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Abstract — In this paper, we give some basic properties of

intuitionistic fuzzy soft sets and (a, 3)-level sets. Also we define Keywords — Soft set, intu-
image of an intuitionistic fuzzy soft set under a function, product itionistic fuzzy set, intuitionistic
of two intuitionistic fuzzy soft sets and obtain some results. In  fuzzy soft set, intuitionistic fuzzy
addition, we define intuitionistic fuzzy soft group and investigate  soft group, («a, 3)-level set.

their properties.

1 Introduction

Some problems in economy, engineering, environmental science and social science may
not be successfully modeled by methods of classical mathematics because of various
types of uncertainties. There are some well known mathematical theories for dealing
with uncertainties such that; fuzzy set theory [29], soft set theory [25], intuitionistic
fuzzy set theory [4], fuzzy soft set theory [21] and so on.

In 1999, Molodtsov [25] firstly introduced the soft set theory as a general math-
ematical tool for dealing with uncertainty. Since then some authors studied on the
operations of soft sets [2, 8, 23]. By using these operations, soft group [3, 5, 6, 11],
soft BCK/BCl-algebras [18, 19], soft ordered semigroups [20], soft rings [1, 13, 27] are
defined and investigated their properties.

Many interesting results of soft set theory have been obtained by embedding the
ideas of fuzzy sets. For example, fuzzy soft sets [9, 10, 14, 21, 24], fuzzy soft groups [7],
intuitionistic fuzzy soft sets [16, 17, 22].

Algebraic structures on fuzzy set were firstly studied by the definiton of Rosenfeld
[26]. Flep [15] investigated structure and construction of fuzzy subgroup of a group.
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Intuitionistic fuzzy group is defined by Fathi and Sallah [12] . Zhou et al. [30] applied
the concept of intuitionistic fuzzy soft set to semigroup. Yaqoob et al. [28] defined
intuitionistic fuzzy soft group induced by (¢, s)-norm.

In this paper, we give some basic properties of intuitionistic fuzzy soft set and («, (3)-
level set. Then, we define image of an intuitionistic fuzzy soft set under a function and
product of two intuitionistic fuzzy soft sets. Moreover, we introduce the notion of
intuitionistic fuzzy soft group and investigate its properties analogues to fuzzy groups.

2 Preliminaries

In this section, we have presented the basic definitions and results of fuzzy sets, soft
sets, fuzzy soft sets, intuitionistic fuzzy set and intuitionistic fuzzy soft sets which are
necessary for subsequent discussions.

Definition 2.1. [29] Let E be a crisp set. Then a fuzzy set p over E is a function from
E into [0, 1].

Definition 2.2. [26] Let G be an arbitrary group and p be a fuzzy set. Then, u is
called a fuzzy subgroup of G if u(zy) > pu(x) A p(y) and p(z=t) > p(x) for all z,y € G.

Definition 2.3. [4] An intuitionistic fuzzy set (IFS) A in E is defined as an object of
the following form

A= {(z,pa(x),va(z)) - x € E},
where the functions s : E — [0,1] and vy : E — [0, 1] define the degree of membership
and the degree of non-membership of the element x € E, respectively, and for every
rekFl,
0 <palz)+rvalz) <1
In addition for all x € E, E = {(z,1,0) : x € E} ,0 = {(z,0,1) : = € E} are
intuitionistic fuzzy universal and intuitionistic fuzzy empty set, respectively.

Theorem 2.4. [}] Let A and B be two intuitionistic fuzzy sets. Then,
i. AL B& Ve e E ua(z) < pp(z) and va(z) > vp(z)
it. AN B = {(z,min{pa(x), pp(z)}, max{vas(z),vg(x)}) v € E}
iit. AUB = {{z,max{pa(r), pp(x)}, min{va(z),vp(z)}) : x € E}.

Definition 2.5. [8] Let U be an initial universe, P(U) be the power set of U, E be a
set of all parameters and A C E. Then, a soft set fa over U is a function from E into
P(U) such that fa(x) =0, if x ¢ A.

Where f4 is called approzimate function of the soft set fa and the value fa(zx) is a
set called z-element of the soft set for all x € E.

Definition 2.6. [8] Let fa, f be two soft sets over U. Then, fa is a soft subset of fg,
denoted by faCfp, if fa(x) C fp(x) for all z € E.
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Definition 2.7. [8] Let fa, fp be two soft sets over U. Then, union and intersection
of fa and fg, denoted by faUfs and faNfg, are soft sets defined by the approximate
function, for all w € E, fasp(t) = fa(x)U fa(x) and fanp(x) = fa(e) 0 fo(x), respec-
tively.

Definition 2.8. [8] Let fa be a soft set over U. Then, complement of fa, denoted by
14, is a soft set defined by the approzimate function fae(x) = f4(z) for all x € E,
where f4 is complement of the set fa(x), that is, fG=U\ fa(z) for allz € E.

It must be noted that to keep clear of confusion, we use two different symbols ¢ and
¢ which represent the complement of a soft set and classical set, respectively. But, in
the subscripts, the symbol ¢ indicates that fae is the approzimate function of fq but not
a set operation.

Definition 2.9. [11] Let G be an arbitrary group and fg be a soft set over U. Then fq

is called a soft-int group over U, if fa(zy) 2 fa(x) N fa(y) and fo(z™) = fa(x) for
all x,y € G.

Definition 2.10. [21] Let U be an initial universe, F(U) be the set of all fuzzy sets
over U, E be a set of parameters and A C E. Then, a fuzzy soft set (f,A) over Uis a
function from E into F(U).

Definition 2.11. [22] Let U be an initial universe, ZF (U) be the set of all intuitionistic
fuzzy sets over U, E be a set of all parameters and A C E. Then, an intuitionistic fuzzy
soft set (IFS-set) ya over U is a function from E into TZF(U).

Where, the value va(x) is an intuitionistic fuzzy set over U. That is, ya(xz) =
U/ aw) (U)/ZA(;,;)(“» rx € B,u € U}, where ¥y, (u) and ZA(I)(U) are the membership
and non-membership degrees of u for the parameter x, respectively.

Note that, the set of all intuitionistic fuzzy soft sets over U is denoted by ZFS(U).

Definition 2.12. [22] Let A, B C E, v4 and vp be two IFS-sets. Then, 4 is said to
be an intuitionistic fuzzy soft subset of vg if

(1) AC B and

(2) va(x) is an intuitionistic fuzzy subset of yp(x), Vo € A.

This relationship is denoted by v4Cvg. Similarly, 74 is said to be an intuitionistic
fuzzy soft superset of vg, if yg is an intuitionistic fuzzy soft subset of 74 and denoted

by va42vs.

Definition 2.13. [22] Let 4 and vp be two intuitionistic fuzzy soft sets over U. Then,
Ya and yg are said to be intuitionistic fuzzy soft equal if and only if v is an intuitionistic
fuzzy soft subset of yg and vp is an intuitionistic fuzzy soft subset of va, and written

by Ya=78-
Definition 2.14. [22] Let v4 be an IFS-set over U. If ya(x) =0 for all x € E, then
va 15 called empty IFS-set and denoted by vy.

Definition 2.15. [22] Let v4 be an IFS-set over U. If ya(x) = {({u/1/0) : Yu € U} for
all v € A, then v is called A-universal IF'S-set and denoted by ;.
If A=E, then the A-universal IFS-set is called universal IFS-set and denoted by .
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Definition 2.16. [22] Let ya and vp be two IFS-sets over U. Union of y4 and g,
denoted by yalyg, and is defined by

Yalys = {(z,van8(2)) s 2 € E}
where
vaop (@) = {w/maz{¥ 4@ (W), Ve (W)} /mindy, (W), 7y, (W}) - u € U}

Definition 2.17. [22] Let v4 and g be two IFS-set over U. Intersection of v4 and
B, denoted by yalyg, and is defined by

Yae = {(z,vam5(2)) : 2 € E}
where
Yarp () = {w/mind{Y a) (W), V) (W) maziy, (W), v, (W)}) - u € U}

Definition 2.18. [17] Let y4 € ZFS(U) and o, 3 € [0, 1] such that « + < 1. Then,
(v, B)-level set of ya is Gya(r) = {u € U : yn(u) > a and ZA(x)(u)) < B} for all
r € A.

Proposition 2.19. [17] Let ya,v5 € ZFS(U). Then, the following assertions hold:
i. Y4By =§v4C s, for all o, 3 € [0,1]
ii. If on < g and By < By, then G2yaC §ya, for ar, ag, By and By € [0,1]

iMi. YA =B €% Y4 =5 7B, for all a, B € [0,1].

3 Some results of intuitionistic fuzzy soft sets on a
group

In this section, firstly, we give some results of I FS-sets on a group G and relations
between level subsets of [F'S-sets.

Theorem 3.1. Let A and B are two subsets of E and vy,vp be two 1FS-sets over U.
Then

i. 5740378 =% va0B

ii. 37AN37B =§ Vans-
Proof. i. Forall z € F,
(574Us78)(x) = (§7a)(z)U ('VB)( )

or Yp(u) > a
B or jB(x)(U)) <)}

= {u : 7(AOB)($)<U/) > o and Z(AOB)(x) (u) < B}
= 3YuoB) ().
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ii. Similar to the proof of (i).
[l

Theorem 3.2. Let y4 € ZFS(U) and, {ov; :i € I} and {B; : j € I} be two non-empty
subsets of [0,1]. If a = min{a; 11 € I}, a0 = max{a; i €1}, B=min{B;:j € I} and
B =max{B; : j € I}, then the following assertions hold,

i. Q(iez)gjmé%%

ii. Nieng.va =5 7a-
Proof. The proof is clear from Definition 2.18. [

Definition 3.3. Let v4 be an IFS-set over U. Image of A, denoted Im(~ya), is a set of
intuitionistic fuzzy sets, consist of image of all x € A under 4.

The image of x € A, Im(ya()), is the set of all ordered pairs (VA(m)(u),zA(x)(u))
for alluw € U. Union of images of all elements in A is denoted by Im(vya)(U).

Proposition 3.4. Let (a4, 8;) € va(U), such that By < fo < ..., a1 < ap < ... and
(0,0) € [0,1] x [0,1].

i. If oy <0 < oy and B < 0 < B4, then, 5.6 =§ G-

i. (0, 0)—level set is equal to one of (i, B;)—level set, for any ordered pairs (6,0)
such that 0 < g (u) and 0 > gy (u) for allu € U.

Definition 3.5. Let f be a function from A into B and v,y be two [FS-sets over
U. Then, the intuitionistic fuzzy soft subsets f(ya) and f~Y(vyg) over U are defined,
respectively, as follow

Fova)(y) = { U{ya(z) oz € A, f(x) =y}, if f(x) € f(A)

Yo, otherwise

for ally € B and f~Y(vg)(x) = v5(f(x)) for allx € A. Here, f(y4) is called the image
of va under f and f~'(yg) is called the preimage (or inverse image) of yp under f.

Example 3.6. Assume that U = {uy,us, uz} is a universal set. Let A = {—1,0,1,2}
and B = {0,1,2,3,4} be two subsets of set of parameters, and f : A — B, f(x) = 2.
We define an I FS-set over U

va = {(=1,{(u1/0.5/0.3), (u2/0.6/0.1), (u3/0.4/0.5)}),
(0, {{u1/0.7/0.2), (u5/0.4/0.3), (u3/0.2/0.6)}),
(1, { (11/0.7/0.1), {12/0.8/0.2), (u3/0.5/0.3)}),
(2, {(u1/0.3/0.6), (u5/0.5/0.2), (u3/0.4/0.5)})}

)

and

ve = {00, {(u/0.4/0.3), (us/0,6/0.1, (us/0.7/0.2)}),
(41 /0.5/0.3), {15/0.6/0.2), (u3/0.1/0.7)}),
(41 /0.3/0.5Y, {15/0.4/0.2), (u3/0.4/0.4)}),
(u1/0/1), {u2/0/1), (us/0/1)}),
(u1/0.5/0.5Y, {12/0.4/0.3), (u3/0.3/0.5)})}.

(1,4
(2,4
(3,1
(4,

)
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Then,
f(ra) = {(0,{(u1/0.7/0.2), (u2/0.4/0.3), (us/0.2/0.6) }),
(1, {{u1/0.7/0.1), (us/0.8/0.1), (u3/0.5/0.3)}),
(2, {(u1/0/1), (u2/0/1), {us/0/1)}),
(3, {(u1/0/1), {uz/0/1), (us/0/1)}),
(4,{(u1/0.3/0.6), (u2/0.5/0.2), (u3/0.4/0.5)})}
and

F ) = (L {ua/0.5/0.3), (u2/0.6/0.2), (us/0.1/0.7)}),
(0, {(u1/0.4/0.3), (u2/0,6/0.1), (u3/0.7/0.2)}),
(=1, {(u1/0.5/0.3), {12/0.6/0.2), {us/0.1/0.7)}),
(2, {(11/0.5/0.5), (11/0.4/0.3), (u5/0.3/0.5)})}.

Theorem 3.7. Let f be a function from A into B, A; C A, B, C B and 7ya,,VB, €
IFSU) foralli e I. Then

i f(Uierva,) = Uier f(7a4,)
iy, Cvay = F(va)Ef (7a,)
iti. Y5, Cvp, = [ (v Cf  (vB,)-
Proof. i. Foralli eI, IFS-sets v4, and y € B

fQierva)(y) = Wya () o€ Ay, f(x) =y}
= WU (u) 1z € A;, f(z) =y,ue U}
= zEI{'YA (x) rx € Ay f(x =y}
= Uierf(7a,)(y)-
ii. Let ’yAlifyAz,, so A; C Ay, then
fra)(y) = W{ya,(z) 2z € Ay, f(z) =y}
C U{ya, (@) 12 € Ay, f(z) = y}

f(ra,) ().
ii. Let 731§732 then, for all z € A

f71(731)(x)

e

O

Theorem 3.8. Let f be a function from A into B, I be a nonempty index set, B; C B
and v, € IZFS(U) for alli € I. Then,

i. [ Uierys:) = Uierf ' (vB,)
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. [ (ierys) = Nierf  H(vm,)-
Proof. For all € A,
i [ (Qierys) (@) = Uierys, (f(2)) = Uierf " (v8,) (2)
i [ (Mierys,) (@) = Miervs, (f(2)) = Mierf " (v8,) ().
[

Theorem 3.9. Let f be a function from A into B. Then, f~*(f(v4))2va for all
va € ZFS(U). In particular, if f is an injective function, then f~1(f(va)) = va.

Proof. For all x € A,
fHf (ra)) ()

fya)(f (@)
f(ya(f(z))
U{a(@’) - 2" € A, f(z') = f(x)}

i Ya(7)

YA
YA

thus f~'(f(74))2va.
It is clear that if f is one to one function, then f(z') = f(z) implies ' = x and the
last inclusion is reduced to equality. O

Theorem 3.10. Let f be a function from A into B. For allyg € ZFS(U), f(f*(v8))Evs.
In particular, if f is an surjective function, then f(f~'(vg)) = vs.

Proof. For all x € A,
) ()

W (B)(x) s x € A, f(2) =y}
U{(ve)(f(z)) : Vz € A, f(z) = y}
{ v8(y), ifye f(A)

Yo, otherwise
C vs(y).

Thus f(f~'(y8))Cyp. If f is an onto function, then y € f(A) for all y € B and so
(U~ B)) = 18- O

Theorem 3.11. Let f be a function from A into B. Then, f(v4)Evs < YaCTf ' (yB)
for all ya,vg € ZFS(U).

Proof. We know from Theorem 3.7 that, f(v4)Evs = f~1(f(74))Ef'(yp) and from

Theorem 3.9, yaE 7 (f(74)), s0 vaEf ' (7). i i
Conversely, let yAC f~(vg). Then from Theorem 3.7 and 3.10, f(v4)Cf(f 1 (v8)Evs.
]

Theorem 3.12. Let f be a function from A into B and g be a function from B into
C. Then,

i 9(f(va) = (g0 F) (1), for all v € TFS(U).
ii. f(g7 (7e)) = (g0 f)" (1), for allye € TFS(U).
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Proof. Consider any y4 € ZFS(U) and any z € C, then

g(f(va))(z) = W{f(va)(y) sy € B, g(y) = 2}
L{u{(va)(@) :x € A, f(z) =y} :y € B g(y) = 2}
L{(ya)(z) 2z € A (go f)(x) = 2}
= (gof)va(2).

ii. For any yo € ZFS(U) and for all z € A,

(go ) '(e)(z) = VCl(g(f(l“))

g
= g

O

Definition 3.13. Let G be an arbitrary group and ~g, Bg be two [FS-sets over U.
Then, product of v and (g is defined as follow, for all x € G,

(ve * Be)(x) = W{re(y) M Ba(2) 1y, 2 € G and yz = x}

and inverse of vg is
6 (@) = v6(z7Y).

Theorem 3.14. The product, defined in Definition 3.13, is associative.

Proof. Let G be a group and g, g, 0c € ZFS(U). Then,

[(va * Ba) * Oa](x)
= W *Pa)ly) Nba(z) - yz =z, y,z € G}
LH{U{(ve(u) M B (v)) :uv =y} Mba(z) :yz =, y,z € G}
L{(va(u) M Be(v) Mba(2) t uvz =z, u,v,z € G}
LH{ve(u) M (Ba(v) Mbg(2)) : uwvz =2, u,v,z € G}
L{ve(u) M{Bc(v) MOa(z) :vz=t, v,z € G} :ut =z, u,t € G}
L{ve(u) M (Bg x 0c)(t) : ut =x, u,t € G}
= e * (Ba * 06)](x)

so 1t 1s associative. O

Theorem 3.15. Let vq, Ba,Vie € ZFS(U) for alli € 1. Then the following assertions
hold,

i. (76 * 66) (%) = Uyeatra(y) N Ba(y o)} = Uyea{ra(zy™) M Ba(y)}
i. ()] =16
iii. ¢Evg" € 16'Cve € 6" = e
iw. 16Cha & g BB

(Diervig) ™ = Dz‘el%_cl

=

vi. (Miervig) ™" = Miervi,
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vii. (v * Be) ™t = B! x5
Proof. i. For all y € G, y(y™'z) = z or (zy~')y = x includes all alternatives of

components of x, so equality holds.

ii. For all x € G,
(76 @) =6 (@) =16((@™) ™) = ya(@).

iii. Let y¢Cvg'. Then, for all x € G,

16(@) Eg' (7) = ve(x™)

1

In last expression substituting =" instead of = we get

1@ ) Eve((@™)™) & 15 (@) Erele)
& 76 Ee

therefore 75! = 4.
iv. The proof is direct from (3).

v. For all x € G,

(Elielfyic)_l(‘r) = (Iilielfyicxx_l)
UierYig (1)
= Uie[’yi_cl(l').

vi. The proof is similar to 3.

vii. For all x € G,

(e * Be) ()

(e * Be)(z™1)

U{ve(y) M Ba(2) 1 y,2 € Gandyz = 271}

U{va(y) N Ba(z) 1y, 2 € Gand (yz)~' = (z71)7'}
Bz 'y ™) iy 27t e Gand 27yt = 2}
I_l{ﬁél(zfl) M 'y(_;l(yfl) cy Lzl eGand 27yt = o}
= (85" *15")(2).

4 Intuitionistic fuzzy soft groups

In this section, we introduce notion of intuitionistic fuzzy soft group (IFS-group) by
inspiring from the fuzzy group of Rosenfefld [26].
Troughout this section G denotes an arbitrary group with identity element e.

Definition 4.1. Let G be an arbitrary group and vo € ZFS(U). g is called intu-
itionistic fuzzy soft groupoid if vo(zy) 3 va(x) Mye(y) for all z,y € G and is called
intuitionistic fuzzy soft group (IFS-group) if yo(x ™) = va(x) for all x € G.

From now on, set of all intuitionistic fuzzy soft groups on G over U is denoted by
IFS(Gy).
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Definition 4.2. Let v¢ € ZFS(Gy) and e be the identity of G. Then e-set of Vg,
denoted by &, is defined by

76 ={r € G :v¢(x) = vale)}.

Example 4.3. Assume that U = {uy,us, ug} is a universal set and G = Z4 is a set of
parameters. We define an [F'S-set g by

va | 7a(0) Ya(1) Ya(2) 7c(3)

wr 1(0.6,0.2) | (0.4,05) | (0.5,0.3) | (0.4,0.5)
w | (0.5,0.4) | (0.3,0.6) | (0.4,0.5) | (0.3,0.6)
us | (0.7,0.1) | (0.4,03) | (0.6,0.2) | (0.4,0.3)

Table 1. An IFS-group

which satisfies all conditions of I FS-group.
Proposition 4.4. Let v € ZFS(Gy). Then,
i. vo(xz™) Jvyg(x) for allx € G

it. vo(e) D va(z) forallx € G

iti. vo(xy) D ya(y) for all x,y € G if and only if vo(x) = va(e).
Proof. From Definition 4.1, the results are trivial. Il
Theorem 4.5. An [FS-set g over Uis an I FS-group over U if and only if yg(xy ') 3

Yo(z) Mva(y) for all x,y € G.

Proof. Let v € ZFS(Gy).

Y6 () M6 (y).
Suppose that yg(zy™t) 3 yg(x

Then for all 2,y € G, yo(zy™) I velx) M ye(y™) =

(y) for all x,y € G. Substituting x = e we get

) Me
ve(y™") 2 ve(y). Thus, v6(y ) 16((y )™ I 16(y") and so 16(y) = 16(y™). In
addition vg(ry) = yo(z ( DY) T v6(z) Nya(y™) = y¢(x) Myg(y). Therefore v is a
I F'S-group over U O

Definition 4.6. Let G be a group, H be a subgroup of G, va be an [FS-group over
U. Then, vy is said to be an intuitionistic fuzzy soft subgroup of v over U if vy is an
IFS-group over U. It is denoted by vu <ifs V-

Example 4.7. Let v be as in Example 4.3 and H = {0,2}. Then, v <its Yc-

Theorem 4.8. Let vg be an IFS-group over U and, vy and vy be two intuitionistic
fuzzy soft subgroups of vg over U. Then vy is an intuitionistic fuzzy soft subgroup
of va over U.

Proof. From Definition 2.17, valvp = {(z, vars(2)) : € G}, so for x,y € G,

)
Yr(zy™') Myn(y ™

(va(z) Nym(y) 1 (v () Nn(v))
(vu(z) Myn () N (v (y) N ()
Yaan () N vaan (y).

”YHﬁN(ZUy_I)

[

Thus vy Yy is a intuitionistic fuzzy soft subgroup of v4 over U. [
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It is also possible to prove that the union of two intuitionistic fuzzy soft subgroup
need not be an [ F'S-group.

Theorem 4.9. Let vy be an [FS-group over U. Then ~¢& is a subgroup of G.
Proof. Since e € & then 7§ # 0. Let x,y € 7§, then vo(x) = ya(e) = v6(y). Firstly,

Yo(zy™) 3 yel(z) Mya(y)
= 7c(e) Mya(e)
= 7c(e).

Since yg(e) 3 vo(zy™), then yo(zy™") = yg(e). Thus zy~' € ~&.

Therefore v¢ is an intuitionistic fuzzy soft subgroup of G. O
Theorem 4.10. Let T = Im(vg)(U) U {(0,0) : 0 < 0 < 70(6)(u),f_yG(e)(u) <09 <1,
0,0 € RY. If y¢ € TFS(Gy), then 47 is a soft subgroup of G for all (o, 3) €T,

Proof. Suppose 7 € ZFS(Gy) and let (o, 5) € T. Since vg(e) d va(z), for all x € G
then e €5 7¢. Thus §yg # 0. Let ,y €5 7¢. Then, for all u € Im(Y6(2)), V) (v) > @
and Yot (u) < B, and for all u € Im(v6()), V@) (u) > a and Yot (u) < B. Since g
is an intuitionistic fuzzy soft subgroup,

Ya(r) Mya(y)
{(u/min (T (0). Tag ()} /maz {3, (0), 74, (W) : u € U)
{{u/a/B) ru € U},

So for all u € U, g (-1)(v) > a and Vet

Yalry™")

I

I

y_l)(u) < f3, thus zy~" €5 vg. This follows
that 3¢ is soft subgroup of G. O]

Theorem 4.11. Let yv¢ € ZFS(U). Then, v € ZFS(Gy) if and only if v satisfies
the following conditions;

i. va*v1eEe
ii. 7¢'Cna (or vg' Dve or gt = va)-
Proof. Let v € ZFS(Gy). Then,
1.
H{re(y) Nye(z) 1 yz = z,y,2 € G}

WH{ve(yz) ryz =2,y,2 € G}
Va(T)-

(ve *76)(@)

1l

ii. By the definition of I F'S-group and Theorem 3.15-(iii) the necessary condition is
obvious. Conversely; suppose (7¢ * 7a)Eve then (vg * vg)(x) E vg(z), for all
x € G so
re(@) 2 (e *6)(x)
= W) Mye(z)ryz =z, y,z€G}
3 e Me(z) yz==, yzeGl,

as a result for any x = yz, v¢(yz) 3 76(y) M ve(2) and by Definition 4.1, 4 €
IFS(Gy).
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]

Theorem 4.12. Let g, Ba € ZFS(Gy). Then, g * o € ZFS(Gy) if and only if
Ye * Ba = Ba *Va-

Proof. Suppose that 7g * S € ZFS(Gy). Then,
Ve * Ba =g * g = (Ba*e)”" = Ba* e

Conversely, suppose that v4 * 8¢ = B¢ * 7¢. Then,

e * (Ba *va) * Ba
VG * (”YG * ﬁc) * fBa
(e * ve) * (Ba * Ba)

(Ve *Ba) * (va * Ba)

(1 O |

VG * Ba
and
(o *Ba)™ = (Ba*v6)" =" * 85" = e * Ba-
Consequently by Theorem 4.11, yg * g € ZFS(Gy). O

Theorem 4.13. Let v¢ € ZFS(Gy) and f be a homomorphism of G into H. Then,
f(e) € IFS(Hy).

Proof. Let u,v € H. If either u ¢ f(G) or v ¢ f(G), then f(yg)(u ) f(re)w)=0C
f(ve)(uv). Assume u ¢ f(G) then u™t ¢ f(G), thus f(yg)(u) =0 = f(yve)(u™) so
subgroup conditions are satisfied. Now suppose that u = f(x) and v = f(y) for some
x,y € G. Then

(f(re))(w) = Wre(z): 2 € G, f(z) = uv}

(
U{%;E y):x,y € G, f(ry) =uv}

I (S |

U{va(z) May) c 2,y € G, f(z) = u, f(y) = v}
(U{re(x) 2 e G, flx) =u}) N (U{re(y) 1y € G, fly) = v})
(f (7)) (w) 11 (f (va)) (v).-
In addition,
(fe)w™) = U{ye(z) 2 € G, f(z) =u™'}
= Wiz :2€q, f(z7h) =u}
= (f(ve))(u).
Hence f(7q), is an intuitionistic fuzzy soft group over U. H

Theorem 4.14. Let H be a group, vy € ZFS(Hy) and f be a homomorphism of G
into H. Then, f~'(vg) € ZFS(Gy).

Proof. Let x,y € GG. Then,

F vm) (zy)

1l
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In addition,

™) = yu(f@™)
= yu((f(z)™)
i (f(2))
= [ () (@).
Hence f~!(yy) € ZFS(Gp). O

5 Conclusion

In this paper, we present some results of intuitionistic fuzzy soft sets on a group. In
addition, we give some properties of them. Then, we define intuitionistic fuzzy soft
groups and investigate their properties. This study affords us an opportunity to go
further on intuitionistic fuzzy soft group, that is, normal intuitionistic fuzzy soft group,
quotient group, isomorphism theorems etc.
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