y), g, (x +y) }, min{pys, (v), pe. (y)} }
=min {s15,ng. (T +Y), fiy.ng.(y)}, forall z,y € M.
Afenge () =min{As (), Ag ()}
< min { max{As, (z +y), Ay, ()}, max{Ag, (z +y), Ag. ()} }
=max { min{\s, (z + y), A, (z +y)}, min{A 7, (), Ag. ()} }
=max {Af,ng. (T + 1Y), Ar.ng. (y)} }, for all z,y € M.
So h. is an intuitionistic fuzzy k—ideal over a I'—semiring M. Hence (f, A) N (g, B)
is an intuitionistic fuzzy soft k—ideal over a I'—semiring M. O

The proof of the following theorem is similar to Theorem 4.3.

Theorem 4.4. Let (f,A) and (g, B) be intuitionistic fuzzy soft k—ideals over a
T—semiring M. Then (f, A) U (g, B) is an intuitionistic fuzzy soft k—ideal over a
I'—semiring M.

Definition 4.5. Let M be a ['—semiring , F be a parameter set and A C E. Then
(f,A) is called an intuitionistic k—fuzzy soft ideal over a I'—semiring M if and only
if for each a € A, the corresponding intuitionistic fuzzy set f, = (uy,,As,) is an
intuitionistic k—fuzzy ideal of I'—semiring M and

(1) pr(x+y) =p5,0), pr,(y) = 1, (0) = py, () = py, (0).
(i) Az, (@ +y) = Ar(0),Ar, (y) = Ar, (0) = A, (z) = Ar, (0), forall z,y € M.

Theorem 4.5. Let (f, A) be an intuitionistic fuzzy soft k—ideal over a I'—semiring
M. Then (f,A) is an intuitionistic k—fuzzy soft ideal over a I'—semiring M.

Proof. Let (f, A) be an intuitionistic fuzzy soft k—ideal over a I'—semiring M and
a € A. Since (f, A) is an intuitionistic fuzzy soft k—ideal, f, is an intuitionistic fuzzy
k—ideal. Let z,y € M such that
ppo(x +y) =pg, (0) and g, (y) = py, (0)
Ara(@ +y) =X, (0) and Ag, (y) = g, (0).
fug, (x) Zmin{py, (x +y), iy, (y)}
=min{suy, (0), g, (0)}
=1, (0)-
Then p5,(0) > py, (z), for all € M. Thus py, (x) = py, (0). So
Aro(2) <max{Ay, (z +y), Ar, ()}
=max{Ay, (0), Az, (0)}
=1 (0).
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Hence Ay, (0) < Ay, (), for all € M and thus Ay, () = Ay, (0). Therefore (f, A) is
an intuitionistic k—fuzzy soft ideal over a I'—semiring M. O

5. INTUITIONISTIC NORMAL FUZZY SOFT k—IDEAL OVER A ['—SEMIRING

In this section, we introduce the notion of intuitionistic k—fuzzy ideal, intuition-
istic normal fuzzy soft k—ideal over a I'—semiring M and study their properties.

Definition 5.1. An intuitionistic fuzzy soft set (f, A) over a I'—semiring M is said
to be intuitionistic normal fuzzy soft set if puy, (0) =1, for all a € A.

Example 5.2. Let M be the additive commutative semigroup of all integers and I
be the additive semigroup of all natural numbers. Then M is a I'—semiring if ayb
is defined as usual multiplication of integers a,~y, b, where a,b € M,y € T'. Let A =
be set of natural numbers. Define

1, ifz=0;
ps, (z) = %, ifee{- -, —3a,—2a,—a,a,2a,3a,---};
0, otherwise.
0, if z = 0;
Ag,(x) = 175, ifee{ -, —3a,—2a,—a,a,2a,3a,--};
1, otherwise.

for all a,z € M. Then (f,A) is an intuitionistic normal fuzzy soft ideal over
I'—semiring M.

Theorem 5.1. Let (f, A) be an intuitionistic fuzzy soft k—ideal over a T'—semiring
M and each a € A, f.} is defined by

where puge () = pg, (2) +1 =g, (0),
Apr(@) = Ag, (2) = Ap, (0), for all z € M.

Then (f*,A) is an intuitionistic normal fuzzy k—soft ideal over a T —semiring M
and (f, A) is an intuitionistic fuzzy soft subset of (fT, A).

Proof. Let (f, A) be an intuitionistic fuzzy soft k—ideal over a I'—semiring M, a €
A z,y € M and o € I'. Then

0 < pyp,(x)+Ap,(x) <land 0< py,(0) 4 Af, (0) < 1.

Thus
ff, () + Ap, (2) =, (0) = Ap, (0) <0
and
pp, () + Ap, (@) + 1 = g, (0) = Ap, (0) < 1.
So

0 < uf:r(x) +/\f;r(x) < 1.
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On the other hand,

ppr(x+y) =pp(@+y)+1—py,(0)
> min{uy, (), pr, (Y)} +1 = i, (0)
=min{uyg, (x) +1 = s, (0), s, (y) + 1 = 15, (0)}
=min{p,+ (@), ps+ (Y) 1},
i (ay) = py, (way) + 1 — py, (0)
> max{pg, (x), g, ()} +1 — 15, (0)
= max{uys, () + 1 — s, (0), g, (y) +1 = g, (0)}
= max{pu+(z), us+(y)},
Apr(@+y) = A, (. +y) — Ar, (0)
< max{Ay, (z), Ar, ()} — Az, (0)
= max{As, (¥) — A, (0), Ar, (y) — Az, (0)}
= max{A ;1 (), A+ (y)},
Apr(zay) = Mg, (zay) — Ay, (0)
< min{Afo(2), Ar, ()} — Az, (0)
=min{Ay, (z) — Az, (0), Ag, (y) — Az (0)}
=min{A+(z), Ap+ (y)}-
Thus g+ (0) = 1y, (0) +1 = py, (0) = 1. So
pf,(2) < ppr(2) and Ag, (z) > Aps(2), for allw € M.

Hence p s+ isa normal and fuzzy ideal of I'—semiring M.

pps (@) =pg, (@) + 1= g, (0)
>min{uy, (x +y), pr, (Y} +1—p,(0)
=min{suys, (z +y) +1—pn7,(0), pr,(y) +1—pz(0)}
=min{p,+(z +y), p+(y)}, foralaz,yeM

and
Apr () =Ag,(x) = Ar, (0)
<max{Ar, (z+y), Az (W)} — Az (0)
=max{Ay, (z +y) — Az, (0), /\fa( ) = A (0)}
=max{A;+(z+y), A\p+(y)}, forallz,ye M.
Therefore the proof is complete. g

Theorem 5.2. Let (f, A) be an intuitionistic fuzzy soft k—ideal over a I'—semiring
M. Then the following hold.

(a) (f,A) is a normal if and only if (f, A) = (fT, A).
(b) (f7+,4) = (f", A).
() If pys (2) =0 then iy, (x) = 0.
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Proof. (a) Suppose (f, A) is a normal and a € A. Then p ¢+ (z) = py, (2)+1—py, (0).
Thus

iy (2) =g, (@) +1— 1
=pf, () and A+ (z) = A, (2), for all z € M.

So (f,A) = (f*, A). The converse is obvious.
(b) Clearly i ++ () = ppr (@) + 1 — p1+(0).

Mgkt () =Hyt (z) +1-1
=+ (z) and A g+ (2) = A+ (2), for all 2 € M.

Thus (ft+,A) = (1, A).
(c) Suppose pip+(z) =0, a € A,z € M. Then py, (z) < ppr(x). Thus pyg, (z) <
ps+(z) = 0. So py, (z) = 0. Hence the proof is complete. O

6. CONCLUSION

In this paper, we introduced the notion of intuitionistic fuzzy soft ideals, intu-
itionistic fuzzy soft k—ideals, intuitionistic normal fuzzy soft k—ideals, intuitionistic
k—fuzzy soft ideals over a I'—semiring and we studied their properties and relations
between them. In continuous of this paper we study intuitionistic fuzzy soft prime
ideals over I'—semiring and intuitionistic fuzzy soft ideals over ordered I'—semiring.
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