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ABSTRACT

The fuzzy set theory was introduced by Zadeh in 1965 and the soft set theory was introduced by
Molodtsov in 1999. Recently, many researchers have developed these two theories and combined
the theory of fuzzy set and soft set became the fuzzy soft set. In this research, we present the idea
of the n —intuitionistic fuzzy soft group defined on the n —intuitionistic fuzzy soft set. The main
purpose of this research is to create a new concept, which is an n —intuitionistic fuzzy group. To
achieve this, we combine the concept of  —intuitionistic fuzzy group and intuitionistic fuzzy soft
group. As the main result, we prove the correlation between intuitionistic fuzzy soft group and
1 —intuitionistic fuzzy soft group along with some properties of n —intuitionistic fuzzy soft group.
Also, we prove some properties of subgroup of an 7 —intuitionistic fuzzy soft group. An
1 —intuitionistic fuzzy soft homomorphism is also proved.

Keywords: intuitionistic fuzzy group; intuitionistic fuzzy soft group; n —intuitionistic fuzzy
group; n —intuitionistic fuzzy soft group

INTRODUCTION

The theory of fuzzy has been studied by many researchers in various fields. Zadeh
introduced the fuzzy set theory in [1] by defining a membership function that maps each
member of a set to a closed interval of 0 and 1. Then Atanassov formed the intuitionistic
fuzzy set that consist of membership function and nonmembership function in [2]. The
theory of fuzzy set and intuitionistic fuzzy set was developed into group theory became
fuzzy subgroup in [3] and intuitionistic fuzzy subgroup in [4]. The intuitionistic fuzzy
subgroup was studied in various types. For example, the intuitionistic L-fuzzy subgroups
formed in [5], the (s,t] —intuitionistic fuzzy subgroups defined in [6], definition of
(a, B)cut of intuitionistic fuzzy subgroups in [7], and t-intuitionistic fuzzy subgroups in
[8]. Doda and Sharma studied the finite groups of different orders and gave the idea of
recording the count of intuitionistic fuzzy subgroups in [9]. Zhou and Xu extended the
intuitionistic fuzzy sets based on the hesitant fuzzy membership in [10]. The concept of
the (4, u) —intuitionistic fuzzy subgroups and normal subgroups were defined in [11].
Then the fundamental properties of t-intuitionistic fuzzy abelian subgroup along with the
homomorphism of t-intuitionistic fuzzy abelian subgroup were studied in [12]. Latif, et al.
studied the fundamental theorems of t-intuitionistic fuzzy isomorphism of t-intuitionistic
fuzzy subgroup in [13]. Moreover, the concept of & —intuitionistic fuzzy subgroup,
¢ —intuitionistic fuzzy cosets, and ¢ —intuitionistic fuzzy normal subgroup were
characterized in [14]. Based on those research, Shuaib, et al. in [15] formed a concept
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called an 7 —intuitionistic fuzzy subgroup on an 7 —intuitionistic fuzzy set along with
n —intuitionistic fuzzy homomorphism.

While the theory of soft set is introduced in [16] which is an ordered pair of
parameter and function that maps each member of parameter to the power set of an
empty set. The soft sets constructed in the form of membership function became fuzzy
soft sets defined in [17]. Maji, et al. introduced the concept of intuitionistic fuzzy soft set
which is a generalization of intuitionistic fuzzy set and soft set in [18]. Furthermore, the
operation properties and algebraic structure of intuitionistic fuzzy soft set were discussed
in [19]. Soft group on the soft set is defined in [16]. Then Aygiinoglu and Aygun in [20]
developed the concept of soft group in the form of membership function became fuzzy
soft group. The concept of intuitionistic fuzzy soft set to semigroup was applied in [21]
and intuitionistic fuzzy soft ideals over ordered ternary semigroup was defined in [22].
The concept of soft group is developed into an intersection called soft int-group in [23].
Moreover, Karaaslan, et al. in [24] applied the concept of soft int-group into intuitionistic
fuzzy soft set by forming the intuitionistic fuzzy soft group and investigate some
properties of intuitionistic fuzzy soft group.

Based on [15] and [24], we introduce the notion of the  —intuitionistic fuzzy soft
group on the n —intuitionistic fuzzy soft set and give some basic properties. Moreover, we
define the notion of the n —intuitionistic fuzzy subgroup and investigate the properties of
homomorphism of an 7 —intuitionistic fuzzy soft group.

METHODS

The method of this research is literature review, data collecting techniques by
conducting review studies of books, notes, and other scientific research results related to
the object of the problem. In this paper, we begin by forming the definition of
1 —intuitionistic fuzzy soft set based on the definition of intuitionistic fuzzy soft set and
n —intuitionistic fuzzy set. Then, we form the definition of n —intuitionistic fuzzy soft
group based on the definition of intuitionistic fuzzy soft group. We continue to prove some
properties of the 7 —intuitionistic fuzzy soft group along with subgroup of an
n —intuitionistic fuzzy soft group. Moreover, we continue to define the definition of image
and pre-image of an 7 —intuitionistic fuzzy soft group and prove the homomorphism of
an n —intuitionistic fuzzy soft group. Here is shown the definition of intuitionistic fuzzy
soft set, n —intuitionistic fuzzy set, and intuitionistic fuzzy soft group.

Definition 1[18]. Let X be a non empty set and E be a set of parameter with A € E. Let
JF (X) be a set of all intuitionistic fuzzy set of X. An intuitionistic fuzzy soft set of A over X
is defined by

I, = {(a, yA(a)): ace A},
wherey, (a): E - JF(X) suchasy,(a) = @ifa ¢ A. Therefore, foralla € E,y,(a) is called
intuitionistic fuzzy value set of a. y,(a) can be written as

Ya(@) = {(%, ty ), ty ) () :x € X},
foralla € E.
Definition 2 [15]. Suppose A is an intuitionistic fuzzy set of a non empty set X where p,4

be a membership function and v, be a nonmembership function in A. Let n € [0,1]. An
n —intuitionistic fuzzy set is defined by

AT = {(x, pan (), van (x)): x € X},
where pyn (x) = Ylua(0), 7] = Jpa(x) - nand vyn (x) = P'[va(x), 1 — 7] = Jva(x) - (1 — 7).
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Definition 3 [24]. Let G be an arbitrary group and [; be an intuitionistic fuzzy soft set
over universe X, then [}; is called intuitionistic fuzzy soft group on G over X if

L ye(xy) 2y6(x) Ny (y),

2. yg(x™h) =y (),

forall x € G.

RESULTS AND DISCUSSION

In this section, we introduce the notion of n —intuitionistic fuzzy soft group on
1 —intuitionistic fuzzy soft set. Inspiring from Definition 1 and Definition 2, we define the
notion of n —intuitionistic fuzzy soft set.
Definition 4. Suppose [ be an intuitionistic fuzzy soft set of parameter A over universe
X and n € [0, 1]. An n —intuitionistic fuzzy soft set of A over X is defined by

L7 = {(a,v4"(@)):a € 4},
where y,"(a) is an n —intuitionistic fuzzy set of X defined as
yAn (a) = l'IJ[]/A (a)' T]],

for all a € 4, where

Ylya(a),n] = {(x,l/J[,uyA(a) (x),rl],l/J[VyA(a)(x), 1- 77]): X € X}.
The value Ofll’[llyA(a)(x);U] = \/m and ¢[VyA(a)(X); 1- 7’] = \/.uyA(a)(x) (1 —n).

Some basic properties such as intersection and union of 7 —intuitionistic fuzzy soft set is
proved by the following proposition.

Proposition 1. The intersection of any two 7 —intuitionistic fuzzy soft sets is an
1 —intuitionistic fuzzy soft set.
Proof. Let I,” = {(a,7,7(a)):a € A} and T" = {(b,y5"(b)): b € B}, respectively be two
n —intuitionistic fuzzy soft sets of A and B over X. For any c € A N B, then
Yanp)n (c) = ¥[yanp(c),n]
{(x'll’[min[#m@(x)'#ys(d(x)]'77]' ) e X}

p[max[v, ) (0, vy ()], 1 —n] /)
_ {(x,l,b[min[um(c)(x),n] ’min['uVB(C)(x)’n]]’ > € X}
- Wy[max[vy, (), 1 = n], max[v,, (), 1= n]])°
{(x, min[l,l)[um(c) (0,7 "p[:“)/g(C) G, n]], >'x c X}

max[yp[vy ) (1), 1 = 0], [ vy (), 1 =] )
= Wlya(e),nl n¥lys(c),nl

= Yanagn ().
Hence I," A Tz" is an n —intuitionistic fuzzy soft set. n

Remark 1. The union of any two n —intuitionistic fuzzy soft set is an n —intuitionistic
fuzzy soft set.

The notion of n —intuitionistic fuzzy soft group is defined based on Definition 3. An
1 —intuitionistic fuzzy soft group must satisfy 2 axioms to be an n —intuitionistic fuzzy
soft group.

Definition 5. Let G be a group and I';”” be an  —intuitionistic fuzzy soft set over universe
U, then I;"7 is called an n —intuitionistic fuzzy soft group over U if

Loye"(xy) 2y67(x) Ny (),

2. 76" (™) = y6" (%),

forall x,y € G.
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The property of the identity element of the group on an n —intuitionistic fuzzy soft group
is proved by the following proposition.

Proposition 2. Let G be a group and I};" be an n —intuitionistic fuzzy soft group over
universe U, then y;"(e) 2 y;"(x) forall x € G.
Proof. Let I, = {(x, yG"(x)): X € G} be an n —intuitionistic fuzzy soft group and e be an
identity element of G. Fore € G,theny;"(e) = y;"(xx~1).SinceI';" is ann —intuitionistic
fuzzy soft group, then
ve"(€) 26" () Ny (x7Y)

=y6"(x) Nys"(x)

= ¥6" (x).
So,y:"(e) 2 y;"(x), forall x € G. [ ]
An 7n —intuitionistic fuzzy soft set is called an n —intuitionistic fuzzy soft group if it
satisfies 2 axioms in Definition 5. Here we prove the alternative way of n —intuitionistic
fuzzy soft group.

Theorem 1. An n —intuitionistic fuzzy soft set is called  —intuitionistic fuzzy soft group
if and only if y;"(xy™1) 2 y:"(x) N y;"(y) forall x,y € G.
Proof.
(=) Let I;" = {(x, yG"(x)): X € G} be an n —intuitionistic fuzzy soft group. From
Definition 5, then for all x, y € G we have
Y6y ™) 2y6" () Nye" (v = v (x) Ny ().
(&) Since y"(xy™1) 2 y:,7(x) Ny;"(y) forall x,y € G, then
; Y6 (x™) = y6"(ex) 2y6"(€) Ny (x) 26" (x) Ny (x) = y6" (%),
an
Ye" () =y (e(x™)™) 2y6"(e) Ny (x ™) 26" () T Ny (x 7Y =y ().
Hence y;"(x™1) = y;"(x) for all x € G. Then for all x,y € G we have
Y6 (xy) = v (x(y™H™)
2y"(x) Nyg"(yh)
=y6"(x) Ny ().
Hence y;"(xy) 2 y;"(x) N y;"(y) for all x,y € G. Therefore, I';" is an n —intuitionistic
fuzzy soft group. ]

Since n —intuitionistic fuzzy soft group is defined based on intuitionistic fuzzy soft group,
so there is a correlation between those concepts. The following theorem, we prove that
every intuitionistic fuzzy soft group is an n —intuitionistic fuzzy soft group.

Theorem 2. If I; is an intuitionistic fuzzy soft group, then I';” is an n —intuitionistic fuzzy
soft group foralln € [0, 1].
Proof. Let[; = {(x, Yo (x)): X € G} be an intuitionistic fuzzy soft group over the universe

U where y;(x) = {(u, Hy oo (W), Vy o (2) (u)) ‘U E U}. Foranyx,y € G andn € [0, 1], then

ve" (xy™) = Plye(xy~H,nl.
Since I is an intuitionistic fuzzy soft group, then

Ye(xy™) 2 ¥[(ve(x) Ny ()7
3 {( w, Y[min[uy ;o (W, 400 @] 1), ) }
= U €ey
Wmax[vy ;o W), vyepn W], 1 -]
_ {(xﬂ/)[min[#m(x)(u)'n]'min[#ya(y)(u)"l]]' ) e U}
p[max[vy, (W), 1 =], max[vy W), 1-n]] /)
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{(x min[Y[sy o0 @, 1], Y[ sy @]l ) e U}
max|yh[vye e W), 1 = 1], [ vy @), 1 -]

= Ylye(x),nl n¥lys (), 1]

=v6"(x) Nys" ().
Therefore, I';" is an  —intuitionistic fuzzy soft group. ]
Here we define the n —intuitionistic fuzzy subgroup of an n —intuitionistic fuzzy group.
The properties of n —intuitionistic fuzzy subgroup are proved in the following theorem.

Definition 6. Suppose G be a group and H be a subgroup of G. Let I';7 be an
n —intuitionistic fuzzy soft group over universe U, then I';" is called an  —intuitionistic
fuzzy soft subgroup of I;" if ;" is an  —intuitionistic fuzzy soft group over U.

Theorem 3. Let [, be an n —intuitionistic fuzzy soft group over universe U. Suppose ;"
and Ty" be two n —intuitionistic fuzzy soft subgroups of I';”, then ;" ATy" is an
n —intuitionistic fuzzy soft subgroup of I;".
Proof. Defined I';" A Ty" = {(x, y4an"(x)):x € H N N}. Forany x,y € G, then
Yuan"(y™) = v (xy™) 0y (xy™)

2 (yu" ) Ny () N (ra" () Ny ()

= (ra" ) Ny ) N (v () Ny )

= Yuan () N yuan" ().
Hence I';7 A Ty" is an n —intuitionistic fuzzy soft subgroup of I;". n
Theorem 4. Let I';” be an n —intuitionistic fuzzy soft group over universe U and e be an
identity elemen of G. Then TI;"|, = {(x, yG”(x)): e (x) = ys"(e),x € G} is an
1 —intuitionistic fuzzy subgroup of G.
Proof. Since (e,ys"(e)) € I"l,, then T;"|, # 0. Let (x,v:7(x)), (0, 76" (¥)) € T"|., we
have y;"(x) = y;"(y) = y;"(e) for x,y € G. Then
e (ey™) 26" () Ny (v)

=y6"(e) Nyg"(e)

=vs"(e).
Since y6"(e) 2 5" (xy™1), then y"(xy™") = y¢"(e). Thus (xy~,ys"(xy™)) € IG"|e.
Therefore I'};"|, is an n —intuitionistic fuzzy subgroup of G. ]

Here notioned the definition of image and pre-image of an n —intuitionistic fuzzy soft
group.

Definition 7. Let ;7 and I';" be two 1 —intuitionistic fuzzy soft sets over universe U, and
let ¢: A —» B, then

1. Image of [;" under the map ¢, denoted by ¢ (TI,") defined by

p([T,") = {(b;¢(VAn)(b))5 b€ B},
where for all b € B, then
(q): — :
O b) = {;Q)gm (@:a €4./@ =), 119 € 4

2. Pre-image of I';" under ¢, denoted by ¢ ~1(I'3") defined by
¢ (") = {(a. 07 (" (@)): a € 4},

where for all a € 4, then
¢ (v (@) = v5"(p(a)).

Lemma 1. Let I,” and I';" be two 1 —intuitionistic fuzzy soft sets over U, then ¢(I;7) and
¢~1(Ip") are n —intuitionistic fuzzy soft sets over universe U.
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Proof. Let I," = {(a,y,"(a)):a € A} and T3" = {(b,y5"(b)): b € B} respectively be two
n —intuitionistic fuzzy soft sets of A and B over U. Let ¢p: A = B. From Definition 7, there
isb € ¢(A) such that ¢(a) = b, then
d(aM(b) =n{ys"(a):a € A, $p(a) = b}.
From proposition 1, we have ¢ (y,7)(b) is an n —intuitionistic fuzzy set.
If p(a) & $(A), then ¢p(y,7)(b) = y," is an n —intuitionistic fuzzy set. Then Va € 4, we
have ¢ 1(yzM(a) = yB”(gb(a)) is an n —intuitionistic fuzzy set. Therefore, ¢ (I,") and
¢~1(Tz") are n —intuitionistic fuzzy soft sets over U. |
The map f: G, = G, ofagroup G, to a group G, is called homomorphism if forall x, y € G,
then f(xy) = f(x)f(y). The following theorems, we prove that every image and pre-
image of the n —intuitionistic fuzzy group under the homomorphism function are the
1 —intuitionistic fuzzy soft group.
Theorem 5. Let FG1’7 is an 7 —intuitionistic fuzzy soft group over universe U and
®hom: G1 — G, then ¢ (T, ") is an 7 —intuitionistic fuzzy soft group.
Proof. Let G; and G, are two groups, ¢pnom: G1 — G, and I;, 7 is an ) —intuitionistic fuzzy
soft group over U. Letu,v € G,, u & ¢(G,) orv & ¢(G,), then
¢(ve,") ) N ¢(vs,") @) = 4",
means
B (76, ) 2 B(r6,1) W) N b(ra,") )
Sinceu & ¢(G;), thenu™! & ¢(G,), so
(l)(yGl”)(u_l) = (l)(yGl")(u) =g
Suppose ¢(x) = uand ¢p(y) = vforx,y € G;. Let z = xy, then
1. gb(yGl")(uv) =N {yGI”(z):Z € G, 9(2) = uv}
=N {ye,"(x): %,y € Gy, ¢ (xy) = uv}
20 {y6," () Nye,"(M):x,y € Gy, ¢(x) = u, ¢(y) = v}
= (N {re,"():x € G, p(x) = u}) n (N {r5,"(1):y € G1, $(y) = v})
= ¢(¥e,") W N ¢ (¥e,") (V).
2. (j)(yGl")(u) =N {yaln(x):x € Gy, p(x) = u}
=N {yGln(x_l):x € G, p(x 1) = u_l}
= ¢(Y61n)(u_1)-
Therefore, gb(FGl") is an 7 —intuitionistic fuzzy soft group over U. ]
Theorem 6. Let I;,7 is an 7 —intuitionistic fuzzy soft group over universe U and
®hom: G1 — G5, then qb‘l(FGz") is an 1 —intuitionistic fuzzy soft group.
Proof. Let G; and G, are two groups, ¢nom: G1 — G, and I};,” is an  —intuitionistic fuzzy
soft group over U. For all x,y € G; we have
L ¢~ (¥6,") () = v, (¢ (xy))
=76,"(¢()9 ()
2 y5,"(¢(x) N g, ($(x))
= ¢ (v5,") () N d7(vs,") ).
2. ¢_1(V62n)(x_1) = )’Gzn(¢(x_1))
=v5," ((¢() )
=v5,"(¢(x))
= ¢ (vs,") ().
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Therefore, qb‘l(FGZ") is an n —intuitionistic fuzzy soft group over U. ]

Based on Theorem 5 and Theorem 6, we know that image and pre-image of an
1 —intuitionistic fuzzy soft group under n —intuitionistic fuzzy soft homomorphism are
also an n —intuitionistic fuzzy group.

CONCLUSIONS

Based on the result, it is concluded that n —intuitionistic fuzzy soft group depends on
intuitionistic fuzzy soft group. It is proved that every intuitionistic fuzzy soft group is an
n —intuitionistic fuzzy soft group. The definition of n —intuitionistic fuzzy soft subgroup
and it’s properties are presented. The 1 —intuitionistic fuzzy soft homomorphism show
that image and pre-image of an n —intuitionistic fuzzy soft group are also n —intuitionistic
fuzzy soft groups. For the future research, it is suggested to notion the n —intuitionistic
fuzzy soft ring along with the properties.
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